
Jl 
m 
." 
m 
Jll> 
ms: 
z" 
Or-
m:;; 
S:ni 
l>Jl 
z 
c: 
l> 
r-

1992 

OpAmps 
Inst Amps 
Iso Amps 

Comparators 
ASICs 

.... ANALOG 

.... OEVICES 

AMPLIFIER 

REFERENCE MANUAL 

OPERATIONAL AMPLIFIERS · 

EN TATION AMPLIFIERS • INSTRUM 

BUFFER AMPLIFIERS • ISOLATION AMPLIFIERS · 

COMPARATORS · ASICs 

~ANALOG 
..... OEVICES 



How to Find Product Data in This Reference Manual 

THIS VOLUME 
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It is one member of a five-volume set of reference manuals describing and specifying Amplifier, Special Linear, Converter 
and AudiolYideo products from Analog Devices, Inc., in IC, hybrid and assembled form for measurement, control and 
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Analog Devices, a Fortune 500 Industrials company, designs, 
manufactures and sells worldwide sophisticated electronic com
ponents and subsystems for use in real-world signal processing. 
More than six hundred standard products are produced in 
manufacturing facilities located throughout the world. These 
facilities encompass all relevant technologies, including several 
embodiments of CMOS, BiMOS, bipolar and hybrid integrated 
circuits, each optimized for specific attributes-and assembled 
products in the form of potted modules, printed-circuit boards 
and instrument packages. 

State-of-the-art technologies (including surface micromachining) 
have been utilized (and in many cases invented) to provide 
timely, reliable, easy-to-use advanced designs at realistic prices. 
Our popular IC products are available in both conventional and 
surface-mount packages (SOIC, LCC, PLCC), and many of our 
assembled products employ surface-mount technology to reduce 
manufacturing costs and overall size. A quarter-century of suc
cessful applications experience and continuing vertical integra
tion insure that these products are oriented to user needs. The 
ongoing application of today's state-of-the-art and the invention 
of tomorrow's state-of-the-art processes strengthen the leader
ship position of Analog Devices in standard data-acquisition and 
signal-processing products and make us a strong contender in 
high performance mixed-signal ASICs. 

MAJOR PROGRESS 
Since publication of the selection guides in the 1990191 Linear 
Products Databook, Analog Devices has introduced more than 
120 significant new products; they run the gamut from brand 
new product and market categories and technologies to standard 
products (with improvements in price, performance, or design) 
to augmented second-source products. In addition to these new 
products, we now include the products of Precision Monolithics, 
Inc., which was acquired by Analog Devices in 1990. The com
bined company is the world's largest manufacturer of high per
formance op amps and second in standard linear ICs. The new 
amplifier products are all classified and summarized here, along 
with existing devices that are appropriate and desirable for use 
in new designs. More than 100 standard op amp families are 
included here. 

Examples of the variety, performance, and innovation content of 
outstanding new amplifier ICs to be found in this volume 
include: 

• AD797 low noise and distortion «1 nV/\/Hz, 3 ppm), 
75 MHz GBWP operational amplifier Cop amp) 

• ADSll high performance (0.01%,0.01° differential gain and 
phase) video op amp 

• AD206 high-performance (100 kHz bandwidth, low 
nonlinearity and distortion) internally powered isolation 
amplifier 

• OP·497 high precision (50 J.LV max Vas, 0.5 J.LVrC drift, 
450 pA up to 125°C Ib), low power (625 J.LNchannel) quadru
ple op amp 

• AD620 low cost, high accuracy (50 J.LV Vas, 0.6 fLVrC drift, 
1 nA Ib ) instrumentation amplifier (in amp) 

• OP-2S2/0P-482 low dissipation (250 fLNchannel) 4 MHz, 
1.6 J.Ls (0.01 %) settling time, low cost dual/quad J-FET 
opamp 

Introduction 
• OP·275 dual low distortion, low power audio op amp 
• OP-295 dual single-supply (+ 3 to 36 V) op amp with rail-to-

rail output range 

Many more could have been added to this list. 

AMPLIFIER REFERENCE MANUAL 
This volume provides comprehensive technical data on Analog 
Devices amplifier products, principally operational amplifiers, 
instrumentation amplifiers, isolation amplifiers, and compara
tors. It is a companion to the Special Linear Reference Manual, 
which includes data on other analog signal-processing products, 
such as multiplier/dividers, rms-to-dc converters, sensors and 
signal conditioners, and devices oriented to the computer, mass
storage, automotive, process control, and ATE markets. Both 
are members of the series of Analog Devices Reference Manuals, 
which includes the AudiolVideo Reference Manual, and the two
volume Data-Converter Reference Manual. 

In the more than 1,000 pages of this volume you will fmd: 

• comprehensive data sheets and package information on > 150 
significant product families 

• orientation material and selection guides/trees for finding 
products rapidly 

• a representative list of available Analog Devices technical pub
lications on real-world analog and digital signal processing 

• our Worldwide Sales Directory 
• the complete Product Index to all amplifier and special 

linear products listed in these two volumes, data conversion 
products listed in the Data Converter Reference Manual (Vol
umes I and II), products with audio and video signal process
ing applications listed in the AudiolVideo Reference Manual, 
and DSP products for which data sheets are available. 

The product data in this book are intended primarily for the 
majority of users who are concerned with new designs. For this 
reason, existing and available products that offer little if any 
unique advantage over newer products in future designs are 
listed in the Index, and data sheets may be available separately 
- but they are not published in this book. 

TECHNICAL SUPPORT 
Our extensive technical literature discusses the technology and 
applications of products for real-world signal processing. Besides 
tutorial material and comprehensive data sheets, including a 
large number in our Reference Manuals, we offer Application 
Notes, Application Guides, Technical Handbooks (at reasonable 
prices), and several free serial publications; for example, Analog 
Productlog provides brief information on new products being 
introduced, and Analog Dialogue, our technical magazine, pro
vides in-depth discussions of new developments in analog and 
digital circuit technology as applied to data acquisition, signal 
processing, control, and test. DSPatch™ is a quarterly newslet
ter that brings its readers up-to-date applications information on 
our DSP products and the general field of digital signal process
ing. We maintain a mailing list of engineers, scientists, and 
technicians with a serious interest in our products. In addition 
to these Reference Manual catalogs-and general short-form 
selection guides-we also publish several short-form catalogs on 
specific product families. You will find typical publications 
described on pages 9-8 to 9-11 at the back of the book. 
DSPatch is a trademark of Analog Devices, Inc. 
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SALES AND SERVICE 
Backing up our design and manufacturing capabilities and our 
extensive array of publications, is a network of distributors, plus 
sales offices and representatives throughout the United States 
and most of the world, staffed by experienced sales and applica
tions engineers. Our Worldwide Sales Directory, as of the publi
cation date, appears on pages 9-12 and 9-13 at the back of the 
book. 

RELIABILITY 
The manufacture of reliable products is a key objective at 
Analog Devices. The primary focus is a companywide Total 
Quality Management (TQM) Program. In addition, we maintain 
facilities that have been qualified under such standards as MIL
M-38510 (Class B and Class S) for ICs in the U.S., MIL-STD-
1772 for hybrids, and IS09000 (required by many European 
customers). Many of our products-both proprietary and 
second-source-have qualified for JAN part numbers; others are 
in the process. A larger number of products-including many of 
the newer ones just starting the JAN qualification process-are 
specifically characterized on Standard Military Drawings 
(SMDs). Most of our ICs are available in versions that comply 
with MIL-STD-883C Class B, and many also comply with 
Class S. We publish a Military Products Databook for designers 
who specify ICs and hybrids for military contracts. The 1990 
issue consists of two volumes with data on 343 product families; 
the 120 entries in the second of those volumes describe qualified 
products manufactured by our PMI Division. A newsletter, 
Analog Briefings~, provides current information about the status 
ofreliability at AD!. 

Our PLUS program makes available standard devices (commer
cial and industria1 grades, plastic or ceramic packaging) for any 
user with demanding application environments, at a small pre
mium. SUbjected to stringent screening, similar to MIL-STD-
883 test methods, these devices are suffixed "/+" and are 
available from stock. 

AIIalog Briefings is a registered trademark of AIIalog Devices, Inc. 
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PRODUCTS NOT FOUND IN THE SELECTION 
GUIDES 
For maximum usefulness to designers of new equipment, we 
have limited the contents of selection guides to standard prod
ucts most likely to be used for the design of new circuits and 
systems. If the model number of a product you are interested in 
is not in the Index, turn to page 9-4 at the back of this volume 
where you will fmd a list of older products for which data 
sheets are available upon request. On page 9-5 you will fmd a 
guide to substitutions (where possible) for products no longer 
available. 

ICs embodying combinations of functions that you need but 
cannot find among our standard offerings may be available to 
meet your specific requirements as custom designs. Consult the 
section in this book on Application Specific ICs-and/or get in 
touch with Analog Devices. 

PRICES 
Accurate, up-to-date prices are an important consideration in 
making a choice among the many available product families. 
Since prices are subject to change, current price lists and/or 
quotations are available upon request from our sales offices and 
distributors. 
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I OPERATIONAL AMPLIFIERS J 
I 

PRECISION 
Input Offset Voltage < 1 m V 

H LOW POWER (ISUPPLY ~ 1 rnA) I 
AD705 OP-200 (Dual) 
OP-97 OP-297 (Dual) 
PM-lOO8 AD704 (Quad) 
PM-I0l2 OP-400 (Quad) 
AD706 (Dual) OP-497 (Quad) 

y Single Supply I 
AD820 OP-220 (Dual) 
OP-20 OP-221 (Dual) 
OP-21 OP-290 (Dual) 
OP-90 OP-295 (Dual) 
AD822 (Dual) OP-490 (Quad) 

-1 HIGH SPEED I 
AD844 
AD846 
OP-271 (Dual) 
OP-275 (Dual) 
OP-467 (Quad) 

H LOW NOISE I H SINGLE SUPPLY J 
AD846 AD820 OP-220 (Dual) 
ADOP-27 OP-20 OP-221 (Dual) 
OP-27 OP-21 OP-290 (Dual) 
OP-227 (Dual) OP-90 OP-295 (Dual) 
OP-270 (Dual) AD822 (Dual) OP-490 (Quad) 
OP-467 (Quad) 
OP-470 (Quad) 

YLOW IBIAS (I BIAS ~ 100 pA) I 
~ AD705 AD712 (Dual) 

AD797 OP-271 (Dual) AD711 OP-249 (Dual) 
ADOP-37 OP-275 (Dual) OP-42 OP-297 (Dual) 

OP-37 OP-471 (Quad) OP-97 AD704 (Quad) 
PM-I008 AD713 (Quad) Y HIGH PRECISION 
PM-I012 OP-497 (Quad) 
AD706 (Dual) 

(Input Offset Voltage < 100 ~V) 

AD 705 PM-I012 Lower IBIAS I 
OP-77 AD706 (Dual) (lBIAS ~ 10pA) 
OP-97 AD708 (Dual) 

AD548 
. . . AD549 

UltrahIgh PreCIsIon I A 07Q':; 
(lOIlV < Input Offset Voltage < 90 IlV) 

AD707 
OP-177 

AD648 (Dual) 
AD796 (Dual) 
AD822 (Dual) 

I 
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OPERATIONAL AMPLIFIERS 

LOW POWERIMICROPOWER 

LOW POWER (0.1 rnA < I SUPPLY< 1 rnA) MICROPOWER (ISUPPLY< 0.1 rnA) 

OP-21 
OP-80 
OP-221 (Dual) 
OP-295 (Dual) 
OP-421 (Quad) 

Rail-to-Rail 

AD-820 
AD-822 (Dual) 
OP-295 (Dual) 

Low Voltage 
Vs ~+3V 

OP-295 (Dual) 

i 

PRECISION 

AD705 
AD820 
OP-97 
PM-IOI2 
AD706 (Dual) 
AD822 (Dual) 
OP-200 (Dual) 
OP-297 (Dual) 
AD704 (Quad) 
OP-400 (Quad) 
OP-497 (Quad) 

OP-282 (Dual) 
OP-482 (Quad) 

External 
Compensation 

PM-lOO8 

.i 

General Purpose 

OP-20 
OP-220 (Dual) 
OP-420 (Quad) 

PRECISION 

OP-90 
OP-290 (Dual) 
OP-490 (Quad) 

Low Voltage 
Vs ~+3V 

OP-22 
OP-32 
OP-90 
OP-290 (Dual) 
OP-490 (Quad) 
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AD797 

OPERATIONAL AMPLIFIERS 

LOW VOLTAGE NOISE - VN 
(VN~ 10 nV/-VHz @ 1 kHz) 

AD797 
OP-275 
SSM-20l5 
SSM-20l6 
SSM-2017 
SSM-2134 
SSM-2139 

FAST 
(Slew Rate ~ 45 V/lls) 

i OP-61 
OP-467 (Quad) 

Faster 
(Slew Rate ~ 230 V/lls) 

i 

AD829 
AD840 
AD844 
AD846 
AD848 
AD849 
AD5539 

AD797 
AD OP-27 
AD OP-37 
OP-27 
OP-37 
OP-227 (Dual) 
OP-270 (Dual) 
OP-271 (Dual) 
OP-275 (Dual) 
OP-467 (Quad) 
OP-470 (Quad) 
OP-471 (Quad) 

Ultrafast '---_-II High Output 
Current 

(Slew Rate ~ 1000 V/lls) 

AD810 
AD811 
AD844 
AD9610 
AD9617 
AD9618 

AD797 
OP-50 

I 

AD645 
AD743 
AD795 
AD796 (Dual) 

AD745 
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AD548 
AD795 
OP-80 
AD648 (Dual) 
AD796 (Dual) 

Faster 
(Slew Rate;:: 8 V'lls) 

OP-282 (Dual) 
OP-482 (Quad) 

OPERATIONAL AMPLIFIERS 

LOW CURRENT NOISE 
LOW INPUT BIAS CURRENT 

(IN :0:; 10 fAl-lHz @ 1 kHz, IBIAS:O:; 100 pA) 

AD645 
AD795 
AD796 (Dual) 

Lower Voltage 
Noise 

AD745 

AD711 
AD712 (Dual) 
OP-249 (Dual) 
AD713 (Quad) 

AD744 
OP-42 
OP-44 
AD746 (Dual) 

AD548 
AD795 
AD820 
AD648 (Dual) 
AD796 (Dual) 
AD822 (Dual) 

OP-80 

Lowest IBIAS 
60 fA Max 
AD549 
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AD9630 
BUF-03 

AD9620 

AD845 
OP-44 

AD843 

LOW NOISE « 10 nV/~Hz) 
AD810 
AD811 
AD829 

VIDEO 

AD810 
AD811 
AD829 

AD844 
OP-64 
OP-467 (Quad) 

AD830 
OP-160 

OPERATIONAL AMPLIFIERS 

HIGH SPEED 
Slew Rate 2! 100 V/Ils 

LOW POWER (ISUPPLY< 10 rnA) 

High Slew Rate 
( ~ 1000 V Ills) 

AD810 OP-160 
AD844 OP-260 (Dual) 

General Purpose 

AD849 
AD827 (Dual) 
OP-467 (Quad) 

Low Voltage Noise 

AD810 
AD829 
OP-64 
OP-467 (Quad) 

HIGH SLEW RATE (2! 1000 V/lls) 

AD810 
AD811 
AD844 
AD9617 
AD9618 
OP-160 
OP-260 (Dual) 

SPECIFIED 0.01% SETTLING 

AD811 
AD817 
AD840 
AD841 
AD842 

AD843 
AD845 
AD846 
AD847 
OP-467 (Quad) 

DIFFERENCE AMPLIFIER 

AD830 

DISABLE FEATURE 

AD810 
OP-64 
OP-160 

• 
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5 High Speed Amplifiers 
~ ,... Settling Supply 
~ SR GBW Time Au. Vos loUT Current 

~ V/".s MHz ns to % min mV mA mA Package Temp ,.. 
Model typ typ typ VIV typ min typ Options' Range2 Page' Comments 5i 

5'i AD%10 3500 100 18--0.1 1 0.3 50 21 7 I,M 2-431 Wide Bandwidth, Fast Settling 
~ *AD811 2500 1000 65-0.01 1 0.5 100 typ 16.5 2,3,4,6 I,M 2-281 High Speed Video Amp, 0.120/010.01° Differential 

Gain/Phase Error, 0.1 dB Flatness at 35 MHz 
AD844 2000 900 100-0.1 1 0.05 20 6.5 2,3,6 I,M 2-363 Constant 10 ns Rise Time for Any 

Pulse Input, Current Feedback 
AD9618 1800 8000 HH).1 -1 0.2 60 31 2,3,6, 12 C,I,M 2-447 Low Distortion, Wideband, 

IMD os; -70 dBc at 20 MHz 
AD9617 1600 570 10-0.1 0.4 60 34 2,3,6, 12 C,I,M 2-439 Low Distortion, Wide Bandwidth, 

IMD os; -70 dBc at 20 MHz 
OP-160 1300 90 75-0.1 1 2 35 6.5 2,3,6 I,M 2-765 High Speed, Current Feedback 

*AD810 1000 500 50-0.1 1 0.5 65 812.5 2,3,6 I,M 2-277 Video Amp with Disable Feature 
OP-260 1000 90 250-0.1 1 1 20 9 2,3,4,6,7 I,M 2-873 Dnal Current Feedback 
AD5539 600 1400 12-1 5 2 15 14 2,3 C,M 2-415 Improved Rep1acement for SElNE5539 

*AD830 530 60 25-0.1 1 1 30 13.6 2,3,6 C,I,M 2-321 Video Difference Amplifier 
AD846 450 450 110-0.01 1 0.025 20typ 5 2,3 I,M 2-383 High Speed, Precision, Current Feedback 
AD840 400 400 100-0.01 10 0.1 SO 10.5 2,3,4 C,M 2-327 Wide Bandwidth Precision, 

Fast Settling, AVCL 2: 10 
AD842 375 80 100-0.01 2 0.3 100 13 2,3,4,7 C,M 2-343 Fast Settling, High Current Output, 

Cable Driver, AVCL 2: 2 
AD380 330 40 250-0.01 20 2.0 50 12 7 C,M 2-31 Wide Band, Fast Settling, FET Input Op Amp 

*AD817 300 SO 65-0.1 1 0.5 30 6.0 2,3,6 I 2-295 Low Power, General Purpose 
AD849 300 725 80-0.1 25 0.3 20typ 5.1 2,3,6 C,I,M 2-407 High Speed, Low Power Preamp, 

Drives Capacitive Loads 
AD848 300 175 100-0.1 5 0.2 20typ 5.1 2,3,6 C,I,M 2-407 High Speed, Low Power, 

Drives Capacitive Loads 
AD827 300 SO 120-0.1 1 0.5 20typ 10.5 2,3,6 C,I,M 2-301 DualAD847 
AD847 300 50 120-0.01 1 0.5 20typ 5.3 2,3,6 C,I,M 2-395 High Speed, Low Power, 

Drives Capacitive Loads 
AD841 300 40" 110-0.01 1 0.5 50 11 2,3,4,7 C,M 2-335 U"Igh Speed, Precision, 

Drives Capacitive Loads 
AD843 250 344 135-0.01 1 0.5 50 12 2,3,4,6,7 C,I,M 2-351 FET Input, Fast Settling, High Speed 
AD829 230 750 65-0.1 1 0.2 20typ 5.3 2,3,6 C,I,M 2-309 High Speed, Low Noise. Video Amp 
OP-61 200 45 300-0.01 10 0.1-0.2 22 6.1 2,3,4,6 I,M 2-683 Wide Bandwidth, UItralow Noise 

*OP-467 170 30 170-0.01 1 0.5 10 8 2,3,5,6 I,M 2-999 Quad High Speed 
OP-64 170 80 100-0.1 5 0.4-1.2 50 6.2 2,3,4,6,7 I,M 2-701 Wide Bandwidth, High Ousput Current 
ADS09 120 20 200-0.1 1 4 4 7 C,M 2-41 General Purpose 
AD845 100 164 350-0.01 1 0.1 25 typ 10 2,3,6 C,I,M 2-375 FET Input, Fast Settling, High Speed 
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Settling Supply 
SR GBW Time AcL Vos louT Current 
V//ls. MHz nsto % min mV mA mA Package Temp 

Model typ typ typ VN typ min typ Optionsl Range' Page' Comments 

AD744 75 13 500-0.01 2 0.1 3.5 2,3,6,7 C,I,M 2·229 FET Input, Fast Settling, High Speed, 
Custom Compensation 

AD746 75 13 500-0.01 2 0.25 7 2,3,6 C,I,M 2·253 Dual AD744 
OP·17 60 30 600-0.1 I 0.2-0.5 5.5 4.6 2,3,6,7 C,I,M 2·571 Precision, Low Power 
OP·42 58 10 800-0.01 1 0.3-1.5 20 5.1 2,3,4,6,7 I,M 2·657 Precision, Fast Settling 
SSM·2l3l 50 10 900-0.01 I 1.5 20 5.1 2,6 I AV Ultralow Distortion, Low Cost 
PM·157A 45 20 4000-0.01 1 1 5 5 3,7 C,M D Improved Industry Standard 
ADS07 35 100 900-0.1 ~10 1.5 22 3 7 C,M 2·37 General Purpose 
SSM·2139 30 11 3 0.02 20 4 2,6 I AV Dual, Low Noise 
OP·16 25 8 900-0.1 1 0.2-0.5 5.5 4.6 2,3,6,7 C,I,M 2-571 Precision, Low Power 

*OP·275 22 9 1 0.4 30 4 2,6 I 2·919 Dual Audio Amp 
OP-249 22 4.7 900-0.01 1 0.2-0.4 20 5.6 2,3,4,6,7 I,M 2-855 Dual Precision, Low Power, Low Distortion 
AD711 20 4 1000-0.01 1 0.3 25typ 2.5 2,3,6,7 C,I,M 2·177 Precision BiFET 
AD712 20 4 1000-0.01 1 0.3 25 typ 5 2,3,6,7 C,I,M 2-189 Dua1AD711 
AD713 20 4 1000-0.01 1 0.3 25typ 10 2,3,6 C,I,M 2-201 QuadAD711 

*AD797 18 100 1 0.025 30 7.5 2,3,6 I,M 2-271 Ultralow Noise, Low Distortion 
OP·215 18 5.7 900-0.1 1 0.2-2 5.5 6 2,3,4,6,7 C,I,M 2-819 Dual Precision 
OP-OI 18 2.5 700-0.1 1 0.3-2 6 1.6 2,3,7 C,M 2-497 Inverting, High Speed 
OP·15 13 6 1200-0.1 1 0.2-0.5 5.5 2.7 2,3,6,7 C,I,M 2-571 Precision, Low Power 

*AD745 12.5 20 5000-0.01 5 0.1-0.25 20 8 2,3,6 C,I,M 2-241 Low Noise, High Speed, 
BiFETOpAmp 

PM-156A 12 4.5 4000-0.01 1 1 5 5 3,4,7 C,M 2-1065 Improved Industry Standard 
*Op·282 9.0 4 1500-0.01 1 1 10 0.5 2,3,6 I 2·927 Dual High Speed, Low Power 
*OP·482 9.0 4 1500-0.01 1 2 10 1.0 2,3,5,6 I 2-927 Quad High Speed, Low Power 
OP-50 3.0 25 ~5 0.01 95 2.6 2,3 I,M 2-671 High Output Current 

'Package Options: I = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack, 11 = Single-in-Line "SIp·' Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramid 
Glass DIP; 14 = J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

'Temperarure Ranges: C = Commercial, O"C to +70"C; I = Industrial, -40"C to +8S"C (Some older products -2S"C to +8S"C); M = Military, -SS"C to + 12S"C. 
'A V = AudiolVideo Reference Manual; D = data sheet available. 
4_3 dB BW 
Boldface Type: Product recommended for new design. 
*New product. 
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Operational Amplifiers 
~ Precision Amplifiers ~ 
r- Noise Slew CMRR 
:b Vos VosTC ILVP-P GBW Rate IB dB 

~ ILV ILVrc 0.1-10 Hz MHz V/ILS nA f=lkHz Package Temp 
I"" 

Model typ typ typ typ Options' Range2 Page Comments 5i malt max max 
!Ti OP-I77 111-60 0.1-1.2 0.35 0.6 0.3 1.5-2.8 110 2,3,6 I,M 2-791 Highest Precision 
~ AD707 15-90 0.1-1.0. 0.23 0.9 0.3 1.0-2.5 100 2,3,6,7 C,I,M 2-161 High Precision 

OP-77 25-100 0.3-1.2 0.35 0.6 0.3 2-2.8 105 2,3,4,6,7 C,I,M 2-715 Next Generation OP-07 
OP-50 25-100 0.3-1 0.12 25 3 5-10 85 3 I,M 2-671 Low Noise, High Output 

Current AVCL'" 5 
AD705 25-90 0.6-1.2 0.5 0.8 0.15 0.1~.15 110 2,3,6 C,I,M 2-145 Low IB Precision Bipolar 
OP-97 25-75 0.6-2 0.5 0.9 0.2 0.1~.15 100 2,3,4,6,7 I,M 2-751 Low Power OP-07 
OP-27 25-100 0.6-1.8 0.08 8 2.8 40-80 125 2,3,4,6,7 C,I,M 2-609 Low Noise, Precision 
AD OP-27 25-100 0.6-1.8 0.08 8 2.8 4D-8O 123 2,3,7 C,I,M 2-473 U1tralow Noise 
OP-37 25-100 0.6-1.8 0.08 63 17 40-80 125 2,3,4,6,7 C,I,M 2-633 Fast, Low Noise, Precision AVCL'" 5 
ADOP-37 25-100 0.6-1.8 0.08 63 (GBP) 17 40-80 123 2,3,7 I,M 2-481 Combines Precision and Speed 
ADOP-07 25-150 0.6-2.5 0.35 0.6 0.17 2-12 95 2,3,6,7 I,M 2-467 Improved Industry Standard 
OP-07 25-150 0.6-2.5 0.35 0.6 0.3 2-12 98 2,3,4,6,7 C,I,M 2-537 Low Offset Voltage 
AD846 25-200 0.8-5.0 75-450 450 250 2,3 I,M 2-383 High Precision, High Speed 
AD708 30-100 . 0.3-1.0 0.23 0.9 0.3 1.0-2.5 100 2,3,7 C,I,M 2-169 DualAD707 
PM-IOl2 35-50 1.5 0.5 0.5 0.2 O.I~.15 100 2,3,6,7 C,I,M 2-1071 Low Power, Low IB 

*AD797 40-100 0.8-1.5 0.05 100 18 50-1000 (typ) 130 2,3,6 I,M 2-271 Ultralow Noise, Low Distortion Amp 
AD706 50-100 0.5-1.0 0.5 0.8 0.15 0.1l~.20 110 2,3,6 C, I 2-153 . DualAD705 
AD517 50-100 1.3-3 2 0.25 0.1 0.25-2 94 7 C,M 2-51 General Purpose, Low Offset 

*OP-497 50-150 0.5-1.5 0.3 0.5 0.15 0.1~.2 130 2,3,4,6 I,M 2-1049 Quad Precision, Low IB 
*OP-297 50-200 0.6-2 0.3 0.5 0.15 0.1~.2 lOS 2,3,6 I,M 2-959 Dual Precision, Low Power, 

LowlB 
AD704 75-150 1.0-1.5 0.5 0.8 0.1 0.1~.27 110 2,3,6 C,I,M 2-137 QuadAD705 
OP-200 75-200 0.5-2 0.5 0.5 0.15 2-5 110 2,3,4,6 I,M 2-803 Dual Monolithic, Precision 
OP-270 75-250 1-3 0.08 5 2.4 211-60 115 2,3,4,6 I,M 2-893 Dual Monolithic, Low Power 
OP-227 80-180 1-1.8 0.08 8 2.8 40-80 125 3 I,M 2-843 Dual Matched, Low Noise 
OP-207 100-200 1.3-1.8 0.35 0.6 0.2 3-7 98 3 C,M 2-813 Dual Matched, Precision 
OP-21 100-500 1-5 0.6 0.25 100-150 60 2,3,6; 7 I,M 2-591 Low Power, Single Supply 
AD844 150-300 5 900 2000 250 2,3,6 I,M 2-363 Precision, High Speed 
OP-400 150-300 1.2-2.5 0.5 0.5 0.15 3-7 110 2,3,4,6 C,I,M 2-975 Quad,. Monolithic, Precision 
OP-9O 150-450 2-5 3 15-25 80 2,3,4,6 I,M 2-739 Micropower, LOw Voltage, 

Single Supply 
OP-221 150-500 1.5-3 0.6 0.3 80-120 60 2,3,6,7 C,I,M 2-835 Dual Low Power, Single Supply 
OP-220 150-750 1.5-3 0.2 0.05 20-30 30 2,3,6,7 C,I,M 2-827 Dual Micropower, Single Supply 



Precision Amplifiers 
Noise Slew CMRR 

Vos VosTC .... V p-p GBW Rate IB dB 
.... V .... vrc 0.1-10 Hz MHz V/ .... s nA f=lkHz Package Temp 

Model max max typ typ typ max typ Options1 Range2 Page Comments 

OP-12 150-1400 0.5-1.5 0.9 0.8 0.12 2-6.5 3,7 C,M 2-567 Internally Compensated 
OP-05 150-1600 0.9--4.5 0.38 0.8 0.3 2.9 2,3,7 C,M 2-519 Instrumentation Amplifier 
OP-271 20~00 2-5 5 S.5 20-60 125 2,3,4,6 I,M 2-909 Dual, Fast, Low Noise 
OP-290 200-500 3-5 3 0.02 15-25 100 2,3,4,6 I,M 2-943 Dual Micropower, Low Voltage 

Single Supply 
*OP-467 200-1000 3.5 6 30 170 SO 2,3,5,6 C,I,M 2-999 Quad High Speed 
OP-06 200-1300 0.8-1.4 70-110 3,7 C,M 2-529 Instrumentation Amplifier 

*AD795 250-500 1-10 1 2 1 0.001-0.004 110 2,6,7 C,I,M 2-261 Low Power, Low Noise FET 
AD547 250-1000 1-5 2 1 3 0.025-0.05 60 7 C,M 2-57 Low Drift BiFET 
AD647 250-1000 2.5-10 4 I 3 0.035 60 4,7 C,M 2-121 Dual ADS47 
OP-20 250-1000 1.5-7 0.1 0.05 25-40 30 2,3,6,7 C,I,M 2-585 Micropower, Single Supply 

*ADS20 250-1000 5-10 2 2 3.75 0.02-0.03 100 2,3,6 C,I,M 2-299 Single Supply, Rail to Rail, 
FET Input 

*ADS22 250-1000 5-10 2 2 3.75 0.02-0.03 100 2,3,6 C,I,M 2-299 FET Dual ADS20 
AD711 250-2000 3-20 2 4 20 0.025-0.050 94 C,I,M 2-177 Precision, High Speed 
AD548 250-2000 2-20 2 1 I.S 0.01-0.02 S3 2,3,6,7 C,I,M 2-S1 Low Power BiFET 
OP-41 250-2000 5-10 0.5 1.3 0.005-0.02 100 2,6,7 C,I,M 2-645 Low IB 

*AD796 300-500 3-12 1 2 1 0.002-0.004 110 2,6,7 C,I,M 2-267 DualAD795 
OP-22 300-1000 1.5-3 0.25 0.08 5-10 60 2,3,6,7 C,I,M 2-597 Micropower, Programmable 
OP-32 300-1000 1.5-3 4.5 1.5 5-10 90 2,3 C,I,M 2-621 Micropower, Fast, Programmable 
AD648 300-2000 3-20 2 1 I.S 0.01-0.02 S3 2,3,6,7 C,I,M 2-127 DuaIAD548 
AD712 300-3000 5-20 2 4 20 0.05-0.075 94 C,I,M 2-lS9 Dual AD711 
OP-470 400-1000 2-4 O.OS 6 2 25-60 110 2,3,4,6 C,I,M 2-1005 Quad, Low Noise 
AD713 500-1500 15-20 2 4 20 0.075-0.150 94 C,I,M 2-201 Dual AD711 
AD741 500-6000 5-20 1 0.5 50-500 100 2,7 C,M 2-213 General Purpose 
OP-471 SOO-1S00 4-7 0.25 6.5 S 25-60 lOS 2,3,4,6 C,I,M 2-1021 Quad, Fast, Low Noise 

0 
~ 'Package Options: I = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
~ 7 = Hermetic Metal Cao; 8 = Hermetic Metal Can DIP; 9 = Cetamic Flatpack; 10 = Plastic Quad Flatpack, 11 = Single-in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic! 
::! Glass DIP; 14 = J-Leaded Cetamic Package; IS = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 
0 'Temperature Ranges: C = Commercial, O"C to +70°C; I = Industrial, -40°C to +85OC (Some older products -25OC to +85°C); M = Military, -55°C to + 125OC. 

~ Boldface Type: Product recommended for new design. ,... 
):. 
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Operational Amplifiers 
5 
~ Single Supply Amplifiers 
,.. 

ISY Vos Supply GBW SR 
~ 

~ max max Voltage typ typ Package Temp 

r- Model mA mV Range V MHz V/p.s Optionsl Range2 Page Comments 
5i OP-22 0.0002-0.4 0.3-1 +3 to +30 0.25 0.08 2,3,6,7 I,M 2-597 Programmable !Ti 
~ OP-32 0.0005-2 0.3-1 +3 to +30 4.5 1.5 2,3 I,M 2-621 Fast, Programmable AVCL = 10 

OP-90 0.02 0.15-0.45 + 1.6 to +36 0.02 2,3,4,6 I,M 2-739 Micropower, Low Voltage 
OP-290 0.04 0.2-0.5 +1.6 to +36 0.02 2,3,4,6 I,M 2-943 Dual Micropower, Low Voltage 
OP-20 0.08 0.25-1 +5 to +30 0.1 0.05 2,3,4,6 I,M 2-585 Micropower, Low Cost 
OP-490 0.08 0.5-1 +1.6 to +36 0.02 2,3,4,6 I,M 2-1037 Quad Micropower, Low Voltage 
OP-220 0.17 0.15-0.75 +5 to +30 0.2 0.05 2,3,6,7 I,M 2-827 Dual Micropower, Low Cost 

*OP-295 0.200 0.25-1.0 +2.4 to +36 0.08 0.02 2,3,6 I,M 2-95l Rail to Rail Dual 
OP-SO 0.325 1.5 +5 to +16 0.3 0.4 2,6,7 I,M 2-727 LowIB,CMOS 
OP-420 0.36 2.5--6 +5 to +30 0.15 0.05 2,3,4,6 I,M 2-987 Quad Micropower, Low Cost 
OP-21 0.3-0.4 0.1-0.5 +5 to +30 0.6 0.25 2,3,6,7 I,M 2-591 Low Cost, Low Power 

*OP-495 0.4 0.U.5 +3 to +36 0.08 0.02 2,3,6 I,M 2-953 Quad Rail to Rail 
*AD820 0.660 0.25-1 +4 to +36 2 3.75 2,3,6 C,I,M 2-299 Fast PET Input Rail to Rail 
OP-221 0.8 0.15-0.5 +5 to +30 0.6 0.3 2,3,6,7 I,M 2-835 Dual Low Cost, Low Power 

*AD822 1.3 0.25-1 +4 to +36 2 3.75 2,3,6 C,I,M 2-299 DualAD820 
OP-421 1.8 2.5--6 +5 to +30 1.9 0.5 2,3,6 I,M 2-993 Quad Low Cost, Low Power 

*OP-1l31213/413 4 0.150 +5 to +30 3 1 2,3,4,5,6 I,M 2-761 Low Noise, Low Drift Op Amp 



Low Voltage Noise Amplifiers 
Voltage Voltage Current 
Noise Noise Noise 
en en In ± In- Settling 
typ typ typ In Vos GBW SR Time AcL 
1 kHz 10kHz 1 kHz typ mV MHz V/p,s ns to % min Package Temp 

Model n vvIii n vvIii pA vIii nA typ typ typ typ VN Options l Range2 Page3 Comments 

SSM-2016 0.8 900 0.5 1 10 2 C 4-185 Ultralow Noise Differential Audio Preamplifier 
*AD797 0.9 0.9 2 500 0.025 100 18 2,3,6 I,M 2·271 Ultralow Noise, Low Distortion 

SSM-2017 0.95 600 0.1 4 17 2,3,6 I 4·193 Self-Contained Audio Preamplifier 
AD9610 1.6 0.7 32/32 5000 0.3 100 3500 1-0.1 2 I,M 2-431 Wide Bandwidth, Fast Settling 
AD829 1.7 1.5 3300 0.2 750 230 65-0.1 2,3,6 C, I, M 2·309 High Speed, Low Noise, Video Amp 

*AD811 1.9 1.9 1.5/20 2000 0.5 1000 2500 65-0.01 2,3,4,6 I,M 2·281 High Performance Video Op Amp 
AD9617 2.0 1.3 32/32 12000 0.5 570 1400 10-0.1 ±1 2,3,6, 12 C, I, M 2·439 Low Distortion, Wide Bandwidth 
AD9618 2.0 1.3 32/32 10000 0.5 8000 1800 9-0.1 +5, -1 2,3,6,12 C, I, M 2·447 Low Distortion, Wide Bandwidth 
AD844 2 12/10 200 0.05 900 2000 100-0.1 1 2,3,6 I,M 2·363 Current Feedback Amplifier 
AD846 2 6/20 100 0.025 450 450 110-0.01 1 2,3 I,M 2·383 Current Feedback, Precision 

*AD81O 2.5 2.5 1.5/20 2000 0.5 500 1000 50-0.1 1 2,3,6 I,M 2·277 Video Op Amp with Disable 
AD849 3 3300 0.3 725 300 80-0.1 25 2,3,6 C, I, M 2·407 High Speed, Low Power 
OP·27 3.0 3.5 0.4 10 0.01 8 2.8 1 2, 3, 4, 6, 7 C, I, M 2·609 Low Noise, Precision 
AD OP·27 3 3.5 0.4 10 0.01 8 2.8 1 2,3,7 I,M 2·473 Low Noise, Precision 
OP-227 3 3.5 0.4 10 0.02 8 2.8 1 3 C, I, M 2-843 Dual Matched Precision 
OP·37 3 3.5 0.4 10 0.01 63 17 1 2, 3, 4, 6, 7 C, I, M 2·633 Fast, Precision AvcL<o:5 
AD OP·37 3 3.5 0.4 10 0.01 63 17 5 2,3,7 I,M 2·481 Low Noise, Precision 

*AD745 3.2 2.9 0.007 0.150 0.1 20 12.5 5000-0.01 5 2,3,6 C, I, M 2·241 Ultralow Noise, High Speed, BiFET Op Amp 
AD743 3.2 2.9 0.007 0.15 0.1 4.5 2.8 1 2,3,6 C, I, M 2·217 Ultralow Noise FET Input 
OP·270 3.2 3.6 0.6 5 0.01 5 2.4 1 2,3,4,6 I,M 2·893 Dual Monolithic 
SSM-2139 3.2 3.2 0.6 5 0.02 30 11 3 2,6 I AV Dual Audio 
SSM-2134 3.5 3.5 0.6 350 0.3 10 13 3 2 I AV Improved Replacement for "5534A" 
OP·470 3.2 3.8 0.4 6 0.1 6 2 1 2,3,4,6 I,M 2·1005 Quad Monolithic, Low Noise 
AD5539 4 6000 2 1400 600 12-1 5 2,3 C,M 2·415 Improved Replacement for SEINE5539 
AD840 4 3500 0.1 400 400 100-0.01 10 2,3,4 C,M 2·327 Wide Bandwidth, Precision 
OP-50 4.5 5.5 0.23 1 0.01 25 3 5 3 I,M 2-671 High Output Current 

*OP·176 6 1.5 100 0.5 8 22 1 2,6 I 2·789 Bipolar/JFET Audio Preamplifer 
*OP·467 6 5.5 100 1 30 170 170 1 2,3,5,6 C, I, M 2·919 Quad, High Speed 

0 *OP·275 6 6 1 9 22 1 2,6 I,M 2·999 Dual Audio Amp 
~ AD848 5 3300 0.2 175 300 100-0.1 5 2,3,6 C, I, M 2·407 High Speed, Low Power 

~ OP·471 6.5 9 0.4 7 0.25 6.5 8 1 2,3,4,6 I,M 2·1021 Quad Monolithic, Fast 

:::! *AD795 7 8 0.0006 0.001 0.05 2 1 8000-0.01 1 2,6,7 C, I, M 2·261 Low Power, Low Noise Photo Diode Preamp 
0 *AD796 7 8 0.0007 0.001 0.05 2 1 1200-0.01 1 2,6,7 C, I, M 2·267 DualAD795 
~ OP·271 7.6 16 0.6 4 0.075 5 8.5 1 2,3,4,6 I,M 2·909 Dual Monolithic, Fast ,.. 

OP·61 3.4 16 1.7 130 0.1-0.2 200 45 300-0.01 10 2,3,4,6 I,M 2·683 Wide Bandwidth 
:to AD645 9 8 0.0006 0.0007 0.1 2 2 1 2,7 C, I, M 2·113 FET Input, Low In 3:: 
;3! lPackage Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic Of Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "sale" Package; 

5i 7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack, 11 = Single-in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic! 

ii1 Glass DIP; 14 ~ J-Leaded Ceramic Package; 15 ~ Ceramic Pin Grid Array; 16 ~ TO-92; 17 ~ Plastic Pin Grid Array. 

i}l 'Temperature Ranges: C ~ Commercial, O°C to +70°C; I ~ Industrial, ~40°C to +S5°C (Some older products ~25°C to +SS°C); M ~ Military, ~SsoC to +12Soc. 
3 A V = AudiolVideo Reference Manual. 

~ Boldface Type: Product recommended for new design. 

U; 
·New product. 

I 



'i" Selection Guides 0; 

0 
ril 
~ 

Operational Amplifiers 
::! 

Low PowerlMicropower Amplifiers 0 
~ ,.... ISY Vos IB GBW SR 
:t>- max max max typ typ Package Temp 
~ 
~ Model rnA mV nA MHz VI",s Option' Range2 Page Comments - 0.OOO2--{).4 0.3-1 5-10 0.25 0.08 2,3,6,7 I,M 2-597 Programmable, Single Supply ::!l OP-22 
~ OP-32 0.0005-2 0.3-1 5-10 4.5 1.5 2,3 I,M 2-621 Fast, Programmable AVCL~ 10, Single Supply 
(/) 

OP-90 0.02 O.IS--{).4S 15-25 0.02 2,3,4,6 I,M 2-739 Micropower, Low Voltage Single Supply 
OP-290 0.04 0.2--{).5 15-25 0.02 2,3,4,6 I,M 2-943 Dual, Micropower, Low Voltage, Single Supply 
OP-20 0.08 0.25-1 25-40 0.1 0.05 2,3,4,6 I,M 2-585 Micropower, Single Supply, Low Cost 
OP-490 0.08 0.5-1 15-25 0.02 2,3,4,6 I,M 2-1037 Quad, Micropower, Low Voltage, Single Supply 
OP-220 0.17 0.15--{).75 20-30 0.2 0.05 2,3,6,7 I,M 2-827 Dual, Low Cost, Micropower, Single Supply 
AD548 0.2 0.25--{)_2 0.0l--{).02 1.0 1.8 2,3,7 C,I,M 2-81 Precision Low Power BiFET Op Amp 

*OP-295 0.3 0.2--{).5 15 0.085 0.04 2,6 I,M 2-953 Dual Rail to Rail 
OP-80 0.325 1.5 0.00025--{).00l 0.3 0.4 2,6,7 I,M 2-727 LowlB' CMOS 
OP-420 0.36 2.5-6 20-40 0.15 0.05 2,3,4,6 I,M 2-987 Quad, Low Cost, Micropower, Single Supply 
OP-2l 0.3--{).4 O.I--{).S 100-150 0.6 0.25 2,3,6,7 I,M 2-591 Low Cost, Low Power, Single Supply 

*OP-282 0.5 2.0 0.1 4 9 2,3,6 I 2-927 Dual, High Speed, Low Power 
AD648 0.4 0.4-2.0 0.005-.01 1.0 1.8 2,3,7 C,I,M 2-127 Dual, Precision Low Power BiFET Op Amp 
PM-I08/208/308 0.4 0.5-10 2-10 2,3,4,6,7 C,I,M 2-1061 Low Input Bias Current 
OP-97 0.6 0.025--{).075 0.1--{).15 0.9 0.2 2,3,4,6,7 I,M 2-751 Precision, Low IB 
AD705 0.6 0.025--{).09 0.1-0.15 0.8 0.15 2,3,6 C,I,M 2-145 Picoampere Input Current Bipolar Op Amp 
PM-1012 0.6 0.03S--{).OS O.I--{).15 0.5 0.2 2,3,6,7 C,I,M 2-1071 Precision, Low IB 

*AD820 0.66 0.25-1 0.02-0.03 2 3.75 2,3,6 C,I,M 2-299 Fast, Single Supply, Rail to Rail FET Input 
OP-221 0.8 0.15--{).5 80-120 0.6 0.3 2,3,6,7 I,M 2-835 Dual, Low Cost, Low Power, Single Supply 
OP-41 I 0.25-2 0.005--{).02 0.5 1.3 2,6,7 I,M 2-645 Low Power, Low IB 

*OP-482 1.0 3.0 0.1 4 9 2,3,5,6 I 2-927 Quad, High Speed, Low Power 
AD706 1.2 0.05--{).1 0.11-0.2 0.8 0.15 2,3,6 C,I,M 2-153 Dual, Picoampere Input Current Bipolar Op Amp 

*OP-297 1.25 0.05--{).2 0.1-0.2 0.5 0.15 2,3,4,6 I,M 2-959 Dual, Precision, Low IB 
*AD822 1.3 0.25-1 0.02-0.03 2 3.75 2,3,6 C,I,M 2-299 Dual AD820 
OP-200 1.45 0.075--{).2 2-5 0.5 0.15 2,3,4,6 I,M 2-803 Dual, Precision 
OP-42 I 1.8 2.5-6 SO-ISO 1.9 0.5 2,3,6 I,M 2-993 Quad, Low Cost, Low Power, Single Supply 
AD704 2.4 0.075--{).150 O.15--{).17 1.0 0.15 2,3,6 C,I,M 2-137 Quad, Picoampere Input Current Bipolar Op Amp 
OP-02 2.4 0.5-5 30-100 1.3 0.5 2,3,7 C,M 2-503 Improved 741 
OP-400 2.9 O.IS:-O.3 3--7 0.5 0.15 2,3,4,6 C,I,M 2-975 Quad, Precision 



Low Current Noise, Low Input Bias Current Amplifiers 
Input Impedance CMRR Vos 

Is IN Differential Common Mode dB Vos TC BW 
pA (=1 kHz OIIPF £=1 kHz mV ,..VI"C MHz Package Temp 

Model max FA/ViIi typ typ max max typ3 Options1 Range' Page Comments 

ADS49 0.06-0.25 0.11 1013111 1015110.S 62 0.25-1 5-20 1 7 C,M 2-S9 Monolithic, Lowest Is 
AD515A 0.075-0.3 1013111.6 10"110.8 62 1-3 IS-SO 1 7 C 2-45 Lower Cost AD515 Replacement 
OP-SO 0.25-1 90 1.5 0.3 2,6,7 I,M 2-727 Low Cost CMOS 
AD546 0.5-1 0.4 1013111 1015110.8 62 1-2 20 1 2 C 2-69 Precision Low Cost Electrometer 
AD545A 1-2 1013111.6 1015110.8 62 0.25-1 3-25 I 7 C 2-65 Lower Cost AD545 Replacement 

*AD795 1-4 0.6 1012111 1014112.2 110 0.25-0.5 1-10 2 2,6,7 C,I,M 2-261 Low Power, Low Noise, 
Photodiode Preamp 

AD645 1.5-3 0.6 1013111 1014113 94 0.25-0.5 1-5 2 2,7 C,I,M 2-113 Low Noise, Precision BiFET 
*AD796 2.5-4 0.7 1012111 101"'112.2 110 0.H.5 3-10 2 2,6,7 C,I,M 2-267 DualAD795 
OP-41 5-20 98 0.25-2 5-10 0.5 2,6,7 C,I,M 2-645 High Stability JFET 
AD548 10-20 I.S 1012113 3 x 1012113 84 0.25-2 2-20 1 2,3,6,7 C,I,M 2-S1 Low Power, Low Cost 
AD648 10-20 I.S 1012113 312113 84 0.3-2 3-20 1 2,3,6,7 C,I,M 2-127 DuaIAD548 

*ADS20 20-30 I.S 100 0.25-1 5-10 2 2,3,6 C,I,M 2-299 Single Supply, Fast, Rail to Rail 
*ADS22 20-30 1.8 100 0.25-1 5-10 2 2,3,6 C,I,M 2-299 DualAD820 

AD542 25-50 80 0.5-2 5-20 1 7 C,M 2-57 Precision 
AD544 25-50 80 0.5-2 5-20 2 7 C,M 2-57 Precision, Low Distonion 
AD547 25-50 1012116 101'113 60 0.25-1 1-5 I 7 C,M 2-57 Low Drift 
AD711 25-50 10 3 x 1012115.5 3 x 1012115.5 62 0.25-2 3-20 4 2,3,6,7 C,I,M 2-177 Low Cost BiFET, ExceUent AC 

and DC Perfoimance 
AD642 35-75 1012116 W 2 116 90 0.5-2 I 7 C,M 2-101 Dual Precision 
AD647 35-75 W2 116 W 2116 90 0.5-1 2.5-10 I 4,7 C,M 2-121 Dual AD547 
PM-155A 50 10 90 2 5 2.5 3,7 C,M 2-1065 Improved Industry Standard 
PM-156A SO 10 90 2 5 4.5 3,7 C,M 2-1065 Improved Industry Standard 
PM-157A SO 10 90 2 5 20 3,7 C,M 2-1065 Improved Industry Standard 
AD712 50-75 10 312115.5 312115.5 94 0.3-3 5-20 4 2,3,6,7 C,I,M 2-189 Dual AD711 
OP-15 50-200 10 90 0.5-3 5-15 6 2,3,6,7 C,I,M 2-571 Precision BiFET 
OP-16 50-200 10 90 0.5-3 5-15 8 2,3,6,7 C,I,M 2-571 Precision BiFET 
OP-17 50-200 10 90 0.5-3 5-15 30 2,3,6,7 C,I,M 2-571 Fast, Precision BiFET 

a 
;R 

'Package Options: 1 ~ Hermetic DIP, Ceramic or Metal; 2 ~ Plastic or Epoxy Sealed DIP; 3 ~ Cerdip; 4 ~ Ceramic Leadless Chip Carrier; 5 ~ Plastic Leaded Chip Carrier; 6 ~ Small Outline "SOIC" Package; 
~ 7 ~ Hermetic Metal Can; 8 ~ Hermetic Metal Can DIP; 9 ~ Ceramic Flatpack; 10 ~ Plastic Quad Flatpack, 11 ~ Single-in-Line "SIP" Package; 12 ~ Ceramic Leaded Chip Carrier; 13 ~ Nonhermetic Ceramid 
:::! Glass DIP; 14 ~ J·Leaded Ceramic Package; IS ~ Ceramic Pin Grid Array; 16 ~ T0-92; 17 ~ Plastic Ym Grid Array. a 'Temperature Ranges: C ~ Commercial, O"C to +70·C; I ~ Industrial, -4O"C to +8S·C (Some older products -2S"C to +8S"C); M ~ Military, -SS·C to +12S·C. 

~ 'Unity gain small signal bandwidth . ..... Boldface Type: Product recommended for new design. 
~ "New product. 
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Operational Amplifiers 
5 Dual Operational Amplifiers 
~ Settling .... 
:t. Vos Slew Time 

~ Vos TC IB BW Rate to 0.01% ,.. mV p'vrc DA MHz V/p.s p.s Package Temp 
5i Model max max max typl typ typ Options2 Range3 page4 Comments i'i'i 
~ AD708 0.03-0.1 0.3-1.0 1-2.5 0.9 0.3 2,3,7 C,I,M 2·169 Highest DC Precision; Excellent 

Matching Between Amps, Dual AD707 
AD706 0.05-0.10 0.6-1.5 0.1l-{).200 0.8 0.15 2,3,6 C,I 2·153 Dual AD705, Low IB Precision Bipolar 

*OP·297 0.05-0.2 0.6-2 o.I-{).2 0.5 0.15 2,3,6 I,M 2·959 Precision, Low Power, Low IB 
OP·200 0.075-0.2 0.5-2 2-5 0.5 0.15 2,3,4,6 I,M 2·803 Dual Monolithic, Precision 
OP·270 0.075-0.25 1-3 211-60 5 2.4 2,3,4,6 I,M 2·893 Dual Monolithic, Low Noise 
OP·227 0.08-0.18 1-1.8 40--80 8 2.8 3 I,M 2·843 Dual Matched, Low Noise 
OP·207 0.1-0.2 1.3-1.8 3-7 0.6 0.2 3 C,M 2·813 Dual Matched, Precision 
OP·221 0.15-0.5 1.5-3 8(H20 0.6 0.3 2,3,6,7 C,I,M 2·835 Low Power, Single Supply 
OP-220 0.15-0.75 1.5-3 20-30 0.2 0.05 2,3,6,7 C,I,M 2-827 Micropower, Single Supply 
OP-271 0.2-{).4 2-5 211-60 5 8.5 2,3,4,6 I,M 2-909 Dual Monolithic, Fast, Low Noise 
OP·29O 0.2-{).5 3-5 15-25 0.02 2,3,4,6 I,M 2-943 Micropower, Low Voltage Single Supply 

*OP-295 0.2-0.5 <10 IS 0.085 0.04 2,6 I,M 2·953 Rail to Rail 
*OP·285 0.25 ISO 8 20 2,3,6 2-939 Dual High Performance, Low Power 
AD647 0.25-1 2.5-10 0.035-0.075 1 3 4,7 C,M 2-121 DualAD547 

*AD822 0.25-1 5-10 0.02-{).03 2 3.75 2,3,6 C,I,M 2-299 Single Supply, Rail to Rail, Fast FET Input 
AD746 0.5-1 10-20 0.15 13 75 0.5 2,3,6 C,I,M 2-253 Precision, Fast Settling, Dual AD744 

*AD796 0.3-0.5 3-12 0.002-0.004 2 I 12-{).01 2,6,7 C,I,M 2·267 Low Power, Low Cost, Photodiode Preamp 
AD648 0.3-2 3-20 0.0l-{).02 I 1.8 8 2,3,6,7 C,I,M 2·127 Low Power,BiFET, Dual AD548 
AD712 0.3-3 5-20 0.05-0.075 4 20 I 2,3,6,7 C,I,M 2-189 Excellent AC and DC Performance, 

DualAD711 
OP-IO 0.5 2-4.5 3-7 0.6 0.17 3 C,M 2-S55 Dual Matched, Precision 
SSM-2139 0.5 2.5 80 30 11 2,6 I AV Audio, Low Noise 
OP·249 0.5-0.7 5-6 0.05-0.075 4.7 22 0.9-0.01 2,3,4,6,7 I,M 2-855 Fast, Low Distortion 
AD642 0.5-2 1-3.S 0.035-0.07S 1 3 7 C,M 2-101 DualAD542 
AD644 0.5-2 0.03S-{).075 2 13 7 C,M 2-107 Dual AD544 
OP-04 0.75-5 8-20 50--100 1.3 0.5 3,7 I,M 2-S11 Improved "747" 
OP·14 0.75-S 8-20 50--100 1.3 0.5 2,3,6,7 I,M 2-511 General Purpose, Low Cost 
OP-15 0.75-5 8-20 50-100 1.3 0.5 2,3,6,7 I,M 2·571 Improved "1458" Dual 

*OP·275 1 350 9 22 2,6 2-919 Dual Audio Amp 
OP-215 1-4 10 o.I-{).3 5.7 18 0.9-0.1 2,3,4,6,7 C,I,M 2·819 High Speed, Precision 

*OP-282 2.0 10 0.1 4.0 9 1.5 2,3,6 I 2·927 Dual High Speed, Low Power 
AD827 4.0 15 7000 50 300 0.120-{).1 2,3,6 C,I,M 2-301 Dual AD847, High Speed, Low Power 
OP-260 3.5-7 10 1000-15000 90 1000 0.25-0.1 2,3,4,6,7 I,M 2·873 Dual High Speed, Current Feedback 
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Quad Operational Amplifiers 
Vos Slew Settling 

Vos TC IB BW Rate Time 
mV p'vrc nA MHz V/p.s to 0.01% Package Temp 

Model max max max typ' typ p.styp Options2 Ranges3 Page Comments 
AD704 0.075~.10 1.0-1.5 150-270 0.8 0.10 2,3,6 C,I,M 2-137 Quad AD705, Low IB Precision Bipolar 

*OP-497 0.0~.15 0.5-1.5 150-200 0.5 0.15 2,3,4,6 I,M 2-1049 Low Power, Low IB Precision Bipolar 
OP-400 0.1~.3 1.2-2.5 3-7 0.5 0.15 2,3,4,6 C,I,M 2-975 Quad Monolithic, Precision 

*OP-495 0.2~.5 <10 15 0.085 0.04 2,3,6 I,M 2-953 Rail to Rail 
OP-470 0.4--1 2--4 25-60 6 2 2,3,4,6 C,I,M 2-1005 Quad Monolithic, Low Noise 

*OP-467 0.5 3.5 100 30 170 170 2,3,5,6 2-999 30 MHz, Low Power 
OP-490 0.5-1 5 15-25 0.02 2,3,4,6 I,M 2-1037 Micropower, Low Voltage, Single Supply 
AD713 0.5-1.5 15 35-100 4 20 1 2,3,6 C,I,M 2-201 Superior AC and DC Performance, Quad AD711 
OP-09 0.5-5 10-15 300-500 3 1 3 C,M 2-547 Improved "4136" 
OP-ll 0.5-5 10-15 300-500 3 1 2,3,4,6 C,I,M 2-547 Improved Quad "741" 
OP-471 0.8-1.8 4--7 25-60 6.5 8 2,3,4,6 C,I,M 2-1021 Monolithic, Fast, Low Noise 

*OP-482 3.0 10 0.1 4.0 9 1.5 2,3,5,6 I 2-927 High Speed, Low Power 
OP-421 2.5-6 10-15 50-150 1.9 0.5 2,3,6 I,M 2-993 Low Power, Low Cost, Single Supply 
OP-420 2.5-6 10-25 20-40 0.15 0.05 2,3,4,6 I,M 2-987 Micropower, Low Cost, Single"Supply 

Unity Gain Buffers 
-3 dB Settling Rise 
BW SR Time Time loUT Vos Iss 
MHz V/p.s to 0.02% IV Step rnA mV rnA Package Temp 

Model typ min nstyp nstyp min typ max Options2 Range3 Page Comments 

AD9630 750 1800 8 0.9 50 3 26 2,3,6 I,M 2-461 High Performance, Wide-Band Buffer 
*AD9620 600 2200 8 0.8 40 2 48 1 I,M 2-455 High Performance, Low Harmonic Distortion Buffer 
BUF-03 50 220 100 (0.1%) 7 (1/2 V) 70 10 25 7 C,M 2-489 High Speed Voltage FollowerlBuffer 

'Unity gain small signal bandwidth. 
'Package Options: I ~ Hennetic DIP, Ceramic or Metal; 2 ~ Plastic or Epoxy Sealed DIP; 3 ~ Cerdip; 4 ~ Ceramic Leadless Chip Carrier; 5 ~ Plastic Leaded Chip Carrier; 6 ~ Small Outline "SolC" Package; 
7 ~ Hermetic Metal Can; 8 ~ Hennetic Metal Can DIP; 9 ~ Ceramic Flatpack; 10 ~ Plastic Quad Flatpack, 11 ~ Single-in-Line "SIP" Package; 12 ~ Ceramic Leaded Chip Carrier; 13 ~ Nonhermetic Ceramicl 
Glass DIP; 14 ~ J-Leaded Ceramic Package; 15 ~ Ceramic Pin Grid Array; 16 ~ TO-92; 17 ~ Plastic Pin Grid Array. 

'Temperature Ranges: C ~ Commercial, O°C to + 70°C; I ~ Industrial, -40°C to +85°C (Some older products -25°C to +85"C); M ~ Military, -55°C to + 125°C. 
4AV ~ AudioNideo Reference Manual. 
Boldface Type: Product recommended for new design. 
'New product. 
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Orientation 
Operational Amplifiers 
The amplifiers listed in this volume are intended to provide 
cost-effective solutions to the bulk of op amp requirements in 
precision measurement and control, as well as to more general 
requirements within electronic circuits. The technical data 
included here* covers properties of approximately 100 different 
op amp families, comprising several hundred distinct types. 
Some amplifiers are general purpose; others provide near opti
mum performance for specific classes of application. 

The amplifiers differ in a variety of ways, for example, circuit 
technology, circuit architecture, package type and contents, 
input properties, output properties, operating temperature range 
and in terms of the many performance specifications. Most 
devices are monolithic ICs, including precision and high speed 
single, dual and quad devices, while some also are hybrid ICs. 

The amplifiers catalogued in this volume are available in a broad 
choice of packaging styles, temperature ranges, and performance 
grades. If your application calls for versions of these products 
that have been processed in accordance with MIL-STD-883, a 
wealth of relevant information can be found in the latest edition 
of the Military Products Databook, available free upon request 
from Analog Devices. 

BACKGROUND 
The operational amplifier is today the most widely used analog 
subassembly. It is safe to say that its basic properties and appli
cations are sufficiently understood by most circuit designers and 
builders. However, the basis for choice, the subtleties of using 
op amps in circuits for best results (especially in precision mea
surement and control) and the varieties of possible applications 
are less clearly understood by op amp users, in varying degrees. 

In these few pages, we shall address the question of making a 
proper choice of op amp type for an application, in relation to 
the extensive array of device properties presented in the data 
sheets that follow. 

For those users requiring basic tutorial material and detailed 
information on getting the most out of op amps, at the end of 
this orientation section we have provided a bibliography that 
should make available up to 99% of information needed now 
and then, with "fanout" to the vast body of literature that
with some redundancy-will provide the remainder. Analog 
Devices' op amp data sheets are an excellent source of pertinent 
information. 

SELECTION PRINCIPLES 
In selecting the right device for a specific application, you 
should have clearly in mind your design objectives and a firm 
understanding of what the published specifications mean. 
Beyond this, you should detail the significant variables that are 
pertinent to your application. The purpose of this section is to 
put these many decision factors into perspective to help you 
make the most meaningful buying decisions. 

*In addition to the listed products recommended for new designs, a number 
of older products are still available (see page 9-4); data sheets are available 
on request. 

2-20 OPERA nONAL AMPLIFIERS 

To make a proper choice of an operational amplifier for any 
given set of requirements, the designer must have: 

1. A complete definition of the design objectives. 
Signal levels, closed-loop gain, accuracy desired, bandwidth 
requirements, circuit impedance, environmental conditions 
and other factors must be well defmed before selection can 
be effectively undertaken. 

2. A firm understanding of what the manufacturer means by the 
numbers published for the parameters. 
Two manufacturers may have comparable published specifi
cations, but they may result from the use of differing mea
surement techniques. This creates a pitfall in op amp 
selection. To avoid these difficulties, the designer must know 
what the published specifications mean as well as how the 
parameters are measured, and then must be able to translate 
the published specifications into terms meaningful to the 
design requirements. 

There are three fundamental aspects to the rational selection of 
an operational amplifier for a given application: (I) establishing 
the circuit architecture, (2) defming the performance levels and 
(3) choosing the amplifier(s). 

1. To obtain a circuit building block to implement a defmed 
functional job, the principal choices are either to purchase a 
committed functional device, or to design a circuit employing 
op amps to perform the function. For example, to obtain a 
difference between two voltages, one may either purchase an 
instrumentation or isolation amplifier or design a suitable 
subtraction circuit using op amps. If a committed functional 
building block with appropriate specs and price is not avail
able, the circuit designer must start by developing schematic 
diagrams of circuits that will perform the function simply 
using "ideal" operational amplifiers. Most commonly used 
circuits can be found in textbooks, "cookbooks" and linear 
circuit books as well as in application notes and data sheets. 

2. Recognizing that the choice of an op amp depends upon both 
the overall circuit requirements and the characteristics of 
available devices, the design should interpret the desired 
overall performance in terms of the parameters of op amps, 
and establish acceptable ranges of the various parameters and 
their variation with time, temperature, supply voltage, etc. 
Examples of key parameters are input offset voltage, input 
bias and offset currents, and the high frequency performance 
and transient behavior of the op amp block (and its effect on 
the closed-loop circuit), for both large and small signals. It 
will be helpful to develop an application checklist which 
includes such considerations as the character of the input sig
nals and their impedance, the output load, the desired 
accuracy-static and dynamic-the available power supplies, 
and other environmental conditions. 

3. The designer must then relate acceptable performance of the 
op amp building block to the specifications and prices of 
available devices from preferred suppliers, bearing in mind a 
firm understanding of the way in which manufacturers defme 
their specifications, and how defmitions can differ in mislead
ing ways. A set of definitions used by Analog Devices follows 
this discussion. 



APPLICATION CHECKLIST 
By way of an application checklist, the designer will need to 
account for the following: 

Character of the application: The character of the application 
(inverter, follower, differential amplifier, etc.) will often influ
ence the choice of amplifier. For example, an adjustable-gain 
wideband application may call for a transimpedance op amp to 
keep bandwidth independent of gain setting. 

Accurate description of the input signal: It is extremely important 
that the input signal be thoroughly characterized. Is the input a 
voltage source or current source? Range of amplitude? Source 
impedance? Time/frequency characteristics? 

Environmental conditions? What is the maximum range of tem
perature, time and supply voltage over which the circuits must 
operate (to the required accuracy) without readjustment? 

Accuracy desired: The accuracy requirement determines the 
extent to which the foregoing considerations are critical, and 
ultimately points the way to a device (or series of devices) which 
are acceptable. Accuracy of course, must be defined in terms 
meaningful to the application with regard to bandwidth, dc off
set and other parameters. 

SELECTION PROCESS 
In general, the objective of amplifier selection should be to 
choose the least expensive device which will meet the physical, 
electrical and environmental requirements imposed by the appli
cation. This suggests that a "General Purpose" amplifier will be 
the best choice in all applications where the desired performance 
requirements can be met. Where this is not possible, it is gener
ally because of limitations encountered in two areas-bandwidth 
requirements and/or offset and drift parameters. 

To make it easier to relate bandwidth requirements with the 
drift and offset characteristics, a capsule view of bandwidth 
considerations precedes the dc discussion below. The reader is 
then returned to an expanded discussion of gain bandwidth 
considerations. 

Gain Bandwidth Considerations, a Capsule View 
Although all selection criteria must be met simultaneously, 
determination of the bandwidth requirements is a logical starting 
point because: 

l. If dc information is not of interest, a suitable blocking capac
itor can be connected at the amplifier input and/or output 
and all of the "drift" specifications may usually be ignored, 
and, 

2. Where high frequency (> 10 MHz) characteristics are of pri
mary importance, the choice will be limited to those amplifi
ers designated "Wide Bandwidth/Fast Settling." 

Where dc information is required and where frequency require
ments are relatively modest (full power response below 100 kHz, 
unity gain bandwidth of less than l.5 MHz) other criteria will 
probably influence the final choice. It is important, however, to 
choose an amplifier with which an adequate value of loop gain is 
assured (at the maximum frequency of interest) to obtain the 
desired accuracy. Loop gain is the excess of open-loop gain over 
closed-loop gain, and is responsible for the diminishing error 
due to fluctuations in the open-loop gain due to time, tempera
ture, etc. For example, if the design closed-loop gain is 1,000, 

the open-loop gain must be at least 100,000 to yield an error of 
no more than 1%, and 1,000,000 to yield an error no greater 
than 0.1 %. Where undistorted response is required, the specifi
cations for full linear response and slewing rate should be cho
sen such that they are not exceeded at the highest frequency of 
operation. 

Distinctions Within the Overall Class of Operational Amplifiers 
The conventional or classical operational amplifier is a voltage-in/ 
voltage-out device, and may also be called a "voltage input" 
amplifier. It is called a voltage input amplifier because it ampli
fies small differences of two voltages between the respective 
input terminals (V;), and it delivers an output in terms of volt
age, Vo' The gain rating of this type of amplifier is given in 
terms ofVN or V/JLV (or -Vj-V;). 

Both amplifier inputs are voltage driven, and essentially do not 
load the signal and feedback sources. This type of amplifier has 
a constant gain bandwidth product, therefore increases in 
closed-loop gain necessarily result in reductions in closed-loop 
bandwidth. In this discussion, the term "VN amplifier" is 
intended to mean this classical type of op amp, a differential 
input/voltage sensitive device. 

However, for wide bandwidth applications, it is often useful to 
consider applying an amplifier class using current feedback, or, 
called alternately, a transimpedance amplifier. This type of ampli
fier is characterized for gain by the transresistance (-V j - I;), 
where the input current Ii is an error current flowing into the 
amplifier's inverting input. The inverting input of a transimped
ance amplifier has a characteristically low (ideally zero) input 
impedance. This input is considered to be current driven (as 
opposed to voltage driven) in the design of circuits using this 
amplifier. The low impedance at this input minimizes the gain
error voltage developed by the input current. 

As a class of amplifier, transimpedance types tend to be charac
terized by high slewing rates and high closed-loop bandwidths. 
In contrast to the mentioned constant gain bandwidth of V N or 
voltage input amplifiers, the closed-loop bandwidth of a current 
feedback amplifier is essentially independent of closed-loop gain 
-as long as the feedback resistance is kept constant when the 
gain is adjusted. This feature often makes them the choice 
amplifier type, where bandwidth considerations are paramount. 

Note: A caveat which applies to transimpedance amplifiers is the 
fact that they have nonsymmetric input impedances. As mentioned, 
the inverting input impedance is low, but the non-inverting input is 
'DOlrage driven, and functions generally like the noninverting input of 
a voltage input amplifier. 

Offset and Drift Considerations 
In the majority of op amp applications, final selection is deter
mined by the dc offset and drift characteristics. To undertake 
amplifier selection in these cases, it is necessary to translate the 
requirements listed above as follows. (It is assumed that band
width requirements and temperature range have been estab
lished at this point.) 

l. What input impedance must the circuit present to the signal source? 
This depends primarily on the source impedance, R, and the 
amount of loading error which is acceptable. Most amplifier 
circuits are designed around the inverting and noninverting 
circuits of Figure 1. The choice is often made between the 
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two to accommodate impedance requirement(s). Input 
impedance for the inverting circuit is approximately equal to 
the summing impedance, R;, and the upper limit on the mag'
nitude of R; is determined by the allowable drift error 
because of bias currents as discussed below. The noninvert
ing circuit offers inherently higher input impedance than the 
inverting circuit (due to "bootstrapping" feedback), and in 
this case input impedance is approximately equal to the 
amplifier common-mode impedance, Ran. 

2. How much drift error can be tolerated? 
The question is related to the input signal level, e" and the 
required input signal of one volt with an accuracy of 0.1 %, 
the offset drift error, V d, must be one millivolt or less. (This 
assumes that other sources of error such as input loading, 
noise and gain error have already been allowed for.) By the 
same reasoning, the allowable drift error for a I volt signal 
and 0.01% accuracy would be 100 !LV. 

When this has been defmed, the allowable limits of offset 
voltage (e.,.), bias current (ib ) and difference current can be 
calculated by the equations of Figure I. 

RI r. (RI + RI\ ] 
80 '" - Ai lis + 80s -R-I -) +'b Ri 

'-v-" , 
Signal Input Drift Error = Vd 

Rlr. R.+R'·.l 
&0=- Ai lis + 'OI~ + Id R~ 

'-or' • 
Signal Input Drift Error = Vd 

Input Impedance R IN == Ri 

'. 

ForRC • 0 

andR, «RI 

For Re = R, RIIIR, + RII 

and R.«Rj 

% Drift error = 100vd .. 
Figure la. Inverting Configuration 

R2 + R, r. . R 1 fo R 0 oO=--R,-ll. + 80s + Ib 'J r c = 
.......... ~ 

Signal Drift Error = Vd 

R2 + Ri [ . 1 Ri Rz .0· -R-,- as + 801 + Id RSJ for Re - RI - Ri + R2 

........ --r----
SiCJIal Drift Error = Vd 

Input ImpaciMCe RIN ~ ReM "Drift Error "" 100vd .. 
Figure lb. Noninverting Configuration 
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For example, in the case of the inverting circuit, an offset error 
voltage, i~, is generated by the bias current flowing through 
the summing impedance. This error increases for increasing R;. 
Since R; also sets the input impedance, there is a conflict 
between high input impedance and low offset errors. Likewise, 
for a given offset error, higher values for R; can be .used with an 
amplifier which has lower bias current. 

Where it will otherwise function properly, the noninverting cir
cuit generally makes a better choice for high input impedance 
circuits. Also, for the same source and input impedance require
ment, a given amplifier will generate lower offset errors for the 
noninverting circuit than for the inverting circuit. This is so 
because the bias current flows only through R. for the nonin
verter and this will always be less than the input impedance, R;, 
of the inverter. Input impedance of the noninverter (approxi
mately Ran) is typically 107 ohms even for the least expensive 
bipolar amplifiers and up to 1011 ohms for FET types. 

Unfortunately, however, the noninverting configuration cannot 
always be used since it is not convenient to use for many circuit 
functions such as integration or summation. A further limitation 
occurs in high accuracy applications where common-mode errors 
may rule out this circuit configuration. Transimpedance amplifi
ers in the noninverting configuration have high dynamic input 
impedance, but they must be driven from a source that can fur
nish the input current. This rules out the possibility of unload
ing some high impedance sources but still permits a single 
amplifier to be used for noninverting gains (as always, it is help
ful to consult the data sheet). 

Note: In both figures, there is shown an optional bias compensation 
resistance, Rc' The use of Rc will minimize offset voltage errors due 
to bias current for many conventional amplifiers, by making the error 
proportional to the offset current (a reduction of 10 or more times). 
Howe'IJef", this will only be true for amplifiers which do not already 
use internal bias current compensation, such as for example the 
AD847. An example where it does not apply is with OP-07 family 
types, such as the OP-l77 or AD707, which are internally bias cur
rent compensated. Also, it does not apply at all to transimpedance 
amplifiers, as the two bias currents of these amplifiers are unrelated 
and cannot be compensated. In case of doubt, study the data sheet 
- bias and offset current specs nominally equal (±) imply use of 
internal bias current compensation. 

Initial offsets can usually be zeroed at room temperature so that 
only the maximum temperature excursion (-T) from +2SoC 
need to be considered. For example, over the range of -25°C to 
+8S·C, the maximum temperature excursion (-T) from +2S·C 
would be 6O"C. As a practical matter, offset errors due to supply 
voltage and time drift can generally be neglected since errors 
due to temperature drift are usually much greater . 

Current Amplifier Considerations 
Before leaving the subject of offset errors, we shall discuss 
briefly the current amplifier configuration which is shown in 
Figure 2a. The obvious approach to measuring current is to 
develop a voltage drop across a load resistor, R,-, and to measure 
this potential with a high impedance amplifier as shown in 
Figure 2b . 



'. 

8Q =-R, [il + 801 (-tr) + ib] 
~ , 

Signal Drift .rror" IE 

Input Impedance RoN = (R~I+ R~d) ( 1 +1 All) 

whore 1/~ = 1 + RI (R, + Rd) " Drift Err.r = 100 I. 
R. Rd " 

Figure 2a. Current Amplifier 

8o =Rfi. +.01 + ib Rt forR,>R, 

'Si;;i' . Drift' Error'" Vd 

Input Impedance RoN" RI 

% Drift Error - 'ROOV• I', 

'. 

Figure 2b. Voltage Amplifier with Sampling Resistor 

This approach has several disadvantages as compared to the cir
cuit of Figure 2a. First, the noninverting amplifier introduces 
common-mode errors which do not occur for Figure 2a. Second, 
an ideal current meter would have zero impedance whereas Rr in 
Figure 2b may become very large, since this resistor determines 
the sensitivity of the measurement. Third, the changes of input 
impedance, Rem' for the noninverting amplifier with tetnpera
ture will cause variable loading on Rr and hence a change in 
sensitivity. 

The current amplifier of Figure 2a circumvents all of these diffi
culties and approaches an ideal current meter; that is, there is 
essentially no voltage drop across the measuring circuit, since 
with enough open-loop gain, A, the input impedance RIN 
becomes very small. 

In selecting a current amplifier, the most important consider
ation is current noise, and bias current drift. Measuring accu
racy is largely the ratio of current noise and drift to signal 
current, i,. To obtain the drift of error current Ie referred to the 
input, use the following expression. 

-Ie = [~; (R~~~')+ !i;].l T 
Now, to make a proper selection you must pick an amplifier 
with an error current, Ie' over the operating tetnperature which 
is small compared to the signal current, i,.. Do not overlook cur
rent noise which may be more important than current drift in 
many applications. Likely candidates here might be from FET 

input families such as the AD645, OP-41, etc., or bias current 
compensated Super-13 input types, such as the OP-97/297/497 or 
the AD70Sn06n04 units. 

Gain Bandwidth Considerations, Expanded Discussion 
From the previous discussion, it is apparent that most general 
purpose operational amplifiers will usually give adequate perfor
mance for dc and audio-frequency-range applications. However, 
amplifiers having unity-gain bandwidth above 5 MHz, full 
power response above 100 kHz and slewing rate above 6 VI",s, 
in general require more specialized design techniques. Amplifi
ers with wideband, fast response characteristics have been listed 
in the Wide Bandwidth group to simplify the selection for 
higher frequency applications. 

One factor often overlooked is that stray capacitance and imped
ance levels of the external feedback circuit can be the major lim
itation in high frequency applications. For example, in Figure 
la, if Rr were one megohm, and stray capacitance, C" were one 
picofarad, then the closed-loop bandwidth would be limited to 
160 kHz (1/(2 'If RpCs», regardless of how fast the amplifier 
may be. Moreover, output slewing rate will be limited by how 
fast C, can be charged, which in turn is related to signal level, 
e" and input impedance Ri' by dejdt = -e,!RiC,. For these 
reasons it is usually not possible to obtain both fast response and 
high input impedance for an inverting circuit since both Ri and 
Rr must be large to obtain high input impedance. 

Another advantage of the noninverting circuit (Figure Ib) is that 
the feedback network is potentiometric, and is thus relatively 
independent of the absolute values for Rl and R2. Therefore, a 
low impedance can be used for R2 so that stray capacitance of 
C, will not limit the circuit's bandwidth. In this case the mini
mum value for R2 is constrained only by the output current rat
ing of the amplifier. Again the trade-off between the frequency 
response and input impedance of the inverting and nouinverting 
circuits must be evaluated in light of the common-mode rejec
tion error (with frequency) introduced by the noninverter. 

For greater etnphasis, wideband applications can be separated 
into categories-steady state and transient. Since the amplifier 
requiretnents for the two are somewhat different, these catego
ries will be discussed separately. 

STEADY STATE APPLICATIONS 
Steady state applications involve amplifying or otherwise manip
ulating continuous sinusoidal, complex or random waveforms. In 
these applications the significant issues in choosing an amplifier 
are as follows: 

1. Is de coupling required? 
If dc information is not of consequence, then offset drift 
errors are not usually important and a capacitor can be used 
if necessary to block the output dc offset. Your only concern 
here is that dc offset at the output does not become so large, 
as might be the case with a high gain stage, that the output 
is saturated or the dynamic swing for ac signals is limited. 
One way to circumvent the latter problem is to use feedback 
to limit the gain at dc as shown in Figure 3. The gain of 
this kind of circuit can be small at dc but large at high 
frequencies. 
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Figure 3. DC Feedback Minimizes Output Offset 
for AC Applications 

2. What closed-loop gain and bandwidth are required? 
Clo.sed-Io.o.p gain, G, is dictated by the applicatio.n. Fo.r VN 
amplifiers, to. a first appro.ximatio.n the intersectio.n o.f the 
o.pen- and closed-loop gain curves in Figure 4 gives the 
clo.sed-loop bandwidth, Fel (-3 dB). Fo.r high gain, wide
band requirements, it may be necessary, o.r mo.re eco.no.mical, 
to. use two. amplifiers in cascade, each o.perating at Io.wer 
gain. When using transimpedance amplifiers, fel changes lit
tle o.ver a wide range o.f gain as set by the cho.ice o.f Rg , with 
R. (the feedback resisto.r) held co.nstant. 

3. What loop gain is required or alternatively what gain stability, 
output impedance and/or linearity are necessary? 
The available Io.o.p gain at a particular frequency o.r o.ver a 
range of frequencies is very o.ften mo.re important than 
clo.sed-Io.o.p bandwidth in selecting an amplifier. Lo.o.p gain, 
as illustrated in Figure 4, is defined as the difference, in dB, 
o.r as the ratio, arithmetically, o.f the open- to. clo.sed-Io.o.p 
gain (At3 = AlG). You will find in mo.st of the equatio.ns 
defining the clo.sed-loop characteristic o.f a feedback (VN) 
amplifier that the Io.o.p gain (At3) is the determining factor in 
perfo.rmance. So.me o.f the mo.re no.table examples o.f this 
point are as fo.llo.ws: 

Figure 4. Closed-Loop Bandwidth and Loop Gain 

a. Clo.sed-loop gain stability = -GIG 

-GIG = (-AlA) [11(1 + At3)], 
where -AlA is the o.pen-loop gain stability, 
usually abo.ut 1 %I"C. 
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b. Clo.sed-loop o.utput impedance = Zocl = Zj(1 + At3), 
where Zo is the o.pen-loop o.utput impedance (can vary fro.m 
10 il to. above I kil, dependent upon the specific type). 

c. Clo.sed-Io.o.p no.nlinearity = Lei = Lo/(l +A13), where Lol is 
the o.pen-Io.o.p linearity erro.r, usually less than 5%. 

A loop gain o.f 100 dB, o.r 40 dB, is adequate fo.r mo.st applica
tio.ns, and this is readily achievable at dc and Io.w frequencies. 
But no.te that Io.o.p gain decreases with increasing frequency 
which makes it difficult to. o.btain large Io.o.p gains at high fre
quencies. Fo.r this reason it may be necessary to. use a 10 MHz 
unity gain amplifier in o.rder to. o.btain adequate feedback o.ver a 
10 kHz bandwidth. 

4. What full power response and/or slew rate are required? 
Yo.u sho.uld examine yo.ur expected o.utput wavefo.rm and 
select an amplifier who.se SR (with the expected capacitive 
Io.ading), exceeds the maximum rate o.f change o.f an ideally 
scaled o.utput signal. Fo.r a sinuso.idal wavefo.rm with a peak 
vo.ltage o.utput equal to. the rated amplifier o.utput (ep), the 
signal frequency sho.uld no.t exceed fp, the rated full po.wer 
respo.nse o.f the amplifier. 

Ip = SRI(2 1T ep) 

As a useful rule o.f thumb, a amplifier SR o.f I V/tJos will sup
port an fp of 16 kHz at a 10 V (peak) o.utput level. As the 
o.utput signal vo.ltage is reduced belo.w the rated o.utput vo.lt
age, the usable maximum frequency is be extended propo.r
tio.nately. No.te: If yo.u .do. no.t o.bserve these restrictio.ns, yo.u 
will get disto.rtio.n and unexpected dc o.ffset at the amplifier 
o.utput. 

Fo.r some mo.no.lithic amplifier designs intended fo.r high-gain 
and wide-bandwidth applicatio.ns, their frequency response is 
no.t a simple 6 dB roll-o.ff; the response may be shaped with 
external RC co.mpo.nents fo.r improved perfo.rmance at Io.wer 
clo.sed-Io.o.p gains. Using feedfo.rward o.r phase lag co.mpensatio.n 
netwo.rks, gain-bandwidth product and/o.r full po.wer respo.nse 
may be shaped to. meet varying design requirements. Mo.st inter
nally co.mpensated VN o.p amps o.ffer a stable 6dB per octave 
roll-o.ff with specified unity gain-bandwidth and slew rate 
thereby limiting maximum speed and respo.nse to those pub
lished specificatio.ns. 

Eo +..:1E-....,. 

ERROR 1 -FINAiVALUE.'Eo---
BAND 

SLEWING RECOVERV LINEAR SETTLING 

SETTLING TIME TO ± ae-l 
OR±~X100% 

Figure 5. Typical Settling Time Characteristics 



TRANsmNT APPLICATIONS 
In applications such as AID and D/A converters and pulse 
amplifiers, the transient response of the wideband amplifier is 
generally more important than the gain bandwidth characteristic 
described above. Slewing rate, overload recovery and settling 
time are the specifications which determine the transient 
response. 

When applying the high frequency amplifier, it is important to 
understand how amplifier performance is affected by component 
selection as well as impedance levels used around the amplifier. 

Settling Time 
Settling time is defmed as the time elapsed from the application 
of a perfect step input to the time when the amplifier output has 
entered and remained within a specified error band symmetrical 
about the final value (Figure 5). Settling time, therefore, 
includes the time required for the amplifier to slew from the 
initial value, recover from slew rate limited overload, and settle 
into a given error band (Eo ± - E) within the linear range. 

The time and frequency response of a linear, bilateral network 
or amplifier are related by well known mathematics. For exam
ple the step response for a well behaved, ideally linear, 6 
dB/octave amplifier with a closed-loop bandwidth of "'CL is 
shown in Figure 6. 

However, since settling time is determined by a combination of 
amplifier characteristics (both linear and nonlinear) and because 
it is a closed-loop parameter, it cannot be readily predicted from 
the open-loop specifications such as slew rate, small signal band
width, etc. 

Analog Devices specifies settling time for the condition of unity 
gain, relatively low impedance levels and no capacitive loading 
(unless otherwise indicated). A full-scale step input is used to 
determine settling time and the step is generally unipolar-i.e., 
from zero to plus or minus full scale. The settling time indicated 
is generally the longest time resulting from a step of either 
polarity and is given as a percentage of the full-scope step 
transition. 

Settling time is a nonlinear function. It varies with the input 
signal level and it is greatly affected by impedances external to 
the amplifier. 

ERRORS DUE TO NOISE 
A major criterion in the selection of an amplifier for low level 
signals is the amplifier input noise, since this is usually the lim
iting factor on system resolution. In the general case, amplifier 
noise can be characterized by a voltage source in series with the 
summing junction and a current source in parallel with the sum
ming junction. Whenever high source impedance is encoun
tered, current noise flowing through the source impedance will 
appear as an additional voltage noise, combining with the ampli
fier voltage noise. The sum of these noise sources will then be 
amplified along with the desired signal. For this reason, selec
tion of a particular amplifier must consider both the amplifier 
noise performance as well as the source impedance. 

FINAL VALue T = -.!.. 
w" 

2.3r 4.61 6.9'1'-'1' 

Figure 6. Step Response for Linear 6 dB/Octave Amplifier 

Consideration must also be given to noise sources other than the 
amplifier whenever determining total system noise. RF and digi
tal noise may be fed into an amplifier through any connecting 
wire, including power supply and output leads. Adequate shield
ing and low-pass filters on all incoming leads will greatly reduce 
noise pickup. 

Thermal noise is generated in any conductor or resistor as a 
result of thermal agitation of the electrons. This noise voltage 
source, sometimes referred to as "Johnson Noise," is generated 
in the resistive component (R) of any impedance, and has a 
value: 

en = Y4kTBR 

where, en = the rms value of the noise voltage 
k = Boltzman's Constant (1.38 x 1023 joules/K) 
T = absolute temperature of the resistance, K 
B = the bandwidth in which the noise is measured 

Since noise is related to the bandwidth over which the measure
ment is made, no noise specification is meaningful unless the 
bandwidth for the specification is given. Although the thermal 
noise equation may appear unwieldy, for most practical noise 
calculations all that is required to enable rapid approxintations is 
to apply a few simple rules of thumb. 

Rules of Thumb 
1. Remember that a 100 kn resistor generates 40 nV rms in a I 

Hz bandwidth. The noise voltages generated by other resis
tance values for other bandwidths can be calculated by 
remembering that the noise is proportional to the square root 
of the resistance (R) and the bandwidth (BW) as: 

e. (nns) = (40 nVlvHz{ J lO:kn (BW)) 

2. To convert the rms noise to a p-p value, a conversion factor 
is applied. The factor is 6.6 J.l.V (p-p)/J.l.V(rms), for a crite
rion of less than 0.1% probability of noise peaks exceeding 
calculated limits. 

3. The total rms noise contribution due to several noise sources 
is determined by the square root of the sum of the squares: 

e, = Ye/ + e/ + e/ + ... 'e/ 
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If any single noise source of this expression is less, than a 
third of another, it may be neglected with a resulting error of 
less than 5%. 

4. Some basic ways to reduce system noise are to restrict band
width to a minimum usable range and to use the lowest 
impedances possible. 

DESIGN EXAMPLE 
Figure 7a illustrates a typical circuit with noise calculations 
shown for each noise source. The total of the noise sources is 
obtained by adding each of the individual sources in a rms 
fashion. 

~ ~ OUTPUT CONTRIBUTION 

R,. JohnsonNoile .,/4k'fIIf,ii (R,IRINI 
As JoImsonN_ v4kTBRa IRf/RIN + 11 
R, JohnsonNoilrl ~ 
;., Amp. Current Noise I...,RF 

;" Amp. Current Noise Clnzftsl (RF/RIN + 11 .. Amp. Valtaga Noill lin (RF/RIN+1) 

Figure 7a. Noise Components 

Figure 7b illustrates how the Rules of Thumb may be applied in 
a practical case to approximate the total output noise. In this 
example, a low noise type amplifier (OP-37) is being used with a 
50 kO source impedance. The two major noise sources, in addi
tion to the OP-37's input voltage noise of O.lS ",V p--p, are the 
Johnson noise (59 ",V p--p) and current noise (S3 pA p--p). 

GAIN'" 100 
BW" 0.01 TO 10Hz 
Rs =5Okn 
RF "1Ok.n 
RIN '" 100n 

11 RESISTOR NOISE: Rf -+ 13nV/VHz 
RIN -+ 11.3nV/VHZ 

,Ok(l 

Rs -) t28nV/VHz) 101 = 2.8flVlYHZ 
TOTAL RESISTOR NOISE IN 10Hz BW = 

(2.8flV/VHzI (v'iOiiZI6.6fJ.V P-P/flV rms ::: 59p.V pop 

21 AMPLIFIER CURRENT NOISE: ta3pA p·p115OkI (101) "" 4221J.V fRsl 
(83pAp-pIl10k) = O.8,...VIRF) 

3) AMPLIFIERVOLTAGENOI$E: (O.18Vp-pI11011:: 1B.2tAVp·p 

TOTAL OUTPUT NOISE = ."(42211 + 1591i +118.2)* +10.18Iz = 428p.V pop 

Figure 7b. Design Example 

This noise discussion should be taken in a context of generality, 
not one which implies that an OP-37 amplifier example is uni
versally useful for lowest noise. Many lower voltage noise 
devices exist, for instance the AD829 and AD797 amplifiers, 
and several instrumentation amplifiers/preamps; SSM-2015!2016, 
and the SSM-20l7. Lower current noise devices also exist in the 
form of many different FET input types, the AD645, OP-42, 
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OP-SO, and AD711nI2n13 families, and the unusual combina
tion of both low voltage and low current noise in the AD743! 
745. 

As a rule, transimpedance amplifiers will be application depen
dent in terms of their specification impact on noise. In general 
they tend to have low voltage noise, but relatively high current 
noise. The net contribution to noise for a given stage will be 
dominated by one or the other, dependent upon the working 
gain and relative impedances. 

HOW THE OPERATIONAL AMPLIFIERS ARE 
CLASSIFIED 
To assist the designer in distinguishing among the many types 
available from Analog Devices, we have provided a Selection 
Guide in which amplifiers are grouped in terms of common 
properties which have been optimized in order to satisfy the 
needs of specific classes of applications. Once the choice has 
been narrowed to the manageable number of types in any group, 
distinctions can be drawn in terms of other requirements or 
considerations. 

Temperature Range and Nomenclature 
Op amp devices currently available from Analog Devices fall 
into two broad catalog categories, dependent upon whether the 
design originated with Analog Devices or with the PMI division. 
The former parts are generally denoted by an "AD" prefix, 
while the latter are generaJly denoted by an "OP" prefIX. 

The part numbering sequences of both catalog families are 
briefly summarized below, in terms of "AD original" and "PMI 
original" numberings. In both cases the suffixes permit identifi
cation of the temperature and performance range for which a 
device is intended. 

AD Original Part Numbers (AD PREFIX) 
The most popular is the "c" (commercial) range, covering tem
peratures from O°C to + 70°C. This range is designated by suf
fIXes such as J, K, L, M, in order of increasingly tighter specs 
(e.g., AD549L). Also popular is the "M" (military) range, 
-55°C to + 125°C, designated by S, T, U, (e.g., AD846S). 
Note, however, that not all part families will have types with 
performance specified in this range. There are also types 
designed for operation in the "I" (industrial) range, -40°C to 

+85°C, designated by A, B, C (e.g., AD707A, AD707B 
AD707C). (Note: Some older products with similar suffIXes are 
rated for -25°C to +85°C.) 

. PMI Original Part Numbers (OP PREFIX) 
The most popular is the "COM" (commercial) range, covering 
temperatures from O°C to + 70°C. It is designated by a suffIX 
such as F, E, in order of increasingly tighter specs (e.g., 
OP-27F, OP-27E). The "MIL" (military) range, -55°C to 
+ l25°C, is designated by C, B, A, (e.g., OP-27C, OP-27B, 
OP-27 A); but again note that not all families will have types 
with performance specified in this range. The "IND" (indus
trial) range is - 25°C to + 85°C, also designated by grades F and 
E. There is also an "XIND" (extended industrial) range, which 
is -40°C to +S5°C, designated by grade G. 

For both catalog categories, it is worth noting that wider temperature 
range types will generally meet the same or better specs in a more 
narrow range. 



A few amplifier types are second sources for products originally 
introduced by other manufacturers. In those instances, a more 
generic nomenclature is used (AD74IC or PM-741C), or, it may 
be further enlarged upon, if superior selections or family rela
tions of the basic generic design are offered (e.g., AD74IL, 
upgrade of 741; OP-02XX, family upgrade of PM-741 family). 

SELECTION GUIDES 
Seven Selection Guides classify operational amplifiers within 
these categories: 

Low Voltage Noise Amplifiers 
High Speed Amplifiers 
Precision Amplifiers 
Low Power/Micropower Amplifiers 
Low Current Noise, Low IB Amplifiers 
Dual Operational Amplifiers 
Quad Operational Amplifiers 

The choice of category depends on which class of specification is 
most critical. Within these categories, the selection guide pro
vide comparisons of salient specifications. 

These selection areas are somewhat broad; they include various 
criteria, not all of which are central to the application. For 
example, if one is seeking a high-input-impedance amplifier for 
an ac application, voltage offset and drift may be far less critical 
than bias current, and both of these may be unimportant com
pared to bandwidth. 

With the hope that it will be found useful, the following inter
pretive list identifies the best device choices in a variety of 
categories: 

(At the extremes of performance are the fastest op amps and the 
highest precision op amps) 

The fastest op amps include those having 

• The highest slewing rates,-the hybrid AD9610 (3,500 V/tJ.s), 
and the monolithic AD811 (2,500 V/tJ.s), the AD9618 (1,800 
V/tJ.s), and the OP-I60 (1300 V/tJ.s). 

• The lowest settling rime-the monolithic CB (complementary 
bipolar) AD840/8411842/846 (110 ns to ±0.01%), the hybrid 
AD9610 (20 ns to ±O.I%) and the AD9618 (9 ns to ±O.I%). 

• The highest gain-bandwidth-the AD5539 (1,400 MHz) and 
the CB AD844 (900 MHz), AD849 (725 MHz) and AD840 
(400 MHz). 

High speed op amps are characterized by high slewing rates, 
fast settling time and wide bandwidth. Fast settling time is 
especially important in applications with rapidly changing or 
switched aua10g data in buffers, D/A converters, and multi
plexer circuits; wide small-signal bandwidth is important in 
preamplification and in handling low-level wideband ac sig
nals; high slewing rate is associated with fast settling time and 
is also important in handling ac signals having large magni
tudes with distortion since the large-signal bandwidth is 
closely related to the slewing rate. 

ICs using the proprietary Analog Devices CB (complementary 
bipolar) process contain wideband PNP and NPN transistors 
that have similar characteristics-without the use of dielectric 
isolation. Since poor frequency response of lateral PNPs is the 
source of the bandwidth limitation in conventional linear 
bipolar processes, CB devices can have much faster response. 

The highest precision monolithic op amp families include those 
having 

• The grades with the lowest untrimllUid offset voltage - the 
OP-I77 (10 tJ.V) and AD707 (15 tJ.V). 

• The lowest bias current-the revolutionary electrometer 
op amp using top-gate-FET inputs, the AD549 (60 
femtoamperes). 

• The lowest drift-the AD707 and OP-I77 (100 nVrC). 

• The highest open-loop gain (hence highest accuracy as an inte
grator and high-gain amplifier)-the AD707 (13x 106 VN) 
and OP-I77 (12 x 106 VN). 

• The highest common-mode rejection-the AD707 and OP-I77 
(130 dB). 

Precision op amps (in this list) include those emphasizing 

• Low bias current and high input impedance. These types use the 
inherently high input impedance and low leakage current of 
junction field-effect transistors (FETs) to deal with configura
tions that measure low currents or involve high resistance val
ues. Applications range from general purpose high-impedance 
circuitry to integrators, current-to-voltage converters, and log
function generation, to measurements with high-impedance 
transducers such as photomultipliers, flame detectors, pH 
cells and radiation detectors. 

• High accuracy through low offset and drift voltage, low volt
age noise, high open-loop gain, and high common-mode 
rejection (CMR). Such types are used for high-accuracy 
instrumentation, low-level transducer circuitry, precision volt
age comparison, and impedance buffering. 

All FET-input op amps from Analog Devices are conserva
tively manufactured to meet their published bias-current spec
ifications after full warmup (some manufacturers specify initial 
current, which is lower than warmedup bias current). Our 
published max bias current specification applies to either input 
(some manufacturers call "bias current" the average of the 
two input currents). 

For applications needing high, but not extreme, performance or 
where high speed and high precision must be combined, there are a 
number of device families to be considered. 

• The complementary-bipolar AD844 family combines low offset 
voltage (200 tJ. V) with high slewing rate (2000 V/tJ.s). 

• The AD744 BiFET family combines low input bias current 
(SO pA) with low settling time (500 ns to ±0.01 %). 

• The OP-37 family combines low drift (600 nV"C) with wide 
gain bandwidth (63 MHz) (families available as both AD and 
PM! original designs). 

• The hybrid AD3811382 combine SO pA bias current with 0.75 
tJ.S settling time (to ± 0.1 %) and SO rnA output -current range. 

Fast amplifiers, which often boast output current ranges of SO 
rnA or 100 rnA, include families with 

• High slewing rate-the CB monolithic AD811 (2500 V/tJ.s) and 
AD840/8411842 (400/300/375 V/tJ.s), and the hybrid, AD380 
(330 V/tJ.s), and AD9517/9618 (1,400 V/tJ.s). 

OPERA TIONAL AMPLIFIERS 2-27 

• 



• Low settling time-the monolithic AD847/848/849 (65 ns to 
±0.1%) and hybrid HOS-050 (80 ns to ±0.1%, 200 ns to 
±0.01%), the AD845 and AD744 families (300 ns and 500 ns 
to ±0.01%), and the AD9617 (10 ns to ±0.1%) and AD9618 
(9 ns to ±0.1%). 

• Wide gain-bandwidth-the monolithic AD848 (250 MHz) and 
the hybrid AD9611 (280 MHz) and HOS-050/060 (100 MHz). 

High precision monolithic amplifier families start with lower 
grades of the highest-precision families; beyond this, they 
include: 

• Luw-drift OP-07/27/37 families (600 nVI"C) (families available 
as both AD and PMI original designs). 

• High-gain OP-07 (3 x 106) and OP-27/37 (1 x 106)(family 
available as both AD and PM! original designs). 

• Low offset and low bias current OP-97/297/497 and 
AD70417051706. 

• Wide selection of low bias-current FET-input op amps- the 
AD645 (2pA), OP-41 (3.5 pAl, AD548 (10 pAl, and the 
AD7ll (25 pAl. 

Many applications require very low power consumption or oper
ation from a single voltage supply. 

• Lowest power consumption OP-90/290/490 (20 IlA per channel 
and 1.6 Vs). 

• High speed/power ratio OP-282/482 (9 V1fJ.<s @ 250 ..,.A per 
channel). 

• Single supply and low bias current OP-80 and AD820/822. 

Many of these devices are duplicated in a single package; for 
example: 

• The AD712 is a dual AD711; the AD713 is a quad AD711. 

• The OP-297 is a dual OP-97; the OP-497 is a quad OP-97. 

• The AD746 is a dual AD744. 

• The AD648 is a dual AD548. 

• The OP-282 is a dual; the OP482 is a quad. 

• The OP-290 is a dual OP-90; the OP-490 is a quad OP-90. 

• The AD708 is a dual AD707. 

Also included in this section are buffers, wideband amplifiers 
having slightly less than unity gain, low output impedance and 
high output-current availability (50 mAl. Although they can 
stand alone, a more frequent use is inside-the-loop as a 
"booster" amplifier to magnify the output power capability of 
any op amp or reduce the dynamic output impedance without 
losing precision. 

An example is the BUF-03, a low offset, low bias current FET 
input buffer which slews at 220 V/..,.s and can deliver ±70 mA 
of output, operating on supplies of ± 15 V. Another example is 
the AD9630 which operates on ±5 V supplies and can follow 
slewing rates of up to 1,800 V1..,.s with a full-power frequency of 
125 MHz and deliver voltages up to ±3 V and currents up to 
±50mA. 

DEFINITIONS OF SPECIFICATIONS 
Absolute Maximum Differential Voltage 
Under most operating conditions, feedback maintains the error 
voltage between inputs to nearly zero volts. However, under 
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overload conditions or between applications, such as voltage 
comparators, the voltage between the inputs can be 1arge~ This 
specification defmes the maximum voltage which can be applied 
between inputs without causing permanent damage to the 
amplifier. 

Common-Mode Rejection 
An ideal operational amplifier responds only to the difference 
voltage between inputs (e+ -e-) and produces no output for a 
common-mode 'Voltage, that is, when both inputs are at the same 
potential. However, due to slightly different gains between the 
plus and minus inputs, or variations in offset voltage as a func
tion of common-mode level, common-mode input voltages are 
not eliminated at the output. If the output error voltage, due to 
a known magnitude of common-mode voltage, is .referred to the 
input (dividing by the closed-loop gain), it reflects the equiva
lent common-mode error voltage (CME) between the inputs. 
Common-mode rejection ratio (CMRR) is defined as the ratio of 
common-mode voltage to the resulting common-mode error volt
age. Common-mode rejection is usually expressed logarithmi
cally: CMR (in dB) = 20 10giO (CMRR). 

The precise specification of CMR is complicated by the fact that 
the common-mode voltage error can be a highly nonlinear func
tion of common-mode voltage and also varies with temperature. 
As a consequence, CMR data published by Analog Devices are 
average figures, assuming an endpoint measurement over the 
common-mode range specified. The incremental CMR about 
small values of common-mode voltage may be greater than the 
average CMR specified but decrease and become less in the 
neighborhood of large CMV. Published CMR specifications for 
op amps pertain to low-frequency voltages, unless specified oth
erwise: CMR decreases with frequency. 

Common-Mode Voltage, Maximum 
For differential-input amplifiers, the voltage at both inputs can 
swing about ground (power-supply common) level. Common
mode 'Voltage is dermed as any voltage (above or below ground) 
that could be observed at both inputs. The maximum common
mode voltage is dermed as that voltage which will produce less 
than a specified value of common-mode error. This establishes 
the maximum input voltage for the voltage-follower connections. 

Note that for amplifiers which must operate from a single power 
supply, the operating common mode range usually must include 
the negative rail, or ground. 

Drift 'VS. Supply 
Offset voltage, bilis current and difference current vary as sup
ply voltage is varied. Usually, dc errors due to this effect are 
negligible compared to drift with temperature. No inference 
may be drawn from this low-frequency specification concerning 
the effects of rapid variation of voltage at the supply terminals. 

Drift 'VS. T emperarure 
Offset voltage, bias current and different current all change, or 
"drift" from their initial values with temperature. This is by far 
the most important source of error in most precision applica
tions. The temperature coefficients (tempcos) of those parame
ters are all defined as the average slope over a specified 
temperature range. Drift can be a nonlinear function of temper
ature (though it is often quite linear over limited temperature 
range); the slopes generally :ire greater at the extremes of tem
perature than around normal ambient ( + 25°C), which generally 



means that for small temperature excursions in the vicinity of 
+ 2S·C, the specification is conservative. 

Analog Devices precision operational amplifiers are specified by 
three- (or more) point measurements, at 2SOC and at the high 
and low extremes of the range (T H' T L)' with the amplifier 
adjusted to zero at room temperature. The sum of the magni
tudes of the drift in the two ranges must be less than the 
specified drift rate (IJ. vrc or nArC) multiplied by the total 
temperature range (modified "butterfly"), or, in some cases, the 
magnitude of the drifts in both ranges must be less than the 
specified drift rate multiplied by the respective temperature 
ranges ("true butterfly"). 

True Butterfly Spec Modified Butterfly Spec 

e:.80s I eosH I + I easL I 
~ = TH Tl 

f). ~;$ is the max. drift coefficient permissible 

The lowest-cost second-source IC amplifiers are specified only in 
terms of the maximum value of the parameter (e.g., offset volt
age) over temperature in the specified range. 

Drift vs. TillUl 
Offset voltage, bias current and difference current change with 
time as components age. It is important to realize that drift with 
time is random and rarely-if ever-accumulates linearly for 
healthy devices. For example, voltage drift might be quoted at 
IS IJ.V/month, whereas cumulative drift might not exceed SO IJ.V 
in a year. A convenient rule of thumb for extrapolation is to 
divide the drift for a stated interval by the square root of its 
ratio to any other interval of interest. 

Full-Power Response 
The large-signal and small-signal response characteristics of 
operational amplifiers differ substantially. An amplifier's output 
will not respond to large signal changes as fast as the small
signal bandwidth characteristics would predict, primarily 
because of slew-rate limiting in the output stages. Full-power 
response is specified in two ways: full linear response and full 
peak response. Full linear response is specified in terms of the 
maximum frequency, at unity closed-loop gain, for which a 
sinusoidal input signal will produce full output at rated loads 
without exceeding a predetermined distortion level. There is no 
industrywide accepted value for the distortion level which deter
mines the full-linear-response limitation, but unless otherwise 
noted, we use 3% as a maximum acceptable limit. 

In many applications, the distortion caused by exceeding the full 
linear response can be comfortably ignored, but a more serious 
effect (often overlooked) is an effect equivalent to dc offset volt
age than can be generated when full linear response is exceeded, 
due to rectification of the asymmetrical feedback waveform or 
overloading of the input stage by large distortion signals at the 
summing junction. 

Another frequency response that is often of interest is the maxi
mum frequency at which full output swing may be obtained, 
irrespective of distortion. This is termed "full peak response" 
and can often be found in a plot of output voltage swing vs. 
frequency. 

Initial Bias Current 
Bias current is defmed as the current required at either input 
from an infiuite source impedance to drive the output to zero 
(assuming zero common-mode voltage). For differential amplifi
ers, bias current is present at both the negative and the positive 
input. All Analog Devices specifications pertain to the larger of 
the two, not the average. 

Analog Devices specifies initial bias current, Ib , as the bias cur
rent at either input, specified + 2S·C ambient with the input 
junctions at normal operating temperature. (Some manufacturers 
specify initial bias current at power turn-on. Such specifications 
may be misleading. For example, in FET-input amplifiers, bias 
current is doubled for each 10·C increase; since junction temper
atures may warm up to 20°C or more above ambient, the "initial 
bias current" specs used by some manufacturers may be met 
only during a brief interval after the power is burned on, and Ib 
may be quadrupled under ordinary operation conditions.) 

Initial Difference Current 
Difference current is defined as the difference between the bias 
currents at the two inputs. Uncompensated input circuitty of 
differential amplifiers is generally symmetrical, so that bias cur
rents at both inputs tend to be equal and tend to track with 
changes in temperature lII!d supply voltage. Therefore, differ
ence current is often about 0.1 times the bias current at either 
input, assuming the initial bias current has not been compen
sated internally at the input terminals. For amplifiers in which 
bias currents track, it is often possible to reduce voltage errors 
due to bias current and its variations by the use of equal imped
ance loads at both inputs. 

Input Impedance 
Differential input impedance of voltage-input op amps is defined 
as the impedance between the two input terminals at + 25°C, 
assuming that the error voltage is nulled or very near zero volts. 
To a first approximation, dynamic impedance can be repre
sented by a capacitor in parallel with a resistor. 

Common-mode impedance, expressed as a resistance in parallel 
with a capacitance, is defined as the impedance between each 
input and power-supply common, specified at + 25°C. For most 
circuits, common-mode impedance on the negative input has 
little significance, except for the capacitance which it adds at the 
summing junction (one exception is electrometer circuitty). 
However, common-mode impedance on the plus input sets the 
upper limit on closed-loop input impedance for the noninverting 
configuration. Common-mod~ impedance is a nonlinear function 
of both temperature and common-mode voltage. For FET -input 
amplifiers, common-mode resistance is reduced by a factor of 
two for each lOoC of temperature rise. As a function of common
mode voltage, the resistive component is defined as the average 
resistance for a common-mode change from zero to the maxi
mum common-mode voltage. Incremental resistance may be less 
than the specified average value, especially at full-scale for some 
FET-input amplifiers. 
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Input Offset Voltage 
Offset voltage is defmed as the voltage required at the input 
from zero source impedance to drive the output to zero; its mag
nitude is measured by closing the loop (using low values of 
resistance) to establish a large fixed gain, measuring the ampli
fied error at the output and dividing the measured value by the 
gain. 

The initial offset voltage is specified at + 25°C and rated supply 
voltage. In most amplifiers, provisions are made to adjust initial 
offset to zero with an internal trim potentiometer. 

Input Noise 
Input voltage- and current-noise characteristics can be specified 
and analyzed in much the same way as offset-voltage and bias
current characteristics. In fact, long-term drift can be considered 
as noise which occurs at very low frequencies. When evaluating 
noise performance, bandwidth or period must be considered. 
Also rms noise from different sources is summed by root-sum
of-squares, rather than linear, addition. Depending on the 
amplifier design, noise may have differing characteristics as a 
function of frequency, being dominated by "lIf noise," resistor 
noise or junction noise, at various frequencies. 

For this reason, several noise specifications are given. Low
frequency noise in the band 0.01 Hz to 1 Hz (or 0.1 Hz to 10 
Hz) is specified as peak-to-peak, with a 3.3A uncertainty, signi
fying that 99.9% of the observed peak to peak excursions will 
fall within the specified limits. Wideband noise is specified as 
rms. For some amplifiers types, spectral-density plots or "spot 
noise," at specific frequencies, in nV/YHz or pAlYHz, 
are provided. 

Open-Loop Gain 
Open-loop gain is defmed as the ratio of a change of output 
voltage to the voltage applied between the amplifier inputs to 
produce the change. Gain is specified at dc. In many applica
tions, the frequency dependence of gain is important; for this 
reason, the typical open-loop gain as a function of frequency is 
also published for each amplifier type. See also unity gain small 
signal response. 

For transimpedance amplifiers, since the input is a current and 
the output is a voltage, the '~gain" is expressed in ohms (RT = 
- Vof - I;). Because small changes in current cause large voltage 
changes, the transimpedance can be quite large-e.g., 100 MO 
for the AD846. As long as the amplifiers' internal input imped
ance is very low, errors in closed-loop circuitry depend princi
pally on the ratio, RplRT' relative to unity-where Rp is the 
feedback resistance and RT is the transimpedance. It will be 
recalled that, in VN op amps, the increase in error depends 
mainly on RpI(ARI), where A is the open-loop gain and RI is 
the resistance of the external input resistor. The significant dif
ferenceis that, as gain or transresistance decreases with increas
ing frequency, the error in transimpedance-amplifier circuits is 
independent of RI, hence closed-loop gain can be increased by 
reducing RI without substantially affecting bandwidth. 

Overload ReclJ"lJerY 
Overload recovery is defmed at the time required for the output 
voltage to recover. to the rated output voltage from a saturated 
condition caused by a 50% overdrive. Published specifications 
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apply for low impedances and contain the assumption that over
load recovery is not degraded by stray capacitance in the feed
back network. 

Rated Output 
Rated output voltage is the minimum peak output voltage which 
can be obtained at rated current or a specified value of resistive 
load before clipping or out -of-spec nonlinearity occurs. Rated 
output current is the minimum guaranteed value of current sup
plied at the rated output voltage (or other specified voltage). 
Load impedances less than the specified (or implied) value can 
be used, but the maximum output voltage will decrease, distor
tion may increase, and the open-loop gain will be reduced. (All 
models are short-circuit protected to ground, and many are safe 
against shorts to the supplies.) 

Settling Time 
Settling time is defmed as the time elapsed from the application 
of a perfect step input to the time when the amplifier output has 
entered and remained within a specified error band symmetrical 
about the fmal value. Settling time, therefore, includes the time 
required: for the signal to propagate through the amplifier, for 
the amplifier to slew from the initial value, recover from slew
rate limited overload (if it occurs) and settle to a given error in 
the linear range. It lnBy also include a "long-tail" due to the 
time required to reach therInal equilibrium, or the settling time 
of compensation circuits. Settling time is usually specified for 
the condition of unity gain, relatively low impedance levels, and 
no (or a specified value of) capacitive lOading, and any specified 
compensation. A full-scale unipolar step input is used, and both 
polarities are tested. 

Although settling time can generally be grossly inferred from the 
other amplifier specifications (an amplifier that has extra-wide 
small signal bandwidth, extra-fast slewing and excellent full
power response may reasonably-but not always-be expected 
to have fast settling), the settling time cannot usually be ratio
nally predicted from the other dynamic specifications. 

Slewing Rate 
The slewing rate of an amplifier, usually in volts per microsec
ond (V/fLS), defines the maximum rate of change of output volt
age for a large input step change. 

Unity-Gain Small-Signal Response 
Unity-gain small-signal response is the frequency at which the 
open-loop gain (or its projection on a Bode plot) falls to 1 VN, 
or 0 dB under a specified compensation condition. For amplifi
ers having 6 dB-per-octave rolloff, this frequency is also called 
unity-gain bandwidth; for such amplifiers, the gain bandwidth 
product is essentially constant. "Small sigual" indicates that, in 
general, it is not possible to obtain large output voltage swing at 
high frequencies because of the distortion due to slew rate limit
ing or signal rectification. 

For amplifiers with symmetrical response for signals applied to 
either input, the dynamic behavior will be consistent for both 
inverting and noninverting conf1g1lrations. However, if feed
forward compensation is used, fast response will be available 
only on the negative input, restricting fast applications of the 
device to the inverting mode. 
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FEATURES 
High Output Current: 50mA @ :!: 10V 
Fast Settling to 0.1%: 130n. 
High 51_ Rate: 330V/~ 
High Gain-Bandwidth Product: 300MHz 
High Unity Gain Bandwidth: 40MHz 
Low Offset Voltage I1mV for AD380K. L. 5) 

PRODUCT DESCRIPTION 
The AD380 is a hybrid operational amplifier that combines the 
low input bias current advantages of a FET input stage with the 
high slew rate and line driving capability of a fast, high power 
output amplifier. 

The AD380 has a slew rate of 330V/,..s and will output ± lOY at 
± SOmA. A single external compensation capacitor allows the 
user to optimize the bandwidth, slew rate, or settling time for 
the given application. 

A true differential input ensures equally superior performance 
in all system designs whether they are inverting, noninverting, 
or differential. 

The AD380 is especially designed for use in applications, such 
as fast AID, Df A and sampling circuits, that require fast and 
smooth settling and FET input parameters. 

The AD380 is offered in three commercial versions, J, K and L 
specified from 0 to + 70°C and one extended temperature version, 
the S, specified from - SSOC to + l2SOC. All grades are packaged 
in hermetically sealed TO-8 style cans. 

REV. A 

Wideband, Fast-Settling 
FET-Input Op Amp 

AD380· I 
FUNCTIONAL BLOCK DIAGRAM 

TOP VIEW 

PRODUCT HIGHLIGHTS 
1. The AD380's high output current (SOmA @ ± 10V) makes it 

suitable for driving terminated 200.0 twisted pairs. 

2. The fast settling output (2S0ns to 0.01%) makes the AD380 
an ideal choice for video AID and DfA converters and sample 
and hold applications. 

3. The settling wave forms are not only fast but are also very 
smooth. The absence of large overshoot and oscillations 
makes the AD380 a very predictable and dependable system 
element. 

4. The high gain-bandwidth product (300MHz) ensures low 
distonion in high frequency applications. 

5. Quick, symmetrical overdrive recovery time (2SOns) is assured 
by an internal antisaturation diode. This is useful in applications 
where large transient signals may occur. 

6. The precision input (lm V offset, max), along with fast settling 
and high current output make the AD380 an excellent choice 
for: 

• ATE pin drivers 
• precision coax buffers 
• signal conditioning on pulse wavefonns 
• high resolution graphics displays. 
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AD380-SPECIFICATIONS (typical @ +25°C and Vs = ± 15V dc unless otherwise specified) 

MODEL AD380lH 

OPEN LOOP GAIN 
VOIIT = ±IOV,noload 40,000 min 
VOIIT = ± IOV,RL "'2000 25,000 min 

OUTPUTCHARACfERISTICS 
Voltage@RL =2000,T" = min to max ± 12V(± 10Vmin) 
Output Impedance (Open Loop) 1000 
Soon Circuit Current lOOmA 

DYNAMIC RESPONSE 
Unity Gain, Small Signal 40MHz 
Gain-Bandwidth Product, f = 100kHz, Cc = IpF 300MHz (200MHz min) 
Full Power Response 6MHz 
SlewRate,Cc= IpF, 20V Swing 330V/",. (200V/"", min) 
SettJingTime: 10V Step to 1% 9On. 

10VSteptoO.I% l30n. 
10V Step to 0.01% 250ns 

INPUT OFFSET VOLTAGE 2.OmVmax 
VI. Temperaturel , TAo = min lomax SO",Vl"Cmax 
VB. Supply ImVNmax 

INPUT BIAS CURRENT 
Either Input, Initial' JOpA(lOOpAmax) 
Input Offset Current SpA 

INPUT IMPEDANCE 
Differential 10"n116pF 
Common Mode JO"n116pF 

INPUT VOLTAGE RANGE 
Differential' ±20V 
CnmmonMode ± 12V(± 10Vmin) 
Cnmmon Mode Rejection, VIN = ± 10V 60dBmin 

POWER SUPPLY 
Rated Performance ±ISV 
()petating ±(6to20)V 
Quiescent Current 12mA(ISmAmax) 

VOLTAGE NOISE 
O.IHzto 100Hz 3.3",V p-p(O.S",Vnns) 
100Hz to 10kHz 6.6",V p-p (I ",V nns) 
10kHz to IMHz 4O",Vp-p(6",Vnns) 

TEMPERATURE RANGE 
Operating, Rated Performance Oto +7O"C 
Stotage - 6S'C to + ISO"C 
Thermal Resistance OJA lOO'CIW 

O]C 7O"C/W 

PACKAGE OPTION' 
TO-8Style HI2-A 

NOTES 
'Input Offiet Voltage Drift is specified with the offset voltage unnulled. 
Nulling will induce an additional 3", Vl'ClmV of offset nulled. 

2Bias Current specifications are guatanteed msximum at either input at 
TeAS)! = +2S'C. For highet temperatures see Figure 16. 

'Defined as the msximum safe voltage between inputs such that neither 
ex~ ±lOV from ground. 

'For outline information see Package Infonnation section 

·Specifications same as AD380lH. 
··Specifications same as AD380KH. 
Specifications Subject to change without notice. 
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AD380KH AD380LH AD380SH 

• 
• 

• 
250ns (400n. max) .. 
l.OmVmax .. 
20",VI"Cmax JO",Vl"Cmsx SO",VrCmsx 
• · • 

• 

• 
• 

- SS'C to + 12S'C 

• 
• 

REV. A 



, .r_~r-~~~~~--~~; 
~ 
~ "I---+-+"'==f~'<'k-........ t-';-Ti 
z 
~ mr_~r-~---+--~~~~~ 

~,~~~~--~~,~~~-,~.--~OM~~~ 

FREQUENCV - HI 

Figure 1. OpenLoopFrequency 
Response 

'*r-----~-------r------~ 

',~-----*------~----~, ... 

... 

... 
300 

200 

. 

, 

• -II 

INPUT VOlTAGE- :!:mV 

Figure 4. Slew Rate vs. 
Differential Input Voltage 

0.01" 

/ ...... 
/' ....... 

~ .. ---VoUT" ,OY "F.A'-, 
20 

CLOSED LOOPGAIN-VN 

Figure 7. Settling Time vs. 
Closed Loop Gain 

/ 

...... V 
~ 

...... 

o zs SCI 75 100 '21 
CA8l:lEMIIERATUIIE-OC 

'" 

Figure 10. SupplyCurrentvs. 
Temperature 

REV. A 

Typical Characteristics - AD380 
,~ 

V •• :I::'5V 
V_=Wp-p 

r-----i'-.. 

"" 
,00k 1M ''''' 

FREQUENCY - III 

Figure 2. CMRR vs. Frequency 

'000 

... 
2GO 

,~ 

.. 

I--
~ 
-0. 
~ ~ 

~ 
tN .... 'V ~ 

'\ 
~ 

" .. 
COMPENSATION CAPACITOR - pF 

Figure 5. Slew Rate vs. 
Compensation Capacitor 

NOL 
'f-"" ......... 

r-.... 
1\ ~ R,.-2CIO.I1 

......... 

'\ \ 
1\ 

. 

,ao 

- - o IS 50 7S 100 125 
CA8ETDlPEMTUM_'C 

Figure 8. Gain vs. Temperature 

· · 
• 
, -~ 
,~ -I-~ 

· · · .. .. . 
SUPPLY VOLTAGE- :tv 

Figure ". SupplyCurrentvs. 
Supply Voltage 

.. 

'00 

. 
'00 

-Vs 
Vs .. t-'IY 'v..., SINEWAYE 

r"-. ~ 
~.,~~ '\ ~ 

'",\ 
"'j 

FREQUENCY _ HI 

Figure3. PSRRvs. Frequency 

>20r-----r--r~----~--~, 

~ 
~,5r_----~_+~--~-+~~, 
~ 

~ 
2 "r_---/;Hf---J'---+--+----, 
I 
s 
~ .r_--+-~_+~+----+----, 

L!:---±-----±-----,:!::----:!. o ,. JDO 0100 
S£TlUNG TIME _ nl 

Figure 6. Output Settling Time vs. 
Output Voltage Swing and Error 

.. ..... v 
~ ..,,-V 

NOLON>/ V 
/ K:2OOJa 

I' 

~ I' 
V . . " .. , . " " .. 

.......... YVOLTAGE_ :l:Y 

Figure 9. Gain vs. Supply Voltage 

, .. 
r- ........ 

........... 
~ 

........... ....... ..... 

~"IV I:i. .2tnV 

. 
-IO.a 2S &0 75 100 ,as 

CAlI TEMPERATURE _·c 

Figure 12. Isc vs. Temperature 

OPERA TlOHAL AMPLIFIERS 2-33 



AD380 

r-
.......... 

'" ~ 
i'-.. ~ 
-'I' ~ 

• • .. .. .. "" , .. 
TEMPERATURE - ~C 
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Figure 16. Input Bias Current 
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Figure 24a. Overdrive Recovery 
Test Circuit 

Figure 24b. Overdrive Recovery 
Response (Symmetrial 20ns 
Version Available) 

AD3BO 

Figure 25a. Unity Gain Inverter 
Settling Time Test Circuit 

Figure 25b. Unity Gain Inverter 
Large Signal Response 

Figure 25c. Unity Gain Inverter 
Small Signal Response 

Figure 26a. Unity Gain Buffer Circuit 
Figure 26b. Unity Gain Buffer 
Large Signal Response 

Figure 26c. Unity Gain Small 
Signal Response 

APPLICATIONS INFORMATION 
Compensation Capacitor 
For low gain applications a SpF to 27pF capacitor between the 
frequency compensatioa input (pin 11) and the output (pin 9) 
will reduce the risk of oscillation by adding phase margin. A 
compensation capacitor is especially needed when driving capaci
tive loads. For gains greater thaa 30 a IpF compensation capacitor 
is recommended; see Figure 22. 

For unity gain buffer applicatioas it may be necessary to add a 
small (lOpF to 2OpF) capacitor between pins 8 and 10 for improved 
phase margin; see Figure 26a. 

REV. A 

Oft'setNuD 
If the initial offset voltage is not low enough for the user's ap
plication offset nulling is required. To null the offset tie a 20kO 
potentiometer between the offset null pins (pins 2 and 8). The 
wiper of the potentiometer is tied to the positive supply. With 
the analog input signal to the circuit grounded, adjust the 
potentiometer for zero output. 

To minimize· the effects of offset voltage drift as a function of 
temperature, null the offset at the midpoint of the operating 
temperature range. For example, if the operating environment is 
O"C to 7O"C do the offset nulling at 35°C. This will insure a 
maximum offset voltage drift of 3S times the Vos drift specification 
at either temperature extreme. 
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AD380 
Typical Circuits 

"Optional Dlfferenttallnput Components Used to Ratect 
Noi •• Between Input Ground and the AID Anatog Ground. 

AD518 
12-BIT 

AID 

Figure 27. Fast-Settling Buffer 

DIGITAL 
OUTPUTS 

Its quick recovery from load variations makes the AD380 an 
excellent buffer for fast successive approximation AID 
converters; ~ Figure 27. 

Many high speed AID converters reqUire a wideband buffer that 
can hold a constant output voltage under dyllBDlically-changing 
load conditions that fluctuate at the bit decision rate. 

DIGITAL! INPUTS 
AD686A 

D/A 

IOpF 

Figure 28. 12-Bit Voltage Output DAC Circuit Settles to 
1!2LSB in 300ns 

The AD565A 12-bit digital to analog cqnvertet with an AD380 
output amplifier will give a voltsge output that typically settles 
to withiri 1/2LSB in less than 300ns. Total settling time is the 
root mean square of the DAC current output settling time and 
the output amplifier settling time. 
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DIGITAL 
INPUTS 

INPUT 
DATA 
LATCH 

AD7545 

100pF 

Figure 29. CMOS DAC Output Amplifier 

CMOS DAC output amplifiers require low offset voltsge op 
amps. The output impedance of CMOS DACs varies with input 
code. This can cause a code dependent error term at the output 
that approaches the op amps' offset voltage. If the DAC has a 
differential nonlinearity of 1I2LSB, it will require an output 
amplifier with less than 1I2LSB offset error to remain monotonic. 
An LSB for a 12-bit DAC such as the AD754S is 2.44mV (10 
volts full scale/4096). Thus, the AD380KH, with only ImV 
offset maximum, will contribute less than 1I2LSB to differential 
linearity error. 

VOOT 
RF 

3.45kO 

R, soo 

Figure 30. Video Amplifier 

The high output current capability of the AD380 makes it suitable 
for video speed driver applications. In the circuit above the 
closed loop gain of 70 (37dB) is available over a bandwidth of 
SMHz. Note that a IpF compensation capacitor is required in 
this high gain application. 
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r.ANALOG 
WDEVICES 

Ie, Wideband, Fast Slewing, 
General Purpose Operational Amplifier 

FEATURES 
Gain Bandwidth: 100MHz 
Slew Rate: 20V IjJJ min 
IB: 15nA max (AD507K) 
VOl: 3mV max (AD507K) 
VOl Drift: 151lVfC max (AD507K) 
High Capacitive Drive 

PRODUCT DESCRIPTION 
The Analog Devices ADS07], K and S are low cost monolithic 
. operational amplifiers that are designed for general purpose 
applications where high gain bandwidth and high speed are 
significant requirements. The devices also provide excellent dc 
performance with low input offset voltage, low offset voltage 
drift and low bias current. The ADS07 is a low cost, high 
performance alternative to a wide variety of modular and IC 
op amps; a brief review of the specifications confirms its out
standing price/performance characteristics. 

The ADS07 is recommended for use where low cost and all 
around performance, especially at high frequencies, are 
needed. It is particularly well suited as a fast, high impedance 
comparator, integrator or wideband amplifier and in samplel 
hold circuits. It is unconditionally stable for all closed loop 
gains above 10 without external compensation; the frequency 
compensation terminal is used for stability at lower closed 
loop gains. The circuit is short circuit protected and offset 
voltage n.}'llable. The ADS07] and K are specified over the 
o to +70 C temperature range, the ADS07S over the extended 
temperature range, _SSoC to +12SoC. All devices are 
packaged in the hermetic T0-99 metal can. 

REV. A 

INVERTING 
INPUT 

CONNECTION DIAGRAM 

FREQUENCY 
COMPENSATION 

V-

PRODUCT HIGHUGHTS 

AD507 I 

1. Excellent dc and ac performance combined with low cost. 

2. The ADS07 will drive several hundred pF of output capaci
tance without oscillation. 

3. All guaranteed dc parameters, including offset voltage drift, 
are 100% tested. 

4. To insure compliance with gain bandwidth and slew rate 
specifications, all devices are tested for ac performance 
characteristics. 
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AD507 - SPECIFICATIONS (typical @ +25°C and :!:15V dc, unless otberwise specified) 

PARAMETER 

OPEN LOOP GAIN 
RL = 2kn, CL = 50pF 
@TmintoTmax 

OUTPUT CHARACTERISTICS 
Voltage@ RL = 2kn, CL = 50pF, Tmin to Tmax 
Current @ Vo = ±IOV 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 

@A= I (open loop) 

AD507j 

80,000 min (l50,OOO typ) 
70,000 min 

±IOV min (±12V typ) 
±IOmA min (±20mA typ) 
25mA 

35MHz 
IMHz @A= 100 (closed loop) 

Full Power Response 
Slew Rate 
Settling Time (to 0.1%) 

320kHz min (600kHz typ) 
±20VIp.5 min (±35VIp.5 typ) 
900n5 

INPUT OFFSET VOLTAGE 
Initial 
Avg vs Temp, Tmin to Tmax 

V5 Supply, Tmia to Tmax 

INPUT BIAS CURRENT 
Initial 
Tmin toTmax 

INPUT OFFSET CURRENT 
Initial 
TmiD toTmax 
Avg vs Temp, Tmio to Tmax 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE NOISE 
f= 10Hz 
f= 100Hz 
f= 100kHz 

INPUT VOLTAGE RANGE 
Differential, Max Safe 

S.OmV max (3.OmV typ) 
lSp.VI·C 
200p.VNmax 

25nAmax 
40nAmax 

25nA max 
40nAmax 
O.5nAfC 

40Mn min (300Mn typ) 
lOOOMn 

lOOnV/Viii 
30nV/v'HZ 
12nV/V'Hz 

Common Mode Voltage Range, Tmin to Tmax 
Common Mode Rejection @ ±5V t Tmin to Tmax 

±12.0V 
±1l.0V 
74dB min (lOOdB typ) 

POWER SUPPLY 
Rated Performance 
Operating 
Current, Quiescent 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 

PACKAGE OPTION' 
H-08A 

NOTES 

±15V 
±(5 to 20)V 
4.0mA max (3.0mA typ) 

o to +70·C 
-25·C to +8S·C 
-65·C to +ISO·C 

ADS07jH 

1 For outline information see Package Information section. 
*Specifications same as ADS07]. 

**ADS078/883 minimum order 10 pieces. 

ov 

INPUT 1V I 
+IV --------

~--------- ~--,~~-I 
OUTPUT I tN 

1011---- ____ ~-t 
I1V I I I r6T ...... SLEWAATE 

I I tN/AT 

L I. 

ADS07K 

100,000 min (150,000 typ) 
85,000 min 

400kHz min (600kHz typ) 
±25V1p.5 min (±35V/p.s typ) . 
3.0mV max (l.SmV typ) 
lSp.vfc max (8p.vfc typ) 
100p.VNmax 

lSnAmax 
25nAmax 

ISnAmax 
2SnAmax 
O.2nAfC 

80dB min (lOOdB typ) 

ADS07KH 

Slew Rate Definition and Test Circuit 
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AD507S 

100,000 min (150,000 typ) 
70,000 min 

±IOV min (±12V typ) 
±15mA min (±22mA typ) 
25mA 

400kHz min (600kHz typ) 
20Vlp.s min (:t35V/p.s typ) . 
4mV max (O.SmV typ) 
20p.vfc max (8p.Vt'C typ) 
lOOp.VNmax 

15nAmax 
3SnAmax 

ISnAmax 
3SnAmax 
O.2nAfC 

6SMn min (SOOMn typ) . 

80dB min (lOOdB typ) 

-55·Cto +12S·C 
-6S·C to +150·C 

AD507SH 

REV. A 



APPLICATION CONSIDERATIONS 
The ADS07 combines excellent dc characteristics and dynamic 
performance with ease of application. Because it is a wideband, 
high speed amplifier, care should be exercised in its stabiliza
tion. Several practical stabilization techniques are suggested to 
insure proper operation and minimize user experimentation. 

GENERAL PURPOSE WIDEBAND COMPENSATION 
The following considerations are intended to provide guidance 
in critical wideband applications. While not necessary in all 
cases, the considerations are of prime importance for the user 
attempting to obtain the highest performance from his circuit 
design. 

High Gain Conditions 
The ADS07 is fully compensated internally for all closed loop 
gains above 10; however, it is necessary to load the amplifier 
with SOpF. In many applications this minimum capacitive load 
will be provided by the load or by a cable at the output of the 
ADS07, making an additional SOpF unnecessary. Figure 1 
shows the suggested configuration for general purpose use for 
closed loop gains above 10. 

The 0.1/lF ceramic power supply bypass capacitors are consid
erably more important for the ADS07 than for low frequency 
general purpose amplifiers. Their main purpose is. to convert 
the distributed high frequency ground to a lumped single point 
(the V+ point). The V+ to V- 0.1/lF capacitor equ8.lizes the 
supply grounds while the 0.1/lF capacitor from V+ to signal 
ground should be returned to signal common. The signal 
common, which is bypassed to pin 7, is defined as that point 
at which the input signal source, the feedback network, and 
the return side of the load are joined to the power common. 

Note that the diagrams show each individual capacitor 
directly connected to the appropriate terminal (pin 7 [V+J 
and pin 6 [Output). In addition, it is suggested that all 
connections be made short and direct, and as physically close 
to the can as possible, so that the length of any conducting 
path shared by external components will be minimized. 

OfFSET 
NULL 10Gk0 

~OFFSET""L 

~+v 

-NOT REOUIRED FOR LOAD OR 
CABLE CAPACITANCE >5OpF 

OUT1'UT 

Figure 1. General Purpose Configuration to Closed Loop 
Gain> 10 

Low Gain Conditions 
For low closed loop gain applications, the ADS07 should be 
compensated with a 20pF capacitor from pin 8 (frequency 
compensation) to signal common or pin 7 (V+). This configur
ation also requires a 30pF feedback capacitor from pin 6 
(Output) to pin 8 (see Figure 2). The SOpF minimum load 
capacitance recommended for uncompensated applications is 
not required when the ADS07 is used in the compensated 
mode. This compensation results in a uniry gain frequency of 
approximately 10 to 12MHz. 

REV. A 

Applying the AD507 
The excellent input characterisitcs of the ADS07 make it 
useful in low frequency applications where both dc and ac 
performance superior to the 741 type of op amp is desired. 
Some experimentation may be necessary to optimize the 
ADS07 for the specific requirement. The unity gain bandwidth 
can be reduced by increasing the value of the compensation 
capacitor in inverse proportion to the desired bandwidth 
reduction. It is advisable to increase the feedback capacitor at 
the same time, maintaining its value about SO% larger than the 2 
compensation capacitor. Because the ADS07 is fundamentally 
a wideband amplifier, careful power supply decoupling and 
compensation component layout are required even in low 
bandwidth applications. 

OFFSET VOLTAGE NULLING 
Note that the offset voltage null circuit includes a 2kS1 resistor 
in series with the wiper arm of the 100kS1 potentiometer. 
This resistor is not absolutely required, but its use can prevent 
a condition of false null that can be obtained at the ends of 
the pot range. The knowledgeable user should have no trouble 
differentiating between nulling in the pot mid-range and 
erratic end-range behavior when the wiper is connected 
directly to V+. 

....... ,.r-r-~ OUTPUT 

O,1,aF 

Figure 2. Configuration for Unity Gain Applications 

HIGH CAPACITIVE LOADING 
Like all wideband amplifiers, the AD S 07 is sensitive to capa
citive loading. Unlike many, however, the ADS07 can be 
used to effectively drive reasonable capacitive loads in virtually 
all applications, and capacitive loads of several hundred pico
farads in a number of specific confJgUrations. 

In an inverting gain of ten configuration, the internally com
pensated amplifier will drive more than 200pF in addition to 
the recommended SOpF load, or a total of over 2S0pF. Under 
such conditions, the slew rate will be only slightly reduced, 
and the overall settling time somewhat lengthened. 

In general, the capacitive drive capability of the ADS07 will 
increase in high gain confJgUrations which reduce closed loop 
bandwidth. 

In any wideband application, it is essential to return the load 
cutrents supplied by the amplifier to the power supply with
out sharing a path with input or feedback signals. This con
sideration becomes particularly important when driving capa
citive loads which may resonate with short lengths of inter
connecting wire. 

FAST SETTLING TIME 
A small capacitor (CS in Figure 3) will improve the settling 
time of the ADS07, when it is used with large feedback 
resistors. The ADS07 input capacitance (typically 2 or 3pF), 
together with additional circuit capacitance, will introduce an 
unwanted pole of open-loop response. The extra phase shift 
introduced, for example, by 4pF of input capacitance, and 
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AD507 
SkSl input source impedance, will result in an underdamped 
transient response, and long settling time. A amall (1.5 to 
3.OpF) feedback capacitor will introduce a zero in the open
loop tranSfer function, reducing the phase shift and increasing 
the damping, which will more than compensate for the slight 
reduction in closed-loop bandwidth. 

BIAS COMPENSATION NOT REQUIRED 
Circuit applications using conventional op amps generally 
require that the source resistances be matched at the inputs to 
cancel the effects of the input currents and take advantage of 
low offset current. In circuits similar to that shown in 
Figure 3, the compensation resistance would be equal to the 
parallel combination of RI and RF, and for large values 
would require a bypasa capacitor. The ADS07 is specially 
designed to cancel the input currents so as to reduce them to 
the offset current level. As a result, optimum performance 
can be obtained even though no bias compensation is used, 
and the non-inverting input can be connected directly to the 
signal common. 

CONSIDERATIONS OF 'fIGURE 1 APPL V EXCEPT FOR 
THE LOAD CAPACITOR 

Figure 3. Fast Settling Time Configuration 
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NANALOG 
WDEVICES 

FEATURES 
Fast Settling Time 

0.1% in 500ns max 
0.01% in 2.51ls max 

High Slew Rate: 100V/1ll min 
Low los: 25nA max 
Guaranteed Vos Drift: 30Ilvfc max 
High CMRR: SOdS min 
Drives 500pF 
Low Price 

APPLICA nONS 
D/A and AID Conversion 
Wideband Amplifiers 
Multiplexers 
Pulse Amplifiers 

PRODUCT DESCRIPTION 
The AD5091, AD509K and AD509S are monolithic 
operational amplifiers specifically designed for applications 
requiring fast settling times to high accuracy. Other compar
able dynamic parameters include a small signal bandwidth of 
20MHz, slew rate of 100VIIls min and a full power response 
of 150kHz min. The devices are internally compensated for 
all closed loop gains greater than 3, and are compensated with 
a single capacitor for lower gains. 

The input characteristics of the AD509 are consistent with 
0.01 % accuracy over limited temperature ranges; offset current 
is 25nA max, offset voltage is 8mV max, nullable to zero, and 
offset voltage drift is limited to 30llV f C max. PSRR and 
CMRR are typically 9OdB. 

The AD509 is designed for use with high speed D/A or AID 
converters where the minimum conversion time is limited by 
the amplifier settling time. If 0.01 % accuracy of conversion 
is required, a conversion cannot be made in a shotter period 
than the time required for the amplifier to settle to within 
0.01% of its fmal value. 

All devices are supplied in the TO-99 package. The AD5091 
and AD509K are specified for 0 to +70°C temperature range; 
the ADS09S for operation from -SSoC to +12SoC. 
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High Speed, 
Fast Settling Ie Op Amp 

PIN CONFIGURATION 

T0-99 

INVE~J~~ 2 

FREQUENCY 
COMPENSATION 

V-

~ 1. T .!.. 

V+ 

TOP VIEW 

PRODUCT HIGHLIGHTS 

AD509 I 

1. The ADS09 is internally compensated for all closed loop 
gains above 3, and compensated with a single capacitor for 
lower gains thus eliminating the elaborate stabilizing tech
niques required by other high speed IC op amps. 

2. The AD509 will drive capacitive loads of SOOpF without 
deterioration in settling time. Larger capacitive loads 
can be driven by tailoring the compensation to minimize 
settling time. 

3. Common Mode Rejection, Gain and Noise are compatible 
with a 0.01 % accuracy device. 

4. The ADS09K and ADS09S are 100% tested for minimum 
slew rate and guaranteed to settle to 0.01 % of its final 
value in less than 2.51lS. 
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AD509-SPECIFICATIONS (@ :t25"C and Vs = :t15V dc unless olilerwise specified) 

Model Mia 

OPEN LOOP GAIN 
Vo= :tIOV,RL<!:2kfi 7,SGO 
T_toT""",RL = 2kfi 5,000 

OUTPUT CHARACTERISTICS 
Voitage@RL= 21d1, T_toT .... :1:10 

FREQUENCY RESPONSE 
UnityGainsmaUSignal 
Full Power Responsc 1.2 
Slew Rate, Unity Gain 80 
Settling Time 

100.1% 
100.01% 

INPUT OFFSET VOLTAGE 
Initial Offsct 
Inpul Offset VoitageT _ 10 T .... 

InpulOffsetVoltagevs. Supply, 
T_loT .... 

INPUT BIAS CURRENT 
Initial 
T_loT .... 

INPUT OFFSET CURRENT 
Initial 
T,,= min lomax 

INPUT IMPEDANCE 
Diffctential 40 

INPUT VOLTAGE RANGE 
Differential 
Common Mode 
Common Mode Rejection 74 

INPUT NOISE VOLTAGE 
f= 10Hz 
f= 100Hz 
f=I00kHz 

POWER SUPPLY 
Rated Performance 
()peratins :!:5 
Quiescenl Currenl 

TEMPERATURE RANGE 
Operating, Rated Performance 0 

Srorase -65 

NOTES 
Specifications subject 10 cbange withoul notice. 
AD min and max specifu:atioas are guaranteed. 

AD509J 
Typ Max 

15,000 

:t12 

20 
1.6 
120 

200 
1.0 

5 10 
14 

200 

125 250 
500 

20 50 
100 

100 

±15 
:t10 

90 

100 
30 
19 

:!: 15 
:!:2O 

4 6 

+70 
+ ISO 

Specifications shown in boldfac:e are tested on aU production units al fmal 
electrical lesl. Results from lbose tests are used 10 caJc:olate outgOins quality 
1eveI •• 

AD509K 
Mia Typ 

10,000 15,000 
7,500 

:1:10 :t12 

20 
1.5 2.0 
80 120 

200 
1.0 

4 

100 

10 

50 100 

:t IS 
:!:10 

80 90 

100 
30 
19 

:!: 15 
:!:5 

4 

0 
-65 

ORDERING GUIDE 

Max Mia 

10,000 
7,SGO 

:tl0 

1.5 
100 

8 
11 

100 

200 
400 

25 
50 

SO 

80 

:t20 :t5 
6 

+70 -55 
+150 -65 

Model Temperature Range Package Option· 

ADS09JH 
ADS09KH 
ADS09SH 

O"C to +70"C 
O·C to + 7O"C 
-55°C to + 12S·C 

H-OSA 
H-OSA 
H-OSA 

*H-OSA = TO-99 Style Metal Can. For outline infonnation see Package 
Infonnation section. 
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AD509S 
Typ 

15,000 

:t12 

20 
2.0 
120 

200 
1.0 

4 

100 

10 

100 

:!:15 
:!:10 
90 

100 
30 
19 

:!: IS 

4 

Max Uails 

VIV 
VIV 

V 

MHz 
MHz 
Vi .... 

500 ms 
2.5 .... 

8 mV 
11 mV 

100 ,..VIV 

200 nA 
400 nA 

25 nA 
SO nA 

MO 

V 
V 
dB 

nVNiiZ 
nVNiiZ 
nVNiiZ 

V 
:!:20 V 
6 mA 

+125 "C 
+150 "C 
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APPLYING THE AD509 

MEASURING SETTLING TIME. Settling time is defined as 
that period required for an amplifier output to swing from 
o volts to full scale, usually 10 volts, and to settle to within 
a specified percentage of the final output voltage. For high 
accuracy systems, the accuracy requirement is normally 
specified as either 0.1 % (lO-bit accuracy) or 0.01 % (12-bit 
accuracy) of the 10 volt output level. The settling time 
period is comprised of an initial propagation delay, an 
additional time for the amplifier to slew to the vicinity of 
10 volts, and a final time period to recover from internal 
saturation and other effects, and settle within the specified 
error band. Because settling time depends on both linear 
and nonlinear factots, there is no simple approach to 
predicting its final value to different levels of accuracy. In 
patticular, extremely high slew rates do not assure a rapid 
settling time, since this is only one of many factors affecting 
settling time. In most high speed amplifiers, after the 
amplifier has slewed to the vicinity of the final output 
voltage, it must recover from internal saturation and then 
allow any overshoot and ringing to damp out. These 
definitions are illustrated in Figure 1. 

-RECOVERY LINEAR SETTLING 

-SETTLING TIME TO.f.aE-1 

OR .f.* '100% 

Figute 1. Settling Time 

The AD509K and AD509S are guaranteed to settle to 0.1 % 
in SOOns and 0.01 % in 2.Sps when tested as shown in Figure 2. 
There is no appreciable degradation in settling time when 
the capacitive load is increased to SOOpF, as discussed below. 
The settling time is computed by summing the output and the 
input into a differential amplifier, which then drives a scope 

6pF 

Ein O-_""Nrl 

DECOUPLING CAPACITORS 
OMITTED FOR CLARnv 

SCOPE 

Figute 2. AD509 Settling Time Test Circuit 
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Applying the AD509 
display. The resultant waveform of (Eo - EIN) of a typical 
ADS09 is shown in Figure 3. Note that the waveform crosses 
the 1mV point representing 0.01% accuracy in approximately 
1. Sps. The top trace represents the output signal; the bottom 
trace represents the error signal. 
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Figute 3. Settling Time of AD509 

SETTLING TIME VS. Rf AND Ri. Settling time of an 
amplifier is a function of the feedback and input resistors, 
since they interact with the input capacitance of the amplifier. 
When operating in the non-inverting mode, the source 
impedance should be kept relatively low; e.g., SkU; in order 
to insure optimum performance. The small feedback 
capacitor (SpF) is used in the settling time test circuit in 
parallel with the feedback resistor to reduce ringing. This 
capacitor partially cancels the pole formed in the loop gain 
response as a result of the feedback and input resistors, and 
the input capacitance. 

SETTLING TIME VS. CAPACITIVE LOAD. The ADS09 
will drive capacitive loads of SOOpF without appreciable 
deterioration in settling time. Larger capacitive loads can be 
driven by tailoring the compensation to minimize settling 
time. Figure 4 shows the settling time of a typical ADS09, 
compensated for unity gain with a lSpF capacitor, with a 
SOOpF capacitive load on the output. Note that settling time 
to 0.01 % is still under 2.0ps. 
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Figute 4. AD509 with 500pF Capacitive Load 

SUGGESTIONS FOR MINIMIZING SETTLING TIME. The 
ADS09 has been designed to settle to 0.01 % accuracy in 
1 to 2.5ps. However, this amplifier is only a building block 
in a circuit that also has a feedback network, input and output 
connections, power supply connections, and a number of 
external components. What has been painstakingly gained in 
amplifier design can be lost without careful circuit design. 
Some of the elements of a good high speed design are •.•....... 

CONNECTIONS. It is essential that care be taken in the 
signal and power ground circuits to avoid inducing or 
generating extraneous voltages in the ground signal paths. 
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AD509 
The O.II'F ceramic power supply bypass capacitors are 
considerably more important for the ADS09 than for low 
frequency general purpose amplifiers. Their main purpose 
is to convert the distributed high frequency ground to a 
lumped single point (the V+ point). The V+ to V- O.lpF 
capacitor equalizes the supply grounds while the O.II'F 
capacitor from V + to signal ground should be retUrned to 
signal common. The signal common, which is bypassed to 
pin 7, is defined as that point at which the input signal 
source, the feedback network, and the return side of the load 
are joined to the power common. 

Note that the diagram shows each individual capacitor 
direcdy connected to the appropriate terminal (pin 7 \V+J). 

INVERTING 
INPUT 

NONINVERTING 
INPUT 

O .... F 
CERAMIC DISC 

~ 
TO SIGNAL 

~~--..., COMMON POINT 

O .... F 
CERAMIC DISC 

OUTPUT 

Figure 5. Configuration for Unity Gain Applications 

DYNAMIC RESPONSE OF ADS09 
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Figure 6. Open Loop Frequency and Phase Response 

THE ADS09 AS AN OUTPUT AMPLIFIER FOR FAST 
CURRENT-QUTPUT D-TD-A CONVERTERS 

Most fast integrated circuit digital to analog converters have 
current outputs. That is, the digital input code is translated 
to an output current proportional to the digital code. In 
many applications, that output current is converted to a volt· 
age by connecting an operational amplifier in the current-to
voltage conversion mode. 

The sertling time of the combination depends on the settling 
time of the DAC and the output amplifier. A good approxima· 
tion is: 

Some IC DACs settle to final output value in l00-S00 nano· 
seconds. Since most IC op amps require a longer time to sertle 
to ±0.1% or ±0.01% of final value, amplifier settling time can 
dominate total settling time. And for a 12-bit DAC, one least 
significant bit is only 0.024% of full-scale, so low drift and 
high linearity and precision are also required of the output 
amplifier. 
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In addition, it is suggested that all connectioils be short aDd 
direct, and as physically close to the case as possible, 10 that 
the length of any conducting path shared by external 
components will be minimized. 

COMPONENTS. Resistors are preferably metal film types, 
because they have less capacitance and stray inductance 
than wirewound types, and are available with excellent 
accuracies and temperature coefficients. 

Diodes are hot carrier types for the very fastest-settling 
applications, but IN914 types are suitable for more 
routine uses. 

Capacitors in critical locations are polystyrene, teflon, or 
polycarbonate to minimize dielectric absorption. 

CIRCUIT. For the fastest settling times, keep leads short, 
orient components to minimize stray capacitance, keep 
circuit impedance levels as low as consistent with the out
put capabilities of the amplifier and the signal source, 
reduce all external load capacitances to the absolute 
minimum. Don't overlook sockets or printed circuit 
board mounting as possible sources of dielectric absorption. 
Avoid pole-zero mismatches in any feedback networks used 
with the amplifier. Minimize noise pickup. 
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Figure 1. Open Loop Frequency Response for Various Cc's 

Figure 8 shows the ADS09K connected as an output amplifier 
with the ADS6SK, high speed 12-bit IC digital-to-analog con
verter. The 10 picofarad capacitor, Cl, compensates for the 
2SpF ADS6S output capacitance. The voltage output of the 
ADS6SK/ADS09K combination settles to ±0.01% in one 
microsecond. The low input voltage drift and high open loop 
gain of the ADS09K assures 12-bit accuracy over the operating 
temperature range. 

son 

Figure 8. AD509 as an Output Amp/if. for a Fast Current
Output D·to-A Converter 
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FEATURES 
Ultralow Bias Current: 75fA max IAD515AL) 

150fA max IAD515AK) 
300fA max IAD515AJ) 

Low Power: 1.5mA max Quiescent Current 
IO.6mA typ) 

Low Offset Voltage: 1.0mV max IAD515AK & L) 
Low Drift: 15 .... VI"C max IAD515AK) 
Low Noise: 4 .... V pop, O.1Hz to 10Hz 

PRODUCT DESCRIPTION 
The ADS1SA is a monolithic PET-input operational amplifier 
with a guaranteed maximum input bias current of 7SfA 
(ADS1SAL). The ADS1SA is a monolithic successor to the 
industry standard ADS IS electrometer, and will replace the 
AD515 in most aplications. The AD515A also delivers laser
trimmed offset voltage, low drift, low noise and low power, a 
combination of features not previously available in u1tralow bias 
current circuits. All devices are internally compensated, protected 
against latch-up and are short circuit protected. 

The ADS1SA's combination of low input bias current, low 
offset voltage and low drift optimizes it for a wide variety of 
electrometer and very high impedance buffer applications in
cluding photo-current detection, vacuum ion-gage measurement, 
long-tenn precision integration and low drift samplelhold appli
cations. This amplifier is also an excellent choice for all fonns of 
biomedical instrumentation such as pH/pIon sensitive electrodes, 
very low current oxygen sensors, and high impedance biological 
microprobes. In addition, the low cost and pin compatibility of 
the ADS1SA with standatd PET op amps will allow designers to 
upgrade the perfonnance of present systems at little or no additional 
cost. The 10150 common-mode input impedance ensures that 
the input bias current is essentially independent of common-mode 
voltage. 

As with previous electrometer amplifier designs from Analog 
Devices, the case is brought out to its own connection (Pin 8) so 
that the case can be independently connected to a point at the 
same potential as the input, thus minimizing stray leakage to 
the case. This feature will also shield the input circuitry from 
external noise and supply transients. 

The ADS1SA is available in three versions of bias current and 
offset voltage, the "]", "K" and "L"; all are specified for rated 
perfonnance from 0 to + 70,,{; and supplied in a hermetically 
sealed TO-99 package. 

·Covered by Patent No. 4,639,683. 
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Monolithic Precision, Low Power 
FET -Input Electrometer Up Amp 

AD515A* I 
PIN CONFIGURATION 

GUARD PIN ICONNECTED TO CASE) 
TAS 

OFFSET OfFSET 

N~ULL ""''' NUll 1 5 

4 v

TOP VIEW 

PRODUCT HIGHLIGHTS 
1. The ADSlSA provides subpicoampere bias currents in an 

integtated circuit amplifier. 
• The ultralow input bias currents are specified as the 

maximum measured at either input with the device fully 
watmed up on ± lSV supplies at + 2SoC ambient with no 
heat sink. This parameter is 100% tested. 

• By using ± SV supplies, input bias current can typically 
be brought below SOfA. 

2. The input offset voltage on all gtades is laser trimmed, typically 
less than 500 .. V. 
• The offset voltage drift is lS .. VfC maximum on the K 

grade. 
• If additional nulling is desired, the amount required will 

have a minimal effect on offset drift (approximately 3 .. VfC 
per mY). 

3. The low quiescent current drain of 0.6mA typical and I.SmA 
maximum, keeps self-heating effects to a minimum and renders 
the ADS1SA suitable for a wide range of remote probe 
applications. 

4. The combination of low input noise voltage and very low 
input noise current is such that for source impedances from 
1MO to 10110, the Johnson noise of the source will easily 
dominate the noise characteristic. 
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AD515A-SPECIFICATIONS (typical @ +25OC and V$ = :t15V dc, unless otherwise specified) 

Model ADSlSAj 

OPEN-LOOPGAIN1 

Vour= ±10V,RL;;>2kn 20,OOOVIV min 
RL;;>lOkO 4O,OOOVIV min 

TA = min to maxRL;;>2kO lS,OOOVIV min 

OUTPUTCHARACTERlSTICS 
Voltage@RL=2kO,TA=mintomax ::I: IOV min (± l2V typ) 

@RL=lOkO,TA=mintomax ±12Vmin(::I:13Vtyp) 
Load Capacitance2 lOOOpF 
Short-Circuit Current 10mA min (20mA typ) 

FREQUENCY RESPONSE 
Unity Gain, Small Signal IMHz 
Full Power Response 5kHz min (50kHz typ) 
Slew Rate Inverting Unity Gain 0.3V/,...smin (3.0V/,...s typ) 
Overload Recovery Inverting Unity Gain lOO,...smax(2f.LS typ) 

INPUTOFFSETVOLTAGE3 3.OmVmax(O.4mVtyp) 
vs. Temperature, T A = min to max SO"VI"Cmax 
vs. Supply, TA = min to max 400" VN max (SO" VN typ) 

INPUT BIAS CURRENT 
Either Input4 300fAmax 

INPUT IMPEDANCE 
Differential VDlFF= ± IV 1.6pFIII0130 
Common Mode 0.8pF1l101s0 

INPUT NOISE 
Voltage,O.lHzto 10Hz 4.0,...V(p-p) 

f=lOHz 75nV/YHz 
f=lOOHz 55nV/YHz 
f=lkHz 50nV/YHz 

Current, O.lHz to 10Hz 0.OO7pA(p-p) 
10Hz to 10kHz O.OlpArms 

INPUT VOLTAGE RANGE 
Differential ±20Vmin 
Common Mode, T A = min to max· ±lOVmin(+12V, -lltyp) 
Common-Mode Rejection, VIN = ± 10V 66dB min (94dB typ) 
Maximum Safe Input VoltageS ±Vs 

POWER SUPPLY 
Rated Performance ±15V 
Operating ± SV min (± l8V max) 
Quiescent Current l.SmAmax (O.6mAtyp) 

TEMPERATURE 
Operating, Rated Performance Oto +700(; 
Storage· -650(; to + 150"C 

PACKAGE OPTION 
TO-99(H-08A) ADS 15AJH 

NOTES 
*Specifications same .s AD515AJ. 
'Open Loop Gain is specified with or without nulling of Vos. 
2 A conservative design would not exceed 750pF of load capacitance. 
'rnput Offset Voltage specifications are guaranteed after 5 minutes of 
operation at T A = + 25"C. 

'Bias Current specifications are guaranteed after 5 minutes of operation at 
T A = + 25"C. For higher temperatures, the current doubles every + IO"C. 

'rf it is posaible for the input voltage to exceed the supply voltage, a series 
protection resistor should be sdded to limit input current to O.lmA. 
Tbe input devices can handle overload currents of O.lmA indefmitely without 
damage. See next page. 

"For outline information see Package Information section. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at fmal test. 
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ADSISAK ADSISAL 

4O,OOOVIV min 2S,OOOVlVmin 
lOO,OOOVIV min SO,OOOVIV min 
4O,OOOVNmin 2S,OOOVIV min 

* * 
* * 

* * 
* * 
* * 
* * 
1.OmVmax (O.4mV typ) 1.OmV max (O.4mV typ) 
IS" V I"C III8X' 2S"VI"Cmax 
lOO"VlVmax 200" VIV max 

lSOfAmax 7SfAmax 

* * 
* * 

* * 
* * 
* * 
* * 
* * 
* * 

* * 
* * 
SOdBmin 70dBmin 

* * 

* * 
* * 
* * 

* * 
* * 

AD51SAKH AD51SALH 

ESD PRECAUTIONS 
Charges as high as 4000V resdily aCcumulate on the human body 
and test equipment and discharge without detection. Therefore, 
reasonable ESD precautions are recommeuded to avoid functional 
damage or performance degradation. Unused devices should be 
stored in conductive foam or shunts, and the foam should be dis
eharged 10 the destination socket before devices are removed. For 
further information on ESD precautions, refer to Analog Devices' 
ESD Prevention Manual. 
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LAYOUT AND CONNECTIONS CONSIDERATIONS 
The design of very high impedance measurement systems in
troduces a new level of problemS associated with the reduction 
of leakage paths and noise pickup. 

1. A primary consideration in high impedance system designs is 
to attempt to place the measuring device as near to the signal 
source as possible. This will minimize current leakage paths, 
noise pickup and capacitive loading. The ADSISA, with its 
combination of low offset voltage (normally eliminating the 
need for trimming), low quiescent current (minimal source 
heating, possible battery operation), internal compensation 
and small physical size lends itself very nicely to installation 
at the signal source or inside a probe. Also, as a result of the 
high load capacitance rating, the ADS1SA can comfortably 
drive a long signal cable. 

2. The use of guarding techniques is essential to rea1izing the 
capability of the ultralow input currents of the ADS ISA. 
Guarding is achieved by applying a low impedance bootstrap 
potential to the outside of the insulation material surrounding 
the high impedance signal line. This bootstrap potential is 
held at the same level as that of the high impedance line; 
therefore, there is no voltage drop across the insulation and, 
hence, no leakage. The guard will also act as a shield to 
reduce noise pickup and serves an additional function of 
reducing the effective capacitance to the input line. The case 
of the ADS1SA is brought out separately to Pin 8 so that the 
case can also be connected to the guard potential. This technique 
virtually eliminates potential leakage paths across the package 
insulation, provides a noise shield for the sensitive circuitry 
and reduces common-mode input capacitance to about O.8pF. 
Figure I shows a proper printed circuit board layout for 
input guarding and connecting the case guard. Figures 2 and 
3 show guarding connections for typical inverting and nonin
verting applications. If Pin 8 is not used for guarding, it 
should be connected to ground or a power supply to reduce 
noise. 

~T 
6 SAME PATTERN SHOULD BE 

~ LAID OUT ON BOTH SIDES 
OF PC BOARD 

7 V+ 

(BOTTOM VIEW) 

Figure 1. Board Layout for Guarding Inputs with Guarded 
TO-99 Package 

3. Printed circuit board layout and construction is critical for 
achieving the ultimate in low leakage performance that the 
ADS1SA can deliver. The best performance will be realized 
by using a teflon IC socket for the ADS ISA; but at least a 
teflon stand-off should be used for the high impedance lead. 
If this is not feasible, the input guarding scheme shown in 
Figure 1 will minimize leakage as much as possible; the 
guard ring should be applied to both sides of the board. The 
guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal1ines should 
not be extended for any unnecessary length on a printed 
circuit; to minimize noise and leakage, they must be carried 
in rigid, shielded cables. 
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Applying the AD515A 
4. Another important concern for achieving and maintaining 

low leakage currents is complete cleanliness of circuit boards 
and components. Completed assemblies should be washed 
thoroughly in a low residue solvent such as TMC Freon or 
high-purity methanol followed by a rinse with deionized 
water and nitrogen drying. If service is anticipated in a high 
contaminant or high humidity environment, a high dielectric 
conformal coating is recommended. All insulation materials 
except Kel-F or teflon will show rapid degradation of surface 
leakage at high humidities. 

Figure 2. Picoampere Current-to-Voltage Converter 
Inverting Configuration 

OPTIONAL Rp 

6 
Eo~V. (1 + !!E) 

R. 

Z'N = 10" mO.2pF 

Figure 3. Very High Impedance Noninverting Amplifier 

INPUT PROTECTION 
The ADS1SA is guaranteed for a maximum safe input potential 
equal to the power supply potential. 

Many instrumentation situations, such as flame detectors in gas 
chromatographs, involve measurement of low level currents 
from high-voltage sources. In such applications, a sensor fault 
condition may apply a very high potential to the input of the 
current-ta-voltage converting amplifier. This possibility necessi
tates some.form of input protection. Many electrometer type 
devices, especially CMOS designs, can require elaborate Zener 
protection schemes which often compromise overall performance. 
The ADS ISA requires input protection only if the source is not 
current limited, and as such is similar to many JFET-input 
designs. The failure mode would be overheating from excess 
current rather than voltage breakdown. If the source is not 
current limited, all that is required is a resistor in series with 
the affected input terminal so that the maximum overload current 
is O.lmA (for example, 1M(} for a lOOV overload). This simple 
scheme will cause no significant reduction in performance and 
give complete overload protection. Figures 2 and 3 show proper 
connections. 
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A0515A 
COAXIAL CABLE AND CAPACITANCE EFFECTS 
If it is not possible to attach the ADS 15A virtually on top of the 
signal source, conaiderable care should be exercised in designing 
the connecting lines carrying the high impedance signal. Shielded 
coaxial cable must be used for noise reduction, but use of coaxial 
cables for high impedance work can add problems from: cable 
leakage, noise and capacitance. Only the best polyethylene or 
virgin teflon (not reconstituted) should be used to obtain the 
highest possible insulation resistance. 

Cable systems should be made as rigid and vibration free as 
possible since cable movement can cause noise signals of three 
types, all significant in high impedance systems. Frictional 
movement of the shield over the insulation material generates a 
charge which is sensed by the signal line as a noise voltage. Low 
noise table with graphite lubricant such as Ampheno121-537 
will reduce the noise, but short, rigid lines are better. Cable 
movements will also make sma1l changes in the internal cable 
capacitance and capacitsnce to other objects. Since the total 
charge on these capacitsnces cannot be changed instsntly, a 
noise voltage results as predicted from: fl V = Q/flC. Noise voltage 
is also generated by the motinn of a conductor in a magnetic 
field. 

Typical Performance Curves 
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The conductor-to-shield capacitance of coaxial cable is usua1ly 
about 3OpFlfoot. Charging this capacitance can cause conSiderable 
stretching of high impedance signal rise-time, thus cancelling 
the low input capacitance feature of the AD515A;· There are iwo 
ways to circumvent this problem. For invertiilg signals or low-level 
current measurements, the signal is carried on the line connected 
to the inverting input and shielded (guarded) by the ground line 
as shown in Figure 2. Since the signal is always at virtual ground, 
no voltage c:hangC is required and no capacitsnces, are charged. 
In many circumstances, this will destabilize the QrcUit; if so, 
capacitsncefroJ:n output to inverting input will stabilize the 
circuit. 

Noninvertiilg and buffer siniations are more critical since the 
signal line voltage and therefore charge will change, causing 
signal delay. This effect aui be reduced considerably by connecting 
the cable shield to a guard potential instead of ground, an option 
shown in Figure.3. Since such a connection results in positive 
feedback to the input, the circuit may be destabilized and oscillate. 
If so, capacitsnce from positive input to ground must be added 
to make the net capacitsnce at Pin 3 positive. This technique 
can considerably reduce the effective capacitance which must be 
charged. . 
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ELECTROMETER APPLICATION NOTES 
The AD515A offers subpicoampere input bias currents available 
in an integrated circuit package. This design will open up many 
new application opportunities for measurements from very high 
impedance and very low current sources. Perfortning accurate 
measurements of this sort requires careful attention to detail; 
the notes given here will aid the user in realizing the full meas
urement potential of the AD515A and perhaps extending its 
performance limits. 

1. As with all junction FET input devices, the temperature of 
the FETs themselves is all important in detertnining the 
input bias currents. Over the operating temperature range, 
the input bias currents closely follow a characteristic of doubling 
every 10°C; therefore, every effort should be made to minimize 
device operating temperature. 

2. The heat dissipation can be reduced initially by careful inves
tigation of the application. First, if it is possible to reduce 
the required power supplies, this should be done since internal 
power consumption contributes the largest component of 
self-heating. To minimize this effect, the quiescent current of 
the AD515A has been reduced to less than lmA. Figure 8 
shows typical input bias current and quiescent current versus 
supply voltage. 
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Figure 8. Input Bias Current and Supply Current vs. Supply 
Voltage 

3. Output loading effects, which are normally ignored, can 
cause a significant increase in chip temperature and therefore 
bias current. For example, a 2kO load driven at IOV at the 
output will cause at least an additional 25m W dissipation in 
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AD515A 
the output stage (and some in other stages) over the typical 
24mW, thereby at least doubling the effects of self-heating. 
The results of this form of additional power dissipation are 
demonstrated in Figure 9, which shows normalized input 
bias current versus additional power dissipated. Therefore, 
although many dc performance parameters are specified 
driving a 2kO load, to reduce this additional dissipation, we 
recommend restricting the load resistance to be at least 
10kO. 
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Figure 9. Input Bias Current vs. Additional Power 
Dissipation 

4. Figure 10 shows the AD515A's input current versus differential 
input voltage. Input current at either terminal stays below a 
few hundred fA until one input terminal is forced higher 
than I to 1.5V above the other terminal. Input current limits 
at 30j.LA under these conditions. 
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Figure 10. Input Bias Current vs. Differential Input Voltage 
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AD515A 
ADSISA CIRCUIT APPLICATION NOTES 
The AD515A is quite simple to apply to a wide variety of appli
cations because of the pretcimmed offset voltage and internal 
compensation, which minimize required external components 
and eliminate the need for adjustments to the device itself. The 
major considerations in applying this device are the external 
problems of layout and heat control which have already been 
discussed. In circuit situations employing the use of very high 
value resistors, such as low level current to voltage converters, 
electrometer operational amplifiers can be deatabilized by a pole 
created by the small capacitance at the negative input. If this 
occurs, a capacitor of 2 to SpF in parallel with the resistor will 
stabilize the loop. A much larger capacitor may be used if deaired 
to limit bandwidth and thereby reduce wideband noise. 

Selection of passive components employed in high impedance 
situations is critical. High Mn resistors should be of the carbon 
film or deposited ceramic oxide to obtain the best in low noise 
and high stability performance. The best packaging for high 
M.n resistors is a glass body aprayed with silicone varnish to 
minimize humidity effects. These resistors must be handled 
very carefully to prevent surface contamination. Capacitors for 
any high impedance or long-term integration situation should be 
of a polystyrene formulation for optimum performance. Most 
other types have too Iowan insulation resistance, or high dielectric 
absorption. 

Unlike situations involving standard operational amplifiers with 
much higher bias currents, balancing the impedances seen at the 
input terminals of the ADSISA is usually unnecessary and probably 
undeairable. At the large source impedances where these effects 
matter, obtaining quality, matched resistors will be diffJCUlt. 
More important, instead of a cancelling effect, as with bias 
current, the noise voltage of the additional resistor will add by 
root-sum-of-squares to that of the other resistor thus increasing 
the total noise by about 400/0. Noise currents driving the resistors 
also add, but in the AD515A are significant only above IOlIn. 

+ 

IALL RESISTORS OF SAME NUMBER SHOULD BE MATCHED to. ,,,) 
(BUFFER A1 BOOSTS COMMON MODE ZIN BY DRIVING CABLE SHIELDS 
AT COMMON MODE VOLTAGE AND NEUTRALIZING eM CAPACITANCE) 

Figure ". Very High Impedance Instrumentation 
Amplifier 
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OUT 

.. ---L1T ..... 
IIoIC D 

Figure 12. Low Drift Integrator and Low-Leakage Guarded 
Reset 

LOW·LEVEL CURRENT-TO-VOLTAGE CONVERTERS 
Figure 2 shows a standard low-level current-ta-voltage converter. 
To obtain higher sensitivity, it is obvious to simply use a higher 
value feedback resistor. However, high value resistors above 
109.0 tend to be. expensive, large, noisy and unstable. To avoid 
this, it may be desirable to use a circuit configuration with 
output gain, as in Figure 13. The drawback is that ·input errors 
of offset voltage drift and noise are multiplied by the same gsin, 
but the precision performance of the ADSISA makes the tradeoff 
easier. 

Figure 13. Picoampere to Voltage Converter with Gain 

One of the problems with low-level leakage current testing or 
low-level current transducers (such as Clark oxygen sensors) is 
finding a way to apply voltage bias to the device while still 
grounding the device and the bias source. Figure 14 shows a 
technique in which the desired bias is applied at the noninverting 
terminal thus forcing that voltage at the inverting terminal. The 
current is sensed by RF , and the ADS24 instrumentation amplifier 
converts the floating differential signal to a single-ended output. 

Figure 14. Current-to-Voltage Converters with Grounded 
Bias and Sensor 
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WDEVICES 

FEATURES 
Low Input Bias Current: 1nA max (AD517L) 
Low Input Offset Current: O.25nA max (AD517L) 
Low Vos: 5Of,IV max (AD517L), 15111tV max (AD517J) 
Low Vos Drift: 1.3p.VfC (AD517L) 
Internal Compensation 
MI L-8undard Parts Available 
S.p!n TO-99 Hermetic Metal Can 
Available in Chip Form 

PRODUcr DESCRIPTION 

The ADS 17 is a high accuracy monolithic op amp featuring ex
tremely low offset voltages and input currents. Analog Devices' 
thermally-balanced layout and superior IC processing combine 
to produce a truly precision device at low cost. 

The ADS17 is laser trimmed at the wafer level (LWT) to pro
duce offset voltlljes less than SIIItV and offset voltage drifts 
less than 1.3p.VrC unnulled. Superbeta input transistors pro
vide extremely low input bias currents of InA max and offset 
currents as low as 0.2SnA max. While these figures are com
parable to presendy available BIFET amplifiers at room tem
perature, the ADS 17 input currents decrease, rather than 
increase, at elevated temperatures. Open-loop gain in many IC 
amplifiers is degraded under loaded conditions due to thermal 
gradients on the chip. However, the ADS17 layout is balanced 
along a thermal axis, maintaining open-loop gain in excess of 
1,000,000 for a wide range of load resistances. 

The input stage of the ADS 17 is fully protected, allowing dif
ferential input voltages of up to ±VS without degradation of 
gain or bias current due to reverse breakdown. The output 
stage is short-circuit protected and is capable of driving a load 
capacitance up to 100OpF. 

The ADS 17 is well suited to applications requiring high pre
cision and ex~ellent long-term stability at low cost, such as 
stable references, followers, bridge instruments and analog 
computation circuits. 
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Low Cost, Laser 
Trimmed, Precision IC Op Amp 

-IN 2 

+IN 

4 
-VS 

TOP VIEW 

AD517 I 

6 OUTPUT 

The circuit is packaged in a hermetically sealed TD-99 metal 
can, and is available in three perfonnance versions 0, K, and 
L) specified over the co~ercial 0 to +70·C range; and one 
version (ADS 17S) specified over the extended temperature 
range, -SS·C to +12SoC. 

PRODUCT HIGHLIGHTS 
1. Offset voltage is 100% tested and guaranteed on all models. 
2. The ADS 17 exhibits extremely low input bias currents 

without sacrificing CMRR (over 10OdB) or offset voltage 
stability. 

3. The ADS17 inputs are protected (to ±Vs ), preventing offset 
voltage and bias current degradation due to reverse break
down of the input transistors. 

4. Internal compensation is provided, eliminating the need for 
additional components (often required by high accuracy IC 
op amps). 

S. The ADS17 can directly replace 725,108, and ADS10 am
plifiers. In addition, it can replace 741-type amplifiers if the 
offset-nulling potentiometer is removed. 

6. Thermally-balanced layout insures high open-loop gain inde
pendent of thermal gradients induced by output loading, 
offset nulling, and power supply variations. 

7. Chips are available. 
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AD517 -SPECIFICATIONS (@ +25°C andVs = ±15Vdc) 

ADSI7J 
Mode1 MIa Tn> 
OPEN LOOPGAIN 

Vo= ±10V,RL il!:2kO 100 
TIIIi",toT_,RL=2kO 500.000 

OUTPUTCHARACTElUSTICS 
Voltage@RL=2kft, T miD. to T lUll :10 
Load Capacitan<e 1000 
OutpqtCurrent 10 
Short Circuit Current 25 

FREQUENCY RESPONSE 
Unity Gain Small SlgaaI 250 
FuD Power Reapmue 1.5 
SlcwRate, Unity Gain 0.10 

INPUT OFFSET VOLTAGE 
Initial Offset 
InputOffsetvs. Temp. 
Input Offset ... Supply 

T..ullltoTmu 

INPUT BIAS CURRENT 
Initial 
T .. toT_ 

VI. Temp, T miD to T_ 

INPUTOFFSETCURRENT 
Initial 
T .. toT_ 

INPUT IMPEDANCE 
Differential 15~1.5 
CommonModo 2.0x10" 

INPUTVOLTAGERANGE 
DiffcreotiaI ±Vs 
Common Modo Rejection 94 
CommonModoRejection 

TlllilltoT_ 94 

INPUTNOISE 
Vol_. O.IHz to 10Hz 2 

f=IOHz 35 
f=IOOHz 25 
f=lkHz 20 

Current.f= 10kHz 0.05 
f=IOOHz 0.03 
f=lkHz 0.03 

POWER SUPPLY 
Rstcd Pa::fonnance ±IS 
Operating ±5 
QuicocentCurrent 

TKMPERATURERANGE 
Operating. Rstcd Perfonnanc:e 0 
StorIIC -65 

PACKAGE OPTION' 
TO-99 Sty\c(H.Q8B) ADSI7JH 
J and S Grade Chips 

AboAYIiIIble 

NOTES . 
'Por ow:liDe iDfonDatioo lee Packaic Information section. 
Spocificotions oubjcct to c:iwt8o without 1IOIi<e. 

Mu· 

ISO 
3.0 
25 
40 

5 
8 
",20 

1.0 
1.5 

±18 
4 

+70 
+150 

SpcciflCatioaa Ibowa in boldface are tated. OIl aU production units at m.t 
clccaic:IIlCIt. Results from thole tcsh ue ued to calculate ouflOia8 quality 
1eveIs. AU min uuI .... opeciIka ........ ........-. altbouab ooly.
IIhmrD iD. boldface are b!Sfed OIl all productioa ma. 
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AD517K 
Mia Tn> Mu Mia 

100 100 
500.000 500.000 

dO dO 
1000 

10 10 
25 

250 
1.5 
0.10 

75 
1.8 
10 
15 

1 
3.5 
±10 

0.75 
1.25 

2~11.5 
2.0x10" 

±Vs 
110 110 

110 100 

2 
35 
25 
20 
0.05 
0.03 
0.03 

±15 
±5 ±18 ±5 

3 

0 +70 0 
-65 + ISO -65 

ADSI7KH 

AD517L ADSI7S 

Tn> Mu MIa Tn> Mu Voila 

100 VN 
lSO,8llO VN 

:10 V 
1000 1000 pF 

III mA 
25 25 mA 

250 250 kHz 
1.5 1.5 kHz 
0.10 0.10 VI",. 

SO 75 "V 
1.3 1.8 "VI'C 
10 10 "VN 
15 20 "VN 

1.0 1.0 aA 
1.5 10 oA 
±4 ±10 pAre 

0.15 1.0 aA 
0.4 10 oA 

~11.5 ~11.5 MOIpP 
2.0xIO" 2.0x10" n 

±Vs ::tVs V 
110 dB 

100 dB 

2 2 "Vp-p 
35 35 nVIV'iiZ 
25 25 nVIV'iiZ 
20 20 nVIV'iiZ 
0.05 0.05 pAJV'iiZ 
0.03 0.03 pAJV'iiZ 
0.03 0.03. pAJV'iiZ 

±IS ±15 V 
±18 ±5 ±IS V 
3 3 mA 

+70 -55 +125 "C 
+1SO -65 + ISO "C 

ADSI7LH ADSI7SH 
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AD517 
CHIP DIMENSIONS AND BONDING DIAGRAM 

0.071 
(1.803) 

Contact factory for latest dimensions. 
Dimensions shown in inches and (nun). 

l:~~J~~ 
THE AD517 IS AVAILABLE IN 
LASER·TRIMMED CHIP FORM. 

_~o+Vs 

~",-oOUTPUT 

CHIP EDGE 
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AD517 - Typical Performance Curves 
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AD517 -Applications 
NULUNG THE ADS17 
The internally-trimmed offset voltage of the ADS 17 will be low 
enough for most circuits without further nulling. However, in 
high precision applications, the ADS 17 may be nulled using 
either of the following methods: 

Figure 1A shows a simple circuit using a 10kSl, ten-turn poten
tiometer. This circuit allows nulling to within several microvolts. 

The circuit of Figure 1B is recommended in applications where 
nulling to within 1J.1V is desired. This circuit has the advantage 
that potentiometer instability effects are reduced by a factor 
of ten. Values of Rl' and R2' are calculated as follows: 

1. Null the offset to zero using a standard 10k pot, as shown 
in Figure 1A. 

2. Measure pot halves Rl and R2. 

3. Calculate: 

4. Replace the pot with Rl' and R2' using the closest value 
1 % metal film resistors. 

S. Use a lOOk, ten-turn pot for Rp to complete the nulling. 

~ 10k 
10 TURNS 

A. Simple 

~ 0~0 
f\, 

B. High Precision 

Figure 1_ Nulling Circuits 
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AN INSTRUMENT INPUT AMPUFIER USING THE ADS17L 
The circuit shown in Figure 2 represents a typical input stage 
for laboratory instruments and panel meters. The amplifier is 
non-inverting and offers selectable gains from 1 to 1000 in 
decade steps. 

Input impedance of this amplifier is 10 megohms, determined 
by resistor R1• The offset nulling network comprised of R 3, 
R4 and Rs is the same one described earlier. If a less precise 
adjustment can be tolerated, a single 10k potentiometer can be 
substituted for R3, R4 and Rs. 

+15V 

R2 
10k 1% 

INPUT >-.... -"""'_~ 
R1 
10M!} 
1% 

8 

6 

RIO 
9Ok0.02% 

R8 R11 
9.o9k 1% 9k 0.02% 

R9 R12 
10k 1% goon 0.02% 

R13 
1 DOn 0.02% 

Figure 2. Stable Instrument Input Amplifier 

Gain switching is accomplished in the feedback network. The 
divider consisting of Rl0' RU ' R12 and R·13 determines the 
gain by dividing the output and returning it to the inverting 
input of the amplifier. The ratio tolerances of these resistors 
uniquely determine the gain of the amplifier. The impedance 
seen by the inverting input is held constant at 10k ohms by 
R6 , R7 Rs or ~ depending on the gain selected. Since input 
bias currents flow through equal resistances, the offset voltages 
produced will cancel each other. The input offset currents will 
produce an insignificant offset voltage on the order of 1 micro
volt. If this offset is nulled out at the highest gain selected, it 
will be nulled on all ranges. 

The ADS 17 offers excellent temperature stability in this cir
cuit. Once the offset has been zeroed, the error produced by 
offset current drift will remain quite low due to the extremely 
low offset current drift ofthe ADS17. A FET-input op amp 
would not work well in this application, since the input offset 
currents would double for each 10°C increase in temperature, 
soon exceeding the input offset currents of the ADS17. 
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r.ANALOG 
WDEVICES 

FEATURES 
Ultralow Drift: 1 ... VI"C - AD547L 
Low Offset Voltage: 0.25mV - AD547L 
Low Input Bias Currents: 25pA max. Warmed-Up 
Low Quiescent Current: 1.5mA 
Low Noise: 2 ... V POp 
High Open Loop Gain: 110dB 
High Slew Rate: 13VI ... s 
Fast Settling to ±0.01%: 3 ... s 
Low Total Harmonic Distortion: 0.0025% 
Available in Hermetic Metal Can 

Packages and Chip Form 
MIL-STD-883B Processing Available 
Dual Versions Available: AD642. AD644. AD647 

PRODUCT DESCRIPTION 
The BiFET series are precision monolithic FET -input operational 
amplifiers fabricated with the most advanced BiFET and laser 
trimming technologies. The series offers bias currents significantly 
lower than currently available BiFET devices, 25pA max, warmed
up. 

In addition, the offset voltage is laser trimmed to less than 
0.25mV on the AD547L which is achieved by utilizing Analog's 
exclusive laser-wafer trimming (LWT) process. When combined 
with the AD547's low offset voltage drift (III-VI"C), these features 
offer the user IC perfornrance truly superior to existing BiFET 
op amplHUld at low, BiFET pricing. 

The AD542 or AD547 is recommended for any operational 
amplifier application requiring excellent dc performance at low 
to moderate costs. Precision instrument front ends requiring 
accurate amplification of millivolt level signals from megohm 
source impedances will benefit from the device's excellent com
bination of low offset voltage and drift, low bias current and 
low IIf noise. High common mode rejection (SOdB, min on the 
"K" and "L" versions) and high open-loop gain-even under 
heavy loading-ensures better than "12-bit" linearity in high 
impedance buffer applications. 

The AD544 is recommended for any operational amplifier appli
cation requiring excellent ac and dc perfornrance at low cost. 
The 2MHz bandwidth and low offset of the AD544 make it the 
first choice as an output amplifier for current output DI A con
verters such as the AD7541, 12-bit CMOS DAC. 

REV. A 

High Performance, 
BiFET Operational Amplifiers 

AD 542/AD5441 AD54 7 I 

FUNCTIONAL BLOCK DIAGRAM 

TAB 

V-leASE) 

TOPVJEW 

Devices in this series are available in four versions: the "J," 
"K" and "L" are specified over the 0 to + 70°C temperature 
range and the "S" over the - 55°C to + 125°C operating tem
perature range. All devices are packaged in the hermetically-sealed, 
TO-99 metal can. 

PRODUCT HIGHLIGHTS 
I. Improved bipolar and JFET processing results in the lowest 

bias current available in a monolithic FET op amp. 

2. Analog Devices, unlike some manufacturers, specifies each 
device for the maximum bias current at either input in the 
warmed-up condition, thus assuring the uscr that the device 
will meet its published specifications in actual usc. 

3. Advanced laser wafer trimming techniques reduce offset 
voltage drift to l,..Vf'C max and offset voltage to only 0.25mV 
max on the AD547L. 

4. Low voltage noise (2,.. V, p-p), and low offset voltage drift 
enhance performance as a precision op amp. 

5. The high slew rate (13.0V/,..s) and fast settling time to 0.01% 
(3.0Il-s) make the AD544 ideal for D/A, AID, sample-hold 
circuits and high speed integrators. 

6. Low harmonic distortion (0.0025%) make the AD544 an 
ideal choice for audio applications. 

7. Unmounted chips available for hybrid circuit applications. 
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AD5421AD544/AD547 -SPECIFICATIONS (@ +25°C and Vs = ±15V de) 

Model AD542 AD544 AD547 

MIa Typ Moo Mi. Typ Moo MIa TJP Moo u .... 

OPEN LOOPGAIN' 
VOUT == ± lOVRL~2kO 

J 100.000 30.00II 100,000 VN 

K,L.S 250.000 50.00II 250.00II VN 

TA == TmiDlOTIIWII 

J 100.000 20.000 100,000 VN 

S 1",GOO 20,00II l00,GOO VN 

K.L 250.00II 40.00II 250.00II VN 

OUTPUT CHARACTERISTICS 
VOUT = RL =2k.O 

TA = TmlntoTmu ,010 ± 12 ,010 ~ 12 ,010 ~ 12 Volts 

VOUT = RL =- lOW 
TA=TmiatoT_ ,012 ~B ,012 ±13 ,012 ~B Volts 

Short CircuitCurreot 25 25 25 rnA 

FREQUENCY RESPONSE 
UnityGam. Small S;g.w 1.0 2.0 1.0 MHz 

Full Power Response 50 200 50 kHz 

Slew Rate, UnityGain 2.0 l.O 8.0 13.0 2.0 l.O VI,..s 
Total Harmonic Distortion 0.0025 % 

INPUT OFFSET VOLTAGE' 

J 2.0 2.0 1.0 mV 

K 1.0 1.0 0.5 mV 

L 0.5 0.5 0.25 mV 

S 1.0 1.0 0.5 mV 

VS. Temperature3 

J 20 20 5 ~vrc 

K 10 10 2 ~vrc 

L 5 5 I ~vrc 

S 15 15 5 ~VI'C 

vs.Supply, TA = TmintoTmu: 

J 200 200 200 ~VN 

K,L,S 100 100 100 ~VN 

INPUT BIAS CURRENT' 
Either Input 

J 50 50 50 pA 

K.L.S 10 25 10 25 10 25 pA 

Input Offset Current 

J 5 15 5 15 5 15 pA 

K.L,S 2 15 2 15 2 15 pA 

INPUT IMPEDANCE 
Differential 10"IlII6pF 1O"llll6pF 1O"llll6pF 
CommooMode 10"~llpF 1O"llnlpF 1O"lllllpF 

INPUT VOLTAGE' 
Differential ~20 ±20 ~2O Volts 

CommooMode ,010 ~12 ,010 ~12 ,010 ~12 Volts 
Common~Mode Rejection 

VIN = ::!:lOV 

J 76 76 76 dB 

K.L.S 80 80 80 dB 

POWER SUPPLY 
Rated Performance ± 15 ~ 15 ~15 Volts 
Operatiag ~5 ,018 ~5 ,018 ~5 ,018 Volts 
Quiescent Current 1.1 1.5 1.8 2.5 1.1 1.5 rnA 

VOLTAGE NOISE 
O.I-1OHz 

J 2.0 2.0 2.0 p.Vp-p 

K,L.S 2.0 2.0 4.0 
:~/~ 10Hz 70 l5 70 

100Hz 45 22 45 nV/YHz 
1kHz 30 18 30 nV/YHz 
10kHz 25 16 25 nVIv'i!; 

TEMPERATURE RANGE 
Operating, Rated Performance 

J.K.L Oto +70 010 + 70 Oto +70 'C 
S -5Sto+125 -55to + 125 - 55to+ 125 'C 

St ..... -65to + 150 -6510 + 165 -6510 +165 'C 

TRANSISTOR COUNT 29 29 29 

NOTES 
IOpeu Loop Gain is specified with Vos both nulled and unnulled. 
2[Oput Offset Voltqe .peciflClt.ions are guarmtecd after 5 minuta of operation at T A = + zsoc. 
Sfnput Off&et Vol. Drift is specified with the oft'Bet voI_ unnuIlcd. NuUias will induce ID IKkUtioDal 3.,. Vl"ClmV of Dulled ofIIct:. 
"Bias Current specifications arc paranfftd masimum at eit:bet input after 5 miDUtei of operation at TA '" + 2S"C. For biPer tempenturcI, the currcat doubIa eftI:J 1O"C. 
5Defined III the muimum safe vol_ between inputs. such that aeithcr excccda :t lOV from. pound. 

Specifications sub;ect to cbIIIp without aodce. 
Spedfiattion ........ in _ ... -..I on on pmdu<tion units .. fhW __ .ItsultI_.-_ .. _ .. _ ......... qaolk7 ..... AD .... 

.ad _1pOCifkotiono ......... -.1ItbouP aaly.- ....... ia _ ... -..I !tit on ~ units. 
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Figure 21a. Unity Gain Follower 
Pulse Response (Large Signal) 
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Figure 21b. Unity Gain Follower 
Pulse Response (Small Signal) 

Figure 22b. Unity Gain Inverter 
Pulse Response (Large Signal) 
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Figure 23a. Unity Gain Follower 
Pulse Response (Large Signal) 

Figure 23b. Unity Gain Follower 
Pulse Response (Small Signal) 

Figure 23c. Unity Gain Follower 
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Figure 24c. Unity Gain Inverter 
Pulse Response (Small Signal) 

r:c==:::...:::.:..:=:...., .. ~e';51~ERTlCAL 
4.99k vEnRoR=~ 

4.'" 

VOUT 

Figure 25. Settling Time Test Circuit 

The upper trace of the oscilloscope photograph of Figure 26 
shows the settling characteristic of the ADS44. The lower trace 
represents the input to Figure 27. The ADS44 has been designed 
for fast settling to 0.01%, however, feedback components, circuit 
layout and circuit design must be carefully considered to obtain 
the optimum settling time. 

VERROR.1mV/DIV 

VaN-1OV/DIV 

Figure 26. Settling Characteristic Detail - AD544 
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LIMIT FOR VARIOUS 
LOAD RESISTORS -Vs 

AL Ct. UPTO 
2kO .... 1500pF 
1Okn.... 600pF 
2Okn.... 500pF 

Figure 27. Circuit for Driving a Large Capacitance Load 

The circuit in Figure 27 employs a lOOn isolation resistor which 
enables the amplifier to drive capacitance loads exceeding SOOpF; 
the resistor effectively isolates the high frequency feedback from 
the load and stabilizes the circuit. Low frequency feedback is 
returned to the amplifier summing junction via the low pass 
filter formed by the lOOn series resistor and the load capacitance, 
CL · 

Figure 28. Transient Response RL =2k{} CL =500pF-AD544 
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BiFET Application Hints 
APPLICATION NOTES 
The BiFET series was designed for high performance op-amp 
applications that require true dc precision. To capitalize on all 
of the performance available from the BiFETs there are soine 
practical error sources that should be considered. 

The bias currents of JFET input amplifiers double with every 
10·C increase in chip temperature. Therefore, minimizing the 
junction temperature of the chip will result in extending the 
performance limits of the device. 

1. Heat dissipation due to power consumption is the main con
tributor to self-heating and can be minimized by reducing. 
the power supplies to the lowest level allowed by the applica
tion. 

2. The effects of output loading 'should be carefully considered. 
Greater power dissipation increases bias currents and decreases 
open loop gain. 

GUARDING 
The low input bias current (25pA) and low noise characteristics 
of the high performance BiFET op amp make it suitable for 
electrometer applications such as photo diode preamplifiers and 
picoampere current-to-voltage converters. The use of guarding 

. techniques in printed circuit board layout and construction is 
critical for achieving the ultimate in low leakage performance 
available from these amplifiers. The input guarding scheme 
shown in Figure 29 will minimize leakage as much as possible; 
the guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal lines should not 
be extended for any unnecessary length on a printed circuit. 

(BOTTOM VIEW) 

SAME PATTERN-SHOULD BE 
LAID OUT ON BOTH SIDES 
OF P.C. BOARD 

Figure 29. Board Layout for Guarding Inputs 

INPUT PROTECTION 
The BiFET series is guaranteed for a maximum safe input potential 
equal to the power supply potential. The input stage design also 
allows differential input voltages of up to ± 1 volt while maintaining 
the full differential input resistance of 10120. This makes the 
BiFET series suitable for comparator situations employing a 
direct connection to high impedance source. 

Many instrumentation situations, such as flame detectors in gas 
chromatographs, involve measurement of low level currents 
from high-voltage sources. In such applications, a sensor fault 
condition may apply a' very high potential to the input of the 
current-ta-voltage converting amplifier. This possibility necessi
tates some form <if input protection. Many electrometer type 
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devices, especially CMOS designs, can require elaborate zener 
protection schemes which often compromise overall performance. 
The BiFET series requires input protection ouly if the source is 
not curren~-Iimited, and as such is similar to many JFET-input 
designs. The failure mode would be overheating from excess 
current rather than voltage breakdown. If the source is not 
current-limited, all that is required is a resistor in series with 
the affected input terminal so that the maximum overload current 
is l.OmA (for example, lOOkO for a 100 volt overload). This 
simple scheme will cause no significant reduction in performance 
and give complete overload protection. Figure 30 shows proper 
connections. 

Rp = 1~A FOR TRANSIENTS LESS THAN 1 SECOND 

Rp= 10':::A FOR CONTINUOUS OVERLOADS 

Figure 30. Input Protection 

D/A CONVERTER APPLICATIONS 
The BiFET series of operational amplifiers can be used with 
CMOS DACs to perform both 2-quadrant and 4-quadrant oper
ation. The output impedance of a CMOS DAC varies with the 
digital word, thus changing the noise gain of the amplifier circuit. 
The effect will cause a nonlinearity the magnitude of which is 
dependent on the offset voltage of the amplifier. The BiFET 
series with trimmed offset will minimize this effect. Additionally, 
the Schottky protection diodes recommended for use with many 
older CMOS DACs are not required when using one of the 
BiFET series amplifiers. 

Figure 31a shows the AD547 and AD7541 configured for unipolar 
binary (2-quadrant multiplication) operation. With a dc reference 
voltage or current (positive or negative polarity) applied at pin 
17, the circuit operates as a unipolar converter. With an ac 
reference voltage or current, the circuit provides 2-quadrant 
multiplication (digitally controlled attenuation). 

(MSB) 
BIT 1 

BIT 2 

DIGITAL 
INPUT 

BIT 12 
ILSBI 

VOUT 

Figure 31a. AD547 Used as DAC Output Amplifier 
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The oscilloscope photo of Figure 31b shows the output of the 
circuit of Figure 31a. The upper trace represents the reference 
input, and the bottom trace shows the output voltage for a 
digital input of all ones on the DAC (Gain l_z·n). The 47pF 
capacitor across the feedback resistor compensates for the DAC 
output capacitance, and the ISOpF load capacitor serves to 
minimize output glitches. 

VRH IN, lOV poP, 33kHz 

10V/DIV VERT, 
5,.Is/OIV HORIZ. 

VOUT. 

5V/DIV VERT 
5,l.sIDIV HORIZ. 

SETTLING TIME: 15/01 TO 
0.01% ON 20V STEP 

Figure 31b. Voltage Output DAC Settling Characteristic 

Figure 3Za illustrates the 10-bit digital-ta-analog converter, 
AD7S33, connected for bipolar operation. Since the digital 
input can accept bipolar numbers and VREF can accept a bipolar 
analog input, the circuit can perform a 4-quadrant mUltiplying 
function. 

.5 .00k 

BIPOLAR 
ANALOG INPUT 

tlOV 

BIPOLAR 
OfFSET 

.B 
10k NOTES: 

1. R3/R4 MATCH 0.05% OR BETTER. 
2. RI, R2 USED ONLY IFOAIN 

ADJUSTMENT IS REQUIRED 

Figure 32a. AD544 Used as DAC Output Amplifiers 

The photos exhibit the response to a step input at VREF• Figure 
3Zb is the large signal response and Figure 3Zc is the small 
signal response. Cl phase compensation (ISpF) is required for 
stability when using high speed amplifiers. Cl is used to cancel 
the pole formed by the DAC internal feedback resistance and 
the output capacitance of the DAC. 

Figure 32b. Large Signal 
Response 
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Figure 32c. Small Signal 
Response 

Applications-AD5421AD544/AD547 
USING THE AD547 IN LOG AMPLIFIER 
APPLICATIONS 
Log amplifiers or log ratio amplifiers are useful in applications 
requiring compression of wide-range analog input data, lineari
zation of transducers having exponential outputs, and analog 
computing, ranging from simple translation of natural relationships 
in log form (e.g., computing absorbence as the log-ratio of input 
currents), to the use of logarithms in facilitating analog compu
tation of terms involving arbitrary exponents and multi-term 
products and ratios. 

The picoamp level input current and low offset voltage of the 
ADS47 make it suitable for wide dynamic range log amplifiers. 
Figure 33 is a schematic of a log ratio circuit employing the 
ADS47 that can achieve less than 1% conformance error over 5 
decades of current input, InA to lOOIlA. For voltage inputs, the 
dynamic range is typically SOmV to lOY for 1% error, limited 
on the low end by the amplifiers' input offset voltage. 

+15V 

v, 
} 

Your = - IV L.oatO 1,/12 
lk OR -1\1 LOG,o V, fV 2 .. 
lS.4k 

~ __ ~-----------4 

."'" 1k 

1k 

"o---...... -'-j 

RTe TEL l.ABS 
+3500ppm Q81 

NOTES 
CIRCUIT SHOWN FOR NEGATIVE V OR lIN. 

-'5V fOR POSITIVE INPUTS, Q1 "PNP, ANO VA" ~'5V. 

Figure 33. Log-Ratio Amplifier 

The conversion between current (or voltage) input and log output 
is accomplished by the base emitter junctions of the dual transistor 
Ql. Assuming QI has [3> 100, which is the case for the specified 
transistor, the base-emitter voltage on side I is to a close ap
proximation: 

This circuit is arranged to take the difference of the V BE' s of 
QIA and QIB, thus producing an output voltage proportional 
to the log of the ratio of the inputs: 

Kkt 
VoUT=-K(VBEA - VBEB)=-q (In I/Isl-ln IzIlsz) 

VOUT= -K kT/q In I/Iz 

The scaling constant, K is set by Rl and RTC to about 16, to 
produce I V change in output voltage per decade difference in 
input signals. RTC is a special resistor with a + 3S00ppml"C 
tempemture coefficient, which makes K inversely proportional 
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to temperature, compensating for the "T" in kT/q. The log-ratio 
transfer characteristic is therefore independent of temperature. 

This particular log ratio circuit is free from the dynamic problems 
that plague many other log circuits. The - 3dB bandwidth is 
50kHz over the top 3 decades, lOOnA to lOO",A, and decreases 
smoothly at lower input levels. This circuit needs no· additional 
frequency compensation for stable operation from input current 
sources, such as photodiodes, that may have IOOpF of shunt 
capacitance. For larger input capacitances a 20pF integration 

CF 47pF 

capacitor around each amplifier will provide a smoother frequency 
response. 

This log ratio amplifier can be readily adjusted for optimum 
accuracy by following this simple procedure. First, apply 
VI =V2= -IO.OOV and adjust "Balance" for VOlTr = O.OOV. 
Next apply VI = -lO.OOV, V2 = -l.OOV and adjust gain for 
VOUT= + l.OOV. Repeat this procedure until gain and balance 
readings are within 2mV of ideal values. 

C. _F 

L--=,-",-+-oRESET 

~n~{~------~~ __ ~ 

Figure 34. Differentiator 

R1 10k 

Figure 37. Capacitance 
Multiplier 

(NEGATIVE PULSE) 

OUT 

Figure 35. Low Drift Integrator and 
Low-Leakage Guarded Reset 

:!ill 
Vlo-_fY-...... -I 

Figure 36. Wien-Bridge 
Oscillator - fo = 10kHz 

RESET 

RS 2. 
O.22pF 

Figure 38. Long Interval 
Timer - 1,000 Seconds 

ORDERING GUIDE 

IDitiai Offset SettlingT"une 
Offset Voltage to ±O.012%for 

Model Voltage Drift lOVStep 

AD542JH 2.OmV 20 .... Vrc S .... s 
ADS42KH 1.0mV 10 .... Vrc 5,... 
ADS42LH O.SmV S .... vrc 5,... 
ADS42SH I.Omv lS .... Vrc 5,... 

AD547JH I.Omv S .... vrc 5,... 
ADS47KH O.SmV 2 .... Vrc 5,... 
ADS47LH 0.2SmV l .... Vrc 5,... 
ADS47SH O.SmV S .... vrc 5,... 

ADS44JH 2.OmV 20 .... Vrc 3,... 
ADS44KH I.Omv lO .... Vrc 3,... 
ADS44LH O.SmV S .... vrc 3 .... s 
ADS44SH I.Omv lS .... Vrc 3,... 

1.5kIl 

Figure 39. Positive Peak Detector 

Package 
Option· 

H-DBA 
H-DSA 
H-DBA 
H-DBA 

H-DBA 
H-DSA 
H-DSA 
H-DBA 

H-OSA 
H-OBA 
H-DBA 
H-OSA 

'H-OSA = TO-99 (Hennetic Metal Can). For outline information see Pack
age Information section. 

2-64 OPERA T/ONAL AMPLIFIERS REV. A 



~ANALOG 
WDEVICES 

FEATURES 
Low Offset Voltage: O.SmV max (AD545ALI 

O.2SmV max (AD545AM) 
Low Offset Voltage Drift: Sfl.vrc max IAD545ALI. 

3f1.Vrc max (AD545AM) 
Low Power: 1.SmA max 
Low Bias Current: 1pA max (AD545AK. L. M) 
Low Noise: 3f1.V pop. O.1Hz to 10Hz 

PRODUCT DESCRIPTION 
The AD545A is a monolithic precision FET-input operational 
amplifier. It is a successor to the AD545 and will replace the 
AD545 in most applications. Bias current is specified as 2pA 
max for the AD545AJ and IpA max for the AD545AK, L and 
M. Offset voltage is laser trimmed to O.5mV max for the AD545AL, 
O.25mV max for the ADS45AM. All devices also feature low 
voltage noise and power consumption. The AD545A is internally 
compensated, short circuit protected and free of latch-up. 

The AD545A series offers a broad combination of performance 
features. For precision applications the AD545AM specifies a 
O.25mV max offset voltage, 3jLVrc max drift and IpA max bias 
current. The AD545AJ, with a ImV max offset voltage, 25jLVrC 
max drift and 2pA max bias current, is the best price performance 
choice. 

These devices are recommended for a variety of general purpose 
and precision applications requiring low bias currents and high 
input impedance such as pH/pIon sensitive electrodes, photo
current detectors, biological microprobes, long-term precision 
integrators and vacuum ion gage measurements. The versatility 
of the AD545A is further enhanced by its excellent low frequency 
noise (3jLV pop, O.IHz to 10Hz) and low power consumption 
(1.5mA max) for portable applications. 

As with previous electrometer amplifier designs from Analog 
Devices, the case is guarded thus minimizing stray leakage. 
This feature will also shield the input circuitry from external 
noise and supply transients. 

The AD545A is available in four versions of bias current and 
offset voltage, the "J," "K," "L," and "M." All are specified 
from 0 to + 70°C and supplied in a hermetically sealed TO-99 
package. 

·Covered by U.S. Patent No. 4,639,683. 

REV. A 

Monolithic Precision, Low Drift 
FEr-Input Up Amp 

AD545A* I 
PIN CONFIGURATION 

GUARD PIN (CONNECTED TO CASEI 
TAB 

OFFSET v- OFFSET 

~
NULL 1010l NULL 

1 5 

4 v-

PRODUCT HIGHLIGHTS 
I. The offset voltage on the AD545A is laser trimmed to a level 

typically less than 250jL V. Offset voltage drift is only 3jL V rc 
max for the AD54SAM. If additional external nulling is 
desired, the effect on drift is minimal (approximately 
2.5jLVrC mY, nulled). 

2. Bias current is specified as the maximum measured at either 
input with the device fully warmed up on ± l5V supplies at 
+ 25°C ambient. 

3. The low quiescent current drain ofO.6mA typical, and 1.5mA 
max keeps self-heating to a minimum. 

4. The combination of low input noise voltage and very low 
input noise current is such that for source impedances from 
much over one MO up to 10110, the Johnson noise of the 
source will easily dominate the noise characteristics. 
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AD545A - SPECIFICATIONS (typical @ +25°C and Vs = :!:15V dc. unless otherwise specified) 

Model AD54SAJ AD54SAK ADS4SAL ADS4SAM 

OPEN LOOPGAINi 

VOUT=± IOV,RL ;;;,2kO 20,OOOVNmin 4O,OOOV N min 4O,OOOVNmin 4O,OOOVNmin 
RL ;;;,lOkO 4O,OOOV N min SO,OOOV N min SO,OOOVNmin SO,OOOVNmin 

T A=min tomaxRL ;;;,2kO lS,OOOVNmin 2S,OOOVNmin 4O,OOOV IV min 4O,OOOVlVmin 

OUTPUT CHARACTERISTICS 
Voltage@RL = 2kn, T A = min to max ±lOVmin(±12Vtyp) * * * 

@RL =lOkn,TA=mintomax ± 12V min ( ± 13Vtyp) * * * 
Load Capacitance2 500pF * * * 
Short Circuit Current IOmA min (20rnA typ) * * * 

FREQUENCY RESPONSE 
Unity Gain, Small Signal IMHz * * * 
Full Power Response 5kHz min (30kHz typ) * * * 
Slew Rate Inverting Unity Gain 0.3V/lI-s min (2.OVlII-8 typ) * * * 
Overload Recovery Inverting Unity Gain IOOIl-S max (211-8 typ) * * * 

INPUT OFFSET VOLTAGE3 l.OmVmax I.OmVmax O.SmVmax O.2SmVmax 
vs. Temperature, T A = min to max 2S,..,VI"Cmax lS,..,VI"Cmax S,..,VI"Cmax 3,.., V I"C max 
V8. Supply, TA = min to max 400,.., V IV max (SO,.., VN typ) 200,..,VlVmax 200,..,VlVmax 200 .... VlVmax 

INPUT BIAS CURRENT 
Either Input4 2pAmax IpAmax IpAmax IpAmax 

INPUT IMPEDANCE 
Differential VIN = ± IV 1.6pFIII0130 * * * 
Common Mode 0.8pFIlIOisO * * * 

INPUT NOISE 
Voltage,O.lHzto 10Hz 3.011-V (p-p) * * S .... V(p-p)max 

f=lOHz 55nV/YHZ * * * 
f=lOOHz 45nV/YHZ * * * 
f=lkHz 35nV/YHZ * * * 

Current,O. 1Hz to 10Hz 0.03pA(p-p) * * * 
10Hz to 10kHz 0.05pArms * * * 

INPUT VOLTAGE RANGE 
Differential ±20Vmin * * * 
Common Mode, T A = min to max ± 10Vmin * * * 
Common-Mode Rejection, VIN= ± lOY 66dB min (SOdB typ) 70dBmin 76dBmin 76dBmin 
Maximum Safe Input Voltagess ±Vs * * * 

POWER SUPPLY 
Rated Performance ±15V * * * 
Operating ±SVmin(±ISVmax) * * * 
Quiescent Current 1.SmAmax(0.6mAtyp) * * * 

TEMPERATURE 
Operating, Rated Performance Oto + 70°C * * * 
Storage -65°C to + 150°C * * * 

PACKAGE OPTIO~ H-OSA * * * 
NOTES 
*Specifications same as AD545A]. 
IOpen Loop Gain is specified with or without nulling of Vos. 
2 A conservative design would not exceed 500pP of losd capscitsnce. 
'Input Offset Voltage speciflCations are guaranteed after 5 minutes of operstion at TA = + 25"C. 
'Bias Current specifications are guaranteed after 5 minutes of operstion at TA = + 25"C. Por higher temperstures, the current doubles every + 1O"C. 
'If it is poasible for the input voltage to exceed the supply voltage, a series protection resistor should be added to limit input current to O.lmA. The 
input devices can handle overlosd currents of O.lmA indefinitely without damage. 

"Por outline information see Package Information section. 

Specifications subject to change without notice. 

Specifications shown in boklface are tested on all production units at final test. 
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LAYOUT AND CONNECTIONS CONSIDERATIONS 
The design of very high impedance measurement systems in
troduces a new level of problems associated with the reduction 
of leakage paths and noise pickup. 

I. A primary consideration in high impedance system designs is 
to attempt to place the measuring device as near to the signal 
source as possible. This will minimize current leakage paths, 
noise pickup and capacitive loading. 

2. The use of guarding techniques is essential to realizing the 
capability of the low input currents of the AD545A. Guarding 
is achieved by applying a low impedance bootstrap potential 
to the outside of the insulation material surrounding the high 
impedance signal line. This bootstrap potential is held at the 
same level as that of the high impedance line; therefore, 
there is no voltage drop across the insulation, and hence, no 
leakage. The guard will also act as a shield to reduce noise 
pickup and serves an additional function of reducing the 
effective capacitance to the input line. The case of the AD545A 
is brought out separately to Pin 8 so that it can also be connected 
to the guard potential. This technique virtually eliminates 
potential leakage paths across the package insulation, provides 
a noise shield for the sensitive circuitry, and reduces common
mode input capacitance to about O.8pF .. Figure 10 shows a 
proper printed circuit board layout for input guarding and 
connecting the case guard. Figures 2 and 3 show guarding 
connections for typical inverting and noninverting applications. 
If Pin 8 is not used for guarding, it should be connected to 
ground or one of the amplifier's power supplies to reduce 
noise. 

3. Printed circuit board layout and construction is critical for 
achieving low leakage performance. The best performance 
will be realized by using a teflon IC socket for the AD545A 
but at least a teflon stand-off should be used for the high
impedance lead. If this is not feasible, the input guarding 
scheme shown in Figure 10 will minimize leakage as much as 
possible and should be applied to both sides of the board. 

I J ,------, 

Figure 1. Picoampere Current-to-Voltage Converter 
Inverting Configuration 

EO=VsI1+a;) 

ZIN .. 1015 nnO.2pF 

Figure 2. Very High Impedance Noninverting Amplifier 
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Applying the AD545A 
The guard ring is connected to a low impedance potential at 
the same level as the inputs. High impedance signal lines 
should not be extended for any unnecessary length on a 
printed circuit; to minimize noise and leakage, they must be 
carried in rigid, shielded cables. 

APPLICATION NOTES 
The AD545A offers one of the lowest input bias currents available 
in an integrated circuit package. Performing accurate measure
ments with this device requires careful attention to detail; the 
notes given here will aid the user in realizing the full measurement 
potential of the AD545A and extending its performance limits. 

I. As with all junction FET input devices, the temperature of 
the FETs themselves is all-important in determining the 
input bias currents. Over the operating temperature range, 
the input bias currents closely follow a characteristic of doubling 
every 10°C; therefore, every effort should be made to minimize 
device operating temperature. 

2. The heat dissipation can be reduced initially by careful inves-· 
tigation of the application. First, if possible, reduce the required 
voltage power supplies, since internal power consumption 
contributes the largest component of self-heating. The effects 
of this are shown in Figure 7, which shows typical input bias 
current versus supply voltage. 

3. Output loading effects, which are normally ignored, can 
cause a significant increase in chip temperature and therefore 
bias current. For example, a 2kO load driven at IOV at the 
output will cause at least an additional 25mW dissipation in 
the output stage (and some in other stages) over the typical 
24mW, thereby at least doubling the effects of self-heating. 
The results of this form of additional power dissipation are 
demonstrated in Figure 9, which shows normalized input 
bias current versus additional power dissipated (it doubles 
every 10°C); we recommend restricting the load impedance 
to be at least IOkO. 

4. Figure 8 shows the AD545A's input currents versus differential 
input voltage. Input current at either terminal stays below a 
few hundred fA until one input terminal is forced higher 
than I V to I. 5V above the other terminal. Input current 
limits at 30!,-A under these conditions. 
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AD545A - Typical Performance Curves 
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-.ANALOG 
WDEVICES 

FEATURES 
DC PERFORMANCE 
1 mV max Input Offset Voltage 
Low Offset Drift: 20 fJ.VI"C 
1 pA max Input Bias Current 
Input Bias Current Guaranteed Over Full 

Common-Mode Voltage Range 

AC PERFORMANCE 
3 V I fJ.s Slew Rate 
1 MHz Unity Gain Bandwidth 
Low Input Voltage Noise: 4 fJ.V p-p, 0.1 Hz to 10 Hz 
Available in a Low Cost, a-Pin Plastic Mini-DIP 
Standard Op Amp Pinout 

APPLICATIONS 
Electrometer Amplifiers 
Photodiode Preamps 
pH Electrode Buffers 
Log Ratio Amplifiers 

PRODUCT DESCRIPTION 
The AD546 is a monolithic electrometer combining the virtues 
of low (I pAl input bias current with the cost effectiveness of a 
plastic mini-DIP package. Both input offset voltage and input 
offset voltage drift are laser trimmed, providing very high per
formance for such a low cost amplifier. 

Input bias currents are reduced significantly by using "topgate" 
JFET technology. The lOIS n common-mode impedance, result
ing from a bootstrapped input stage, insures that input bias 
current is essentially independent of common-mode voltage 
variations. 

The AD546 is suitable for applications requiring both minimal 
levels of input bias current and low input offset voltage. Appli
cations for the AD546 include use as a buffer amplifier for cur
rent output transducers such as photodiodes and pH probes. It 
may also be used as a precision integrator or as a low droop rate 
sample and hold amplifier. The AD546 is pin compatible with 
standard op amps; its plastic mini-DIP package is ideal for use 
with automatic insertion equipment. 

The AD546 is available in two performance grades, all rated 
over the 0 to + 70°C commercial temperature range, and pack
aged in an 8-pin plastic mini-DIP. 

·Covered by Patent No. 4,639,683 

REV. A 

1 pA Monolithic Electrometer 
Operational Amplifier 

AD546* I 
CONNECTION DIAGRAM 

NUU 

-IN 

+IN 

v-

8-Pin Plastic 
Mini-DIP Package 

TOP VIEW 

NC = NO CONNECT 

PRODUCT HIGHLIGHTS 

NC 

V+ 

OUTPUT 

NULL 

1. The input bias current of the AD546 is specified, 100% 
tested and guaranteed with the device in the fully warmed-Up 
condition. 

2. The input offset voltage of the AD546 is laser trimmed to 
less than 1 mV (AD546K). 

3. The AD546 is packaged in a standard, low cost, 8-pin 
mini-DIP. 

4. A low quiescent supply current of 700 IJ-A minimizes any 
thermal effects which might degrade input bias current and 
input offset voltage specifications. 
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AD546~~PECIFICATIONS (@ +25°C and ±15 V dc. unless othelWisenoted) 

ADS46J AD546K 
Model Conditions Min Typ Max Min Typ Max Units 

INPUT BIAS CURRENT 1 

Either Input VCM = OV 0.2 1 0.2 0.5 pA 
Either Input VCM=±IOV 0.2 I 0.2 0.5 pA 
Either Input 

@Tmax VCM = 0 V 40 20 pA 
Either Input VcM=±IOV 40 20 pA 
Offset Current VCM = 0 V 0.17 0.09 pA 
Offset Current 

@Tmax VCM = 0 V 13 7 pA 

INPUT OFFSET VOLTAGE2 

Initial Offset 2 1 mV 
Offset @ T max 3 2 mV 
vs. Temp. 20 20 jl.vrc 
vs. Supply 100 100 jl.VN 
vs. Supply T;;'in-Tmax 100 100 jl.VN 
Long Term Stability 20 20 jl.V/month 

INPUT VOLTAGE NOISE 
f= 0.1 Hz to 10Hz 4 4 jl.Vp-p 
f= 10 Hz 90 90 nV/YHZ 
f = 100 Hz 60 60 nV/YHZ 
f=lkHz 35 35 nV/YHZ 
f = 10 kHz 35 35 nV/YHZ 

INPUT CURRENT NOISE 
f = 0.1 Hz to 10 Hz 1.3 1.3 fArms 
f=lkHz 0.4 0.4 fAlYHZ 

INPUT IMPEDANCE 
Differential VDIFF = ±1 V 1013111 1013111 OllpF 
Common Mode VCM = ±lOV JOl5110.8 1015110.8 OllpF 

OPEN LOOP GAIN Vo = ±10V 
RLOAD = 10 kO 300 1000 300 1000 V/mV 

Troin-Tmax Vo = ±IOV 
RLOAD = 10kO 300 800 300 800 V/mV 
Vo=±IOV 
RLOAD = 2 kO 100 250 100 250 V/mV 

Tmin-Tmax Vo = ±IOV 
RLOAD = 2 kO 80 200 80 200 V/mV 

INPUT VOLTAGE RANGE 
Differential3 ±20 ±20 V 
Common-Mode Voltage -10 +10 -10 +10 V 
Common-Mode 

Rejection Ratio VCM = ±lOV 80 90 84 100 dB 
Tmin to Tmax 76 80 76 80 dB 

OUTPUT CHARACTERISTICS 
Voltage RLOAD = 10kO -12 +12 -12 +12 V 

RLOAD = 2 kO -10 +10 -10 +10 V 
Current Short Circuit 15 20 35 15 20 35 mA 
Load Capacitance 

Stability Gain = +1 4000 4000 pF 
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AD546 
AD546J AD546K 

Model Conditions Min Typ Max Min Typ Max Units 

FREQUENCY RESPONSE 
Gain BW, SmaIl Signal G =-1 0.7 1.0 0.7 1.0 MHz 
Full Power Response Vo =20VJrp 50 50 kHz 
Slew Rate, Unity Gain G =-1 2 3 2 3 V/lLs 
Settling Time to 0.1% 4.5 4.5 ILS 

to 0.01% 5 5 ILS 
Overload Recovery 50% Overdrive 

Gain = -I 2 2 ILS 

POWER SUPPLY 
Rated Performance ±15 ±15 V 
Operating Range ±5 ±lS ±S ±lS V 
Quiescent Current 0.60 0.7 0.60 0.7 mA 
Transistor Count # of Transistors 50 50 

PACKAGE OPTIONS' 
Plastic Mini-DIP (N-8) AD546JN AD546KN 

NOTES 
IBias current specifications are guaranteed maximum., at either input, after 5 minutes of operation at TA = +2SoC. Bias current increases by a factor of 2.3 for 
every IO"C rise in temperature. 

2Input offset voltage specifications are guaranteed after 5 minutes of operation at TA = + 25°C. 
3Defined as max continuous voltage between inputs, such that neither exceeds ± 10 V from ground. 
4For outline information see Package Information section. 
Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ± 18 V 
Internal Power Dissipation .................. 500 mW 
Input VOltage2 ........................... ±IS V 
Output Shon Circuit Duration . . . . . . . . . . . . . . . Indefinite 
Differential Input Voltage . . . . . . . . . . . . . . . + V s and - V s 
Storage Temperature Range ........... -65°C to + 125°C 
Operating Temperature Range .............. 0 to +70°C 
Lead Temperature Range 

(Soldering 60 seconds) ..................... 300°C 

NOTES 
IStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

'For supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

REV. A 

ESD PRECAUTIONS 
Charges as high as 4000 V readily accumulate on the human 
body and test equipment and discharge without detection. 
Therefore, reasonable ESD precautions are recommended to 
avoid functional damage or performance degradation. Unused 
devices should be stored in conductive foam or shunts, and the 
foam should be discharged to the destination socket before 
devices are removed. For funher information on ESD precau
tions, refer to Analog Devices' ESD Prevention Manual. 

OPERA TIONAL AMPLIFIERS 2-71 

• 



A0546-Typical Characteristics (vs = ±15 v, unless otherwise specified) 
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Figure 15. CMRR vs. Frequency 
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Figure 18. Unity Gain Follower Figure 19. Unity Gain Follower 
Large Signal Pulse Response 

Figure 20. Unity Gain Follower 
Small Signal Pulse Response 
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Figure 21. Unity Gain Inverter Figure 22. Unity Gain Inverter 
Large Signal Pulse Response 

Figure 23. Unity Gain Inverter 
Small Signal Pulse Response 

MINIMIZING INPUT CURRENT 
The AD546 is guaranteed to have less than I pA max input 
bias current at room temperature. Careful attention to how 
the amplifier is used will reduce input currents in actual 
applications. 

The amplifier operating temperature should be kept as low as 
possible to minimize input current. Like other JFET input 
amplifiers, the AD546's input current is sensitive to chip tem
perature, rising by a factor of 2.3 for every lOoe rise. This is 
illustrated in Figure 24, a plot of AD546 input current versus 
ambient temperature. 
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Figure 24. AD546 Input Bias Current vs. Ambient 
Temperature 
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On-chip power dissipation will raise chip operating temperature 
causing an increase in input bias current. Due to the AD546's 
low quiescent supply current, chip temperature. when the 
(unloaded) amplifier is operated with IS V supplies, is less 
than 3°e higher than ambient. The difference in input current 
is negligible. 

However, heavy output loads can cause a significant increase in 
chip temperature and a. corresponding increase in input current. 
Maintaining a minimum load resistance of 10 kO is recom
mended. Input current versus additional power dissipation due 
to output drive current is plotted in Figure 25. 
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Figure 25. AD546 Input Bias Current vs. Additional Power 
Dissipation 
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Circuit Board Notes 
The AD546 is designed for through hole mount into PC boards. 
Maintaining picoampere level resolution in that environment 
requires a lot of care. Since both the printed circuit board and 
the amplifier's package have a finite resistance, the voltage dif
ference between the amplifier's input pin and other pins (or 
traces on the PC board) will cause parasitic currents to flow into 
(or out of) the signal path (see Figure 26). These currents can 
easily exceed the I pA input current level of the AD546 unless 
special precautions are taken. Two successful methods for mini
mizing leakage are guarding the AD546's input lines and main
taining adequate insulation resistance. I QPI 

Rp Cp 

v. 

AD546 
CF 

+ 

Va dCp dV. 
IP=R;+ dT V'+d"fCp 

The AD546's positive input ( Pin 3) is located next to the nega
tive supply voltage pin (Pin 4). The negative input (Pin 2) is 
next to the balance adjust pin (Pin 1) which is biased at a poten
tial close to the negative supply voltage. The layouts shown in 
Figures 27a and 27b for the inverter and follower connections 
will guard against the effects of low surface resistance of the 
board. Note that the guard traces should be placed on both sides 
of the board. In addition the input trace should be guarded on 
both of its edges along its entire length. 

Figure 26. Sources of Parasitic Leakage Currents 
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AD546 

PC BOARD 
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Figure 28. Input Pin to Insulating Standoff 

Leakage through the bulk of the circuit board will still occur 
with the guarding sche'mes shown in Figures 27a and 27b. Stan
dard "G 10" type printed circuit board material may not have 
high enough volume resistivity to hold leakages at the sub
picoarnpere level particularly under high humidity conditions. 
One option that eliminates all effects of board resistance is 
shown in Figure 2S. The AD546's sensitive input pin (either Pin 
2 when connected as an inverter, or Pin 3 when connected as a 
follower) is bent up and soldered directly to a Teflon* insulated 
standoff. Both the signal input and feedback component leads 
must also be insulated from the circuit board by Teflon 
standoffs or low-leakage shielded cable. 

Contaminants such as solder flux on the board's surface and on 
the amplifier's package can greatly reduce the insulation resis
tance between the input pin and those traces with supply or sig
nal voltages. Both the package and the board must be kept clean 
and dry. An effective cleaning procedure is to first swab the sur
face with high grade isopropyl alcohol, then rinse it with deion
ized water and, fmally, bake it at SO°C for 1 hour. Note that if 
either polystyrene or polypropylene capacitors are used on the 
printed circuit board, a baking temperature of 700C is safer, 
since both of these plastic compounds begin to melt at approxi
mately +S5°C. 

Other guidelines include making the circuit layout as compact as 
possible and reducing the length of input lines. Keeping circuit 
board components rigid and minimizing vibration will reduce 
triboelectric and piezoelectric effects. All precision high imped
ance circuitry requires shielding from electrical noise and inter
ference. For example, a ground plane should be used under all 
high value (i.e., greater than I MO) feedback resistors. In some 
cases, a shield placed over the resistors, or even the entire 
amplifier, may be needed to minimize electrical interference 
originating from other circuits. Referring to the equation in Fig
ure 26, this coupling can take place in either, or both, of two 
different forms-coupling via time varying fields: 

dV 
dT CP 

or by injection of parasitic currents by changes in capacitance 
due to mechanical vibration: 

dCPV 
dt 

Both proper shielding and rigid mechanical mounting of 
components help minimize error currents from both of these 
sources. Table I lists various insulators and their properties. 
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Volume Minimal 
Resistivity Triboelectric 

MateriaJ' (o-cM.) Effects 

Teflon" 1017_10'. W 
Kel-F** 1017_10'. W 
Sapphire 10'6_10'· M 
Polyethylene 1014_10'. M 
Polystyrene 10'2_10'· W 
Ceramic 1012_10" W 
Glass Epoxy 10'°_10'7 W 
PVC 10'°-10" G 
Phenolic 10' _1012 W 

G-Good with Regard to Property 
M-Modetate with Regard to Property 
W-Weak with Regard to Property 

Minimal Resistance 
Piezoelectric to Water 
Effects Absoq>tion 

W G 
M G 
G G 
G M 
M M 
M W 
M W 
M G 
G W 

'Electronic Measurements, pp.1S-17, Keithley Instruments, Inc., OeveIand, 
Ohio, 1977. 
*Teflon is a registered trademark of E.I. DuPont Co. 

**Kel-F is a registered trademark of 3-M Company. 

Table I. Insulating Materials and Characteristics 

OFFSET NULLING 
The AD546's input offset voltage can be nulled by using balance 
Pins 1 and 5, as shown in Figure 29. Nulling the input offset 
voltage in this fashion will introduce an added input offset volt
age drift component of 2.4 jJ. vrc per millivolt of nulled offset. 

+Vs 

+ 
VOUT 

~-

-VS 

Figure 29. Standard Offset Null Circuit 
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The circuit in Figure 30 can be used when the amplifier is used 
as an inverter. This method introduces a small voltage in series 
with the amplifier's positive input terminal. The amplifier's 
input offset voltage drift with temperature is not affected. How
ever, variation of the power supply voltages will cause offset 
shifts. 

V, 

Figure 30. Alternate Offset Null Circuit for Inverter 

AC RESPONSE WITH HIGH VALUE SOURCE AND 
FEEDBACK RESISTANCE 
Source and feedback resistances greater than 100 k!l will mag
nify the effect of input capacitances (stray and inherent to the 
AD546) on the ac behavior of the circuit. The effects of common
mode and differential input capacitances should be taken into 
account since the circuit's bandwidth and stability can be 
adversely affected. 

In a follower, the source resistance, Rs, and input common
mode capacitance, Cs (including capacitance due to board and 
capacitance inherent to the AD546), form a pole that limits cir
cuit bandwidth to 1I21T RsCs. Figure 31 shows the follower 
pulse response from a I M!l source resistance with the amplifi
er's input pin isolated from the board, only the effect of the 
AD546's input common-mode capacitance is seen. 

Figure 31. Follower Pulse Response from 1 Mil Source 
Resistance 

In an inverting configuration, the differential input capacitance 
forms a pole in the circuit's loop transmission. This can create 
peaking in the ac response and possible instability. A feedback 
capacitance can be used to stabilize the circuit. The inverter 
pulse response with Rp and Rs equal to I Mil, and the input 
pin isolated from the board appears in Figure 32. Figure 33 
shows the response of the same circuit with a I pF feedback 
capacitance. Typical differential input capacitance for the 
AD546 is I pF. 

REV. A 

AD546 

Figure 32. Inverter Pulse Response with 1 Mil Source and 
Feedback Resistance 

Figure 33. Inverter Pulse Response with 1 Mil Source and 
Feedback Resistance, 1 pF Feedback Capacitance 

COMMON-MODE INPUT VOLTAGE OVERLOAD 
The rated common-mode input voltage range of the AD546 is 
from 3 V less than the positive supply voltage to 5 V greater 
than the negative supply voltage. Exceeding this range will 
degrade the amplifier's CMRR. Driving the common-mode volt
age above the positive supply will cause the amplifier's output to 
saturate at the upper limit of output voltage. Recovery time is 
typically 2 J.1S after the input has been returned to within the 
normal operating range. Driving the input common-mode volt
age within 1 V of the negative supply causes phase reversal of 
the output signal. In this case, normal operation is typically 
resumed within 0.5 ms of the input voltage returning within 
range. 

DIFFERENTIAL INPUT VOLTAGE OVERLOAD 
A plot of the AD546's input current versus differential input 
voltage (defined as V'N+ -VIN-) appears in Figure 34. The 
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Figure 34. Input Current vs. Differential Input Voltage 
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A0546 
input current at either terminal stays below a few hundred fem
toamps until one input terminal is forced higher than I to 1.5 V 
above the other terminal. Under these conditions, the input cur
rent limits at 30 1lA. 

INPUT PROTECTION 
The AD546 safely handles any input voltage within the supply 
voltage range. Subjecting the input terminals to voltages beyond 
the power supply can destroy the device or cause shifts in input 
current or offset voltage if the amplifier is not protected. 

A protection scheme for the amplifier as an inverter is shown in 
Figure 35. The protection resistor, Rp, is chosen to limit the 
current through the inverting input to I rnA for expected tran
sient (less than I second) overvoltage conditions, or to 100 IlA 
for a continuous overload. Since Rp is inside the feedback loop, 
and is much lower in value than the amplifier's input resistance, 
it does not affect the inverter's dc gain. However, the Johnson 
noise of the resistor.will add root sum of squares to the amplifi
er's input noise. 

Rp ,...--, 
I I 
I I L.. __ ...J 

Figure 35. Inverter with Input Current Limit 

In the corresponding version of this scheme for a follower, , 
shown in Figure 36, Rp and the capacitance at the positive input 
terminal '/lIill produce a pole in the signal frequency response at 
a f= 1I2'11'RC. Again, the Johnson noise of Rp will add to the 
amplifier's input voltage noise. 

Rp ,...---, 
I I 
I I 1... ___ .1 

Figure 36. Follower with Input Current Limit 

Figure 37 is a schematic of the AD546 as an inverter with an 
input voltage clamp. Bootstrapping the clamp diodes at the 
inverting input minimizes the voltage across the clamps and 
keeps the leakage due to the diodes low. Low leakage diodes 
(less than I pA), such as the FD333's should be used, and 
should be shielded from light to keep photocurrents from being 
generated. Even with these precautions, the diodes will measur
ably increase the input current and capacitance. 

SOURCE 

Figure 37. Input Voltage Clamp with Diodes 
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In order to achieve the low input bias currents of the AD546, it 
is not possible to use the same on-chip protection as used in 
other Analog Devices op amps. This makes the AD546 sensitive 
to handling and precautions should be taken to minimize ESD 
exposure whenever possible. 

MEASURING ELECTROMETER LEAKAGE CURRENTS 
There are a number of methods used to test electrometer leak
age currents, including current integration and direct current to 
voltage conversion. Regardless of the method used, board and 
interconnect cleanliness, proper choice of insulating materials 
(such as Teflon or Kel-F), correct guarding and shielding tech
niques and care in physical1ayout are essential for making accu
rate leakage measurements. 

Figure 38 is a schematic of the sample and difference circuit 
which is useful for measuring the leakage currents of the AD546 
and other electrometer amplifiers. The circuit uses two AD549 
electrometer amplifiers (A and B) as current to voltage conven
ers with hlgh value (1010 0) sense resistors (RSa and RSb). RI 
and R2 provide for an overall circuit sensitivity of 10 fAlmV 
(10 pA full scale). Cc and CF provide noise suppression and 
loop compensation. Cc should be a low leakage polystyrene 
capacitor. An ultralow-leakage Kel-F test socket is used for con
tacting the device under test. Rigid Teflon coaxial cable is used 
to make connections to all high impedance nodes. The use of 
rigid coax affords immunity to error induced by mechanical 
vibration and provides an outer conductor for shielding. The 
entire circuit is enclosed in a grounded metal box. 

r-- ------
I 
I 
I 
I 
I 
I 
I 

r--- --
I 
I 
I 
I 

L 
L __ 

r 
I 
I 
I 
I 
I 

I I 
I I 
I 
L ______ _ 

c., 
zoo-

C, 
0.1 p.F 

CAUTEST 

=r-~-+ 

VO", 

>-------<~----<> 

VERR2NIC 

+ 

Figure 38. Sample and Difference Circuit for Measuring 
Electrometer Leakage Currents 
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The test apparatus is calibrated without a device under test 
present. A five minute stabilization period after the power is 
turned on is required. First, VERRI and VERR2 are measured. 
These voltages are the errors caused by offset voltages and leak
age currents of the current to voltage converters. 

VERRI = 10 (VosA - laA x RSa) 
VERR2 = 10 (VosB - laB x RSb) 

Once measured, these errors are subtracted from the readings 
taken with a device under test present. Amplifier B closes the 
feedback loop to the device under test, in addition to providing 
current to voltage conversion. The offset error of the device 
under test appears as a common-mode signal and does not affect 
the test measurement. As a result, only the leakage current of 
the device under test is measured. 

VA - VERRI = IO[RSa x IB(+)} 
Vx - VERR2 = lO[RSb x IaC-)} 

Although a series of devices can be tested after only one calibra
tion measurement, calibration should be updated periodically to 
compensate for any thermal drift of the current-to-voltage con
verters or changes in the ambient environment. Laboratory 
results have shown that repeatable measurements within 10 fA 
can be realized when this apparatus is properly implemented. 
These results are achieved in part by the design of the circuit, 
which eliminates relays and other parasitic leakage paths in the 
high impedance signal lines, and in part by the inherent cancel
lation of errors through the calibration and measurement 
procedure. 

PHOTODIODEINTERFACE 
The AD546's I pA current and low input offset voltage make it 
a good choice for very sensitive photodiode preamps (Figure 
39). The photodiode develops a signal current, Is, equal to: 

Is = R x P 

where P is light power incident on the diode's surface in watts 
and R is the photodiode responsivity in amps/watt. RF converts 
the signal current to an output voltage: 

VOUT = RF X Is 

-Vs 

Figure 39. Photodiode Preamp 

DC error sources and an equivalent circuit for a small area 
(0.2 mm square) photodiode are indicated in Figure 40. 

Input current, IB, will contribute an output voltage error, VEl' 

proportional to the feedback resistance: 

VEl = IB X RF 

REV. A 

AD 546 
The op amp's input voltage offset will cause an error current 
through the photodiode's shunt resistance, Rs: 

1= VosiRs 

The error current will result in an error voltage (V E2) at the 
amplifier's output equal to: 

VE2 = (1+RplRs) Vas 

Given typical values of photodiode shunt resistance (on the 
order of 109 0), R"IRs can be greater than one, especially if a II 
large feedback resistance is used. Also, R"IRs will increase with 
temperature, as photodiode shunt resistance typically drops by a 
factor of two for every 10°C rise in temperature. An op amp 
with low offset voltage and low drift helps maintain accuracy. 

e, 
'0" 

Figure 40. Photodiode Preamp DC Error Sources 

Photodiode Preamp Noise 
Noise limits the signal resolution obtainable with the preamp. 
The output voltage noise divided by the feedback resistance is 
the minimum current signal that can be detected. This mini
mum detectable current divided by the responsivity of the pho
todiode represents the lowest light power that can be detected 
by the preamp. 

Noise sources associated with the photodiode, amplifier, and 
feedback resistance are shown in Figure 41; Figure 42 is the 
voltage spectral density versus frequency plot of each of the 
noise source's contribution to the output voltage noise (circuit 
parameters in Figure 40 are assumed). Each noise source's rms 
contribution to the total output voltage noise is obtained by inte
grating the square of its spectral density function over frequen
cy. The rms value of the output voltage noise is the square root 
of the sum of all contributions. Minimizing the total area under 
these curves will optimize the preamplifier's resolution for a 
given bandwidth. 

e, 

Figure 41. Photodiode Preamp Noise Sources 
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Figure 42. Photodiode Preamp Noise Sources' Spectral 
Density vs. Frequency 

The photodiode preamp in Figure 39 can detect a signal current 
of 26 fA rms at a bandwidth of 16 Hz, which assuming a photo
diode responsivity of 0.5 AIW, translates to a 52 fW rms mini
mum detectable power. The photodiode used has a high source 
resistance and low junction capacitance. CF sets the signal band
width with RF and also limits the "peak" in the noise gain that 
multiplies the op amp's input voltage noise contribution. A sin
gle pole filter at the amplifier's output limits the op amp's out
put voltage noise bandwidth to 26 Hz, a frequency comparable 
to the signal bandwidth. This greatly improves the preamplifi
er's signal to noise ratio (in this case, liy a factor of three). 

Photodiode Array Processor 
The AD546 is a cost effective preamp for multichannel applica
tions, such as amplifying signals from photo diode arrays, as 
illustrated in Figure 43. An AD546 preamp converts each of the 
diodes' output currents to a voltage. An 8 to I multiplexer 
switches a particular preamp output to the input of an AD 1380 
16-bit sampling ADC. The output of the ADC can be displayed 
or put onto a databus. Additional preamps and muxes can be 
added to handle larger arrays. Layout of multichannel circuits is 
critical. Refer to "PC board notes" for guidance. 

16·BIT 
AOC MSB 
AD1380 

CONTROL LOGIC 
.nMING 

Figure 43. Photodiode Array Processor 
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DISPLAY 

pH PROBE AMPLIFIER 
A pH probe can be modeled as a m V -level voltage source with a 
series source resistance dependent upon the electrode's composi
tion and conflgUrBtion. The glass bulb resistance of a typical pH 
electrode pair falls between 1(j6 and 10' O. It is therefore impor
tant to select an amt>lifier with low enough input currents such 
that the voltage drop produced by the amplifier's input bias cur
rent and the electrode resistance does not become an appreciable 
percentage of a pH unit. 

The circuit in Figure 44 illustrates the use of the AD546 as a 
pH probe amplifier. As with other electrometer applications, the 
use of guarding, shielding, Teflon standoffs, etc., is a must in 
order to capitalize on the ADS46's low input current. If an 
AD546J (I pA max input current) is used, the error contributed 
by input current will be held below 10 mV for pH electrode 
source impedances up to 10' O. Input offset voltage (which can 
be trimmed) will be below 2 mY. Refer to AD549 data sheet for 
temperature compensated pH probe amplifier circuit. 

PF!'J'BE o-';";'-i-~-< 
OUTPUT 

12k 

(B) 
}--t----.() OUTPUT 

1 k 

SCALE FACTOR 
ADJUST 

Figure 44. pH Probe Amplifier 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Enhanced Replacement for LF441 and TL061 
DC Performance: 

200fIA max Quiescent Current 
10pA max Bias Current. Warmed Up (AD548CI 
250"V max Offset Voltage (AD548C1 
2"VI"C max Drift (AD548CI 
2"V pop Noise. 0.1 to 10Hz 

AC Performance: 
1.8V/"s Slew Rate 
1MHz Unity Gain Bandwidth 

Available in Plastic. Hermetic Cerdip and Hermetic 
Metal Can Packages and in Chip Form 

Available in Tape and Reel in Accordance with 
EIA-481A Standard 

MIL·STD-883B Parts Available 
Dual Version Available: AD648 
Surface Mount (SOICI Package Available 

PRODUCT DESCRIPTION 
The AD548 is a low power, precision monolithic operational 
amplifier. It offers both low bias current (IOpA max, warmed 
up) and low quiescent current (200I'-A max) and is fabricated 
with ion-implanted FET and laser wafer trimming technologies. 
Input bias current is guaranteed over the AD548's entire common
mode voltage range. 

The economical J grade has a maximum guaranteed input offset 
voltage of less than 2m V and an input offset voltage drift of less 
than 201'-VI"C. The C grade reduces input offset voltage to less 
than 0.25mV and offset voltage drift to less than 2I'-VI"C. This 
level of dc precision is achieved utilizing Analog's laser wafer 
drift trimming process. The combination of low quiescent current 
and low offset voltage drift minimizes changes in input offset 
voltage due to self-heating effects. Five additional grades are 
offered over the commercial, industrial and military temperature 
ranges. 

The AD548 is recommended for any dual supply op amp appli
cation requiring low power and excellent dc and ac performance. 
In applications such as battery-powered, precision instrument 
front ends and CMOS DAC buffers, the AD548's excellent 
combination of low input offset voltage and drift, low bias current 
and low IIf noise reduces output errors. High common-mode 
rejection (86dB, min on the "c" grade) and high open-loop gain 
ensures better than 12-bit linearity in high impedance, buffer 
applications. 

The ADS48 is pinned out in a standard op amp configuration 
and is available in seven performance grades. The ADS48J and 
AD548K are rated over the commercial temperature range of 0 
to + 70"C. The AD548A, AD548B and AD548C are rated over 
the industrial temperature range of - 40°C to + 85°C. The 
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Precision, Low Power 
BiFET Up Amp 

AD548 I 
CONNECTION DIAGRAMS 

Plastic Mini-DIP (N) Package, 
Cerdip (Q) Package TO-99 

(H) Package and 
SOIC (R) Package 

INVERTING 
INPUT 

NONINVERTWG 
INPUT 

TOPVI£W 

OFfSET 
NULL 

NO 

v-
NOTE: PIN 4 CONNECTED TO CASE 

~
'DkO 

1 • 

4 -15V 

VOIITRIM 

TOPYIEW 

AD548S and AD548T are rated over the military temperature 
range of - 55°C to + 125°C and are available processed to MIL
STD-883B, Rev. C. 

Extended reliability PLUS screening is available for parts specified 
over the commercial and industrial temperature ranges. PLUS 
screening includes 168-hour burn-in, as well as other environ
mental and physical tests. 

The AD548 is available in an 8-pin plastic mini-DIP, cerdip, 
TO-99 metal can, surface mount (SOIC), or in chip form. 

PRODUCT HIGHLIGHTS 
1. A combination of low supply current, excellent dc and ac 

performance and low drift makes the ADS48 the ideal op 
amp for high-performance, low-power applications. 

2. The AD548 is pin compatible with industry standard op 
amps such as the LF44I, TL061, and AD542, enabling 
designers to improve performance while achieving a reduction 
in power dissipation of up to 85%. 

3. Guaranteed low input offset voltage (2mV max) and drift 
(201'-VrC max) for the ADS48J are achieved utilizing Analog 
Devices' laser drift trimming technology, eliminating the 
need for external trimming. 

4. Analog Devices specifies each device in the warmed-up con
dition, insuring that the device will meet its published specifica
tions in actual use. 

5. A dual version, the AD648 is also available. 
6. Enhanced replacement for LF441 and TL061. 
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AD548 - SPECIFICATIONS (@ +25"C and Ys = ±l5Vdc,unlesso1hnisenollld) 

Model AD548jIAlS AD548KIBIT AD548C 
Min Typ Max MiD Typ Mu MiD Typ 

INPUT OFFSET VOLTAGE' 
InitialOftiet 0.75 2.0 0.3 0.5 0.10 

TmintoTma" 3.013.013.0 0.710.811.0 
vs. Temp. 20 5 
... Supply 80 86 86 

vs. Supply, T min to T mal!; 76176176 80 80 
Lnns-Term Offset Stability IS 15 15 

INPUTBlAS CURRENT 
Either Inpu[2, V CM = 0 5 20 3 10 3 
Either Inpurl at T max, V CM = 0 0.4511.3120 0.2510.65110 
Max Input Bias Current Over 

Common-Mnde Vol_Range 30 15 
Offset Current, V CM = 0 5 10 2 5 2 
Offset Current at T max 0.2510.65110 0.1510.3515 

INPUT IMPEDANCE 
Differential I X IO"1I3 Ix 10"113 Ix 10"113 
CommonMnde 3x 10"113 3x 10"113 3x 10"113 

INPUT VOLTAGE RANGE 
Differential' ±20 ±20 ±20 
Common Mode %11 ±12 ±1l ±Il ±11 :t12 
Common-Mode Rejection 

VCM=±10V 76 90 82 92 86 98 
TmintoTmax 76176176 90 82 92 86 98 

VCM = ±IlV 70 S4 76 86 76 90 
Trrun to Tmax 70170170 84 76 S6 76 90 

INPUT VOLTAGE NOISE 
Vol_O.IHztoIOHz 2 2 2 

f=IOHz 80 SO 80 
f= 100Hz 40 40 40 

. f=lkHz 30 30 30 
f= 10kHz 30 30 30 

INPUT CURRENT NOISE 
f=lkHz 1.8 I.S I.S 

FREQUENCY RESPONSE 
Unity Gain. Small Signal O.S 1.0 O.S 1.0 O.S 1.0 
Full Power Response 30 30 30 
Slew Rate, Unity Gain 1.0 I.S 1-0 I.S 1_0 1.8 
Settling Time to ±0_01% S S S 

OPEN LOOP GAIN 
Vo= ±lOV,RL~lOIdl 300 1000 300 1000 300 1000 
Tmin toTmax,RL~lOkC1 30013001300 700 300 700 300 700 
Vo= ±10V,RL~Sk.O ISO 500 150 500 150 500 
Tmin [0 Tmax,RL 2:5k!l 15011501150 300 150 300 150 300 

OUTPUT CHARACTERISTICS 
Voltase@RL"'IOkO, %12 ±13 ±12 ±13 ±12 ±13 

Tminto Tmax ±121±12I%12 %12 %12 
Voltage@RL",SkO. %11 ±12.3 %11 ±12.3 %11 ±12.3 

TmintoTmax ±1I1±11I%11 %11 %11 
Short Circuit Current IS 15 15 

POWER SUPPLY 
Rated Performance ±IS ±IS ±IS 
Operating Range ±4.S ±18 ±4_5 %18 ±4_5 
Quiescent Current 170 200 170 200 170 

TEMPERATURE RANGE 
Operating, Rated Performance 

Commercial (0 to + 7<rC) AD548J AD548K 
Industrial ( - 4O"C to + 8S"C) AD548A AD548B ADS4SC 
Military ( - S5"Cto + 12S"C) AD54SS ADS48T 

PACKAGE OPTIONS' 
Plastic (N-S) AD548JN AD54SKN 
Cerdip (Q-S) AD54SAQ. AD54SSQ AD54SBQ. AD548TQ AD548CQ 
Metal Can (H-OSA) AD54SAH,AD548SH AD548BH. AD54STH AD548CH 
SOIC(R-S) AD54SAR, AD548JR AD548BR 
Tape and Reel AD54SAR-REEL,AD54SJR-REEL ADS48BR-REEL 
J and S Chips Also Available ADS4SJ CHIPS, AD54SS CHIPS 

NOTES 
'Input Offset VollaS< specifications are guaranteed after 5 miDUb:S of 
opeI1llion at T. = + 25"C. 

4por outline information see Package Information section. 

Specific:ations subject to cbanse without DOtice_ 

Max 

0.25 
0.4 
2.0 

10 
0.65 

15 
5 
0.35 

4_0 

%18 
200 

'Bias Current specif'u:ations are guaranteed maximum at either input afll:r 
5 minutes of opetation at TA = + 2SOC. For higher temperature, the 
current doubles every 1<rC. 

lDefmcd as voltages between inputs, such that neither exceeds ± lOV 
from ground. 

Specifications in boldface are tested on all production units at final electrical 
test. Resolts from those tests at< used to caIcola", ourgoins quality 1eveIs_ All 
miD and IIWt speciflClltions are guaranteed. a1thoush oaIy those mown in 
boldface are tested 00 all production units. 
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Units 

mV 
mV 
",W'C 
dB 
dB 
... V/montb 

pA 
. nA 

pA 
pA 
oA 

nlIPF 
nllpF 

V 
V 

dB 
dB 
dB 
dB 

I'V~ 
nV Hz 
nVlvHZ 
nVrvHZ 
nVlvHZ 

fAlvHZ 

MHz 
kHz 
VI",s 

.... 
VlmV 
VlmV 
VlmV 
VlmV 

V 

V 

mA 

V 
V 
.,.A 

REV_A 



ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ....•• 
Internal Power Dissipation2 • • 

Input Voltage3. . . . . . . . . 
Output Shon Circuit Duration 
Differential Input Voltage . . . 
Storage Temperature Range (Q, H) 

(N, R) 
Operating Temperature Range 

. ±18V 
SOOmW 

. ±18V 
indefinite 

+Vsand -Vs 
-65OC to + 150°C 
- 65°C to + 1250C 

AD548J/K . .. 0 to + 70°C 
AD548AIB/C . . . . . . . - 400C to + 85°C 

AD548 
METALIZATION PHOTOGRAPH 

INVERTING 
INPUT 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 

0.072 
(1.829) 

O~SETNULL 

ADS48S/T ...•.... - 5SOC to + 125°C NONINVERTING 3 
INPUT 

Lead Temperature Range (Soldering 6Osec) • • • • . •• 3000C 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

'Tbermal Characteristics 
8-PinSOICPackage: 8lA = l6O"C'W,8IC =42'CIW 
8-Pin Plastic Package: 8lA = 9fY'CIW 
8-PinCerdipPackage: 8IC =22'CIW, 8lA = 1l0"CIW 
8-Pin Metal Can Package: 8lC = 65'CIW, 8lA = l50"C1W 

'For supply voltages less than ± l8V, the absolute maximum input voltase is 
equal to the supply voltase. 

20r-----r------r----~-----, zo 

> ." , .. z 
~ 
~ 

~ 10 
~ 
g 

~ 
5 • 

• 20 • '~.----~----~,~.----~,.~--~ 10 

SUI'PlYVOlTAGE- :tV SUPPLY VOLTAGE - ±V 

+VOIJT 

,. 20 

Figure 1. Input Voltage Range 
vs. Supply Voltage 

Figure 2. Output Voltage Swing 
vs. Supply Voltage 
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Figure 4. Quiescent Current vs. 
Supply Voltage 
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A0548-Typical Characteristics 
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Figure 7. Input Bias Current vs. 
Common-Mode Voltage 
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Typical Characteristics-AD548 

Figure 19a. Unity Gain Follower Figure 19b. Unity Gain Follower 
Pulse Response (Large Signal) 

Figure 19c. Unity Gain Follower 
Pulse Response (Small Signal) 

V 10kll ,. 

SQUARE 
WAVE" 
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10tH 

Figure 20a. Unity Gain Inverter Figure 20b. Unity Gain Inverter 
Pulse Response (Large Signal) 

Figure 2Oc. Unity Gain Inverter 
Pulse Response (Small Signal) 

APPLICATION NOTES 
The ADS48 is a JFET -input op amp with a guaranteed maximum 
IB of less than IOpA, and offset and drift laser-trimmed to 0.2SmV 
and 2f1.Vrc respectively (ADS48C). AC speas include IMHz 
bandwidth, 1.8V/fI.S typical slew rate and 8f1.S sett1ing time for a 
20V step to ±0.01% - all at a supply current less than 2001l.A. 
To capitalize on the device's performance, a number of error 
SOIlI'CeS should be considered. 

The minimal power drain and low offset drift of the ADS48 
reduce self-heating or "warm-up" effects on input offset voltage, 
making the ADS48 ideal for on/off battery powered applications. 
The power dissipation due to the ADS48's 20011.A supply current 
has a negligible effect on input current, but heavy output loading 
will raise the chip temperature. Since a JFET's input current 
doubles for every 1O"C rise in chip temperature, this can be a 
noticeable effect. 

The amplifier is designed to be functional with power supply 
voltages as low as ± 4.SV. It will exhibit a higher input offset 
voltage than at the rated supply voltage of ± ISV, due to power 
supply rejection effects. The common-mode range of the ADS48 
extends from 3V more positive than the negative supply to IV 
more negative than the positive supply. Desiped to cleanly 
drive up to 10ka and l00pF loads, the ADS48 will drive a 2kO 
load with reduced open loop pin. 

OFFSET NULLING 
Unlike bipolar input amplifiers, zeroing the input offset voltage 
of a BiFET op amp_ will not minimize offset drift. Using balance 
Pins I and 5 to adiust the input offset voltage as shown in Figure 
21 will induce an added drift of 0.24f1.Vrc per lOOfl.V of nulled 
offset. The low initial offset (0.2SmV) of the AD548C results in 
only 0.6f1.Vrc of additional drift. 

REV. A 

Applying the AD548 
+V. 

-Va 

Figure 21. Offset Null Configuration 

LAYOUT 
To take full advantage of the ADS48's 10pA max input current, 
parasitic 1eakages must be kept below an acceptable level. The 
practical limit of the resistance of epoxy or phenolic circuit 
board material is between 1 x 10120 and 3 x 10120. This can 
result in an additionalleskage of SpA between an input of OV 
and a -15V supply line. Teflon or a similar low leskage materisl 
(with a resistance exceeding 10170) should be used to isolate 
high impedance input lines from adjacent lines carrying high 
voltages. The insulator should be kept clean, since contaminants 
will degrade the surface resistsnce. 

A metal guard completely surrounding the high impedance 
nodes and driven by a voltage near the common-mode input 
potential can also be used to reduce some parasitic leakqes. 
The guarding pattern in Figure 22 will reduce parasitic leskage 
due to finite board surface resistsnce; but it will not c:ompenaate 
for a low volume resistivity board. 
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AD548 
METAL CAN MINI-DIP 
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Figure 22. Board Layout for Guarding Inputs 

INPUT PR0TEC110N 
The AD548 is guaranteed to withstand input voltages equal to 
the power supply potential. Exceedm, the neptive supply voltage 
on either input will forward bias the substrate junction of the 
chip. The induced current may destroy the amplifier due to 
excess heat. 

Input protection is required in applications such as a flame 
detector in a PI chromatograph, when: a very high potential 
may be applied to the input terminals during a sensor fault 
condition. Figure 23 shows a simple current Iimitm, Scheme 
that can be used_ ~ should be cl10sen such that the 
maximum overload current is 1.0mA (lookO for a lOOVoverload, 
for example). 

Exceeding the neptive common-mode range on either input 
termiDal causes a phase reversal at the output, forcing the amplifier 
output to the correspondiDg high or low state. Exceeding the 
negative common-mode on both inputs simultaneously forces 
the output high. Exceedm, the positive common-mode range on 
a single input doesn't cause a phase reversal, but if both inputs 
exceed the limit the output will be forced high. In all cases, 
normal amplifier operation is resumed when input voltages are 
brought bsck within the common-mode range. 

10pF 

Rp TYPICALLY 1ook{l TO 1MII 

Rp = ~ FOR 1 SECOND OR LESS TRANSIENTS 

Rp = '~I'A FOR CONTINUOUS OVERLOAD 

Figure 23. Input Protection of IV Converter 

D/A CONVERTER OUTPUT BUFFER 
The circuit in Figure 24 shows the AD548 and AD7545 12-bit 
CMOS D/A converter in a unipolar binary configuration. Vour 
will be equal to VREP attenuated by a factor depending on the 
digital word. V REP sets the full scale_ Overall pin is trimmed 
by adjustinB RIN• The AD548's low input offset voltage, low 
drift and clean dynamica make it an attractive low powel' output 
buffer. 

The input offset voltage of the AD548 output amplifier results 
in an output error voltage. This error voltage equals the input 
offset voltage of the op amp times the noise pin of the amplifier. 
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VD• 

VIN 

Figure 24. AD548 Used as DAC Output Amplifier 

That is: 

VosOutput = VosInPut(I+::) 

RFB is the feedback resistor for the op amp, which is internal to 
the DAC_ Ro is the DAC's R-2R ladder output resistance. The 
value of Ro is code dependent. This has the effect of changing 
the offset error voltage at the amplifier's output. An output 
ampliflel' with a sub millivolt input offset voltage is needed to 
preserve the linearity of the DAC's transfer function. 

The ADS48 in this configuration provides a 700kHz small signal 
bandwidth and l.8V/fJos typical slew rate. The 33pF capacitor 
across the feedback resistor optimizes the circuit's response. 
The oscilloscope photos in Figures 2S and 26 show small and 
large signal outputs of the circuit in Figure 24. Upper traces 
show the input signal VIN• Lower traces are the resulting output 
voltage with the DAC's digital input set to all Is. The AD548 
settles to ±O.OI% for a 20V input step in 14,...s. 

Figure 25. Response to :t: 20V pop Reference Square Wave 

Figure 26. Response to :t: 700tnV pop Reference Square 
~~ . 
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PHOTODIODE PREAMP 
The performance of the photodiode preamp shown in Figure 27 
is enhanced by the AD548's low input current, input voltage 
offset and offset voltage drift. The photodiode sources a current 
proponional to the incident light power on its surface. Rp converts 
the photodiode current to an output voltage equal to Rp x Is. 

CSH RSH 
20pF SOOMIl 

C, 

R, 
100M1l 

PHOTO DIODE AD548 PHOTO DIODE 
EQUIVALENT CIRCUIT PRE AMP 

Figure 27. 

An error budget illustrating the importance of low amplifier 
input current, voltage offset and offset voltage drift to minimize 
output voltage errors can be developed by considering the equi
valent circuit for the small (0.2mm2 area) photodiode shown in 
Figure 27. The input current results in an error proponional to 
the feedback resistance used. The amplifier's offset will produce 
an error proponional to the preamp's noise gain (1 + RpiRm), 
where Rsa is the photodiode shunt resistance. The amplifier's 
input current will double with every urc rise in temperature, 
and the photodiode's shunt resistance halves with every IO"C 
rise. The error budget in Figure 28 assumes a room temperature 
photodiode RsH of SOOMO, and the maximum input current 
and input offset voltage specs of an AD548C. 

TEMP 
'C RsH(Mlll Vos(.,.VI (1 + R,/RsHI Vos I. (pAl I.R. TOTAL 

-25 15.970 150 151.,.V 0.30 30.,.V 181.,.V 
0 2.830 200 207.,.V 2.26 262.,.V 469.,.V 
+25 500 250 300.,.V 10.00 1.0mV 1.30mV 
+50 88.5 300 640.,.V 56.6 5.6mV 6.24mV 
+75 15.6 350 2.6mV 320 32mV 34.6mV 
+85 7.8 370 5.1mV 640 64mV 69.1mV 

Figure 28. Photo Diode Pre-Amp Errors Over Temperature 

The capacitance at the amplifier's negative input (the sum of the 
photodiode's shunt capacitance, the op amp's differential input 
capacitance, stray capacitance due to wiring, etc.) will cause a 
rise in the preamp's noise gain over frequency. This can result 
in excess noise over the bandwidth of interest. Cp reduces the 
noise gain "peaking" at the expense of bandwidth. 

INSTRUMENTATION AMPLIFIER 
The AD548C's maximum input current of IOpA makes it an 
excellent building block for the high input impedance in
strumentation amplifier shown in Figure 29. Total current drain 
for this circuit is under 6OOJLA. This configuration is optimal 
for conditioning differential voltages from high impedance 
sources. 

The overall gain of the circuit is controlled by Ro, resulting in 
the following transfer. function: 

VOUT = I + (RI + Rz) 
VIN Ro 
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Application Hints-A0548 

FOR EACH AMPUFIER: 

OUTPUT 
SENSE 

OUTPUT 
REFERENCE 

I 

\7 
PIN 7 ( :!: 0 +V. 

~O.'P.F 

ptN4 ( \7 T 0.1 ... F O-Vs 

Figure 29. Low Power Instrumentation Amplifier 

Gains of I to 100 can be accommodated with gain nonlinearities 
ofless than 0.01 'Yo. Referred to input errors, which contribute 
an output error proponional to in amp gain, include a maximum 
untrimmed input offset voltage of O.SmV and an input offset 
voltage drift over temperature of 4,...VrC. Output errors, which 
are independent of gain, will contribute an additional O.5mV 
offset and 4,...VrC drift. The maximum input current is ISpA 
over the common-mode range, with a common-mode impedance 
of over I x 10120. Resistor pairs R3IRS and R41R6 should be 
ratio matched to 0.01% to take full advantage of the ADS48's 
high common mode rejection. Capacitors CI and CI' compensate 
for peaking in the gain over frequency caused by input capacitance 
when gains of I to 3 are used. 

The - 3dB small signal bandwidth for this low power in
strumentation amplifier is 700kHz for a gain of I and 10kHz for 
a gain of 100. The typical output slew rate is 1.8V/,...s. 

LOG RATIO AMPLIFIER 
Log ratio amplifiers are useful for a variety of signal conditioning 
applications, such as linearizing exponential transducer outputs 
and compressing analog signals having a wide dynamic range. 
The ADS48's picoamp level input current and low input offset 
Voltage make it a good choice for the front -end amplifier of the 
log ratio circuit shown in Figure 30. This circuit produces an 
output voltage equal to the log base 10 of the ratio of the input 
currents I. and Iz• Resistive inputs RI and R2 are provided for 
voltage inputs. 

Input currents II and 12 set the collector currents of QI and Q2, 
a matched pair of logging transistors. Voltages at points A and 
B are developed according to the following familiar diode 
equation: 

VBE=(kT/q) In (idlES) 

In this equation, k is Boltzmann's constant, T is absolute tem
perature, q is an electron charge, and IES is the reverse saturation 
current of the logging transistors. The difference of these two 
voltages is taken by the subtractor section and scaled by a factor 
of approximately 16 by resistors R9. RIO, and R8. Temperature 
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02 ,., 

R14 
49.9k 

D2 
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FOR EACH AMPUFIER: 

PIN 7 .. E:-----I ..... -.,-~.,..F -00 +V. 
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.. 
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*TELLABoa1 OR PRECISION RESISTOR PT146 
ALLOTHER RESISTORS ARE ,'" METAL RLM 

FigUr8 30. Log Ratio Amplifier 
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compensation is provided by resistors RS and RIS, which have 
a positive 3S00 ppm?C temperature coefficient. The transfer 
function for the output voltage is: 

-Vour= IV loglO (Iz/ll) 

Frequency compensation is provided by Rll, R12, CI, and C2. 
SmaIl signal bandwidth is approximately 300kHz at input currents 
above lOOjJA and will proportionally decrease with lower signal 
levels. DI, D2, R13, and RI4 compensate for the effects of the 
two logging transistors' ohmic emitter resistance. 

To trim this circuit, set the two input currents to lOfJ-A and 
adjust Vour to zero by adjusting the potentiometer on A3. 
Then set 12 to I jJA and adjust the scale factor such that the 
output voltage is IV by trimming potentiometer RIO. Offset 
adjustment for Al and A2 is provided to increase the accuracy 
of the voltage inputs. 

This circuit ensures a 1% log conformance error over an input 
current range of 300pA to lmA, with low level accuracy limited 
by the ADS4S's input current. The low level input voltage 
accuracy of this circuit is limited by the input offset voltage and 
drift of the ADS4S. 
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r.ANALOG 
WDEVICES 

FEATURES 
Ultralow Bias Current: 60 fA max (AD549L) 

250 fA max (AD549J) 
Input Bias Current Guaranteed Over Common-Mode 

Voltage Range 
Low Offset Voltage: 0.25 mV max (AD549K) 

1.00 mV max (AD549J) 
Low Offset Drift: 5 /J.V/"C max (AD549K) 

20 /J.V/oC max (AD549J) 
Low Power: 700!J,A max Supply Current 
Low Input Voltage Noise: 4/J.V p-p 0.1 to 10 Hz 
MIL-STD-883B Parts Available 

APPLICATIONS 
Electrometer Amplifiers 
Photodiode Preamp 
pH Electrode Buffer 
Vacuum Ion Gage Measurement 

PRODUCT DESCRIPTION 
The AD549 is a monolithic electrometer operational amplifier 
with very low input bias current. Input offset voltage and input 
offset voltage drift are laser trimmed for precision performance. 
The AD549's ultralow input current is achieved with "Topgate" 
JFET technology, a process development exclusive to Analog 
Devices. This technology allows the fabrication of extremely low 
input current JFETs compatible with a standard junction
isolated bipolar process. The 1015 n common-mode impedance, 
a result of the bootstrapped input stage, insures that the input 
current is essentially independent of common-mode voltage. 

The AD549 is suited for applications requiring very low input 
current and low input offset voltage. It excels as a preamp for a 
wide variety of current output transducers such as photodiodes, 
photomultiplier tubes, or oxygen sensors. The AD549 can also 
be used as a precision integrator or low droop sample and hold. 
The AD549 is pin compatible with standard FET and electrom
eter op amps, allowing designers to upgrade the performance of 
present systems at little additional cost. 

The AD549 is available in a TO-99 hermetic package. The case 
is connected to Pin 8 so that the metal case can be independently 
connected to a point at the same potential as the input termi
nals, minimizing stray leakage to the case. 

The AD549 is available in four performance grades. The J, K, 
and L versions are rated over the commercial temperature range 

"Protected by Patent No. 4,639,683. 
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Ultralow Input Bias Current 
Operational Amplifier 

AD549* I 
CONNECTION DIAGRAM 

GUARD PIN. CONNECTED TO CASE 

INVERTING 2 
INPUT 

v-

~ 
~-15V 

Vas TRIM 

o to + 70°C. The S grade is specified over the military tempera
ture range of - 55°C to + 125°C and is available processed to 
MIL-STD-883B, Rev C. Extended reliability PLUS screening is 
also available. PLUS screening includes 168-hour burn-in, as 
well as other environmental and physical tests derived from 
MIL-STD-883B, Rev C. 

PRODUCT HIGHLIGHTS 
1. The ADS49's input currents are specified, 100% tested and 

guaranteed after the device is warmed up. Input current is 
guaranteed over the entire common-mode input voltage 
range. 

2. The ADS49's input offset voltage and drift are laser trimmed 
to 0.25 mVand 5 fJ.VrC (ADS49K), 1 mV and 20 fJ.VrC 
(AD549J). 

3. A maximum quiescent supply current of 700 fJ.A minimizes 
heating effects on input current and offset voltage. 

4. AC specifications include I MHz unity gain bandwidth and 
3 V/fJ.s slew rate. Settling time for a 10 V input step is 5 fJ.S 
to 0.01%. 

5. The AD549 is an improved replacement for the AD515, 
OPAI04, and 3528. 
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AD549-SPECIFICATIONS (@ +25°C and Vs = +15 V dc, unless otherwise noted) 

Model AD549J AD549K AD549L AD549S 
Min Typ Malo: Min Typ Malo: Min Typ Malo: Min Typ Malo: Units 

INPUT BIAS CURRENT' 
Either Input, V CM ~ 0 V ISO 250 75 100 40 60 75 100 fA 
Either Input, VCM ~ ±IO V ISO 250 75 100 40 60 75 100 fA 
Either Input at T max' 

VCM ~ OV 11 4.2 2.8 420 pA 
Offset Current 50 30 20 30 fA 
OffsetCurrent~T~ 2.2 1.3 0.85 125 pA 

INPUT OFFSET VOLTAGE2 

Initial Offset 0.5 1.0 0.15 0.25 0.3 0.5 0.3 0.5 mV 
Offset at T max 1.9 0.4 0.9 2.0 mV 
vs. Temperature 10 20 2 5 5 10 10 IS .,.Vf'C 
vs. Supply 32 100 10 32 10 32 10 32 .,.VN 
vs. Supply, T.un to T max 32 100 10 32 10 32 32 SO .,.VN 
Long-Term Offset Stability IS IS IS IS .,.V/Month 

INPUT VOLTAGE NOISE 
f ~ 0.1 Hz to 10 Hz 4 4 6 4 4 "'V~ 
f~ 10Hz 90 90 90 90 nVl Hz 
f ~ 100 Hz 60 60 60 60 nVlYHZ 
f~lkHz 35 35 35 35 nVtYHZ 
f~ 10kHz 35 35 35 35 nVIv'Hz 

INPUT CURRENT NOISE 
f~ 0.1 Hz to 10Hz 0.7 0.5 0.36 0.5 fArms 
f~lkHz 0.22 0.16 0.11 0.16 fAlYHZ 

INPUT IMPEDANCE 
Differential 

VDIFF = ±l 10"111 10"111 10"111 10"111 OllpF 
Common Mode 

VCM ~ ±1O 10"110.8 10"110.8 10"110.8 10"110.8 OllpF 

OPEN-LOOP GAIN 
Vo @ ±IO V, RL ~ 10 k 300 1000 300 1000 300 1000 300 1000 V/mV 
Vo @ ±IO V, RL ~ 10 k, 

Tmin to Tmax 300 800 300 800 300 800 300 800 VlmV 
Vo~ ±IOV,RL~2k 100 250 100 250 100 250 100 250 VlmV 
Vo ~ ±IOV,RL ~ 2k, 

Tmin to Tmax 80 200 80 200 80 200 25 ISO V/mV 

INPUT VOLTAGE RANGE 
Differential' ±20 ±20 ±20 ±20 V 
Common-Mode Voltage -10 +10 -10 +10 -10 +10 -10 +10 V 
Common-Mode Rejection Ratio 

V ~ +IOV, -IOV 80 90 90 100 90 100 90 100 dB 
Tmin to Tmax 76 80 80 90 80 90 80 90 dB 

OUTPUT CHARACTERISTICS 
Voltage (a" RL ~ 10 k, 

Tmin to Tmax -12 +12 -12 +12 -12 +12 -12 +12 V 
Voltage (a" RL ~ 2 k, 

Tmin to Tmax -10 +10 -10 +10 -10 +10 -10 +10 V 
Shon Circuit Current 15 20 35 15 20 35 15 20 35 15 20 35 mA 

Tmin to Tmax 9 9 9 6 mA 
Load Capacitance Stability 

G ~ +1 4000 4000 4000 4000 pF 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 0.7 1.0 0.7 1.0 0.7 1.0 0.7 1.0 MHz 
Full Power Response 50 50 50 50 kHz 
Slew Rate 2 3 2 3 2 3 2 3 V/."s 
Settling Time, 0.1% 4.5 4.5 4.5 4.5 .,.. 

0.01% 5 5 5 5 .,.. 
Overload Recovery, 

50% Overdrive, G ~ -I 2 2 2 2 ."s 
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AD549 
Model ADS49J ADS49K ADS49L ADS49S 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 ±15 V 
Operating ±5 :18 :5 :18 ±5 ±18 ±5 ±18 V 
Quiescent Current 0.60 0.70 0.60 0.70 0.60 0.70 0.60 0.70 rnA 

TEMPERATURE RANGE 
Operating, Rated Performance 0 +70 0 +70 0 +70 -55 +125 ·C 
Storage -65 +150 -65 +150 -65 +150 -65 +150 ·C 

PACKAGE OPTION' 
TO-99 (H'{)8A) AD549JH AD549KH AD549LH AD549SH, AD549SH/883B 
Chips AD549JChips 

NOTES 
IBias current specifications are guaranteed after 5 minutes of operation at TA = +25°C. Bias current increases by a factor of 2.3 for every 10°C rise in 
temperature. 

2Input offset voltage specifications are guaranteed after 5 minutes of operation at TA = + 25°C. 
3Defined as max continuous voltage between the inputs such that neither input exceeds ± 10 V from ground. 
4Por outline information see Package Information section. 

Specifications subject to change without notice. 
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are 
used to calculate outgoing quality levels. 

ABSOLUTE MAXIMUM RATINGS· 
Supply Voltage ........................... ± 18 V 
Internal Power Dissipation .................. 500 mW 
Input Voltage ........................... ± 18 V2 

Output Short Circuit Duration ............... Indefmite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperature Range (H) ......... -6S·C to + ISO·C 
Operating Temperature Range 

ADS49J, K, L ....................... 0 to +70·C 
ADS49S ....................... -SS·C to + 12S·C 

Lead Temperature Range (Soldering 60 sec) ....... +300·C 

INVERTING 
INPUT 

NONINVEATING 
INPUT 

NOTES 
) Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Por supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 

V-

CAUTION: __________________________________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. Charges as high as 4000 V readily accumulate on 
the human body and test equipment and discharge without detection. Therefore, reasonable ESD 
precautions are recommended to avoid functional damage or performance degradation. Unused 
devices should be stored in conductive foam or shunts, and the foam should be discharged to the 
destination socket before devices are removed. For further information on ESD precautions, refer 
to Analog Devices' ESD Prevention Manual. 
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AD549 - Typical Characteristics 
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Figure 22. Unity Gain Inverter 
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Figure 23. Unity Gain Inverter 
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AD549 
MINIMIZING INPUT CURRENT 
The ADS49 has been optimized for low input current and offset 
voltage. Careful attention to how the amplifier is used will re
duce input currents in actua1 applications. 

The amplifier operating temperature should be kept as low as 
possible to minimize input current. Like other JFET input am
plifiers, the ADS49's input current is sensitive to chip tempera
ture, rising by a factor of 2.3 for every 10"C rise. This is illus
trated in Figure 24, a plot of ADS49 input current versus 
ambient temperature. 

InA 

' .... 
10" / 
'" / 

lOO1A / 
/ 

1--- -- ---' 
IOfA 

lfA -5526 5 36 85 95 125 
TEMPERATURE - "C 

Figure 24. AD549 Input Bias Current VS. Ambient 
Temperature 

On-chip power dissipation will raise chip operating temperature 
causing an increase in input bias current. Due to the ADS49's 
low quiescent supply current, chip temperature when the (un
loaded) amplifier is operated with IS V supplies, is less than 
3°C higher than ambient. The difference in input current is 
negligible. 

However, heavy output loads can cause a significant increase in 
chip temperature and a corresponding increase in iriput curralt: 
Maintaining a minimum load resistance of 10 n is recommended. 
Input current versus additional power dissipation due to output . 
drive current is plotted in Figure 25. .' 

8A&EDON I 
/ TYPICAL 1.=4OfA 

/ 
V 

-~ V 
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ADDITIONAL INTERNAL POWER DlSSItATION - mW 

Figure 25. AD549 Input Bias Current VS. Additional Power 
Dissipation '. 

CIRCUIT BOARD NOTES 
There are a number of physical phenomena that generate spuri
ous currents that dep-ade the accuracy of low current measure
ments. Figure 26 is a schemstic of an I-to-V converter with 
these parasitic currents modeled. 
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Figure 26. Sources of Parasitic Leakage Currents 

Finite resistance from input lines to voltages on the board, mod
eled by resistor Rp , results in parasitic leakage. Insulation resis
tance of over lOiS n must be maintained between the amplifier's 
signal and supply lines in order to capitalize on the ADS49's low 
input currents. Standard PC board material does not have high 
enough insulation resistance. Therefore, the ADS49's input 
leads should be connected to standoffS made of insulating mate
rial with adequate volume resistivity (e.g., Teflon*). The surface 
of the insulator's surface must be kept clean in order to preserve 
surface resistivity. For Teflon, an effective cleaning procedure 
consists of swabbing the surface with high-grade isopropyl alco
hol, rinsing with deionized water, and baking the board at 80"C 
for 10 minutes. 

In addition to high volume and surface resistivity, other proper
ties are desirable in the insulating material chosen. Resistance to 
water absorption is important since surface water films drasti
cally reduce surface resistivity. The insulator chosen should also 
exhibit minima1 piezoelectric effects (charge emission due to me
chanical stress) and triboelectric effects (charge generated by 
friction). Charge imhalances generated by these mechanisms can 
appear as parasitic leakage currents. These effects are modeled 
bY. variable capacitor Cp in Figure 26. The table in Figure 27 
lists various insulators and their properties. I 

Volume Minimal 
Resistivity Triboelectric 

Material (O-CM) Effects 

Teflon 1017-10'. W 
Kel·F** 1017-10'. W 
Sapphire 10'8-10'· M 
Polyethylene 1014_10'. M 
Polystyrene 1012-10'. W 
Ceramic 10'2_10" W 
Glass Epoxy 10'°-1017 W 
PVC 10'°-10'· G 
Phenolic 10" _1012 W 

.G-Good with Regard to Property 
IIIJ-Moderate with Regard to Property 
W-Weak with Regard to Property 

Minimal Resistance 
Piezoelectric .to Water 
Effects Absorption 

W G 
M G 
G G 
G M 
M M 
M W 
M W 
M G 
G W 

Figure 27. Insulating Materials and Characteristics 

lElectronic Measwemcnts, pp.1S-17, Keithley Instruments, Inc., Cleveland, 
Ohio, 1977. 
"Teflon is a registered trademark of B.I. DuPont Co. 

**Kel-F is a resistered trademark of 3-M Compuy. 
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Guarding the input lines by completely surrounding them with a 
metal conductor biased near the input lines' potential has two 

major benefits. First, parasitic leakage from the signal line is 
reduced since the voltage between the input line and the guard 
is very low. Second, stray capacitance at the input node is mini
mized. Input capacitance can substantially degrade signal band
width and the stability of the I-to-V converter. The case of the 
AD549 is connected to Pin 8 so that it can be bootstrapped near 
the input potential. This minimizes pin leakage and input 
common-mode capacitance due to the case. Guard schemes for 
inverting and noninverting amplifier topologies are illustrated in 
Figures 28 and 29. c, 

Figure 28. Inverting Amplifier with Guard 

r_-oO + 
Y. 

You. 

.. 
Figure 29. Noninverting Amplifier with Guard 

Other guidelines include keeping the circuit layout as compact 
as possible and input lines short. Keeping the assembly rigid 
and minimizing sources of vibration will reduce triboelectric and 
piezoe1ectric effects. All precision high impedance circuitry re
quires shielding against interference noise. Low noise coax or 
triax cables should be used for remote connections to the input 
signa1lines. 

OFFSET NULLING 
The AD549's input offset voltage can be nulled by using balance 
Pins I and 5, as shown in Figure 30. Nulling the input offset 
voltage in this fashion will introduce an added input offset volt
age drift component of 2.4 fJ-VrC per millivolt of nulled offset 
(a maximum additional drift of 0.6 fJ-vrc for the AD549K, 
1.2 fJ-vrc for the AD549L, 2.4 fJ-vrc for the AD549J). 

+Y. 

-v. 
Figure 30. Standard Offset Null Circuit 

The approach in Figure 31 can be used when the amplifier is 
used as an inverter. This method introduces a sma1l voltage 
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referenced to the power supplies in series with the amplifier's 
positive input terminal. The amplifier's input offset voltage drift 
with temperature is not affected. However, variation of the 
power supply voltages will cause offset shifts. 

R, 

Y, 

Figure 31. Alternate Offset Null Circuit for Inverter 
AC RESPONSE WITH HIGH VALUE SOURCE AND 
FEEDBACK RESISTANCE 
Source and feedback resistances greater than 100 kil will mag
nify the effect of input capacitances (stray and inherent to the 
AD549) on the ac behavior of the circuit. The effects of 
common-mode and differential input capacitances should be 
taken into account since the circuit's bandwidth and stability 
can be adversely affected. 

In a follower, the source resistance and input common-mode 
capacitance form a pole that limits the bandwidth to 1/2'11" RsCs. 
Bootstrapping the metal case by connecting Pin 8 to the output 
minimizes capacitance due to the package. Figures 32 and 33 
show the follower pulse response from a 1 Mil source resistance 
with and without the package connected to the output. Typical 
common-mode input capacitance for the AD549 is 0.8 pF . 

In an inverting configuration, the differential input capacitance 
forms a pole in the circuit's loop transmission. This can create 
peaking in the ac response and possible instability. A feedback 
capacitance can be used to stabilize the circuit. The inverter 
pulse response with Rp and Rs equal to 1 Mil appearS in Figure 
34. Figure 35 shows the response of the same circuit with a 
I pF feedback capacitance. Typical differential input capacitance 
for the AD549 is I pF. 

Figure 32. Follower Pulse Response from 1 Mn Source 
Resistance, Case Not Bootstrapped 

Figure 33. Follower Pulse Response from 1 Mn Source 
Resistance, Case Bootstrapped 
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Figure 34. Inverter Pulse Response with 1 Mfl Source and 
Feedback Resistance 

Figure 35. Inverter Pulse Response with 1 Mfl Source and 
Feedback Resistance, 1 pF Feedback Capacitance 

COMMON-MODE INPUT VOLTAGE OVERLOAD 
The rated common-mode input voltage range of the AD549 is 
from 3 V less than the positive supply voltage to 5 V greater 
than the negative supply voltage. Exceeding this range will de
grade the amplifier's CMRR. Driving the common-mode voltage 
above the positive supply will cause the amplifier's output to 
saturate at the upper limit of output voltage. Recovery time is 
typically 2 ILS after the input has been returned to within the 
normal operating range. Driving the input common-mode volt
age within I V of the negative supply causes phase reversal of 
the output.signa!. In this case, normal operation is typically re
sumed within 0.5 ILS of the input voltage returning within 
range. 

DIFFERENTIAL INPUT VOLTAGE OVERLOAD 
A plot of the AD549's input currents versus differential input 
voltage (defmed as V1N+ -VIN-) appears in Figure 36. The 
input current at either terminal stays below a few hundred 
femtoamps until one input terminal is forced higher than I to 
1.5 V above the other terminal. Under these conditions, the in
put current limits at 30 jlJ\. 

100" 

IO~ 

i lOOn 

I IOn 

i 1ft 
!i 
U ,OOp 

i lOp I. 
1001 

101 

J. t. 

-5 -4 -3 -2 -1 0 , 2 3 4 5 
DIFFERENTIAL INPUT VOLTAGE - V 
(V .. - - V .. -) 

Figure 36. Input Current vs. Differential Input Voltage 
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INPUT PROTECTION 
The AD549 safely handles any input voltage within the supply 
voltage .range. Subjecting the input terminals to voltages beyond 
the power supply can destroy the device or cause shifts in input 
current or offset voltage if the amplifier is not protected. 

A protection scheme for the amplifier as an inverter is shown in 
Figure 37. Rp is chosen to limit the current through the invert
ing input to 1 mA for expected transient (less than 1 second) 
overvoltage conditions, or to 100 jlJ\ for a continuous overload. 
Since Rp is inside the feedback loop, and is much lower in wdue 
than the amplifier's input resistance, it does not affect the in
verter's dc gain. However, the Johnson noise of the resistor will 
add root sum of squares to the amplifier's input noise . . , 

Figure 37. Inverter with Input Current Limit 

In the corresponding version of this scheme for a follower, 
shown in Figure 38, Rp and the capacitance at the positive input 
terminal will produce a pole in the signal frequency response at 
a f = 1/21rRC. Again, the Johnson noise Rp will add to the am
plifier's input voltage noise. 

Figure 38. Follower with Input Current Limit 

Figure 39 is a schematic of the AD549 as an inverter with an 
input voltage clamp. Bootstrapping the clamp diodes at the in
verting input minimizes the voltage across the clamps and keeps 
the leakage due to the diodes low. Low leakage diodes, such as 
the FD333's should be used, and should be shielded from light 
to keep photocurrents from being generated. Even with these 
precautions, the diodes will. measurably increase the input cur
rent and capacitance. 

Figure 39. Input Voltage Clamp with Diodes 
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SAMPLE AND DIFFERENCE CIRCUIT TO MEASURE 
ELECTROMETER LEAKAGE CURRENTS 
There are a number of methods used to test electrometer leak
age currents, including current integration and direct current to 
voltage conversion. Regardless of the method used, board and 
interconnect cleanliness, proper choice of insulating materials 
(such as Teflon or Kel-F), correct guarding and shielding tech
niques and care in physical layout are essential to making accu
rate leakage measurements. 

Figure 40 is a schematic of the sample and difference circuit. It 
uses two ADS49 electrometer amplifiers (A and B) as current-to
voltage converters with high value (1010 0) sense resistors (RSa 
and RSb). Rl and R2 provide for an overall circuit sensitivity of 
10 fA/mY (10 pA full scale). Cc and CF provide noise suppres
sion and loop compensation. Cc should be a low leakage poly
styrene capacitor. An ultralow leakage Kel-F test socket is used 
for contacting the device under test. Rigid Teflon coaxial cable 
is used to make connections to all high impedance nodes. The 
use of rigid coax affords immunity to error induced by mechani
cal vibration and provides an outer conductor for shielding. The 
entire circuit is enclosed in a grounded metal box. 

r-- -----
I r-----
I I 
I I 
I I 
I I 
I L 
I '---+-........ -1 L __ 

vos + 
r--
I 
I 
I 
I 
I 
I 
I 
I 
I 

r 
I 
I 
I 
I 
I 
I 
I 

L, ______ _ 

Ce c, 
apF O,1 ... F 

R2 
RS. = 10'°0 9.01kn . , 

1kn 

CALITEST 

=,----+ 
VERR11V" 

~-

VERRZlVx 

=~..--+ 

Figure 40. Sample and Difference Circuit for Measuring 
Electrometer Leakage Currents 
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The test apparatus is calibrated without a device under test 
present. A five minute stabilization period after the power is 
turned on is required. First, VERR1 and VERR2 are measured. 
These voltages are the errors caused by offset voltages and leak
age currents of the current to voltage converters. 

VERR1 = 10 (VosA - IBA x RSa) 
VERR2 = 10 (VosB - IBB x RSb) 

Once measured, these errors are subtracted from the readings 
taken with a device under test present. Amplifier B closes the 
feedback loop to the device under test, in addition to providing 
current to voltage conversion. The offset error of the device un
der test appears as a common-mode signal and does not affect 
the test measurement. As a result, only the leakage current of 
the device under test is measured. 

VA - VERR1 = 10[RSa x IB(+)] 
Vx - VERRZ = 10[RSb x IB(-)] 

Although a series of devices can be tested after only one calibra
tion measurement, calibration should be updated periodically to 
compensate for any thermal drift of the current to voltage con
verters or changes in the ambient environment. Laboratory re
sults have shown that repeatable measurements within 10 fA can 
be realized when this apparatus is properly implemented. These 
results are achieved in part by the design of the circuit, which 
eliminates relays and other parasitic leakage paths in the 
high impedance signal lines, and in part by the inherent can
cellation of errors through the calibration and measurement 
procedure . 

PHOTODIODEINTERFACE 
The ADS49's low input current and low input offset voltage 
make it an excellent choice for very sensitive photodiode pre
amps (Figure 41). The photodiode develops a signal current, Is 
equal to: 

Is = R x P 

where P is light power incident on the diode's surface in Watts 
and R is the photodiode responsivity in AmpslWatt. RF con
verts the signal current to an output voltage: 

VOUT = RF X Is 

c" 10pF 

-v. 

Figure 41. Photodiode Preamp 
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DC error sources and an equivalent circuit for a small area 
(0.2 mm square) photodiode are indicated in Figure 42. 

1~' 
c, 

1.".' 

Figure 42. Photodiode Preamp DC Error Sources 

Input current, IB' will contribute an output voltage error, VEl> 
proportional to the feedback resistance: 

VEl = IB X Rp 

The op amp's input voltage offset will cause an error current 
through the photodiode's shunt resistance, Rs: 

1= VosfRs 

The error current will result in an error voltage (V E2) at the am
plifier's output equal to: 

VE2 = (l+RpiRs) Vos 

Given typical values of photodiode shunt resistance (on the or
der of 109 0), RpiRs can easily be greater than one, especially if 
a large feedback resistance is used. Also, RpiRs will increase 
with temperature, as photodiode shunt resistance typically drops 
by a factor of two for every 1000C rise in temperature. An op 
amp with low offset voltage and low drift must be used in order 
to maintain accuracy. The AD549K offers guaranteed maximum 
0.25 mV offset voltage, and 5 mVrC drift for very sensitive 
applications. 

Photodiode Preamp Noise 
Noise limits the signal resolution obtainable with the preamp. 
The output voltage noise divided by the feedback resistance is 
the minimum current signal that can be detected. This mini
mum detectable current divided by the responsivity of the pho
todiode represents the lowest light power that can be detected 
by the preamp. 

Noise sources associated with the photodiode, amplifier, and 
feedback resistance are shown in Figure 43; Figure 44 is the 
spectral density versus frequency plot of each of the noise 
source's contribution to the output voltage noise (circuit parame
ters in Figure 42 are assumed), Each noise source's rtIls contri
bution to the total output voltage noise is obtained by integrat
.ing the square of its spectral density function over frequency. 
The rms value of the output voltage noise is the square root of 
the sum of all contributions. Minimizing the total area under 
these curves will optimize the preamplifier's resolution for a 
given bandwidth. 

The photodiode preamp in Figure 41 can detect a signal current 
of 26 fA rms at a bandwidth of 16 Hz, which assuming a photo
diode responsivity of 0.5 AIW, translates to a S2 fW rms mini
mum detectable power. The photodiode used has a high source 
resistance and low junction capacitance. Cp sets the signal band
width with Rp and also limits the "peak" in the noise gain that 
mUltiplies the op amp's input voltage noise contribution. A sin
gle pole filter at the amplifier's output limits the op amp's out
put voltage noise bandwidth to 26 Hz, a frequency comparable 
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to the signal bandwidth; This greatly improves the preamplifi
er's signal to noise ratio (in this case, by a factor of three). 

Figure 43. Photodiode Preamp Noise Sources 
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Figure 44. Photodiode Preamp Noise Sources' Spectral 
Density vs. Frequency 

Log Ratio Amplifier 
Logarithmic ratio circuits are useful for processing signals with 
wide dynamic range. The ADS49L's 60 fA maximum input cur
rent makes it possible to build a log ratio amplifier with 1 % log 
conformance for input current ranging from 10 pA to I mA, a 
dynamic range of 160 dB. 

The log ratio amplifier in Figure 45 provides an output voltage 
proportional to the log base 10 of the ratio of the input currents 
II and 12. Resistors RI and R2 are provided for voltage inputs. 
Since NPN devices are used in the feedback loop of the front- . 
end amplifiers that provide the log transfer function, the output 
is valid only for positive input voltages and input currents. The 
input currents set the collector currents IC1 and IC2 of a 
matched pair of log transistors Q1 and Q2 to develop voltages 
VA and VB: 

VA, B = - (kT/q) In IClIES 

where IES is the transistors' saturation current. 

The difference of VA and VB is taken by the subtractor section 
to obtain: 

VC = (kT/q) In (IC2lICI) 

vc is scaled up by the ratio of (R9+ R10)fR8, which is equal to 
approximately 16 at room temperature, resulting in the output 
voltage: 

V OUT = 1 x log (IC2IICI) v. 

REV. A 



R8 is a resistor with a positive 3500 ppmfC temperature coeffi
cient to provide the necessary temperature compensation. The 
parallel combination of RI5 and R7 is provided to keep the sub
tractor section's gain for positive and negative inputs matched 
over temperature. 

.,IN 

V,fN ...... .,.,.. ..... ---+ ....... 
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Figure 45. Log Ratio Amplifier 

Frequency compensation is provided by Rll, R12, and CI and 
C2. The bandwidth of the circuit is 300 kHz at input signals 
greater than 50 !lA, and decreases smoothly with decreasing sig
nallevels. 

To trim the circuit, set the input currents to 10 j.LA and trim 
A3's offset using the amplifier's trim potentiometer so the out
put equals o. Then set 11 to I j.LA and adjust the output to 
equal I V by trimming RIO. Additional offset trims on the am
plifiers Al and A2 can be used to increase the voltage input ac
curacy and dynamic range. 

The very low input current of the A0549 makes this circuit use
ful over a very wide range of signal currents. The total input 
current (which determines the low level accuracy of the circuit) 
is the sum of the amplifier input current, the leakage across the 
compensating capacitor (negligible if polystyrene or Teflon ca
pacitor is used), and the collector to collector, and collector to 
base leakages of one side of the dual log transistors. The magni
tude of these last two leakages depend on the amplifier's input 
offset voltage and are typically less than 10 fA with I m V off
sets. The low level accuracy is limited primarily by the amplifi
er's input current, only 60 fA maximum when the A0549L is 
used. 
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The effects of the emitter resistance of QI and Q2 can degrade 
the circuit's accuracy at input currents above 100 !lAo The net
works composed of R13, 01, R16, and R14, 02, RI7 compen
sate for these errors, so that this circuit has less than I % log 
conformance error at I rnA input currents. The correct value for 
R13 and RI4 depends on the type of log transistors used. 
49.9 kfi resistors were chosen for use with LM394 transistors. 
Smaller resistance values will be needed for smaller log 
transistors. 

TEMPERATURE COMPENSATED pH PROBE 
AMPLIFIER 
A pH probe can be modeled as a mY-level voltage source with a 
series source resistance dependent upon the electrode's composi
tion and configuration. The glass bulb resistance of a typical pH 
electrode pair falls between 10· and 109 fi. It is therefore impor
tant to select an amplifier with low enough input currents such 
that the voltage drop produced by the amplifier's input bias cur
rent and the electrode resistance does nut become an appreciable 
percentage of a pH unit. 

The circuit in Figure 46 illustrates the use of the A0549 as a 
pH probe amplifier. As with other electrometer applications, the 
use of guarding, shielding, Teflon standoffs, etc., is a must in 
order to capitalize on the A0549's low input current. If an 
A0549L (60 fA max input current) is used, the error contrib
uted by input current will be held below 60 j.L V for pH elec
trode source impedances up to 109 fi. Input offset voltage 
(which can be trimmed) will be below 0.5 mY. 

+15V 

Figure 46. Temperature Compensated pH Probe Amplifier 

The pH probe output is ideally zero volts at a pH of 7 indepen
dent of temperature. The slope of the probe's transfer function, 
though predictable, is temperature dependent (-54.2 mY/pH at 
o and -74.04 mY/pH at 100°C). By using an A0590 tempera
ture sensor and an A0535 analog divider, an accurate tempera
ture compensation network can be added to the basic pH probe 
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amplifier. The table in Figure 47 shows voltages at various 
points and illustrates the compensation. The AD549 is set for a 
noninverting gain of 13.51. The output of the AD590 circuitry 
(point C) will be equal to 10 V at lOO"C and decrease by 
26.8 mVrC. The output of the AD535 analog divider (point D) 
will be a temperature compensated output voltage centered at 
zero volts for a pH of 7, and having a transfer function of 
-1.00V/pH unit. The output range spans from -7.00 V 
(PH = 14) to +7.00 V (pH=O). 
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PROBE A B C 0 
TEMP (PROBE OUTPUT) (Ax13.51) (590 OUTPUT) (10B/C) 

0 54.20mV 0.732 V 7.32 V 1.00 V 
25"C 59.16mV 0.799 V 7.99 V 1.00 V 
37"C 61.54mV 0.831 V 8.31 V 1.00 V 
6O"C 66.10mV 0.893 V 8.93 V 1.00 V 

100"<: 74.04mV 1.000 V 10.00 V 1.00 V 

Figure 47. Table Illustrating Temperature Compensation 
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FEATURES 
Matched Offset Voltage 
Matched Offset Voltage Over Temperature 
Metched Bias Current 
Crosstalk-124dB at 1kHz 
Low Bias Current: 35pA max Warmed Up 
Low Offset Voltage: 500"V max 
Low Input Voltage Noise: 2"V Pll 
High Open Loop Gain 
Low Quiescent Current: 2.8mA max 
Low Total Harmonic Distortion 
Standard Dual Amplifier Pin Out 
Available in Hermetic Metal Can Package and Chip Form 
MIL-STD-883B Processing Available 
Single Version Available: AD542 

PRODUCT DESCRIPTION 
The AD642 is a pair of matched high speed monolithic Bi
FET operational amplifier fabricated with the most advanced 
bipolar, JFET and laser trimming technologies. The AD642 
offers matched bias currents that are significantly lower than 
currently available monolithic dual FET input operational 
amplifiers: 35pA max matched to 25pA for the AD642K 
and L; 75pA max, matched to 35pA for the AD642J and S. 
In addition, the offset voltage is laser trimmed to less than 
O.SmV and matched to O.2SmV for the AD642L, 1.0mVand 
matched to O.SmV for the AD642K, utilizing Analog's laser
wafer trimming (LWT) process. 

The tight matching and temperature tracking between the 
operational amplifiers is achieved by ion-implanted JFETs 
and laser-wafer trimming. Ion-implantation permits the fab
rication of precision, matched JFETs on a monolithic bipolar 
chip. This optimizes the process to product matched bias 
currents which have lower initial bias currents than other 
popular BiFET op amps. Laser-wafer trimming each am
plifier's inpu t offset voltage assures tigh t initial match and 
combined with superior IC processing guarantees offset volt
age tracking over the temperature range. 

The AD642 is recommended for applications in which excel
lent ac and dc performance is required. The matched ampli
fiers provide a low-eost solution for true instrumentation 
amplifiers, log ratio amplifiers, and output amplifiers for four 
quadrant multiplying DfA converters such as the AD7S41. 
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Precision, Low Cost 
Dual BiFET Op Amp 

AD642 I 
PIN CONFIGURATION 

INVERTING INVERTING 
INPUT INPUT 

V-

PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 

TOP VIEW 

The AD642 is available in four versions: the "}", "K" and 
"L," all specified over the 0 to +70°C temperature range and 
one version, "S," over the -SSoC to +12SoC extended oper
ating temperature range. All devices are packaged in the 
hermetically-sealed, TO-99 metal can or available in chip 
form. 

PRODUCT HIGHLIGHTS 
1. The AD642 has tight matching specifications to ensure 

high performance, eliminating the need to match indi
vidual devices. 

2. Analog Devices, unlike some manufacturers, specifies each 
device for the maximum bias current at either input in the 
warmed-up condition, thus assuring the user that the 
AD642 will meet its published specifications in actual use. 

3. Laser-wafer-trimming reduces offset voltage to as 10 w as 
O.SmV max and matched side to side to O.2SmV (AD642L), 
thus eliminating the need for external nul!ing. 

4. Low voltage noise (2/lV, p-p), and high open loop gain 
enhance the AD642's performance as a precision op amp. 

5. The standard dual amplifier pin out allows the AD642 to 
replace lower performance duals without redesign. 

6. The AD642 is available in chip form. 
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AD642 -SPECIFICATIONS (@ +25°C and Vs = ±15V de) 
, 

AD642J AD64:IK AD642L AD642S 
Model Min Typ Mas Min Typ M"" Min Typ Max Min Tn> Mas' 

OPEN LOOPGAIN 
Vo= ::!:lOV)RL~2kO 100,000 250,000 250,000 250,000 
T min to T DlmU RL = 2kO 100,000 250,000 250,000 100,000 

OUTPUT CHARACTERISTICS 
Vo1tage@RL=2kn,TmiDtoTmu. ±IO ±12 ±IO ±I2 ±IO ±I2 ±IO ±12 
Vo1tagc@RL=IOkn, TmiD, to Tmu:. ±12 ±13 ±12 ±13 ±12 ±13 ±12 ±13 
Short Circuit Current 25 25 25 25 

FREQUENCY RESPONSE 
Unity Gain Small Signal 1.0 1.0 1.0 '1.0 
FuUPower Response 50 50 50 50 
Slew Rate, UnityGain 2.0 3,0 2.0 l.O 2.0 3.0 2.0 3.0 

lNPUT OFFSET VOLTAGE I 
lnitialOffset 2.0 1.0 0.5 1.0 
Input Offset Vol_T ... toT_ 3.5 2.0 1.0 3.5 
Input Offset Vol_VlI. Supply. 

ToUD to Tmu; 200 100 100 100 

lNPUTBlASCURRENT' 
Either Input 10 75 10 35 10 35 10 35 
Offset Current 5 2 2 2 

MATCHlNGCHARACTERISTICS' 
Input Offset Voltage 1.0 0.5 0.25 0.5 
Input Offset Voltage T min to T mu: 3.5 2.0 1.0 3.5 
InputffiasCurrent 35 25 25 35 
Crosstalk -124 -124 -124 -124 

lNPUTlMPEDANCE 
Differential 10"116 10"116 10"116 1O'~16 
Common Mode 10"116 IO"~ 10"116 10"116 

lNPUTVOLTAGE RANGE 
Differential" ±20 ±20 ±2O ±20 
CommonMode ±IO ±12 ±IO ±12 ±IO ±I2 ±IO ±12 
Common Mode Rejection 76 80 80 80 

INPUT NOISE 
Vol_O.IHzloIOHz 2 2 2 2 
f~IOHz 70 70 70 70 
f~IOOHz 45 45 45 45 
f~ 1kHz 30 30 30 30 
f~ 10kHz 25 25 

, 
25 ' 25 

POWER SUPPLY 
Rated Performance ±15 ±IS ±15 ±IS 
Operating ±5 ±IS ±5 ±IS ±5 :tIS ±5 ±IS 
Quiescent Current 2.8 2.8 2.8 2.8 

TEMPERATURE RANGE 
Operatins, Rated Performance 0 +70 0 +70 0 +70 -55 +125 
StOlllge -65 +150 -65 +150 -65 +150 -65 +150 

TRANSISTOR COUNT 58 58 58 58 

PACKAGE OPTION' 
TO·99 Style (H'()8B) AD642JH AD642KH AD642LH AD642SH 
Chipa AD642JChipa AD642KChipa AD642SChipa 

NOTES 
IInpu( Offset Voltage specific;:ations are guaranteed after 5 minutes of operation at Til. = + 25"C. 
2Bias"Current SpecUlCltions are guaranteed at maximum at either input after S minutes of operation at Til. = + 2SOC. For ~ ·temperatures, the current doubles every 1O"C. 
3.Matching is defmed as the difference between parameters of the two amplifiers. 
"Defined as the maximum safe voltage.between inputs, such that neither exceeds ± lOV from ground. 
sPor outline information see Package Information section. METALIZATION PHOTOGRAPH 
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Specifications subject to change without notice. 

Specifications shown in boldface are tested. on all production units at finaI 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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Figure 19. T.H.D. Test Circuits 

Figure 21a. Unity Gain Follower 
Pulse Response (Large Signal) 
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Figure 22a. Unity Gain Inverter 
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Figure 21 b. Unity Gain Follower 
Pulse Response (Small Signa/) 

Figure 22b. Unity GailJ Inverter 
Pul. Response (Large Signal) 
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Figure 23. Settling Time Test Circuit 

Fast settling time (81.1s to 0.01% for 20V Pi> step), low power 
and low offset voltage make the AD642 an excellent choice 
for use as an output amplifier for current output D/A con
verters such as the AD7541. 

VriRROR lMV/DIV 

INPUT ,OVIDIV 

Figure 24. Settling OIartlCteristic Detail 

The upper trace of the oscilloscope photograph of Figure 24 
shows the settling characteristic of the AD642. The lower 
trace represents the input to Figure 23. The AD642 has been 
designed for fast settling to 0.01%, however, feedback com
ponents, circuit layout and circuit design must be carefully 
considered to obtain optimum settling time. 
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Figure 25. O. 1Hz to 10Hz 2nd Order Bandpass Filter, 
Maximally Flat 

The low frequency (1/f) noise has a power spectrum that is 
inversely proportional to frequency. Typically this noise is 
not important above 10Hz, but it can be important for low 
frequency-high gain applications. 

The low noise characteristics of the AD642 make it ideal for 
lIf noise testing circuits. The circuit of Figure 2S is a O.lHz 
to 10Hz bandpass filter with second order filter characteristics. 

The circuit illustrated in Figure 26 uses two AD642s to con
struct an instrumentation amplifier with low input current 
(3 SpA max), high linearity and low offset voltage and offset 
voltage drift. The AD644 may be substituted for increased 
speed, but the higher open-loop gain of the AD642 maintains 
berter linearity over the gain range of 1 to 1000. Amplifier A1 
is an AD642L for low input offset voltage (2S01.lV max) and 
low input offset voltage drift at high gains because matching 
and tracking are very important for the balanced input stage. 
Amplifier A2 serves two nonrelated functions, output ampli
fier and active data-guard di-ive, and does not require close 
matching between sections; i:llliis it may be an AD642J. 
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Clip' 
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GUARD 

AD642 

R'1 A8 
101dl lQkn 

NOTES 
At: AND RO ARE us. t10ppMfc 
A3 ANO R4 ARE i1'" t5OppIrt/"C. 
RI, HI. R7, R8 ARE A MATCHED NETWOltK, 
:tD.01" • .t2ppmfc TRACKINII Te. 

Figure 26. Precision FET Input Instrumentation Amplifier 

The output impedance of a CMOS DAC varies with the digital 
word thus changing the noise of the amplifier circuit. This 
effect will cause a nonlinearity whose magnitude is dependent 
on the offset voltage of the amplifier. The AD642K with trim
med offset will minimize the effect. The Schottky protection 
diodes recommended for use with many older CMOS DACs 
are not required when using the AD642. 

.. 
,00. 

BIPOLAR 
OffSET .. ,o. 

BIPOLAR 
ANALOG INPUT 

.. OV 

NOTES: 
1. R3iR<l MATCH o.OK OR BETTER. 
2. R1. R2 USED ONLY If GAIN ADAISTMENT tS REQUIRED 

Figure 27a. AD642 Used as DAC Output Amplifier 

Figure 27a illustrates the AD7S4112-bit digital-to-analog 
converter, connected for bipolar operation. Since the digital 
input can accept bipolar numbers and VREI' can accept a bi
polar analog input, the circuit can perform a +quadrant 
multiplication. . 

VREF IN, 20V P-P, 33kHz 

10V!DIV VERT. 
5,lsJDIV HORIZ. 

YoUT. 
6v/DIVVERT 

&,tsIDIV HORIZ. 

SETTLING TIME: 10ps TO 
0.01% ON 20V STEP 

FigUffJ 27b. Voltage OutputDAC Settling OIaracteristic 

The photo above shows the output of the circuit of Figure 
27a. The upper trace represents the reference input, and the 
bottom trace shows the output voltage for a digital input of 
all ones on the DAC. The 4,1pF capacit(!r across the feedback 
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AD642 
resistor compensates for the DAC output capacitance, and the 
lSOpF load capacitor serves to minimize output glitches. 

Log amplifiers or log ratio amplifiers are useful ip applications 
requiring compression of wide-range analog input data, linear
ization of transducers having exponential outputs, and analog 
computing, ranging from simple translation of natural rela
tionships in log form (e.g., computing absorbance as the log
ratio of input currents), to the use of logarithms in facilitating 
analog computation of terms involving arbitrary exponents 
and multi-term products and ratios. 

The picoamp level input current and low offset voltage of the 
AD642 make it suitable for wide dynamic range log ampli
fiers. Figure 28 is a schematic of a log ratio circuit employing 
the AD642 that can achieve less than 1% conformance error 
over 5 decades of current input, InA to 100J,lA. For voltage 
inputs. tIle dynamic range is typically 50mV to 10V for 1 % 
error, limited on the low end by the amplifiers' input offset 
voltage. +10V 

"--;:-1M~--__ -
} 

VQUT=-1VLOG10 1,/12 
1k OR-1VLOGlOV,N2 

R1 

' • .41< .-------..... 

lOOk 
1k ,. RTe TEL LABS 

I, O--.... -j!~i>-L __ --l __ J +35OOppm Q81 

NOTES 
CIRCUIT SHOWN FOR NEGATIVE V OR ItN. 

-1&V FOR POSITIVE INPUTS. Q1 .. PHP, AND VA "-l&V. 

Figure 28. Log-Ratio Amplifier 
The conversion between current (or voltage) input and log 
output is accomplished by the base emitter junctions of the 
dual transistor Q1. Assuming Q1 has P> 100, which is the case 
for the specified transistor, the base-emitter voltage on side 1 
is to a close approximation: 

VBE A = kT/q In 11/ls1 

This circuit is arranged to take the difference of doe VBE'S of 
Q1A and QIB, thus producing an output voltage proportional 
to the log of the ratio of the inputs: 

VOUT=-K(VBEA -VBE B)=- KkT(ln 11/IS1-ln 12/I'S2) 
q 

VOUT = -K kT/q In 11/12 

The scaling constant, K is set by R1 and RTC to about 16, 
to produce IV change in output voltage per decade difference 
in input signals. RTC is a special resistor with a +3 SOOppmtC 
temperature ·coefficient, which makes K inversely proportional 
to temperature, compensating for the "T" in kT/q. The log
ratio transfer characteristic is therefore independent of tem
perature. 

This particular log ratio circuit is free from the dynamic prob
lems that plague many other log circuits. The -3dB bandwidth 
is 50kHz over the top 3 decades, 100nA to 100J,IA, and de
creases smoothly at lower input levels. This circuit needs no 
additional frequency compensation for stable operation from 
input current sources, such as photodiodes, that may have 
100pF of shunt capacitance. For larger input capacitances a 
20pF integration capacitor around each amplifier will provide 
a smoother frequency response. 
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This log ratio amplifier can be readily adjusted for optimum 
accuracy by following this simple procedure. First, apply VI = 
V2 = -10.00V and adjust "Balance" for VOUT = O.OOV. Next 
apply VI = -10.00V, V2 = -1.00V and adjust gain for VOUT= 
+ 1.00V. Repeat this procedure until gain and balance readings 
are within 2mV of ideal values. 

The low input bias current (3SpA) and low noise character
istics of the AD642 make it suitable for electrometer appli
cations such as photo diode preamplifiers and picoampere 
current-to-voltage converters. The use of guarding techniques 
in printed circuit board layout and construction is critical 
for achieving the ultimate in low leakage performance that 
the AD642 can deliver. The input guarding scheme shown in 
Figure 29 will minimize leakage as much as possible; the' 
guard ring should be applied to both sides of the board. The 
guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal lines should 
not be extended for any unnecessary length on a printed 
circuit; to minimize noise and leakage, they must be carried 
in rigid shielded cables. 

+vi' . 
'~~ 

GUARD~? ~ 
Figure 29. Board Layout for Guarding Inputs 

INPUT PROTECTION 
The AD642 is guaranteed for a maximum safe input potential 
equal to the power supply potential. The input stage design 
also allows differential input voltages of up to ±O.S volts while 
maintaining the full differential input resistance of 1012n. 
This makes the AD642 suitable for low speed voltage com
parators directly connected to a high impedance source. 

Many instrumentation situations, such as flame detectors in 
gas chromatographs, involve measurement of low level cur
rents from high-voltage sources. In such applications, a sensor 
fault condition may apply a very high potential to the input 
of the current-to-voltage converting amplifier. This possibility 
necessitates some form of input protection. Many electro
meter type devices, especially CMOS designs, can require 
elaborate zener protection schemes which often compromise 
overall performance. The AD642 requires input protection 
only if the source is not current-limited, and as such is similar 
to many JFET-input designs. The failure mode would be over
heating from excess current rather than voltage breakdown. 
If me source is not current-limited, all that is required is a 
resistor in series with the affected input terminal so that the 
maximum overload current is 1.0mA (for example; 100kn 
for a 100 volt overload). This si~ple scheme will cause no 
significant reduction in performance and give complete over
load protection. Figure 30 shows proper connections. 

R, TVPICALL v l00kO ·TO 1MR 

::::IC }; Itp" ~ FOR TRANSIENTS LESS THAN 1 SECOND 

---- Rp,,~ FORCQNTINUOUSOVERLOADS 

Figure 30. AD642 Input Protection 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Matched Offset Voltage 
Matched Offset Voltage Over Temperature 
Matched Bias Currents 
Crosstalk -124dB at 1kHz 
Low Bias Current: 35pA max Warmed Up 
Low ottset Voltage: 500pV max 
Low Input Voltage Noise: 2p.V POp 
High Slew Rate: 13V!1lS 
Low Quiescent Current: 4.5mA max 
Fast Settling to ±0.01%: 31lS 
Low Total Harmonic Distortion: 0.0015% at 1kHz 
Standard Dual Amplifier Pin Out 
Available in Hermetic Metal Can Package 

and Chip Form 
MIL-STD-883B Processing Available 
Single Version Available: AD544 

PRODUCT DESCRIPTION 
The AD644 is a pair of matched high speed monolithic FET
input operational amplifiers fabricated with the most advanced 
bipolar, JFET and laser-trimming technologies. The AD644 
offers matched bias currents that are significantly lower than 
currently available monolithic dual BiFET operational ampli
fiers: 3SpA max, matched to 2SpA for the AD644K and 
L, 7SpA max matched to 3SpA for the AD644J and S. In ad
dition, the offset voltage is laser trimmed to less than O.SmV, 
and matched to 0.2SmV for the AD644L-, 1.0mV and matched 
to O.SmV for the AD644K, utilizing Analog Devices'laser
wafer trimming (LWT) process. 

The tight matching and temperature tracking between the 
operational amplifiers is achieved by ion-implanted JFETs 
and laser-wafer trimming. Ion-implantation permits the fabri
cation of precision, matched JFETs on a monolithic bipolar 
chip. This process optimizes the ability to produce matched 
amplifiers which have lower initial bias currents than other 
popular BiFET op amps. Laser-wafer trimming each ampli
fier's input offset voltage assures tight initial match and super
ior IC processing guarantees offset voltage tracking over the 
temperarure range. 

The AD644 is recommended for applications in which both 
excellent ac and dc performance is required. The matched 
amplifiers provide a low cost solution to true wide band in
strumentation amplifiers, low dc drift active filters and output 
amplifiers for four quadrant multiplying DI A conveners such 
as the AD7S41, 12-bit CMOS DAC. 

The AD644 is available in four versions: the "]", "K" and 
"L" are specified over the 0 to +70°C temperature range and 
the "s" over the -55°C to +12SoC operating temperature 

REV. A 

Dual High Speed, 
Implanted BiFET Op Amp 

AD644 I 
PIN CONFIGURATION 

INVERTING INVERTING 
INPUT INPUT 

V-

PIN 41S IN ELECTRICAL 
CONTACT WITH THE CASE 

TOP VIEW 

range. All devices ate packaged in the hermetically sealed, 
TO-99 metal can or available in chip form. 

PRODUCT HIGHLIGHTS 
1. The AD644 has tight side to side matching specifications to 

ensure high performance without matching individual 
devices. 

2. Analog Devices, unlike some manufacturers, specifies each 
device for the maximum bias current at either input in the 
warmed-up condition, thus assuring the user that the 
AD644 will meet its published specifications in actual use. 

3. Laser-wafer-trimming reduces offset voltage to as low as 
O.SmV max matched side to side to 0.2SmV (AD644L), 
thus eliminating the need for external nulling. 

4. Improved bipolar and JFET processing on the AD644 result 
in the lowest matched bias current available in a high speed 
monolithic FET op amp. 

s. Low voltage noise (21N pop) and high open loop gain en
hance the AD644's performance as a precision op amp. 

6. The high slew rate (13.0V/IlS) and fast settling time to 
0.01% (3.0I's) make the AD644 ideal for D/A, AID, sample
hold circuits and dual high speed integrators. 

7. Low harmonic distortion (0.0015%) and low crosstalk 
(-124dB) make the AD644 an ideal choice for stereo audio 
applications. 

8. The standard dual amplifier pin out allows the AD644 to 
replace lower performance duals without redesign. 

9. The AD644 is available in chip form. 
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AD644-SPECIFICATIONS (@ +25·C and Vs = :t15V de) 
Model 

AD644J AD644K AIl644L AD644S 
MiD Tn> Mas MiD Tn> Mas MiD Tn> Mu MiD 'I'yp M.,. 

OPEN LOOPGAIN 
Vo= ±lOV,RL~2kO 30,000 SO,OOO 50,000 SO,OOO 
Tmin toTIIIIIII,RL=2kO 20,000 40,000 40,000 ZO,DOO 

OUTPUT CHARACTERISTICS 
Voltage~ RL =2kO, Tminto T_ ±IO ±I2 ±IO ±12 ±IO :tI2 ±IO ±12 
Voltage (fl.; RL = IOka, T min to T mill: ±i2 ±13 ±12 ±13 ±12 ±13 ±12 ±\3 
ShonOrcuit Current 25 . 25 25 25 

FREQUENCYRESPONSB 
UnityGaiPSmoll Signal 2.0 2.0 2.0 2.0 
Full Power Response 200 200 200 200 
Slew Rate, Unity Gain 8.0 13.0 8.0 13.0 8.0 13.0 8.0 13.0 
Total Harmonic Distortion 0.0015 0.0015 0.00]5, 0.0015 

INPUT OFFSET VOLTAGE' 
Initia10ffset 2.0 1.0 0.5 1.0 
Input Offset Voltage T mla to T IIIBZ 3.5 2.0 1.0 3.5 
Input Offset Voltage VB. Supply, 

TminroT_ 200 100 100 100 

INPUT BIASCURRENT' 
Either Input 10 75 10 35 10 35 10 35 
Offset Current 10 5 5 5 

MATCHlNGCHARACTERISTICS' 
InputOffsctVoltage: 1.0 0.5 0.25 0.5 
Input Offset Voltage T min to T_ 3.5 2.0 1.0 3.5 
Input Bias Current 35 25 25 35 
Crosstalk -124 -124 -124 -124 

INPUT IMPEDANCE 
Differential 1012116 1012116 1012116 1012116 
CommonModc 1012113 10'~13 I012U3 1012113 

INPUT VOLTAGE RANGE 
Differential" ::!::20 ±20 ±20 ±20 
Common Mode ±IO ±12 ±IO :t: 12 ±IO ±12 ±IO ::tI2 
Common Mode Rejection 76 80 80 80 

INPUT NOISE 
Vol_D.1H"o 10Hz 2 2 2 2 

f-IOHz 35 35 35 35 
f-looHz 22 22 22 22 
f-lkHz 18 18 18 18 
f-lOkHz 16 16 16 16 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 ±15 
Operating ±5 ±IS ±S ±IS ±S ±IS ±S :tI8 
Quiescent Current 3.5 4.5 3.5 4.5 3.5 4.5 3.5 4.5 

TBMPERATURERANGE 
Operating, Rated Performance 0 +70 0 +70 0 +70 -55 +125 
Storage -65 +150 -65 + ISO -65 +150 -65 +150 

PACKAGE OPTION' 
TQ-99 Style (H.oaB) AD644JH AD644KH AD644LH AD644SH 
Chips AD644JChips AD644KChips AD644SChips 

NOTES 
IInput Offset Voltage specifications arc guaranteed after 5 minutes of operation at T A "" + 25"<:. 
2Bias Current specifications are guaranteed at maximum at either input after S minutes of operation at T A = + 25OC. For higher temperatures, the current doubles every 1O"C. 
"Matching is defined as the difference between parameters of the two ampliflel'S. 
4Defined as voltage between inputs, such that neither aCteds ± IOV from ground. 
SpOt outline information see Package Information section. 
SpecifICations subject. to change without notice. 

Spccif'lC8tionS shown in boldface are tested. on all production units at rmat 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifICations are guaranteed, although only.those 
shown in boldface are tested on all production units. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

Contact factory for latest dimensions. 
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Figure 21b. Unity Gain Follower 
Pulse Response (Small Signal) 

Figure 22b. Unity Gain. Inverter 
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SCOPE PROBE, 20pF OR LESS 

4.99k 

4.99k 

VOUT 

SCOPE VERTICAL 
1MV!OIV 
VERROR" VIN; VOUT 

Figure 23a. Settling Time Test Circuit 

VERAOR.lmV/DIV 

VIN .. 1OV/DIV 

Figure 23b. Settling Characteristic Detail 

The fast settling time (3.0ps to 0.01% for 20V p-p step) and 
low offset voltage make the AD644 an excellent choice as an 
output amplifier for current output D/A conveners such as 
the AD754l. The upper trace of the oscilloscope photograph 
of Figure 23b shows the settling characteristics of the AD644. 
The lower trace represents the input to Figure 23a. The AD644 
has been designed for fast settling to 0.01%, however, feedback 
components, circuit layout and circuit design must be carefully 
considered to obtain the optimum settling time. 

n _ 4.99kn 

- Lf,NPuT 

TYPICAL CAPACITANCE 
LIMIT FOR VARIOUS 
LOAD RESISTORS 

Rl CL.UPTO 

"'" ~ '6OOpF 
'Oka ~ 600pF 
20ka ~ 600pF 

4.99ka 

Figure 24. Circuit for Driving a Large Capacitive Load 

Transient Response RL =2kn CL =500pF 

The circuit in Figure 24 employs a lOOn isolation resiStor 
which enables the amplifier to drive capacitive loads ex
ceeding 500pF; the resistor effectively isolates the high fre
quency feedback from the load and stabilizes the circuit. Low 
frequency feedback is returned to the amplifier summing 
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AD644 
junction via the low pass filter formed by the won series 
resistor and the load capacitance, CL. 

The low input bias current (35pA), low noise, high slew rate 
and high bandwidth characteristics of the AD644 make it 
suitable for electrometer applications such as photodiode 
preamplifiers and picoampere current-to-voltage converters. 
The use of guarding techniques in printed circuit board 
layout and construction is critical for achieving the ultimate in 
low leakag!! performance that the AD644 can deliver. The in-
put guarding scheme shown in Figure 25 will minimize leakage • 
as much as possible. The same layout should be used on both 
sides of a double side board. The guard ring is connected to 
a low impedance potential at the same level as the inputs. High 
impedance signal lines should not be extended for any unneces
sary length on a printed circuit; to minimize noise and leakage, 
such conductors should be replaced by rigid shielded cables. 

Figure 25. Board Layout for Guarding Inputs 

INPUT PROTECTION 
The AD644 is guaranteed for a maximum safe input potential 
equal to the power supply potential. The input stage design 
also allows differential input voltages of up to ±1 volt while 
maintaining the full differential input resistance of 1012 n. 
This makes the AD644 suitable for comparator situations 
employing a direct connection to high impedance source. 

Many instrumentation situations, such as flame detectors in 
gas chromatographs, involve measurement of low level currents 
from high-voltage sources. In such applications, a sensor fault 
condition may apply a very high potential to the input of the 
current-to-voltage convening amplifier. This possibility neces
sitates some form of input protection. Many electrometer type 
devices, especially CMOS designs, can require elaborate zener 
protection schemes which often compromise overall perfor
mance. The AD644 requires input protection only if the source 
is not current-limited, and as such is similar to many JFET-input 
designs. The failure mode would be overheating from 
excess current rather than voltage breakdown. If the source is 
not current-limited, all that is required is a resistor in series 
with the affected input terminal so that the maximum over
load current is l.OrnA (for example, 100kn for a 100 volt 
overload). This simple scheme will cause no significant reduc
tion in performance and give complete overload protection. 
Figure 26 shows proper connections. 

Rp '" 1~ FOR TRANSIENTS LESS THAN 1 SECOND 

Rp'" ':J'A FOR CONTINUOUS OVER LOADS 

Figure 26. AD644 Input Protection 
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• 5 
'OOk 
BIPOLAR 
OFFSET 

.6 

BIPOLAR 
ANALOG INPUT 

"OY 

10k NOTES: 
1. R3/R4 MATCH 0.05% OR BETTER. 
2. R1, R2 USED ONL V IF GAIN 

ADJUSTMENT IS REQUIRI;D v-

Figure 27a. AD644 Used as DAC Output Amplifiers 

Figure 27b. Large Signal Response 

Figure 27c. Small Signal Response 

Figure 27a illustrates the la-bit digital-to-analog converter, 
AD7S33, connected for bipolar operation. Since the digital in
put can accept bipolar numbers and VREF can accept a bipolar 
analog input, the circuit can perform a 4-quadrant multiplying 
function. The photos exhibit the response to a step input at 
VREP' Figure 27b is the large signal response and Figure 27c 
is the small signal response. 

The output impedance of a CMOS DAC varies with the digital 
word thus changing the noise gain of the amplifier circuit. The 
effect will cause a nonlinearity the magnitude of which is 
dependent on the offset voltage of the amplifier. The AD644K 
with trimmed offset will minimize the effect. The Schortky 
protection diodes recommended for use with many older 
CMOS DACs are not required when using the AD644. 

ACTIVE FILTERS 
literature on active filter techniques and characteristics based 
on operational amplifiers is readily available. The successful, 
application of an active filter however, depends on the compo
nent selection to achieve the desired performance. The AD644 
is recommended for filters in medical, instrumentation, data 
acquisition and audio applications, because of its high gain 
bandwidth figure, symmetrical slewing, low noise, and low 
offset voltage. 
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The state variable filter (Figure 28) is stable, easily tuned and 
is independent of circuit Q and gain. The use of the AD644 
with its low input bias current simplifies the resistor (R3, R4) 
selection for the passband center frequency, circuit Q and 
voltage gain • 

fo .. CENTER FREQUENCV • 1/2. Rc 

0 0 " QUALITY FACTOR e R~;~2 
ao,ISADJUS1ABLE BY VARYING R2 

fo,lSADJUSTABLE BY VARYING R OR C 

Ho = GAIN AT RESONANCE = R2/R, 

R3"~ "" loB/fo 

Figure 28. Band Pass State Variable Filter 

Figure 29. Sample and Hold Circuit 

The sample and hold circuit, shown in Figure 29 is suitable for 
use with 8-bit AID converters. The acquisition time using a 
3900pF capacitor and fast CMOS SPST (ADG200) switch is 
lSI's. 

The droop rate is vety low 25 X 10-9 V IllS due to the low 
input bias currents of the AD644. Care should be taken to 
minimize leakage paths. Leakages around the hold capacitor 
will increase the droop rate and degrade performance. 

OFFSET ADJUST 
50k 

~ 
-INPUT 

fJ 
+INPUT 

GAIN .. I+VIN "-ViN) 

INSTRUMENTATION AMPLIFIER WITH GAIN OF TEN 

Figure 30. Wide Bandwidth Inlftromentation Amplifier 

The AD644 in the circuit of Figure 30 proVides highly accurate 
signal conditioning with high frequency input signals. It pro
Vides an offset voltage drift of lo,.tV/oC, CMRR of 80dB over 
the range of dc to 10kHz and a bandwidth of 200kH?: (-3dB) 
at 1 V pop output. The circuit of Figure 30 can be configured 
for a gain range of 2 to 1000 with a typical nonlinearity of 
0.01% at a gain of 10. 
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r.ANALOG 
WDEVICES 

FEATURES 
Improved Replacement for Burr-Brown 
OPA-111 and OPA-121 Op Amp 

LOW NOISE 
2.,.V p-p max, 0.1 Hz to 10 Hz 
10 nV/v'Hi max at 10 kHz S) 
11 fA p-p Current Noise 0.1 Hz to 10 Hz ~ 
HIGH DC ACCURACY ~~O ~~ 
250.,.V max Offset Voltage L"\~ 
1 .,.V/oC max Drift V 
1.5 pA max Input Bias Current 
114 dB Open-Loop Gain 
Available in Plastic Mini-DIP or 8-Pin Header Packages 
Both "A" Grade and MIL-STD-883B Chips (Diel Are 

Available 

APPLICATIONS 
Low Noise Photodiode Preamps 
CT Scanners 
Precision I-V Converters 

PRODUCT DESCRIPTION 
The AD645 is a low noise, precision FET input op amp. It 
offers the pico amp level input currents of a FET input device 
coupled with offset drift and input voltage noise comparable to a 
high performance bipolar input amplifier. 

The AD645 has been improved to offer the lowest offset drift in 
a FET op amp, I fLVrc. Offset voltage drift is measured and 
trimmed at wafer level for the lowest cost possible. An inher
endy low noise architecture and advanced manufacturing tech
niques result in a device with a guaranteed low input voltage 
noise of 2 fLV p-p, 0.1 Hz to 10 Hz. This level of dc perfor
mance along with low input currents make the AD645 an excel
lent choice for high impedance applications where stability is of 
prime concern. 
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Figure 1. AD645 Voltage Noise Spectral Density 
vs. Frequency 
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Low Noise, Low Drift 
FET Op Amp 

AD645 I 
CONNECTION DIAGRAMS 

S-Pin Plastic: Mini-DIP 
(N) Pac:kage 

To.99 (H) Package 

CASE 

NC = NO CONNECT 
-v 

NOTE: CASE IS CONNECTED 
TOPIN8 

The AD645 is available in six performance grades. The AD645J 
and AD645K are rated over the commercial temperature range 
of O·C to + 70·C. The AD645A, AD645B, and the ultraprecision 
AD645C are rated over the industrial temperature range of 
-40·C to 85·C. The AD645S is rated over the military tempera
ture range of -55·C to 125°C and is available processed to 
MIL-STD-883B. 

The AD645 is available in an 8-pin plastic mini-DIP, 8-pin 
header, or in die form. 

PRODUCT HIGHLIGHTS 
1. Guaranteed and tested low frequency noise of 2 fL V p-p max 

and 20 nV/YJIz at 100 Hz makes the AD645C ideal for low 
noise applications where a FET input op amp is needed. 

2. Low Vos drift of 1 fL V rc max makes the AD645C an excel
lent choice for applications requiring ultimate stability. 

3. Low input bias current and current noise (11 fA p-p 0.1 Hz 
to 10 Hz) allow the AD645 to be used as a high precision 
preamp for current output sensors such as photodiodes, or as 
a buffer for high source impedance voltage output sensors. 
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{g 20 I--+-+-+-
~ ... 
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INPUT OFFSET VOLTAGE DRIFT-~v/·C 

Figure 2. Typical Distribution of Average Input Offset 
Voltage Drift (196 Units) 
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AD645 - SPECIFICATIONS (@ +25°C and :1:15 Y dc, unless otherwise noted) 

Model AD64SJ/A AD64SKIB AD64SC AD64SS 
Condition. Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE' 
Initial Offset 100 SOO SO 2S0 SO 2S0 100 SOO ",V 
Offset TMIN'"""TMAX 300 1000 100 400 7S 300 SOO IS00 ",V 
Drift (Average) 3 lOIS 1 512 0.5 1 4 10 ",vrc 
YO. Supply (PSRR) 90 110 94 110 94 110 90 110 dB 
YO. Supply TM(N'"""TMAX 100 90 100 90 100 86 9S dB 

INPUT BIAS CURRENT2 

Either Input VCM = OV 0.7/1.8 3/S 0.7/1.8 I.S/3 1.8 3 1.8 5 pA 
Either Input 

@TMAX VCM = OV 161115 161115 115 1800 pA 
Either Input VCM = +lOY 0.811.9 0.811.9 1.9 1.9 pA 
Offset Current VCM = OV 0.1 1.0 0.1 O.S 0.1 O.S 0.1 1.0 pA 
Offset Current 

@TMAX VCM = OV 216 216 6 100 pA 

INPUT VOLTAGE NOISE 0.1 to 10 Hz 1.0 3.0 1.0 2.5 I 2 1.0 3.3 ",Vp-p 
f= 10Hz 20 50 20 40 20 40 20 50 nVly'Hz 
f= 100 Hz 10 30 10 20 10 20 10 30 nVly'Hz 
f=lkHz 9 IS 9 12 9 12 9 15 nV/y'Hz 
f= 10kHz 8 10 8 10 8 10 S 10 nV/y'Hz 

INPUT CURRENT NOISE f= 0.1 to 10Hz 11 20 11 IS 11 IS 11 20 fAp-p 
f = 0.1 thru 20 kHz 0.6 1.1 0.6 O.S 0.6 O.S 0.6 1.1 fAly'Hz 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 2 2 2 2 MHz 
Full Power Response Vo = 20Vp-p 

R LOAO = 2kO 16 32 16 32 16 32 16 32 kHz 
Slew Rate, Unity Gain VOUT = 20 V p-p 

RLOAD = 2kG I 2 1 2 1 2 1 2 V/fLS 

SETTLING TIME' 
To 0.1% 6 6 6 6 fLS 
To 0.01% 8 8 S 8 fLS 
Overlosd Recovery" 50% Overdrive 5 S S S fLS 
Total Harmonic f=lkHz 

Distortion R LOAD ;;, 2kO 
Vo = 3 Vrms 0.0006 0.0006 0.0006 0.0006 % 

INPUT IMPEDANCE 
Differential VDlFF = ±I V 10'2111 1012111 1012111 1012111 OllpF 
Common-Mode 1014112.2 1014112.2 1014112.2 1014112.2 OllpF 

INPUT VOLTAGE RANGE 
Differential' ±20 ±20 ±20 ±20 V 
Common-Mode Voltage ±IO +11,-10.4 ±IO +11,-10.4 ±IO +11,-10.4 ±10 +11,-10.4 V 
Over Max Oper. Range ±IO ±IO ±IO ±IO V 
Common-Mode 

Rejection Ratio VCM = ±IOV 90 110 94 110 94 110 90 110 dB 
TMI>rTMAX 100 90 100 90 100 86 100 dB 

OPEN-LOOP GAIN Vo=±IOV 
R LOAO ;;' 2 kG 114 130 120 130 120 130 114 130 dB 
TMIN'"""TMAX 114 114 110 dB 

OUTPUT .CHARACTERISTICS 
Voltage R LOAO ;;' 2 kO ±IO ±11 ±IO ±11 ±IO ±11 ±IO ±11 V 

TMIN'"""TMAX ±IO ±IO ±IO ±IO V 
Current VOUT = ±IOV ±S ±10 ±S ±IO ±S ±10 ±5 ±10 mA 

Short Circuit ±15 ±15 ±15 ±15 mA 

POWER SUPPLY 
Rated Performance ±IS ±IS ±IS ±15 V 
Operating Range ±5 ±IS ±S ±IS ±S ±18 ±5 ±IS V 
Quiescent Current 3.0 3.5 3.0 3.S 3.0 3.S 3.0 3.5 mA 
Transistor Count *' of Transistors 62 62 62 62 

NOTES 
'Input offset voltage specifications are guaranteed after 5 minutes of operation at T A = +25"<:. 
2Bias curreot specifications are guaranteed maximum at either input after 5 minutes of operation at TA = + 25"<:. For highet tempetature, the current doubles every 1O'C. 
'Gain = -1, RWAD = 2 kn. 
'Defined as the time required for the amplifier', output 10 return to normal operation after removal of a 50% ovetload from the amplifiet input. 
'Defined as the maximum continuous voltage between the inputs ,uch that neither input exceeds ± 10 V from ground. 
All min and max specifications are guaranteed. 
Specifications subject to cbaoge without notice. 
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ABSOLUTE MAXIMUM RATINGSI 

Supply Voltage ........................... ±18 V 
Internal Power Dissipation2 (@ TA = +2S0C) 

8-Pin Header Package .................... SOO mW 
8-Pin Mini-DIP Package .................. 7S0 mW 

Input Voltage ............................. ±Vs 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperature Range (H) ......... -6SOC to + ISO°C 
Storage Temperature Range (N) ......... -6SoC to + 12SoC 
Operating Temperature Range 

AD64SJ/K ........................ O°C to +70°C 
AD64SA/B/C .................... -40°C to +8SoC 

AD645 
AD64SS ...................... -SsoC to +12SoC 

Lead Temperature Range 
(Soldering 60 seconds) ..................... 300°C 

NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage 10 the device. This is a stress rating only and functional 
operation of the device at Plese or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Thermal Characterislics: 
8-Pin Plastic Mini-DIP Package: alA - IOO'ClWatt 
8-Pin Header Package: alA - 200'ClWatt 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. Charges as high as 4000 V readily accumulate on 
the human body and test equipment and discharge without detection. Therefore, reasonable 
ESD precautions are recommended to avoid functional damage or performance degradation. 
Unused devices should be stored in conductive foam or shunts, and the foam should be dis
charged to the destination socket before devices are removed. For further information on ESD 
precautions, refer to Analog Devices' ESD Prevention Manual. 

WARNING! LJ 
~~ED'VICE 

Modell 

AD64SJN 
AD64SKN 
AD64SAH 
AD64SBH 
AD64SCH 
AD64SSH 
AD64SSHl883B 

NOTES 

ORDERING GUIDE 

Temperature 
Range 

O°C to +70°C 
O°C to +70°C 
-40°C to +8SoC 
-40°C to +8SoC 
-40°C to +8SoC 
- SsoC to + l2SoC 
- SsoC to + 12SoC 

'''A'' and "S" Grade Chips are also available. 

Package 
option' 

N-8 
N-8 
H-08A 
H-08A 
H-08A 
H-08A 
H-08A 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Contact factoty for latest dimensions. 

1f4-·-V-,+----Oo09812.49I-------I°1 

2N - Plastic mini-DIP; H - Meta! Can. For oudine information 
see Package Information section. .v. 

-v. 
OFFSET 

NULL 

....L.l.IL.;Ir- 4 V-

-IN +IN 

Figure 3. AD645 Offset Null Configuration 
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Figure 4. Typical Distribution of Input 
Offset Voltage (1855 Units) 
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A0645-Typical Characteristics (@ +25"1:, :t15V unless otherwise stated) 

'DO 

, .. , 10 100 1k 10k ,. ,M 

fREQUENCY - Hz 

Figure 7. Current Noise Spectral 
Density vs. Frequency 

,. 

NOISE BANDWIDTH: O.11010Hl: 
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SOURCE RESISTANCE - n 

Figure 10. Input Voltage Noise vs. 
Source Resistance 

WAfIII.UP TIME -Minutes 

Figure 13. Change in' Input Dffset 
Voltage VB. Warmup Time 
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Figure 8. Voltage Noise Spectral 
Density vs. Frequency 
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Figure 14. Change in Input Offset 
Voltage vs. Time from Thermal 
Shock 
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AD645 - Typical Characteristics 
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Figure 25. Output Swing and Error 
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Figure 28a. Unity-Gain Follower 
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Figure 29a. Unity-Gain Inverter 
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Figure 28b. Unity-Gain Follower 
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Figure 29b. Unity-Gain Inverter 
Large Signal Pulse Response 
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Figure 28c. Unity-Gain Follower 
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Figure 29c. Unity-Gain Inverter 
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Figure 30. The AD645 Used as a Sensitive Preamplifier 

Preamplifier Applications 
The low input current and offset voltage levels of the AD645 
together with its low voltage noise make this amplifier an excel
lent choice for preamplifiers used in sensitive photodiode appli
cations. In a typical preamp circuit, shown in Figure 30, the 
output of the amplifier is equal to: 

VOUT = ID (Rj) = Rp (P) Rf 

where: 

In = photodiode signal current (Amps) 

Rp = photodiode sensitivity (AmpIWatt) 

Rf = the value of the feedback resistor, in ohms. 

P = light power incident to photodiode surface, in watts. 

An equivalent model for a photodiode and its de error sources is 
shown in Figure 31. The amplifier's input current, IB , will con
tribute an output voltage error which will be proportional to the 
value of the feedback resistor. The offset voltage error, Vos, 
will cause a "dark" current error due to the photodiode's finite 
shunt resistance, Rd. The resulting output voltage error, V E' is 
equal to: 

VB = (l + RPRd) Vas + RfIB 

A shunt resistance on the order of 109 ohms is typical for a 
small photodiode. Resistance Rd is a junction resistance which 
will typically drop by a factor of two for every 1O"C rise in tem
perature. In the AD645, both the offset voltage and drift are 
low, this helps minimize these errors. 

CI 
lOp!' 

Figure 31. A Photodiode Model Showing DC Error 
Sources 

Minimizing Noise Contributions 
The noise level limits the resolution obtainable from any pream
plifier. The total output voltage noise divided by the feedback 
resistance of the op amp defmes the minimum detectable signal 
current. The minimum detectable current divided by the photo
diode sensitivity is the minimum detectable light power. 
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AD645 
Sources of noise in a typical preamp are shown in Figure 32. 
The total noise contribution is defmed as: 

VO[JT = I;:' + if + ~') (1+ '%Jl Ri) + I;;>{I+ ~ G :: ;~M)) 
Figure 33, a specttal density versus frequency plot of each 
source's noise contribution, shows that the bandwidth of the 
amplifier's input voltage noise contribution is much greater than 
its signal bandwidth. In addition, capacitance at the summing 
junction results in a "peaking" of noise gain in this configura
tion. This effect can be substantial when large photodiodes with 
large shunt capacitances are used. Capacitor Cf sets the signal 
bandwidth and also limits the peak in the noise gain. Each 
source's rms or root-sum-square contribution to noise is ob
tained by integrating the sum of the squares of all the noise 
sources and then by obtaining the square root of this sum. Mini
mizing the total area under these curves will optimize the 
preamplifier's overall noise performance. 

CI 
10pF 

Figure 32. Noise Contributions of Various Sources 
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Figure 33. Voltage Noise Spectral Density of the Circuit of 
Figure 32 with and without an Output Filter 

An output filter with a passband close to that of the signal can 
greatly improve the preamplifier's signal to noise ratio. The 
photodiode preamplifier shown in Figure 32-without a band
pass filter-has a total output noise of 50 ... V rms. Using a 
26 Hz single pole output filter, the total output noise drops to 
23 II-V rms, a factor of 2 improvement with no loss in signal 
bandwidth. 
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AD645 
Using a "T" Network 
A "T" network, shown in Figure 34, can be used to boost the 
effective transimpedance of su I to V converter, for a given 
feedback resistor value. Unfortunately, amplifier noise sud offset 
voltage contributions are also amplified by the "T" network 
gain. A low noise, low offset voltage amplifier, such as the 
AD645, is needed for this type of application. 

10pF 
R. 

101cll 

Ri 
1.1kn 

Figure 34. A Photodiode Preamp Employing a uT" Net
work for Added Gain 

A pH Probe Buffer Amplifier 
A typical pH probe requires a buffer amplifier to isolate its 10" 
to 109 0 source resistSDce from external circuitry. Just such su 
amplifier is shown in Figure 35. The low input current of the 
AD645 allows the voltage error produced by the bias current 
sud electrode resistSDce to be minimal. The use of guarding, 
shielding, high insulation resistSDce stSDdoffs, sud other such 
stsndard methods used to minimize leakage are all needed to 
maintain the accuracy of this circuit. 

The slope of the pH probe trsnsfer function, 50 mV per pH 
unit at room temperature, has a + 3300 ppmf'C temperature co
efficient. The buffer of Figure 35 provides su output voltage 
equal to I volt/pH unit. Temperature compensation is provided 
by resistor RT which is a special temperature compensation re
sistor, part number QSI, I kO, 1%, +3500 ppml"C, available 
from Tel Labs Inc. 

pH 
PROBE 

VosADJUST 
100k0 

+Vs •• - .... J:P--.:-- +15V 
T O.l~F 

COM -& I O.l~F 
-Vs. T -15V 

Figure 35. A pH Probe Amplifier 
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Circuit Boanl Notes 
The AD645 is designed for through hole mount into PC boards. 
Maintaining picoampere level resolution in that environment 
requires a lot of care. Since both the printed circuit board and 
the amplifier's package have a fmite resistSDce, the wltage dif
ference between the amplifier's input pin sud other pins (or 
traceS on the PC board) will cause parasitic currents to flow into 
(or out of) the signal path. These currents can easily exceed the 
1.5 pA input current level of the AD645 unless special precau
tions are taken. Two successful methods for minimizing leakage 
are: guarding the AD645's input lines sud maintaining adequate 
insulation resistSDce. 

Guarding the input lines by completely surrounding them with a 
metal conductor biased near the input lines' potential has two 
major benefits. First, parasitic leakage from the signa1line is 
reduced, since the voltage between the input line sud the guard 
is very low. Second, stray capacitSDce at the input terminal is 
minimized which in turn increases signal bandwidth. In the 
header or csu package, the case of the AD645 is connected to 
Pin S so that it may be tied to the input potential (when operat
ing as a follower) or tied to ground (when operating as su in
verter). The AD645's positive input (Pin 3) is located next. to 
the negative supply voltage pin (Pin 4). The negative input (Pin 
2) is next to the balance adjust pin (Pin I) which is biased at a 
potential close to that of the negative supply voltage. Note that 
suy guard traces should be placed on both sides of the board. In 
addition, the input trace should be guarded along both of its 
edges, along its entire length. 

Contaminsnts such as solder flux, on the board's surface sud on 
the amplifier's package, csu greatly reduce the insulation resis
tSDce sud also increase the sensitivity to atmospheric humidity. 
Both the package sud the board must be kept clesu sud dty. An 
effective cleaning procedure is to: fIrSt, swab the surface with 
high grade isopropyl alcohol, then rinse it with deionized water, 
sud finally, bake it at SO"C for I hour. Note that if either poly
styrene or polypropylene capacitors are used on the printed cir
cuit board that a baking temperature of 70·C is safer, since both 
of these plastic compounds begin to melt at approximately 
+S5·C. 

REV. A 



1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Low Offset Voltage Drift 
Matched Offset Voltage 
Matched Offset Voltage Over Temperature 
Matched Bias Current 
Crosstalk: -124dB at 1kHz 
Low Bias Current: 35pA max Warmed Up 
Low Offset Voltage: 250 ... V max 
Low Input Voltage: 2 ... V p-p 
High Open Loop Gain: 108dB 
Low Quiescent Current: 2.8mA max 
Low Total Harmonic Distortion 
Standard Dual Amplifier Pinout 
Available in Hermetic Metal Can Package. Hermetic 

Surface Mount (2G-Pin LCC) and Chip Form 
MIL-STD-883B Processing Also Available 
Single Version Available: AD547 

PRODUCT DESCRIPTION 
The AD647 is an ultralow drift, dual JPET amplifier that com
bines high perfonnance and convenience in a single package. 

The AD647 uses the most advanced ion-implantation and laser 
wafer drift trimming tecbnologies to achieve the highest perfor
mance currently available in a dual JPET. Ion-implantation per
mits the fabrication of matched JPETs on a monolitltic bipolar 
chip. LaSer wafer drift trimming trims both the initial offset 
voltage and its drift with temperature to provide offsets as low 
as l00jl.V (2S0jl.V max) and drifts of 2.Sjl.Vrc max. 

In addition to outstanding individual amplifier performance, the 
ADM7 offers guaranteed and tested matching perfonnance on 
critical parameters such as offset voltage, offset voltage drift and 
bias currents. 

The high level of perfonnance makes the AD647 especially well 
suited for high precision instrumentation amplifier applications 
that previously would have required the costly selection and 
matching of space wasting single amplifiers. 

The AD647 is offered in four performance grades, three com
mercial (the J, K and L) and one extended (the S). All are sup
plied in hermetically sealed 8-pin TO-99 packages and are 
available processed to MIL-STD-883B. The LCC version is also 
available processed to MIL-STD-883B. 
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UHralow Drift, 
Dual BiFET Up Amp 

PIN CONFIGURATIONS 
TO-99 (H) Pacbge 

NC. 

TOP VIEW 

V· 

PIN" IS IN ELECTRICAL 
CONTAc:r WITH THE CASE 

LCC (E) Pacbge 

l! ~ l! ~ !! 

18 NC 

AD647 I 

INY INPUT 5 

NCe 

NONIN\IINI'UT 7 

NC 8 

17 OUTPUT 

Ne '" NO CONNECT 
I 10 11 12 13 

~ ':Ij. ~;i !l 
~! 

PRODUCT HIGHLIGHTS 

18 NC 

15:~ 
,. NO 

1. The ADM7 is guaranteed and tested to tight matching speci
fications to ensure high perfonnance and to eliminate the se
lection and matching of single devices. 

2. Laser wafer drift trimming reduces offset voltage and offset 
voltage drifts to 2S0jl.V and 2.Sjl.VrC max. 

3. Voltage noise is guraanteed at 4j1.V p-p max (0.1 to 10Hz) on 
K, L and S grades. 

4. Bias current (3SpA K, L, S; 7SpA J) is specified after five 
minutes of operation. 

S. Total supply current is a low 2.8mA max. 

6. High open loop gain ensures high linearity in precision in
strumentation amplifier applications. 

7. The standard dual amplifier pinout permits the direct substi
tution of the AD647 for lower performance devices. 

8. The AD647 is available in chip form. 
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AD647 -SPECIFICATIONS (@ +25"1: and Vs = :l:15V de) 

AD647J AD647K AD647L AD647S 
MIIdoI Mia Tn> Mas Mia Tn> Mu Mia Tn> Mas Mia Tn> Mas 

OPENLOOPGAIN 
Vo = ±lOV,RL~2kO 100,000 250,000 ZSO,OOO 250,000 
T..un to T IllUJ RL = 2kCl 100,000 ZSO,OOO 250,000 100,000 

OUTPUT CHARACTERISTICS 
Voitage@RL~2kIl, T .... IOT .... "'10 ±12 "'10 ±12 "'10 ±12 "'10 ±12 
Voitage@RL~IOkll,T .... IOT .... "'12 ±13 "'12 ±13 "'12 :1:13 "'12 ±13 
Short Circuit CUl'l'Ollt 25 25 25 25 

FREQUI!NCYRESPONSI! 
Unity Gain smaU Sipl 1.0 1.0 1.0 1.0 
Full Power Raponse 50 50 50 50 
Slew Rate, UoityGain 2.0 3.0 2.0 3.0 2.0 3.0 2.0 3.0 

INPUT OFFSET VOLTAGE' 
loitialOff8et 1.0 0.5 0.25 0.5 
"'put Offset Voltage VI. Temp. 10 5 2.5 5.0 
Input Offset Voltage VI. Supply, 

Tmin toT_ 200 100 100 100 

INPUT BIAS CURRENT' 
Either Input 10 75 10 35 10 35 10 35 
OffsetCurront 5 2 2 2 

MATCHING CHARACTERISTICS' 
Input Offset Voltage 1.0 0.5 0.25 0.5 
Input Offset Voltage T lido to T JIIIll 10 5 2.5 10.0 
Input Bias Current 35 25 25 25 
Crosstalk -124 -124 -124 -124 

INPUT IMPEDANCE 
Differential 10"116 10'~16 10"116 10""6 
CUmmonMode 10"116 10"116 10""6 10"16 

INPUT VOLTAGE RANGE 
Differential4 ±20 ±20 ±20 ±20 
CUmmonMode "'10 ±Il ±10 ±t2 "'10 ±12 ±10 ±12 
CUmmon-Mode Rejection 76 80 80 80 

INPUT NOISE 
VoitageO.IHzto 10Hz 2 4 4 4 
f~ 10Hz 70 70 70 70 
f~ 100Hz 45 45 45 45 
f~ 1kHz 30 30 30 30 
f~IOkHz 25 25 25 25 

POWER SUPPLY 
Rated Performance ±IS ±15 ±IS ±IS 
Operating ±5 ±IS ±5 ±IS ±5 ±IS ±5 ±IS 
Quiescent Current 2.8 2.8 2.8 2.8 

TEMPERATURE RANGE 
Operatins, Rated Performance 0 +70 0 +70 0 +70 -55 +125 
SIOtage -65 +150 -65 +150 -65 +150 -65 +150 

PACKAGE OPTIONS' 
TO-99 Style (H'()SB) AD647JH AD647KH AD647LH AD647SH 
LCC(E-20A) AD647SE,AD647SEI8S3B 
Chips AD647JChips AD647SChips 

NOTES 
Ilnput Offset Voltage specifications are guaranteed after 5 minutes of operation at T A = + 25"C. 
2Bias Current specifications are guaranteed at maximum at either input after S minutes of operation at TA "" + ZS"C. For higher temperatura, the CUfmlt doubles every 1O"C. 
3Matching is defmcd as the d.ifference between paraIJlC1:crs of me two amplitlers. 
4Defined as the maximum safe voltage between. inputs. such that neither exc:eeds ± IOV from ground. 
'For outline information see Package Information section. 
Specifications subject to cbmae without notice. 

Sp:QflCations shown in bol4face are tested on all production units at final electrical test. Results from those tests are used to cak:ulate outaoiag quality levels. AU min and IDD 

specifications are guaranteed, although only those shown in boldface are tested on all production units. 

2-122 OPERATIONAL AMPLIFIERS 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 
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Figure 21b. Unity Gain Follower 
Pulse Response (Small Signal) 

Figure 22b. Unity Gain Inverter 
Pulse Response (Large Signa/} 
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APPLICATION NOTES 
The AD647 is fully specified under actual operating condi
tions to insure high performance in any application, but there 
are some steps that will improve on even this high level of 
performance. 

The bias current of a J FET amplifier doubles with every 10° C 
increase in junction temperature. Any heat source that can be 
eliminated or minimized will significantly improve bias current 
performance. To account for normal power dissipation, the 
largest contributor to chip self-heating, the bias currents of the 
AD647 are guaranteed fully warmed up with ±15V supplies. A 
decrease in supply voltage will decrease power consumption, 
resulting in a corresponding drop in bias currents. 

Open loop gain and bias currents, to some extent, are affected 
by output loading. In applications where high linearity is essen
tial, load impedance should be kept as high as possible to min
imize degradation of open loop gain. 

The outstanding ac and dc performance of the AD647 make it 
an ideal choice for critical instrumentation applications. In 
such applications, leakage paths, line losses and external noise 
sources should be considered in the layout of printed circuit 
boards. A guard ring surrounding the inputs and connected to 
a low impedance potential (at the same level as the inputs) 
should be placed on both sides of the circuit board. This will 
eliminate leakage paths that could degrade bias current per
formance. All signal paths should be shielded to minimize 
noise pick-up. 

.. 
,0Qk 

BIPOLAR 
OFFSET 

.6 
'Ok 

BIPOLAR 
ANALOG INPUT 

:l:l0V 

NOTES: 
1. R3iR4 MATCH 0.05% OR BEITER. 
2. Rl. R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED 

Figure 23. AD647 Used as DAC Output Amplifier 
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Applications-A0647 
A CMOS DAC AMPLIFIER 
The output impedance of a CMOS DAC, such as the AD7541, 
varies with digital input code. This causes a corresponding vari
ation in the noise gain of the DAC-amplifier combination. 
This noise gain modulation introduces a nonlinearity whose 
magnitude is dependent on the amount of offset voltage 
present. 

Laser wafer drift trimming lowers the initial offset voltage and 
the offset voltage drift of the AD64 7, therefore minimizing 
the effect of this nonlinearity and its drift with temperature. 
This, in conjunction with the low bias current and high open 
loop gain, makes the AD647 ideal for DAC output amplifier 
applications. 

THE AD647 USED WITH THE AD7546 
Figure 24 shows the AD647 used with the AD7546 I6:bit seg
ment DAC. In this application, amplifier performance is criti: 
cal to the overall performance of the AD7546. Al is used as a 
dual precision buffer. Here the offset voltage match, low off
set voltage and high open loop gain of the AD647 ensure 
monotonicity and high linearity over the entire operating 
temperature range. A2 serves a dual function: amplifier A is a 
Track and Hold circuit that deglitches the DAC output and 
amplifier B acts as an output amplifier. The performance of 
the amplifiers of A2 is crucial to the accuracy of the system. 
The errors of these amplifiers are added to the errors due 
strictly to DAC imperfections. For this reason great care 
should be used in the selection of these amplifiers. The 
matching characteristics, low bias current and low tempera
ture coefficients of the AD647 make it ideal for this appli
cation . 

Figure 24. AD647 Used with AD7546 16-Bit DAC 
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AD647 
USING THE AD647 IN LOG AMPLIFIER APPUCATIONS 
Log amplifiers or log ratio aniplifiers are useful in a wide range 
of analog computational applications, ranging from the simple 
linearization of exponential transducer outputs to the use of 
logarithms in computations involving multi-term products or 
arbitrary exponents. Log amps also facilitate the compression 
of wide ranging analog input signals into a range that can be 
easily handled using standard circuit techniques. 

The picoamp level input current and low offset voltage of the 
AD647 make it suitable for wide dynamic range log ampli
fiers. Figure 27 is a schematic of a log ratio circuit employing 
the AD647 that can achieve less than 1% conformance error 
over S decades of current input, 1nA to 100/lA. For voltage 
inputs, the dynamic range is typically SOmV to 10V for 1% 
error, limited on the low end by the amplifiers' input offset 
voltage. 

v, 

, ... 

+15V 

'k 
NOTES 

1k OR-1V LOG'0V, N2 
} 

VaUT"-lVLOG1O 1,/11 

R' ..... 

RTC TEL LABS 
+36OOppm 081 

CIRCUIT SHOWN FOR NEGATIVE V OR lw. 
-l&V FOR POSITIVE INPUTS, Q1 .. PNP, AND VA "·1!iV. 

Figure 25. Log-Ratio Amplifier 

The conversion between current (or voltage) input and log 
output is accomplished by the base-emitter junctions of the 
Qual transistor Q1. Assuming Q1 has ~ > 100, which is the case 
for the specified transistor, the base-emitter voltage on side 1 
is to a close approximation: 

VBE A = kTlq In 1111s1 

This circuit is arranged to take the difference of the VBE'S of 
Q1A and QIB, thus producing an output voltage prop'ortional 
to the log of the ratio of the inputs: 

KkT 
VOUT = -K (VBE A - VBE B) = - -q- (In 1111S1 -In 1211S2) 

VOUT = -K kTlq In 11/12 

The scaling constant, K is set by Rl and RTC to about 16, to 
produce a 1 V change in output voltage per decade difference 
in input signals. RTC is a special resistor with a +3 500ppml"C 
temperature coefficient, which makes K inversely proportional 
to temperature, compensating for the "T" in kT/q. The log
.ratio transfer characteristic is therefore independent of tem
perature. 

This particular log ratio circuit is free from the dynamic prob
lems that plague. many other log circuits. The -3dB bandwidth 
is 50kHz over the top 3 decades, 100nA to 100llA, and de
creases smoothly at lower input levels. This circuit needs no 
additional frequency compensation for stable operation from 
input current sources, such as photodiodes, which may have 
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100pF of shunt capacitance. For larger input capacitances a 
20pF integration capacitor around each amplifier will provide 
a smoother frequency response. 

This log ratio amplifier can be readily adjusted for optimum 
accuracy by following this simple procedure. First, apply V1 = 
V2 = -10.00V and adjust "Balance" for VOUT = O.OOV. Next 
apply VI = -10.00V, V2 = -1.00V and adjust gain for VOUT = 
+1.00V. Repeat this procedure until gain and balance readings 
are within 2mV of ideal values. 

ACTIVE FILTERS 
In active low pass filtering applications the dc accuracy of the 
amplifiers used is critical to the performance ·of the filter cir
cuits. DC error sources such as offset voltage and bias currents 
represent the largest individual contributors to output error. 
Offset voltages will be passed by the filtering network and 
may, depending on the design of the filter circuit, be ampli
fied and generate unacceptable output offset voltages. In fdter 
circuits for low frequency ranges large value resistors are used 
to generate the low pass filter function. Input bias currents 
passing through these resistors wilI generate an additional off
set voltage that will also be passed to the output of the filter . 

The use of the AD647 will minimize these error sources and, 
therefore, maximize filter accuracy. The wide variety of per
formance levels of the AD647 allows for JUSt the amount of 
accuracy required for any given application. 

AD647 AS AN INSTRUMENTATION AMPUFIER 
The circuit shown in Figure 26 uses the AD647 to construct 
an ultra high precision i~trumentation amplifier. In this type 
of application the matching characteristics of a monolithic 
dual amplifier are crucial to ensure high performance. 

·O.OI1'F 

,m 
GUARD 

.,"'. 
RsAM:IRGAREtl'!l~IOppmrC 
R3 AND R4 ARE ~15. '&flppmfC. 
AS, RI. R7. RI ARE A MATCHED NETWORK. 
io.OI~i2pptnfCTRACI(INGTC. 

FigiJre26. Precision FET Input Instrumentation Amplifier. 

The use of an AD647L as the input amplifier AI, guarantees 
maximum offset voltage of 2S0llV, drift of 2.51lVI"C and bias 
currents of 3 SpA. A2 serves two less critical functions in the 
amplifier and, therefore can be an AD647J. Amplifier A is an 
active data guard which increases ac CMRR and minimizes 
extraneous signal pickup and leakage. Amplifier B is the out
put amplifier of the instrumentation amplifier. To attain the 
precision available from this confJguration, a great deal of care 
should be taken when selecting the external components. 
CMRR will depend on the matching of resistors Rl, R2, R3, 
and R4. The gain drift performance of this circuit will be 
affected by the matching TC of the resistors used. 
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FEATURES 
DC Performance 

400 j.tA max Quiescent Current 
10 pA max Bias Current. Warmed Up (AD648C) 
300 jl.V max Offset Voltage (AD648C) 
3 jl.VloC max Drift (AD648C) 
2 jl.V p-p Noise. 0.1 Hz to 10 Hz 

AC Performance 
1.8 V/jl.s Slew Rate 
1 MHz Unity Gain Bandwidth 

Available in Plastic Mini-DIP. Cerdip. Plastic SOIC 
and Hermetic Metal Can Packages 

MIL-STD-883B Parts Available 
Surface Mount (SOIC) Package Available in Tape 

and Reel in Accordance with EIA-481A Standard 
Single Version: AD548 

PRODUCT DESCRIPTION 
The AD648 is a matched pair of low power, precision mono
lithic operational amplifiers. It offers both low bias current 
(10 pA max, warmed up) and low quiescent current (400 IJ.A 
max) and is fabricated with ion-implanted FET and laser wafer 
trimming technologies. Input bias current is guaranteed over the 
AD648's entire common-mode voltage range. 

The economical J grade has a maximum guaranteed offset volt
age of less than 2 m V and an offset voltage drift of less than 
20 IJ. vrc. The C grade reduces offset voltage to less than 
0.30 mV and offset voltage drift to less than 3 IJ.vrc. This level 
of dc precision is achieved utilizing Analog's laser wafer drift 
trimming process. The combination of low quiescent current 
and low offset voltage drift minimizes changes in input offset 
voltage due to self-heating effects. Five additional grades are 
offered over the commercial, industrial and military temperature 
ranges. 

The AD648 is recommended for any dual supply op amp appli
cation requiring low power and excellent dc and ac performance. 
In applications such as battery-powered, precision instrument 
front ends and CMOS DAC buffers, the AD648's excellent com
bination of low input offset voltage and drift, low bias current 
and low IIf noise reduces output errors. High common-mode 
rejection (86 dB, min on the "c" grade) and high open-loop 
gain ensures better than 12-bit linearity in high impedance, 
buffer applications. 

The AD648 is pinned out in a standard dual op amp configura
tion and is available in seven performance grades. The AD648J 
and AD648K are rated over the commercial temperature range 
of 0 to + 70°C. The AD648A, AD648B and AD648C are rated 
over the industrial temperature range of -40°C to +85°C. The 
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Dual Precision, 
Low Power BiFET Op Amp 

AD648 I 
CONNECTION DIAGRAMS 

TO-99 (H) Package 

-Va 
PIN 415 IN ELECTRICAL 

CONTACT WITH THE CASE 

TOP VIEW 

Plastic Mini-DIP (N) Package, 
Plastic SOIC (R) Package 

and 
Cerdip (Q) Package 

OUTPUT 1 

INVERTING 2 
INPUT 

NONINVERTfNG 
INPUT 

'--___ oJ 

TOP VIEW 

AMPUFIER2 

7 OUTPUT 

INVERTING 
INPUT 

5 =rn:RTING 

AD648S and AD648T are rated over the military temperature 
range of -55°C to + 125°C and are available processed to MIL
STD-883B, Rev. C. 

Extended reliability PLUS screening is available for parts speci
fied over the commercial and industrial temperature ranges. 
PLUS screening includes l68-hour burn-in, as well as other 
environmental and physical tests. 

The AD648 is available in an 8-pin plastic mini-DIP, cerdip, 
SOIC, TO-99 metal can, or in chip form. 

PRODUCT HIGHLIGHTS 
I. A combination of low supply current, excellent dc and ac 

performance and low drift makes the AD648 the ideal op 
amp for high performance, low power applications. 

2. The AD648 is pin compatible with industry standard dual op 
amps such as the LF442, TL062, and AD642, enabling 
designers to improve performance while achieving a reduc
tion in power dissipation of up to 85%. 

3. Guaranteed low input offset voltage (2 mV max) and drift 
(20 IJ.vrc max) for the AD648J are achieved utilizing Analog 
Devices' laser drift trimming technology. 

4. Analog Devices specifies each device in the warmed-up con
dition, insuring that the device will meet its published speci
fications in actual use. 

5. Matching characteristics are excellent for all grades. The 
input offset voltage matching between amplifiers in the 
AD648J is within 2 mY, for the C grade matching is within 
0.4 mY. 

6. Crosstalk between amplifiers is less than -120 dB at 1 kHz. 

7. The AD648 is available in chip form. 
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AD648-SPECIFICATIONS (@ +25°C and Vs = ±15 V dc, unless otherwise noted) 

Model AD648J/AIS AD648K/BII' AD648C 
Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE' 
Initial Offset 0.75 2.0 0.3 1.0 0.10 0.3 mV 
TDliatoT_ 3.0/3.0/3.0 1.5/1.512.0 0.5 mV 
vs. Temp. 20 10 3.0 /LVre 
vs. Supply 80 86 S6 dB 

vs. Supply, T_ to T_ 76176176 80 80 dB 
Long-Term Offset Stability 15 IS 15 /LVlmonth 

INPUT BIAS I.;Uru<r.N 1 

Either Input,' VCM = 0 5 20 3 10 3 10 pA 
Either Input' at T _, V CM = 0 0.45/1.3120 0.251O.65/lO. 0.65 nA 
Max Input Bias Current Over 

Common'Mode Voltage Range 30 IS IS pA 
Offset Current, V CM = 0 5 10 2 5 2 5 pA 
Offset Current at T .... 0.2510.7110 0.1510.35/5 0.35 nA 

, CHARAC-lr.ru~l1U1-
Input Offset Voltage 1.0 2.0 0.5 1.0 0.2 0.4 mV 
Input Offset Voltage T mi. to T .... 3.0/3.0/3.0 1.511.512.0 0.5 mV 
Input Offset Voltage vs. Temp S 5 2.5 /LVre 
Input Bias Current 10 5 5 pA 
Crosstalk -120 -120 -120 dB 

IN~~tiaI IxW'II3 IxW'II3 IxW~13 OIIPF 
Common Mode 3xW'I13 3xW'II3 3xW'II3 OllpF 

IN~~~;AGE RANGE 
±20 ±20 ±20 V 

Common Mode ±ll ±12 ±ll ±12 ±U ±12 V 
Common-Mode Rejection 

VCM = ±IOV 76 82 86 dB 
Tmia to Tmax 76176176 82 86 dB 

VCM = ±U V 70 76 76 dB 
Tmin to Tmu; 7000/70 76 76 dB 

l~~~~~~U; ~U:ll 2 2 2 4.0 /LV.2::!' 
f= 10Hz SO SO SO nV/Hz 
f = 100Hz 40 40 40 nVlHz 
f=lkHz 30 30 30 nVIHz 
f=lOkHz 30 30 30 nVIHz 

INr~~ ~~~T NUl~E 
I.S 1.8 1.8 fAiHz 

Unity Gain, s.;;;u S~~ O.S 1.0 O.S 1.0 o.s 1.0 MHz 
Full Power Response 30 30 30 kHz 
Slew Rate, Unity Gain 1.0 1.8 1.0 I.S 1.0 1.8 V//LS 
Settling Time to ±0.01 % S S S /LS 

UPIlN-LUUP GAIN 
Vo = ±IOV,RL '" IOkIl 300 1000 300 1000 300 1000 VlmV 
TmjD to Tm1x' RL ~ 10 ill 3001300/300 700 300 700 300 700 VlmV 
Vo= ±IOV,RL "'5kO ISO 500 ISO 500 ISO 500 V/mV 
Tmin to T_, RL 2:: 5 ill 1501150l1SO 300 ISO 300 ISO 300 VlmV 

U~lrUl~~KAt;l';i'~U"'~ 
o!age L <:=: 10 , 
Tmin to TQlIIx ±12/±12/±12 ±13 ±12 ±13 ±12 ±13 V 

Voltage @ RL '" 5 kIl, 
Tmio to TlDIIx ±11I±11I±1l ±12 ±ll ±12 ±ll ±12 V 

Short Circuit Current IS IS 15 mA 
YUW_~Ul'l'LY 

Rated Performsnce ±15 ±IS ±15 V 
Operating Range ±4.5 ±lS ±4.S ±IS ±4.S ±lS V 
Quiescent Current (Both Amplifiers) 340 400 340 400 340 400 !LA 

lUIWRANGE 
Operating, Rated Performsnce 

Commercial (0 to + 7O'C) AD64SJ AD648K 
IndustriaJ (-4O'C to +S5'C) AD648A AD648B AD648C 
Military (-55'C to + 125'C) AD64SS AD64ST 

PACKAGE OPTIONS 
SOIC (R-S) AD64SJR AD648KR 
Plastic (N-S) AD648JN AD648KN 
Cerdip (Q-8) AD64SAQ, AD64SSQ AD648BQ, AD64STQ AD648CQ 
Metal Can (H-OSA) AD64SAH, AD64SSH AD648BH, AD648TH AD648CH 
Tape and Reel AD64SJR-REEL AD648KR-REEL 
Chips Avai1able AD64SJChips, AD64SSChips 
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AD648 
NOTES 
'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA = + 2S"C. 
'Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at TA = +2S"C. For higher temperature, the current doubles 
every IO"C. 

'Matching is defined as the difference between parameters of the two amplifiers. 
'Defined as voltages between inputs, such that neither exceeds ± 10 V from ground. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at tinal electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed. 

ABSOLUTE MAXIMUM RATINGS l 

Supply Voltage ........................... ± IS V 
Internal Power Dissipation' .................. 500 mW 
Input Voltage3 ••••••••••••••••.•••••••.•• ±IS V 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperature Range (Q, H) ....... -65°C to + 150°C 

(N, R) ....... -65°C to + 125°C 
Operating Temperature Range 

AD64SJIK ......................... 0 to + 70°C 
AD64SAIB/C .................... -40°C to +S5°C 
AD64SS/T ..................... -55°C to + 125°C 

Lead Temperature Range (Soldering 60 sec) ......... 300°C 

NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Thennal Characteristics 
8·Pin Plastic DIP Package: alA = 16S0 ClWatt 
8·Pin Cerdip Package: ale = 22"CIWatt; alA = JlO°ClWatt 
8·Pin Metal Can Package: ale = 6S"CIWatt; alA = ISO"CIWatt 
8·Pin SOle Package: ale = 42"CIWatt; alA = 160"CIWatt 

'For supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 
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A0648-Typical Characteristics 
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Figure 1. Input Voltage Range 
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Figure 4. Quiescent Current vs. 
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Figure 2. Output Voltage Swing 
vs. Supply Voltage 
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Figure 8. Change in Offset Voltage 
vs. Warm-Up Time 
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Figure 11. Open-Loop Voltage Gain 
vs. Supply Voltage 
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Figure 19a. Unity Gain Follower 
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Figure 20a. Unity Gain Inverter 
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Figure 19b. Unity Gain Follower 
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Figure 20b. Unity Gain Inverter 
Pulse Response (Large Signal) 
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Figure 19c. Unity Gain Follower 
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A0648 
APPLICATION NOTES 
The AD648 is a pair of JFET -input op amps with a guaranteed 
maximum IB of less than 10 pA, and offset and drift laser
trimmed to 0.3 mV and 3 fLVt'C, respectively (AD648C). AC 
specs include 1 MHz bandwidth, 1.8 V/fLS typical slew rate and 
8 fLS settling time for a 20 V step to ±0.01 %-all at a supply 
current less than 400 fLA. To capita1ize on the device's perfor
mance, a number of error sources should be considered. 

The minimal power drain and low offset drift of the AD648 re
duce self-heating or "warm-up" effects on input offset voltage, 
making the AD648 ideal for on/off battery powered applications. 
The power dissipation due to the AD648's 400 fLA supply cur
rent has a negligible effect on input current, but heavy output 
loading will raise the chip temperature. Since a JFET's input 
current doubles for every 10°C rise in chip temperature, this can 
be a noticeable effect. 

The amplifier is designed to be functional with power supply 
voltages as low as ±4.5 V. It will exhibit a higher input offset 
voltage than at the rated supply voltage of ± 15 V, due to power 
supply rejection effects. Common-mode range extends from 3 V 
more positive than the negative supply to 1 V more negative 
than the positive supply. Designed to cleanly drive up to 10 kll 
and 100 pF loads, the AD648 will drive a 2 kll load with re
duced open-loop gain. 

Figure 21 shows the recommended crosstalk test circuit. A typi
cal value for crosstalk is -120 dB at I kHz. 

+Vs o>---I ..... - ...... - P'N8 

·.:::h 
I . PIN4 

VOUT 

Figure 21. Crosstalk Test Circuit 

LAYOUT 
To take full advantage of the Ab648's 10 pA max input current, 
parasitic leakages must be kept below an acceptable level. The 
practical limit of the resistance of epoxy or phenolic circuit 
board material is between 1 x 1012 II and 3 x 1012 ll. This can 
result in an additional leakage of 5 pA between an input of 0 V 
and a -15 V supply line. Teflon or a similar low leakage mate
rial (with a resistance exceeding 1017 ll) should be used to iso
late high impedance input lines from adjacent lines carrying 
high voltages. The insulator should be kept clean, since contam
inants will degrade the surface resistance. 

A metal guard completely surrounding the high impedance 
nodes and driven by a voltage near the common-mode input po
tential can also be used to reduce some parasitic leakages. The 
guarding pattern in Figure 22 will reduce parasitic leakage due 
to finite board surface resistance; but it will not compensate for 
a low volume resistivity board. 
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METAL CAN MINI·DIP 

Figure 22. Board Layout for Guarding Inputs 

INPUT PROTECTION 
The AD648 is guaranteed to withstand input voltages equal to 
the power supply potential. Exceeding the negative supply volt
age on either input will forward bias the substrate junction of 
the chip. The induced current may destroy the amplifier due to 
excess heat. 

Input protection is required in applications such as a flame de
tector in a gas chromatograph, where a very high potential may 
be applied to the input terminals during a sensor fault condi
tion. Figures 23a and 23b show simple current limiting schemes 
that can be used. RpRoTEcT should be chosen such that the 
maximum overload current is 1.0 rnA (for example 100 kll for a 
100 V overload). . 

---. ~v, ___ ..L 
R, TYPICALLV 100kH TO lMU 

Rp = ~ FOR 1 SECOND OR LESS TRANSIENTS 

Rp = ~ FOR CONTINUOUS OVERLOAD 

Figure 23a. Input Protection of I-to-V Converter 

Figure 23b. Voltage Follower Input Protection Method 

Figure 23b shows the recommended method for protecting a 
voltage follower from excessive currents due to high voltage 
breakdown. The protection resistor, 1\" limits the input cur
rent. A nominal value of 100 kll will limit the input current to 
less than 1 rnA with a 100 volt input voltage applied. 

The stray capacitance between the summing junction and 
ground will produce a high frequency roll-off with a corner fre
quency equal to: 

!corner 2-rr Rp estray 

Accordingly, a 100 kll value for I\, with a 3 pF C'tray will cause 
a 3 dB corner frequency to occur at 531 kHz. 
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Figure 23c shows a diode clamp protection scheme for an I-to-V 
converter using low leakage diodes. Because the diodes are con
nected to the op amp's summing junction, which is a virtual 
ground, their leakage contribution is minimal. 

0,,02 F0333 
FD300 
1N457 
1N3595 

Figure 23c. I-to-V Converter with Diode Input Protection 

Exceeding the negative common-mode range on either input ter
minal causes a phase reversal at the output, forcing the amplifier 
output to the corresponding high or low state. Exceeding the 
negative common-mode on both inputs simultaneously forces the 
output high. Exceeding the positive common-mode range on a 
single input doesn't cause a phase reversal; but if both inputs 
exceed the limit, the output will be forced high. In all cases, 
normal amplifier operation is resumed when input voltages are 
brought back within the common-mode range. 

D/A CONVERTER BIPOLAR OUTPUT BUFFER 
The circuit in Figure 24 provides 4 quadrant multiplication with 
a resolution of 12 bits. The AD648 is used to convert the 
AD7545 CMOS DAC's output current to a voltage and provides 

AD648 
the necessary level shifting to achieve a bipolar voltage output. 
The circuit operates with a 12-bit plus sign input code. The 
transfer function is shown in Figure 25. 

The AD7592 is a fully protected dual CMOS SPDT switch with 
data latches. R4 and R5 should match to within 0.01% to main
tain the accuracy of the converter. A mismatch between R4 and 
R5 introduces a gain error. Overall gain is trimmed by adjusting 
RIN• The AD648's low input offset voliage, low drift over tem
perature, and excellent dynamics make it an attractive low 
power output buffer. 

The input offset voltage of the AD648 output amplifier results 
in an output error voltage. This error voltage equals the input 
offset voltage of the op amp times the noise gain of the 
amplifier. 

That is: 

Vos Output = Vos Input (I + ~:) 
RpB is the feedback resistor for the op amp, which is internal to 
the DAC. Ro is the DAC's R-2R ladder output resistance. The 
value of Ro is code dependent. This has the effect of changing 
the offset error voltage at the amplifier's output. An output am
plifier with a sub millivolt input offset voltage is needed to pre
serve the linearity of the DAC's transfer function. 

Figure 24. 12-8it Plus Sign Magnitude DIA Converter 
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SIGN BIT BINARY NUMBER IN DAC REGISTER ANALOG OUTPUT 

o 1111 1111 1111 +VIN x (4095/4096) 

o 0000 0000 0000 0 VOLTS 

o VOLTS 0000 0000 0000 
1111 1111 1111 - VIN x (4095/4096) 

NOTE: SIGN BIT AT "0" CONNECTS THE NONINVERTING INPUT OF 
A2 TO ANALOG COMMON 

Figure 25. Sign Magnitude Code Table 
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AD648 
The AD648 in this configuration provides a 700 kHz small sig
nal bandwidth and 1.8 V/fJ-s typical slew rate. The 33 pF capaci
tor across the feedback resistor optimizes the circuit's response. 
The oscilloscope photos in Figures 26a. and 26b show small and 
large signal outputs of the circuit in Figure 24. Upper traces 
show the input signal VIN . Lower traces are the resulting output 
voltage with the DAC's digital input set to all Is. The circuit 
settles to ±O.Ol % for a 20 V input step in 14 fJ-S. 

Figure 26a. Response to ±20 V p-p Reference Square 
Wave 

Figure 26b. Response to ±100 mV p-p Reference Square 
Wave 

TEMP RSH Vas 

DUAL PHOTODIODE PREAMP 
The performance of the dual photodiode preamp shown in Fig
ure 27 is enhanced.bythe AD648's low input current, input 
voltage offset, and offset voltage drift. Each photodiode sources 
a current proportional to the incident light power on its surface. 
Rp converts the photodiode current to an output voltage eqnal 
to RpxIs. 

An error budget illustrating the importance of low amplifier in
put current, voltage offset, and offset voltage drift to minimize 
output voltage errors can be developed by considering the equiv
alent circuit for the small (0.2 mm2 area) photodiode shown in 
Figure 27. The input current results in an error proportional to 
the feedback resistance used. The amplifier's offset will produce 
an error proportional to the preamp's noise gain (1 + RpIRSH)' 

where RSH is the photodiode shunt resistance. The amplifier's 
input current will double with every lOoC rise in temperature, 
and the photodiode's shunt resistance halves with every 10°C 
rise. The error budget in Figure 28 assumes a room temperature 
photodiode RSH of 500 MO, and the maximum input current 
and input offset voltage specs of an AD648C. 

The capacitance at the amplifier's negative input (the sum of the 
photodiode's shunt capacitance, the op amp's differential input 
capacitance, stray capacitance due to wiring, etc.) will cause a 
rise in the preamp's noise gain over frequency. This can result 
in excess noise over the bandwidth of interest. Cp reduces the 
noise gain "peaking" at the expense of signal bandwidth. 

CSH RSH 
20pF 500MU 

PHOTO DIODE 
EQUIVALENT CIRCUIT 

c, 

R, 
l00MU 

Figure 27. A Dual Photodiode Pre-Amp 

la 
"C (MB) (,.lV) (1 + RF/RsH) Vas (pA) laRF TOTAL 

-25 15.970 150 151 "V 0.30 30 "V 181 "V 
0 2.830 225 233 "V 2.26 262 "V 495 "V 
+25 500 300 360 "V 10.00 1.0 mV 1.36 mV 
+50 88.5 375 800 "V 56.6 5.6 mV 6.40mV 
+75 15.6 450 3.33 mV 320 32mV 35.3 mV 
+85 7.8 480 6.63 mV 640 64mV 70.6mV 

Figure 28. Photodiode Pre-Amp Errors over Temperature 
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INSTRUMENTATION AMPLlFffiR 
The AD648]'s maximum input current of 20 pA per amplifier 
makes it an excellent building block for the high input imped
ance instrumentation amplifier shown in Figure 29. Total cur
rent drain for this circuit is under 600 .,A. This configuration is 
optimal for conditioning differential voltages from high imped
ance sources. 

The overall gain of the circuit is controlled by Ru, resulting in 
the following transfer function: 

V'N+>---.... t 

FOR EACH 
AMPLIFIER: 

+Vs 0 :! . AD54B-PlN7 

O.II'F T.......... AD64B-PlNB 

O.I1'F* \J 
-Vs 0 ...... PlN4 

AD648 
Gains of I to 100 can be accommodated with gain nonlinearities 
ofJess than 0.01%. The maximum input current is 30 pA over 
the common-mode range, with a common-mode impedance of 
over Ix 10'20. The capacitors CI, C2, C3 and C4 compensate 
for peaking in the gain over frequency which· is caused by input 
capacitance. 

To calibrate this circuit, first adjust trimmer RI for common
mode rejection with + 10 volts dc applied to the input pins. 
Next, adjust R2 for zero offset at VOUT with both inputs 
grounded. Trim the circuit a second time for optimal 
performance. 

The - 3 dB small signal bandwidth for this low power instru
mentation amplifier is 700 kHz for a gain of I and 10kHz for a 
gain of 100. The typical output slew rate is 1.8 V/ILS. 

R5 
20k 

R6 
20k 

C3 
15pF 

RB 
19.1k 

R7 
20k 

Rl 
2k 

R9 
500k 

Vo 

CMRR 
ADJ 

C4 

~ISPF 

~ 
+Vs RTO OFFSET -Vs 

TRIM 

NOTE: VALUES FOR ALL CAPACITORS WERE CHOSEN 
FOR BEST RESPONSE FOR GAINS OF 1 TO 5. 
THEY ARE NOT REOUIRED FOR GAINS ABOVE 5. 

Figure 29. Low Power Instrumentation Amplifier 
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AD648 
LOG RATIO AMPLIFIER 
Log ratio amplifiers are useful for a variety of signal condition
ing applications, such as linearizing exponential transducer out
puts and compressing analog signals having a wide dynamic 
range. The A0648's picoamp level input current and low input 
offset voltage make it a good choice for the front-end amplifier 
of the log ratio circuit shown in Figure 30. This circuit produces 
an output voltage equal to the log base 10 of the ratio of the 
input currents 11 and 12. Resistive inputs RI and R2 are pro
vided for voltage inputs. 

Input currents 11 and 12 set the collector currents of QI and Q2, 
a matched pair of logging transistors. Voltages at points A and B 
are developed according to the following familiar diode equation: 

VBE = (kT/q) In (IdlEs) 

In this equation, k is Boltzmann's constant, T is absolute tem
perature, q is an electron· charge, and IES is the reverse satura
tion current of the logging transistors. The difference of these 
two voltages is taken by the subtractor section and scaled by a 
factor of approximately 16 by resistors R9, RIO and R8. Tem
perature compensation is provided by resistors R8 and R15, 

Al 
VosADJUST 

200k 
+Vs~-Vs 

499k +V • 

• ,IN LI-~rI. 

Rl 
10k 

V, IN e>-<VVO....-1~---+-,,' 

R2 
10k 

R14 
49.9k 

D2 

V,IN e>-<VVOrlf-----J 

499k -v. 

+Vs v.... -Vs 
ZOOk 
A2 

Vo.ADJUST 

which have a positive 3500 ppmf'C temperature coefficient. The 
transfer function for the output voltage is: 

VOUT = IVloglO (Iz/Id 

Frequency compensation is provided by Rll, R12, CI, and CZ. 
Small signal bandwidth is approximately 300 kHz at input cur
rents above 100 ,..A and will proportionally decrease with lower 
signal levels. 01, 02, R13, and Rl4 compensate for the effects 
of the two logging transistors' ohmic emitter resistance. 

To trim this circuit, set the two input currents to 10,..A and 
adjust VOUT to zero by adjusting the potentiometer on A3. 
Then set 12 to I ",A and adjust the scale factor such that the 
output voltage is I V by trimming potentiometer RIO. Offset 
adjustment for Al and A2 is provided to increase the accuracy 
of the voltage inputs. 

This circuit ensures a I % log conformance error over an input 
current range of 300 pA to I mA, with low level accuracy lim
ited by the A0648's input current. The low level input voltage 
accuracy of this circuit is limited by the input offset voltage and 
drift of the A0648. 

FOR EACH AMPLIFIER: 

IADS48i-PIN1' :t 
(AD648i-PlN8 O.lp.F 

O+Vs 

<ij IO.lp.F 

PIN4 _.--.... '---0 -Vs 

R9 
14.3k 

v OUT = 1V X LOG10~ 

Vom = 1V X LOG10~ 

Dl. D41N4148 DIODES 
*R8. R151k +3500 ppm/"C TC RESISTOR 
TEL LAB Q81 OR PRECISION RESISTOR PTl46 
ALL OTHER RESISTORS ARE 1% METAL FILM 

Figure 30. Precision Log Ratio Amplifier 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
HIGH DC PRECISION 

75 .... V max Offset Voltage 
1 .... V/oC max Offset Voltage Drift 
150 pA max Input Bias Current 
0.2 pA/OC typical Is Drift 

LOW NOISE 
0.5 .... V ~ typical Noise. 0.1 Hz to 10 Hz 

LOW POWER 
600 ,...A max Supply Current per Amplifier 

Chips & MIL-STD-883B Processing Available 
Available in Tape and Reel in Accordance 

with EIA-481A Standard 
Single Version: AD705. Dual Version: AD706 

PRIMARY APPLICATIONS 
Industrial/Process Controls 
Weigh Scales 
ECG/EKG Instrumentation 
Low Frequency Active Filters 

PRODUCT DESCRIPTION 
The AD704 is a quad, low power bipolar op amp that has the 
low input bias current of a BiFET amplifier but which offers a 
significantly lower IB drift over temperature. It utilizes Super
beta bipolar input transistors to achieve picoampere input bias 
current levels (similar to FET input amplifiers at room tempera
ture), while its IB typically only increases by 5 x at + 125°C 
(unlike a BiFET amp, for which IB doubles every 10°C resulting 
in a 1000x increase at + 125·C). Furthermore the AD704 
achieves 75 11 V offset voltage and low noise characteristics of a 
precision bipolar input op amp. 

100 

10 
C c 
I 

-'" ... 
~ 
. ~ 

0.1 

0.01 
-55 

TYPICALJFET AM/ 

/ 
V 

L AD704T 

+25 

TEMPERATURE - °c 

j 
,../ 

+125 

Figure 1. Input Bias Current Over Temperature 
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Quad Picoampere Input Current 
Bipolar Op Amp 

AD704 I 
CONNECTION DIAGRAMS 

14-Pin Plastic DIP (N) 
14-Pin Cerdip (Q) Packages 

20-Terminal LCC 
(E) Package 

He = NO CONNECT 

16-Pin SOIC 
(R) Package 

Ne = NO CONNECT 

Since it has only 1120 the input bias current of an AD OP-07, 
the AD704 does not require the commonly used "balancing" 
resistor. Furthermore, the current noise is 1/5 that of the 
AD OP-07 which makes the AD704 usable with much higher 
source impedances. At 1/6 the supply current (per amplifier) of 
the AD OP-07, the AD704 is better suited for today's higher 
density circuit boards and battery powered applications . 

The AD704 is an excellent choice for use in low frequency 
active filters in l2- and 14-bit data acquisition systems, in preci
sion instrumentation, and as a high quality integrator. The 
AD704 is internally compensated for unity gain and is available 
in five performance grades. The AD704J and AD704K are rated 
over the commercial temperature range of O·C to + 70·C. The 
AD704A and AD704B are rated over the industrial temperature 
of -40°C to +85·C. The AD704T is rated over the military 
temperature range of - 55·C to + 125°C and is available pro
cessed to MIL-STD-883B, Rev. C. 
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AD704-SPECIFICATIONS (@ TA = +25°C, YCM = 0 Y, and :!:15 Y dc, unless otherwise noted) 

Model AD704J/A AD704KIB AD704T 
Conditions Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE 
'Initial Offset 50 150 30 75 30 100 ",V 
Offset T_-T_ 100 250 50 150 SO ISO ",V 
VB. Temp, Average TC 0.2 1.5 0.2 1.0 1.0 ",vrc 
vs. Supply (PSRR) Vs = ±2 to ±IS V 100 132 112 132 112 132 dB 

T_-T""" Vs = ±2.5 to ±IS V 100 126 108 126 lOS 126 dB 
Long Term Stability 0.3 0.3 0.3 ",Vlmonth 

INPUT BIAS CURRENT' VCM = 0 V 100 270 SO 150 SO 200 pA 
VCM = ±13.5 V 300 200 250 pA 

VB. Temp, Average TC 0.3 0.2 1.0 pAre 
T_-T .... VCM = 0 V 300 200 600 pA 
Tmin-Tmax VCM = ±13.5 V 400 300 700 pA 

INPUT OFFSET CURRENT VCM = 0 V SO 250 30 100 50 ISO pA 
VCM = ±13.5 V 300 ISO 200 pA 

vs. Temp, Average TC 0.6 0.4 0.4 pAre 
Tm,in-T_ VCM = 0 V 100 300 SO 200 SO 400 pA 
T_-T""" VCM = ±13.5 V 100 400 SO 300 100 500 pA 

MATCHING CHARACTERISTICS 
Offset Voltage 250 130 ISO ",V 

Tmin-Tmax 400 200 250 ",V 
Input Bias Current' 500 300 400 pA 

T_-Tmax 600 400 600 pA 
Common-Mode Rejection' 94 110 104 dB 

T_-Tmax 94 104 104 dB 
Power Supply Rejection' 94 no no dB 

T_-Tmax 94 106 106 dB 
Crosstalk' f= 10Hz 

RLOAD = 2 kO ISO ISO ISO dB 

FREQUENCY RESPONSE 
UNITY GAIN 

Crossover Frequency 0.8 0.8 0.8 MHz 
Slew Rate, Unity Gain G= -I 0.15 0.15 0.15 V/",s 
Slew Rate Tmin-Tmax 0.1 0.1 0.1 V/",s 

INPUT IMPEDANCE 
Differential 40112 40112 40112 MOllpF 
Common-Mode 300112 300112 300112 GOllpF 

INPUT VOLTAGE RANGE 
Common-Mode Voltage ±13.5 ±14 ±13.5 ±14 ±13.5 ±14 V 
Common-Mode Rejection Ratio VCM = ±13.5 V 100 132 n4 132 110 132 dB 

T_-Tmax 98 12S 108 128 lOS 12S dB 

INPUT CURRENT NOISE 0.1 to 10 Hz 3 3 3 pAp-p 
f= 10Hz 50 50 50 fAly'Hz 

INPUT VOLTAGE NOISE 0.1 to 10 Hz 0.5 0.5 2.0 0.5 2.0 ",Vp-p 
f= 10Hz 17 17 17 nV/y'Hz 
f=lkHz 15 22 15 22 15 22 nVly'Hz 

OPEN-LOOP GAIN Vo = ±12V 
RLOAD = IOkO 200 2000 400 2000 400 2000 V/mV 
T_-T""" 150 1500 300 1500 300 1500 V/mV 
Vo=±IOV 
RLOAD = 2 kO 200 1000 300 1000 200 1000 V/mV 
T_-T .... 150 1000 200 1000 100 1000 V/mV 
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Model AD704J/A AD704KIB AD704T 
Conditions Min Typ Max Min Typ Max Min Typ Max 

OUTPUT CHARACTERISTICS 
Voltage Swing RLOAD = IOkO 

Tmin-Tmax ±13 ±14 ±13 ±14 ±13 ±14 
Current Short Circuit ±IS ±IS ±IS 

CAPACITIVE LOAD 
Drive Capability Gain = +1 10,000 10,000 10,000 

POWER SUPPLY 
Rated Performance ±IS ±IS ±IS 
Operating Range ±2.0 ±IS ±2.0 ±IS ±2.0 ±18 
Quiescent Current 1.5 2.4 1.5 2.4 I.S 2.4 

T_-Tmax 1.6 2.6 1.6 2.6 1.6 2.6 

TRANSISTOR COUNT # of Transistors 180 180 180 

NOTES 
IBias current specifications are guaranteed maximum at either input. 
'Input bias current match is the maximum difference between corresponding inputs of all four amplifiers. 
'CMRR match is the difference of AVo,JAVCM between any two amplifiers, expressed in dB. 
'PSRR matcb is the difference between AVo,JAVsuPYLY for any two amplifiers, expressed in dB. 
sSee Figure 2a for test circuit. 

All min and max specifications are guaranteed. 
Specifi~tions subiect to change without notice. 

ABSOLUTE MAXIMUM RATINGS t 

Supply Voltage ........................... :± IS V 
Internal Power Dissipation (+25°C) ........... See Note 2 
Input Voltage ............................. :± V s 
Differential Input Voltage' ................... :±0.7 V 
Output Short Circuit Duration (Single Input) ..... Indefinite 
Storage Temperature Range 

(Q) ............... . -6S0C to + ISO°C 
(N,R) ............. . - 65°C to + 12SoC 

Operating Temperature Range 
AD704]IK ........................ O°C to + 70°C 
AD704AIB ...................... -40°C to +S5°C 
AD704T ...................... -55°C to + 125°C 

Lead Temperature Range (Soldering 10 seconds) .... +300°C 

NOTES 
IStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in (he operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Specification is for device in free air: 
l4·Pin Plastic Package: 8lA = l50"ClWatt 
l4·Pin Cerdip Package: 8lA = llO°ClWatt 
l6·Pin SOIC Package: alA = IOO"ClWatt 
20·Terminal LCC Package: alA = ISO"ClWatt 

'The input pins of this amplifier are protected by back·to·back diodes. If the 
differenrial voltage exceeds ±O.7 volts, external series protection resistors 
should be added to limit the input current to less than 25 mAo 

."" 

ALL 4 AMPUAERS ARE CONNECTED AS SHOWN 

AD ... 
- ........ :!:,...~ ... PIN • 

:I11lF 

*THE stGNAL INPUT (SUCH THAT THE AMPLIAERS OUTPUT IS AT MAX 
AMPLITUDE WITHOUT CUPPING OR SLEW LlMmNG) IS APPliED TO ONE 
AMPLIFIER AT A TIME. THE OUTPUTS OF THE OTHER THREE AMPLIFIERS 
ARE THEN MEASURED FOR CROSS TALK. 

Figure 2a. Crosstalk Test Circuit 

14 
OUTPUT 

#4 

1 
OUTPUT 

" 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 

1-------- ~~ ---~ 

~._--_.----;_---;r_--, 

-100 1---+---+----lJIj~-_I 

'lI 
I 

I-l~ 
-140 1----bI'l~~+---+--_I 

100 lk lOOk 

FREQUENCY - Hz 

Figure 2b. Crosstalk vs. Frequency 

AD 704 

Units 
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pF 
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AD704-Typical Characteristics (@ +25°C, Ys = ±15 y, unless otherwise noted) 
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Figure 21. Closed-Loop Output 
Impedance vs. Frequency 

Figure 22c. Unity Gain Follower 
Small Signal Pulse Response 
R;, = 0 {J, CL = 100 pF 

Figure 23b. Unity Gain Inverter 
Large Signal Pulse Response 
CL = 1,000 pF 
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Figure 22a. Unity Gain Follower 
(For Large Signal Applications, 
Resistor RF Limits the Current 
Through the Input Protection 
Diodes) 

Figure 22d. Unity Gain Follower 
Small Signal Pulse Response 
RF = 0 {l, CL = 1,000 pF 

Figure 23c. Unity Gain Inverter 
Small Signal Pulse Response 
CL = 100 pF 

Figure 22b. Unity Gain FOllower 
Large Signal Pulse Response 
RF = 10 klJ, CL = 1,000 pF 
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Figure 23a. Unity Gain Inverter 
Connection 

Figure 23d. Unity Gain Inverter 
Small Signal Pulse Response 
CL = 1,000 pF 
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INSTRUMENTATION AMPLIFIER GAIN = 1 .~.:: (FOR Rl = R3. R2 = R4. RS) 

ALL RESISTORS METAL FILM. 1% 

OP1lONAL BALANCE RESISTOR 
NETWORKS CAN BE REPLACED 
WITH A SHORT 

CAPACITORS C2 AND C4 ARE 
SOUTHERN ELECTRONICS MPCC, 
POLVCARBONATE, ± 5%, 50 VOLT 

Figure 24. Gain of 10 Instrumentation Amplifier with Post Filtering 

The instrumentation amplifier with post filtering (Figure 24) 
combines two applications which benefit greatly from the 
AD704. This circuit achieves low power and dc precision over 
temperature with a minimum of components. 

The instrumentation amplifier circuit offers many performance 
benefits including BiFET level input bias currents, low input 
offset voltage drift and only 1.2 mA quiescent current. It will 
operate for gains G ;;,: 2, and at lower gains it will benefit from 
the fact that there is no output amplifier offset and noise contri
bution as encountered in a 3 op amp design. Good low fre
quency CMRR is achieved even without the optional AC CMRR 
trim (Figure 25). Table I provides resistance values for 3 com
mon circuit gains. For other gains, use the following equations: 

R2 = R4 + R5 = 49.9 kG 

49.9 kG 
R1 = R3 = 0.9 G _ 1 

99.8k 
Max Value of Ro = 0.06 G 

1 
C, == 2 1T (R3) 5 x 105 

Table I. Resistance Values for Various Gains 

Circuit Gain ~(Max Value Bandwidth 
(G) Rl &R3 of Trim Potentiometer) (-3 dB), Hz 

10 6.34 kG 166 kG 50k 
100 526 G 16.6 kG 5k 
1,000 56.2 G 1.66 kG 0.5k 

The 1 Hz, 4·po1e active filter offers dc precision with a mini
mum of components and cost. The low current noise, los, and 
IB allow the use of 1 MG resistors without sacrificing the 
11l.Vrc drift of the AD704. This means lower capacitor values 
may be used, reducing cost and space. Furthermore, since the 
AD704's IB is as low as its los, over most of the MIL tempera
ture range, most applications do not require the use of the nor
ma! balancing resistor (with its stability capacitor). Adding the 
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Figure 25. Common-Mode Rejection vs. Frequency with 
and without Capacitor C, 

optional balancing resistor enhances performance at high tem· 
peratures, as shown in Figure 26. Table II gives capacitor values 
for several common low pass responses. 
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Figure 26. Vas VS. Temperature Performance of the 1 Hz 
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AD704 
Table U. 1 Hz, 4-Pole Low Pass Filter Recommended Component Values 

Section 1 Section 2 
Desired Low Frequency. Frequency CI C2 C3 C4 
Pass Response (Hz) Q (Hz) Q (,..F) (,..F) (fIoF) (fIoF) 

Bessel 1.43 0.522 1.60 0.806 0.116 0.107 0.160 0.0616 
Butterworth 1.00 0.541 1.00 1.31 0.172 0.147 0.416 0.0609 
0.1 dB Chebycbev 0.648 0.619 0.948 2.18 0.304 0.198 0.733 0.0385 
0.2 dB Chebycbev 0.603 0.646 0.941 2.44 0.341 0.204 0.823 0.0347 
0.5 dB Chebycbev 0.540 0.705 0.932 2.94 0.416 0.209 1.00 0.0290 
1.0 dB Chebycbev 0.492 0.785 0.925 3.56 0.508 0.206 1.23 0.0242 

Specified Values are for a - 3 dB point of 1.0 Hz. For other frequencies simply scale capacitors Clthrough C4 
directly; i.e., for 3 Hz Bene! response, CI = 0.0387 fIl', C2 = 0.0357 ",F, C3 = 0.0533 ",F, C4 =0.0205 fIl'. 

ORDERING GUIDE 

Model Temperature Range Package Option* 

AD704JN O"C to ~ 70"C N-14 
AD704JR O·C to + 7O"C R-16 
AD704JR-IREEL O·C to + 70"C Tape and Reel 
AD704KN O·C to + 70"C N-14 
AD704AN -4O"C to +85°C N-14 
AD704AQ -40°C to + 85"C Q-14 
AD704AR -40°C to +85"C R-16 
AD704AR-REEL -40°C to +85°C Tape and Reel 
AD704BQ -40°C to +85"C Q-14 
AD704SEl883B -55"C to + 125°C E-2OA 
AD704TQ -55°C to +125"C Q-14 
AD704TQl883B -55°C to +125°C Q-14 

Chips are also available. 
*E = Leadless Ceramic Chip Carrier; N = Plastic DIP; Q = Cerdip; 

R = Small Outline (SOlC). For outline information see Package 
Information section. 
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r.ANALOG 
WDEVICES 

FEATURES 

DC PERFORMANCE 
25 ,...V max Offset Voltage (AD705T) 
0.6 ,... VlOC max Drift (AD705K/T) 
100 pA max Input Bias Current (AD705K) 
250 pA max IB Over MIL Temperature Range (AD705T) 
114 dB min CMRR (AD705K/T) 
114 dB min PSRR (AD705T) 
200 VlmV min Open Loop Gain 
0.5,...V p-p typ Noise, 0.1 Hz to 10 Hz 
600 ,...A max Supply Current 

AC PERFORMANCE 
0.15 VI,...s Slew Rate 
BOO kHz Unity Gain Crossover Frequency 
10,000 pF Capacitive Load Drive Capability 
Low Cost 
Available in 8 Pin Plastic Mini-DIP, Hermetic Cerdip, 

Surface Mount (SOIC) Packages and in Chip Form 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 
MIL-STD-883B Processing Available 
Dual Version Available: AD706 
Quad Version: AD704 

APPLICATIONS 
Low Frequency Active Filters 
Precision Instrumentation 
Precision Integrators 

PRODUCT DESCRIPTION 
The AD70S is a low power bipolar op amp that has the low 
input bias current of a BiFET amplifier but which offers a sig
nificantly lower IB drift over temperature. The AD70S offers 
many of the advantages of BiFET and bipolar op amps without 
their inherent disadvantages. It utilizes superbeta bipolar input 
transistors to achieve the picoampere input bias current levels of 
FET input amplifiers (at room temperature), while its IB typi
cally only increases 5 tintes vs. BiFET amplifiers which exhibit 
a lOOOX increase over temperature. This means that, at room 
temperature, while a typical BiFET may have less IB than the 
AD70S, the BiFET's input current will increase to a level of 
several nA at + 12SoC. Superbeta bipolar technology also permits 
the AD705 to achieve the microvolt offset voltage and low noise 
characteristics of a precision bipolar input amplifier. 

The AD70S is a high quality replacement for the industry
standard OP-07 amplifier while drawing only one sixth of its 
power supply current. Since it has only l/2Oth the input bias 
current of an OP-07, the AD705 can be used with much higher 
source impedances, while providing the same level of dc preci
sion. In addition, since the input bias currents are at picoAmp 
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Picoampere Input Current 
Bipolar Op Amp 

CONNECTION DIAGRAM 

Plastic Mini-DIP (N) 
Cerdip (Q) and 

Plastic SOIC (R) Packages 

AD705 I 

OFFSET 
NULL 

OFFSET 
NULL 

OVER 
COMP 

levels, the commonly used "balancing" resistor (connected 
between the noninverting input of a bipolar op amp and ground) 
is not required. 

The AD705 is an excellent choice for use in low frequency 
active filters in 12- and 14-bit data acquisition systems, in preci
sion instrumentation and as a high quality integrator. 

The AD70S is internally compensated for unity gain and is 
available in five performance grades. The AD70S] and AD70SK 
are rated over the commercial temperature range of 0 to + 70°C. 
The AD70SA and AD70SB are rated over the industrial temper
ature range of -40°C to +8SoC. The AD70ST is rated over the 
military temperature range of - SsoC to + 12SOC and is available 
processed to MIL-STD-883B, Rev. C. 

The AD70S is offered in three varieties of 8-pin package: plastic 
DIP, hermetic cerdip and surface mount (SOIC). "}" grade 
chips are also available. 
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AD705 - SPECIFICATIONS (@ TA = +25"C, YeM = 0 Y, and Ys = ±15 Y dc, unless otherwise noted) 

AD705J/A AD70SKIB AD705T 
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE 
Initial Offset 30 90 10 35 10 25 .,.V 
Offset Tmio to T_ 4S ISO 2S 60 2S 60 .,.V 

VB. Temp, Average TC 0.2 1.2 0.2 0.6 0.2 0.6 .,.vrc 
vs. Supply (PSRR) Vs =±2Vto±ISV 110 129 110 129 114 129 dB 
Tmio to Tmax V s = ±2.S V to ± IS V lOS 126 lOS 126 lOS 126 dB 

Long Term Stability 0.3 0.3 0.3 .,.V/month 

INPUT BIAS CURRENT' 
VCM = OV 60 ISO 30 100 30 100 pA 
VCM = ±13.S V 80 200 SO 150 SO 150 pA 

VB. Temp, Average TC 0.3 0.3 0.6 pAf'C 
Tmio to T .... VCM = 0 V SO 2S0 SO ISO 90 250 pA 
Tmin to Tmax VCM = ±13.S V 100 4S0 70 3S0 120 450 pA 

INPUT OFFSET CURRENT VCM = 0 V 40 ISO 30 100 30 100 pA 
VCM = ±13.S V 40 200 30 150 30 150 pA 

VB. Temp, Average TC 0.3 0.3 0.4 pAre 
Tmio to Tmax VCM = OV SO 2S0 SO ISO SO 250 pA 
Tmio to Tmax VCM =. ±13.S V SO 4S0 SO 3S0 SO 4SO pA 

FREQUENCY RESPONSE 
Unity Gain 

Crossover Frequency 0.4 O.S 0.4 O.S 0.4 O.S MHz 
Slew Rate, Unity Gain G =-1 0.1 O.IS 0.1 O.IS 0.1 O.IS V/.,.s 
Slew Rate TOliD to Tmu: O.OS O.IS O.OS O.IS 0.05 O.IS VI.,.s 

INPUT IMPEDANCE 
Differential 40112 40/12 40112 MfillpF 
Common Mode 300112 300112 300//2 GWlpF 

INPUT VOLTAGE RANGE 
Common Mode Voltage ±13.S ±14 ±13.5 ±14 ±13.S ±14 V 

COMMON MODE 
REJECTION RATIO VCM = ±13.S V 110 132 114 132 114 132 dB 

Tmio to T_ lOS 12S lOS 12S lOS 12S dB 

INPUT VOLTAGE NOISE 0.1 Hz to 10 Hz O.S O.S 1.0 O.S 1.0 .,.Vp-p 
f= 10Hz 17 17 17 nVly'Hz 
f=lkHz IS 22 IS 22 IS 22 nV/y'Hz 

INPUT CURRENT NOISE f= 10Hz SO SO SO fAly'Hz 

OPEN LOOP GAIN Vo = ±12V 
RLOAD = 10kfl 300 2000 400 2000 400 2000 V/mV 
Tmin to Tmu. 200 ISoo 300 ISoo 300 IS00 VlmV 

Vo = ±IOV 
RLoAD = 2 kfl 200 1000 300 1000 300 1000 V/mV 
Tmio toT .... ISO 1000 200 1000 100 1000 V/mV 

OUTPUT CHARACTERISTICS 
Voltage Swing RLOAD = IOkfl ±13 ±14 ±13 ±14 ±13 ±14 V 

Tmin to Tmax :1:13 ±14 :1:13 ±14 :1:13 ±14 V 
Current Short Circuit ±IS ±IS ±IS rnA 
Capacitive Load 

Drive Capability Gain = +1 10,000 10,000 10,000 pF 
Output Resistance Open Loop 200 200 200 fI 

POWER SUPPLY 
Rated Performance ±IS ±IS ±IS V 
Operating Range :1:2.0 :d8 :1:2.0 :1:18 :1:2.0 :1:18 V 
Quiescent Current 3S0 600 3S0 600 380 600 .,.A 

Tmio to T""", 400 SOO 400 800 400 800 .,.A 

TEMPERATURE RANGE 
FOR RATED PERFORMANCE 
Commercial (0 to + 7O'C) AD70SJ AD70SK 
Industrial (-4O'C to +SS"C) AD70SA AD70SB 
Militaty (-WC to + 12S"C) AD70ST 
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AD705J/A 
Parameter Conditions Min Typ Max 

PACKAGE OPTIONS2 

8-Pio Cerdip (Q-8) AD705AQ 
8-Pio Plastic Mini-DIP (N-8) AD705JN 
8-Pio SOlC (R-8) AD705JR 
Tape + Reel AD705JR-REEL 
Chips AD705JCHIPS 

TRANSISTOR COUNT # of Transistors 

NOTES 
IBias Current Specifications are guaranteed maximum at either input. 
2Por outline information see Package Information section. 
AI] min and max specifications are guaranteed. 

45 

Specifications in boldface are tested on all production units at final electrical test. 
Results from those tests are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ± IS V 
Internal Power Dissipation2 •••••••••••••••••• 650 mW 
Input Voltage ............................. ±Vs 
Differential Input Voltage' ................. ±0.7 Volts 
Output Short Circuit Duration . . . . . . ......... Indefinite 
Storage Temperature Range (Q) ......... -65°C to + 150°C 

AD70SKIB AD705T 
Min Typ Max Min Typ Max 

AD705BQ AD705TQ 
AD705KN 

45 45 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 

AD705 

Units 

1
14.------ 0.074 (1.88) -----.-.1 

NULL +1Is 
8 7 

Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range 

AD705J/K ......................... 0 to +70°C 
AD705A1B ...................... -40°C to +S5°C 
AD705T ...................... - 55°C to + 125°C 

Lead Temperature Range 
(Soldering 60 seconds) ..................... 300°C 

f" OVER 
COMP 

NOTES 
IStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

'8-Pin Plastic Package: alA = 16S0ClWarr 
8-Pin Cerdip Package: alA = 1I0°CIWarr 
8-Pin Small Outline Package: alA = ISS"C/Warr 

'The Input pins of this amplifier are protected by back-to-back diodes. If the 
differential voltage exceeds ±O.7 volts, external series protection resistors 
should be added to limit the input current to less than 2S rnA. 
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AD705-Typical Characteristics {@ +25°C, Ys = :1:15 Y, unless otherwise noted} 
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Figure 21b. Unity Gain Follower 
Large Signal Pulse Response 
RF = 10ka, CL = 50pF 
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Figure 21c. Unity Gain Follower 
Small Signal Pulse Response 
RF = oa, CL = 100pF 

Figure 22b. Unity Gain Inverter 
Large Signal Pulse Response 
CL = 50pF 
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(For Large Signal Applications, 
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Figure 21d. Unity Gain Follower 
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Figure 22d. Unity Gain Inverter Small Signal 
Pulse Response CL = 1000 pF 
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Figure 23a. Follower Connected in 
Feed-Forward Mode 

Figure 23b. Follower Feed-Forward 
Pulse Response 

A High Performance Differential Amplifier Circuit 

INPUT 

OUTPUT 

Figure 25 shows a high input impedance, differential amplifier 
circuit that features a high common mode voltage, and which 
operates at low power. Table I details its performance with 
changes in gain. To optimize the common mode rejection of this 
circuit at low frequencies and dc, apply a 1 volt, 1 Hz sine wave 
to both inputs. Measuring the output with an oscilloscope, adjust 
trimming potentiometer R6 for minimum output. For the best 
CMR at higher frequencies, capacitor C2 should be replaced 
with a 1.5 pF to 20 pF trimmer capacitor. 

Both the IC socket and any standoffs at the op amp's input ter
minals should be made of Teflon* to maintain low input current 
drift over temperature. 

"Teflon is a registered trademark of E.!. DuPont, Co. 
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Figure 24. Offset Null and Overcompensation 
Connections 
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GROUND CONNECTION AS 
THIS AMPLIFIER. 
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GND 

R1 
100MU 

~N. 

R1' 
100MU 

CIRCUIT GAIN, G = - R2;1 R3 (1 + ~) 
VOUT = G (V~_ - VIN .. ) 

C1 
5pF 

COMMON MODE INPUT RANGE = 10 (V. - 1.5V) 
FOR Vs= ±15V, YeN RANGE = ±135V 

R3 
200ku RS· 

R4' 

RESISTORS R1 AND R1·. R2 AND R2' 
ARe VICTOREEN MOX-20D 114 WATT, 
1% METAL OXIDE. 

*SEETABLEI 

Figure 25. A High Performance 
Differential Amplifier Circuit 

Table I. Typical Performance of Differential Amplifier Circuit 
Operating at Various Gains 

Circuit R4 R5 Trimmed RTIAverage Circuit 
Gain (0) (0) DCCMR Drift TC Bandwidth 

(dB) (,..VfC) -3 dB 

1 1.13 kG 10 kG 2:85 30 4.4 kHz 
10 1000 9.76 kG 2:85 30 2.8 kHz 
100 10.20 10 kG 2:85 30 930Hz 
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AD705 
A 1 Hz, 2-Pole, Active Filter 
Table II gives recommended component values for the 1 Hz fil
ter of Figure 26. An unusual characteristic of the AD705 is that 
both the input bias current and the input offset current and 
their drift remain low over most of the op amps rated tempera
ture range. Therefore, for most applications, there is no need to 
use the normal balancing resistor tied between the noninverting 
terminal of the op amp and ground. Eliminating the standard 
balancing resistor reduces board space and lowers circuit noise. 
However, this resistor is needed at temperatures above 1l0"C, 
because input bias current starts to change rapidly, as shown by 
Figure 27. 

INPUT 

R1 
1M!! 

Cl 

OUTPUT 

Table II,Recommended Component Values 
for the 1 Hz .Low Pass Filter 

" 

Desired Low 'Pole PoleQ Cl Value 
Pass Response , Frequency 

"(HZ)' (",F) 

Bessel Response 1.27' 0.58 0.14 

Butterworth Response 1.00 0.707 0.23 

0.1 dB Chebychev 0.93 0.77 0.26 

0.2 dB Chebychev 0.90 0.80 0.28 

0.5 dB ChebyCheV 0.85 0.86 0.32 

1.0 dB Chebychev 0.80 0.96 0.38 

Specified Values are for a - 3 dB point of 1.0 Hz. 

For other frequencies, simply scale capacitors CI and C2 directly; 
i.e., for 3 Hz Bessel response, CI : 0.046 ILF, C2 : 0.037 ILF. 

90 

~ITHO~TO~ r-.... ~ 
I 

- BALANCE RESISTOR, R3. 

" I'-.... \ 
........... 

j'.... 
i"-"""'--

C2 Value 

(jI.F) 

0.11 

0.11 

0.11 

0.11 

0.11 

0.10 

\ 
-

CAPACITORS C1 AND C2 
ARE SOUTHERN 
ELECTRONICS MPCC, 
POlYCARBONATE, ±5%, 
50 VOLT WITH OPTIONAL BALANCE 

OPTIONAL ,- -------------------- -, 
BALANCE' R3 ' 
RESISTOR -: 2M!! : 
NETWORK ' , 

WITHOUT THE 
NETWORK, PINS 
2AND60FTHE 
AD705 ARE TIED 
TOGETHER. 

, , 
: C3 : 
: O.OlMF : , , 
~----------------- ______ I 

Figure 26. A 1 Hz, 2-Pole Active Filter 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
HIGH DC PRECISION 
50 .... V max Offset Voltage 
0.6 .... V/OC max Offset Drift 
110 pA max Input Bias Current 

LOW NOISE 
0.5 .... V p-p Voltage Noise, 0.1 Hz to 10 Hz 

LOW POWER 
750 IJ.A Supply Current 

Available in S-Pin Plastic Mini-DIP, Hermetic Cerdip and 
Surface Mount (SOIC) Packages 

Available in Tape and Reel in Accordance with 
EIA-481A Standard 

MIL-STD-883B Processing Available 
Single Version: AD705, Quad Version (AD704) 

PRIMARY APPLICATIONS 
Low Frequency Active Filters 
Precision Instrumentation 
Precision Integrators 

PRODUCT DESCRIPTION 
The AD706 is a dual, low power, bipolar op amp that has the 
low input bias current of a BiFET amplifier but which offers a 
significantly lower IB drift over temperature. It utilizes super
beta bipolar input transistors to achieve picoampere input bias 
current levels (similar to FET input amplifiers at room tempera
ture), while its IB typically only increases by 5 x at 125°C 
(unlike a BiFET amp, for which IB doubles every 10°C for a 
1000x increase at 125°C). The AD706 also achieves the micro
volt offset voltage and low noise characteristics of a precision 
bipolar input amplifier. 

Since it has only 1120 the input bias current of an OP-07, the 
AD706 does not require the commonly used "balancing" resis
tor. Furthermore, the current noise is 115 that of the OP-07 
which makes this amplifier usable with much higher source 
impedances. At 116 the supply current (per amplifier) of the 
OP-07, the AD706 is better suited for today's higher density 
boards. 

The AD706 is an excellent choice for use in low frequency 
active fllters in 12- and 14-bit data acquisition systems, in preci
sion instrumentation, and as a high quality integrator. The 
AD706 is internally compensated for unity gain and is available 
in five performance grades. The AD706J and AD706K are rated 
over the commercial temperature range of O°C to + 70°C. The 
AD706A and AD706B are rated over the industrial temperature 
range of -40°C to +85°C. The AD706T is rated over the mili
tary temperature range of - 55°C to + 125°C and is available pro
cessed to MIL-STD-883B, Rev. C. 

REV. A 

Dual Picoampere Input Current 
Bipolar Op Amp 

AD7D6 I 
CONNECTION DIAGRAM 

AMPLIFIER 1 

Plastic Mini-DIP (N) 
Cerdip (Q) and 

Plastic SOIC (R) Packages 

AMPLIFIER 2 

The AD706 is offered in three varieties of an g-pin package: 
plastic mini-DIP, hermetic cerdip and surface mount (SOIC). 
"J" grade chips are also available. 

PRODUCT HIGHLIGHTS 
1. The AD706 is a dual low drift op amp that offers BiFET 

level input bias currents, yet has the low IB drift of a bipolar 
amplifier. It may be used in circuits using dual op amps such 
as the LTl024. 

2. The AD706 provides both low drift and high dc precision. 

3. The AD706 can be used in applications where a chopper 
amplifier wonld normally be required but without the chop
per's inherent noise. 

100 r---------~--------_r------_. 

~ 10 t-----_+_ 
I 

.JP ... 
R 
I- 0.1 1--------t-7'~=-=-=,._+---_:l 

0.01 L-____ ~ __ .L.... ________ _'_ ______ ___' 

-55 +25 +110 +125 
TEMPERATURE _oC 
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AD706-SPECIFICATIONS (@ TA = +25°C, VCM = 0 V, and ±15 V dc, unless otherwise noted) 

AD706J/A AD706K/B AD706T 
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE 
Initial Offset 30 100 10 50 10 50 ",V 
Offset T min to T max, 40 ISO 25 100 25 100 ",V 
vs. Temp, Average TC 0.2 1.5 0.2 0.6 0.2 0.6 ",vrc 
vs. Supply (PSRR) Vs =±2Vto±18V 110 132 112 132 112 132 dB 
Tmin to Tmax Vs = ±2.5 Vto ±18V 106 126 108 126 108 126 dB 
Long Term Stability 0.3 0.3 0.3 ",V/month 

INPUT BIAS CURRENT' 
VCM = 0 V SO 200 30 110 30 120 pA 
VCM = ±13.5 V 250 160 170 pA 

vs. Temp, Average TC 0.3 0.2 0.2 pAre 
Tmin toTmax VCM = 0 V 300 200 400 pA 
Tmin to Tmax VCM = ±13.5 V 400 300 600 pA 

INPUT OFFSET CURRENT VCM - 0 V 30 ISO 30 100 30 100 pA 
VCM = ±13.5 V 250 200 200 pA 

vs. Temp, Average TC 0.6 0.4 0.4 pAre 
Tmin to Tmax VCM = 0 V 80 250 80 200 80 300 pA 
Tmin to Tmax VCM = ±13.5 V 80 350 80 300 80 450 pA 

MATCHING CHARACTERISTICS 
Offset Voltage ISO 75 75 ",V 

Tmio to Tmax 250 ISO 200 ",V 
Input Bias Currenr 300 ISO 200 pA 

Tmin to Tmax 500 250 400 pA 
Common-Mode Rejection 106 110 110 dB 

Tmin to Tmax 106 108 108 dB 
Power Supply Rejection 106 110 110 dB 

Tmin to Tmax 104 106 106 dB 
Crosstalk @f= 10Hz 

(Figure 19a) RL = 2 kO ISO ISO ISO dB 

FREQUENCY RESPONSE 
Unity Gain Crossover 

Frequency 0.8 0.8 0.8 MHz 
Slew Rate G =-1 0.15 0.15 0.15 V/",s 

Tmin to Tmax 0.15 0.15 0.15 V/",s 

INPUT IMPEDANCE 
Differential 40112 40//2 40112 MfII/pF 
Common Mode 300112 300112 300112 GfII/pF 

INPUT VOLTAGE RANGE 
Common-Mode Voltage ±13.5 ±14 ±13.5 ±14 ±13.5 ±14 V 
Common-Mode Rejection 

Ratio VCM = ±13.5 V 110 132 114 132 114 132 dB 
Tmin to Tmax 108 128 108 128 108 128 dB 

INPUT CURRENT NOISE 0.1 Hz to 10 Hz 3 3 3 pAp-p 
f= 10Hz 50 50 50 fNYRz 

INPUT VOLTAGE NOISE 0.1 Hz to 10 Hz 0.5 0.5 1.0 0.5 1.0 ",Vp-~ 
f=IOHz 17 17 17 nV/YRz 
f= I kHz IS 22 15 22 IS 22 nV/YRz 

OPEN-LOOP GAIN Vo - ±12 V 
RLOAD = 10kO 200 2000 400 2000 400 2000 V/mV 
Tmin to Tmax ISO 1500 300 1500 300 1500 V/mV 
Vo = ±IOV 
RLoAD = 2kO 200 1000 300 1000 200 1000 V/mV 
Tmin to Tmax ISO 1000 200 1000 100 1000 V/mV 

OUTPUT CHARACTERISTICS 
Voltage Swing RLOAD = 10 kO ±13 ±14 ±13 ±14 ±13 ±14 V 

Tmin to Tmax ±13 ±14 ±13 ±14 ±13 ±14 V 
Current Short Circuit ±15 ±15 ±15 rnA 
Capacitive Load 

Drive Capability Gain = +1 10,000 10,000 10,000 pF 
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AD706 
AD706J/A AD706K/B AD706T 

Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Units 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 V 
Operating Range ±2.0 ±IS ±2.0 ±IS ±2.0 ±IS V 
Quiescent Current, Total 0.75 1.2 0.75 1.2 0.75 1.2 mA 

Tmin to Tmax 0.8 1.4 O.S 1.4 O.S 1.6 mA 

TRANSISTOR COUNT # of Transistors 90 90 90 

NOTES 
IBias current specifications are guaranteed maximum at either input. 
'Input bias current match is the difference between corresponding inputs (I. of - IN of Amplifier # 1 minus I. of - IN of Amplifier #2). 

CMRR match is the difference between A:~:I for amplifier #1 and A:~:2 for amplifier #2 expressed in dB. 

.. AVos#l. AVos#2. . 
PSRR match IS the difference between AVSUPPLY for amplifier #1 and AVSUPPLY for amplifier #2 expressed In dB. 

All min and max specifications are guaranteed. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ± IS V 
Internal Power Dissipation 

(Total: Both Amplifiersi .................. 650 mW 
Input Voltage ............................. ±Vs 
Differential Input Voltage3 •••••.••••••••••• ±O.7 Volts 
Output Short Circuit Duration ............... Indefmite 
Storage Temperature Range CQ) ......... -65°C to + 150°C 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range 

AD706J/K ........................ ooe to +70oe 
AD706AIB ...................... -40°C to +8soe 
AD706T ...................... -55°C to +l2soe 

Lead Temperature (Soldering 10 secs) ........... + 300°C 

ORDERING GUIDE 

Temperature Package 
Model Range Description Option* 

AD706JN ooe to +70oe Plastic DIP N-S 
AD706KN ooe to +70oe Plastic DIP N-8 
AD706JR ooe to +70oe SOle R-S 
AD706JR-REEL ooe to +70oe Tape & Reel 
AD706AQ -40°C to +S5°e Cerdip Q-8 
AD706BQ -40°C to +S5°e Cerdip Q-8 
AD706AR -40°C to +ssoe SOle R-S 
AD706AR-REEL -40°C to +ssoe Tape & Reel 
AD706TQ - 55°C to + 125°C Cerdip Q-S 

*For outline information see Package InfQrmation section. 

REV. A 

NOTES 
ISrresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Specification is for device in free air: 
8-Pin Plastic Package: alA = 100°C/Watt 
8-Pin Cerdip Package: alA = IlO'C/Watt 
8-Pin Small Outline Package: alA = 155"CIWatt 

'The input pins of this amplifier are protected by back-to-back diodes. If the 
differential voltage exceeds ±O.7 volts, external series protection resistors 
should be added to limit the input current to less than 25 mAo 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 

+v, OUTPUT #2 -IN #2 +IN #2 

OPERATIONALAMPLIFIERS 2-155 



AD706-Typical Characteristics (@ +25°C, Vs = ±15 v, unless otherwise noted) 

~ .. 
0 
a: w .. 
:II 
:::> z 

~ 

1000 

800 

600 

400 

200 

-80 -40 40 80 

INPUT OFFSET VOLTAGE -.V 

Figure 1. Typical Distribution of 
Input Offset Voltage 

- ~ 
~ 

5 

5-

10 15 

SUPPLVVOLTAGE-± Vons 

Figure 4. Input Common-Mode 
Voltage Range vs. Supply Voltage 

!5 120 1--+-+-
l!; 

180 1--+-+-

40 

-0.8 -OA 0.4 0.8 
OFFSET VOLTAGE DRIFT -IlV/GC 

Figure 7. Typical Distribution of 
Offset Voltage Drift 

2.;..156 OPERATIONAL AMPLIFIERS 

~ z 
:::> 
l!; 
a: 

i 
:::> z 

~ 

20 

1000 

8CIO 

600 

400 

200 

36 

-160 -80 80 -160 

INPUT BIAS CURRENT - pA 

Figure 2. Typical Distribution of 
Input Bias Current 

~ 
\ 

f'. -o 
lk 10k 100k 

o 

FREQUENCY - Hz 

Figure 5. Large Signal Frequency 
Response 

./ 

/ 
/' 

o 
WARM-UP nilE - Mtnutel 

Figure 8. Change in Input Offset 
Voltage vs. Warm-up Time 

1M 

1000 

8CIO 

~ 
!§600 .. 
0 
a: w 
!114OO 
:::> z 

200 

100 

o 

~ 
I 10 

i 
w 

" ;! g 
~ 1.0 

i 

INPUT OFFSET CURRENT - pA 

Figure 3. Typical Distribution of 
Input Offset Current 

- SOURCE RESISTANCE 
MAY BE EITHER BALANCED 

C- OR UNBALANCr 

/ 
f----

FOR IND~TRIAL L 

r-- TEMPERATURE 
RANGE / 

1/ 
~ 

0.1 
lk 10k 100k 1M 10M 100M 

SOURCE RESISTANCE-ll 

Figure 6. Offset Voltage Drift vs. 
Source Resistance 

50 

40 

1 
I 20 

I 
i 
~-20 
IE 

/ 

I----V 
I-'" 

POSITIVEIB 

--r--
-40 NEGArVEIB -
/' 

-50 
-15 -10 10 

COMMON - MODE VOLTAGE - Votta 

Figure 9. Input Bias Current vs. 
Common-Mode Voltage 

15 

REV. A 



1000 

-== f=~ ---

~'00 
C--

I 

~ ........, 

1,0 

-.... 
- I- 1-1--

1 
1 10 100 1000 

FREQUENCY - Hz 

Figure 10. Input Noise Voltage 
Spectral Density 

1000 ,-----.-----,------,------, 

"1 900 e------+----f------l------I 
I 

iii 
~ 
il 800 i-----+---+-.-=,25=.C;;--t------j 

~ 
:5 
a ~e------+----f------l------I 

~0L-__ -L ___ L-__ ~ __ ~ 

o 10 15 ~ 

SUPPLVVOLTAGE-± Volts 

Figure 13. Quiescent Supply 
Current VS. Supply Voltage 

.J.e .. 

ill 
I 

II: 
II: ,. 
U 

140 

120 

"i'100 

/ ~ +25·C 

1/ +125"C 

~ 
" 80 
w 

~ 60 

II I 
/ / 

/ II 

g .. 40 0 

i 20 

0 

lOOk 

11/ 
--20 

1000 

.1~ 

.140 

+120 

.100 

.80 

-
.40 

.20 

~ r--
I--
I--

1 
1 

1= 
f--
t--
t--

loon 10kll 

P = -
~ 

I i =1 I I"'"' ,---

10 100 

FREQUENCY - Hz 

Figure 11. Input Noise Current 
Spectral Density 

" 
I"-
\ 
~ 

1'\ 

1000 

o 
0.1 10 100 1k 10k lOOk 1M 

~ 

FREQUENCY - Hz 

Figure 14. Common-Mode 
Rejection Ratio vs. Frequency 

0 

r\ ']\ 
\ .... 'r-,. PHASE 

i'-.. 1 

1'\. 1 
GAIN 

" \ 1 

'" " 
1 4 6 810 100 0.01 0.1 10 100 1k 10k lOOk 1M 10M 

FREQUENCY - Hz LOAD RESISTANCE - k.n 

Figure 16. Open-Loop Gain VS. 

Load Resistance VS. Temperature 

REV. A 

Figure 17. Open-Loop Gain and 
Phase Shift vs. Frequency 
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AD706 
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Figure 19a. Crosstalk vs. Frequency 
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Figure 19b. Crosstalk Test Circuit 

'000 

" I '00 

1,0 

I 
g 0.1 

~ 
§ 0.01 
o 

0.001 • 

./ 

/' / 
/ AV=-1OOO / 

V 

/ /AV=+1 

/ 
V 

/ 
V lOUT =+1mA 

I I 
10 100 1k 10k '00k 

FREQUENCY - Hz 

Figure 20. Magnitude of Closed-Loop Output Impedance 
vs. Frequency 
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WAVE -Vs 
INPUT 

Figure 21a. Unity Gain Follower (For Large Signal 
Applications, Resistor RF Limits the Current 
Through the Input Protection Diodes.) 

Figure 21b. Unity Gain Follower 
Large Signal Pulse Response 
RF = 10 kfl, CL = 1,000 pF 

Figure 21c. Unity Gain Follower 
Small Signal Pulse Response 
RF = 0 [l, CL = 100 pF 

Figure 21d. Unity Gain Follower 
Small Signal Pulse Response 
RF = 0 [l, CL = 1000 pF 
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10k!! 

SQUARE 
WAVE 
INPUT 

AD706 
10k!l 

Figure 22b. Unity Gain Inverter 
Large Signal Pulse Response 
CL = 1,OOOpF 

Figure 22c. Unity Gain Inverter 
Small Signal Pulse Response 
CL =100pF 

Figure 22d. Unity Gain Inverter 
Small Signal Pulse Response 
CL = 1000pF 

Figure 23 shows an in-amp circuit which has the obvious advan
tage of requiring only one AD706 rather than three op amps, 
with subsequent savings in cost and power consumption. The 
transfer function of this circuit (without Ro) is: 

VOUT = iVIN#l- VIN#2) (1 + ~:) 
for Rl = R4 and R2 = R3 

Input resistance is high, thus permitting the signal source to 
have an unbalanced output impedance. 

R G (OPTlONAL) 

r------~------, 
I I 

R, I R. R3 I 

49.9k!! 

v, .... lkU 

VOUT=(V'N01-V'N02) (1+~)+(::") 
FORR,=R4,R2=R33 G 

·OPTIONAL INPUT PROTEC110N RESISTOR FOR GAINS GREATER 
THAN 100 OR INPUT VOLTAGES EXCEEDING THE SUPPLY VOLTAGE. 

Figure 23. A Two Op-Amp Instrumentation Amplifier 

Furthermore, the circuit gain may be fme trimmed using an 
optional trim resistor, Ro. Like the three op-amp circuit, CMR 

REV. A 

increases with gain, once initial trimming is accomplished-but 
CMR is still dependent upon the ratio matching of Resistors Rl 
through R4 • Resistor values for this circuit using the optional 
gain resistor, Ro, can be calculated using: 

Rl = R4 = 49.9kO 

49.9 kO 
R2 = R3 = 0.9G-1 

99.8 kO 
Ro = 0.060 

where G = Desired Circuit Gain 

Table I provides practical 1% resistance values. (Note that with
out resistor RG , R2 and R3 = 49.9 kOlG-1.) 

Table 1. Operating Gains of Amplifiers Al and A2 and 
Practical I % Resistor Values for the Circuit of Figure 23 

Circuit Gain Gain of Al Gain of A2 R" R3 Rl> R4 

1.10 11.00 1.10 499kO 49.9 kO 
1.33 4.01 1.33 150kO 49.9 kO 
1.50 3.00 1.50 100 kO 49.9kO 
2.00 2.00 2.00 49.9 kO 49.9 kO 
10.1 1.11 10.10 5.49kO 49.9 kO 
101.0 1.01 101.0 4990 49.9 kO 
1001 1.001 1001 49.90 49.9 kO 

For a much more comprehensive discussion of in-amp applica
tions, refer to the Instrumentation Amplifier Application Guide 
-available free from Analog Devices, Inc. 
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AD706 
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RESISTOR NETWORKS' 
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MPCC, POLVCARB 
:t.5%,50VOLT 

Figure 24. A 1 Hz, 4-Pole Active Filter 

A 1 Hz, 4-Pole, Active Filter 
Figure 24 shows the AD706 in an active f!lter application. An 
important characteristic of the AD706 is that both the input bias 
current, input offset current and their drift remain low over 
most of the op amp's rated temperature range. Therefore, for 
most applications, there is no need to use the normal balancing 
resistor. Adding the balancing resistor enhances performance at 
high temperatures, as shown by Figure 25. 

180 

TIt-t--l. 
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I" 
BALANCE RESISTOR, R3. 

\ t--... I I I 
......... 'i-W 

WITH OPTIONAL BALANC~ 
RESISTOR. R3 

-180 
-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TEMPERATURE-oC 

Figure 25. Vos vs. Temperature 
Performance of the 1 Hz Filter 

Table n. 1 Hz, 4-Pole, Low Pass Filter Recommended Component Values 

Section 1 Section 2 
Desired Low Frequency Q Frequency Q Cl C2 C3 C4 
Pass Response CHz) CHz) C .... F) C .... F) C .... F) C .... F) 

Bessel 1.43 0.522 1.60 0.806 0.116 0.107 0.160 0.0616 
Butterworth 1.00 0.541 1.00 1.31 0.172 0.147 0.416 0.0609 
0.1 dB Chebychev 0.648 0.619 0.948 2.18 0.304 0.198 0.733 0.0385 
0.2 dB Chebychev 0.603 0.646 0.941 2.44 0.341 0.204 0.823 0.0347 
0.5 dB Chebychev 0.540 0.705 0.932 2.94 0.416 0.209 1.00 0.0290 
1.0 dB Chebychev 0.492 0.785 0.925 3.56 0.508 0.206 1.23 0.0242 

NOTE 
Specified Values are for a -3 dB point of 1.0 Hz. For other frequencies simply scale capacitors Cl through C4 
directly; i.e.: for 3 Hz Bessel response, Cl = 0.0387 ".F, C2 = 0.0357".F, C3 = 0.0533 ".F, C4 = 0.0205 ".F. 
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r.ANALOG 
WDEVICES 

FEATURES 
Very High DC Precision 
15,..V max Offset Voltage 
0.1 ,..V/"C max Offset Voltage Drift 
0.35,..V p-p max Voltage Noise (0.1 Hz to 10 Hz) 
8 V/,..V min Open-Loop Gain 
130 dB min CMRR 
120 dB min PSRR 
1 nA max Input Bias Current 

AC Performance 
0.3 VI,..s Slew Rate 
0.9 MHz Closed-Loop Bandwidth 
Dual Version: AD708 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 

PRODUCT DESCRIPTION 
The AD707 is a low cost, high precision op amp with state-of
the-art performance that makes it ideal for a wide range of pre
cision applications. The offset voltage spec of less than 15 II-V is 
the best available in a bipolar op amp, and maximum input 
offset current is 1.0 nA. The top grade is the first bipolar 
monolithic op amp to offer a maximum offset voltage drift of 
0.1 II-VfC, and offset current drift and input bias current drift 
are both specified at 25 pArC maximum. 

The AD70Ts open-loop gain is 8 VIII-V minimum over the full 
:t 10 V output range when driving a 1 kfl load. Maximum input 
voltage noise is 350 nV p-p (0.1 Hz to 10 Hz). CMRR and 
PSRR are 130 dB and 120 dB minimum, respectively. 

The AD707 is available in versions specified over commercial, 
industrial and military temperature ranges. It is offered in 8-pin 
plastic mini-DIP, small outline (SOIC), hermetic cerdip and 
hermetic TO-99 metal can packages. Chips, MIL-STD-883B, 
Rev. C, and tape & reel parts are also available. 
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I. The AD70Ts 13 VIII-V typical open-loop gain and 140 dB 
typical common-mode rejection ratio make it ideal for preci
sion instrumentation applications. 

2. The precision of the AD707 makes tighter error budgets pos
sible at a lower cost. 

3. The low offset voltage drift and low noise of the AD707 
allow the designer to amplify very small signals without sacri
ficing overall system performance. 

4. The AD707 can be used where chopper amplifiers are 
required, but without the inherent noise and application 
problems. 

5. The AD707 is an improved pin-far-pin replacement for the 
LTlOOI. 
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AD707 - SPECIFICATIONS (@ +25OC and ±15 V dc, unless otherwise noted) 

AD707J/A AD707K/B1S AD707C1I' 
ConditiODS Min Typ Max Min Typ Max Min Typ Max VailS 

INPUT OFFSET VOLTAGE 
Initial 30 90 10 25 5 15 ",V 
VB. Temperature 0.3 1.0 0.1 0.3 0.03 0.1 ",vrc 

Tmin to Tmax 50 100 IS 45 71818 25 "'v 
Long-Term SlSbility 0.3 0.3 0.2 ",V/month 
Adjustment Range R2 = 20 kG (Figure 19) ±4 ±4 ±4 mV 

INPUT BIAS CURRENT 1.0 2.5 0.5 1.5 0.5 1.0 nA 
Tmin to Tmax 2.0 4.0 1.5 3.0 1.0 2.0 nA 

Average Drift IS 40 IS 25125/35 10 25 pAre 

OFFSET CURRENT VCM - OV 0.5 2.0 0.3 1.5 0.1 1.0 nA 
TQlin toTmas 2.0 4.0 1.0 2.0 0.2 1.5 nA 

Average Drift 2 40 I 25/25/35 1 25 pAre 

INPUT VOLTAGE NOISE 0.1 to 10 Hz 0.23 0.6 0.23 0.6 0.23 0.35 ",Vp-p 
f= 10Hz 10.3 IS 10.3 14 10.3 \3 nV/vIli 
f= 100Hz 10.0 \3.0 10.0 12 10.0 11.0 nVly'Ri 
f= 1 kHz 9.6 11.0 9.6 11.0 9.6 11.0 nVly'Ri 

INPUT CURRENT NOISE 0.1 Hz to 10 Hz 14 35 14 30 14 30 pAp-p 
f= 10 Hz 0.32 0.9 0.32 O.S 0.32 O.S pAly'Ri 
f= 100Hz 0.14 0.27 0.14 0.23 0.14 0.23 pAly'Ri 
f= 1 kHz 0.12 O.IS 0.12 0.17 0.12 0.17 pAly'Ri 

COMMON-MODE 
REJECTION RATIO VCM=±\3V 120 140 \30 140 130 140 dB 

T min to T maJ: 120 140 130 140 130 140 dB 

OPEN-LOOP GAIN Vo - ±IOV 
RLOAOo:::2kO 3 \3 5 \3 8 \3 V/",V 

TJIliD to Tmu. 3 \3 5 \3 8 13 V/",V 

RLOAD2:1 kO 3 \3 5 13 8 13 V/",V 

POWER SUPPLY 
REJECTION RATIO V. = ±3Vto±ISV 110 130 115 130 120 130 dB 

Tmin to Tmax 110 130 115 130 120 130 dB 

FRIlQUI!NCY RESPONSE 
Closed-Loop Bandwidth 0.5 0.9 0.5 0.9 0.5 0.9 MHz 
Slew Rste 0.15 0,3 0.15 0.3 0.15 0.3 VI",. 

INPUT RESISTANCE 
Differential 24 100 45 200 60 200 MO 
Common Mode 200 300 400 GO 

OUTPUT CHARACTERISTICS 
Voltage RLOAD210kG 13.5 14 13.5 14 13.5 14 ±V 

RLOA02::2kO 12.5 \3.0 12.5 13.0 12.5 13.0 ±V 
RLOAD21 kO 12.0 12.5 12.0 12.5 12.0 12.5 ±V 
RLOAD,,2 kG 

Tmio to Tmax 12.0 13.0 12.0 13.0 12.0 13.0 ±V 

OPEN-LOOP OUTPUT 
RESISTANCE 60 60 60 0 

POWER SUPPLY 
Current, Quiescent 2.5 3 2.5 3 2.5 3 rnA 
Power Consumption, No Load V. = ±15 V 75 90 75 90 75 90 rnW 

V. = ±3 V 7.5 9.0 7.5 9.0 7.5 9.0 mW 

TI!MPI!RA TURE RANGE 
Operating, Rsted Performance 

Commercial o to +7O"C AD707JN, AD707JR AD707KN, A.D707KR' 
Industtial -4O"C to +85'C AD707AQ, AD707AH AD707BQ, AD707BH AD707CQ, AD707CH 

AD707AR 
Military -55'C to + 125'C AD707SQ, AD707SH AD707TQ, AD707TH 
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AD707]/A AD707K1B1S 
Conditions Min Typ Max Min Typ Max 

PACKAGE OPTIONS 
Plastic (N-8) AD707]N AD707KN 
Cerdip (Q-8) AD707AQ AD707BQ/SQ, AD707SQ/883B 
TO-99 (H-OSA) AD707AH AD707BH/SH, AD707SHl883B 
SOIC (R-8) AD707]R, AD707 AR AD707KR 
Tape and Reel AD707]R-Reel, AD707 AR-Reel AD707KR-Reel 
Chips AD707]-Chips AD707S-Chips 

NOTES 
JAD707KR devices are production tested at +2SoC only. All T min to Trnax specifications are guaranteed but Dot 100% tested for this grade. 
2For outline information see Package Information section. 

AD707 
AD707C!f 

Min Typ Max Units 

AD707CQITQ, AD707TQ/883B 
AD707CHITH, AD707THI883B 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing 
quality levels. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage _ .......................... ±22 V 
Internal Power Dissipation' .................. SOO mW 
Input Volta,Be ............................. ±Vs 
Output Sh .. Circuit Duration ............... Indefinite 
Differential IIiput Voltage ............... + V sand - V s 
Storage Temperature Range (Q, H) ....... -6SoC to + ISO°C 
Storage Temperature Range (N, R) ....... -6SOC to + l2SoC 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 

NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

28_pin plastic package: alA = 165"ClWatt; 8-pin cerdip package: alA = IlO"C1 
Watt; 8-pin small outline package: alA = 155"CIWatt; 8-pin header package: 
alA = 200"ClWatt. 

METALIZATION PHOTOGRAPH 
Dimensions ahown in inches and (mm). 
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AD707 - Typical Characteristics 
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AD707 
OFFSET NULLING 
The mput offset voltage of the AD707 is the lowest available in 
a bipolar op amp, but if additional nulling is required, the cir
cuit shown in Figure 19 offers a null range of 200 jLV. For 
wider null capability, omit Rl and ,substitute a 20 kO potenti
ometer for R2. 

Figure 19. External Offset Nulling and Power Supply 
Bypassing 

GAIN LINEARITY INTO A 1 kG LOAD 
The gain and gain linearity of the AD707 are the highest avail
able among monolithic bipolar amplifiers. Unlike other dc preci
sion amplifiers, the AD707 shows no degradation in gain or gain 
linearity when driving loads in excess of 1 kq over a ± 10 V 
output swing. This means high gain accuracy is assured over 
the output range. Figure 20 shows the gain of the AD707, 
AD OP-07, and the OP-77 amplifiers when driving a 1 kO load. 

The AD707 will drive 10 mA of output current with no signifi
cant effect on its gain or linearity. 
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Figure 20. Gain Linearity of the A0707 vs. 
Other DC Precision Op Amps 
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OPERATION WITH A GAIN OF 100 
Demonstrating the outstanding dc precision of the AD707 in 
practical applications, Table I shows an error budget calculation 
for the gain of -100 configuration shown in Figure 21. 

Error Source 

Vas 
los 
Gain (2 kO Load) 
Noise 
Vas Drift 

Table I. Error Budget 

Maximum Error Contribution 
Av = 100 (C Grade) 

(Full Scale: VOUT = 10 V, VIN = 100 mY) 

15 jLV/l00 mV = 150 ppm 
(1000)(1 nA)/IOO mV 1 ppm 
(100 V/8 x 106)100 mV 13 ppm 
0.35 jLV/100 mV 4 ppm 
(0.1 VI"C)/100 mV 1 ppml"C 

- 168 ppm 
+1 ppml"C 

Total Unadjusted Error 
(ii +25°C = 168 ppm> 12 Bits 

= 268 ppm> 11 Bits @ -55°C to + 125°C 
With Offset Calibrated Out 

@ +2SoC 
@ -55°C to + 125°C 

lOkI! 

10011 
V'No-""" ..... --( 

= 17 ppm> IS Bits 
= 117 ppm> 13 Bits 

+Vs 

-Vo 

Figure 21. Gain of -100 Configuration 

Although the initial offset voltage of the AD707 is very low, it is 
nonetheless the major contributor to system error. In cases 
requiring additional accuracy, the circuit shown in Figure 19 
can be used to null out the initial offset voltage. This method 
will also cancel the effects of input offset current error. With the 
offsets nulled, the AD707C will add less than 17 ppm of error. 

This error budget' assumes no error in the resistor ratio and no 
errors from power supply variation (the 120 dB minimum PSRR 
of the AD707C makes this a good assumption). The external 
resistors can cause gain error from mismatch and drift over 
temperature . 
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IS·BIT SETTLING TIME 
Figure 22 shows the AD707 settling to within 80 JL V of its fmal 
value for a 20 V output step in less than 100 JLS (in the test con· 
figuration shown in Figure 23). To achieve settling to 18 bits, 
any amplifier specified to have a gain of 4 VI JL V would appear 
to be good enough, however, this is not the case. In order to 
truly achieve 18·bit accuracy, the gain linearity must be better 
than 4 ppm. 

The gain nonlinearity of the AD707 does not contribute to the 
error, and the gain itself only contributes 0.1 ppm. The gain 
error, along with the Vos and Vos drift errors do not comprise 
1 LSB of error in a 18·bit system over the military temperature 
range. If calibration is used to null offset errors, the AD707 
resolves up to 20 bits at + 2SoC. 
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D.U.T 
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50JlV/Oiy 
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lOV/Div :\ 

r-------, 
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Figure 22. 18·8it Settling 
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Figure 23. Op Amp Settling Time Test Circuit 
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AD707 
140 dB eMRR INSTRUMENTATION AMPLIFIER 
The extremely tight dc specifications of the AD707 enable the 
designer to build very high performance, high gain instrumenta· 
tion amplifiers without having to select matched op amps for the 
crucial first stage. For the second stage, the lowest grade AD707 
is ideally suited. The CMRR is typically the same as the high 
grade parts, but does not exact a premium for drift performance 
(which is less critical in the second stage). ,Figure 24 shows an 
example of the classic instrumentation amp. Figure 2S shows 
that the circuit has at least 140 dB of common-mode rejection 
for a :t 10 V common-mode input at a gain of 1001 (RG = 200). 

CIRCUIT GAIN = 20110:0 + 1 

R2 
10kll 

Rl 
10kll 

200n 

9.9kll 

ReM 

R4 
lOkI! 

'] 
R2 

j 

Figure 24. A 3 Op Amp Instrumentation Amplifier 

High CMRR is obtained by first adjusting ReM until the output 
does not change as the input is swept through the full common
mode range. The value of Ro should then be selected to achieve 
the desired gain. Matched resistors should be used for the out
put stage so that ReM is as small as possible. The smaller the 
value of ReM, the lower the noise introduced by potentiometer 
wiper vibrations. To maintain the CMRR at 140 dB over a 20°C 
range, the resistor ratios in the output stage, RlIR2 and R31R4, 
must track each other better than 10 ppmfOC. 

INPUT 
COMMON· 
MODE 
SIGNAL: 10VIDiv 

COMMON-MODE 
ERROR REFERRED 
TO INPUT: 
5p.V/Div 

TIME-2secJDiv 

Figure 25. Instrumentation Amplifier 
Common-Mode Rejection 
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AD707 
PRECISION CURRENT TRANSMITTER 
The AD70Ts excellent dc performance, especially the low offset 
voltage, low offset voltage drift and high CMRR, makes it possi
ble to make a high precision voltage-controlled current transmit
ter using a variation of the Howland Current Source circuit 
(Figure 26). This circuit provides a bidirectional load current 
which is derived from a differential input voltage. 

The performance and accuracy of this circuit will depend almost 
entirely on the tolerance and selection of the resistors. The scale 
resistor (RSCALE) and the four feedback resistors directly affect 
the accuracy of the load current and should be chosen carefully 
or trimmed. 

As an example of the accuracy achievable, assume IL must be 
10 mA, and the available VIN is only 10 mY. 

VIN 

R3 
100kll 

Rl 
lookU 

RSCALE = 10 mV/lO rnA =1 0 

IERROR due to the AD707C: 
Maximum IERROR = 2(Vos)/RsCALE + 2(Vos Drift)/RsCALE + 

los (100 k/RscALE) 
= 2 (15 /LV)/I 0+2 (O.I/LVfOC)/1 0 

+ I nA (100 k)11 0 (1.5 nA @ l250C) 
= 30 /LA+ 0.2 /LAfOC + 100 /LA 

(150 /LA @ l250 C) 
= 130 /LAIIO rnA = 1.3% @ 25°C 
= 120 /LAIIO mA = 2.00.25% (a 125°C 

Low drift, high accuracy resistors are required to achieve high 
precision. 

+Vs 
R4 

100kU 

R2 
100kU 

RSCALE 

+o-~~~~----------------~~ 

Figure 26. Precision Current Source/Sink 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Very High dc Precision 

30p.V max Offset Voltage 
0.3p.V/OC max Offset Voltage Drift 
0.35p.V POp max Voltage Noise (0.1 to 10Hz) 
5 Million V/V min Open Loop Gain 
130dB min CMRR 
120dB min PSRR 

Matching Characteristics 
30p.V max Offset Voltage Match 
0.3p.V/OC max Offset Voltage Drift Match 
130dB min CMRR Match 

Single Version: AD707 
Available in 8-Pin Plastic Mini-DIP. 

Hermetic Cerdip and TO-99 Metal Can 
Packages. Chips and 1883B Parts Available. 

PRODUCT DESCRIPTION 
The AD708 is a very high precision, dual monolithic operational 
amplifier. Each amplifier individually offers excellent dc preci
sion with the best available max offset voltage and offset voltage 
drift of any dual bipolar op amp. In addition, the matchiog 
specifications are the best available in any dual op amp. 

The AD708 sets a new standard for dual precision op amps by 
providing SV/",V min open loop gain and guaranteed max input 
voltage noise of 3S0nV Pop (0.1 to 10Hz). All dc specifications 
show excellent stability over temperature, with offset voltage 
drift typically 0.1", vrc and input bias current drift of 2SpArC 
max. Both CMRR (13OdB min) and PSRR (120dB min) are an 
order of magnitude improved over any available single mono
lithic op amp except the AD707. 

The AD708 is available in four performance grades. The 
AD708J is rated over the commercial temperature range of 0 to 
+ 70°C and is available in a plastic mini-DIP package. The 
AD708A and AD708B are rated over the industrial temperature 
range of -40°C to + 85°C and are available in a cerdip and 
TO-99 package. The AD708S is rated over the military tempera
ture range of - 55°C to + 125°C and is available in cerdip and 
TO-99 packages. Military versions are available processed to 
MIL-STD-883B, Rev. C. 

REV.B 

Ultralow Offset Voltage 
Dual Op Amp 

AD708 I 
CONNECTION DIAGRAMS 

TO-99 (H) Package 

+Vs 

TOP VIEW 

NOTE: PIN 4 CONNECTED TO CASE 

Plastic (N), and Cerdip (Q) Packages 

TOP VIEW 

APPLICATION HIGHLIGHTS 
I. The combination of outstanding matching and individual 

specifications makes the AD708 ideal for constructing high 
gain, precision instrumentation amplifiers. 

2. The low offset voltage drift and noise of the AD708 allows 
the desiguer to amplify very small signals without sacrificing 
overall system performance. 

3. The AD708's 10V/",V typical open loop gain and 140dB 
common-mode rejection make it ideal for precision 
applications. 

4. Unmounted dice are available for hybrid circuit 
applications. 

5. The AD708 is an improved replacement for the LT1002. 
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AD708-SPECIFICATIONS (@+25°Cand ±15V dc, unless otherwise noted) 

AD708J/A AD708B AD708S, 
Model Conditions Min Typ Mal< Min Typ Mal< Min Typ Mal< Units 

INPUT OFFSET VOLTAGE' 30 100 5 50 5 30 ",V 

Tmin-Tmax SO ISO IS 65 15 50 ",V 
Drift 0.3 1.0 0.1 0.4 0.1 0.3 ",vrc 
Long Term Stability 0.3 0.3 0.3 ",V/month 

INPUT BIAS CURRENT 1.0 2.5 0.5 1.0 0.5 1 nA 
Tmin-Tmu: 2.0 4.0 1.0 2.0 1.0 4 nA 

Average Drift IS 40 10 25 10 30 pAre 

OFFSET CURRENT VCM=OV 0.5 2.0 0.1 1.0 0.1 1 nA 

Tmin-T""" 2.0 4.0 0.2 1.5 0.2 1.5 nA 
Average Drift 2 60 I 25 I 25 pAre 

MATCHING CHARACTERISTICS' 
Offset Voltage 80 50 30 ",V 

Tmin-Tmax 150 75 50 ",V 
Offset Voltage Drift 1.0 0.4 0.3 ",vrc 
Input Bias Current 4.0 1.0 1.0 nA 

Tmin-Tmax 5.0 2.0 2.0 nA 
Cummon-Mode Rejection 120 140 130 140 130 140 dB 

Tmin-T .... 110 130 130 dB 
Power Supply Rejection 110 120 120 dB 

Tmin-Tmax 110 120 120 dB 
Channel Separation 135 140 140 dB 

INPUT VOLTAGE NOISE O.IHz to 10Hz 0.23 0.6 0.23 0.6 0.23 0.35 ",Vp-p 

f=IOH2 10.3 IS 10.3 12 10.3 12 nV/"\IHz 
f=IOOH2 10.0 13.0 10.0 11.0 10.0 II nV/"\IHz 
f=lkHz 9.6 11.0 9.6 11.0 9.6 II nV/"\IHz 

INPUT CURRENT NOISE 0.1H2 to 10Hz 14 35 14 35 14 35 pAp-p 
f=lOH2 0.32 0.9 0.32 O.S 0.32 O.S pAl "\1Hz 
f=IOOH2 0.14 0.27 0.14 0.23 0.14 0.23 pAl "\1Hz 
f=lkHz 0.12 O.IS 0.12 0.17 0.12 0.17 pAl "\1Hz 

COMMON-MODE 
REJECTION RATIO VCM=±13V 120 140 130 140 130 140 dB 

Tmin-Tmax 120 140 130 140 130 140 dB 

OPEN LOOP GAIN Vo=±IOV 
RLOAD",,21d1 3 10 5 10 4 10 V/",V 
Tmin-T .... 3 10 5 10 4 7 V/",V 

POWER SUPPLY 
REJECTION RATIO Vs=±3V to ±ISV 110 130 120 130 120 130 dB 

Tmin-T .... 110 130 120 130 120 130 dB 

FREQUENCY RESPONSE 
Closed Loop Bandwidth 0.5 0.9 0.5 0.9 0.5 0.9 MH2 
Slew Rate 0.15 0.3 0.15 0.3 0.15 0.3 VI",s 

INPUT RESISTANCE 
Differential 60 200 200 MO 
Common Mode 200 400 400 GO 

OUTPUT VOLTAGE RLOAD"" IOIdl 13.5 14 13.5 14 13.5 14 ±V 
RLOAD",,2kO 12.5 13.0 12.5 13.0 12.5 13 ±V 

RLOAD""lldl 12.0 12.5 12.0 12.5 12.0 12.5 ±V 
RLOAD",,21d1 

Tmin-T .... 12.0 13.0 12.0 13.0 12.0 13 ±V 

OPEN LOOP OUTPUT 
RESISTANCE 60 60 60 0 
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AD70SJ/A 
Model Conditions Min Typ Max 

POWER SUPPLY 

Current, Quiescent 4.S 5.5 
POWet Consumption Vs=±ISV 

No Load 13S 165 

Vs=±3V 12 IS 
Opetating Range ±3 ±IS 

NOTES 
'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA = +2SoC 
'Matching is defined as the difference between parameters of the two amplifiers. 

Min 

±3 

AD708 
AD70SB AD70SS 

Typ Max Min Typ Max Units 

4.S 5.5 4.S 5.5 rnA 

13S 165 135 165 rnW 

12 IS 12 IS rnW 

±IS ±3 ±IS V 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are 
used to calculate outgoing quality levels. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ±22V 
Internal Power Dissipation2 

Input Voltage' ............................. ±Vs 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ............... + V s and - V s 
Storage Temperature Range (Q, H) ....... -65°C to + 150°C 
Storage Temperature Range (N) ......... -65°C to + 125°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 

NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of 'the device at these or any other conditions above those indi~ 
cared in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

'Thermal Characteristics 
8-Pin Plastic Package: ale = 33'CIWatt, alA = lOO'ClWatt 
8-Pin Cerdip Package: ale = 30'CIWatt, alA = 1l0"ClWatt 
S-Pin Metal Can Package: ale = 6S'CIWatt, alA = ISO'CIWatt 

'For supply voltages less than ±22V, the absolute maximum input voltage is 
equal to the supply voltage. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Contact factory for la[esr dimensions. 

1-------- g];"~ -------~ 

ORDERING GUIDE 

REV.B 

Temperature Package Package 
Model Range Description Option* 

AD70S]N O°C to +70°C S-Pin Plastic DIP N-S 
AD70SAQ -40°C to +SsoC S-Pin Cerdip Q-S 
AD70SBQ -40°C to +SsoC S-Pin Cerdip Q-S 
AD70SSQ -SsoC to + 125°C 8-Pin Cerdip Q-S 
AD70SAH -40°C to +8SoC 8-Pin Header H-OSA 
AD70SBH -40°C to +SsoC S-Pin Header H-OSA 
AD70SSH -SSOC to + 12SOC S-Pin Header H-OSA 
AD70SSHlSS3B -SsoC to + 12SoC 8-Pin Header H-OSA 
AD70S] Grade Chips O°C to +70°C Die 
AD70SS Grade Chips - S5°C to + 125°C Die 

*N = Plastic DIP; Q = Cerdip; H = Hermetic Metal Can. For outline infor
mation see Package Information section. 
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AD708-Typical Characteristics (vs = j:15V and TA = +25°C unless othelWise noted) 
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AD708 - Matching Characteristics 
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Crosstalk from Thermal Effects of Power Dissipation 
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Figure 24. Crosstalk with No Load Figure 25. Crosstalk with 2kfl Load 
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CROSSTALK PERFORMANCE OF THE AD70S 
The AD708 exhibits very low crosstalk as shown in Figures 24, 
2S and 26. Figure 24 shows the offset voltage induced in side B 
of the AD708 when side A's output is moving slowly (0.2Hz) 
from -lOY to + 10V under no load. This is the least stressful 
situation to the part since the overall power in the chip does not 
change; only the location of the power in the output devices 
changes. Figure 2S shows side B's input offset voltage change 
when side A is driving a 2kO load. Here the power is being 
changed in the chip with the maximum power change occurring 
at ± 7 .SV. Figure 26 shows crosstalk under the most severe con
ditions. Side A is connected as a follower with OV input, and is 
now forced to sink and source ±SmA of output current 
(Power = (30V)(SmA) = ISOmW). Even this large change in 
power causes only an 81L V (linear) change in side B's input off
set voltage. 

OPERATION WITH A GAIN OF -100 
To show the outstanding dc precision of the AD708 in real 
application, Table I shows an error budget calculation for a gain 
of -100 configuration shown in Figure 27. 

Error Sources 

Vos 
los 
Gain (2kO load) 
Noise 
Vos Drift 

Total Unadjusted 
Error 

With Offset 
Calibrated Out 

Table I. 

Maximum Error Contribution 
Av= 100 (S Grade) 

(Full Scale: VOUT= 10V, VIN = 100mV) 

30ILVlI00mV = 300ppm 
(lOOkO)(lnA)/IOV = 10ppm 
(lOV/(S*106))/100mV = 20ppm 
O.3SILVIlOOmV = 4ppm 
(0.3ILVfC)/IOOmV = 3ppml"C 

@2S·C 
-55·C to +125·C 

@2S·C 
-SS·C to + 12S·C 

1001</1 

= 334ppm 
+ 3ppml"C 

= 334ppm> 11 Bits 
= 634ppm> 10 Bits 

= 34ppm> 14 Bits 
= 334ppm> II Bits 

V OUT 

Figure 27. Gain of -100 Configuration 

This error budget assumes no error in the resistor ratio and no 
error from power supply variation (the 120dB minimum PSRR 
of the AD708S makes this a good assumption). The external 
resistors can cause gain error from mismatch and drift over 
temperature. 

High Precision Programmable Gain Amplifier 
The three op amp programmable gain amplifier shown in Figure 
28 takes advantage of the outstanding matching characteristics of 

REV. B 

AD708 
v~. 

10kn 10kn 10kn 
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A, S, 

s. 

AD7502 

-v. 
S. 

+v, 

10kH lOkI! 10kH 

Figure 28. Precision PGA 

the AD708 to achieve high dc precision. The gains of the circuit 
are controlled by the select lines, AO and A I of the AD7502 
multiplexer, and are I, 10, 100 and 1000 in this design. 

The input stage attains very high dc precision due to the 30IL V 
maximum offset voltage match of the AD708S and the InA 
maximum input bias current match. The accuracy is maintained 
over temperature because of the ultralow drift performance of 
the AD708. The output stage uses an AD707J and well matched 
resistors configured as a precision subtracter. 

To achieve 0.1% gain accuracy, along with high common-mode 
rejection, the circuit should be trimmed as follows: 

To maximize common-mode rejection: 
1. Set the select lines for Gain = I and ground V INB. 

2. Apply a precision dc voltage to VINA and trim RA until 
Vo= -VINA to the required precision. 

3. Next connect VINB to VINA and apply an input 
voltage equal to the full-scale common-mode expected. 

4. Trim RB until Vo=OV. 

To minimize gain errors: 
1. Select Gain = 10 with the control lines and apply a differential 

input voltage. 

2. Adjust the 1000 potentiometer such that Vo= 10VIN (adjust 
VIN magnitude as necessary). 

3. Repeat for Gain = 100 and Gain = 1000, adjusting IkO and 
10kn potentiometers, respectively. 

The design shown should allow for 0.1 % gain accuracy and 
O.IILVN common-mode rejection when ± 1% resistors and ±S% 
potentiometers are used. 

BRIDGE SIGNAL CONDITIONER 
The AD708 can be used in the circuit in Figure 29 to produce 
an accurate and inexpensive dynamic bridge conditioner. The 
low offset voltage match and low offset voltage drift match of 
the AD708 combine to achieve circuit performance better than 
all but the best instrumentation amplifiers. The AD708's out-
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AD708 
BRIDGE SIGNAL CONDITIONER 
The AD708 can be used in the circuit in Figure 29 to produce 
an accurate and inexpensive dynamic bridge conditioner. The 
low offset voltage match and low offset voltage drift match of 
the AD708 combine to achieve circuit performance better than 
all but the best instrumentation amplifiers. The AD708's out
standing specs: open loop gain, input offset currents and low 
input bias currents, do not limit circuit accuracy. 

As configured, the circuit onlY,requires a gain resistor, Ro, of 
suitable accuracy and a stable, accurate voltage reference. The 
transfer function is: 

VO=VREF [ARI(R+AR)][RdRJ 

and the only significant errors due to the AD708S are: 

Vosout = (V osmatch)(2RdR) = 25m V 

Vosout(T) = (Vosdrift)(2RdR) = O.3mVI"C 

To achieve high accuracy, the resistor RG should be 0.1% or 
better and have a low drift coefficient. 

+15V 

Figure 29. Bridge Signal Conditioning Circuit 

10kl! 10kU 

10kn SkU 

Figure 30. Precision Absolute Value Circuit 
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PRECISION ABSOLUTE VALUE CIRCUIT 
The AD708 is ideally suited to the precision absolute value cir
cuit shown in Figure 30. The low offset voltage match of the 
AD708 enables this circuit to accurately resolve the input signal. 
In addition, the tight offset voltage drift match maintains the 
resolution of the circuit over the full military temperature range. 
The AD708's high dc open loop gain and exceptional gain lin
earity allows the circuit to. perform well at both large and small 
signa1levels. 

In this circuit, the only significant dc errors are due to the offset 
voltage of the two amplifiers, the input offset current match of 
the amplifiers, and the mismatch of the resistors. Errors associ
ated with the AD708S contribute less than 0.001 % error over 
- 55°C to + 125°C. 

Maximum error at 25°C 

30l1V + (lOkO)(lnA) 

lOV 
4OI1V/I0V 4ppm Maximum 

error at + 125°C or - 55°C 

50l1V + (2nA)(lOkOI 
10V = 7ppm @' + 125°C 

Figure 31 shows VOUT vs. VIN for this circuit with a ±3mV 
input signal at 0.05Hz. Note that the circuit exhibits very low 
offset at the zero crossing. This circuit can also produce 
VOUT= -IVINI by reversing the polarity of the two diodes. 

Figure 31. Absolute Value Circuit Performance 
(Input signal = O.05Hz) 

SELECTION OF PASSIVE COMPONENTS 
To take full advantage of the high precision and low drift 
characteristics of the AD708, high quality passive components 
must be used. Discrete resistors and resistor netwOrks with tem
perature coefficients of less than lOppmfC are available from 
Vishay, Caddock, PRP and others. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Enhanced Replacement for LF411 and TL081 
AC PERFORMANCE: 

Settles to :1:0.01% in 1JLs 
16V/JLS min Slew Rate (AD711JI 
3MHz min Unity Gain Bandwidth (AD711JI 

DC PERFORMANCE: 
0.25mV max Offset Voltage: (AD711CI 
3JLVrc max Drift: (AD711CI 
200V/mV min Open·Loop Gain (AD711KI 
4JLV p-p max Noise, 0.1Hz to 10Hz (AD711CI 

Available in Plastic Mini.DIP, Plastic SO, Hermetic 
Cerdip, and Hermetic Metal Can Packages 

MIL·STD-883B Parts Available 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 
Surface Mount (SOICI 
Dual Version: AD712 
Quad Version: AD713 

PRODUCT DESCRIPTION 
The AD71l is a high speed, precision monolithic operational 
amplifier offering high performance at very modest prices. Its 
very low offset voltage and offset voltage drift are the results of 
advanced laser wafer trimming technology. These performance 
benefits allow the user to easily upgrade existing designs that 
use older precision BiFETs and, in many cases, bipolar op 
amps. 

The superior ac and dc performance of this op amp makes it 
suitable for active filter applications. With a slew rate of 16V/IJ.s 
and a settling time of IlJ.s to ± 0.01%, the AD711 is ideal as a 
buffer for 12-bit D/A and AID Converters and as a high·speed 
integrator. The settling time is unmatched by any simi1ar IC 
amplifier. 

The combination of excellent noise performance and low input 
current also make the AD711 useful for photo diode preamps. 
Common·mode rejection of 88dB and open loop gain of 400V 1m V 
ensure 12-bit performance even in high.speed unity gain buffer 
circuits. 

The AD711 is pinned out in a standard op amp configuration 
and is available in seven performance grades. The AD711J and 
AD71IK are rated over the commercial temperature range of 0 
to +70"C. The AD711A, AD71lB and AD71lC are rated over 
the industrial temperature range of - 40°C to + 8SoC. The 
AD71IS and AD71lT are rated over the military temperature 
range of - SS"C to + 12SoC and are available processed to MIL· 
STD-883B, Rev. C. 

REV. A 

Precision, Low Cost, 
High Speed BiFET Up Amp 

AD711 I 
CONNECTION DIAGRAMS 

TO-99 
(H) Package 

-V, 

Plastic Mini·DIP (N) Package 
Plastic Small Outline (R) 

and 
Cerdip (Q) Package 

INVERTING 
INPUT 

NONiNVERTING 
INPUT 

NOTE: PIN 4 CONNECTED TO CASE 
NC = NO CONNECT 

~
,o.n , . 

4 -15Y 

VosTRIM 

Extended reliability PLUS screening is available, specified over 
the commercial and industrial temperature ranges. PLUS screening 
includes 168-hour burn·in, as well as other environmental and 
physical tests. 

The AD711 is available in an 8-pin plastic mini-DIP, small 
outline, cerdip, TO-99 metal can or in chip form. 

PRODUCT HIGHLIGHTS 
1. The AD711 offcrs excellent overall performance at very 

competitive prices. 
2. Analog Devices' advanced processing technology and with 

100% testing guarantees a low input offset voltage (0.2SmV 
max, C grade, 2mV max, J grade). Input offset voltage is 
specified in the warmed-up condition. Analog Devices' 1aser 
wafer drift trimming process reduces input offset voltage 
drifts to 3ILV/oC max on the AD711C. 

3. Along with precision dc performance, the AD711 offers 
excellent dynamic response. It settles to ±0.01% in IlLS and 
has a 100% tested minimum slew rate of 16V/j.IoS. Thus this 
device is ideal for applications such as DAC and ADC buffers 
which require a combination of superior ac and dc 
performance. 

4. The AD711 has a guaranteed and tested maximum voltage 
noise of 4IJ.V POP, 0.1 to 10Hz (AD711C). 

S. Analog Devices' well-matched, ion-implanted JFETs ensure 
a guaranteed input bias current (at either input) of 2SpA max 
(AD71IC) and an input offset current of lOpA max (AD711C). 
Both input bias current and input offset current are guaranteed 
in the warmed-up condition. 
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AD711-SPECIFICATIONS (@ +25"C and Vs = :t15V dc, unless otherwise noted) 

Model AD71IJ/AIS AD7UKIBIT AD711C 
Mill Typ Max Mill Typ Max Mill Tn> Max UDitll 

INPUTOFFSBTVOLTAGB1 

Initial Offset 0.3 211/1 0.2 0.5 0.1 0.25 mV 
TmintoTmu: 3/2/2 1.0 0.45 mV 
... Temp. 7 20/20/20 S 10 2 3 ... vrc 
... Supply 76 95 80 100 86 llO dB 
VB. Supply, T lid. to T mu: 76176176 80 86 dB 

Long Term Offset Stability IS IS IS ... Vlmonth 

INPUTBlASCURRBNT' 
Bither Input, VOM ~O IS 50 IS 50 IS 25 pA 
Either Input at T awn 1.1/3.21S1 1.113.2151 1.6 nA 

VCM ~ 0(70'C185"C1125'C) 
Bither input, V CM ~ + IOV 20 100 20 100 20 50 pA 
Offset Current, VCM ~ 0 10 25 5 25 S 10 pA 
Offset CurrentatT_ 

(70'C185"C112S'C) 0.57/1.6126 0.57/1.6126 0.6S nA 

FREQUBNCYRBSPONSB 
UniryGain, SmaIlSipaI 3.0 4 3.4 4 3.4 4 MHz 
Full Power Respnnse 200 200 200 kHz 
Slew Rate, Unity Gain 16 20 18 20 18 20 VI .... 
SetllinllTime toO.OI%' I 1.2 I 1.2 I 1.2 .... 
Total Hannonic Distortion 
f~ 1kHz 

RL"'2kO,Vo~3VRMS 0.0003 0.0003 0.0003 % 

INPUT IMPEDANCE 
Differential 3XI012 IIS.5 3x 1012 I1S.5 3x 1012 IIS.S OllpF 
Common·Mode 3x 1012 115.5 3XI012 115.5 3x 1012 115.5 OllpF 

INPUT VOLTAGB RANGB 
Differential4 ±20 ±20 ±20 V 
Common-Mode Voltage + 14.S, -1l.5 +14.5, -11.5 + 14.5, -ll.5 

Over Max Operating RInse' -.Vs+4V +Vs-ZV -Vs+4V +Vs-2V -Vs+4V +Vs-ZV V 
Common-Mode Rejection Ratio 
VCM~ ±IOV 76 88 80 88 86 94 dB 

Trrun to Tmax 76176176 84 80 84 86 90 dB 
VCM= :tHV 70 84 76 84 76 90 dB 

Tnain toT nwt 70170170 80 74 80 74 84 dB 

INPUT VOLTAGB NOISB 
VoltageO.IHzto 10Hz 2 2 2 4.0 ",VP'P 
f~ 10Hz 45 45 45 nVNHi 
f= 100Hz 22 22 22 nVNHi 
f=lkHz 18 18 18 nVNHi 
f~ 10kHz 16 16 16 nV/viii 

INPUTCURRBNTNOISB 
f~lkHz 0.01 0.01 0.01 pAlviiZ 

OPBN LOOP GAIN' 
Vo~ ±IOV,RL,,2kO ISO 400 200 400 200 400 V/mV 
Vo= ± lOV,RL 0i!::2k!l, 

TminIOTmu: 10011001100 100 100 V/mV 

OUTPUT CHARACTERISTICS 

Voltage@RL202kO +13, -12.5 + 13.9, - 13.3 +13, -12.5 + 13.9, - 13.3 +13, -12.5 + 13.9,-13.3 V 

Voltase@RL202kO, 
TmintoTmax ± I2I± 121",12 + 13.8, - 13.1 ",12 + 13.8,-13.1 "'12 + 13.8, - 13.1 V 

Short-Circuit Current 25 25 25 mA 

POWBR SUPPLY 
Rated Performance ± IS ±15 ±IS V 

Operating Rsnse "'4.5 ",18 "'4.5 ",18 "'4.5 ",18 V 

Quiescent Current 2.5 3.4 2.5 3.0 2.5 2.8 mA 

TEMPBRATURBRANGB 
Operating, Rated Performance 

Commercial (Oto + 7O"C) AD7llJ AD711K 
Industrial ( - 4O"C to + 85"C) AD7llA AD711B AD711C 

Military ( - 55"Cto + 125"C) AD7llS AD711T 

PACKAGBOPTIONS' 
Plastic (N-8) AD71lJN AD711KN 
SOIC(R-8) AD7IlJR AD7llKR 
Cerdip (Q-8) AD71IAQ,AD71ISQ AD7IlBQ,AD7IlTQ AD711CQ 
TO-99(H-08A) AD71IAH, AD71ISH AD71IBH,AD71ITH AD711CH 
Tspeand Reel AD71IJR-RBBL AD71IKR-RBBL 
Chips AD7IlJ Chips AD71lK Chips AD71lSCbips 

TRANSISTOR COUNT 30 30 30 
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NOTES 
'Input offset voltage specifications are guaranteed after 5 minutes of operation at T A = + 25°C. 
2Bias current specifICations are guaranteed maximum at either input after 5 minutes of operation at T A = + 25°C. 
For higher temperature, the current doubles every IO"C. 

'Refer to Figure 29. 
'Defroed as voltage between inputs, such that neither exceeds ± lOY from ground. 
'Typically exceeding -14.1V negative common-mode voltage on either input results in an output phase reversal. 
"Open-Loop Gain is specified with Vos both nulled and urmulled. 
7H = Metal Can; N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package Information section. 
Specifications subject to change without notice. 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality levels. 

ABSOLUTE MAXIMUM RATINGS l 

Supply Voltage ..... . NOTES 

AD711 

, 

Internal Power Dissipation2 • • 

Input Voltage3 • . • . • • • . • 

Output Short Circuit DUtation 
Differential Input Voltage . . . 
Storage Temperature Range (Q, H) 
Storage Temperature Range (N) 
Operating Temperature Range 

. ±18V 
500mW 

. ±18V 
Indefinite 

+Vs and -Vs 
-65°C to + 150°C 

'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is. a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

AD71lJ/K 
AD71lA/B/C . . . . . . . 
AD71ISIT ....... . 

- 65°C to + 125°C 

... 0 to +70°C 
- 40°C to + 85°C 

- 55°C to + 125°C 

2Thermal Characteristics: 
8-PinPlasticPackage:OIC = 33"CIW;OIA = IOO"CIW 
8-PinCerdipPackage: 0IC = 22"CIW;OIA = 1I0"C1W 
8-Pin Metal Can Package: 0IC = 6S"CIW;O'A = ISO"C/W 

'For supply voltages less than ± 18V, the absolute maximum input voltage is 
equal to the supply voltage. 

Lead Temperature Range (Soldering 60 seconds) . . .. 300°C 

-IN 2 

+IN 3 

REV. A 

METALLIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Contact factoty for latest dimensions. 

OFFSET 
NULL 

1 

L O.065 
(1.6511 

6 OUTPUT 

5 OFFSET 
NULL 

0.067 
(1.70181 

- Vs CONNECTED TO CASE 
PIN 8 = NO CONNECT 

OPERA TlONALAMPLIFIERS 2-179 



AD7"-Typical Characteristics 
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Typical Characteristics - AD711 
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Figure 19. Slew Rate VB" Temperature. 

v .. 

SQUARE 

:~~ -Vs 

Figure 22a. Unity Gain Follower 

51c1l 

SQUARE 
WAVE 
INPUT 

5kU 

-v. 

Figure 238. Unity Gain Inverter 
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INPUT 

Figure 20. T.H.D. Test Circuit 

+Vs 

1.3MO 

-lis 

Figure 21. Offset Null Configurations 

Figure 22b. Unity Gain Follower 
Pulse Response (Large Signal) 

Figure 23b. Unity Gain Inverter 
Pulse Response (Large Signal) 

Figure 22c. Unity Gain Follower 
Pulse Response (Small Signal) 

Figure 23c. Unity Gain Inverter 
Pulse Response (Small Signal) 
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OPTIMIZING SETTLING TIME 
Most bipolar high-speed D/A converters have curent outputs; 
therefore, for most applications, an external op amp is required 
for current-to-voltage conversion. The settling time of the con
verter/op amp combination depends on the settling time of the 
DAC and output amplifier. A good approximation is: 

Is Total = v'(t, DAC)2 + (Is AMP)Z 

The settling time of an op amp DAC buffer will v&ry with the 
noise gain of the circuit, the DAC output capacitance, and with 
the amount of external compensation capacitance across the 
DAC output scaling resistor. 

Settling time for a bipolar DAC is typically 100 to 500ns. Previ
ously, conventional op amps have required much longer settling 
times than have typical state-of-the-art DACs; therefore, the 
amplifier settling time has been the major limitation to a high-speed 
voltage-output D-to-A function. The introduction of the AD7111 
712 family of op amps with their IlLS (to ±0.01% of final value) 
settling time now permits the full high-speed capabilities of 
most modern DACs to be realized. 

AD111 
In addition to a significant improvement in settling time, the 
low offset voltage, low offset voltage drift, and high open-loop 
gain of the AD711 family assures 12-bit accuracy over the full 
operating temperature range. 

The excellent high-speed perfonnance of the AD711 is shown in 
the oscilloscope photos of Figure 25. Measurements were taken 
using a low input capacitance amplifier connected directly to the 
summing junction of the AD711 - both photos show the worst 
case situation: a full-scale input transition. The DAC's 4kn 
[lOknIl8kn=4.4kfij output impedance together with a 10kfi 
feedback resistor produce an op amp noise gain of 3.25. The 
current output from the DAC produces a lOY step at the op 
amp output (0 to -lOY Figure 25a, -lOY to OV Figure 25b.) 

Therefore, with an ideal op amp, settling to ± 1I2LSB (±0.01%) 
requires that 3751L V or less appears at the summing junction. 
This means that the error between the input and output (that 
voltage which appears at the AD711 summing junction) must be 
less than 3751LV. As shown in Figure 25, the total settling time 
for the AD71IlAD565 combination is 1.2 microseconds. 

Figure 24. :t: 10V Voltage Output Bipolar DAC 

OV 

-10V 
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a. (Full-scale Negative Transition) 

AD711 
SUMMING 
JUNCTION 

AD711 
OUTPUT 

OV 

-10V 

b. (Full-Scale Positive Transition) 

AD711 
SUMMING 
JUNCTION 

AD711 
OUTPUT 

Figure 25. Settling Characteristics for AD711 with AD565A 

OPERA TIONALAMPLIFIERS 2-183 



AD111 
OP AMP SETTLING TIME - A MATHEMATICAL 
MODEL 
The design of the AD711 gives careful attention. to optimizing 
individual circuit components; in addition, a careful tradeoff 
was made: the gain bandwidth product (4MHz) and slew rate 
(20V/jLs) were chosen to be high enough to,ptovide very fast 
settling time but not too high to cause a, sigl)ifJCaIit reduction in 
phase margin (and therefore stability). Thus designed, the AD711 
settles to ±0;01%, with a IOVoutput step, in under IjLs, while 
retaining the ability to drive a lOOpF load capacitance when 
operating as a unity gain follower. 

If an op amp is modeled as an ideal integrator with a unity gain 
erossover frequency of ood2'rr, Equation 1 will accurately describe 
the small signal behavior of the circuit of Figure 26a, consisting 
of an op amp connected as an I-to-V converter at the output of 
a bipolar or CMOS DAC. This equation would completely 
describe the output of the system if not for the,op amp's fmite 
slew rate and o~ noulinear effects. 

Equation 1. 

Vo -R 
lIN = R(Ct + Cx) S2 + (~ + RCt) s + 1 

(1)0 Cl)o 

where ~: = op amp's unity gain frequency 

<IN = "noise" gain of circuit (1 + ~) 

This equation may then be solved for Ct: 
Equation 2. 

Ct = 2 - GN + 2VRCxoo. + (1 ~) 
Roo. Roo. 

In these equations, capacitor Cx is the total capacitance appearing 
at the inverting terminal of the op amp. When modeling a DAC 
buffer application, the Norton equivalent circuit of Figure 26a 
can be used directly; capacitance Cx is the total capacitance of 
the output of the DAC plus the input capacitance of the op amp 
(since the two are in parallel). 

Figure 268. Simplified Model of the AD711 Used as 8 

Current-Out DAC BufffJr ' 
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When Ro and Io are replaced with their Thevenin VIN and RIN 
equivalents, the genera1 purpose inverting amplifier of Figure 
26b is created. Note that when using this general model, capaci
tance Cx is EITHER the input capacitance of the op amp if a 
simple inverting op amp is being simulated OR it is the combined 
capacitance of the DAC outpUt and the op amp input if the 
DAC buffer is being modeled; 

Figure 26b. Simplified Model of the AD711 Used as an 
Inverter 

In either case, the capacitance Cx causes the system to go from 
a one-pole to a two-pole response; this additional pole increases 
settling time by introducing peaking or ringing in the op amp 
output. Since the value of Cx can be estimated with reasonable 
accuracy, Equation 2 can be used to choose a small capacitor, 
Cp , to cancel the input pole and optimize amplifier response. 
Figure 27 is a graphical solution of Equation 2 for the AD711 
with R = 4kO. 

,. .. so 40 50 .. 
C, 

FigUrfJ 27. Value Qf Cap8f:itor CF VB. Value of Cx 

The photos of Figures 28a and '28b show ,the dynalnic response 
of the AD711 in the ~ test circuit of Figure 29. 

The input of the settling time fixture is driven by a flat-top 
pulse generator. The ~ signal output froIn the fa1se summing 
node of Al is clamped, amplified by A2 and then clamped 
again. The error signal IS, thus clamped twiCe: onCe toptevent 
overloading amplifier Ai and then a ,second ,time to avoid over
loading the oscillOscope,pteaDlp.'~ TektiVnixOsciiloscope 
preamp type 7 A26 was carefully chosen because it does not 
overload with these input levels. Amplifier A2 needs to be a 
very high speed PET-input op amp; it provides a gain of 10, 
amplifying the error signal outpUt of AI. 
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Figure 28a. Settling Characteristics 0 to + 10V Step 
Upper Trace: Output of AD711 Under Test (5VlDiv) 
Lower Trace: Amplified Error Voltage (O.OI%IDiv) 

4.99kn 

AD711 

Figure 28b. Settling Characteristics 0 to - 10V Step 
Upper Trace: Output of AD711 Under Test (5VlDiv) 
Lower Trace: Amplified Error Voltage (O.OI%IDiv) 
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VERROR)C 5 I r:~~cnON. I 
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Figure 29. Settling Time Test Circuit 

GUARDING 
The low input bias current (ISpA) and low noise characteristics 
of the AD711 BiFET op amp make it suitable for electrometer 
applications such as photo diode preamplifiers and picoampere 
current-to-voltage conveners. The use of a guarding technique 
such as that shown in Figure 30, in printed circuit board layout 
and construction is critical to minimize leakage currents. The 
guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal lines should not 
be extended for any unnecessary length on the printed circuit 
board. 

TO-99 (H) Package 

~'d' OliO 0- 8 

,P 9 ~7 
8 

I'ias.tic DIP (N) Package 
. and 

Cerdip (Q) Package 

Figure 30. Board Layout for Guarding Inputs 
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D/A CONVERTER APPLICATIONS. 
The AD711 is an excellent output amplifier for CMOS DACs. 
It can be used to perform both 2 quadrant and 4 quadrant operation. 
The output impedance of a DAC using an inverted R-2R ladder 
approaches R for codes containing many Is, 3R for codes contaiping 
a single 1, and for codes containing all zero, the output impedance 
is infmite. 

For example, the output resistance of the AD7545 will modulate 
between llill and 33kO. Therefore, with the DAC's internal 
feedback resistance of 11 kO, the noise gain will vary from 2 to 
4/3. This changing noise gain modulates.the effect of the input 
offset voltage of the amplifier, resulting in nonlinear nAC-
amplifier performance. . 

The AD711K with guaranteed SOOILV offset voltage minimizes 
this effect to achieve 12-bit performance. 

Figures 31 and 32 show the AD711 andAD7545 (12-bit CMOS 
DAC) configured for unipolar binary (2-quadrant mUltiplication) 
or bipolar (4-quadrant multiplication) operation. Capacitor Cl 
provides phase compensation to reduce overshoot and ringing. 
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AD711 

0811·DBO 

Figure 31. Unipolar Binary Operation 

·FORVALUESQFR1AND A2. 
SEE TABLE I 

R2' .. ... , .. .. 
20k1% 

Figure 32. Bipolar Operation 

RI and R2 calibrate the zero offset and gain error of the DAC. 
Specific values for these resistors depend upon the grade of 
AD7545 and are shown below. 

TRIM 
RESISTOR JNIAQISD KNIBQITD LNICQIUD GLNIGCQIGUD 

RI 5000 2000 1000 200 
R2 1500 680 330 6.80 

Table I. Recommended Trim Resistor Values VB. Grades 
oftheAD7545 for Voo= +5V 

Figures 33a and 33b show the settling time characteristics of the 
AD711 when used as a DAC putput buffer for the AD7545. 

a. Full-Scale Positive 
Transition 

b. Full-Scale Negative 
Transition 

Figure 33. Settling Characteristics for AD711 with AD7545 
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NOISE CHARACTERISTICS 
The random nature of noise, particularly in the lIf region, makes 
it difficult to specify in practical rerms, At the same time, designers 
of precision instrumentation require certain guaranteed maximum 
noise levels to realize the full accuracy of their equipment. 

The AD711C grade is specified at a maximum level of 4.01J.V 
p-p, in a 0.1 to 10Hz handwidth. Each AD711C receives a 
100"10 noise test for two IO-sec<md ·intervals; devices with any 
excursion in excess of 4.0 ... V are rejected. The screened lot is 
then submitted to Quality Control for verification on an AQL 
basis. 

All other grades of the AD7l i are sample-tested on an AQL 
basis to a limit of 6 ... V p-p, 0.1 to 10Hz. 

DRIVING THE ANALOG INPUT OF AN AID 
CONVERTER 
An op amp driving the analog input of an AID converter, such 
as that shown in Figure 34, must be capable of maintaining a 
COnSlal'lt output voltage under dynamically changing load condi
tions. In successive-appmximation converters, the input current 
is compared to a series of switched trial currents. The comparison 
point is diode clamped but may deviate several hun&red millivolts 
resulting in high frequency modulation of AID input current. 
The output impedance of a feedback amplifier is made artificially 
low by the loop gain. At high frequencies, where the loop gain 
is low, the amplifier output impedance can approach its open 
loop value. Most IC amplifiers exhibit a minimum open loop 
output impedance of 2SH due to current limiting resistors. A 
few hundred microamps. reflected from the change in converter 

.,OV 
ANALOG 

INPUT 

-15V 

Figure 34. AD711.as ADC Unity Gain Buffer 

a. Source Current == 2mA b. Sink Current = 1mA 

Figure 35. ADC Input Unity Gain Buffer Recovery Times 
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loading can introduce· errors in instantaneous input voltage. If 
the AID conversion speed is not excessive and the bandwidth of 
the amplifier is sufficient, the amplifier's output will return to 
the nominal value before the converter makes its comparison. 
However, many amplifiers have relatively narrow bandwidth 
yielding slow recovery from output transients. The AD711 is 
ideally suited to drive high speed AID converters since it offers 
both wide bandwidth and high open-loop gain. 

DRIVING A LARGE CAPACITIVE LOAD 
The circuit in Figure 36 employs a lOOn isolation resistor which 
enables the amplifier to drive capacitive loads exceeding ISOOpF; 
the resistor effectively isolates the high frequency feedback from 
the load and stabilizes the circuit. Low frequency feedback is 
returned to the amplifier summing junction via the low pass 
filter formed by the lOOn series resistor and the load capacitance, 
CL • Figure 37 shows a typical transient response for this 
connection. 

.I]... ... .. 0 

U ....,. 
TVPtcALCAPACITANCE 
UMJTFORVAIUOUS 
LOAD RESISTORS 

RL c..UPTO 
Zkll 1100pF 
10kU 1500pF 
20IIn 1000pF 

4._n 

30pf 

.Y, 

-Y, 

Figure 36. Circuit for Driving a Large Capacitive Load 

Figure 37. Transient Response RL = 2kll, CL =500pF 

ACTIVE FILTER APPLICATIONS 
In active filter applications using op amps, the dc accuracy of 
the amplifier is critical to optimal filter performance. The am
plifier's offset voltage and bias current contribute to output 
error. Offset voltage will be passed by the filter and may be 
amplified to produce excessive output offset. For low frequency 
applications requiring large value input resistors, bias currents 
flowing through these resistors will also generate an offset 
voltage. 

In addition, at higher frequencies, an op amp's dynamics must 
be carefully considered. Here, slew rate, bandwidth, and open-loop 
gain playa major role in op amp selection. The slew rate must 
be fast as well as symmetrical to minimize distortion. The am
plifier's bandwidth in conjunction with the filter's gain will 
dictate the frequency response of the filter. 

The use of a high performance amplifier such as the AD7ll will 
minimize both dc and ac errors in all active filter applications. 

REV. A 

AD711 

SECOND ORDER LOW PASS FILTER 
Figure 38 depicts the AD711 configured as a second order But
terworth low pass filter. With the values as shown, the comer 
frequency will be 20kHz; however, the wide bandwidth of the 
AD711 permits a corner frequency as high as several hundred 
kilohertz. Equations for component selection are shown below. 

Rl = R2 = user selected (typical values: 10kn - 100kO) 

Cl = 1.414 C2 = 0.707 
(2'lT) (fcutoff) (Rl)' (2'lT) ((utoff) (Rl) 

Where Cl and C2 are in farads. 

Figure 38. Second Order Low Pass Filter 

An important property of filters is their out-of-band rejection. 
The simple 20kHz low pass filter shown in Figure 38, might be 
used to condition a signal contaminated with clock pulses or 
sampling glitches which have considerable energy content at 
high frequencies. 

The low output impedance and high bandwidth of the AD711 
minimize high frequency feedthrough as shown in Figure 39. 

The upper trace is that of another low cost BiFET op amp 
showing 17dB more feedthrough at SMHz. 

Figure 39. 
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AD711 
9 POLE CHEBYCHEV FILTER 
Figure 40 shows the AD711 and its dual counterpart, the AD712, 
as a 9 pole Chebychev filter using active frequency dependent 
negative resistors (FDNR). With a cutoff frequency of 50kHz 
and better than 90dB rejec:tion, it may be used as an anti-aliasing 
filter for a 12-bitData .Acquisition System with 100kHz 
throughput. 

As shown in Figure 40, the filter is comprised of four FDNRs 
+15V 

CA, B, C, D) having values of 4.9395 x 10-15 and 5.9276 x 10-15 

farad-seconds. Each FDNR active network provides a two-pole 
response; for a totsl of 8 poles. The 9th pole consists of a O.OOI~ 
capacitor and a 124kfi resistor at Pin 3 of amplifier A2. Figure 
41 depicts the circuits for esch FDNR with the proper selection 
of R. To achieve optimal performance, the O.OOIfJ.Fcapacitors 
must be selected for 1% or better matching and all resistors 
should have 1% or better tolerance. 

Figure 40. 9 Pole Chebychev Filter 

Figure 41. FDNR fOr 9 Pole Chebychev Filter 
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Figure 42. High FrequencY R~sponse for 9 Pole Chebychev 
Filter 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Enhanced Replacement for LF412 and TL082 
AC PERFORMANCE: 

Settles to ±O.01% in 1 .... s 
16V/J.LS min Slew Rate (AD712J) 
3MHz min Unity Gain Bandwidth (AD712J) 

DC PERFORMANCE: 
O.30mV max Offset Voltage: (AD712C) 
5"VI"C max Drift: (AD712C) 
200V/mV min Open Loop Gain (AD712K) 
4"V p-p max Noise, O.1Hz to 10Hz (AD712C) 

Surface Mount Available in Tape and Reel in 
Accordance with EIA-481A Standard 

MIL·STD·883B Parts Available 
Single Version Available: AD711 
Quad V~rsion: AD713 
Available in Plastic Mini·DIP, Plastic SOIC, Hermetic 

Cerdip, Hermetic Metal Can Packages and Chip 
Form 

PRODUCT DESCRIPTION 
The AD712 is a high speed, precision monolithic operational 
amplifier offering high performance at very modest prices. Its 
very low offset voltage and offset voltage drift are results of 
advanced laser wafer trimming technology. These performance 
benefits allow the user to easily upgrade existing designs that 
use older precision BiFETs and, in many cases, bipolar op 
amps. 

The superior ac and dc performance of this op amp makes it 
suitable for active filter applications. With a slew rate of 16V/f.l.s 
and a settling time of l""s to ±0.01%, the AD712 is ideal as a 
buffer for 12·bit D/A and AID Converters and as a high-speed 
integrator. The settling time is unmatched by any similar IC 
amplifier. 

The combination of excellent noise performance and low input 
current also make the AD712 useful for photo diode preamps. 
Common-mode rejection of 88dB and open loop gain of 400V/mV 
ensure 12,-bit performance even in high-speed uniry gain buffer 
circuits. / 

The AD712 is pinned out in a standard op amp configuration 
and is available in seven performance grades. The AD712J and 
AD712K are rated over the commercial temperature range of 0 
to + 70"C. The AD712A, AD712B and AD712C are rated over 
the industrial temperature range of - 4O"C to + 8S·C. The 
AD712S and AD712T are rated over the military temperature 
range of - SS·C to + 12S·C and are available processed to MIL
STD-883B,Rev. C. 
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Dual Precision, Low Cost, 
High Speed, BiFET Op Amp 

AD712 I 
FUNCTIONAL BLOCK DIAGRAMS 

TO-99 
(H) Package 

-v, 
PIN 415 IN ELECTRtcAL 

CONTACTwtTHTHECASE 

Plastic Mini·DIP (N) Package, 
Cerdip (Q) Package 

and SOIC (R) Package 

OUTPUT 1 

INVERTING 
INPUT 

NON.INVE:~: 3 

AMPlIFIERZ 

1 OUTPUT 

6 INV£RTING 
INPUT 

5 NON-INVERTING 
INPUT 

Extended reliability PLUS screening is available, specified over 
the commercial and industrial temperature ranges. PLUS screening 
includes 168-hour bum-in, as well as other environmental and 
physical tests. 

The AD712 is available in an 8-pin plastic mini·DIP, cerdip, 
SOIC, TO-99 metal can, or in chip form. 

PRODUCT HIGHLIGHTS 
1. The AD712 offers excellent overall performance at very 

competitive prices. 
2. Analog Devices' advanced processing technology and with 

100% testing guarantees a low input offset voltage (O.3mV 
max, C grade, 3mV max, J grade). Input offset voltage is 
specified in the warmed-up condition. Analog Devices' laser 
wafer drift trimming process reduces input offset voltage 
drifts to S"" V I"C max on the AD712C. 

3. Along with precision dc performance, the AD712 offers 
excellent dynamic response. It settles to ± 0.01% in If.l.s and 
has a 100% tested minimum slew rate of 16V/fJ.S. Thus this 
device is ideal for applications such as DAC and ADC buffers 
which require a combination of superior ac and dc 
performance. 

4. The AD712 has a guaranteed and tested maximum voltage 
noise of 4f.1.V p-p, 0.1 to 10Hz (AD712C). 

S. Analog Devices' well-matched, ion-implanted JFETs ensure 
a guaranteed input bias current (at either input) of SOpA max 
(AD712C) and an input offset current of IOpA max (AD712C). 
Both input bias current and input offset current are guaranteed 
in the warmed-up condition. 
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AD712 -SPECIFICATIONS (@ +25°C and Vs = ±15 V dc, unless otherwise noted) 

ModeJ ADn2j/AlS AD1l2K1B1T AD712C 
Mill Typ Mas Mill Typ Mas Mill Typ Mas Uailo 

INPUT OFFSET VOLTAGE' 
InitialOftieI 0.3 3/1/1 0.2 110.710.7 0.1 0.30 mV 

T_toT_ 4I2Il 2Il.SIl.5 0.60 mV 
VI. Temp. 7 20/20120 7 10 3 5 ".vrc 
... Supply 76 9S 80 100 86 110 dB 
VI. Supply, T miD. to T ..... 76176176 80 86 dB 

Long. Term 0IJaet Stability IS IS IS ".Vimooth 

INPUTBlASctJRRENT' 
Either loplll, VCM = 0 25 75 20 75 20 SO pA 

Either Input at T lIIU' 

VCM = 0(70'C18S"CI125"C) 0.6/1.6/26 1.7/4.8m 0.5/1.3120 1.7/4.8m 1.3 3.2 nA 
llitherloput, VCM = + lOY 100 100 75 pA 
OIJaetCumnI, VCM = 0 10 25 5 25 5 10 pA 
Offtet Current at T_ 

(7O"C18S"CI125"C) 0.3/0.7/11 0.6/1.6/26 0.1/0.315 0.6/1.6/26 0.3 0.7 nA 

MATCHING CHARACTERISTICS' 
loplllOlJaetVol_ 31111 1/0.710.7 0.3 mV 
Input Offset Voltage T miD to T_ 4I2Il 2/1.SIl.5 0.6 mV 
InpllIOlJaetVol_vs. Temp 20/20120 10 5 ".vrc 
loplll BiasCumnI 25 25 10 pA 
Crosstalk4@lkHz 12Q 120 120 dB 

@100kHz 90 90 90 dB 

FREQUENCYIU!SPONSE 
UnityGain,SmaUSJsna! 3.0 4 3.4 4 3.4 4 MHz 
Full Pow<r Response 200 200 200 kHz 
Slew Rate, Unity Gain 16 20 18 20 18 20 Vita 
SettlingTime 100.01%' I 1.2 I 1.2 I 1.2 ta 
Total Harmonic Distortion 

f= lkHz,RL~2kO, Vo=3Vrms 0.0003 0.0003 0.0003 % 

INPUTIMPEDANCE 
Diffemltial 3xI0"~5.5 3>< 10"115.5 3xI0"115.5 GllpF 
CommnnMode 3xI012 U5.5 3xI012~5.5 3x 10"~5.5 GllpF 

INPUTVOLTAGERANGE 
Diffemltiai' ±20 ±20 ±20 V 
Commnn·Mode Vol_ 

Over MazOpentins Ran&<:' -Vs+4V + 14.5, -11.5 +Vs-2V -Vs+4V + 14.5, -11.5 +Vs-2V -Vs+4V +14.5, -11.5 +V.-2V V 
Commnn·Mode RejectionRatio 

VCM.= ±10V 76 88 80 88 86 94 dB 
TmJn to T_ 76176/76 84 80 84 86 90 dB 

VCM= ±IIV 70 84 76 84 76 90 dB 
Tad. toT ..... 7000170 80 74 80 74 84 dB 

INPUTVOLTAGENOISE 
Vol_O. 1Hz 10 10Hz 2 2 2 4 ".Vp-p 

f=IOHz 45 45 45 nVNiii 
f=IOOHz 22 22 22 nV/vlh 
f=lkHz 18 18 18 nVNiii 
f=IOkHz 16 16 16 nVlvlh 

INPUTCURRENTNOISE 
f=lkHz 0.01 0.01 0.01 pANiii 

OPEN LOOP GAIN 
Vo= ±10V,RL;::2k.O ISO 400 200 400 200 400 V/mV 
TDlia toTawuRL<2:2kn 10011001100 100 100 V/mV 

OUTPUTCHARACfERlSTlCS 
Vol_@RL ",2Idl +13, -12.5 + 13.9, - 13.3 +13, -12.5 + 13.9, - 13.3 +13, -12.5 + 13.9,-13.3 V 

Tmiu toT_ ±12,±12,:t.U +13.8,-13.1 ±12 + 13.8, - 13.1 ±12 +13.8,-13.1 V 
Shan CircuiICurrenI 25 25 25 mA 

POWER SUPPLY 
Rated Perfonnance ±lS ±lS ±lS V 

Opentins Ran&<: ±4.5 ±18 ±4.5 ±18 ±4.5 ±l8 V 
QuiescenICumnI, 

BnthAmplifiers 5 6.8 5 6.0 5 5.6 mA 

TEMPERATURE RANGE 
Opentins, RatedPerformance 

Commercla1(OIO +7O"C) AD712J AD712K 
Industtial ( - 4O"C 10 + 85"C) AD712A AD712B AD712C 
Military ( - 55"C 10 + 125"C) AD7125 AD712T 

PACKAGE OPTIONS' 
SOIC(R-8) AD712JR AD712KR 
Plaotic(N-8) AD712JN AD712KN 
Cenlip(Q-8) AD112AQ,AD112SQ AD712BQ,AD712TQ AD712CQ 
TQ..99(H-OSA) AD712AH,AD112SH AD712BH.AD712TH AD112CH 
TapesndReei AD712JR·REEL AD712KR·REEL 
A,J sndSGzadeClipaA_ 

2-190 OPERATIONALAMPLIFIERS REV. A 



AD712 
NOTES 
'lnpu' Offset Vol .... spocif ........ are 8lWIllteed ott.r 5 minu ... of _ .... at T. - + 25"C. 
'Bios Curreot spec:ificatjoaa are 8lWIllteed muimum It eidter input ott.r 5 minu\a of __ at T. = + 25'C. For ItiaIter __ • the cum:nt doubles every 11l"C. 
'Matdtitts is defim:d .. the tWrermt:o _ ........... of the two ompIi&n. . 
'IWer to Fisuro 21. 
'lWer to Fia= 29. 
6DefiDeci IS 001 .... _ inputs. such thot DCither _ ± IOV from-"". 
'TypicoIIy eoa:ecditts -14.IV aepd ................. vol .... ott either input _ in aD output phooe _. 
'Por outline ioformaticm. ICC Pac:IttF IDformatioIl section. 

Specifications subject to cIwtF witbout 1Ulti<e. 
Specificaticms in _ .... tested em 011 producdoa tutiu at fiDoI e1cctricaI_. _ts __ ..... II< tiled to _Ie ......... q\lIIity levels. All min IlItd __ ifications 
... 8lWIllteed. IIthousb ooly _1boIm in boIcIfIt:e ore tested ... 011 productiort tutiu. 

ABSOLUTEMAXIMUMRATINGS1 

Supply Voltage ...••. 
Internal Power Dissipation2 

Input Voltage3 ••••... 
Output Shon Circuit Duration 
Differential Input Voltage • . . 
Storage Temperature Range (Q, H) . 
Storage Temperature Range (N, R) . 
Operating Temperature Range 

±lSV 

±lSV 
Indefinite 

+Vsand -Vs 
-6S"C to + lSO"C 
- 6S"C to + 12S"C 

AD712J/K . • •• 0 to + 7O"C 
AD712A1B1C . . . • . . • • . -4O"C to +SS"C 
AD712SIT .......... - SS"C to + 12S"C 

Lead Temperature Range (Soldering 60 seconds) . . .. 300"C 

NOTES 
'S_ above thooc Iisrecl WIder "Absolute Maximum RaIiDp" may c:ause 
pe!II1I11e1Il damttae to !be cIevice. Tbis is a ._ raliq only IIIIl func:Iioaal 
operation of !be cIevice al tbese or ony other CODdiIioDs above thooc 
indicated in !be operaIicmoI secIioa of this spedfkaIioa is DOl implied. 
Ezpomue to aboolute maximum ratins coadilicms for eztended periods may 
affectdeW:e reliability. 

'TbermaI a..n.:teriaIics: 
8.PinI'llslicI'1lckaae:8JA = 16S"CIW. 
8-Pin CmIip I'acbae: 8JC = 22"CIW, 8JA = 1l0"Cl'lV. 
8-PinAlelal Can I'acbae: &JC =6S"CIW, 8JA = lSO"ClW. 
8-Pin sole I'acbae: 8JA = lOO"C. 

'For supply voltqes less !ban ± IBV, the aboo1ute maximum inPUI voltap is 
equal to the IUPPlYvoltap. 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches ond (mm). 

I' Ir. 
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AD712 - Typical Characteristics 
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Figure 23a. Unity Gain Inverter 

2-194 OPERAnONALAMPLIFIERS 

Figure 22b. Unity Gain Follower 
Pulse Response (Large Signal) 

Figure 23b. Unity Gain Inverter 
Pulse Response (Large Signal) 

Figure 22c. Unity Gain Follower 
Pulse Response (Small Signsl) 

Figure 23c. Unity Gain Inverter 
Pulse Response (Small Signal) 
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OP11MIZING SETTLING TIME 
Most bipolar high-speed D/A converters have curent outputs; 
therefore, for most applications, an external op amp is required 
for current-to-voltage conversion. The settling time of the con
verter/op amp combination depends on the settling time of the 
DAC and output amplifier. A good approximation is: 

to Total = Vet. DAC)2 + (t. AMP)2 

The settling time of an op amp DAC buffer will vary with the 
noise gain of the circuit, the DAC output capacitance, and with 
the amount of externaJ compensation capacitance across the 
DAC output scaling resistor. 

Settling time for a bipolar DAC is typically 100 to 500ns. Previ
ously, conventional op amps have required much longer settling 
times than have typical state-of-the-art DACs; therefore, the 
amplifier settling time has been the major limitation to a high-speed 
voltage-output D-to-A function. The introduction of the AD7111 
712 family of op amps with their Ij.Ls (to ± 0.01% of fmal value) 
settling time now permits the full high-speed capabilities of 
most modem DACs to be realized. 

AD712 
In addition to a significant improvement in settling time, the 
low offset voltage, low offset voltage drift, and high open-loop 
gain of the AD7111AD712 family assures 12-bit accuracy over 
the full operating temperature range. 

The excellent high-speed performance of the AD712 is Shown in 
the oscilloscope photos of Figure 25. Measurements were taken 
using a low input capacitance amplifier connected directly to the 
summing junction of the AD712 - both photos show the worst 
case situation: a full-scale input transition. The DAC's 4kO 2 
[lOknjI8kO=4.4kO] output impedance together with a 10kO 
feedback resistor produCe an op amp noise gain of 3.25. The 
current output from the DAC produces a lOY step at the op 
amp output (0 to -lOY Figure 25a, -lOY to OV Figure 25b.) 

Therefore, with an ideal op amp, settling to ± 112LSB (±0.01%) 
requires that 375j.L V or less appears at the summing junction. 
This means that the error between the input and output (that 
voltage which appears at the AD712 summing junction) must be 
less than 375j.LV. As Shown in Figure 25, the total settling time 
for the AD7121AD565 combination is 1.2 microseconds. 

Figure 24. z 10V Voltage Output Bipolar DAC 
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a. (FuIl-sca1B Negative Transition) 
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b. (Full-scale Positive Transition) 
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Figure 25. Settling Characteristics for AD712 with AD565A 
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AD712 
OP AMP SETTLING TIME-A MATHEMATICAL 
MODEL 
The design of the AD712 gives careful attention to optimizing 
individual circuit components; in addition, a careful tradeoff 
was made: the gain bandwidth product (4MHz) and slew rate 
(20V/""s) were chosen to be high enough to provide very fast 
settling time but nOt too high to cause a significant reduction in 
phase margin (and therefore stability). Thus designed, the AD712 
settles to ± 0.01%, with a IOV output step, in under I""s, while 
retaining the ability to drive a 2SOpF load capacitance when 
operati~g as a unity gain follower. . 

If an op amp is modeled as an ideal integrator with a unity gain 
crossover frequency of ood2'1f, Equation 1 will accurately describe 
the small signal behavior of the circuit of Figure 26a, consisting 
of an op amp connected as an I-to-V converter at the output of 
a bipolar or CMOS DAC. This equation would completely 
describe the output of the system if not for the op amp's fmite 
slew rate and other nonlinear effects. 

Equation 1. 

Vo -R 

liN = RCCt + Cx) S2 + (GN + RCt) s + I 
roo 000 

where ~o = op amp's unity gain frequency 
'If 

GN = "noise" gain of circuit (I + ~J 

This equation may then be solved for Ct: 
Equation 2. 

Cr = 2 - GN + 2VRCxooo + (1 GN) 

Rooo Rooo 

In these equations, capacitor Cx is the total capacitance appearing 
at the inverting terminal of the op amp. When modeling a DAC 
buffer application, the Norton equivalent circuit of Figure 26a 
can be used directly; capacitance Cx is the total capacitance of 
the output of the DAC plus the input capacitance of the op amp 
(since the two are in parallel). 

Figure 268. Simplified Model of the AD712 Used as a 
Current-Out DAC Buffer 
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When Ro and 10 are replaced with thili Thevenin VIN and RiN' 
equivalents, the general purpose inverting amplifier of Figure 
26b is created. Note that when using this general model, capaci
tance Cx is EITHER the input capacitance of the op amp if a 
simple inverting op amp is being simulated OR it is the combined 
capacitance of·the DAC output and the opamp input if the 
DAC buffer is befng modeled. 

V,N 

Figure 26b. Simplified Model of the AD712 Used as an 
Inverter 

In either case, the capacitance Cx causes the system to go from 
a one-pole to a two-pole response; this additional pole increases 
settling time by introducing peaking or ringing in the op amp 
output. Since the value of Cx can be estimated with reasonable 
accuracy, Equation 2 can be used to choose a small capacitor, 
CF • to cancel the input pole and optimize amplifier response. 
Figure 27 is a graphical solution of Equation 2 for the AD712 
with R ;= 4kn. 

Figure 27. Value of Capacitor CFvs; Value of Cx 

The photos of Figures 28a and 28b show the dynamic response 
of the AD712 in the settling test circuit of Figure 29. 

The input of the settling time fixture:.is driv\:nby a flat-top 
pulse generator. The error signal output from the false summing 
node of Al is clamped, amplified by,,",,2.and then clamped 
again. The error signal is thus.clampect twice: once to prevent 
overloading amplifier A2 and then a second tfule to avoid over
loading the osci!loscope preamp.TheJ"ektronix oscilloscope 
preamp type 7 A26 was carefUlly chosen because it does not 
overload with these input levels. Amplifier A2 needs to be a 
very high-speed, FET-input op amp; it provides a gain of 10, 
amplifying the error signal output of A 1. 
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Figure 288. Settling Characteristics 0 to + 10V Step 
Upper Trace: Output of AD712 Under Test (5V/Div) 
Lower Trace: Amplified Error Voltage (O.01%IDiv) 
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Figure 28b. Settling Characteristics 0 to -10V Step 
Upper Trace: Output of AD712 Under Test (5V/Div) 
Lower Trace: Amplified Error Voltage (O.01%IDiv) 
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Figure 29. Settling Time Test Circuit 

GUARDING 
The low input bias current (15pA) and low noise characteristics 
of the AD712 BiFET op amp make it suitable for electrometer 
applications such as photo diode preamplifiers and picoampere 
current-to-voltage converters. The use of a guarding technique 
such as that shown in Figure 30, in printed circuit board layout 
and construction is critical to minimize leakage currents. The 
guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal lines should not 
be extended for any unnecessary length on the printed circuit 
board. 

Plastic Mini·DIP (N) Package 
TO-99 (8) Package and 

Cerdip (Q) Package 

~3 A~5 ~ rm-r 
0:0 00' I 0-,-0 I LW [)ooLa ~ 

1P 9 ~7 1 .-[] 0-: 
8 

Figure 30. Board Layout for Guarding Inputs 
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D/A CONVERTER APPLICATIONS 
The AD712 is an excellent output amplifier for CMOS DACs. 
It can be used to perform both 2 quadrant and 4 quadrant operation. 
The output impedance of a DAC using an inverted R-2R ladder 
approaches R for codes containing many Is, 3R for codes containing 
a single 1, and for codes containing all zero, the output impedance 
is infmite. . 

For example, the output resistance of the AD7545 will modulate 
between llkO and 33kO. Therefore, with the DAC's internal 
feedback resistance of llkO, the noise gain will vary from 2 to 
4/3. This changing noise gain modulates the effect of the input 
offset voltage of the amplifier, resulting in nonlinear DAC
amplifier performance. 

The AD712K with guaranteed 700IL V offset voltage minimizes 
this effect to achieve 12-bit performance. 

Figures 31 and 32 show the AD712 and AD7545 (12-bit CMOS 
DAC) configured for unipolar binary (2-quadrant multiplication) 
or bipolar (4-quadrant multiplication) operation. Capacitor Cl 
provides phase compensation to reduce overshoot and ringing. 
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Figure 31. Unipolar Binary Operation 

v. 

-FORVALUE&OfR1ANDRZ. 
SEETABLEI 

oz· 

Figure 32. Bipolar Operation 

.. .... " .. .... " 

RI and R2 calibrate the ze~ offset and gain error of the DAC. 
Specific values for these resistors depend upon the grade of 
AD7S4S and are shown below. 

TRIM 
IlI!SISTOa JN/AQISD KNIBQfrD LN/CQIUD . GLNIGCC)'GUD 

Rl soon 2000 1000 200 
R2 1500 680 330 6.80 

Table I. Recommended Trim RtJSistor ValutJS VB. Grades 
of the AD7545 for Voo= +5V 
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Figutes 33a and 33b show the settling time characteristics of the 
AD712 when uSed as aDAC output buffer for the AD7S4S. 

a. Full-Scale PosltiVII b. Full-scale NfI9atiVII 
Transition Transition 

Figure 33. Settling Characteristics for AD712 with AD7545 

NOISE CHARACTERISTICS 
The rando!D nature of noise, particularly in the IIf region, makes 
it difficult to specify in practical terms. At the same time, designers 
of precision instrumentation require certain guaranteed maximum 
noise levels to realize the full accuracy of their equipment. 

The AD712C grade is specified at a maximum level of 4.0p.V 
pop, in a 0.1 to 10Hz bandwidth. Each AD712C receives a 
100% noise test for two IO-second intervals; devices with any 
excursion in excess of 4.0p. V are rejected. The screened lot is 
then submitted to Quality Control for verification on an AQL 
basis . 

All other grades of the AD712 are sample-tested on an AQL 
basis to a limit of 6p.V pop, 0.1 to 10Hz. 

DRIVING THE ANALOG INPUT OF AN AID 
CONVERTER 
An op amp driving the analog input of an AID converter, such 
as that shown in Figure 34, must be capable of maintaining a 
constant output voltage under dynamically changing load condi
tions. In successive-approximation converters, the input current 
is compared to a series of switched trial currents. The comparison 
point is diode clamped but may deviate several hundred millivolts 
resulting in high frequency modulation of AID input current. 
The output impedance of a feedback amplifier is made artificially 
low by the loop gain. At high frequencies, where the loop gain 
is low, the amplifier output impedance can approach its open 
loop value. Most IC amplifiers exhibit a minimum open loop 
output impedance of 2Sn due to current limiting resistors. A 

•• OY -INPUT 

ANALOG COM. 

Figure 34. AD712 tJS ADC Unity Gain Buffer 
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a. Source Current = 2mA b. Sink Current = 1rnA 

Figure 35. ADC Input Unity Gain Buffer Recovery Times 

few hundred microamps reflected from the change in converter 
loading can introduce errors in instantaneous input voltage. If 
the AID conversion speed is not excessive and the bandwidth of 
the amplifier is sufficient, the amplifier's output will return to 
the nominal value before the converter makes its comparison. 
However, many amplifiers have relatively narrow bandwidth 
yielding slow recovery from output transients. The AD712 is 
ideally suited to drive high-speed AID converters since it offers 
both wide bandwidth and high open-loop gain. 

DRIVING A LARGE CAPACmVE LOAD 
The circuit in Figure 36 employs a 1000 isolation resistor which 
enables the amplifier to drive capacitive loads exceeding lS00pF; 
the resistor effectively isolates the high frequency feedback from 
the load and stabilizes the circuit. Low frequency feedback is 
returned to the amplifier summing junction via the low pass 
filter formed by the lOOn series resistor and the load capacitance, 
CL • Figure 37 shows a typical transient response for this 
connection. 

if 4.99Jcn 

INPUT 

TYPICALCAPACITANCE 
UMfT FOR VARIOUS 
LOAD RESISTORS 

RL CLUPTO 
2kU 1500pF 
10kn 1500pF 
lOkU 1000pF 

4._0 

' ... 

-v. 

Figure 36. Circuit for Driving a Large Capacitive Load 

Figure 37. Transient Response RL = 2kD, CL =500pF 

ACTIVE FILTER APPLICATIONS 
In active filter applications using op amps, the de accuracy of 
the amplifier is critical to optimal fUter performance. The am
plifier's offset voltage and bias current contribute to output 
error. Offset voltage will be passed by the filter and may be 

REV. A 

A0712 
amplified to produce excessive output offset. For low frequency 
applications requiring large value input resistors, bias currents 
flowing through these resistors will also generate an offset 
voltage. 

In addition, at higher frequencies, an op amp's dynamics must 
be carefully considered. Here, slew rate, bandwidth, and open-loop 
gain playa major role in op amp selection. The slew rate must 
be fast as well as symmetrical to minimize distortion. The am
plifier's bandwidth in conjunction with the fUter's gain will 
dictate the frequency response of the ftlter. 

The use of a high performance amplifier such as the AD712 will 
minimize both de and ac errors in all active filter applications. 

SECOND ORDER LOW PASS FILTER 
Figure 38 depicts the AD712 configured as a second order But
terworth low pass filter. With the values as shown, the comer 
frequency will be 20kHz; however, the wide bandwidth of the 
AD712 permits a corner frequency as high as several hundred 
kilohertz. Equations for component selection are shown below. 

R1 = R2 = user selected (typical values: 10kO - 100kfl) 

C1 (in farads) = (2 ) (:.414 C2 0.707 
1T cutoff) (R1) (21T) (fcutoff) (Rl) 

C1 ..... 

Figure 38. Second Order Low Pass Filter 

An important property of filters is their out-of-band rejection. 
The simple 20kHz low pass filter shown in Figure 38, might be 
used to condition a signal contaminated with clock pulses or 
sampling glitches which have considerable energy content at 
high frequencies. 

The low output impedance and high bandwidth of the AD712 
minimize high frequency feedthrough as shown in Figure 39. 

The upper trace is that of another low-cost BiFET op amp 
showing 17dB more feedthrough at SMHz. 

Figure 39. 
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9-POLE CHEBYCHEV FILTER 
Figure 40 shows the AD712 and its single counterpart, the 
AD711, as a 9-pole Chebychev filter using active frequency 
dependent negative resistors (FDNR). With a cutoff frequency 
of 50kHz and better than 90dB rejection, it may be used as an 
antialiasing filter for a 12-bit Data Acquisition System with 
100kHz throughput. 

As shown in Figure 40, the filter is comprised of four FDNRs 
+16V 

(A, B, C, D) having values of 4.9395 x 10- 15 and 5.9276 x 10-15 

farad-seconds. Each FDNR active network provides a two-pole 
response; for a total of g poles. Th~ 9th pOle consists of a O.OOljl.F 
capacitor and a 124k!l resistor at Pirl 3 ·of amplifier A2. Figure 
41 depicts the circuits for each FDNR with the proper selection 
of R. To achieve optimal performance, the O.OOljl.F capacitors 
must be selected for 1% or better matChing and all resistors 
should have 1% or better tolerance. 

Figure 40. 9-Pole Chebychev Filter 

i-----:;:-----:;;y-, 
I O.1p1' 

I ~: 
I 4 o.1 .. F I 
I -15Y ~ I 
I I 
I R: Z,Uk FOR 4.9396&-'1 4.99kfl I 
LZ::FO~tm~ _______ ~ 
Figure 41. FDNR for 9-Pole Chebychev Filter 
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Figure 42. High Frequency Response for 9-Pole 
Chebychev Filter 
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NANALOG 
WDEVICES 

Quad Precision, Low Cost, High Speed 
BiFET Op Amp 

FEATURES 
Enhanced Replacement for LF347 and TL084 

AC PERFORMANCE 
1j1.s Settling to 0.01% for 10V Step 
20v/ jl.S Slew Rate 
0.0003% Total Harmonic Distortion (THD) 
4MHz Unity Gain Bandwidth 

DC PERFORMANCE 
O.5mV max Offset Voltage (AD713K) 
20jl.V/"C max Drift (AD713K) 
200V/mV min Open Loop Gain (AD713K) 
2j1.V p-p typ Noise. 0.1Hz to 10Hz 

True 14-Bit Accuracy 
Single Version: AD711. Dual Version: AD712 
Available in 16-Pin SOIC. 14-Pin Plastic DIP and 

Hermetic Cerdip Packages and in Chip Form 
MIL-STD-883B Processing Available 
Standard Military Drawing Available 

APPLICATIONS 
Active Filters 
Quad Output Buffers for 12- and 14-Bit DACs 
Input Buffers for Precision ADCs 
Photo Diode Preamplifier Applications 

PRODUCT DESCRIPTION 
The AD713 is a quad operational amplifier, consisting of four 
AD711 BiFET op amps. These precision monolithic op amps 
offer excellent dc characteristics plus mpid settling times, high 
slew rates, and ample bandwidths. In addition, the AD713 
provides the close matching ac and dc characteristics inherent to 
amplifiers sharing the same monolithic die. 

The single-pole response of the AD713 provides fast settling: 
IlLS to 0.01%. This feature, combined with its high dc preci
sion, makes it suitable for use as a buffer amplifier for 12- or 
14-bit DACs and ADCs. It is also an excellent choice for use in 
active filters in 12-, 14- and 16-bit data acquisition systems. 
Furthermore, the AD713's low total harmonic distortion (THD) 
level of 0.0003% and very close matching ac characteristics make 
it an ideal amplifier for many demanding audio applications. 

The AD713 is internally compensated for stable operation at 
unity gain and is available in seven ·performance grades. The 
AD713J and AD713K are rated over the commercial tempera
ture mnge of 0 to + 70°C. The AD713A and AD713B are rated 
over the industrial tempemture of -40°C to +8SoC. The 
AD713S and AD713T are rated over the military tempemture 
range of - SsoC to + l2SoC and are available processed to 
MIL-STD-883B, Rev. C. 
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AD713 I 
CONNECTION DIAGRAMS 

Plastic (N) and 
Cerdip (Q) Packages 

SOIC (R) Package 

-IN 

.IN 

NC = NO CONNECT 

-v. 
.IN 

OUTPUT 

The AD713 is offered in a 16-pin SOle, 14-pin plastic DIP and 
hermetic cerdip package, or in chip form. 

PRODUCT HIGHLIGHTS 
1. The AD713 is a high speed BiFET op amp that offers 

excellent performance at competitive prices. It upgrades the 
performance of circuits using op amps such as the TL0741 
TL084, LTlOS8, LF347 and OPA404. 

2. Slew rate is 100% tested for a guaranteed minimum of 
16V/ILS (}, A and S Grades). 

3. The combination of Analog Devices' advanced processing 
technology, laser wafer drift trimming and well-matched 
ion-implanted JFETs provides outstanding dc precision. 
Input offset voltage, input bias current and input offset 
current are specified in the warmed-up condition and are 
100% tested. 

4. Very close matching of ac characteristics between the four 
amplifiers makes the AD713 ideal for high quality active 
filter applications. 
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AD713 - SPECIFICATIONS (@ +25"1: alid :t15V dc, unless othelWise noted) 

Model AD713JIAIS AD713KIBIT 
Ccmditioas Mia Typ Max Mia Typ Max Uaita 

INPUT OFFSET VOLTAGE' 
Initial otfset 0.3 1.5 0.2 0.5 mV 
otfset T .... toT .... 0.5 21212 0.4 0.710.711.0 mV 
VB. Temp. 5 5 20l20I15 ",vrc 
VB. Supply 78 95 84 100 dB 
VB. Supply T .... to T .... 76176176 95 84 100 dB 
Long-Term Stability 15 IS jl.Vlmonth 

INPUT BIAS CURRllNT' 
Either Input VCM=OV 40 150 40 75 pA 
Either Input 

@ T .... = 70"C185'C1125"C VCM=OV 3.419.61154 1.7/4.8177 nA 
Either Input VCM=+ 10V 55 200 55 UO pA 
otfset Current VCM=OV 10 75 10 35 pA 
Offset Current 

@ T .... = 70"C185'C1125"C VCM=OV 1.7/4.8177 0.8/2.2136 nA 

MATCHING 
CHARACTERISTICS 

Input Offset Voltage 0.5 1.8 0.4 0.8 mV 
Input Offset Voltage T .... toT .... 0.7 2.3/2.312.3 0.6 1.011.0/1.3 mV 
Input Offset Voltage Drift 8 6 25 ",vrc 
Input Bias Current 10 100 10 35 pA 
Crosstalk (See Figure 20) @lkHz -130 -130 dB 

@IOOkHz -95 -95 dB 

FREQUENCY RESPONSE 
Gain BW, Small Sisnal G=-I 3 4 3.4 4 MHz 
Full Power Response Vo=20Vp-p 200 200 kHz 
Slew Rate, Uaity Gain G=-I 16 20 18 20 V/",s 
Settling Time to 0.01% G= - I (Fig. 23) I 1.2 I 1.2 IJ.S 
Total Harmonic Distortion f=lkHz 

(See Figures 16 and 30) R!;;,,2kO 
Vo=3Vrms 0.0003 0.0003 % 

INPUT IMPEDANCE 
Differential 3x 1012115.5 3xI012115.5 OllpF 
Common Mode 3XI012115.5 3xI012115.5 OllpF 

INPUT VOLTAGE RANGE 
Differential' ±20 ±20 V 
Common-Mode Voltage' + 14.5,-1l.5 +14.5,-11.5 V 
T ... toT .... -11 +13 -11 +13 V 
Common-Mode Rejection 
Ratio VCM=±IOV 78 88 84 94 dB 

T .... toT .... 76176176 84 82 90 dB 
VCM=±l1V 72 84 78 90 dB 
T .... toT .... 70170170 80 74 84 dB 

INPUT VOLTAGE NOISE Noise 0.1 to 10Hz 2 2 "'V~ 
f=IOHz 45 45 nVI Hz 
f=IOOHz 22 22 nVlv'ih 
f=lkHz 18 18 nVlv'ih 
f=IOkHz 16 16 nV/v'ih 

INPUT CURRENT NOISE f~lkHz 0.01 0.01 pAlVHz 

OPEN LOOP GAIN Vo=±IOV 
RLOAD;;,,2kO 150 400 200 400 V/mV 
T .... to T .... 10011001100 100 V/mV 

OUTPUT 
CHARACTERISTICS 

Voltage RLOAD;;,,2kO +13,-U.5 + 13.9,-13.3 +13,-U.5 + 13.9, -13.3 V 
T .... to T""" ± I2I± I2I:tU + 13.8,-13.1 :tU +13.8,-13.1 V 

Current Short Circuit 25 25 mA 
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AD713 
Model AD713J/A/S AD713KIBIT 

Conditions Min Typ MaJ: Min Typ MaJ: Units 

POWER SUPPLY 
Rated Performance ±15 ±15 V 
Operating Range :1:4.5 :I: IS :1:4.5 ±IS V 
Quiescent Current 10.0 13.S 10.0 12.0 mA 

TRANSISTOR COUNT # of Transistors 120 120 

NOTES 
'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA = + 25"C. 
'Bias Current Specifications are guaranteed maximum at either input after 5 minutes of operation at TA = + 25"C. For higher temperature, the current doubles • 
every 1O"C. 

'Defined as voltage between inputs, such that neither exceeds ± lOY from ground. 
'Typically exceeding -14.IV negative common·mode voltage on either input results in an output phase reversal. 
Specifications subject to change without notice. 
All min and max specifications are guaranteed. 
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 

ABSOLUTE MAXIMUM RATINGS" 2 

Supply Voltage ....•...................... ± ISV 
Internal Power Dissipation2 

Input Voltage3 •••••••••••••••••••••••••••• ± lSV 
Output Short Circuit Duration 

(For One Amplifier) .................... Indefinite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperature Range (Q) ......... -6S"C to + ISO"C 
Storage Temperature Range (N, R) ....... -6SoC to + 12S"C 
Operating Temperature Range 

AD713JIK ...............•......... 0 to +70"C 
AD713A/B ...................... -40°C to +SsoC 
AD713Srr •...••............... -SS"C to + 12SoC 

Lead Temperature Range (Soldering 6Osec) ........ + 300°C 

ORDERING GUIDE 

Temperature Package 
Model Range Description Option* 

AD713JN Commercial 14-Pin Plastic N-14 
O°C to + 70"C Mini-DIP 

AD713JR Commercial 16-Pin Plastic R-16 
O°C to +70°C SOIC 

AD713KN Commercial 14-Pin Plastic N-14 
O"C to + 70°C Mini-DIP 

AD713AQ Industrial 14-Pin Cerdip Q-14 
-40°C to +8SoC 

AD713BQ Industrial 14-Pin Cerdip Q-14 
-40°C to +8SoC 

AD713SQ Military 14-Pin Cerdip Q-14 
- S5°C to + 12SoC 

AD713SQl883B Military 14-Pin Cerdip Q-14 
- SsoC to + 12S"C 

AD713TQ Military 14-Pin Cerdip Q-14 
-55°C to +125°C 

AD713TQlS83B Military 14-Pin Cerdip Q-14 
-55°C to + 125°C 

AD713JR-REEL Commercial Tape and Reel 
O°C to +70°C 

AD713JChips Commercial Die 
OOC to + 7O"C 

AD713S Chips Military Die 
-S5"C to + 125°C 

*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 

REV. B 

NOTES 
IStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi
cated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

2Thermal characteristics: 
14·pin plastic package: 0IA = IOOOClW, 0Je = 300CJW 
14·pin cerdip package: 0IA = IIOOC/W; ale = 300CJW. 
16·pin SOIC package: 0IA = IOOOClW; 0Je '= 300C/W. 

'For supply voltages less than ± 18V, the absolute maximum input voltage is 
equal to the supply voltage. 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 
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AD713 - Typical Characteristics 
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Figure 1. Input Voltage Swing vs. 
Supply Voltage 
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AD713 - Applications 

9kll 

+Vs :t on 
COM 

I O., .. F 1, .. F 

ALL 4 AMPLIFIERS -Vs 
:rO.' .. FI' .. F 

ARE CONNECTED 
AS SHOWN 

0THE SIGNAL INPUT (1kHz SINEWAVE. 2V pop) IS APPLIED 
TO ONE AMPLIFIER AT A TIME. THE OUTPUTS OF THE OTHER 
THREE AMPLIFIERS ARE THEN MEASURED FOR CROSSTALK. 

Figure 19_ Crosstalk Test Circuit 
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Figure 20. Crosstalk vs. Frequency 
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Large Signal Pulse Response 

Figure 21c_ Unity Gain Follower 
Small Signal Pulse Response 
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Figure 22a. Unity Gain Inverter 
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Figure 22b. Unity Gain Inverter 
Large Signal Pulse Response 

Figure 22c. Unity Gain Inverter 
Small Signal Pulse Response 
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MEASURING AD713 SETTLING TIME 
The photos of Figures 24 and 25 show the dynamic response of 
the AD713 while operating in the settling time test circuit of 
Figure 23. The input of the settling time fIxture is driven by a 
flat-top pulse generator. The error signal output from the false 
summing node of AI, the AD713 under test, is clamped, ampli
fIed by op amp A2 and then clamped again. 

I 
I 
I 
I 
I 

I EQUIVALENT I L _______ .J 

4.99kO 

2000 

TO TEKTRONIX 
7A28 

OSCillOSCOPE 
PREAMP 

INPUT SECTION 
(VIA LESS THAN 

1FT 500 
COAXIAL CABLE) 

,..--- ---, 
I I 

: ~l.2OpF: 
:'Mn~T : 
I I L ______ .J 

-VERROR )( 5 

206t1 

4.991dl 

1OkO 

2. 
HP2835 

NOTE 
USE CIRCUIT BOARD 
WITH GROUND PLANE 

·USE VERY 
SHORT CABLE 
OR TERMINATION 
RESISTOR 

Figure 23. Settling Time Test Circuit 

Figure 24. Settling Characteristics 0 to + 10V Step. Upper 
Trace: Output of AD713 Under Test (5Vldiv). Lower Trace: 
Amplified Error Voltage (0.01%1div) 

REV.S 

AD713 
The error signal is thus clamped twice: once to prevent over
loading amplifIer A2 and then a second time to avoid overload
ing the oscilloscope preamp. A Tektronix oscilloscope preamp 
type 7 A26 was carefully chosen because it recovers from the 
approximately 0.4 volt overload quickly enough to allow accu
rate measurement of the AD713's IlJ.s settling time. AmplifIer 
A2 is a very high speed FET input op amp; it provides a voltage 
gain of 10, amplifying the error signal output of the AD713 
under test (providing an overall gain of 5). 

Figure 25. Settling Characteristics to -10V Step. Upper 
Trace: Output of AD713 Under Test (5Vldiv). Lower Trace: 
Amplified Error Voltage (0.01%ldiv) 

POWER SUPPLY BYPASSING 
The power supply connections to the AD713 must maintain a 
low impedance to ground over a bandwidth of 4MHz or more. 
This is especially important when driving a signifIcant resistive 
or capacitive load, since all current delivered to the load comes 
from the power supplies. Multiple high quality bypass capacitors 
are recommended for each power supply line in any critical 
application. A O.IIJ.F ceramic and a IIJ.F electrolytic capacitor as 
shown in Figure 26 placed as close as possible to the amplifIer 
(with short lead lengths to power supply common) will assure 
adequate high frequency bypassing in most applications. A 
minimum bypass capacitance of O.IIJ.F should be used for any 
application. 

Figure 26. Recommended Power Supply BypaSSing 
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AD713 
A IDGH SPEED INSTRUMENTATION AMPLIFIER 
CIRCUIT 
The instruJQentation amplifier circuit shown in Figure 27 can 
provide a ~ of gains.from unity up to 1000 and higher using 
only a single AD713. The circuit bandwidth is 1.2MBz at a gain 
of 1 and 250kHz at a gain of 10; IIenIing time for the entire I;ir
cuit is less than 5j1oS to within 0.01% for a 10 volt step, .. 
(G = 10). Other uses for amplifier A4 include an active data 
guard and an active sense input. 

COM 

-V. 

CIRCUIT GAIN = 10::' + I 

SENSE 

TO BUFFERED 
VOLTAGE REFERENCE 

OR 
.REMOTE GROUND 

SENSE 

-VDLTRONICS SP20 TRIMMER CAPACITOR '¢l OR EQUIVALENT 
AQ713 --RATIO MATCHED 1% METAL FILM RESISTORS 

PIN 11 

Figure 27. A High Speed Instrumentation Amplifier Circuit 

Table 1 provides a performance summary for this circuit. The 
photo of Figure 28 shows the pulse response of this circuit for a 
gain of 10. 

Gain Ra 

I 
2 

10 

NC 
20kfl 
4.04kfl 

Bandwidth T Settle (0.01%) 

l.2MHz 
1.0MHz 
0.25MHz 

Table I. Performance Summary for the High Speed 
Instrumentation Amplifier Circuit 

Figure 28. The Pulse Response of the High Speed 
Instrumentation Amplifier. Gain = 10 
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A IDGH SPEED FOtJR. OP AMP CASCADED AMPLIFIER 
CIRCUIT 
Figure 29 shows how the four amplifiers of the AD713 may be 
connected in cascade to form a high gain, high bandwidth 
amplifier. This gain of 100 amplifier has a - 3dB bandwidth 
greater than 600kHz. 

+v. 1 

,.n : 
OPTJONALVos I 

I ADJUSTMENT I L ______ ..J 

FOUR-oP·AMPCASCADEDAMPLlF1ER 
GAIN = 100 
BANDWIDTH 1-3dB) = 132kHz 

Figure 29. A High Speed Four Op Amp Cascaded 
Amplifier Circuit 

TO SPECTRUM ANALYZER -

1kU 
NULL 

ADJUST 

loon 

ERROR SIGNAL 
OUTPUT 

(ERROR/III 

'Olen 

10kn 

Figure 30. THD Test Circuit 

HIGH SPEED OP AMP APPLICATIONS AND 
TECHNIQUES 
DAC Buffers (I-to-V Converters) 
The wide input dynamic range of JFET amplifiers makes them 
ideal for Use in both waveform reconstruction and digital-audio
DAC applications. The AD713, in conjunction with the AD1860 
DAC, can achieve 0.0016% THD (here at a 4fs or a 176.4kHz 
update rate) without requiring the use of a deglitcher. Just such 
a circuit is shown in Figure 31. The 470pF feedback capacitor 
used with IC2a, along with op amp IC2b and its associated com
ponents, together form a 3-pole low-pass filter. Each or all of 
these poles can be tailored for the desired attenuation and phase 
characteristics required for a particular application. In this appli
cation, one half of an AD713 serves each channel in a two
channel stereo system. 
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Figure 31. A DIA Converter Circuit for Digital Audio 
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Figure 32. Harmonic Distortion vs. Frequency for the 
Digital Audio Circuit of Figure 31 

Driving the Analog Input of an AID Converter 
An op amp driving the analog input of an AID converter, such 
as that shown in Figure 33, must be capable of maintaining a 
constant output voltage under dynamically changing load condi
~ons. In successive approximation converters, the input current 
IS compared to a series of switched trial currents. The compari
son point is diode clamped but may vary by several hundred 
millivolts, resulting in high frequency modulation of the AID 
input current. The output impedance of a feedback amplifier is 
made artificially low by its loop gain. At high frequencies, 

REV. B 

:!:10V 
ANALOG 

INPUT 

Figure 33. The AD713 as an ADC Buffer 

where the loop gain is low, the amplifier output impedance can 
approach its open loop value. 

Most IC amplifiers exhibit a minimum open loop output imped
ance of 250, due to current limiting resistors. A few hundred 
microamps reflected from the change in converter loading can 
introduce errors in instantaneous input voltage. If the AID 
conversion speed is not excessive and the bandwidth of the 
amplifier is sufficient, the amplifier's output will return to the 
nominal value before the converter makes its comparison. How
ever, many amplifiers have relatively narrow bandwidths, yield
ing slow recovery from output transients. The AD713 is ideally 
suited as a driver for AID converters' since it offers both a wide 
bandwidth and a high open loop gain. 
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AD713 

Figure 34. Buffer Recovery Time Source Current = 2mA 

Figure 35. Buffer Recovery Time Sink Current= 1mA 

Driving A Large Capacitive Load 
The circuit of Figure 36 employs a 1000 isolation resistor which 
enables the amplifier to drive capacitive loads exceeding 1500pF; 
the resistor effectively isolates the high frequency feedback from 
the load and stabilizes the circuit. Low frequency feedback is 
returned to the amplifier summing junction via the low pass 
filter formed by the 1000 series resistor and the load capaci
tance, Cl. Figure 37 shows a typical transient responSe for this 
connection. 

u--:.Hk11 
TYPICAL CAPACITANCE 
LIMITFORVARIOUS 
LOAD RESISTORS 

.... c,.UPTO 
2k1l 1SOOpf 
101d1 1SOOpf 
2OId1 1000pf 

4.991dl 

30pF 

-v. 

Figure 36. Circuit for Driving a Large Capacitance Load 

Trim JN/AQI KNIBQI LN/CQI GLNIGCQI 
Resistor SD TD UD GUD 

Rl 5000 2000 1000 200 
iU 1500 680 330 6.80 

Table II. Recommended Trim Resistor Values vs. Grades 
for AD7545 for Va = +5V 
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Figure 37. Transient Response, RL = 2kD, CL = 500pF 

CMOS DAC APPLICATIONS 
The AD713 is an excellent output amplifier for CMOS DACs. It 
can be used to perform both 2 and 4 quadrant operation. The 
output impedance of a DAC using an inverted R·2R ladder 
approaches R for codes containing many "I"s, 3R for codes 
containing a single "I" and infinity for codes containing all 
zeros. 

For example, the output resistance of the AD7545 will modulate 
between llkO and 33kO. Therefore, with the DAC's internal 
feedback resistance of llkO , the noise gain will vary from 2 to 
4/3. This changing noise gain modulates the effect of the input 
offset voltage of the amplifier, resulting in nonlinear DAC
amplifier performance. The AD713, with its guaranteed 1.5mV 
input offset voltage, minimizes this effc:ct achieving 12-bit 
performance. 

Figures 38 and 39 show the AD713 and a 12·bit CMOS DAC, 
the AD7545, configured for either a unipolar binary (2-quadrant 
multiplication) or bipolar (4-quadrant multiplication) operation. 
Capacitor CI provides phase compensation which reduces over
shoot and ringing. 

DBIt-DBO 

Figure 38. Unipolar Binary Operation 

Figure 39. Bipolar Operation 
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R530k 

DATA 2 

AD713 

CIRCUIT EQUATIONS 

Note: 
DAC equivalent resistance equals 
256 x (DAC Ladder resistance) 

DAC Digital Code 

Figure 40. A Programmable State Variable Filter Circuit 

FILTER APPLICATIONS 
A Programmable State Variable Filter 
For the state variable or universal filter configuration of Figure 
40 to function properly, DACs Al and Bl need to control the 
gain and Q of the filter characteristic, while DACs A2 and B2 
must accurately track for the simple expression of fc to be true. 
This is readily accomplished using two AD7528 DACs and one 
AD713 quad op amp. Capacitor C3 compensates for the effects 
of op amp gain-bandwidth limitations. 

This filter provides low pass, high pass and band pass outputs 
and is ideally suited for applications where microprocessor con
trol of filter parameters is required. The programmable range 
for component values shown is fc = 0 to 15kHz and Q = 0.3 
to 4.5. 

GlC and FDNR FILTER APPLICATIONS 
The closely matched and uniform ac characteristics of the 
AD713 make it ideal for use in GIC (gyrator) and FDNR (fre-

f =-.!:.!!. 
c 21rRC 

C1=C2 =C3 =C4 =C 

R' 
6.,9kll 

INPUT C1 

68OOpI'~ 

quency dependent negative resistor) filter applications. Figures 
41 and 43 show the AD713 used in two typical active filters. 
The first shows a single AD713 simulating two coupled induc
tors configured as a one-third octave bandpass filter. A single 
section of this filter meets ANSI class II specifications and han
dles a 7.07V rms signal with <0.002% THD (20Hz-20kHz). 

Figure 43 shows a 7-pole antialiasing filter for a 2 x oversam
piing (88.2kHz) digital audio application. This filter has <0.05 
dB pass band ripple and 19.8 ±O.3j.LS delay, dc-20kHz and will 
handle a 5V rms signal (Vs = ±15V) with no overload at any 
internal nodes. 

The filter of Figure 41 can be scaled for any center frequency 
by using the formula: 

R11 
S.lI2k1l 

l.ll 
fc = 21rRC 

OUTPUT 

+v. 1: 1.+ . AD713 
PIN_ 

fo.,,,F I+'''F R ll =4.32R 
COM 

~ 
-v. 

To.,,,F T ,,,F . :::~~ 
Figure 41. A 1/3 Octave Filter Circuit 
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AD713 
rY--" -
Y-~ -

where all resistors and capacitors scale equally. Resistors 
R3-RS should hot be greater than 2kO in value, to prevent 
parasitic oscillations caused by the amplifier's input capacitance. 
If this is not practical, small lead capacitances (l0-2OpF) should 
be added across RS and R6. Figures 42 and 44 show the output 
amplitude vs. frequency of these filters. 

-.. 
-20 J \ 

; . 
1-' L \ -

Figure 43. An Antialiasing Filter 
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Figure 42. Output Amplitude vs. Frequency of 113 Octave Filter 
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Figure 44. Relative Output Amplitude vs. Frequency of Antialiasing Filter 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Precision Input Characteristics 

Low Vos: 0.5 mV max ILl 
Low Vos Drift: 5 ""VI"C max ILl 
Low Ib: 50 nA max ILl 
Low los: 5 nA max ILl 
High CMRR; 90 dB min IK, LI 

High Output Capability 
AOL = 25,000 min, 1 kG Load IJ, SI 

T m1n to Tmax 
Vo = ±10 V min, 1 kG Load IJ, SI 

Chips and MIL-STD-883B Parts Available 

GENERAL DESCRIPTION 
The Analog Devices AD741 Series are high performance mono
lithic operational amplifiers. All the devices feature full short 
circuit protection and internal compensation. 

The Analog Devices AD74IJ, AD74IK, AD74IL, and AD74lS 
are specially tested and selected versions of the standard AD741 
operational amplifier. Improved processing and additional elec
trical testing guarantee the user precision performance at a very
low cost. The AD74IJ, K and L substantially increase overall 
accuracy over the standard AD74le by providing maximum 
limits on offset voltage drift and significantly reducing the errors 
due to offset voltage, bias current, offset current, voltage gain, 
power supply rejection, and common-mode rejection. For exam
ple, the AD74lL features maximum offset voltage drift of 
5 /LVre, offset voltage of 0.5 mV max, offset current of 5 nA 
max, bias current of 50 nA max, and a eMRR of 90 dB min. 
The AD74lS offers guaranteed performance over the extended 
temperature range of - 55°C to + 125OC, with max offset voltage 
drift of IS /LVre, max offset voltage of 4 tuV, max offset cur
rent of 25 nA, and a minintum eMRR of 80 dB. 

REV. A 

Low Cost, 
High Accuracy IC Op Amps 

AD741 Series I 
FUNCTIONAL BLOCK DIAGRAMS 

TO-99 (H) Package 

NC 

Mini-DIP (N) Package 

HIGH OUTPUT CAPABILITY 
Both the AD74lJ and AD74lS offer the user the additional ad
vantages of high guaranteed output current and gain at low val
ues of load impedance. The AD74lJ guarantees a minimum gain 
of 25,000 swinging ± 10 V into a I kG load from 0 to + 70°C. 
The AD74lS guarantees a minimum gain of 25,000 swinging 
±1O V into a I kG load from -55°C to +125°e. 

All devices feature full short circuit protection, high gain, high 
common-mode range, and internal compensation. The AD74lJ, 
K and L are specified for operation from 0 to + 70De, and are 
available in both the TO-99 and mini-DIP packages. The 
AD74lS is specified for operation from -55De to + 125De, and 
is available in the TO-99 package. 
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AD741 Series-SPECIFICATIONS (typical @ +25°C and ±15 V dc, unless othelWise specified) 

AD741C AD741 AD741J 
Model Min Typ Max Min Typ Max Min Typ Max -UailS 

OPEN-LOOP GAIN 
RL'= I leO, Vo = ±uiv SO,Ooo 200,000 VN 
RL = 2 kG, Vo = ±IOV 20,000 200,000 SO,OOO 200,000 VN 
T" = min-to max RL = 2 kG 15,000 25,000 25,000 VN 

OUTPUT CHARACI'ERISTICS 
Voltage@RL = I leO, T" = min to max ±IO ±13 V 
Voltage@ RL = 2 leO, T" = min to max :i:10 ±13 :dO ±13 V 
Short Circuit Current 25 25 25 mA 

FREQUENCY RESPONSE 
Uaity Gain, Small Signal I I I MHz 
Full Power Response 10 10 10 kHz 
Slew Rate 0.5 0.5 0.5 V/fJoS 
Transient Response (Unity Gain) 

Rise Time CL S 10 V p-p 0.3 0.3 0.3 fJoS 
Overshoot 5.0 S.O 5.0 % 

INPUT OFFSET VOLTAGE 
Initial, Rs s 10 leO, Adjust to Zero 1.0 6.0 1.0 5.0 1.0 3.0 mV 
TA = min to max 1.0 7.5 1.0 6.0 4.0 mV 
Average VS. Tempet8ture (Untrimmed) 20 ",vrc 
vs. Supply, T" = min to max 30 100 ",VN 

INPUT OFFSET CURRENT 
Initial 20 200 20 200 5 SO nA 
TA = min to max 40 300 85 500 100 nA 
Average vs. Tempet8ture 0.1 nArc 

INPUT BIAS CURRENT 
Initial 80 500 80 500 40 200 nA 
TA = min to max 120 800 300 1,500 400 nA 
Average VS. Tempet8ture 0.6 nArc 

INPUT IMPEDANCE DIFFERENTIAL 0.3 2.0 0.3 2.0 1.0 Mfi 

iNPUT VOLTAGE RANGEl 
Differential, max Safe ±30 V 
Common-Mode, max Safe ±12 ±13 ±12 ±13 ±15 V 
Common-Mode Rejection, 

R, = '" 10 leO, T" = min to max, 
VlN =±12V 70 90 70 90 80 90 dB 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 V 
Opet8ting ±5 ±18 V 
Power Supply Rejection Ratio 30 ISO 30 ISO ",VN 
Quiescent Current 1.7 2.8 1.7 2.8 2.2 3.3 mA 
Power Consumption 50 85 50 85 50 85 mW 

T" = min 60 100 mW 
TA = max 45 75 mW 

TEMPERATURE RANGE 
Opet8ting Rated Performance 0 +70 -55 +125 0 +70 'C 
Storage -65 +150 -65 +150 -65 +150 'C 

NOTES 
Ipor supply voltages less than ±lS V, the absolute maximum input voltage is equal to the supply voltage. 
Specifications subject to change without notice. 

AU min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final e1ectrical test. Results from 
those tests are used to calculate outgOing quality levels. 

+1Is 

-Vs 

Standard Nulling Offset Circuit 

METALlZATlON PHOTOGRAPH 
All versions of the AD741 are available in chip form. 

Contact factoty for latest dimensions. 
Dimensions shown in inches and (mm). 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE To.99 8 PIN METAL PACKAGE. 
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AD741 Series 
AD741K AD741L AD741S 

Model Mia Typ Max Mia 

OPEN·LOOP GAIN 
RL = I kil, Vo = ±IO V 
RL = 2kil, Vo = ±IOV 50,000 200,000 50,000 
TA = min to max RL = 2kil 25,000 25,000 

OUTPUT CHARACTERISTICS 
Voltage @ RL = I kil, TA = min to max 
Voltage @ RL = 2 kil, TA = min to max :dO ±13 :1:10 
Short Circuit Current 25 

FREQUENCY RESPONSE 
Unity Gain, Small Signal I 
Full Power Response 10 
Slew Rate 0.5 
Transient Response (Unity Gain) 

Rise Time 0.3 
Overshoot 5.0 

INPUT OFFSET VOLTAGE 
Initial, Rs :s 10 kil, Adjust to Zero 0.5 2.0 
TA = min to max 3.0 
Average vs. Temperature (Untrimmed) 6.0 15.0 
vs. Suppl>:, T A = min to max 5 15.0 

INPUT OFFSET CURRENT 
Initial 2 10 
TA = min to max 15 
Average vs. Temperature 0.02 0.02 

INPUT BIAS CURRENT 
Initial 30 75 
TA = min to max 120 
Average vs. Temperature 0.6 1.5 

INPUT IMPEDANCE DIFFERENTIAL 2 

INPUT VOLTAGE RANGE' 
Differential, max Safe ±30 
Common·Mode, max Safe ±15 
Common·Mode Rejection, 

Rs = :s 10 kil, TA = min to max, 
VIN = ±12V 90 100 90 

POWER SUPPLY 
Rated Perfonnance ±15 
Operating ±5 ±22 ±5 
Power Supply Rejection Ratio 20 
Quiescent Current 1.7 2.8 
Power Consumption 50 85 

TA = min 
TA = max 

TEMPERATURE RANGE 
Operating Rated Performance 0 +70 0 
Storage -65 +150 -65 

ABSOLUTE MAXIMUM RATINGS 

AD741,J, 
Absolute Maximum Ratings K,L,S AD741C 

Supply Voltage ±22V ±lS V 
Internal Power Dissipation 500mW' sOOmW 
Differential Input Voltage ±30V ±30V 
Input Voltage ±ls V ± 15 V 
Storage Temperature Range -65°C -65°C 

to + lsO"C to +lsO"C 
Lead Temperature 

(Soldering, 60 sec) +3OO"C +30O"C 
Output Short Citcuit Duration Indefmite2 Indefmite 

NOTES 
'Rating applies for case temperature to + 125"<::. Derate TO·99 linesrity at 
6.5 mWrc for ambient temperatures above +70"<::. 

'Rating applies for shorts to ground or either supply at case temperatures to 
+ 125"<:: or ambient temperatures to + 75"<::. 

REV. A 

Typ Max Mia Typ Max UailS 

50,000 200,000 VN 
200,000 VN 

25,000 VN 

±13 ±10 ±13 V 
25 25 mA 

I I MHz 
10 10 kHz 
0.5 0.5 VI"" 

0.3 0.3 ILS 
5.0 5.0 % 

0.2 0.5 1.0 2 mV 
1.0 4 mV 

2.0 5.0 6.0 15.0 ILvre 
5 15.0 30 100 ILVN 

2 5 2 10 nA 
10 25 nA 

0.02 0.1 0.1 0.25 nArC 

30 50 30 75 nA 
100 250 nA 

0.6 1.0 0.6 2.0 nArC 

2 2 Mil 

±30 ±30 V 
±15 ±15 V 

100 90 100 dB 

±15 ±15 V 
±22 ±5 ±22 V 

20 20 ILVN 
1.7 2.8 2.0 2.8 mA 
50 85 SO 85 mW 

60 100 roW 
75 lIS mW 

+70 -55 +125 "<:: 
+150 -65 +150 "<:: 

ORDERING GUIDE 

Temperature Initial Off Package Package 
Model' Range Set Voltage Description Option' 

AD741CN o to +70"C 6.0mV Mini-DIP (N-S) 
AD741CH o to +7O"C 6.0mV TO·99 (H·OSA) 
AD741JN o to +7O"C 3.0mV Mini-DIP (N-S) 
AD74IJH o to +7O"C 3.0mV TO·99 (H-OSA) 
AD741KN o to +70"C 2.0mV Mini-DIP (N·S) 
AD741KH o to +70°C 2.0mV TO·99 (H-OSA) 
AD741LN o to +7O"C O.5mV Mini·DIP (N-S) 
AD741LH o to +7O"C O.5mV TO·99 (H·OSA) 
AD741H -55"C to + 125°C 5.0mV TO-99 (H-oSA) 
AD741SH -55"C to + 125"C 2.0mV TO·99 (H-OSA) 

NOTES 
I J, K and S grade chips also available. 
'For outline information see Package Information section. 
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AD741 Series-Typical Performance Curves 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

UL TRALOW NOISE PERFORMANCE 
2.9 nVlYHz at 10 kHz 
0.38 p.V P-P. 0.1 to 10 Hz 
6.9 fA/YHz Current Noise at 1 kHz 

EXCELLENT DC PERFORMANCE 
0.5 mV max Offset Voltage 
250 pA max Input Bias Current 
1000 V/mV min Open-Loop Gain 

AC PERFORMANCE 
2.8 V/tJ.s Slew Rate 
4.5 MHz Unity-Gain Bandwidth 
THD = 0.0003% @ 1 kHz 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 

APPUCATIONS 
Sonar Preamplifiers 
High Dynamic Range Filters 1>140 dB) 
Photodiode and IR Detector Amplifiers 
Accelerometers 

PRODUCT DESCRIPTION 
The AD743 is an ultralow noise precision, FET input, mono
lithic operational amplifier. It offers a combination of the 
ultralow voltage noise generally associated with bipolar input op 
amps and the very low input current of a FET-input device. 
Furthermore, the AD743 does not exhibit an output phase 
reversal when the negative common-mode voltage limit is 
exceeded. 

The AD743's guaranteed, maximum input voltage noise of 
4.0 nV/y'Hz at 10 kHz is unsurpassed for a FET-input mono
lithic op amp, as is the maximum 1.0 .... V p-p, 0.1 to 10 Hz 
noise. The AD743 also has excellent dc performance with 
250 pA maximum input bias current and 0.5 mV maximum off
set voltage. 

The AD743 is specifically designed for use as a preamp in 
capacitive sensors, such as ceramic hydrophones. It is available 
in five performance grades. The AD743J and AD743K are rated 
over the commercial temperature range of OOC to + 700c. The 
AD743A and AD743B are rated over the industrial temperature 
range of -40"C to + 85"C. The AD743S is rated over the mili
tary temperature range of - 55"C to + 125°C and is available pro
cessed to MIL-STD-883B, Rev. C. 

The AD743 is available in 8-pin plastic mini-DIP, 8-pin cerdip, 
l6-pin SOle, or in chip form. 
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Ultralow Noise 
BiFET Op Amp 

AD743 I 
CONNECTION DIAGRAMS 

8·Pin Plastic Mini·DIP (N) 
and 

16-Pin SOIC (R) Package 

8·Pin Cerdip (Q) Packages Ne 1 Ne 
OFFSET 

Ne NULL 

-IN 3 Ne 

+Vs 
OUTPUT 

OFFSET 
NULL 

Ne 

PRODUCT HIGHLIGHTS 
1. The low offset voltage and low input offset voltage drift of 

the AD743 coupled with its ultralow noise performance mean 
that the AD743 can be used for upgrading many applications 
now using bipolar amplifiers. 

2. The combination of low voltage and low current noise make 
the AD743 ideal for charge sensitive applications such as 
accelerometers and hydrophones. 

3. The low input offset voltage and low noise level of the 
AD743 provide> 140 dB dynamic range. 

4. The rypicall0 kHz noise level of 2.9 nV/y'Hz permits a 
three op amp instrumentation amplifier, using three AD743s, 
to be built which exhibits less than 4.2 nV/y'Hz noise at 
10 kHz and which has low input bias currents. 

100 lk 10k lOOk 111 1011 

SOURCE RESISTANCE - n 

Input Noise Voltage vs. Source Resistance 
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AD743-SPECIFICATIONS (@ +25°C and ±15 V dc. unless otllerwise noted) 

Model AD743J/A AD743KIB AD743S 
Condilioa. Min Typ Max Min Typ Max Min Typ Max 

INPUT OFFSET VOLTAGE' 
Initial Offset 0.25 1.0/0.8 0.1 0.5/0.25 0.25 1.0 
Initial Offset TUlin toTmalll: 1.5 1.0/0.SO 2.0 
vs. Temp. TlIlirJ,toT_ 2 I 2 
vs. Supply (PSRR) 12 V to 18 V2 90 96 100 106 90 96 
vs. Supply (PSRR) T.II1in toT_ 88 98 100 88 

INPUf BIAS CURRENT' 
Either Input VCM = OV ISO 400 ISO 250 ISO 400 
Either Input 

@T_ VCM = OV 8.8/25.6 5.5/16 413 
Either Input VCM = +IOV 2SO 600 250 400 300 600 
Either Input, V, = ",5 V VCM = OV 30 200 30 125 30 200 

INPUT OFFSET CURRENT VCM= OV 40 ISO 30 75 40 ISO 
Offset Current 

@T_ VCM = OV 2.216.4 1.1/3.2 102 

FREQUENCY RESPONSE 
Gain BW, Small Signal G= -I 4.5 4.5 4.5 
Full Power Response Vo = 20V p-p 25 25 25 
Slew Rate, Unity Gain G= -I 2.8 2.8 2.8 
Settlins Time to 0.01% 6 6 6 
Total Hannonic f=lkHz 

Distortion' (Fig. 16) G= -I 0.0003 0.0003 0.0003 

INPUT IMPEDANCE 
Differential I x 10'°1120 I x 10'°1120 I x 10'°1120 
Common Mode 3 x 10111118 3 x 10111118 3 x 10111118 

INPur VOLTAGE RANGE 
Differential' ",20 "'20 ",20 
Common-Mode Voltage +13.3, -10.7 +13.3, -10.7 +13.3, -10.7 
Over Max Operstins RInge" -10 +12 -10 +12 -10 +12 
Common-Mode 

Rejection Ratio VCM ="'IOV 80 95 90 102 80 95 
Tmin toTmu: 78 88 78 

INPUT VOLTAGE NOISE 0.1 to 10 Hz 0.38 0.38 1.0 0.38 
f= 10Hz 5.5 .5.5 10.0 5.5 
f= 100Hz 3.6 3.6 6.0 3.6 
f=lkHz 3.2 5.0 3.2 5.0 3.2 5.0 
f= 10kHz 2.9 4.0 2.9 4.0 2.9 4.0 

INPUT CURRENT NOISE f= I kHz 6.9 6.9 6.9 

OPEN LOOP GAIN Vo = "'10 V 
RLOAD 2: 2ldl 1000 4000 2000 4000 1000 4000 
TrnintoTmu; 800 1800 800 
RLOAD = 600 n 1200 1200 1200 

OurPur CHARACTERISTICS 
Voltage RLO~D ~ 6000 +13, -12 +13, -12 +13, -12 

RLOAv '" 6000 + 13.6, -12.6 + 13.6, -12.6 + 13.6, -12.6 
TQ1intoTmu +12, -10 +12, -10 +12, -10 
RWAD 2 21dl ",12 + 13.8, - 13.1 ",12 +13.8, -13.1 ",12 + 13.8, - 13.1 

Current Shon Circuit 20 40 20 40 20 40 

POWER SUPPLY 
Rated Performance ",IS "'IS· ",15 
Operstins Rapge "'4.8 "'18 "'4.8 "'18 "'4.8 ±lS 
Quiescent Current 8.1 10.0 8.1 10.0 8.1 10.0 

TRANSISTOR COUNT II nf Transistors 50 SO 50 

NOTES 
'Input offset voltage specifications are guanuteed after 5 minutes nf operatino at TA = + 25'C. 
'Test conditions: +Vs = IS V, -Vi = 12 V to 18 V and +Vs = 12 V to +18 y, -V, = IS V. 
lJtias current specifications are auaranteed maximum at either input after 5 minutes of operation at Tit. = + 2SOC. For higher temperature, the current doubles every Ufe. 
'Gain = -I, RL = 2 kIl, CL = 10 pF. 
'DerIDed as voltage between inputs, such that neither exceeds ±IO V from common. 
6J'he AD743 does not exhibit an outpUt phase reversal when the negative common-mode limit is exceeded. 

All min and max specifications are guaranteed. 
Specifications subject to c:lumse withOut notic:e. 
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Units 

mV 
mV 
,,"vrc 
dB 
dB 

pA 

nA 
pA 
pA 

pA 

nA 

MHz 
kHz 
VI,,", 
,,"' 

% 

OllpF 
OllpF 

V 
V 
V 

dB 
dB 

,,"VJ>":2.. 
nV/y'Hz 
nV/yHZ 
nVlyHZ 
nVlyHZ 

Wy'Hz 

V/mV 
V/mV 
V/mV 

V 
V 
V 
V 
mA 

V 
V 
mA 
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AD743 
ABSOLUTE MAXIMUM RATINGS' NOTES 
Supply Voltage •.......................•.. ± 18 V 
Internal Power Dissipation2 

'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
iu the operational section of rbis specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
re1iability. 

Input Voltage ................•...•........ ±Vs 
Output Shon Circuit Duration ............... Indefmite 
Differential Input Voltage ............... +Vs and -Vs 

'8-pin plastic package: alA = lOO"ClWatt, ale = 50'CIWatt 
8-pin cerdip package: alA = 1l000ClWatt, ale = 30'CIWatt 

Storage Temperature Range (Q) ......... -65"C to + 150°C 
Storage Temperature Range (N, R) ....... -65"C to + 125°C 

l6-pin plastic SOIC package: alA = lOO"ClWatt, ale = 30'CIWatt 
Operating Temperature Range 

AD743J/K ...........•............ OOC to +70"C ESD SUSCEPTIBIUTY II 
AD743AIB ...................... -40°C to +85°C An ESD classification per method 3015.6 of MIL STD 883C 
AD743S ....................... -WC to + 125°C has been performed on the AD743. The AD743 is a class 1 

Lead Temperature Range (Soldering 60 seconds) ...... 3000C device, passing at 1000 V and failing at 1500 V on null pins 1 

REV. A 

and 5, when tested, using an IMCS 5000 automated ESD tester. 
Pins other than null pins fail at greater than 2500 V. 

ORDERING GUIDE 

Package 
Model Temperature Range Option· 

AD743JN OOC to + 70"<: N-8 
AD743KN O"C to +70°C N-8 
AD743AN -40°C to +85"<: N-8 
AD743JR O°C to +70°C R-16 
AD743KR O°C to + 70"<: R-16 
AD743AR -400c to +85°C R-16 
AD743AQ -40"<: to +85"<: Q-8 
AD743BQ -40°C to +85"<: Q-8 
AD743SQ - 55°C to + 125"<: Q-8 
AD743SQ/883B - 55°C to + 125°C Q-8 
AD743JCHIPS O°C to +70·C Die 
AD743SCHIPS - 55°C to + 125°C Die 
AD743JR-REEL O°C to + 70"<: Tape & Reel 
AD743KR-REEL O·C to + 70"<: Tape & Reel 
AD743AR-REEL -40·C to +85·C Tape & Reel 

*N = Plastic DIP; R = Small Outliue IC; Q = Cerdip. For 
outliue iuformation see Package Information section. 

METALIZATION PHOTOGRAPH 

INVERTING 
INPUT 

Contact factory for latest dimensions. 
Dintensions shown in inches and (mm). 

OUTPUT 

0.0827 
(2.10) 
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AD743-Typical Characteristics (@ +25°C, Vs = +15 V) 
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AD743-Typical Characteristics 
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Figure 19. Typical Noise Distribution 
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3 .• Figure 22b. Unity-Gain Follower 
Small Signal Pulse Response 
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OP AMP PERFORMANCE: JFET VS. BIPOLAR 
The AD743 is the first monolithic JFET op amp to offer the 
low input voltage noise of ari industry-standard bipolar op amp 
without its inherent input current errors. This is demonstrated 
in Figure 24, which compares input voltage noise vs. input 
source resistance of the OP-27 and the AD743 op amps. From 
this figure, it is clear that at high source impedance the low cur
rent noise of the AD743 also provides lower total noise. It is 
also important to note that with the AD743 this noise reduction 
extends all the way down to low source impedances. The lower 
dc current errors of the AD743 also reduce errors due to offset 
and drift at high source impedances (Figure 25). 
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AD 743 
DESIGNING CIRCUITS FOR LOW NOISE 
An op amp's input voltage noise performance is typically di
vided into two regions: flatband and low frequency noise. The 
AD743 offers excellent performance with respect to both. The 
figure of 2.9 nV/y'Hz @10 kHz is excellent for a JFET input 
amplifier. The 0.1 to 10 Hz noise is typically 0.38 .... V p-p. The 
user should pay careful attention to several design details in or
der to optimize low frequency noise performance. Random air 
currents can generate varying thermocouple voltages that appear 
as low frequency noise: therefore sensitive circuitry should be 2 
well shielded from air flow. Keeping absolute chip temperature 
low also reduces low frequency noise in two ways: first, the low 
frequency noise is strongly dependent on the ambient tempera-
ture and increases above + 25°C. Secondly, since the gradient of 
temperature from the IC package to ambient is greater, the 
noise generated by random air currents, as previously men-
tioned, will be larger in magnitude. Chip temperature can be 
reduced both by operation at reduced supply voltages and by 
the use of a suitable clip-on heat sink, if possible. 

Low frequency current noise can be computed from the magni
tude of the dc bias current (In = y'2qIB .1f) and increases below 
approximately 100 Hz with a lIf power spectral density. For the 
AD743 the typical value of current noise is 6.9 fAly'Hz at 
I kHz. Using the formula, In = y'4kTlR.1f, to compute the 
Johnson noise of a resistor, expressed as a current, one can see 
that the current noise of the AD743 is equivalent to that of a 
3.45 x 10· n source resistance. 

At high frequencies, the current noise of a FET increases pro
portionately to frequency. This noise is due to the "real" part of 
the gate input impedance, which decreases with frequency. This 
noise component usually is not important, since the voltage 
noise of the amplifier impressed upon its input capacitance is an 
apparent current noise of approximately the same magnitude. 

In any FET input amplifier, the current noise of the internal 
bias circuitry can be coupled externally via the gate-ta-source 
capacitances and appears as input current noise. This noise is 
totally correlated at the inputs, so source impedance matching 
will tend to cancel out its effect. Both input resistance and input 
capacitance should be balanced whenever dealing with source 
capacitances of less than 300 pF in value. 

LOW NOISE CHARGE AMPLIFIERS 
As stated, the AD743 provides both low voltage and low current 
noise. This combination makes this device partkularly suitable 
in applications requiring very high charge sensitivity, such as 
capacitive accelerometers'and hydrophones. When dealing with 
a high source capacitance, it is useful to consider the total input 
charge uncertainty as a measure of system noise. 

Charge (Q) is related to voltage and current by the simply stated 
fundamental relationships: 

Q = CV and I = dQ 
dt 

As shown, voltage, current and charge noise can all be directly 
related. The change in open circuit voltage (.1 V) on a capacitor 
will equal the combination of the change in charge (.1Q1C) and 
the change in capacitance with a built in charge (QI.1C). 
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AD743 
Figures 26 and 27 show two ways to buffer and amplify the out
put of a charge output transducer. Both require using an ampli
fier which has a very high input impedance, such as the AD743. 
Figure 26 shows a model of a charge amplifier circuit. Here, 
amplification depends on the principle of conservation of charge 
at the input of amplifier AI, which requires that the charge on 
capacitor Cs be transferred to capacitor Cp , thus yielding an 
output voltage of I!i.Q/Cp. The amplifiers input voltage noise will 
appear at the output amplified by the noise gain (I + (Cs/Cp )) 

of the circuit. 

R. R2 R1 

'Of1lONAL,SEETEXT 

Figure 26. A Charge Amplifier Circuit 

R2 

C' • 

R1 

'OPTIONAL, SEE TEXT 

Figure 27. Model for a High Z Follower with Gain 

The second circuit, Figure 27, is simply a high impedance fol
lower with gain. Here the noise gain (I + (RIIR2)) is the same 
as the gain from the transducer to the output. Resistor RB, in 
both circuits, is required as a dc bias current return. 

There are three important sources of noise in these circuits. Am
plifiers Al and A2 contribute both voltage and current noise, 
while resistor RB contributes a current noise of: 

where: 

N = J4k T M 
RB 

k = Boltzman's Constant = 1.381 x 10-23 Joules/Kelvin 

T = Absolute Temperature, Kelvin (O"C = + 273.2 Kelvin) 

M = Bandwidth - in Hz (Assuming an Ideal "Brick Wall" 
Filter) 

This must be root-sum-squared with the amplifier's own current 
noise. 
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Figure 28 shows that these two circuits have an identical fre
quency response and the same noise performance (provided that 
C.,JCp = RIIR2). One feature of the first circuit is that a "T" 
network is used to increase the effective resistance of RB and 
improve the low frequency cutoff point by the same factor. 

-100 

-110 

~ -120 

~ -130 

g -140 
c 
~ -150 

II! -160 

$ -170 
a: 
!l -180 
w 
~ -190 

I!: -200 

-210 

-220 

, , 
" " 

TOTAL OUTPUT 
NOISE 

NOISE DUE TO 
As ALONE 

NOISE DUE TO 
B ALONE I 

10M 100M 10 100 lk 10k lOOk 
FREQUENCY - Hz 

Figure 28. Noise at the Outputs of the Circuits 
of Figures 26 and 27. Gain = 10, Cs = 3000 pF, 
R8 = 22Mn 

However, this does not change the noise contribution of RB 
which, in this example, dominates at low frequencies. The 
graph of Figure 29 shows how to select an RB large enough to 
minimize this resistor's contribution to overall circuit noise. 
Wben the equivalent current noise of RB « y' 4kT)IR) equals the 
noise of IB (y'2qIB), there is diminishing rerurn in making RB 
larger . 
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Figure 29. Graph of Resistance vs. Input Bias Current 
where the Equivalent Noise V4kTIR, Equals the Noise of 
the Bias Current V2ql8 

To maximize dc performance over temperature, the source resis
tances should be balanced on each input of the amplifier. This is 
represented by the optional resistor Rs in Figures 26 and 27. As 
previously mentioned, for best noise performance care should be 
taken to also balance the source capacitance designated by Ca. 
The value for Ca in Figure 26 would be equal to Cs, in Fig-
ure 27. At values of CB over 300 pF, there is a diminishing im
pact on noise; capacitor CB can then be simply a large bypass of 
0.01 .... F or greater. 
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HOW CHIP PACKAGE TYPE AND POWER 
DISSIPATION AFFECT INPUT BIAS CURRENT 
As with all JFET input amplifiers, the input bias current of the 
AD743 is a direct function of device junction temperature, IB 
approximately doubling every 10°C. Figure 30 shows the rela
tionship between bias current and junction temperature for the 
AD743. This graph shows that lowering the junction tempera
ture will dramatically improve lB. 

10" 

I 
I Va ~t1~ / TA =+25 "C 

V 
• V 

~ 
V~ 

I-f-

,0"' • 
-60 -40 -20 0 2D 40 60 80 100 120 140 

JUNCTION TEMPERATURE - "'c 

Figure 30. Input Bias Current vs. Junction Temperature 

The dc thermal properties of an IC can be closely approximated 
by using the simple model of Figure 31 where current repre
sents power dissipation, voltage represents temperature, and re
sistors represent thermal resistance (a in °C/watt). 

~ c=J 
WHERE: 
P'N = DEVICE DISSIPATION 
TA = AMBIENT TEMPERATURE 
TJ = JUNCTION TEMPERATURE 
BJC= THERMAL RESISTANCE - JUNCTION TO CASE 
BeA" THERMAL RESISTANCE - CASE TO AMBIENT 

Figure 31. A Device Thermal Model 

From this model TJ = TA +OJA Pin. Therefore, IB can be deter
mined in a particular application by using Figure 30 together 
with the published data for 0JA and power dissipation. The user 
can modify OJA by use of an appropriate clip-on heat sink such 
as the Aavid #S801. 0JA is also a variable when using the 
AD743 in chip form. Figure 32 shows bias current vs. supply 
voltage with OJA as the third variable. This graph can be used to 
predict bias current after OJA has been computed. Again bias 
current will double for every lo°C. The designer using the 
AD743 in chip form (Figure 33) must also be concerned with 
both 0Je and 0CA' since 0Je can be affected by the type of die 
mount technology used. 

Typically, OJe's will be in the 30C to SOC/watt range; therefore, 
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AD743 
for normal packages, this small power dissipation level may be 
ignored. But, with a large hybrid substrate, 0Je will dominate 
proportionately more of the total 0JA. 

.. r------------r----------~ 

1-
I 200 J--------j-=--y--+_-I 

i 
~ 
i 100 J-----'===~--j--7''--==--=; ...... 
ill 

10 15 
SUPPLY VOLTAGE-tV_ 

Figure 32. Input Bias Current vs. Supply Voltage for 
Various Values of 8JA 

SA 

(JTO 
DIE MOUNn 

Figure 33. A Breakdown of Various Package Thermal 
Resistances 

REDUCED POWER SUPPLY OPERATION FOR 
LOWERIB 

Reduced power supply operation lowers IB in two ways: first, 
by lowering both the total power dissipation and second, by re
ducing the basic gate-to-junction leakage (Figure 32). Figure 34 
shows a 40 dB gain piezoelectric transducer amplifier, which 
operates without an ac coupling capacitor, over the -40°C to 
+ 8SoC temperature range. If the optional coupling capacitor is 
used, this circuit will operate over the entire -SSoC to + 12SOC 
military temperature range. 

10011 10lUl 

'OPTIONAL DC BLOCKING CAPACITOR 
"OPTIONAL, SEE TEXT 

Figure 34. A Piezoelectric Transducer 
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AD743 
AN INPUT-IMPEDANCE-COMPENSATED, 
SALLEN-KEY FILTER 
The simple high pass filter of Figure 35 has an important source 
of error which is often overlooked. EvenS pF of input capaci
tance in amplifier "A" will contribute an additional 1 % of pass
band amplitude error, as well as distortion, proportional to the 
CJV characteristics of the input junction capacitance. The addi
tion of the network designated "Z" will balance the source im
pedance-as seen by "A"-and thus eliminate these errors. 

-v.:- --- -m-5;~-: 
I~ 1000 1 
I z = pF I 

1 1000 500Icn I 
1 pF I 
, _________ 1 

Figure 35. An Input Impedance Compensated Sal/en-Key 
Filter 

TWO HIGH PERFORMANCE ACCELEROMETER 
AMPLIFIERS 
Two of the most popular charge-out tran5ducers are hydro
phones and accelerometers. Precision accelerometers are typi
cally calibrated for a charge output (pC/g). * Figures 36a and 36b 
show two ways in which to configure the AD743 as a low noise 
charge amplifier for use with a wide variety of piezoelectric ac
celerometers. The input sensitivity of these circuits will be de
termined by the value of capacitor Cl and is equal to: 

aQour a Your = CI 
The ratio of capacitor Cl to the internal capacitance (Cor) of the 
transducer determines the noise gain of this circuit (1 + CrlCI). 
The amplifiers voltage noise will appear at its output amplified 
by this amount. The low frequency bandwidth of these circuits 
will be dependent on the value of resistor Rl. If a "T" network 
is used, the effective value is: RI (1 + R21R3). 

R1 

C1 
1250pF 

HOMII R2 
(5 x 22MlI) 9k1l 

OUTPUT 
~~~O.8mVlpC· 

Figure 36a. A Basic Accelerometer Circuit 

'pC = PicocouJombs 
g = Earth'. Gravitational Constant 
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C1 
.--:::-_--1 12 F 

R1 
110un 

(5 x 22MQ) 
R2 

9kn 

OUTPUT = O.8mVlpC· 

'pC = PICOCOULOMBS 
fI = EARTH'S GRAVITATIONAL CONSTANT 

Figure 36b. An Accelerometer Circuit Employing a DC 
Servo Amplifier 

A dc servo-loop (Figure 36b) can be used to assure a de ,output 
which is <10 mY, without the need for a large compensating 
resistor when dealing with bias currents as large as 100 nA. For 
optimal low frequency performance, the time constant of the 
servo loop (R4C2 = RSC3) should be: 

Time Constant z: 10 Rl (1 + ~!) CI 

A LOW NOISE HYDROPHONE AMPLIFIER 
Hydrophones are usually calibrated in the voltage-out mode. 
The circuits of Figures 37a and 37b can be used to amplify the 
output of a typical hydrophone. Figure 37a shows a typical dc 
coupled circuit. The optional resistor and capacitor serve to 
counteract the dc offset caused by bias currents flowing through 
resistor Rl. Figure 37b, a variation of the original circuit, has a 
low frequency cutoff determined by an RC time constant equal 
to: 

. 1 
TIme Constant = :-2----'C::---"""":-=-

R3 loon 

1T X C x 100 n 

R2 
1900n 

>-.... ~OUTPUT 
B & K TYPE 8100 .--"'--1 
HYDROPHONE 

~T 
INPUT SENSITIVITY = -179 dB reo W/JlPa** 

*OPTIONAL, SEE TEXT 
**1 VOLT PER MICROPASCAL 

Figure 37a. A Basic Hydrophone Amplifier 
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A3 
1000 

> ....... ..-.0 OUTPUT 

INPUT SENSI11VITY = -179 dB reo 1V/I'P.** 

* OPTIONAL, SEE TEXT 
**1 VOLT PEA MlCAOPASCAL 

Figure 37b. An AC-Coupled, Low Noise Hydrophone 
Amplifier 

R3 
loon 

BaKTYPE 
81aG 
HYDROPHONE 

Rl 
1080 

AS 
lG01ca 

R8 
1110 

R7 
16Mr1 

OUTPUT 

DC OUTPUTs lmV FOR I. (AD743) "100nA 

* OPTIONAL, SEE TEXT 

Figure 37c. A Hydrophone Amplifier Incorporating a DC 
Servo Loop 

- - --CB 

RZ 

Rl 

NONINVERTING 
CONNEcnON 

A 
CB=CS 
RB=Rs 

FOR 
Rs» Rl or HZ 

AD 743 I 
Where the dc gain is 1 and the gain above the low frequency 
cutoff (1I(21TCc(lOO 0))) is the same as the circuit of Figure 
37a. The circuit of Figure 37c uses a dc servo loop to keep the 
dc output at 0 V and to maintain full dynamic range for Io's up 
to 100 nA. The time constant of R7 and C2 should be larger 
than that of Rl and CT for a smooth low frequency response. 

The transducer shown has a source capacitance of 7500 pF. For 
smaller transducer capacitances (,,;300 pF), lowest noise can be 
achieved by adding a parallel RC network (R4 = Rl, Cl = ~) 
in series with the inverting input of the AD743. 

BALANCING SOURCE IMPEDANCES 
As mentioned previously, it is good practice to balance the 
source impedances (both resistive and reactive) as seen by the 
inputs of the AD743. Balancing the resistive components will 
optimize dc performance over temperature because balancing 
will mitigate the effects of any bias current errors. Balancing 
input capacitance will minimize ac response errors due to the 
amplifier's input capacitance and, as shown in Figure 38, noise 
performance will be optimized. Figure 39 shows the required 
external components for noninverting (A) and inverting (B) 
configurations. 

Rs 

40 

30 

i\ 
'\ 

I'--"UNBALANCE, 

BALANCED l" t--~ z.g nVl../Hi ......... 
'0 

'0 '00 '000 
INPUT CAPACITANCE -pF 

Figure 38. RTI Voltage Noise vs. Input Capacitance 

INVERTING 
CONNEcnON 

B 
CB=CFIICs 

RB=RlI1 Rs 

Figure 39. Optional External Components for Balancing Source Impedances 
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IIIIIIII ANALOG 
WDEVICES 

FEATURES 
AC PERFORMANCE 
500ns Settling to 0.01% for 10V Step 
1.5,...s Settling to 0.0025% for 10V Step 
75V1,...s Slew Rate 
0.0003% Total Harmonic Distortion (THD) 
13MHz Gain Bandwidth -Internal Compensation 
>200MHz Gain Bandwidth (G=1000) 

External Decompensation 
>1000pF Capacitive Load Drive Capability with 

10VlJ.LS Slew Rate - External Compansation 

DC PERFORMANCE 
0.25mV max Offset Voltage (AD744C) 
3,...Vrc max Drift (AD744C) 
250VlmV min Opan-Loop Gain (AD744B) 
4,...V pop max Noise. 0.1Hz to 10Hz (AD744C) 
Available in Plastic Mini-DIP. Plastic SOIC. Hermetic 

Cerdip. Hermetic Metal Can Packages and Chip Form 
MIL-STD-883B Processing Available' 
Surface Mount (SOIC) Package Available in Tapa 

and Reel in Accordance with EIA-481A Standard 

APPLICATIONS 
Output Buffers for 12-Bit. 14-Bit and 16-Bit DACs. 

ADC Buffers. Cable Drivers. Wideband 
Preamplifiers and Active Filters 

PRODUCT DESCRIPTION 
Thc AD744 is a fast-settling, precision, FET input, monolithic 
operational amplifier. It offers the excellent dc characteristics of 
the AD711 BiFET family with enhanced settling, slew rate, and 
bandwidth. The AD744 also offers the option of using custom 
compensation to achieve exceptional capacitive load drive 
capability . 

The single-pole response of the AD744 provides fast settling: 
sOOns to 0.01%. This feature, combined with its high dc precision, 
makes it suitable for use as a buffer amplifier for 12-bit, 14-bit 
or 16-bit DACs and ADCs. Furthermore, the AD744's low total 
harmonic distortion (THD) level of 0.0003% and gain bandwidth 
product of 13MHz make it an ideal amplifier for demanding 
audio applications. It is also an excellent choice for use in active 
filters in 12-bit, 14-bit and 16-bit data acquisition systems. 

The AD744 is internally compensated for stable operation as a 
unity gain inverter or as a noninverting amplifier with a gain of 
two or greater. ExternaI compensation may be applied to the 
AD744 for stable operation as a Unity gain follower. External 
compensation also allows the AD744 to drive lOOOpF capacitive 
loads, slewing at IOV/",s with full stability. Alternatively, external 
decompensation may be used to increase the gain bandwidth of 
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Precision, 500ns Settling 
BiFET Op Amp 

AD744 I 
CONNECTION DIAGRAMS 

TOo99 (H) Paekage 

NULL/ 
COMPENSATION 

-v 
NOTE: PIN 4 CONNECTED 
TO CASE 

Plastic Mini-DIP (N), 
Small Outline (R) and 
Cerdip (Q) Packages 

NULLI 
DECOMPENSATION 8 ~:;'~ENSAnON 

5 COMPENSATION 

the AD744 to over 200MHz at high gains. This makes the AD744 
ideal for use as ac preamps in digital signal processing (DSP) 
front ends. 

The AD744 is available in seven performance grades. The AD744J 
and AD744K are rated over the commercial temperature range 
of 0 to + 70·C. The AD744A, AD744B and AD744C are rated 
over the industrial temperature range of - 4O"C to + 8S·C. The 
AD744S and AD744T are rated over the military temperature 
range of - SS"C to + 12S·C and are available processed to MIL
STD-883B, Rev. C. 

Extended reliability PLUS screening is available, specified over 
the commercial and industrial temperature ranges. PLUS screening 
includes a 168-hour burn-in, as well as other environmental and 
physical tests. 

The AD744 is available in an 8-pin plastic mini-DIP, 8-pin 
small outline, 8-pin cerdip or TO-99 metal can. 

PRODUCT IDGHLIGHTS 
1. The AD744 is a high-speed BiFET op amp that offers excellent 

performance at competitive prices. It outperforms the OPA602/ 
OPA606, LF3S6 and LF400. 

2; The AD744 offers exceptional dynamic response. It settles to 
0.01% in sOOns and has a 100% tested minimum slew rate of 
SOVl",s (AD744B). 

3. The combination of Analog Devices' advanced processing 
technology, laser wafer drift trimming and well-matched ion
implanted JFETs provide outstanding dc precision. Input 
offset voltage, input bias current, and input offset current 
are specified in the warmed-up condition; all are 100% 
tested. 

4. The AD744 has a guaranteed and tested maximum voltage 
noise of 4",V pop, O.IHz to 10Hz (AD744C). 
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AD744-SPECIFICATIONS (@ +25°C and ±15V dc, unless otherwise noted) 

Model AD744J/AiS AD744KIBIT AD744C 
Conditions Mm Typ Mu Mm Typ Mu Mia Typ Molt 

INPUT OFFSET VOLTAGE 
Initial Offset 0.3 1.0 0.25 0.5 0.10 O.zs 

OIfut Tmin-T II1lIJ< 21212 1.0 '.45 
vs. Temp. 5 20/20120 5 10 2 3 
va. Supply' 82 95 88 100 9Z lIO 
vs. Supply Tmin-Tmax 82182/82 88 9Z 

Loog-TermStability 15 15 15 

lNPUT BIAS CURRENT' 
Either Input VCM==OV 30 100 30 100 30 50 
Either InPUt@Tmu= VCM=OV 

J,K 7O'C 0.7 2.3 0.7 2.3 
A,D,C 85"C .1.9 6.4 1.9 6.4 1.9 3.2 
S,T 125"C II 102 31 102 

Either Input VC,M"" + lOY 40 150 40 150 40 lao 
OtTsetCurrent VCM=OV 20 50 10 50 10 20 
Offset Current@Tnwr.== VCM.=OV 

J,K 7O'C 0.4 1.1 0.2 1.1 
A,B,C 85"C 1.3 3.2 0.6 3.2 0.6 1.3 
S,T 125'C 20 52 10 52 

FREQUENCY RESPONSE 
GainDW, Small Signal G=-1 8 13 9 13 9 13 
Full Power Response Vo =20Vp-p 1.2 1.2 1.2 
S1ewRate,UnityGain G=-1 45 75 50 75 50 7S 
SettlingTimetoO.01%4 G=-1 0.5 0.75 0.5 0.75 0.5 0.75 
Total Hannonic f=lkHz 

Distortion Rl;a.;2k!l 
Vo =3Vnns 0.0003 0.0003 0.0003 

INPUT IMPEDANCE 
Differential 3x 10"115.5 3x10"115.5 3x 10''115.5 
CommonMode 3x 10"115.5 3x 10"115.5 '3x 10''15.5 

INPUT VOLTAGE RANGE 
DifferentialS :t:20 ±20 ±20 
Common-Mode Voltage + 14.5, -I~.s +14'.5, -lI.5 +14.5, -11.5 
Over Max Operating Range6 -11 +13 -11 +13 -11 +13 
Common-Mode Rejection Ratio VCM,= ± lOY 78 88 82 88 86 94 

Tmm to Tnw: 76176176 84 'SO 84 86 90 
VCM = ±llV 72 84 78 84 118 90 
TmintoTmu 70/70170 80 74 80 76 84 

lNPUTVOLTAGENOISE a.l to 10Hz 2 2 2 4 
f=lOHz 45 45 45 
f=lOOHz 22 22 22 
f=lkHz 18 18 18 
f=lOkHz 16 16 16 

INPUT CURRENT NOISE f=lkHz 0.01 0.01 0.01 

OPEN LOOP GAIN' Vo= ±IOV 
RLOAD~2kO 200 400 250 400 250 400 
TmintoT"uu, 100/1001100 100 150 

OUTPUT CHARACTERISTICS 
Voltage R LoAD2::2kfi +13, -12.5 + 13.9, -13.3 +13. -12.S + 13.9, -13.3 +13. -12.5 + 13.9, -13.3 

Tmi"toTmIX ±12/±12/:±:12 + 13.8, -13.1 ±12 + 13.8, -13.1 ±12 + 13.8, -13.1 
Current ShortMCircuit 25 25 25 
Capacitive Load' Gain= -I 1000 1000 1000 

POWER SUPPLY 
R.ated Performance ± 15 ±15 ±15 
Operatina Range ±4.S ±18 ±4.S ±18 ±4.S ±18 
QuiescentCurrent 3.5 5.0 3.5 4.0, 3.5 4.0 

TEMPERATURE RANGE 
Operating, Rated Performance 

Commercial (0 to + 700c) AD744J AD744K 
Industrial ( - 400C to + 85"C) AD744A AD744D AD744C 
Military ( - S5"Cto + 125°C) AD744S AD744T 

PACKAGHOPTIONS' 
8--Pin Plastic MiniMDIP (NM8) and 

SOIC(R.8) AD744JN,AD744JR AD744KN,AD744KR 
8.PinCerdip(Q·8) AD744AQ,AD744SQ AD744BQ,AD744TQ AD744CQ 
TO·99 Metal Can(H·OSA) AD744AH,AD744SH AD744BH,AD744TH AD744CH 
Tape and Reel AD744JR·REEL AD744KR·REEL 
Chips Available AD744JChips AD744SCbips 

NOTES 
Iinput Offset Voltage specifICations are 'guaranteed after S minutes of operation at TA= +2S"C. 
2pSRR test conditions: +Vs=lSV, -Vs= -12V to -18V and +Vs= 12V to 18V, -Vs= -15V. 
)Bias Current Specifications are guaranreed maxiiilUm at either input after 5 minutes of operation at T A = + 2S"C. For higher temperllUre. the aureat doublca every 1O"C. 
4<Jain= -1, RL=2k, CL = lOpF, refer to Figure 25. 
5Defmed as volt. between inputs. such that neither exceeds ± lOY from ground. 
'Typically exceeding -14.IV negative common~mode voltage on eit~ input results in ~ outpu~ phase reversal. 
70pen~Loop Gain is specified with Vos both nulled and unnulled. 
&capacitive load drive specified for CcoMP= 20pF with tbe device connected as shown in Figure 32. Under these conditions, slew nte= 14V1fL1 and 0.01% setdiDg time= .. 5 .... typical. 
Refer to Tab.le II for optimum compensation while driving a capacitive load. 

9p0l' oulline information see Package Infonnation section. 

Specifications subject to change without notice. 

:0'" 
. 

mV 
mV 
"VI'C 
dB 
dB 
"VllDOIItb 

pA 

aA 
aA 
aA 
pA 
pA 

aA 
aA 
aA 

MHz 
MHz 
VI,.. ... 
% 

OIPF 
O/pF 

V 
V 
V 
dB, 
dB 
dB 
dB 

::~ 
nVNiiZ 
nVNiiZ 
nVNiiZ 

pANiiZ 

V/mV 
V/mV 

V 
V 
mA .. 
pF 

V 
V 
mA 

Specifications in boldface are tested on all production units at flD8l electrical test. Results from those tests are used to calculate outsoins qualitY levels. AU min and DIU spcdticatioDI are paraatellcl. alrbousb 
only those shown in boldface are tested on all production units. 
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ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ...... . 
Internal Power Dissipation2 • • 

Input Voltage3 ........ . 
Output Short Circuit Duration 
Differential Input Voltage . . . 
Storage Temperature Range (Q, H) 
Storage Temperature Range (N, R) 
Operating Temperature Range 

AD744J/K . 
AD744A/B/C . . . .... . 
AD744S/T ........ . 

. ±lSV 
sOOmw 

. ±lSV 
Indefinite 

+Vsand -Vs 
-6S·C to + lS00C 
- 6S·C to + 12SOC 

... 0 to +70·C 
-40·C to +SS·C 

- SS·C to + 12SOC 

AD744 
NOTES 
IStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indio 
ted in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 
2Therrna1 Characteristics 

8-PinPlasticPackage: 61C = 33'C1W,6IA = lOO'ClW 
8-Pin Cerdip Package: 61c = 22'CIW, 61A = 11 O'CIW 
8-Pin Metal Can Package: 61c = 6S·CIW,6IA = ISO'CIW 
8-PinSOICPackage: 61c = 42·CIW,6IA = 160'CIW 

'For supply voltages less than ± 18V, the absolute maximum input voltage 
is equal to the supply voltage. 

Lead Temperature Range (Soldering 60 sec) ...... 3000C 

0.063 

l 
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METALIZATION PHOTOGRAPH 
Contact factorY for latest dimensions. 

Dimensions shown in inches and (rom). 

1 
NULL/COMPENSATION 

8 
NULL/COMPENSATION 

..... __ -----0.063:-----...... I -~ I 
/1.60) 

7 
+Vs 

6 
OUTPUT 

5 
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AD744-Typical Characteristics 
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Figure 1. Input Voltage Swing vs. 
Supply Voltage 

20 

4.0 r-----r-----,----,-----, 

~ '51---4v---b--=*==~ 

I 
o 3.01----+---+---4----1 

I 
til 2.51----+---+---4----1 

2.0 oL---~---..,,"'0---.J.'5---~2. 

0 

40 

0 

0 

0 

SUPPLY VOLTAGE - Volts 

Figure 4. Quiescent Current vs. 
Supply Voltage 
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Figure 7. Input Bias Current vs. 
Common-Mode Voltage 
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Figure 17. Input Noise Voltage 
Spectral Density 
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'GO • 
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Figure 19. Settling Time vs. Closed 
Loop Voltage Gain 

Figure 22a. Unity Gain Follower 

2kU 

SQUARE 
WAVE 
INPUT 

7.5pF 

Figure 23a. Unity Gain Inverter 
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TO SPECTRUM ANALVZER ........ 

NUlL 
ADJUST ERROR SIGNAL 

OUTPUT 
1CNcn CERRORt11J 

DISTORllON 
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Figure 20. THO Test Circuit 

Figure 22b. Unity Gain Follower 
Large Signal Pulse Response, 
CCOMP=5pF 

Figure 23b. Unity Gain Inverter 
Large Signal Pulse Response, 
CCOMP = OpF 

+v. 

Figure 21. Offset Null Configuration 

Figure 22c. Unity Gain Follower 
Small Signal PulselResponse, 
CCOMP=5pF 

Figure 23c. Unity Gain Inverter 
Small Signal Pulse.Response, 
CCOMP = OpF 
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POWER SUPPLY BYPASSING 
The power supply connections to the AD744 must maintain a 
low impedance to ground over a bandwidth of 10MHz or more. 
This is especially important when driving a significant resistive 
or capacitive load, since all current delivered to the load comes 
from the power supplies. Multiple high quality bypass capacitors 
are recommended for each power supply line in any critical 
application. A O.l",F ceramic and a l",F electrolytic capacitor as 
shown in Figure 24 placed as close as possible to the amplifier 
(with short lead lengths to power supply common) will assure 
adequate high frequency bypassing, in most applications. A 
minimum bypass capacitance of 0.1 JLF should be used for any 
application. 

+Vs 

Figure 24. Recommended Power Supply Bypassing 

MEASURING AD744 SETTLING TIME 
The photos of Figures 26 and 27 show the dynamic response of 
the AD744 while operating in the settling time test circuit of 
Figure 25. The input of the settling time fixture is driven by a 
flat-top pulse generator. The error signal output from the false 
summing node of AI, the AD744 under test, is clamped, amplified 
by op amp A2 and then clamped again. 

Figure 26. Settling Characteristics 0 to + 10V Step 
Upper Trace: Output of AD744 Under Test (5Vldiv.) 
Lower Trace: Amplified Error Voltage (O.01%ldiv.) 
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Figure 25. Settling Time Test Circuit 

The error signal is thus clamped twice: once to prevent overloading 
amplifier A2 and then a second time to avoid overloading the 
oscilloscope preamp. A Tektronix oscilloscope preamp type 

7 A26 was carefully chosen because it recovers from the approxi
mately OAV overload quickly enough to allow accurate measure
ment of the AD744's 500ns settling time. Amplifier A2 is a very 
high-speed FET-input op amp; it provides a voltage gain of 10, 
amplifying the error signal output of the AD744 under test. 

'1OI!V 1_ L5~_I ___ t_; 
---L- ~ ~ _: ! 1 . 1-1-

, I I 

Figure 27. Settling Characteristics 0 to -10V Step 
Upper Trace: Output of AD744 Under Test (5Vldiv.) 
Lower Trace: Amplified Error Voltage (O.Ol%ldiv.) 

OPERATIONAL AMPLIFIERS 2-235 



AD744 

NUlLi 
COMPENSATION 

NUlLi 
OECOMPENSATION 

Figure 28. AD744 Simplified Schematic 

EXTERNAL FREQUENCY COMPENSATION 
Even though the AD744 is useable without compensation in 
most applications, it may be externally compensated for even 
more flexibility. This is accomplished by connecting a capacitor 
between Pins 5 and 8. Figure 28, a simplified schematic of the 
AD744, shows where this capacitor is connected. This feature is 
useful because it allows the AD744 to be used as a unity gain 
voltage follower. It also enables the amplifier to drive capacitive 
loads up to 2000pF and greater. 

The slew rate and gain bandwidth product of the AD744 are 
inversely proportional to the value of the compensation capacitor, 
CcoMP. Therefore, when trying to maximize the speed of the 
amplifier, the value of CcOMP should be minimized. CcOMP can 
also be used to slow the amplifier to a point where the slew rate 
is perfectly symmetrical and well controlled. Figure 29 summarizes 
the effect of external compensation on slew' rate and bandwidth. 
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Figure 29. Gain Bandwidth and Slew Rate vs. CCOMP 

The following section provides tables to show what CcoMP values 
will provide the necessary compensation for given circuit config
urations and capacitive loads. In each case, the recommended 
CcOMP is a minimum value. A larger CcOMP can always be used, 
but slew rate and bandwidth performance will be degraded. 
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Figure 30 shows the AD744 configured as a unity gain voltage 
follower. In this case, a minimum compensation capacitor of 
5pF is neCessary for stable operation. Larger compensation 
capacitors can be used for driving larger capacitive loads. Table 
I outlines recommended minimum values for CcoMP based on 
the desired capacitive load. It also gives the slew rate and bandwidth 
that will be achieved for each case. 

+v. 

Figure 30. AD744 Connected as a Unity Gain Voltage 
Follower 

Max -3dB 
CLOAD CcoMP Slew Rate Bandwidth 

Gain (pF) (pF) (V/lJ.s) (MHz) 

1 50 5 37 6.5 
1 150 10 25 4.3 
1 2000 25 12.5 2.0 

Table I. Recommended Values of CCOMP vs. Various 
Capacitive Loads 

Figures 31 and 32 show the AD744 as a voltage follower with 
gain and as an inverting amplifier. In these cases, external com
pensation is not necessary for stable operation. However, com
pensation may be applied to drive capacitive loads above 50pF. 
Table II gives recommended CcoMP values, along with expected 
slew rates and bandwidths for a variety of load conditions and 
gains for the circuits in Figures 31 and 32. 
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CU,AO" 

R1" R2" R2" 

+Vs +V. 

R1' 

v,. 
VOUT 

V'N 

·seE TABLE II 

Figure 31. A0744 Connected as a Voltage Follower 
Operating at Gains of 2 or Greater 

Figure 32. A0744 Connected as an Inverting Amplifier 
Operating at Gains of 1 or Greater 

Max Slew -3dB 
RI R2 Gain Gain CLOAD CcoMP CLEAn Rate Bandwidth 
(n) (n) Follower Inverter (pF) (pF) (PF) (V/",s) (MHz) 

4.99k 4.99k 2 1 50 0 7 75 2.5** 
4.99k 4.99k 2 1 150 5 7 37 2.3** 
4.99k 4.99k 2 1 1000 20 - 14 1.2 
4.99k 4.99k 2 1 >2000 25 - 12.5* 1.0 

4990 4.99k 11 10 270 0 - 75 1.2 
4990 4.99k 11 10 390 2 - 50 0.85 
4990 4.99k 11 10 1000 5 - 37* 0.60 

"Into large capacitive loads the AD744's 25mA output current limit sets the slew Illte of the amplifier, 
in V/",s, equal to 0.025 amps divided by the value of CLOAD in ",F. Slew rate is specified into rated 
max CLOAD except for cases marked ", which are specified with a 50pF load. 

""Bandwidth with CLEAD adjusted for minimum settling time. 

Table II. Recommended Values of CCOMP vs. Various Load Conditions for the 
Circuits of Figures 31 and 32. 

Using Decompensation to Extend the Gain Bandwidth 
Product 
When the AD744 is used in applications where the closed-loop 
gain is greater than 10, gain bandwidth product may be enhanced 
by connecting a small capacitor between Pins 1 and 5 (Figure 
33). At low frequencies, this capacitor cancels the effects of the 
chip's internal compensation capacitor, CCOMP, effectively de
compensating the amplifier. 

Due to manufacturing variations in the value of the internal 
CcoMP, it is recommended that the amplifier's response be 
optimized for the desired gain by using a 2 to IOpF trimmer 
capacitor rather than using a fixed value. 

Rl R2 Gain Gain -3dB Gain/BW 
(n) (n) Follower Inverter Bandwidth Product 

lk 10k 11 10 2.5MHz 25MHz 
100 10k 101 100 760kHz 76MHz 
100 lOOk 1001 1000 225kHz 225MHz 

Table Iff. Performance Summary for the Circuit of 
Figure 33 
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Figure 33. Using the Decompensation Connection to Extend 
Gain Bandwidth 
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BIPOLAR OFFSET ADJ. 

GAIN 
ADJ 

1000 

Figure 34. ± 10V Voltage Output Bipolar DAC USing the 
AD744 as an Output Buffer 

HIGH-SPEED OP AMP APPLICATIONS 
AND TECHNIQUES 

DAC BUffers (I-to-V Converters) 
Digital-to-analog converters which use bipolar transistors to 
switch currents into (or out ot) their outputs can achieve very 
fast settling times. The AD565A, for example, is specified to 
settle to 12 bits in less than 2500s, with a current output. However, 
in many applications, a voltage output is desirable, and it would 
be useful- perhaps essential- that this I-to-V conversion be 
accomplished without increasing the settling time or without 
degrading the accuracy of the DAC. 

Figure 34 is a schematic of an AD565A DAC using an AD744 
output buffer. The 10pF CLEAD capacitor compensates for the 
DAC's output capacitance, plus the 5.5pF amplifier input 
capacitance. 

Figure 35 is an oscilloscope photo of the AD744's output voltage 
with a + 10V to OV step applied; this corresponds to an all "Is" 
to all "Os" code change on the DAC. Since the DAC is connected 
in the 20V span mode, ILSB is equal to 4.88mV. Output settling 
time for the AD565/AD744 combination is less than 500ns to 
within a 2.44mV, 1I2LSB error band. 
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Figure 35. Upper Trace: AD744 Output Voltage for a + 10V 
to OV Step, Scale: 5mV/div. 
Lower Trace: Logic Input Signal, Scale: 5V/div. 

A HIGH-SPEED, 3 OP AMP INSTRUMENTATION 
AMPLIFIER CIRCUIT 
The instrumentation amplifier circuit shown in Figure 36 can 
provide a range of gains from unity up to 1000 and higher. The 
circuit bandwidth is 4MHz at a gain of I and 750kHz at a gain 
of 10; settling time for the entire circuit is less than 2JLs to 
within 0.01% for a lOY step, (G= 10). 

While the AD744 is not stable with 100% negative feedback (as 
when connected as a standard voltage follower), phase margin 
and therefore stability at unity gain may be increased to an 
acceptable level by placing the parallel combination of a resistor 
and a small lead capacitor between each amplifier's output and 
its inverting input terminal. 

The only penalty associated with this method is a small bandwidth 
reduction at low gains. The optimum value for CLEAD may be 
determined from the graph of Figure 41. This technique can be 
used in the circuit of Figure 36 to achieve stable operation at 
gains from unity to over 1000. 
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CIRCUIT GAIN = m.w! + 1 

*1.5pF - 20pF 
(TRIM FOR BEST SETTUNG TIMEI 
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PROCEDURE SHOWN IN 
FlGURE21. 

Figure 36. A High Performance, 3 Op Amp Instrumentation 
Amplifier Circuit 

Gain Ra Bandwidth T Settle (0.01%) 

I NC 3.5MHz I.5ILS 

2 20kO 2.5MHz l.OlLs 
10 2.22kO IMHz 2ILs 
100 202n 290kHz 5ILs 

Table IV. Performance Summary for the 3 Op Amp 
Instrumentation Amplifier Circuit 

Figure 37. The Pulse Response of the 3 Op Amp 
Instrumentation Amplifier. Gain = 1, Horizontal Scale: 
0.5JJ. Vldiv., Vertical Scale: 5Vldiv. (Gain = 10) 
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AD744 

Figure 38. Settling Time of the 3 Op Amp Instrumentation 
Amplifier. Horizontal Scale: 500nsldiv., Vertical Scale, 
Pulse Input: 5Vldiv., Output Settling: 1mVldiv. 

Minimizing Settling Time in Real-World Applications 
An amplifier with a "single pole" or "ideal" integrator open-loop 
frequency response will achieve the minimum possible settling 
time for any given unity-gain bandwidth. However, when this 
"ideal" amplifier is used in a practical circuit, the actual settling 
time is increased above the minimum value because of added 
time constants which are introduced due to additional capacitance 
on the amplifier's summing junction. The following discussion 
will explain how to minimize this increase in settling time by 
the selection of the proper value for feedback capacitor, CL • 

If an op amp is modeled as an ideal integrator with a unity gain 
crossover frequency, fo, Equation I will accurately describe the 
smaIl signal behavior of the circuit of Figure 39. This circuit 
models an op amp connected as an I-to-V converter. 

Equation I would completely describe the output of the system 
if not for the op amp's fmite slew rate and other nonlinear effects. 
Even considering these effects, the fme scale settling to <0.1% 
will be determined by the op amp's smaIl signal behavior. 

Equation l. 

Vo -R 
lIN = R(CL+Cx) 2 (GN RC s+1 

21TFo s + 21TFo + L 

Where Fo = the op amp's unity gain crossover frequency 

GN = the "noise" gain of the circuit ( 1 + ~) 

This Equation May Then Be Solved for CL : 

Equation 2. 
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AD744 
In these equations, capacitance Cx is the total capacitance ap
pearing at the invertilJg terminal of rheop ,amp. \Vhen modeling 
an I-to-V converter app~Q\'l~tiieNorton eQuivalent circuit of 
Figure 39 can be useddireCti.Y;'Ca~tance C~ is the total 
capacitance of the output of the~t, source pillS the input 
capacitance of the OPJUUP'; wbichincllideS any stray capacitance 
at the op amp's input: ' 

Figure 39. A Simplified Model of the AD744 Used as a 
Current-to-Voltage Convener ' 

When Ro and 10 are replaced with their Thevenin V IN and RIN 
equivalents, the general purpose inverting amplifier model of 
Figure 40 is created. Here capacitor Cx represents the input 
capacitance of the AD744 (S.SpF) plus any stray capacitance 
due to wiring and the type of IC package employed. 

In either case, the capacitance Cx causes the syslem to go from 
a one-pole to a two-pole response; this additional pole increases 
settling time by introducing peaking or ringing in the op amp's 
output. If the value of Cx 'can be estimated with reasonable 
accuracy, Equation 2 can be used to choose the correct value for 
a small capacitor, CL , which will optimize amplifier response. If 
the value of Cx is not known, CL should be a variable capacitor. 
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Figure 40. A Simplified Model of the AD744 Used as an 
Inverting Amplifier 

As an aid to the designer, the optimum value of CL for one 
specific amplifier connection can be determined from the graph 
of Figure 41. This graph has been produced for the case where 
the AD744 is connected as in Figures 39 and 40 with a practical 
minimum value for CsntAv of 2pF and a total Cx value of 
7.SpF. 

The approximate value of CL can be determined for almost any 
application by solving Equation 2. For example, the ADS6S/AD744 
circuit of Figure 34 constrains aJJ the variables of Equation 2 
(GN=3.2S,R= IOkO,Fo= J3MHz,andCx =32.SpF). Therefore, 
under these conditions, CL = IO.SpF. 

"I ~ 
'fl 111 '\N 1 
rl / 
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IN THIS AEGION Gp ~ g~~ ~ T~F",J1 

:rNYl~ I>J G'=f I"" ~ 

100 1k 10k lOOk 
VALUE OF ReSISTOR _ H 

Figure 41. Practical Values of CL vs. Resistance of R for 
Various Amplifier Noise Gains 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
UL TRALOW NOISE PERFORMANCE 
2.9 nV/YHz at 10 kHz 
0.38 /JoV JrJ!. 0.1 Hz to 10 Hz 
6.9 fA/YHz Current Noise at 1 kHz 

EXCELLENT AC PERFORMANCE 
12.5 V//Jos Slew Rate 
20 MHz Gain Bandwidth Product 
THO = 0.0002% @ 1 kHz 
Internally Compensated for Gains of +5 lor -41 or 

Greater 

EXCELLENT DC PERFORMANCE 
0.5 mV max Offset Voltage 
250 pA max Input Bias Current 
2000 V/mV min Open Loop Gain 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 

APPLICATIONS 
Sonar 
Photodiode and IR Detector Amplifiers 
Accelerometers 
Low Noise Preamplifiers 
High Performance Audio 

PRODUCT DESCRIPTION 
The AD745 is an ultralow noise, high speed, FET input opera
tional amplifier. It offers both the ultralow voltage noise and 
high speed generally associated with bipolar input op amps and 
the very low input currents of FET input devices. Its 20 MHz 
bandwidth and 12.5 V/jJ.s slew rate makes the AD745 an ideal 
amplifier for high speed applications demanding low noise and 
high dc precision. Furthermore, the AD745 does not exhibit an 
output phase reversal. 

1000r-----~----~------~----_.~--_, 
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Ultralow Noise, High 
Speed, BiFET Op Amp 

AD745 I 
CONNECTION DIAGRAMS 

8-Pin Plastic Mini-DIP (N) & 
8-Pin Cerdip (Q) Packages 

16-Pin SOIC (R) Package 

Ne Ne 

OFFSET Ne 
NUU 

OFFSET Ne 
NULL 

OUTPUT 

OFFSET OFFSET 

NULL NULL 

Ne 

The AD745's guaranteed, tested maximum input voltage noise 
of 4 nV/y'Hz at 10 kHz is unsurpassed for a FET-input mono
lithic op amp, as is its maximum 1.0 II-V p-p noise in a 0.1 to 
10 Hz bandwidth. The AD745 also has excellent dc performance 
with 250 pA maximum input bias current and 0.5 mV maxi
mum offset voltage. 

The internal compensation of the AD745 is optimized for higher 
gains, providing a much /ligher bandwidth and a faster slew 
rate. This makes the AD745 especially useful as a preamplifier 
where low level signals require an amplifier that provides both 
high amplification and wide bandwidth at these higher gains. 
The AD745 is available in five performance grades. The AD745J 
and AD745K are rated over the commercial tempemture range 
ofO"C to +70°C. The AD745A and AD745B are mted over the 
industrial temperature range of -40°C to +85°C. The AD745S 
is mted over the military temperature mnge of -55°C to +125°C 
and is available processed to MIL-STD-883B, Rev. C. 

The AD745 is available in 8-pin plastic mini-DIP, 8-pin cerdip, 
16-pin SOIC, or in chip form. 
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AD745-SPECIFICATIONS (@ +25°C and ±15 V dc, unless otherwise noted) 
, ' 

ModeJ AD745J/A AD745KIB AD745S 
Conditio.s MiD Typ Max MiD Typ Max MiD Typ Max 

INPUT OFFSET VOLTAGE' 
Initial Offset 0.25 1.0/0.8 0.1 0.5/0.25 0.25 1.0 
Initial Offset TmiD to Tmax 1.5 1.0/0,50 2.0 
VI. Temp. Tmio to Tmu: 2 2 2 
VI. Supply (PSRR) 12Vtol8V2 90 96 100 106 90 96 
VI. Supply (PSRR) TOlin to TINK 88 98 105 88 

INPUT BIAS CURRENT' 
Either Input VCM = OV 150 400 ISO 250 ISO 400 
Either Input 

@T_ VCM = OV 8.8/25.6 5.5/16 413 
Either Input VCM = +IOV 250 600 2SO 400 300 600 
Either Input, Vs = ±5 V VCM = OV 30 200 30 125 30 200 

INPUT OFFSET CURRENT VCM = OV 40 ISO 30 75 40 ISO 
Offset Current 

@'T_ VCM = OV 2.216.4 1.1/3.2 102 

FREQUENCY RESPONSE 
Gain BW, Small Signal G =-4 20 20 20 
Full Power Response Vo = 20V p-p 120 120 120 
Slew Rate G =-4 12.5 12.5 12.5 
Settling Time to 0.01% 5 5 5 
Total Harmonic f= I kHz 

Distortion4 G =-4 0.0002 0.0002 0.0002 

INPUT IMPEDANCE 
Differential I x 10'°1120 I x 10'°1120 I x 10'''1120 
Common Mode 3 x 10"1118 3 x 10"1118 3 x 10"1118 

INPUT VOLTAGE RANGE 
Differential' ±2O ±2O ±2O 
Common-Mode Voltage + 13.3, -10.7 +13.3, -10.7 + 13.3, -10.7 
Over Max Operating Range" -10 +12 -10 +12 -10 +12 
Common-Mode 

Rejection Ratio VCM = ±IOV 80 9S 90 102 80 95 
Tmin to Tnwr. 78 88 78 

INPUT VOLTAGE NOISE 0.1 to 10Hz 0.38 0.38 1.0 0.38 
f = 10Hz 5.5 5.5 10.0 5.5 
f = 100 Hz 3.6 3.6 6.0 3.6 
f=lkHz 3.2 5.0 3.2 5.0 3.2 5.0 
f = 10kHz 2.9 4.0 2.9 4.0 2.9 4.0 

INPUT CURRENT NOISE f=lkHz 6.9 6.9 6.9 

OPEN WOP GAIN Vo = ±IOV 

RLOAD '" 2kO 1000 4000 2000 4000 1000 4000 
TmiD toT_ 800 1800 800 
RLOAD = 6000 1200 1200 1200 

OUTPUT CHARACTERISTICS 
Voltage RWAD.2:6000 +13, -12 +13, -12 +13, -12 

RLOAD '" 6000 +13.6, -12.6 + 13.6, -12.6 + 13.6, -12.6 
Tmjn to TIDQ +12, -10 +12, -10 +12, -10 
RLOAD ", 2kO ±12 + 13.8, -13.1 ±12 + 13.8, -13.1 ±12 + 13.8, -13.1 

Current Short Circuit 20 40 20 40 20 40 

POWER SUPPLY 
Rated Pezformaace ±15 ±15 ±15 
Operating Range ±4.8 ±18 ±4.8 ±18 ±4.8 ±18 
Quiescent Current 8 10.0 8 10.0 8 10.0 

TRANSISTOR COUNT # nf Transistors SO SO SO 

NOTES 
'Input offset vol ..... peclflC8liona..., suaranteed after 5 minUtel nf operation at TA = +2S'C. 
'Test oondiliona: +V. = 15 V, -V. = 12 V to 18 V 8IId +Vs = 12 V to +18 V, -Vs = IS V. 
JBias current specificatioas are guaranteed muimum at either input after 5 minutes of operation at TA = +250(;. FOI' higher temperature, the current doubles evetY lOOC. 
'Gain = -4, RL = 2 kO, CL = 10 pF. 
'Defined as vol .... between inpolS, such that neither~. ±IO V from oommon. 
"The AD74S does not _bit an oulput plIase reversal when the _live c:ommon-mode limit is ~. 

All min aad mss specification. are suaranteed. 
Specifications subject 10 clIange without notice. 
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AD745 
ABSOLUTE MAXIMUM RATINGS' NOTES 

Supply Voltage ........................... ± IS V 
Internal Power Dissipation2 

Plastic Package .......................... 1.3 W 
Cerdip Package .......................... l.l W 
SOIC Package .......................... 1.2 W 

lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is • stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Input Voltage ............................. ±Vs 
Output Short Circuit Duration ............... Indefinite 

'8-pin plastic package: alA = lOO'CIWatt, ale = SO'ClWatt 
8-pin cerdip package: alA = llO'ClWatt, ale = 30'ClWatt 

Differential Input Voltage ............... + V s and -V s 
16-pin plastic SOIC package: alA = lOO'CIWatt, ale = 30'ClWatt 

Storage Temperature Range (Q) ......... -6S"<: to + ISO°C ESD SUSCEPTIBILITY 
Storage Temperature Range (N, R) ....... -6S'C to +12SoC 
Operating Temperature Range 

AD74SJ/K ........................ O°C to +70°C 
AD74SAIB ...................... -40°C to +SsoC 
AD74SS ....................... -SsoC to + 12SoC 

An ESD classification per method 301S.6 of MIL STD 883C 
has been performed on the AD74S, which is a class 1 device. 
Using an IMCS SOOO automated ESD tester, the two null pins 
will pass at voltages up to 1000 volts, while all other pins will 
pass at voltages exceeding 2S00 volts. 

Lead Temperature Range (Soldering 60 seconds) ...... 300°C 

1 
OFFSET 

NULL 

INVERTING 
INPUT 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

V+ 
7 

OUTPUT 
6 

I~"'-------------------~;~~f--------------------~ 

Model 

AD74SJN 
AD74SKN 
AD745AN 
AD74SJR 
AD74SAR 
AD745AQ 
AD74SBQ 
AD745SQ 
AD745SQl883B 
AD745J Chips 
AD745S Chips 

ORDERING GUIDE 

Temperature Range 

0"<: to +700c 
OOC to +70"<: 
-40"<: to +85"<: 
OOC to +70°C 
-40"<: to +85°C 
-40"<: to +S5°C 
-40"<: to +85"<: 
-55"<: to + 125°C 
-55"<: to + 125°C 
0"<: to +70"<: 
- 55"<: to + 125°C 

Package 
Options* 

N-S 
N-S 
N-S 
R-16 
R-16 
Q-S 
Q-S 
Q-8 
Q-S 

*N = Plastic DIP; R = Small Outline IC; Q = Cerdip. For outline infor
mation see Package Information section. 

1 
0.0827 
(2.10) 
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AD745-Typical Characteristics (@ +25"&, Vs = :1:15 V unless otherwise noted) 
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Figure 1. Input Voltage Swing vs. 
Supply Voltage 
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Figure 2. Output Voltage Swing VS. 
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Temperature 

80 

70 

1 80 
I 

t:5O 
:Ii 
::140 
!Z 
i 30 
::> 
"'20 

10 

o 

::::: ~ 
I"" 

I I I 
I I I 

,/ ,OUTPUT 

::::brT 
I~ ~ 

-OUTPUT r""r; 
,CUTEY 

I I I 
-80-40-20 0 20 40 80 80 100120140 

TEMPERATURE _·C 

Figure 8, Short Circuit Current Limit 
VS. Temperature 

o 
10 

~ 

I 
J 

V 

100 lk 10k 
LOAD RESISTANCE -" 

Figure 3. Output Voltage Swing VS. 

Load Resistance 

" 

200 
100 

/ 
I 10 

i 
IU 

I 1 

CLOSED.l,OOP GAIN = -6 ~ 0 0.1 

0.01 
10k lOOk 1M 10M 

FREQUENCY - Hz 

100M 

Figure 6. Output Impedance VS. 

Frequency 

"I'\.. 
~ 

"r'\. 

r\ 
"I'\.. 

'" 14 
-60 -40 -20 0 20 40 80 80 100 120 140 

TEMPERATURE _·c 

Figure 9. Gain Bandwidth Product 
vs. Temperature 

REV. A 



Typical Characteristics-AD745 
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Figure 11. Slew Rate vs. 
Temperature 

11111111 
+suppL'v 

-SUPPLY 

100 Ik 10k lOOk 1M 10M 100M 

FREQUENCY- Hz 

Figure 14. Power Supply Rejection 
vs. Frequency 

1.0 ~ ~100 

0.1 ( ~ 
1 z 

III 

1111111 
CLOll~D LO 

III 

111111111 
P~IN=+S 

~ 
0.01 I s 10 

GAIN =+10 

-f'INrlil j ~ 

lillY GAIN 0-4 

I II If I III I 
10 100 Ik 10k 

FREQUENCY- Hz 

0.001 I 
0.0001 ~ 

g 
0.00001 .... 

lOOk 

Figure 16. Total Harmonic Distortion 
vs. Frequency 

REV. A 

! 

100 lk 10k lOOk 1M 10M 

FREQUENCY - Hz 
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Spectral Density 
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AD745-Typical Characteristics 
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Figure 22b. Gain of 5 Follower 
Large Signal Pulse Response 

Figure 23b. Gain of 4 Inverter Large 
Signal Pulse Response 

Figure 21 . Offset Null Configura
tion, 8-Pin Package Pinout 

Figure 22c. Gain of 5 Follower 
Small Signal Pulse Response 

Figure 23c. Gain of 4 Inverter Small 
Signal Pulse Response 
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OP AMP PERFORMANCE: JFET VS. BIPOLAR 
The AD745 offers the low input voltage noise of an industry
standard bipolar op amp without its inherent input current er
rors. This is demonstrated in Figure 24, which compares input 
voltage noise vs. input source resistance of the OP-37 and the 
AD745 op amps. From this figure, it is clear that at high source 
impedance the low current noise of the AD745 also provides 
lower total noise. It is also important to note that with the 
AD745 this noise reduction extends all the way down to low 
source impedances. The lower dc current errors of the AD745 
also reduce errors due to offset and drift at high source imped
ances (Figure 25). 

The internal compensation of the AD745 is optimized for higher 
gains, providing a much higher bandwidth and a faster slew 
rate. This makes the AD745 especially useful as a preamplifier, 
where low level signals require an amplifier that provides both 
high amplification and wide bandwidth at these higher gains. 
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Figure 24. Tota/lnput Noise Spectral Density @ 1 kHz vs. 
Source Resistance 
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Figure 25. Input Offset Voltage vs. Source Resistance 
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AD745 
DESIGNING CIRCUITS FOR LOW NOISE 
An op amp's input voltage noise performance is typically di
vided into two regions: flat band and low frequency noise. The 
AD745 offers excellent performance with respect to both. The 
figure of 2.9 nVlv'Hz @10 kHz is excellent for a JFET input 
amplifier. The 0.1 to 10 Hz noise is typically 0.38 ""V p-p. The 
user should pay careful attention to several design details in or
der to optimize low frequency noise performance. Random air 
currents can generate varying thermocouple voltages that appear 
as low frequency noise: therefore sensitive circuitry should be 
well shielded from air flow. Keeping absolute chip temperature 
low also reduces low frequency noise in two ways: first, the low 
frequency noise is strongly dependent on the ambient tempera
ture and increases above + 25°C. Secondly, since the gradient of 
temperature from the IC package to ambient is greater, the 
noise generated by random air currents, as previously men
tioned, will be larger in magnitude. Chip temperature can be 
reduced both by operation at reduced supply voltages and by 
the use of a suitable clip-on heat sink, if possible. 

Low frequency current noise can be computed from the magni
tude of the dc bias current an = y2qIB~f) and increases below 
approximately 100 Hz with a lIf power spectral density. For the 
AD745 the typical value of current noise is 6.9 fAlyHz at 
1 kHz. Using the formula, In = y4kTIRM, to compute the 
Johnson noise of a resistor, expressed as a current, one can see 
that the current noise of the AD7 4 5 is equivalent to that of a 
3.45 x 10' n source resistance. 

At high frequencies, the current noise of a FET increases pro
portionately to frequency. This noise is due to the "real" part of 
the gate input impedance, which decreases with frequency. This 
noise component usually is not important, since the voltage 
noise of the amplifier impressed upon its input capacitance is an 
apparent current noise of approximately the same magnitude. 

In any FET input amplifier, the current noise of the internal 
bias circuitry can be coupled externally via the gate-to-source 
capacitances and appears as input current noise. This noise .is 
totally correlated at the inputs, so source impedance matching 
will tend to cancel out its effect. Both input resistance and input 
capacitance should be balanced whenever dealing with source 
capacitances of less than 300 pF in value. 

LOW NOISE CHARGE AMPLIFIERS 
As stated, the AD745 provides both low voltage and low current 
noise. This combination makes this device particularly suitable 
in applications requiring very high charge sensitivity, such as 
capacitive accelerometers and hydrophones. When dealing with 
a high source capacitance, it is useful to consider the total input 
charge uncertainty as a measure of system noise. 

Charge (Q) is related to voltage and current by the simply stated 
fundamental relationships: 

dQ 
Q = CVandI = dt 

As shown, voltage, current and charge noise can all be directly 
related. The change in open circuit voltage (~V) on a capacitor 
will equal the combination of the change in charge (~Q/C) and 
the change in capacitance with a built-in charge (QI ~C). 
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AD745 
Figures 26 and 27 show two ways to buffer and amplify the out
put of a charge output transducer. Both require using an ampli
fier which has a very high input impedance, such as the AD745. 
Figure 26 shows a model of a charge amplifier circuit. Here, 
amplification depends on the principle of conservation of charge 
at the input of amplifier AI, which requires that the charge on 
capacitor Cs be transferred to capacitor Cp , thus yielding an 
output voltage of AQ/Cp • The amplifiers input voltage noise will 
appear at the output amplified by the noise gain (1 + (Cs/Cp » 
of the circuit. 

Rl 
R2 

Cs 

R2 C. 

• OPTIONAL, SEE TEXT 

Figure 26. A Charge Amplifier Circuit 

Rl 

Ca· 

R2 

• OPTIONAL, SEE TEXT 

Figure 27. Model for A High Z Follower with Gain 

The second circuit, Figure 27, is simply a high impedance fol
lower with gain. Here the noise gain (1 + (RIIR2» is the same 
as the gain from the transducer to the output. Resistor RB, in 
both circuits, is required as a dc bias current return. 

There are three important sources of noise in these circuits. Am
plifiers Al and A2 contribute both voltage and current noise, 
while resistor RB contributes a current noise of: 

where: 

k = Boltzman's Constant = 1.381 x 10-23 Joules/Kelvin 

T = Absolute Temperature, Kelvin (O°C = +273.2 Kelvin) 

At = Bandwidth - in Hz (Assuming an Ideal "Brick Wall" 
Filter) 

This must be root-sum-squared with the amplifier's own current 
noise. 
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Figure 28 shows that these two circuits have an identical fre
quency response and the same noise performance (provided that 
Cs/Cp = RIIR2). One feature of the first circuit is that a "T" 
network is used to increase the effective resistance of RB and 
improve the low frequency cutoff point by the same factor. 

-.00 rr=E1rs:a~Q;m::uur:q:mrmlq:UIl -1101= 
Ii -120 
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Figure 28. Noise at the Outputs of the Circuits of Figures 
26 and 27. Gain = 10, Cs = 3000 pF, Re = 22 MlJ 

However, this does not change the noise contribution of RB 
which, in this example, dominates at low frequencies. The 
graph of Figure 29 shows how to select an RB large enough to 
minimize this resistor's contribution to .overall circuit noise. 
When the equivalent current noise of RB ((\/4 kT)IR) equals 
the noise of IB (\/2 qIB), there is diminishing return in making 
RB larger. 
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5.2 x 10 01---"\r---t---+---; 

'iii 5.2 x 10'1---t---'~--+----I 
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5.2xl071-__ t-__ t--~~--; 

5.2 x 10. '-__ "-__ .1-__ ..1-_""';31 

lpA 10pA lDOpA lnA lDnA 
INPUT BIAS CURRENT 

Figure 29. Graph of Resistance vs. Input Bias Current 
Where the Equivalent Noise \1'4 kTIR, Equals the Noise of 
the Bias Current \1'2 qle 

To maximize dc performance over temperature, the source resis
tances should be balanced on each input of the amplifier. This is 
represented by the optional resistor RB in Figures 26 and 27. As 
previously mentioned, for best noise performance care should be 
taken to also balance the source capacitance designated by CB' 
The value for CB in Figure 26 would be equal to Cs in Fig-
ure 27. At values of CB over 300 pF, there is a diminishing im
pact on noise; capacitor CB can then be simply a large mylar 
bypass capacitor of 0.01 ILF or greater. 
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HOW CHIP PACKAGE TYPE AND POWER 
DISSIPATION AFFECT INPUT BIAS CURRENT 
As with all JFET input amplifiers, the input bias current of the 
AD745 is a direct function of device junction temperature, IB 
approximately doubling every lo°C. Figure 30 shows the rela
tionship between bias current and junction temperature for the 
AD745. This graph shows that lowering the junction tempera
ture will dramatically improve lB. 

10" 
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I I I 

Vs = t15V 
TA =+25 DC 1/ 

/ 
VV 

v ~ -~ ----
10-12 

-60 -40 -40 0 20 40 60 80 100 120 140 
JUNCTION TEMPERATURE _oc 

Figure 30. Input Bias Current vs. Junction Temperature 

The dc thermal properties of an IC can be closely approximated 
by using the simple model of Figure 31 where current repre
sents power dissipation, voltage represents temperature, and re
sistors represent thermal resistance (a in °C/watt). 

WHERE: 

PIN = DEVICE DISSIPATION 
T A = AMBIENT TEMPERATURE 
T J = JUNCTION TEMPERATURE 
8 JC • THERMAL RESISTANCE - JUNCTION TO CASE 
8 CA = THERMAL RESISTANCE - CASE TO AMBIENT 

Figure 31. Device Thermal Model 

From this model TJ = TA +aJA PIN. Therefore, IB can be deter
mined in a particular application by using Figure 30 together 
with 'the published data for aJA and power dissipation. The user 
can modify aJA by use of an appropriate clip-on heat sink such 
as the Aavid #5801. aJA is also a variable when using the 
AD745 in chip form. Figure 32 shows bias current vs. supply 
voltage with aJA as the third variable. This graph can be used to 
predict bias current after aJA has been computed. Again bias 
current will double for every lo°C. The designer using the 
AD74S in chip form (Figure 33) must also be concerned with 
both aJC and aCA, since aJC can be affected by the type of die 
mount technology used. 

Typically, aJC's will be in the 3°C to SOC/watt range; therefore, 
for normal packages, this small power dissipation level may be 
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AD745 
ignored. But, with a large hybrid substrate, aJC will dominate 
proportionately more of the total aJA . 
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Figure 32. Input Bias Current vs. Supply Voltage for 
Various Values of IJJA 

SA 
(JTO 
DIE MOUNTj 

Figure 33. Breakdown of Various Package Thermal 
Resistance 

REDUCED POWER SUPPLY OPERATION FOR 
LOWERIB 

Reduced power supply operation lowers IB in two ways: first, 
by lowering both the total power dissipation and, second, by 
reducing the basic gate-to-junction leakage (Figure 32). Figure 
34 shows a 40 dB gain piezoelectric transducer amplifier, which 
operates without an ac coupling capacitor, over the -40°C to 
+ 8SoC temperature range. If the optional coupling capacitor, 
CD is used, this circuit will operate over the entire -5SoC to 
+ 12SoC temperature range. 

1000 lOkO 

'OPTlONAL DC BLOCKING CAPACITOR 
"'OPTIONAL, SEE TEXT 

Figure 34. A Piezoelectric Transducer 
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AD745 
TWO HIGH PERFORMANCE ACCELEROMETER 
AMPLIFIERS 
Two of the most popular charge-out transducers are hydro
phones and accelerometers. Precision accelerometers are typi
cally calibrated for a charge output (pCIg). * Figures 35a and 35b 
show two ways in which to configure the AD745 as a low noise 
charge amplifier for use with a wide variety of piezoelectric ac
celerometers. The input sensitivity of these circuits will be de
termined by the value of capacitor CI and is equal to: 

.6.QouT 
.6. VOUT = ~ 

The ratio of capacitor CI to the internal capacitance (CT ) of the 
transducer determines the noise gain of this circuit (l + CorICI). 
The amplifiers voltage noise will appear at its output amplified 
by this amount. The low frequency bandwidth of these circuits 
will be dependent on the value of resistor Rl. If a "T" network 
is used, the effective value is: RI (l + R21R3). 

.pC = Picocoulombs 
g == Earth's Gravitational Constant 

Cl 1250pF 
'---Rl---It---R:'"2---' 

110lIl0 8kQ 
(5X22MQ) 

OUTPUT 
o.amv/pC 

Figure 35a. A Basic Accelerometer Circuit 

Cl 1250pF 
.-------4 

Rl R2 

OUTPUT = O,amv/pC 

*pc • PICOCOULOMBS 
9 • EARTH'S GRAVITATIONAL CONSTANT 

Figure 35b. An Accelerometer Circuit Employing a DC 
Servo Amplifier 
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A dc servo loop (Figure 35b) can be used to assure a dc output 
< 10 m V, without the need for a large compensating resistor 
when dealing with bias currents as large as 100 nA. For optimal 
low frequency performance, the. time constant of the servo loop 
(R4C2 = R5C3) should be: 

Time Constant 2: 10 RI (I + ~~) CI 

A LOW NOISE HYDROPHONE AMPLIFIER 
Hydrophones are usually calibrated in the voltage-out mode . 
The circuit of Figures 36a can be used to amplify the output of 
a typical hydrophone. If the optional ac coupling capacitor Cc is 
used, the circuit will have a low frequency cutoff determined by 
an RC time constant equal to: 

. I 
Time Constant = 2=----=C==--:-::-:-::-

1rX eX 1000 

where the dc gain is I and the gain above the low frequency cut
off (1/(21rCc(100 0))) is equal to (1 + R21R3). The circuit of 
Figure 36b uses a dc servo loop to keep the dc output at 0 V 
and to maintain full dynamic range for la's up to 100 nA. The 
time constant of R7 and CI should be larger than that of RI and 
CT for a smooth low frequency response. 

R3 
lOO1l 

1900Q 

R2 

OUTPUT 

*OPTIONAL. SEE TEXT 
~ 1 VOLT PER MICROPASCAL 

Figure 36a. A Low Noise Hydrophone Amplifier 

The transducer shown has a source capacitance of 7500 pF. For 
smaller transducer capacitances (:5300 pF), lowest noise can be 
achieved by adding a parallel RC network (R4 = RI, CI = ~) 
in series with the inverting input of the AD745. 

R3 
lOO1l 108Q 

R4* 

1900Q 

R2 

OUTPUT 

16MQ 

8&KTYPE 
.,00 

HYDROPHONE l00kQ 

R6 
lMQ 

DC OUTPUT. lmV FDR la (AD745) • l00nA 

*OPTIONAL., SEE TEXT 

16MQ 

Figure 36b. A Hydrophone Amplifier Incorporating a DC 
Servo Loop 
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Design Considerations for I-to-V Converters 
There are some simple rules of thumb when designing an I-V 
converter where there is significant source capacitance (as with 
a photodiode) and bandwidth needs to be optimized. Consider 
the circuit of Figure 37. The high frequency noise gain ( I + 
CS/CL ) is usually greater than five, so the AD745, with its 
higher slew rate and bandwidth is ideally suited to this 
application. 

Here both the low current and low voltage noise of the AD745 
can be taken advantage of, since it is desirable in some instances 
to have a large RF (which increases sensitivity to input current 
noise) and, at the same time, operate the amplifier at high noise 
gain. 

INPUT SOURCE: PHOTO DIODE. 
ACCELEROMETER, ECT. 

~-

Figure 37. A Model for an I-to-V Converter 

In this circuit, the RF Cs time constant limits the practical 
bandwidth over which flat response can be obtained, in fact: 

where: 

fB = signal bandwidth 

fc = gain bandwidth product of the amplifier 

With CL = 1I(21T RF cs) the net response can be adjusted to a 
provide a two pole system with optimal flatness that has a cor
ner frequency of fB. Capacitor CL adjusts the damping of the 
circuit's response. Note that bandwidth and sensitivity are di
rectly traded off against each other via the selection of RF • For 
example, a photodiode with CS = 300 pF and RF = 100 kG 
will have a maximum bandwidth of 360 kHz when capacitor 
CL = 4.5 pF. Conversely, if only a 100 kHz bandwidth were 
required, then the maximum value of RF would be 360 kG and 
that of capacitor CL still = 4.5 pF. 

In either case, the AD745 provides impedance transformation, 
the effective transresistance, i.e., the IIV conversion gain, may 
be augmented with further gain. A wideband low noise amplifier 
such as the AD829 is recommended in this application. 

This principle can also be used to apply the AD745 in a high 
performance audio application. Figure 38 shows that an I-V con
verter of a high performance DAC, here the AD1862, can be 
designed to take advantage of the low voltage noise of the 
AD745 (2.9 nVly'Hz) as well as the high slew rate and band
width provided by decompensation. This circuit, with compo
nent values shown, has a 12 dB/octave rolloff at 728 kHZ, with 
a passband ripple of less than 0.001 dB and a phase deviation of 
less than 2 degrees @ 20 kHz. 
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ADl862 
20BITD/A 

CONVERTER 

+12V 

AD745 

OUTPUT 

Figure 38. A High Performance Audio DAC Circuit 

An important feature of this circuit is that high frequency en
ergy, such as clock feedthrough, is shunted to common via a 
high quality capacitor and not the output stage of the amplifier, 
greatly reducing the error signal at the input of the amplifier 
and subsequent opportunities for intermodulation distortions. 

40 

\ UNBALANCED 

\~ 
BALANCED 

2.9n~tv'Hz '"""--
o 

10 100 1000 
INPUT CAPACITANCE - pF 

Figure 39. RTI Noise Voltage vs. Input Capacitance 

BALANCING SOURCE IMPEDANCES 
As mentioned previously, it is good practice to balance the 
source impedances (both resistive and reactive) as seen by the 
inputs of the AD745. Balancing the resistive components will 
optimize dc performance over temperature because balancing 
will mitigate the effects of any bias current errors. Balancing 
input capacitance will minimize ac response errors due to the 
amplifier's input capacitance and, as shown in Figure 39, noise 
performance will be optimized. Figure 40 shows the required 
external components for noninverting (A) and inverting (B) 
configurations. 
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Figure 40. Optional External Components for Balancing Source Impedances 
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~ANALOG 
WDEVICES 

FEATURES 
AC PERFORMANCE 
500 ns Settling to 0.01% for 10 V Step 
75 VlILS Slew Rate 
0.0001% Total Harmonic Distortion (THD) 
13 MHz Gain Bandwidth 
Internal Compensation for Gains of +2 or Greater 

DC PERFORMANCE 
0.5 mV max Offset Voltage (AD746B) 
10 ILVIOC max Drift (AD746B) 
175 VlmV min Open Loop Gain (AD746B) 
2ILV p-p Noise, 0.1 Hz to 10 Hz 
Available in Plastic Mini-DIP, Cerdip 

and Surface Mount Packages 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 
MIL-STD-883B Processing also Available 
Single Version: AD744 

APPLICATIONS 
Dual Output Buffers for 12- and 14-Bit DACs 
Input Buffers for Precision ADCs, Wideband 

Preamplifiers and Low Distortion Audio Circuitry 

PRODUCT DESCRIPTION 
The AD746 is a dual operational amplifier, consisting of two 
AD744 BiFET op amps on a single chip. These precision mono
lithic op amps offer excellent dc characteristics plus rapid set
tling times, high slew rates and ample bandwidths. In addition, 
the AD746 provides the close matching ac and dc characteristics 
inherent to amplifiers sharing the same monolithic die. 

The single pole response of the AD746 provides fast settling: 
500 ns to 0.01%. This feature, combined with its high dc preci
sion, makes it suitable for use as a buffer amplifier for 12- or 
14-bit DACs and ADCs. Furthermore, the AD746's low total 
harmonic distortion (THD) level of 0.0001 % and very close 
matching ac characteristics make it an ideal amplifier for many 
demanding audio applications. 

The AD746 is internally compensated for stable operation as a 
unity gain inverter or as a noninverting amplifier with a gain of 
2 or greater. It is available in four performance grades. The 
AD746] is rated over the commercial temperature range of 0 to 
+70°C. The AD746A and AD746B are rated over the industrial 
temperature range of -40°C to +85°C. The AD746S is rated 
over the military temperature range of -55°C to + 125°C and is 
available processed to MIL-STD-883B, Rev. C. 

REV. A 

Dual Precision, 500 ns 
Settling, BiFET Op Amp 

CONNECTION DIAGRAM 

Plastic Mini-DIP (N) 
Cerdip (Q) and 

Plastic SOIC (R) Packages 

AD746 I 

AMPLIFIER 1 r=-----, AMPLIFIER 2 
• 

OUTPUT 

-IN 

+IN 

v-

v+ 

OUTPUT 

-IN 

+IN 

The AD746 is available in three 8-pin packages: plastic mini
DIP, hermetic cerdip and surface mount (SOIC). 

PRODUCT IDGHLIGHTS 
1. The AD746 offers exceptional dynamic response for high 

speed data acquisition systems. It settles to 0.01 % in 500 ns 
and has a 100% tested minimum slew rate of 50 V/JJ.s 
(AD746B). 

2. Outstanding dc precision is provided by a combination of 
Analog Devices' advanced processing technology, laser wafer 
drift trimming and well-matched ion-implanted JFETs. Input 
offset voltage, input bias current and input offset current are 
specified in the warmed-up condition and are 100% tested. 

3. Differential and multichannel systems will benefit from the 
AD746's very close matching of ac characteristics. Input 
offset voltage specs are fully tested and guaranteed to a maxi
mum of 0.5 mV (AD746B). 

4. The AD746 has very close, guaranteed matching of input 
bias current between its two amplifiers. 

5. Unity gain stable version AD712 also available. 
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AD746:-SPECIFICATIONS (@ +25OC and ±15 V dc, unless othetwise noted) 

AD746J/A AD7468 AD746S 
Model Conditio ... Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE' 
Initial Offset 0.3 1.5 0.25 0.5 0.3 1.0 mV 

Offset Tmin to Tmax 2.0 0.7 1.5 mV 
VB. Temperature 12 20 5 10 12 20 ",vrc 
Vli. Supply' (PSRR) 80 95 84 100 80 95 dB 
vs. Supply (PSRR) TmiD to T_ 80 84 80 dB 

Long Term Stsbility IS IS IS ",Vlmonth 

INPUT BIAS CURRENT' 
Either Input VCM = OV 110 2SO 110 150 110 2SO pA 
Either Input @ T_ VCM=OV 2.5n 5.7/16 7 9.6 113 256 nA 
Either Input VCM = +IOV 145 350 145 200 145 350 pA 
Offset Current VCM = OV 45 125 45 75 45 125 pA 
Offilet Current @ T_ VCM =OV 1.013 2.8/8 3 4.8 45 128 nA 

MATCHING CHARACTERISTICS 
Input Offset Voltage 0.6 1.5 0.3 0.5 0.6 1.0 mV 
Input Offset Voltage TmiotoTIIIQ 2.0 0.7 1.5 mV 
Input Offset Voltage Drift 20 20 20 ",vrc 
Input Bias Current 125 75 125 pA 
Crosstslk @lkHz 120 120 120 dB 

@ 100kHz 90 90 90 dB 

FREQUENCY RESPONSE 
Gain BW, Small Signal G= -I 8 13 9 13 8 13 MHz 
Slew Rate, Unity Gain G= -I 45 75 SO 75 45 75 VI ... 
Full Power Response Vo=20Vp-p 600 600 600 kHz 
Settling Time to 0.01%' G=I 0.5 0.75 0.5 0.75 0.5 0.75 ... 
Total Harmonic f= I kHz 

Distortion Rl"'2 kO 
Vo =3Vrms 0.0001 0.0001 0.0001 % 

INPUT IMPEDANCE 
Differential 2.5 x 10"115.5 2.5xlO"1I5.5 2.5X·1O"1I5.5 !l1~F 
Common Mode 2.5xlO"1I5.5 2.5 x 10"115.5 2.5 x 10"115.5 !lllpF 

INPUT VOLTAGE RANGE 
Differential' ±20 ±20 ±20 V 
Common·Mode Voltage +14.5, -11.5 + 14.5, -11.5 +14.5, -11.5 V 
Over Max Operatins Ranse6 -ll +13 -ll +13 -ll +13 V 
Common·Mode Rejection Ratio VCM=±IOV 78 88 82 88 78 88 dB 

Tmm to Tmax 76 84 80 84 76 84 dB 
VCM=±U V 72 84 78 84 72 84 dB 
TmjD to TmaK 70 80 74 80 70 80 dB 

INPUT VOLTAGE NOISE 0.1 to 10 Hz 2 2 2 ",Vp-p 
f= 10 Hz 45 45 45 nVlyHi 
f= 100 Hz 22 22 22 nVlyHi 
f= 1kHz 18 18 18 nV/yHi 
f= 10kHz 16 16 16 nVlv1U 

INPUT CURRENT NOISE f- 1kHz 0.01 0.01 0.01 pAiv1U 

OPEN LOOP GAIN Vo=±lOV 
RLOAD=::2 kO ISO 300 175 300 ISO 300 VlmV 
Tntin toT_ 75 200 75 200 65 175 V/mV 

OUTPUT CHARACTERSTICS 
Voltage RLOAD"'2kO +13,-12.5 +13.9, -13.3 +13, -12.5 +13.9, -13.3 +13,-12.5 + 13.9, -13.3 V 

TmiD to Tmax ±12 + 13.8, -13.1 :1:12 + 13.8, -13.1 :1:12 + 13.8, -13.1 V 
Current Short Circuit 25 25 25 rnA 
Msx Capscitive Load Gain = -I 50 50 50 pF 

Driving Capability Gain= -10 500 500 500 pF 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 V 
Operatins Ranse :1:4.5 :1:18 :1:4.5 :1:18 :1:4.5 :1:18 V 
Quiescent Current 7 10 7 8.0 7 10 rnA 

TEMPERATURE RANGE 
Rated Perfonnance o to +70/-40 to +85 -40 to +85 -55 to +125 -c 

PACKAGE OPTIONS' I 

8·Pin P1aatic Mini-DIP (N-8) \ AD746]N 
8-Pin Cerdip (Q-8) \ AD746AQ AD746BQ AD746SQ 
8-Pin Surface Mount (R-8) AD746JR 
Tape and Reel AD746JR-REEL 
Chips AD746SCHlPS 

TRANSISTOR COUNT 54 54 54 
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AD746 

NOTES 
Ilnput Offset Voltage speciflcations are guaranteed after 5 minutes of operation at TA = +25°C. 
2PSRR test conditions: +Vs ~ 15 V, -Vs ~ -12 V to -18 V and +Vs ~ 12 V to 18 V, -Vs ~ -15 V. 
3Bias Current Specifications are guaranteed maximum at either input after 5 minutes of operation at TA = +25"C. For higher temperature, the current doubles every 1O"C. 
'Gain ~ -I, Rl ~ 2 k, CI ~ 10 pF . 
5Defined as voltage between inputs, such that neither exceeds ± 10 V from ground. 
&rypicallyexceeding -14.1 V negative common-mode voltage on either input results in an output phase reversal. 
'Por outline infonnation see Package Information section. 
Specifications subject to change without notice. 
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min and max 
specifications are guaranteed, although only those shown in boldface are tested on all production units. 

ABSOLUTE MAXIMUM RATINGS· 
Supply Voltage ....•..•................... ±18 V 
Internal Power Dissipation2 •••••••••••••••••• 500 mW 
Input Voltage ............................. ±Vs 
Output Short Circuit Duration 

(For One Amplifier) .................... Indeftnite 
Differential Input Voltage ......•........ +Vs and -Vs 
Storage Temperature Range (Q) ......... -650(; to +150°C 
Storage Temperature Range (N, R) ....... -650(; to +125°C 
Operating Temperature Range 

AD746] ........................... 0 to +70°C 
AD746NB ...................... -400(; to +85Q C 

AD746S ....................... -55°C to +125°C 
Lead Temperature Range 

(Soldering 60 seconds) .................... + 3000C 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi
cated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

28-Pin Plastic Package: alA = lOO'ClWatt, alc ~ 50'CIWatt 
8·Pin Cerdip Package: alA ~ JlO'CIWatt, Blc ~ 3<rCIWatt 
8·Pin Small Outline Package: BIA ~ 160'CIWatt, B,e ~ 42'ClWatt 

METALIZATION PHOTOGRAPH 

0.070 (1.778) 

REV. A 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 

v+ 
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2 3 
-IN +IN 
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AD746-Typical Characteristics 
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AD746 
Power Supply Bypassing 
The power supply connections to the AD746 must maintain a 
low impedance to ground over a bandwidth of 13 MHz or more. 
This is especially important when driving a significant resistive 
or capacitive load, since all current delivered to the load comes 
from the power supplies. Multiple high quality byPass capacitors 
are recommended for each power supply line in any critical 
application. A 0.1 ... F ceramic and a I ... F tantalum capacitor as 
shown in Figure 20 placed as close as possible to the amplifier 

"0 

,.0 

100 

LOW 
DISTORTION 

TO SPECTRUM ANALVZER --+ 

NULL 1 ERROR SIGNAL 
ADJUST OUTPUT 

10k0 (ERROR/111 

, .... 

SINE WAVE INPUT 

Figure 19. THO Test Circuit 

~'00pf 

(with short lead lengths to power supply common) will assure 
adequate high frequency bypassing, in most applications. A 
minimum bypass capacitance of 0.1 ... F should be used for any 
application. 

If only one of the two amplifiers inside the AD746 is to be 
utilized, the unused amplifier should be connected as shown 
in Figure 21a. Note that the noninverting input should be 
grounded and that RL and CL are not required. 

Figure 20. Power Supply 
Bypassing 

Figure 21a. Gain of 2 Follower Figure 21b. Gain of 2 Follower 
Large Signal Pulse Response 

Figure 21c. Gain of 2 Follower 
Small Signal Pulse Response 

--'lr-
IICIUAAE 
WAVE 
INPUT 

7 .... 

Figure 22a. Unity Gain Inverter 

2-258 OPERA nONALAMPLIFIERS 

Figure 22b. Um'ty Gain Inverter 
Large Signal Pulse Response 

Figure 22c. Unity Gain Inverter 
Small Signal Pulse Response 
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A IUGH SPEED 3 OP AMP INSTRUMENTATION 
AMPLIFIER CIRCUIT 
The instrumentation amplifier circuit shown in Figure 23 can 
provide a range of gains from 2 up to lOOO and higher. The cir
cuit bandwidth is 2.5 MHz at a gain of 2 and 750 kHz at a gain 
of 10; settling time for the entire circuit is less than 2 ""s to 
within 0.01 % for a lO volt step, (G = 10). 

-IN 

+IN 

CIRCUIT GAIN = 20:' + 1 

*'.5-20pF 
(TRIM FOR BEST SETTLING TIME) 

+15V r-----------l 
0~----:+-<1:r--... +V. I +1: 1: • PIN 8 I 

COMM T I1'F i T I1'F IO.11'F OR1 i 
O----It------1:1:~--+1 -It---:r::..... EACH I 

-15V +Il1'F .\1 i T 1,.F r:O.11'F AMPLIFIER I 

0>----"--.... -_- -v. I +.... • PIN 4 : L.... __________ ~ 

'VOLTRONICS SP20 TRIMMER CAPACITOR OR EQUIVALENT 
"RATIO MATCHED 1% METAL FILM RESISTORS 

Figure 23. A High Performance, 3 Op Amp, Instrumenta
tion Amplifier Circuit 
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Figure 24. Pulse Response of the 3 
Op Amp Instrumentation Amplifier. 
Gain = 10, Horizontal Scale: 
0.5 p.slDiv, Vertical Scale: 5 VlDiv. 

AD746 
TSETTLE 

Gain Ro Bandwidth (0.01%) 

2 20kO 2.5 MHz 1.0 ""s 
10 4.04 kO 1 MHz 2.0 ""s 
100 4040 290 kHz 5.0 ""S 

Table I. Performance Summary for the 3 Op Amp Instru
mentation Amplifier Circuit 

Figure 25. Settling Time of the 3 Op 
Amp Instrumentation Amplifier. 
Gain = 10, Horizontal Scale: 
0.5 p.slDiv, Vertical Scale: 5 VlDiv. 
Error Signal Scale: O.Ol%IDiv. 

THD Performance Considerations 
The AD746 was carefully optimized to offer excellent perfor
mance in terms of total harmouic distortion (THD) in signal 
processing applications. The THD level when operatiog the 
AD746 in inverting gain applications will show a gradual rise 
from the distortion floor of 20 dB/decade (see Figure 28). In 
noninverting applications, care should be taken to balance the 
source impedances at both the inverting and noninverting 
inputs, to avoid distortion caused by the modulation of input 
capacitance inherent in all BiFET op amps. 

10kO 

> .... --oVOUT 

Figure 26. THO Measurement, Inverter Circuit 

10kO 

>-_-OVO'" 

Figure 27. THD Measurement, Follower Circuit 
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Figure 28. THD vs. Frequency Using Standard Distortion 
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. Figure 29. Crosstalk Test Circuit 
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~ANALOG 
WDEVICES 

FEATURES 
Low Power Replacement for Burr-Brown 
OPA-111, OPA-121 Op Amp and TI TLC 2201 
Low Noise 

2.5 /LV p-p max, 0.1 Hz to 10 Hz 
10 nV/v'Hi max at 10 kHz 
0.6 fA/v'Hi at 1 kHz 

High DC Accuracy 
250 /LV max Offset Voltage 
1 fL V I·C max Drift 
1 pA max Input Bias Current 
114 dB Open-Loop Gain 

Available in Plastic Mini-DIP, B-Pin Header 
Mount (SOIC) Packages 

Dual Version AD796 also AvailableO 

APPLICATIONS 'i 
Low Noise Photodiode Preamps 
CT Scanners 
Precision I-to-V Converters 

PRODUCT DESCRIPTION 
The AD795 is a low noise, precision, FET input operational 
amplifier. It offers both the low voltage noise and low offset 
drift of a bipolar input op amp and the very low bias current of 
a FET-input device. The 1014 n common-mode impedance 
insures that input bias current is essentially independent of 
common-mode voltage variations. 

The AD795 has both excellent dc performance and a guaranteed 
and tested maximum input voltage noise. It features I pA maxi
mum input bias current and 250 ",V maximum offset voltage, 
along with low supply current of 1.5 mA max. 

Furthermore, the AD795 fearures a guaranteed low input noise 
of 2.5 ",V p-p (0.1 Hz to 10 Hz) and a 10 nV/ylHz max noise 
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Low Power, Low Noise 
Precision FEY Op Amp 

AD795 I 
CONNECTION DIAGRAMS 

8-Pin Plastic Mini-DIP (N) 
Package 

TO-99 (H) 
Package 

CASE' 

-Vs 

, NOTE: CASE CONNECTED 
TO PINS. 

level at 10 kHz. The AD795 has a fully specified and tested 
input offset voltage drift of only I ",V /"C max which is trimmed 
at the wafer level to keep device cost low. 

The AD795 is useful for many high input impedance, low noise 
applications. It is available in five performance grades. The 
AD795J and AD795K are rated over the commercial tempera
ture range of O·C to + 70·C. The AD795A and AD795B are 
rated over the industrial temperature of -40°C to +85°C. The 
AD795SQ/883B is rated over the military temperature range of 
-55°C to + 125°C and is processed to MIL-STD-883B. 

The AD795 is available in 8-pin plastic mini-DIP, 8-pin header, 
and 8-pin surface mount (SOIC) packages. 
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AD795 -SPECIFICATIONS (@ + 25°C and ± 15 V dc, unless otherwise noted) 

AD79SJ/A AD79SKIB AD79SS 
Parameter Conclitions Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE' 
Initial Offset 100 500 50 250 100 500 fl.V 

Offset TMI"TMAX 300 1000 100 400 500 1500 fl.V 
vs. Tetnperature 3 1015 2 3/1 4 10 fl.vrc 
vs. Supply 90 llO 94 llO 90 llO dB 
vs. Supply (PSRR) TMI"TMAX 100 90 100 86 95 dB 

INPUT BIAS CURRENT2 

Either Input VCM = 0 V I 2 I I 4 pA 
Either Input @ T MAX = VCM = 0 V 23/64 23/64 1000 pA 
Either Input VCM = +lOY I I I pA 
Offset Current VCM = OV 0.1 1.0 0.1 0.5 0.1 1.0 pA 
Offset Current @ T MAX = VCM = OV 216 216 100 pA 

INPUT VOLTAGE NOISE 0.1 Hz to 10 Hz 2.5 1.0 3.3 fl.Vp-~ 
f = 10 Hz 40 20 50 nVly'Hz 
f = 100 Hz 20 10 30 nV/y'Hz 
f=lkHz 10 7 IS nVly'Hz 
f = 10 kHz 10 8 10 nV/y'Hz 

INPUT CURRENT NOISE 13 fAp-~ 
0.6 fNy'Hz 

FREQUENCY RESPONSE 
Unity Gsin, Small Signal G= -I 1.6 MHz 
Full Power Response Vo = 20V 

RLOAD = 2 kG 16 kHz 
Slew Rate, Unity Gain VOUT = 20 V p-p 

RLoAD = 2 kG Vlfl.s 

SETTLING TIME' 
To 0.1% 6 6 6 fl.s 
To 0.01% 8 8 8 fJ.S 
Overload Recovery' 50% Overdrive 5 5 5 fl.' 
Total Harmonic f=lkHz 

Distortion RI '" 2kG 
Vo = 3 V rms 0.0006 0.0006 0.0006 % 

INPUT IMPEDANCE 
Differential VDIFF = ±I V 1012111 10'2111 1012111 GllpF 
Common Mode 10'4112.2 1014112.2 10'4112.2 OllpF 

INPUT VOLTAGE RANGE 
DifferentialS ±20 ±20 ±20 V 
Common-Mode Voltage ±IO ±ll ±IO ±ll ±1O ±ll V 
Over Max Operating Range ±1O ±IO ±IO V 
Common-Mode Rejection Ratio VCM = ±IOV 90 110 94 110 90 llO dB 

TMINto T MAX 100 90 100 86 100 dB 

OPEN-LOOP GAIN Vo = ±IOV 
RLOAD '" 10 kO 120 120 120 dB 

RLoAD '" 2 kO 100 108 100 108 100 108 dB 
TM",TMAX 114 110 dB 

OUTPUT CHARACTERISTICS 
Voltage RLoAD '" 2 kO ±IO ±11 ±IO ±ll ±IO ±ll V 

TMI"TMAX ±IO ±IO ±IO V 
Current VOUT = ±IOV ±5 ±IO ±5 ±IO ±5 ±1O rnA 

Short Circuit ±15 ±15 ±15 rnA 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 V 
Operating Range ±5 ±18 ±5 ±18 ±5 ±18 V 
Quiescent Current 1.2 1.5 1.2 1.5 1.2 1.5 rnA 
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Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

2-262 OPERA TlONALAMPLlFIERS REV. 0 



AD795 
NOTES 
'Input offset voltsge specifications are guaranteed after 5 minutes of operation at TA = + 25"C. 
'Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at T A = + 25"C. For higher temperature, the current doubles 
every 10"C. 

'Gain = -I, RI = 2 kO. 
'Defined as the time required for the amplifier's output to return to normal operation after removal of a 50% overload from the amplifier input. 
'Defined as the maximum continuous voltsge between the inputs such that neither input exceeds '" 10 V from ground. 

All min and max specifications are guaranteed. 
SpeciflCations subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ± IS V 
Internal Power Dissipation2 (@ TA = +25°C) 

8-Pin Header Package ........•........... 500 mW 
8-Pin Mini-DIP Package .................. 750 mW 

Input Voltage ............................. ±Vs 
Output Short Circuit Duration ............... Indefm· 
Differential Input Voltage . . . . . . . . . . . . . . . + V s 
Storage Temperature Range (H) ........ -6 ° 
Storage Temperature Range (N, R) .. . 
Operating Temperature Range 

AD795J/K ................ . 
AD795AIB ..................... . 

Model 

AD795JN 
AD795KN 
AD795JR 
AD795AH 
AD795BH 
AD795SH-883B 

ORDERING GUIDE 

Temperature Range 

O"C to + 700e 
ooe to +70oe 
ooe to +70oe 
-40oe to +S5°e 
-40oe to +85°e 
-55°e to + 125°e 

Package Option* 

N-S 
N-8 
R-S 
H-OSA 
H-OSA 
H-OSA 

*N = Plastic mini· DIP; H-OSA = Metsl can; R = sOle package. For out"" ....... _ ....... -1 ..... 

NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of th . at these or any other conditions above those indicated 
in the 0 on of this specification is not implied. Exposure to 

conditions for extended periods may affect device 

+Vs 

-VS 

Offset Null Configuration 
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AD795 - Typical Characteristics 
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Figure 1. Voltage Noise Spectral Density 
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Figure 7. 

Preamplifier Applications 
The low input current and offset voltage 
together with its low voltage noise make t 
lent choice for preamplifiers used in sensit p 
cations. In a typical preamp circuit, shown in F 
output of the amplifier is equal to: 

VOUT = ID (Rf) = Rp (P) RJ 

where: 

ID = photodiode signal current (Amps) 

Rp = photodiode sensitivity (AmplWatt) 

Rf = the value of the feedback resistor, in ohms. 

P = light power incident to photodiode sutface, in watts. 

An equivalent model for a photodiode and its dc error sources is 
shown in Figure 8. The amplifier's input current, IB' will con
tribute an output voltage error which will be proportional to the 
value of the feedback resistor. The offset voltage error, Vos, 
will cause a "dark" current error due to the photodiode's finite 
shunt resistance, Rd. The resulting output voltage error, V E' is 
equal to: 

VB = (1 + Rf/Rd) Vos + RJIE 

A shunt resistance on the order of 10' ohms is typical for a 
small photodiode. Resistance Rd is a junction resistance which 

Cf 

PlfOTODlODE 

r-------------, 
I 
I 
I 
I 
I 
I 

Rd 

i~ I 
I I L _____________ -' 

fOpF 

RI 
foOn 

OUTPUT 

Figure 8. A Photodiode Model Showing DC Error 
Sources 

AD795 
will typically drop by a factor of two for every lOOC rise in tem
perature. In the AD795, both the offset voltage and drift are 
low, this helps minimize these errors. 

Minimizing Noise Contributions 
The noise levellirnits the resolution obtainable from any pream
plifier. The total output voltage noise divided by the feedback 
resistance of the op amp defmes the minimum detectable signal 
current. The minimum detectable current divided by the photo
diode sensitivity is the minimum detectable light power. 

Sources of noise in a typical preamp are shown in Figure 9. The 
total noise contribution is defined as: 

• 1# 1,') (1 + S~~fI Ri)' + I;;'{ 1+ ~ (~ :: I~~ ~:)) 
density versus frequency plot of each 

·bution, shows that the bandwidth of the 
age noise contribution is much greater than 

tho In addition, capacitance at the summing 
s in a "peaking" of noise gain in this configuta-
t can be substantial when large photodiodes with 
acitances are used. Capacitor Cf sets the signal 

d also limits the peak in the noise gain. Each 
e s rms or root-sum-square contribution to noise is 

rained by integrating the sum of the squares of all the noise 
sources and then by obtaining the square root of this sum. Mini
mizing the total area under these curves will optimize the 
preamplifier's overall noise performance. 

PHOTODIODE r----------------, 
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I I L ________________ -' 

Cf 
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RI 
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Figure 9. Noise Contributions of Various Sources 

OUTPUT 

An output filter with a passband close to that of the signal can 
greatly improve the preamplifier's signal to noise ratio. The 
photodiode preamplifier shown in Figure 9-without a band
pass filter-has a total output noise of 50 ,,"V rms. Using a 
26 Hz single pole output filter, the total output noise drops to 
23 ,,"V rms, a factor of 2 improvement with no loss in signal 
bandwidth. 

Using a "T" Network 
A "T" network, shown in Figure 11, can be used to boost the 
effective transimpedance of an I to V converter, for a given 
feedback resistor value. Unfortunately, amplifier noise and offset 
voltage contributions are also amplified by the "T" network 
gain. A low noise, low offset voltage amplifier, such as the 
AD795, is needed for this type of application. 
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Figure 10. Voltage Noise Spectral Density of the Circuit of 
Figure 9 with and without an Output Filter 
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Figure ". A Photodiode Preamp Employing aUT" 
Network for Added Gain 

A pH Probe Buffer Amplifier 
A typical pH probe requires a buffer amplifier to isolate its 1 06 

to 109 G source resistance from external circuitry. Just such an 
amplifier is shown in Figure 12. The low input current of the 
AD795 allows the voltage error produced by the bias current 
and electrode resistance to be minimal. The use of guarding, 
shielding, high insulation resistance standoffs, and other such 
standard methods used to minimize leakage are all needed to 
maintain the accuracy of this circuit. 

The slope of the pH probe transfer function, 50 m V per pH 
unit at room temperature, has a + 3300 ppmfC temperature 
coefficient. The buffer of Figure 12 provides an output voltage 
equal to I volt/pH unit. Temperature compensation is provided 
by resistor RT which is a special temperature compensation 
resistor, part number Q81, I kG, 1%, +3500 ppmfC, available 
from Tel Labs Inc. 

PH 
PROBE 

VosADJUST .v..:!: .15V 
10Dkn 

~COM 
\7 *O.I~F -V.. T -15V 

!VOL TIpH UNIT 

A pH Probe Amplifier 

for throngh hole mount into PC boards. 
pere level resolution in that environment 
. Since both the printed circuit board and 

ackage have a fmite resistance, the voltage dif-
e etween the amplifier's input pin and other pins (or 

races on the PC board) will cause parasitic currents to flow into 
(or out of) the signal path. These currents can easily exceed the 
I pA input current level of the AD795 unless special precau
tions are taken. Two successful methods for minimizing leakage 
are: guarding the AD795's input lines and maintaining adequate 
insulation resistance. 

Guarding the input lines by completely surrounding them with a 
metal conductor biased near the input lines' potential has two 
major benefits. First, parasitic leakage from the signal line is 
reduced, since the voltage between the input line and the guard 
is very low. Second, stray capacitance at the input terminal is 
minimized which in tum increases signal bandwidth. In the 
header or can package, the case of the AD795 is connected to 
Pin 8 so that it may be tied to the input potential (when operat
ing as a follower) or tied to ground (when operating as an 
inverter). The AD795's positive input (Pin 3) is located next to 
the negative supply voltage pin (Pin 4). The negative input (Pin 
2) is next to the balance adjust pin (Pin 1) which is biased at a 
potential close to that of the negative supply voltage. Note that 
any guard traces should be placed on both sides of the board. In 
addition, the input trace should be guarded along both of its 
edges, along its entire length. 

Contaminants such as solder flux, on the board's surface and on 
the amplifier's package, can greatly reduce the insulation resis
tance and also increase the Sensitivity to atmospheric humidity. 
Both the package and the board must be kept clean and dry. An 
effective cleaning procedure is to: frrst, swab the surface with 
high grade isopropyl alcohol, then rinse it with deionized water, 
and finally, bake it at 80°C for I hour. Note that if either poly
styrene or polypropylene capacitors are used on the printed cir
cuit board that a baking temperature of 70°C is safer, since both 
of these plastic compounds begin to melt at approximately 
+85°C. 
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IIIIIIIII·ANALOG 
WDEVICES 

FEATURES 
Low Noise 

2.5 ",V p-p max, 0.1 Hz to 10 Hz 
10 nV/v'Hi max at 10 kHz 
14 fA ~ Current Noise 0.1 Hz to 10Hz 

High DC Accuracy 
300 ",V max Offset Voltage 
3 ",V/"C max Drift 
2 pA max Input Bias Current 
114 dB Open Loop Gain 
Low Power: 1.5 mA max per Amplifier 

Good AC Performance 
1 V/",s Slew Rate 
2 MHz Unity Gain Bandwidth 

Available in 8-Pin Plastic Mini-DIP, 
Mount (SOIC) Packages 

APPLICA nONS 
Low Noise Photodiode Preamps 
CT Scanners 
Precision I/V Converters 

PRODUCT DESCRIPTION 
The AD796 is a low noise, precision, FET input, dual mono
lithic operational amplifier. Each amplifier offers both the low 
voltage noise and low offset drift of a bipolar input op amp and 
the very low bias current of a FET input device. The 10'4 {1 

common-mode impedance insures that input bias current is 
essentially independent of common-mode voltage variations. 

The AD796 has both excellent de performance and a guaranteed 
and tested maximum input voltage noise. Each amplifier fea
tures 2 pA maximum input bias current and 300 fL V maximum 
offset voltage (AD796B) along with 1.5 mA max power supply 
current. 
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Voltage Noise Spectral Density 

10k 

Dual Low Power, Low Cost, 
Precision FET Op Amp 

AD796 I 
CONNECTION DIAGRAM 

Plastic Mini-DIP (N) Package, Cerdip (Q) Package, 
and SOIC (R) Package 

AMPLIFIER 1 AMPUFlER2 

7 OUTPUT 

The AD796 features a guaranteed low input noise of 2.5 fL V p-p 
(0.1 Hz to 10 Hz) and a 10 nV/y'Hz max noise level at 10 kHz. 
The AD796 has a fully specified and tested input offset voltage 
drift of only 3 fL vrc max which is trimmed at the wafer level to 
keep device cost low. 

The AD796 is the ideal choice for many high input impedance, 
low noise applications. It is available in three performance 
grades. The AD796A and AD796B are rated over the industrial 
temperature of -40°C to +85OC. The AD796S is rated over the 
military temperature range of -55OC to + l2Soe and is available 
processed to MIL-STD-883B. 

The AD796 is available in 8-pin plastic mini-DIP, cerdip, and 
surface mount (SOIC). 

10pF 

OUTPUT 

The AD796 Used as a Sensitive Photodiode Preamplifier 
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AD796 - SPECIFICATIONS (@ + 25°C and ± 15 V dc, unless otherwise noted) 

AD796A AD796B AD796S 
Parameter Condition. Min Typ Max Min Typ Max Min Typ Max Unit. 

INPUT OFFSET VOLTAGE! 
Initial Offset 100 500 50 300 100 500 fLV 

Offset TMI"TMAX 300 1000 100 400 500 1500 fLV 
vs. Temperature 3 12 2 3 4 10 fLVrC 
vs. Supply 90 110 94 110 90 110 dB 
vs. Supply (PSRR) TM["TMAX 100 90 100 86 95 dB 

INPUT BIAS CURRENT2 

Either Input VCM = 0 V 1.5 2.5 1.5 2 pA 
Either Input @ T MAX = 70'C VCM = 0 V 34196 34/96 2050 pA 
Either Input VCM =+IOV 1.5 1.5 I.5 pA 
Offset Current VCM = 0 V 0.1 1.0 0.1 0.5 0.1 1.0 pA 
Offset Current @ T MAX = 70'C VCM = 0 V 216 2/6 100 pA 

INPUT VOLTAGE NOISE 0.1 Hz to 10 Hz 1.0 2.5 1.0 3.3 fLV P--'1-
f = 10 Hz 20 40 20 50 nV/y'Hz 
f = 100 Hz 10 20 10 30 nV/y'Hz 
f=lkHz 7 10 7 15 nVly'Hz 
f= 10kHz 10 8 10 nV/y'Hz 

INPUT CURRENT NOISE 18 fAp-~ 
0.8 fNy'Hz 

FREQUENCY RESPONSE 
Unity Gain, SmaIl Signal G= -I MHz 
Full Power Response Vo =20Vp-p 

RLOAD = 2kfl 12.8 16 kHz 
Slew Rate, Unity Gain VOUT = 20 V p-p 

RLOAD = 2 kfl V/fLS 

SETTLING TIME' 
To 0.1% II II II fLS 
To 0.01% 12 12 12 fLS 
Overload Recovery4 50% Overdrive 5 5 5 fLS 
Total Harmonic f=lkHz 

INPUT IMPEDANCE 
Differential VDlFF = ±I V 1012111 J012111 1012111 flllpF 
Common Mode 1014112.2 1014112.2 10[412.2 flllpF 

INPUT VOLTAGE RANGE 
Differential' ±20 ±20 ±20 V 
Common-Mode Voltage ±IO ±II ±IO ±II ±IO ±II V 
Over Max Operating Range ±IO ±IO ±IO V 
Common-Mode Rejection Ratio VCM = ±IOV 90 110 94 110 90 110 dB 

TMINto TMAX 100 90 100 86 100 dB 

OPEN-LOOP GAIN Vo = ±IOV 
RLOAD '" 2 kfl 100 110 100 110 114 130 dB 
TM["TMAX 100 110 dB 

OUTPUT CHARACTERISTICS 
Voltage RLoAD '" 2 kfl ±IO ±II ±IO ±II ±10 ±11 V 

TM["TMAX V 
Current VOUT= ±IOV ±5 ±IO ±5 ±IO ±5 ±IO rnA 

Short Circuit ±15 ±15 ±15 rnA 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 V 
Operating Range ±5 ±18 ±5 ±18 ±5 ±18 V 
Qniescent Current 2.5 3 2.5 3 2.5 3 rnA 

NOTES 
IInput offset voltage specifications are guaranteed after 5 minutes of operation at TA = + 250(;. 
2Bias current specifications afe guaranteed maximum at either input after 5 minutes of operation at TA = + 25°C. For higher temperature, the current doubles 
every lO'e. 

'Gain = -I, RLOAD = 2 kfl. 
4Defined as the time required for the amplifier's output to return to normal operation after removal of a 50% overload from the amplifier input. 
sDefined as the maximum continuous voltage between the inputs such that neither input exceeds ± 10 V from ground. 

All min and max specifications are guaranteed. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ± 18 V 
Internal Power Dissipation2 (@ TA = +25°C) 

8-Pin Header Package. . . . . . . .. . ......... 500 mW 
8-Pin Mini-DIP Package .................. 750 mW 
8-Pin SOlC Package ..................... 650 mW 

Input Voltage ............................. ±Vs 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperature Range (Q) ......... -65°C to + 150°C 
Storage Temperature Range (N) ......... -65°C to + 125°C 
Storage Temperature Range (R) ......... -65°C to + 125°C 
Operating Temperature Range 

AD796AIB ...•.................. -40°C to +85°C 
AD796S ...................... -55°C to + 125°C 

Lead Temperature Range (Soldering 60 secs) ....... +3OO°C 

Model 

AD796AN 
AD796BN 
AD796AR 
AD796SQ-883B 

AD796 
NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. ExPosure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

'S-Pin Plastic Mini-DIP Package: aJA = lOO'ClWatt 
S-Pin Small Outline Package: aJA = lSS'ClWatt 
S-Pin Cerdip Package: aJA = 1l0"ClWatt 

*N = Plastic mini-DIP, Q-S = Cerdip, R = SOIC package. See outline 
information see Package Information section. 
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r'IIIIANALOG 
WDEVICES 

FEATURES 
Low Noise 

0.9 nV/v'Hz typ (1.2 nV/v'Hz max) Input Voltage 
Noise (@1 kHz) 
50 nV p-p Input Voltage Noise. 0.1 Hz to 10 Hz 

Low Distortion 
-110 dB Total Harmonic Distortion (@ 20 kHz) 

Excellent AC Characteristics 
110 MHz Gain Bandwidth (G = 1000) 
6 MHz Bandwidth (G = 10) 
280 kHz Full Power Bandwidth 
18 V/".s Slew Rate 

Good DC Precision 
80 ".V max Input Offset Voltage (40 
1.0 ".V/'C Vos Drift (0.8 ".V,.C" 

Flexible Operation 
Specified for :t:5 V and :t:15 V Power S 
Low Power of 7.5 rnA typ 

High Output Drive Current of 30 rnA min 

APPLICATIONS 
Professional Audio Preamplifiers 
IR. CCD. and Sonar Imaging Systems 
Spectrum Analyzers 
Ultrasound Preamplifiers 
Seismic Detectors 
~~ ADC/DAC Buffers 

PRODUCT DESCRIPTION 
The AD797 is a very low noise, low distortion amplifier ideal 
for use as a preamplifier. The low noise of 0.9 nVf\IHz and low 
total harmonic distortion of -110 dB at audio bandwidths gives 
the AD797 the wide dynamic range necessary for preamps in 
microphones and mixing consoles. Furthermore, the excellent 
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AD797 I 
CONNECTION DIAGRAM 

S-Pin Plastic Mini-DIP (N), 
Cerdip (Q) and SOIC (R) • 

Packages 
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& DISTORTION 
NEUTRALIZATION 

+vs 
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OFFSET NULL 

frequency response of the AD797 of 18 V f!'-s slew rate and 
80 MHz gain bandwidth makes it highly suitable for ultrasound 
applications. 

The AD797 is also useful in IR and sonar imaging applications 
where the widest dynamic range is necessary along with the 
operating temperature range of the AD797SQf883B of -SS·C to 
+ 12S·C. 

The low distortion and unity gain stability of the AD797 make 
it ideal for buffering the inputs to ~Jl ADCs or the outputs of 
high resolution DACs especially in critical applications such as 
seismic detection and spectrum analyzers. Key features such as a 
30 rnA output current drive and the fully specified power supply 
voltage range of ±S volts to ± IS volts help to make the AD797 
a good general purpose amplifier. 
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AD797 -SPECIFICATIONS (@TA = +Z5°C and Vs = :1:15 V dc, unless otherwise noted) 

AD797A1S AD797B 
Model Cooditi~ns Vs Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE ±SV,±ISV 2S 80 10 40 ",V 
TMIN toTMAX SO 12S/180 30 80 ",V 

Offset Voltage Drift ±SV,±ISV 0.2 I 0.2 0.8 ",vrc 
INPUT BIAS CURRENT :':SV,±ISV 0.8 2.0 O.S 0.9 tJ.A 

TMINto TMAx 2.0 4.0 1.0 2.0 tJ.A 
INPUT OFFSET CURRENT ±SV,±ISV 100 300 80 ISO nA 

TMINtoTMAX 120 SOO17S0 120 2S0 nA 

OPEN-LOOP GAIN VOUT = ±10V ±IS V 
RLOAD = 2 kO 4 S 20 V/",V 
TM!I .... TMAx 2.5/1.S 4 10 V/",V 
RLOAD = 6000 2 3 IS V/",V 
TMINto TMAX I 2 7 V/",V 
@20kHz SSOO VN 

DYNAMIC PERFORMANCE 
Gain Bandwidth Product G = 1000 110 MHz 

G = 1000' 4S0 MHz 
- 3 dB Bandwidth G=IO 6 MHz 
Full Power Bandwidth' Vo=10Vp-p 

RLOAD = 280 kHz 
Slew Rate RLOAD 12.S 18 V/",s 

COMMON-MODE REJECTION 120 130 dB 
110 120 dB 

POWER SUPPLY REJECTION 120 130 dB 
114 120 dB 

INPUT VOLTAGE NOISE f= 0.1 Hz to 10Hz ±IS V SO SO nVp-p 
f = 10 Hz ±IS V 1.7 2.S 1.7 2.5 nV/y'HZ 
f=lkHz ±IS V 0.9 1.2 0.9 1.2 nV/y'HZ 
f=IMHz ±IS V 1.0 1.0 ",Vrrns 

INPUT CURRENT NOISE f=lkHz :':IS V 2.0 2.0 pAly'HZ 

INPUT COMMON-MODE 
VOLTAGE RANGE RLOAD = 2 kO ±IS V ±12 ±12 V 

RLOAD = 2 kO :':S V ±2.S ±2.S V 

OUTPUT CHARACTERISTICS 
Output Voltage Swing RLOAD = 2 kO ±IS V ±12 ±13 ±12 ±13 V 

RLOAD = 6000 ±ISV ±11 ±13 ±11 ±13 V 
Short-Circuit Current ±SV,±ISV 80 80 rnA 
Output Current ±S V, ±IS V 30 SO 30 SO rnA 

TOTAL HARMONIC DISTORTION RLoAD = 2 kO ±ISV -98 -98 dB 
f = 2S0 kHz, 3 V rrns 
RLOAD = 6000 ±IS V -110 -110 dB 
f=20kHz,7Vrrns 

INPUT CHARACTERISTICS 
Input Resistance (Differential) 7.S 7.S kO 
Input Resistance (Common Mode) 100 100 Mfl 
Input Capacitance (Differential)' 10 10 pF 
Input Capacitance (Common Mode) S S pF 

OUTPUT RESISTANCE Av = + 1, f = 1 kHz 3 mn 
POWER SUPPLY 

Operating Range ±4.7S ±18 ±4.7S :':18 V 
Quiescent Current ±IS 7.5 9.5 7.S 9.5 rnA 

NOTES 
lSpecified using external decompensation capacitor, see Applications section. 
'Pull Power Bandwidth = Slew Rate12 "II" V PEAK. 

'Differential input capacitance consists of 1.5 pP package capacitance and 8.5 pP from the input differential pair. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ±18 V 
Internal Power Dissipation2 

Plastic DIP (N) ......................... 1.3 W 
Small Outline (R) ........................ 0.9 W 
Cerdip (Q) ............................. 1.3 W 

Input Voltage ............................. ±Vs 
Differential Input Voltage' ................... ±0.7 V 
Output Short Circuit Duration ............... Indefinite 
Storage Temperature Range (Q) ......... -6SoC to + ISO°C 
Storage Temperature Range (N, R) ....... -6SoC to + 12SoC 
Operating Temperature Range 

AD797A1B ...................... -40°C to +8SoC 
AD797S ....................... -SsoC to + 12SoC 

Lead Temperature Range (Soldering 60 sec) ....... +300°C 

Model 

AD797AN 
AD797BN 
AD797AR 
AD797SQ/883B 

AD797 
NOTES 
IStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions ahove those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability . 

2Thermal Characteristics 
8-Pin Plastic Package: alA = 95'CIW 
8-Pin Cerdip Package: alA = llO'CIW 
8-Pin Small Outline Package: alA = \55'CIW 

'The AD797's inputs ate protected by back-to-back diodes. To achieve low 2 
noise, internal current limiting resistors could not be incorporated into the 
design of this amplifier. If the differential input voltage exceeds 0.7 V, the 
input current sh be limited to less than 25 mA by series protection 
resistors. Note r, that this will degrade the low noise performance of 
the devic 

Package 
Option· 

N-8 
N-8 
R-8 
Q-8 

*For outline information see Package Information section. 
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AD797 - Typical Characteristics 
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Figure 1. Input Voltage Noise Spectral Density 
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Figure 3. Open Loop Gain & Phase vs. Frequency 

AmQrphous (Photodiode) Detector 
Large area photodiodes Cs 2: 500 pF and certain image detec
tors (amorphous Si), have optimum performance when used in 
conjunction with amplifiers with very low voltage rather than 
very low current noise. Figure 5 shows the AD797 used with an 
amorphous Si (Cs = 1000 pF) detector. The response is 
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Figure 5. Amorphous Detector Preamp 
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Figure 4. Offset Null Configuration 

adjusted for flatness with Cp , while the noise is dominated by 
voltage noise amplified by the ac noise gain. The 797's excellent 
input noise performance gives 27 JL V rms total noise in 1 MHz 
bandwidth, as shown by Figure 6. 
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Figure 6. Voltage Noise Spectral Density & VOUT of 
Amorphous Detector Preamp 
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Differential Line Receiver 
The differential receiver circuit of Figure 7 is useful for many 
applications from audio to MRI imaging. It allows extraction of 
a low level signal in the presence of common-mode noise. As 
shown in Figure 8, the AD797 provides this function with only 
9 nV/v Hz noise at the output. Figure 9 shows the AD797's 
20-bit THD performance over the audio band and 16-bit accu
racy to 250 kHz. 
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Figure 8. Output Voltage Noise Spectral Density for 
Differential Line Receiver 
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Figure 9. Total Harmonic Distortion (THD) vs. 
Frequency for Differential Receiver 

AD797 
Low Noise Preamplifier Applications 
The AD797 has an input voltage noise specification of 
0.9 nV/VHz. This is less than the Johnson noise of a 50 n 
resistor. The equivalent source resistance of any feedback net
work should, therefore, be <SO n in order to obtain optimum 
noise performance. This implies that in some applications the 
amplifier sees a substantial load just in driving its own feedback 
network. As with all voltage feedback amplifiers, the bandwidth 
and the distortion reducing benefit of feedback are both reduced 
in proportion to the closed-loop gain. The design of the AD797 • 
addresses these problems by providing passive (patent pending) 
distortion cancellation at the output. In addition, the bandwidth 
is enhanced ompensation. A single extra pin allows the 

sly decompensate the amplifier and neutral
. The performance of the AD797 with and 
ese features is summarized in Figure 10 
II provides THD performance at 3 volts 

R1 

SOpF 

B 
R1 

c 
Figure 10. Low Noise Preamp Connections With and 
Without External Compensation 

Table I. Recommended External Compensation 

AlBIC A B C 
Rl R2 Cl C2 3 dB Cl C2 3 dB Cl C23dB 

(pF) BW (pF) BW (PF) BW 

G = 100 990 10 0 0 1 MHz 0 SO 1 MHz 12 39 1.5 MHz 
G = 1000 9990 10 0 0 96 kHz 0 50 96 kHz 39 12 450 kHz 
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Professional Audio Signal Processing-DAC B 
The low noise and low distortion of the AD7 
choice for professional audio signal processing 
converter for a current out DAC would simply 
ground, were it not for the fact that most DACs do 
linearly with voltage on their output. Standard practice IS to 
operate an op amp as an I-to-V converter creating a virtual 
ground at its inverting input, Figure 12. In this configuration 
clock energy and current steps must be absorbed by the op 
amp's output stage. The unusual configuration, shown in Figure 
12, shunts high frequency energy to ground while correctly 
reproducing the desired output with extremely low THD and 
IMD distortion. 

CF 
75pF 

OUTPUT 

Figure 12. A Professional Audio DAC Buffer 

A General Purpose ATElInstrumentation Input/Output Driver 
The ultralow noise and distortion of the AD797 may be com
bined with the wide bandwidth, slew rate, and load drive of a 
current feedback amplifier to yield a very wide dynamic range 
general purpose driver. The circuit of Figure 13 combines the 
AD797 with the AD811 in just such an application. Using the 
component values shown, this circuit is capable of better than 
-90 dB THD with a ±5 V, 500 kHz output signal. The circuit 

is therefore suitable for driving high resolution AID 'converters 
and as an output driver in automatic test equipment (ATE) sys
tems. Using a 100 kHz sine wave, the circuit will drive a 6000 
load to a level of 7 V rms with less than -109 dB THD, and a' 
10 kO load at less than -117 dB THD. 

22pF 

OUTPUT 

A General Purpose A TEl Instrumentation 
Driver 

sound/Sonar Preamp 
e AD600, variable-gain-amplifier, provides the time con

trolled gain (TCG) function necessary for very wide dynamic 
range sonar and ultrasound applications. Under some circum
stances, it is necessary to buffer the input of the AD600 and 
preserve its low noise performance. To optimize dynamic range 
this buffer should have at most 6 dB of gain. The combination 
of low noise as well as low gain is difficult to achieve. The input 
buffer circuit of Figure 14 provides 1 n V v'Hz noise perfor
mance at a gain of two (dc to 1 MHz) by using 26.1 0 resistors 
in its feedback path. Distortion is only - 50 dBc @'1 MHz at 
a 2 volt p-p output level and drops rapidly to better than 
-70 dBc at an output of 200 m V p-p. 

26.111 

Figure 14. An Ultrasound Preamplifier Circuit 
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r.ANALOG 
WDEVICES 

FEATURES 
High Speed 

100 MHz Bandwidth (3 dB, G = +1) 
6S MHz Bandwidth (3 dB, G = +2) 
30 MHz Bandwidth (0.1 dB, G = +2) 
1000 V/",s Slew Rate 
SO ns Settling Time to 0.1% (Vo = 10 V Step) 

Ideal for Video Applications (RL = 1S0 0) 
O.OS% Differential Gain 
O.Oso Differential Phase 

Low Noise 
2.S nV/v'Hz Input Voltage Noise 

Low Power 
8.0 mA Supply Current 
2.0 mA Supply Current (Power

High Performance Disable Function 
Turn-Off Time of 100 ns 
Input to Output Isolation of 60 dB (Off St 

Flexible Operation 
Specified for ±S V and ±1S V Operation 
±2.S V Output Swing into a 1S0 0 Load (Vs = ±S V) 

APPLICATIONS 
Professional Video Cameras 
Multimedia Broadcast Systems 
HDTV, NTSC, PAL & SECAM Compatible Systems 
Video Line Driver 
ADC/DAC Buffer 
DC Restoration Circuits 

PRODUCT DESCRIPTION 
The ADSI0 is an HDTV, NTSC, PAL and SECAM compatible 
video operational amplifier, which is ideal for use in any broad
cast quality video system such as multimedia, video cameras and 
crosspoint switchers. The 65 MHz bandwidth at a gain of + 2 is 
ideal for video applications and the differential gain and phase of 
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Figure 1. Closed-Loop Gain vs. Frequency for RF = RG = 
750 a. RL = 150fl 

Low Power 
Video Op Amp with Disable 

AD810 I 
CONNECTION DIAGRAM 

8 Pin Plastic Mini-DIP (N), SOIC 
(R) and Cerdip (Q) Packages 

OFFSET 
NULL 

5° (NTSC and PAL) make the ADSIO ideal for 
ty video systems. The ADSI0 is designed for HDTV, 

& PAL compatibility so that the op amp meets a strin
nt 0.1 dB flatness specification at a bandwidth of 30 MHz 

(G = + 2) and still meets differential gain and phase specs of 
0.05% and 0.05°. All these specifications are under load condi
tions of 150 n (one 75 n back terminated cable), with low 
power supply current of S.O mAo 

The ADS10 is ideal for power sensitive applications such as 
video cameras. The disable feature reduces the power supply 
current to only 2 mA, while the amplifier is not in use, to con
serve power. Furthermore the ADSIO is specified over a 
power supply range of ±S V to ±1S V for battery powered 
applications. 

The ADS10 works well as an ADC or DAC buffer in video sys
tems due to its unity gain bandwidth of 100 MHz; furthermore 
because the ADSIO is a transimpedence amplifier this band
width can be maintained over a wide range of gains. Also the 
ADSIO offers low noise of 2.5 nV/\lHz for wide dynamic range 
applications. 
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Figure 2. Closed-Loop Gain vs. Frequency for RF = 649 fl, 
RL = 150 n 
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ADSl O-SPECIFICATIONS (@TA = +25·C and Vs = ±15 V dc, RL = 1500 unless otherwise noted) 

Model AD810A AD810S1 

Conditions Vs Min Typ Max Min Typ Max Units 

DYNAMIC PERFORMANCE 
3 dB Bandwidth (G = +2) RpB = 649 ±5 V 65 65 MHz 

(G = +2) RpB = 750 ±5V 55 55 MHz 
(G = +2) RPB = 649 ±15 V 85 85 MHz 
(G = +2) RpB = 750 ±15 V 70 70 MHz 
(G = +1) RPB = 649 ±15 V 100 100 MHz 
(G = +10) RpB = 649 ±15 V 50 50 MHz 

0.1 dB Bandwidth (G = +2) RpB = 649 ±5V 20 20 MHz 
(G = +2) RpB = 750 ±5V 10 10 MHz 
(G = +2) RpB = 649 ±15 V 30 30 MHz 
(G = +2) RPB = 750 ±15 V 15 15 MHz 

Full Power Bandwidth Vo = 20V p-p, 
RLOAD = 400 0 16 MHz 

Slew Rate RLOAD = 1500 1000 V/fJos 
400 V/fJos 

Settling Time to 0.1% 10 V Step, Av = -1 50 ns 

Differential Gain f = 3.58 0.02 % 
f= 0.03 % 

Differential Phase f= 0.03 Degrees 
f= 3. 0.05 Degrees 

INPUT OFFSET VOLTAGE 3 0.5 3 mV 
Offset Voltage Drift 5 fJovrc 

INPUT BIAS CURRENT (-Input) 2 5 2 5 jJoA 
(+Input) 2 10 2 10 fJoA 

OPEN-LOOP TRANSRESISTANCE Va = ±10V, ±15 V 1.5 1.5 MO 
RL = 4000 

COMMON-MODE REJECTION VCM = ±12 V, ±15 V 
Vas VCM = ±2.5 V ±5V 60 60 dB 
Input Current 1 1 fJoAIV 

POWER SUPPLY REJECTION Vs =±4Vto±18V 
Vas 64 64 dB 
Input Current 0.5 0.5 fJoAIV 

INPUT VOLTAGE NOISE f=lkHz ±15 V 2.5 2.5 nV/y'Hz 

INPUT CURRENT NOISE -lIN' f = 1 kHz ±15V 20 20 pAly'Hz 
+IIN' f = 1 kHz ±15 V 1.5 1.5 pAly'Hz 

INPUT COMMON-MODE 
VOLTAGE RANGE ±5 V ±3.0 ±3.0 V 

±15 V ±12.5 ±12.5 V 

OUTPUT VOLTAGE SWING RLOAD = 1500 5V ±2.9 ±2.9 V 
RLOAD = 5000 15 V ±12.9 ±12.9 V 

Short-Circuit Current 15 V 150 150 rnA 
Output Current 60 60 mA 

INPUT CHARACTERISTICS 
Input Resistance (+Input) 5 5 MO 
Input Resistance (-Input) 35 35 0 
Input Capacitance (+Input) 2 2 pF 

OUTPUT RESISTANCE Open Loop (5 MHz) 15 15 0 

DISABLE CHARACTERISTICS 
OFF Isolation f = 10 MHz 50 50 dB 
OFF Output Impedance (Rp +Ro)116 pF (Rp +Ro)1I6 pF 
Turn On Time (Before ZauT = Low) 400 400 ns 
Turn Off Time (Before ZaUT = High) 100 100 ns 
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Model 
Conditions 

POWER SUPPLY 
Operating Range 
Quiescent Current 

Power-Down Current 

NOTE 
'See Analog Devices Military datasheet for 883B tested specifications. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS l 

Supply Voltage ........................... ±l 
Internal Power Dissipation2 

Common-Mode Input Voltage ........... . 
Differential Input Voltage ....... . 
Storage Temperature Range (Q) .... . 
Storage Temperature Range (N) .... . 
Storage Temperature Range (R) ......... -
Operating Temperature Range 

ADS lOA . . . . . . . . . . . . . . . . . . . . . .. -40°C to +S 
AD810S ...................... -55°C to + 125°C 

Lead Temperature Range (Soldering 60 seconds) ...... 300"C 

Vs Min 

±4.0 
±5V 
±15 V 
±5V 
±IS V 

AD8l0 
AD810A AD810S l 

Typ Max Min Typ Max Units 

±IS ±4.0 ±IS V 
6.5 6.5 rnA 
7.0 7.0 rnA 
I.S I.S rnA 
2.3 2.3 rnA 

ose listed under "Absolute Maximum Ratings" may cause 
ge to the device. This is a stress rating only, and functional 
device at these or any other conditions above those indicated 
al section of this specification is not implied. Exposure to 

um rating conditions for extended periods may affect device 

-Pin Plastic DIP Package: alA = 9O'CIWan 
8-Pin Cerdip Package: alA = 1l0'ClWan 
8-Pin sOle Package: alA = ISO'ClWan 

ORDERING GUIDE 

Model Temperature Range Package Description 

AD810AN -40°C to +S5°C S-Pin Plastic DIP 
AD810AR -40°C to +S5°C 8-Pin Plastic SOIC 
AD810SQ/883B - 55°C to + 125°C 8-Pin Cerdip 

*For outline information aee Package Information section. 

ESD SUSCEPTIBILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the ADSIO features proprietary ESD pro
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 

Package Option* 

N-8 
R-8 
Q-S 
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r-IIANALOG 
WDEVICES 

FEATURES 
High Speed 

140 MHz Bandwidth (3 dB. G = +1) 
120 MHz Bandwidth (3 dB. G = +2) 
35 MHz Bandwidth (0.1 dB. G = +2) 
2500 V IlJ.s Slew Rate 
25 ns Settling Time to 0.1% (For a 2 V Step) 
65 ns Settling Time to 0.01% (For a 10 V Step) 

Excellent Video Performance (RL =150 0) 
0.01% Differential Gain. 0.01° Differential Phase 
Voltage Noise of 1.9 nVYHz 

Low Distortion: THD = -74 dB @ 10 MHz 
Excellent DC Precision 

3 mV max Input Offset Voltage 
Flexible Operation 

Specified for :1:5 V and :1:15 V Operation 
:1:2.3 V Output Swing into a 75 0 Load (Vs = :1:5 V) 

APPLICATIONS 
Video Crosspoint Switchers. Multimedia Broadcast 

Systems 
HDTV Compatible Systems 
Video Une Drivers. Distribution Amplifiers 
ADC/DAC Buffers 
DC Restoration Circuits 
Medical-Ultrasound. PET. Gamma & Counter 

Applications 

PRODUCT DESCRIPTION 
The AD811 is a wideband current-feedback operational ampli
fier, optimized for broadcast quality video systems. The -3 dB 
bandwidth of 120 MHz at a gain of + 2 and differential gain and 
phase of 0.01% and 0.01° (RL = 1500) make the AD811 an 
excellent choice for all video systems. The AD811 is designed to 
meet a stringent 0.1 dB gain flatness specification to a band
width of 35 MHz (G = + 2) in addition to the low differential 
gain and phase errors. This performance is achieved whether 
driving one or two back terminated 75 0 cables, with a low 
power supply current of 16.5 mAo Furthermore, the AD811 is 
specified over a power supply range of ±4.5 V to ± 18 V. 
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AD8ll I 
CONNECTION DIAGRAMS 

8-Pin Plastic (N-8), 
Cerdip (Q-8) and 
SOIC (R-8) Packages 
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20-Pin LCC (E-20A) Package 
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910111213 
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NC = NO CONNECT 

16-Pin SOIC (R·16) Package 20·Pin sOle (R·20) Package 

Ne ;; NO CONNECT 

Ne '" NO CONNECT 

The AD811 is also excellent for pulsed applications where tran
sient response is critical. It can achieve a maximum slew rate of 
greater than 2500 VI I'-s with a settling time of less than 25 ns to 
0.1% on a 2 volt step and 65 ns to 0.01% on a 10 volt step. 

The AD811 is ideal as an ADC or DAC buffer in data acquisi
tion systems due to its low distortion up to 10 MHz and its wide 
unity gain bandwidth. Because the AD811 is a current feedback 
amplifier, this bandwidth can be maintained over a wide range 
of gains. The AD811 also offers low voltage and current noise of 
1.9 nV/yHz and 20 pAlyHz, respectively, and excellent dc 
accuracy for wide dynamic range applications. 
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AD8ll-SPECIFICATIONS (@ TA = +25°C and Vs = ±15 V dc, RLOAD = 150 {} unless otherwise noted) 

Model Conditions V. 
DYNAMIC PERFORMANCE 

Small Signal Bandwidth (No Peaking) 
-3 dB 

G = +1 RFB = 562 n ±15V 
G = +2 RFB = 649 n ±15 V 
G = +2 RFB = 562 n ±5 V 
G=+IO RpB = 511 n ±15 V 

0.1 dB Flat 
G = +2 RFB = 562 n ±5V 

RFB = 649 n ±15V 
Full Power Bandwidth' VOUT = 20 V p-p ±15 V 
Slew Rate VouT=4Vp-p ±5V 

VOUT = 20 V p-p ±15 V 
Settling Time to 0.1% 10 V Step, Av = -I ±15V 
Settling Time to 0.01% 
Settling Time to 0.1% 2 V Step, Av = -I ±5 V 
Rise Time, Fall Time RpB = 649, Av = +2 ±15 V 
Differentisl Gain f = 3.5S MHz ±15 V 
Differentisl Phase f = 3.5S MHz ±15 V 
THD @ fc = 10 MHz VOUT = 2 V p-p, Av = +2 ±15 V 
Third Order Intercept' @fc =IOMHz ±5 V 

±15 V 
INPUT OFFSET VOLTAGE ±5V,±15V 

TMINto T MAx 
Offset Voltage Drift 

INPUT BIAS CURRENT 
-Input ±5V,±15V 

TMIN to TMAX 

+ Input ±5V, ±15V 
TMIN to TMAX 

TRANSRESISTANCE TMI"TMAX 
VOUT = ±IOV 

RL = '" ±15 V 
RL = 200 n ±15 V 

VOUT = ±2.5 V 
RL = ISO n ±5V 

COMMON-MODE REJECTION 
Vos (vs. Common Mode) 

TM1"TMAX VCM = ±2.5 ±5V 
TMIN"'TMAX VCM = ±IOV ±15V 

Input Current (vs. Common Mode) TMI"TMAx 
POWER SUPPLY REJECTION VS - ±4.5 V to ±IS V 

Vos TM1"TMAx 
+ Input Current TMI"TMAx 
- Input Current TM1"TMAX 

INPUT VOLTAGE NOISE f=lkHz 

INPUT CURRENT NOISE f=lkHz 
OUTPUT CHARACTERISTICS 

Voltage Swing, U serul Operating Range' ±5V 
±15V 

Output Current TJ = +25°C 
Short-Circuit Current 

Output Resistance (Open Loop @ 5 MHz) 
INPUT CHARACTERISTICS 

+ Input Resistance 
- Input Resistance 
Input Capacitance + Input 
Common-Mode Voltage Range ±5 V 

±15V 
POWER SUPPLY 

Operating Range 
Quiescent Current ±5V 

±15 V 
TRANSISTOR COUNT # of Transistors 

NOTES 
IThe AD81lJR is specified with ±s V power supplies only, with operation up to ±12 volts. 
2See Analog Devices' military data sheet for 883B tested specifications. 
'FPBW = slew rateJ(2 '" VPEAK) 

-4Qutput power level, tested at a closed loop gain of two. 
5Useful operating range is defmed as the output voltage at which linearity begins to degrade. 
Specifications subject to change without notice. 
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AD8UJ/A' AD8US' 
Min Typ Max Min Typ Max Units 

140 140 MHz 
120 120 MHz 
SO SO MHz 
100 100 MHz 

25 25 MHz 
35 35 MHz 
40 40 MHz 
400 400 V/jJ.S 
2500 2500 V/fJos 
50 50 ns 
65 65 ns 
25 25 ns 
3.5 3.5 ns 
0.01 0.01 % 
0.01 0.01 Degree 
-74 -74 dBc 
36 36 dBm 
43 43 dBm 
0.5 3 0.5 3 mV 

5 5 mV 
5 5 fJoVI"C 

2 5 2 5 fJoA 
IS 30 fJoA 

2 10 2 10 fJoA 
20 25 fJoA 

0.75 1.5 0.75 1.5 Mn 
0.5 0.75 0.5 0.75 Mn 

0.25 0.4 0.125 0.4 Mn 

56 60 50 60 dB 
60 66 56 66 dB 

I 3 I 3 JJ.AIV 

60 70 60 70 dB 
0.3 2 0.3 2 fJoNV 
0.4 2 0.4 2 fJoNV 

1.9 1.9 nV/y'Hz 

20 20 pNy'Hz 

±2.9 ±2.9 V 
±12 ±12 V 
100 100 rnA 
150 150 rnA 
9 9 n 

1.5 1.5 Mn 
14 14 n 
7.5 7.5 pF 
±3 ±3 V 
±13 ±13 V 

±4.5 ±IS ±4.5 ±IS V 
14.5 16.0 14.5 16.0 rnA 
16.5 IS.O 16.5 IS.O rnA 
40 40 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage .......................... ± IS V 

ADSllJR Grade Only ..................... ±12 V 
Internal Power Dissipation2 ••••••• Observe Derating Curves 
Output Short Circuit Duration ..... Observe Derating Curves 
Common-Mode Input Voltage .................. ±Vs 
Differential Input Voltage .................... ±6 V 
Storage Temperature Range (Q, E) ...... -65°C to + 150°C 
Stol1lge Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range 

ADSllJ .......................... O°C to +70°C 
ADSllA ....................... -40°C to +S5°C 
ADSllS ....................... -55°C to + 125°C 

Lead Tempel1lture Range (Soldering 60 sec) ....... + 300°C 
NOTES 
IStresses above those listed under "Absolute Maximum Ratings" may cause 
pennanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

'8-Pin Plastic Package: alA = 9O°ClWatt 
8-Pin Cerdip Package: alA = 1I0°ClWatt 
8-Pin SOIC Package: alA = 155°ClWatt 
16-Pin SOIC Package: alA = 85°ClWatt 
20-Pin SOIC Package: alA = 80°ClWatt 
20-Pin LCC Package: alA = 70"CIWatt 

ORDERING GUIDE 

Model Temperature Range 

ADSllAN -40°C to +S5°C 
ADSllAR-16 -40°C to +S5°C 
ADSllAR-20 -40°C to +S5°C 
ADSllJR O°C to +70°C 
ADSllSQ/SS3B -55°C to + 125°C 
ADSllSE/SS3B - 55°C to + 125°C 
ADSllACHIPS -40°C to +S5°C 
ADSllSCHIPS - 55°C to + 125°C 

Package* 

N-S 
R-16 
R-20 
R-S 
Q-S 
E-20A 
Die 
Die 

*E = Ceramic Leadless Chip Carrier; N = Plastic DIP; Q = Cerdip; 
R = Small Outline IC (SOlC). For outline information see Package Infor
mation section. 

ADSll 
MAXIMUM POWER DISSIPATION 
The maximum power that can be safely dissipated by the 
ADSll is limited by the associated rise in junction temperature. 
For the plastic packages, the maximum safe junction tempera
ture is 145°C. For the cerdip and LCC packages, the maximum 
junction temperature is 175°C. If these maximums are exceeded 
momentarily, proper circuit operation will be restored as soon as 
the die temperature is reduced. Leaving the device in the "over
heated" condition for an extended period can result in device 
burnout. To ensure proper operation, it is important to observe 
the derating curves in Figures 17 and IS. 

While the ADSll is internally short circuit protected, this may 
not be sufficient to guarantee that the maximum junction tem
perature is not exceeded under all conditions. One important 
example is when the amplifier is driving a reverse terminated 
75 n cable and the cable's far end is shorted to a power supply. 
With power supplies of ± 12 volts (or less) at an ambient tem
perature of + 25°C or less, if the cable is shorted to a supply 
rail, then the amplifier will not be destroyed, even if this condi
tion persists for an extended period. 

ESD SUSCEPTIBILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the ADSll features proprietary ESD pro
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 

METALIZATION PHOTOGRAPH 

REV. A 

2 
-INPUT 

Contact Factory for Latest Dimensions. 
Dimensions Shown in Incbes and (mm). 

3 
+INPUT v'- .1 1------------ 0.098(2.49) ------------+1-. 

0.0618 
(1.57) 
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AD811-Typical Characteristics 
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AD811-Typical Characteristics 
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Typical Characteristics, Noninverting Connection-AD8ll 
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Figure 19. Noninverting Amplifier Connection 

Figure 21. Small Signal Pulse Response, Gain = +1 
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Figure 23. Small Signal Pulse Response, Gain = + 10 
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AD811-Typical Characteristics, Inverting Connection 
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Figure 25. Inverting Amplifier Connection 
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Figure 27. Small Signal Pulse Response, Gain = -1 

Figure 29. Small Signal Pulse Response, Gain = -10 
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AD811 APPLICATIONS 
General Design Considerations 
The AD811 is a current feedback amplifier optimized for use in 
high performance video and data acquisition applications. Since 
it uses a current feedback architecture, its closed-loop - 3 dB 
bandwidth is dependent on the magnitude of the feedback resis
tor. The desired closed-loop gain and bandwidth are obtained by 
varying the feedback resistor (RpB) to tune the bandwidth, and 
varying the gain resistor (Ro) to get the correct gain. Table I 
contains recommended resistor values for a variety of useful 
closed-loop gains and supply voltages. 

Table I. -3 dB Bandwidth vs. Closed-Loop Gain and 
Resistance Values 

Vs = ±IS V 
Closed-Loop -3 dB BW 
Gain RpB Ita (MHz) 

+1 7500 140 
+2 6490 6490 120 
+10 511 0 56.20 100 
-I 5900 5900 lIS 
-10 511 0 51.1 0 95 

Vs = ±S V 
Closed-Loop -3dBBW 
Gain RpB Ita (MHz) 

+1 6190 80 
+2 5620 5620 80 
+10 4420 48.70 65 
-I 5620 5620 75 
-10 4420 44.20 65 

Vs = ±IO V 
Closed-Loop -3 dB BW 
Gain RFB Ro (MHz) 

+1 6490 105 
+2 5900 590 0 105 
+10 499 0 49.90 80 
-I 5900 5900 105 
-10 4990 49.90 80 

Figures II and 12 illustrate the relationship between the feed
back resistor and the frequency and time domain response char
acteristics for a closed-loop gain of + 2. (The response at other 
gains will be similar.) 

The 3 dB bandwidth is somewhat dependent on the power sup
ply voltage. As the supply voltage is decreased for example, the 
magnitude of internal junction capacitances is increased, causing 
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Applications-AD8ll 
a reduction in closed-loop bandwidth. To compensate for this, 
smaller values of feedback resistor are used at lower supply 
voltages. 

Achieving the Flattest Gain Response at High Frequency 
Achieving and maintaining gain flatness of better than 0.1 dB at 
frequencies above 10 MHz requires careful consideration of sev
eral issues. 

Choice of Feedback and Gain Resistors 
Because of the above-mentioned relationship between the 3 dB • 
bandwidth and the feedback resistor, the fine scale gain flatness 
will, to some extent, vary with feedback resistor tolerance. It is, 
therefore, recommended that resistors with a 1% tolerance be 
used if it is desired to maintain flatness over a wide range of 
production lots. In addition, resistors of different construction 
have different associated parasitic capacitance and inductance. 
Metal-fIlm resistors were used for the bulk of the characteriza-
tion for this data sheet. It is possible that values other than 
those indicated will be optimal for other resistor types. 

Printed Circuit Board Layout Considerations 
As to be expected for a wideband amplifier, PC board parasitics 
can affect the overall closed loop performance. Of concern are 
stray capacitances at the output and the inverting input nodes. 
If a ground plane is to be used on the same side of the board as 
the signal traces, a space (3/16" is plenty) should be left around 
the signal lines to minimize coupling. Additionally, signal lines 
connecting the feedback and gain resistors should be short 
enough so that their associated inductance does not cause 
high frequency gain errors. Line lengths less than 114" are 
recommended. 

Quality of Coaxial Cable 
Optimum flatness when driving a coax cable is possible only 
when the driven cable is terminated at each end with a resistor 
matching its characteristic impedance. If the coax was ideal, 
then the resulting flatness would not be affected by the length of 
the cable. While outstanding results can be achieved using inex
pensive cables, it should be noted that some variation in flatness 
due to varying cable lengths may be experienced. 

Power Supply Bypassing 
Adequate power supply bypassing can be critical when optimiz
ing the performance of a high frequency circuit. Inductance in 
the power supply leads can form resonant circuits that produce 
peaking in the amplifier's response. In addition, if large current 
transients must be delivered to the load, then bypass capacitors 
(typically greater than I IJ.F) will be required to provide the best 
settling time and lowest distortion. Although the recommended 
0.1 IJ.F power supply bypass capacitors will be sufficient in 
many applications, more elaborate bypassing (such as using two 
paralleled capacitors) may be required in some cases. 
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AD8ll 
Driving Capacitive Loads 
The feedback and gain resistor values in Table I will result in 
very flat closed-loop responses in applications where the load 
capacitances are below 10 pF. Capacitances greater than this will 
result in increased peaking and overshoot, although not neces
sarily in a sustained oscillation. 

There are at least two very effective ways to compensate for this 
effect. One way is to increase the magnitude of the feedback 
resistor, which lowers the 3 dB frequency. The other method is 
to include a small resistor in series with the output of the ampli
fier to isolate it from the load capacitance. The results of these' 
two techniques are illustrated in Figure 32. Using a 1.5 kO 
feedback resistor, the output ripple is less than 0.5 dB when 
driving 100 pF. The main disadvantage of this method is that it 
sacrifices a little bit of gain flatness for increased capacitive load 
drive capability. With the second method, using a series resis
tor, the loss of flatuess does not occur. 

Figure 31. Recommended Connection for Driving a Large 
Capacitive Load 
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Figure 33. Recommended Value of Series Resistor vs. the 
Amount of Capacitive Load 

Figure 33 shows recommended resistor values for different load 
capacitances. Refer again to Figure 32 for an example of the 
results of this method. Note that it may be necessary to adjust 
the gain setting resistor, Ro, to correct for the attenuation which 
results due to the divider formed by the series resistor, Rs, and 
the load resistance. 

Applications which require driving a large load capacitance at a 
high slew rate are often limited by the output current available 
from the driving amplifier. For example, an amplifier limited to 
25 rnA output current cannot drive a 500 pF load at a slew rate 
greater than SO V/".s. However, because of the AD811's 100 mA 
output current, a slew rate of 200 V/".s is achievable when driv
ing this same 500 pF capacitor (see Figure 34). 

Figure 34. Output Waveform of an AD811 Driving a 
500 pF Load. Gain = +2, RFB = 649 n, Rs = 15 n, 
RL = 10k{}' 
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Operation as a Video Line Driver 
The AD811 has been designed to offer outstanding performance 
at closed-loop gains of one or greater, while driving multiple 
reverse-terminated video loads. The lowest differential gain and 
phase errors will be obtained when using ± 15 volt power sup
plies. With ± 12 volt supplies, there will be an insignificant 
increase in these errors and a slight improvement in gain flat
ness. Due to power dissipation considerations, ± 12 volt supplies 
are recommended for optimum video performance. Excellent 
performance can be achieved at much lower supplies as well. 

The closed-loop gain vs. frequency at different supply voltages 
is shown in Figure 36. Figure 37 is an oscilloscope photograph 
of an AD811 line driver's pulse response with ± IS volt supplies. 
The differential gain and phase error vs. supply are plotted in 
Figures 38 and 39, respectively. 

Another important consideration when driving multiple cables is 
the high frequency isolation between the outputs of the cables. 
Due to its low output impedance, the AD811 achieves better 
than 40 dB of output to output isolation at 5 MHz driving back 
terminated 75 n cables. 
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Figure 35. A Video Line Driver Operating at a Gain of +2 
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ADSll 

Figure 37. Small Signal Pulse Response, Gain = +2, 
Vs = ±15 V 
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AD8ll 
An 80 MHz Voltage-Controlled Amplifier Circuit 
The voltage-controlled amplifier 01CA) circuit of Figure 40 
shows the AD811 being used with the AD834, a 500 MHz, 
4-quadrant multiplier. The AD834 multiplies the signal input 
by the dc control voltage, VG • The AD834 outputs are in the 
form of differential currents from a pair of open collectors, 
ensuring that· the full bandwidth of the multiplier (which 
exceeds 500 MHz) is available for certain applications. Here, the 
AD811 op amp provides a buffered, single-ended ground
referenced output. Using feedback resistors R8 and R9 of 511 
n, the overall gain ranges from -70 dB, for V G = 0 to + 12 dB, 
(a numerical gain off our), when V G = + I V.The overall trans
fer function of the VCA is: 

VOUT = 4(XI - X2j(YI - Y2) 

which reduces to VOUT = 4 V G VIN using the labeling conven
tions shown in Figure 40. The circuit's -3 dB bandwidth of 
SO MHz, is maintained essentially constant-independent of 
gain. The response can be maintained flat to within ± 0.1 dB 
from dc to 40 MHz at full gain with the addition of an optional 
capacitor of about 0.3 pF across the feedback resistor RS. The 
circuit produces a full-scale output of ±4 V for a ± 1 V input, 
and can drive a reverse-terminated load of 50 nor 75 n to ±2 V. 

+ Rl1000 

I 

: R21000 

V 

V,N O---------.J 

R3 
2490 

R4 
182Q 

R5 
1820 

*HB = R9 = 511 FOR X4 GAIN 
= 1.27k FOR Xl0 GAIN 

The gain can be increased to 20 dB (x 10) by raising RS and R9 
to 1.27 kn, with a corresponding decrease in - 3 dB bandwidth 
to about 25 MHz. The maxiinum output voltage under these 
conditions will be increased to ±9 V using ± 12 V supplies. 

The gain-control input voltage, VG, may be a positive.or nega
tive ground-referenced voltage, or fully differential, depending 
on the user's choice of connections at Pins 7 and S. A positive 
value of V G resUlts in an overall noninverting response. Revers
ing the sign of V G simply causes the sign of the overall response 
to invert. In fact, although this circuit has been classified as a 
voltage-controlled amplifier, it is also quite useful as a general
purpose four-quadrant multiplier, with good load-driving capa
bilities and fully-symmetrical responses from X- and Y -inputs. 

The ADSII and ADS34 can both be operated from power sup
ply voltages of ± 5 V. While it is not necessary to power them 
from the same supplies, the common-mode voltage at WI and 
W2 must be biased within the common-mode range of the 
ADS II 's input stage. To achieve the lowest differential gain and 
phase errors, it is recommended that the AD811 be operated 
from power supply voltages of ± 10 volts or greater. This VCA 
circuit is designed to operate from a ± 12 volt dual power 
supply. 
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294Q 

R7 
294Q 

R8' 
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H----O-I2V 
FB 

Figure 40. An 80 MHz Voltage-Controlled Amplifier 
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A Video Keyer Circuit 
By using two ADS34 multipliers, an ADSll, and a 1 V dc 
source, a special form of a two-input VCA circuit called a video 
keyer can be assembled. "Keying" is the term used in reference 
to blending two or more video sources under the control of a 
third signal or signals to create such special effects as dissolves 
and overlays. The circuit shown in Figure 41 is a two-input 
keyer, with video inputs VA and VB' and a control input V G' 

The transfer function (with V OUT at the load) is given by: 

V OUT =G VA + (I-G) VB 

where G is a dimensionless variable (actually, just the gain of 
the "A" signal path) that ranges from 0 when V G = 0, to 1 
when V G = + I V. Thus, V OUT varies continuously between VA 
and VB as G varies from 0 to 1. 

Circuit operation is straightforward. Consider first the signal 
path through VI, which handles video input VA' Its gain is 
clearly zero when V G = 0 and the scaling we have chosen 
ensures that it is unity when V G = + 1 V; this takes care of the 
first term of the transfer function. On the other hand, the V G 

input to V2 is taken to the inverting input X2 while XI is 
biased at an accurate + I V. Thus, when V G = 0, the response 
to video input VB is already at its full-scale value of unity, 
whereas when V G = + I V, the differential input XI-X2 is zero. 
This generates the second term. 

RS 
1130 

Va C>--'VV'r ....... 
(0 TO +W DC) 

~o-------+---~ 
(,W FS) 

+5V 

AD8ll 
The bias currents required at the output of the multipliers are 
provided by RS and R9. A dc-level-shifting network comprising 
RIOIR12 and RIIIR13 ensures that the input nodes of the 
ADSll are positioned at a voltage within its common-mode 
range. At high frequencies CI and C2 bypass RIO and Rll 
respectively. RI4 is included to lower the HF loop gain, and 
is needed because the voltage-to-current conversion in the 
ADS34s, via the Y2 inputs, results in an effective value of the 
feedback resistance of 250 !l; this is ouly about half the value 
required for optimum flatness in the ADSll's response. (Note 
that this resistance is unaffected by G: when G = I, all the feed
back is via VI, while when G = 0 it is all via U2). RI4 reduces 
the fractional amount of output current from the multipliers into 
the current-summing inverting input of the AD811, by sharing 
it with R8. This resistor can be used to adjust the bandwidth 
and damping factor to best suit the application. 

To generate the I V dc needed for the "I-G" term an AD589 
reference supplies 1.225 V ± 25 m V to a voltage divider consist
ing of resistors R2 through R4. Potentiometer R3 should be 
adjusted to provide exactly + I V at the XI input. 

In this case, we have shown an arrangement using dual supplies 
of ±5 V for both the AD834 and the ADSII. Also, the overall 
gain in this case is arranged to be unity at the load, when it is 
driven from a reverse-terminated 75 !l line. This means that the 
"dual VCA" has to operate at a maximum gain of 2, rather 

R14 
Cl SEETEXT 

RIO 
2.49k 

Rl1 
2.49k 

SETUP FOR DRIVING 
REVERSE-TERMINATED LOAD 

Figure 41. A Practical Video Keyer Circuit 
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AD811 
than 4 as in the VCA circuit of Figure 40. However, this cannot 
be achieved by lowering the feedback resistor, since below a 
critical value (not much less than 500 0) the AD811's peaking 
may be unacceptable. This is because the dominant pole in the 
open-loop ac response of a current-feedback amplifier is con
trolled by this feedback resistor. It would be possible to operate 
at a gain of X4 and then attenuate the signal at the output. 
Instead, we have chosen to attenuate the signals by 6 dB at the 
input to the AD811; this is the function of R8 through Rll. 

Figure 42 is a plot of the ac response of the feedback keyer, 
when driving a reverse terminated SO n cable. Output noise and 

adjacent channel feedthrough, with either channel fully off lqld 
the other fully on, is about -SO dB to 10 MHz. The feed
through at 100 MHz is limited primarily by board layout. For 
V G = + 1 V, the - 3 dB bandwidth is IS MHz when using a 
137 n resistOr for R14 and 70 MHz with R14 = 49.9 n. For 
further information regarding the design and operation of the 
VCA and video keyer circuits, refer to the application note 
"Video yeA's and Keyers Using the AD834 & AD81l" by 
Brunner, Clarke, and Gilbert, available FREE from Analog 
Devices. 
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r.ANALOG 
WDEVICES 

FEATURES 
High Speed 

50 MHz Unity Gain Bandwidth 
300 V/p.s Slew Rate 
120 ns Settling Time to 0.1% (Vo = 10 V Step) 

Low Power 
7.5 mA max Power Supply Current 

Easy to Use 
Drives Heavy Capacitive Loads 
50 mA Output Current 
Specified for ±5 V and ±15 V Operation 
±3.0 V Output Swing into a 150 a Load (Vs = 

Excellent DC Performance 
1.0 mV Input Offset Voltage 

APPliCATIONS 
Unity Gain ADC/DAC Buffer 
Cable Drivers 
Copiers. Fax. Scanners and Cameras 
Video Line Driver 
Active Filters 

PRODUCT DESCRIPTION 
The ADS17 is a general purpose, high speed voltage feedback 
op amp. It is ideal for use in applications which require unity 
gain stability and high output drive capability, such as buffering 
and cable driving. The 50 MHz bandwidth and 300 V/fU3 slew 
rate make the ADS17 useful in many high speed applications 
including: video, CATV, copiers, scanners and fax machines. 
The ADS17 features high output current drive capability of 
50 mA, and is able to drive heavy capacitive loads. With a low 
power supply current of 7.5 mA max, the ADS17 is a true gen
eral purpose operational amplifier. The ADS17 is ideal for 
power sensitive applications such as video cameras and portable 

+15V 

7500 750n 

The AD817 as a Video Line Driver 

High Speed, Low Power 
General Purpose Amplifier 

CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP (N) 
and SOIC (R) Packages 

AD817 I 

instrumentation. The AD8l7 can operate from ±5 V supplies 
while still achieving 35 MHz of bandwidth. Furthermore, the 
ADS17 is fully specified from ±5 V to ±15 V power supplies. 

The AD817 excels as an ADClDAC buffer or active fliter in 
data acquisition systems and achieves a settling time of 120 ns to 
0.1%, with a low input offset voltage of 1 mV max. The AD8l7 
is available in small 8-pin plastic mini-DIP and SOlC packages. 

l00pF 
LOAD 

l000pF 
LOAD 

The AD817 Driving Capacitive Loads 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no ooligation regarding future manufacture unless otherwise agreed to in writing. 
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AD817 -SPECIFICATIONS (@ TA = + 25·C, unless otherwise noted) 

AD817A 
Parameter Conditions Vs Min Typ Max Units 

DYNANUCPERFORMANCE 
Unity Gain Bandwidth ±5V 35 MHz 

±15 V 50 MHz 
Full Power Bandwidth! Vo = 5 Vp-p 

RL = 5000 ±5 V 12.7 MHz 
Vo = 20 V p-p 
RL = 1 kO ±15 V 4.7 MHz 

Slew Rate2 RLOAD = I kO ±5V 200 V/fLS 
±15 V 225 300 V/fLS 

Settling Time 
to 0.1% -2.5 V to +2.5 V 65 ns 

10 V Step, Av = -I 65 ns 
to 0.01% -2.5 V to +2.5 V 120 ns 

10 V Step, Av = -I 140 ns 
Phase Margin CLOAD = IOpF 

RLOAD = I kO 50 Degree 
Differential Gain (Rl = ISO 0) f .... 4.4 MHz 0.06 % 
Differential Phase (Rl = ISO 0) f .... 4.4 0.11 Degrees 

INPUT OFFSET VOLTAGE' 
0.5 I mV 

4 mV 
Offset Drift 15 ",vrc 

INPUT BIAS CURRENT 3.3 6.6 fLA 
TMIN toTMAx 10 fLA 

INPUT OFFSET CURRENT ±5V,±15V 50 300 nA 
TMIN toTMAx 500 nA 

Offset Current Drift 0.3 nArC 

OPEN-LOOP GAIN Yo = ±2.5 V ±5V 
RLOAD = 5000 2 3.5 V/mV 
TMIN toTMAx I V/mV 
RLOAD = ISO 0 2.0 V/mV 
VOUT = ±IOV ±15 V 
RLOAD = I k!l 3 5.5 V/mV 
TMIN toTMAX 1.5 V/mV 

COMMON-MODE REJECTION VCM = ±2.S V ±5 78 95 dB 
VCM = ±12 V ±15 V 78 95 dB 

POWER SUPPLY REJECTION VS = ±5 V to ±IS V 75 86 dB 
TMINto TMAx 72 dB 

INPUT VOLTAGE NOISE f = 10 kHz ±15 V IS nV/y'Hz 

INPUT CURRENT NOISE f = 10 kHz ±15 V 1.5 pAly'Hz 

INPUT COMMON-MODE 
VOLTAGE RANGE ±5V +4.3 V 

-3.4 V 
±ISV +14.3 V 

-13.4 V 

OUTPUT VOLTAGE SWING 
RLOAD = 5000 ±SV 3.0 ±V 
RLOAD = 1500 ±5V 3.0 ±V 
RLOAD = I kO ±IS V 12 ±V 
RLOAD = 5000 ±IS V 10 ±V 

Output Current ±IS V 30 rnA 
Short Circuit Current ±IS V 60 rnA 

INPUT RESISTANCE 300 kO 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Parameter 

INPUT CAPACITANCE 

OUTPUT RESISTANCE 

POWER SUPPLY 
Operating Range 
Quiescent Current 

NOTES 
'Full power bandwidth = slew ratel2", VPEAK • 

2S1ew rate is measured on rising edge. 

Conditions 

Open Loop 

TMIN toTMAX 

TMIN to TMAX 

3Input offset voltage specifications are guaranteed after 5 minutes @ T A = + 25°C. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS I 
Supply Voltage ................... . 
Internal Power Dissipation2 

Plastic DIP (N) ............. . 
Small Outline (R) ............ . 

Input Voltage (Common Mode) .......... . 
Differential Input Voltage ......................_ 
Storage Temperature Range (N, R) ....... -65°C to+ 125° 
Operating Temperature Range 

AD817A ....................... -40°C to +85°C 
Lead Temperature Range (Soldering 10 seconds) .... +300°C 

NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

'8-Pin Plastic DIP Package: aJA = 95°ClWatt 
8-Pin SOle Package: aJA = 155°ClWatt 

Vs 

±5V 

±15 V 

AD817 
AD817A 

Min Typ Max Units 

1.5 pF 

10 n 

±4.5 ±18 V 
4.8 6.5 rnA 

7.5 rnA 
6.0 7.5 rnA 

8.0 rnA 

ORDERING GUIDE 

Package Description* 

8-Pin Plastic DIP 
8-Pin Plastic SOIC 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
TRUE SINGLE SUPPLY OPERATION 

Output Swings "Rail to Rail" 
Input Voltage Range Includes Ground 

EASVTO USE 
Drives Heavy Capacitive and Resistive Loads 

(Output Current of 20 mA min) 
Low Power of 100 J.lA max per Amplifier 
Wide Unity Gain Bandwidth: 2 MHz 
High Slew Rate of 3.5 VfJ.ls 
Single and Dual Supply Capability 

EXCELLENT DC PERFORMANCE 
250 J.lV max Input Offset Voltage 
5.0 V f"C. max Offset Voltage Drift 
5 pA. max Input Bias Current 

Low Noise 
12.5 nVfYHz @ 1 kHz 

APPLICATIONS 
Battery Powered Precision Instrumentation 
Strain Gage Signal Conditioners 
Thermocouple Amplifiers 
Instrumentation Amplifiers 
4-20mA Current Transmitters 
12- and 14-Bit Data Acquisition Systems 
I-to-V Converters and Preamps 
Medical Instrumentation - Patient Monitors 

PRODUCT DESCRIPTION 
The AD820 and AD822 are precision, low power FET input 
monolithic op amps that can operate from a single supply of 
+4.0 V to +36 V, or dual supplies of ±2.0 V to ±18 V with 
no tradeoffs. They have true single supply capability with input 
voltage range including the negative rail, allowing the AD820 
and AD822 to accommodate input signals down to ground in 
the single supply mode. Their output voltage swing extends to 
within 10 mV of each rail providing the maximum output 
dynamic range to the user. 
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Single Supply, Precision, 
Low Power FET -Input Up Amps 

AD820/AD822 I 
FUNCTIONAL BLOCK DIAGRAMS 

8-Pin Plastic Mini-DIP 
& Cerdip 

8-Pin Plastic, Cerdip & 
SOIC Packages 

5 NULL -Vs 4 
8-Pin SOIC 

set voltage (250 jL V max), low offset voltage drift 
input bias currents «10 pA) and low supply 

00 JLA max) provide true DC precision at low power 
ting conditions. Coupled with a unity gain bandwidth of 

2 MHz and 3.75 V/jLs, the AD820 and AD822 offer the best 
combination of AC and DC specifications to the single supply 
,op amp user. Performance in 12- to 14-bit applications is 
ensured with the low noise (12.5 nV/y'Hz @ 1 kHz), high 
open-loop gain (103 VlmV) and 4 ILS settling time to 0.01% of 
final value. 

The AD820 and AD822 are an excellent choice for battery
powered precision instrumentation applications -wherein the 
extended input and output ranges and low power consumption 
along with output drive of 20 rnA minimum and 500 pF cap 
load dive afford versatility in these applications. 

The AD820 and AD822 are available in three performance 
grades. The A and B grades are rated over the industrial tem
perature range of -40·C to + 85·C. The S grade is rated over 
the military temperature range of - 5S·C to + 12S·C and is avail
able processed to MIL-STD-883B, Rev. C. 

The AD820 and AD822 are offered in three varieties of 8-pin 
package: plastic DIP, hermetic cerdip and surface mount 
(SOlG). 
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AD820/AD822 SPECIFICATIONS (@ TA = +25°C, VCM = 2.5 V,. Vs = +5 V and VCM = 0 V, 
- . Vs = ± 15 V dc, unless otherwise noted) 

Model ADS20AlADS22A AD820BlADS22B ADS20S/AD822S 
Conditions Min Typ Max Min Typ Max Min Typ Max Unit 

Input Offset Voltage 
Initial Offset 0.3 0.2 0.5 0.3 mV 
Offset Drift 10 5 10 .,.vrc 

Input Bias Current 2 10 2 2 10 pA 
Offset Current 0.4 0.4 0.4 pA 
Open Loop Gain Vo=+IOV,RL=:X: 10000 10000 10000 VimV 

Vo = +IOV, RL = 10k 1000 1000 1000 V/mV 
Vo = +IOV, RL = Ik 100 100 100 VimV 

Input Impedance 

Differential 3 x 1012114 3 x 1012114 3 x 1012114 !lllpF 
Common Mode 3 x 1012114 3 x 1012114 3 x 1012114 !lllpF 

Input Voltage Range 
Differential Vs = +5 V +3.5 +3.5 +3.5 V 
Differential Vs = ±15V ±20 ±20 V 
Common·Mode Voltage Vs = +5 V 0,4 0,4 V 
Common-Mode Voltage Vs= ±15V -IS, +14 -IS, +14 V 

Common·Mode Rejection Ratio VCM = Vcx;-2V SO SO dB 
VCM = Vcx;-3V 90 90 dB 

Output Characteristics 
Output Voltage Swingl 

No Load VOL - VEE mV 

Vee - VOH S mV 

ISINK = 2 rnA VOL - VEE 40 mV 

'SOURCE = 2 rnA Vee - VOH SO mV 

ISINK = 20 rnA VOL - VEE 210 mV 

ISOURCE = 20 rnA Vcc - VOH SOO mV 
OutpUt Current 20 30 20 30 mV 

Shott Circuit Current 50 50 50 rnA 
Cap. Load Drive Capability 500 500 500 pF 

Input Voltage Noise 0.1 Hz to 10 Hz .,.V p-p 
f= 10 Hz 25 25 25 nViVHz 
f= 100Hz IS IS IS nV/yHz 

f= I kHz 12.5 12.5 12.5 nVIYHz 
f= 10 kHz 12 12 12 nV/yHz 

Input Current Noise 0.1 Hz to 10 Hz IS 15 15 fA p-p 
f= I kHz O.S O.S O.S fA/VHz 

Frequency Response 
Unity Gain, Small Signal MHz 
Full Power Response Vs = +5 V, 

VIN p-p = 3 V 60 60 60 kHz 
Full Power Response Vs = ±15V 

VIN p-p = 20 V 60 60 60 kHz 
Slew Rate, Unity Gain 3.5 3.5 3.5 Vi.,.s 

SPECIFICATIONS (@ TA = +25°C, VCM = 0 v, +5 V and ±15 V dc, unless otherwise noted) 

Model ADS20AlAD822A ADS20B/AD822B ADS20S/ADS22S 
Conditions Min Typ Max Min Typ Max Min Typ Max Units 

Settling Time to 0.01 % Vs = +5 V 
VIN p-p = 3 V 2 2 2 .,.s 

Settling Time to 0.01 % Vs=±15V 
VIN P-P = 10 V 5 5 5 ... 

Power Supply Vs = +5 V 
Rated Performance +5 +5 +5 V 
Operating Range +4 +36 +4 +36 +4 +36 V 
Quiescent Current 670 700 670 700 670 700 .,.A 
Power Supply Rejection 90 90 90 dB 

Power Supply Vs = ±15 V 
Rated Performance ±15 ±15 ±lS V 
Operating Range ±2 ±IS ±2 ±IS ±2 ±IS V 
Quiescent Current 710 750 710 750 710 750 .,.A 
Power Supply Rejection 90 90 90 dB 

NOTE 
IVOL -VEE is defmed as the voltage difference the output node (V OUT) and the amplifier's negative supply rail (VEE)' This specification defmes the minimum 
attainable output voltage swing for the different loading conditions indicated. V cc - V OH is defined as the voltage difference between the output node (V OUT) 

and the amplifier's positive supply rail (V cx;). This specification also defines the minimum attainable output voltage swing for the different loading conditions 
indicated. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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r.ANALOG 
LIllI DEVICES 

FEATURES 

HIGH SPEED 
50 MHz Unity Gain Stable Operation 
300 Vlp.s Slew Rate 
120 ns Settling Time 
Drives Unlimited Capacitive Loads 

EXCELLENT VIDEO PERFORMANCE 
0.04% Differential Gain @ 4.4 MHz 
0.19" Differential Phase @ 4.4 MHz 

GOOD DC PERFORMANCE 
2 mV max Input Offset Voltage 
15 p.V/"C Input Offset Voltage Drift 
Available in Tapa and Reel in Accordance with 

EIA-481A Standard 

LOW POWER 
Only 10 mA Total Supply Current for Both Amplifiers 

:5 V to :15 V Supplies 

PRODUCT DESCRIPTION 
The AD827 is a dual version of Analog Devices' industry
standard AD847 op amp. Like the AD847, it provides high 
speed, low power performance at low cost. The AD827 achieves 
a 300 V/tJ.s slew rate and 50 MHz unity-gain bandwidth while 
consuming only 100 mW when operating from ±5 volt power 
supplies. Performance is specified for operation usins ± 5 V to 
± 15 V power supplies. 

The AD827 offers an open-loop gain of 3,500 VIV into 500 n 
loads. It also features a low input voltage noise of 15 nV/y'Hz, 
and a low input offset voltage of 2 mV maximum. Common
mode rejection ratio is a minimum of 80 dB. Power supply 
rejection ratio is maintained at better than 20 dB with input fre
quencies as high as 1 MHz, titus minimizing noise feedthrough 
from s,,~tching power supplies. 

The AD821 is also ideal for use in demanding video applica
tions, driving coaxial cables with less than 0.04% differential 
gain and 0.19" differential phase errors for 643 mV p-p into a 
75 n reverse terminated cable. 

The AD827 is also useful in multichannel, high speed data con
version systems where its fast (120 ns to 0.1%) settlirig time is of 
importance. In such applications, the AD827 serves as an input 
buffer for 8-bit to lO-bit AID converters and as an output ampli
fier for high speed D/A converters. 

REV. A 

High Speed, Low Power 
Dual Op Amp 

AD827 I 
CONNECTION DIAGRAMS 

8-Pin Plastic (N) and Cerdip 
(Q) Packages 

20-Pin LCC (E) Package 

+IN B 7 

NC 

" 
~I~=!fi! 

~ :or fi! ; fi! 
+ 

NC = NO CONNECT 

NC 
OU11'UTB 

-INB 

NC 

APPLICATION IUGHUGHTS 

16-Pin Small Outline 
(R) Package 

Ne = NO CONNECT 

1. Performance is fully specified for operation using ± 5 V to 
± 15 V supplies. 

2. A 0.04% differential gain and 0.19" differential phase error at 
the 4.4 MHz color subcarrier frequency, together with its 
low cost, make it ideal for many video applications. 

3. The AD827 can drive unlimited capacitive loads, while its 
30 mA output current allows 50 n and 75 n reverse
terminated loads to be driven. 

4. The AD827's 50 MHz unity-gain bandwidth makes it an 
ideal candidate for multistage active fIlters. 

5. The AD827 is available in 8-pin plastic mini-DIP and cerdip, 
20-pin Lee, and 16-pin SOle packages. Chips and MIL
STD-883B processing are also available. 
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AD827 -SPECIFICATIONS (@TA = +25°C, unless otherwise noted) 

AD827J AD827A1S 
Model Conditions V. Min Typ Max Min Typ Max ' Units 

DC PERFORMANCE 
Input Offset Voltage' ±S V O.S 2 0.3 2 mV 

Tmin to Trruu.. 3.5 4 mV 
±ISV 4 4 mV 

Tmin to Tmax 6 6 mV 
Offset Voltage Drift ±S Vto ±IS V IS IS fJ,vrc 
Input Bias Current ±S V to ±IS V 3.3 7 3.3 7 fJ,A 

Tmio to Tmax 8.2 9.S fJ,A 
Input Offset Current ±S V to ±IS V SO 300 SO, 300 nA 

TOlin to Tmax 400 400 nA 
Offset Current Drift ±SVto±ISV O.S O.S nAt:C 
Common-Mode Rejection Rstio VCM =±2.5 V ±5V 78 95 80 95 dB 

VCM =±12 V ±IS V 78 95 80 9S dB 
Tmin to Tmax ±SVto±ISV 75 7S dB 

Power Supply Rejection Rstio ±5Vto±ISV 7S 86 7S 86 dB 
Tmin to Tmax 72 72 dB 

Open-Loop Gain 
Vo = ±2.5 V ±SV 

RLOAD = SOO n 2 3.S 2 3.S V/mV 
Tmin to Tmax I I V/mV 
RLOAD = Ison 1.6 1.6 V/mV 

VOUT = ±IOV ±IS V 
RLOAD = I kn 3 5.5 3 S.S V/mV 
Tmin to Tmax 1.5 1.5 V/mV 

MATCHING CHARACTERISTICS 
Input Offset Voltage ±SV 0.4 0.2 mV 
Crosstalk f=SMHz ±SV 85 85 dB 

DYNAMIC PERFORMANCE 
Unity-Gain Bandwidth ±SV 3S 35 MHz 

±IS V SO 50 MHz 
Full Power Bandwidth' Vo = S Vp-p, 

RLOAD = SOO n ±SV 12.7 12.7 MHz 
Vo = 20V p-p, 

RLOAD = I kn ±15V 4.7 4.7 MHz 
Slew Rste' RLOAD = soon ±SV 200 200 VlfJ,s 

RLOAD = I kO ±ISV 300 300 VlfJ,s 
Settling Time to 0.1% Av = -I 

-2.5 V to +2.5 V ±SV 65 65 ns 
-5 V to +5 V ±ISV 120 120 ns 

Phase Margin CLOAD = 10 pF ±ISV 
RLOAD = I kO SO SO Degrees 

Differential Gain Error f = 4.4 MHz ±ISV 0.04 0.04 % 
Differential Phase Error f = 4.4 MHz ±15 V 0.19 0.19 Degrees 

Input Voltage Noise f= 10 kHz ±15 V 15 IS nVlv'llz 
Input Current Noise f = 10 kHz ±ISV 1.5 1.5 pAlyHz 

Input Common-Mode 
Voltage Range ±5V +4.3 +4.3 V 

-3.4 -3.4 V 
±15 V +14.3 +14.3 V 

-13.4 -13.4 V 

Output Voltage Swing RLOAD = 5000 ±5V 3.0 3.6 3.0 3.6 ±V 
RLOAD = ISOO ±5V 2.S 3.0 2.S 3.0 ±V 
RLOAD = I kO ±lS V 12 13.3 12 13.3 ±V 
RLOAD = SOOO ±lS V 10 12.2 10 12.2 ±V 

Shon-Circuit Current Limit ±5 Vto ±IS V 32 32 rnA 

INPUT CHARACTERISTICS 
Input Resistance 300 300 kG 
Input Capacitance 1.5 1.5 pF 

OUTPUT RESISTANCE Open Loop IS IS n 
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AD827 
AD827J AD827A1S 

Model Conditions Vs Min Typ Max Min Typ Max Units 

POWER SUPPLY 
Operating Rsnge ±4.5 ±IS ±4.S ±IS V 
Quiescent Current ±SV 10 13 10 13 mA 

TmiD to Tmu: 16 16.5117.5 mA 
±IS V 10.5 13.5 10.5 13.5 mA 

Tmin to Tmax 16.5 1711S mA 

TRANSISTOR COUNT 92 92 

NOTES 2 
'Offset voltage for the AD827 is guaranteed after power is applied and the device is fully warmed up. All other specifications are measured using high speed test 
equipment, approximately 1 second after power is applied. 

'Full Power Bandwidth = Slew Ratel21T V PEAK' 

'Gain = + I, rising edge. 

All min and max specifications are guaranteed. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS l 

Supply Voltage ........................... ±18 V 
Internal Power Dissipation2 

Plastic (N) Package (Derate at 10m W I"C) ........ 1. 5 W 
eerdip (Q) Package (Derate at S.7 mWt"C) ........ 1.3 W 
Small Outline (R) Package (Derate at 10 mWt"C) .... 1.5 W 
LCC (E) Package (Derate at 6.7 mWt"C) ......... 1.0 W 

Input Common Mode Voltage ................... ±Vs 
Differential Input Voltage . . . . . . . . . . . . . . . . . . . . . . 6 V 
Output Short Circuit Duration' .............. Indefmite 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Storage Temperature Range (Q) . . . . . . . . . -65°C to + 150°C 
Operating Temperature Range 

AD827J ........................... 0 to +70°C 
AD827A ....................... -40°C to +85°C 
AD827S ....................... -55°C to + 125°C 

Lead Temperature Range 
(Soldering to 60 sec) . . . . . . . . . . . . . . . . . . . . . . . 300°C 

ORDERING GUIDE 

NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
pennanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods may affect device reliability. 

2 Maximum internal power dissipation is specified so that T J does not exceed 
+ 17S'C at an ambient temperature of + 2S"<:. 

Thermal Characteristics: 
Mini-DIP: alA = l00°ClWatt; ale = 33'ClWatt 
Cerdip: alA = llOOClWatt; ale = 30"CIWatt 
16-Pin Small Outline Package: alA = lOO"CIWatt 
20-Pin LCC: alA = ISO'ClWatt; ale = 3S0ClWatt 

'Indefinite short circuit duration is only permissible as long as the absolute 
maximum power rating is not exceeded. 

METALIZATION PHOTOGRAPH 

Temperature Package Package 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

Model Range Description Option* Substrate is connected to V +. 

AD827JN o to +70°C 8-Pin Plastic DIP N-S 
AD827JR o to +70°C 16-Pin Plastic SO R-16 
AD827AQ -40°C to +85°C 8-Pin Cerdip Q-8 
AD827SQ - 550C to + 125°C 8-Pin Cerdip Q-8 
AD827SQ/883B - 55°C to + 125°C 8-Pin Cerdip Q-S 
ADS27SElS83B - 55°C to + 125°C 20-Pin LCC E-2OA 
ADS27JR-REEL o to +70°C Tape & Reel 
ADS27JChips o to +70°C Die 
ADS27SChips -55°C to +125°C Die 

*For outline information see Package Information section. 
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AD827 - Typical Characteristics (@ +25OC & ±15 V. unless otherwise noted) 
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Figure 19. Crosstalk vs. Frequency 

INPUT PROTECTION PRECAUTIONS 
An input resistor (resistor RIN of Figure 21a) is recommended 
in circuits where the input common-mode voltage to the AD827 
may exceed (on a transient basis) the positive supply voltage. 
This resistor provides protection for the input transistors by lim
iting the maximum current that can be forced into their bases. 

. " , .... 
_Yo 

VIN 

R, = SOOO FOR ±V. = 5V, lkn FOR'v" = 15V 

USE GROUND PLANE 
PINOUT SHOWN IS FOR MINI DIP PACKAGE 

Figure 20. Crosstalk Test Circuit 

For high performance circuits, it is recommended that a second 
resistor (RR in Figures 21a and 22a) be used to reduce bias
current errors by matching the impedance at each input. This 
resistor reduces the error caused by offset voltages by more than 
an order of magnitude . 

Figure 21a. Follower Connection Figure 21b, Follower Large Signal 
Pulse Response 

Figure 21c. Follower Small Signal 
Pulse Response 

r
I 

OPTIONAL -'
BYPASStNG ,-

Figure 22a. Inverter Connection 

2-306 OPERATIONAL AMPLIFIERS 

Figure 22b. Inverter Large Signal 
Pulse Response 

Figure 22c. Inverter Small Signal 
Pulse Response 

REV, A 



-lis 

Figure 23. A Video Line Driver 

VIDEO LINE DRIVER 
The AD827 functions very well as a low cost, high speed line 
driver for either terminated or unterminated cables. Figure 23 
shows the AD827 driving a doubly terminated cable in a fol
lower configuration. 

The termination resistor, RT> (when equal to the cable's charac
teristic impedance) minimizes reflections from the far end of the 
cable. While operating from ±S V supplies, the AD827 main
tains a typical slew rate of 200 VI /LS, which means it can drive a 
'±l V, 30 MHz signal into a terminated cable. 

Video Line Driver Performance Summary 

Over-
VIN * VSUPPLY Cc -3 dB Bw shoot 

o dB or ±SOO mV Step ±IS 20pF 23 MHz 4% 
o dB or ±SOO mV Step ±IS 15 pF 21 MHz 0% 
o dB or ±SOO mV Step ±IS OpF 13 MHz 0% 
o dB or ±SOO mV Step ±S 20pF 18 MHz 2% 
o dB or ±SOO mV Step ±S 15 pF 16 MHz 0% 
o dB or ±SOO mV Step ±S OpF 11 MHz 0% 

NOTE 
• - 3 dB bandwidth numbers are for the 0 dBm signal input. Overshoot num
bers are the percent oversboot of the I Volt step input. 

Table I. Video Line Driver Performance Chart 

A back-termination resistor (RBT> also equal to the characteristic 
impedance of the cable) may be placed between the AD827 out
put and the cable input, in order to damp any reflected signals 
caused by a mismatch between RT and the cable's characteristic 
impedance. This will result in a flatter frequency response, 
although this requires that the op amp supply ±2 V to the out
put in order to achieve a ± 1 V swing at resistor RT • 

REV. A 

Applications-AD827 
A HIGH SPEED 3 OP AMP INSTRUMENTATION 
AMPLIFIER CIRCUIT 
The instrumentation amplifier circuit shown in Figure 24 can 
provide a range of gains. The chart of Table II details 
performance. 

R. 

.v, 

TRIM FOR 
OPllMUM 

BANDWIDTH 
7-1SpF 

TRIM FOR BEST 
SETTLiNGnME 

2-BpF 

2k" 

CIRCUIT GAIN = ~ + 1 

NOTE : PINOUT SHOWN IS FOR MINI DIP PACKAGE 

VOUT 

2k1l ... 

Figure 24. A High Bandwidth Three Op Amp Instrumenta
tion Amplifier 

Small Signal 
Bandwidth 

Gain Ra @ 1 V p-p Output 

Open 16.1 MHz 
2 2k 14.7 MHz 
10 2260 4.9 MHz 
100 200 660 kHz 

Table II. Performance Specifications for the Three Op 
Amp Instrumentation Amplifier 
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AD827 
A TWO·CHIP VOLTAGE·CONTROLLED AMPLIFIER 
(VCA) WITH EXPONENTIAL RESPONSE 
Voltage-controlled amplifiers are often used as building blocks 
in automatic gain control systems. Figure 25 shows a two-chip 
VCA built using the AD827 and the AD539, a dual, current
output multiplier. As configured, the circuit has its two multi
pliers connected in series. They could also be placed in parallel 
with an increase in bandwidth and a reduction in gain. The gain 
of the circuit is controlled by V x, which can range from 0 to 
3 V dc. Measurements show that this circuit easily supplies 2 V 
IrP into a 1000 load while operating from ±5 V supplies. The 
overall bandWidth of the circuit is approximately 7 MHz with 
0.5 dB of peaking. 

Each half of the AD827 serves as an IN converter and converts 
the output current of one of the two multipliers in the AD539 
into an output voltage. Each of the AD539's two multipliers 
contains two internal 6 kO feedback resistors; one is connected 
between the CHI output and Zl, the other between the CHI 
output and WI. Likewise, in the CH2 multiplier, one of the 
feedback resistors is connected between CH2 and Z2 and the 
other is connected between CH2 and Z2. In Figure 25, Zl and 
WI are tied together, as are Z2 and W2, providing a 3 kO feed
back resistor for the op amp. The 2 pF capacitors connected 
between the AD539's WI and CHI and W2 and CH2 pins are 
in parallel with the feedback resistors and thus reduce peaking 
in the VCA's frequency response. Increasing the values of C3 
and C4 can further reduce the peaking at the expense of reduced 

INPUT RANGE: 
10MV TO 3V (55dB) 

AD539 
V. 1 CONTROL 

VIN ~1~F 2 HFCOMP 

3 CH1 

4.7Q IN 
+5V 4 

4.7Q *O.1~~ 
+V. 

-5V 
-Vs 

O.1~F 
* 6 CH2 

IN 
7 INPUT 

COM 
a OUTPUT 

COM 

bandwidth. The 1.25 rnA full-scale output current of the AD539 
and the 3 kO feedback resistor set the full-scale output voltage 
of each multiplier at 3.25 V Irp. 

Current limiting in the AD827 (typically 30 rnA) limits the out
put voltage in this application to about 3 V IrP across a 100 0 
load. Driving a 50 0 reverse-terminated load divides this value 
by two, limiting the maximum signal delivered to a 50 0 load to 
about 1.5 V IrP, which suffices for video signal levels. The dy
namic range of this circuit is approximately 55 dB and is prima
rily limited by feedthrough at low input levels and by the maxi
mum output voltage at high levels. 

Guidelines for Grounding and Bypassing 
When designing practical high frequency circuits using the 
AD827, some special precautions are in order. Both short inter
connection leads and a large ground plane are needed whenever 
possible to provide low resistance, low inductance circuit paths. 
One should remember to minimize the effects of capacitive cou
pling between circuits. Furthermore, IC sockets should be 
avoided. Feedback resistors should be of a low enough value 
that the time constant formed with stray circuit capacitances at 
the amplifier summing junction will not limit circuit perfor
mance. As a rule of thumb, use feedback resistor values that are 
less than 5 kO. If a larger resistor value is necessary, a small 
( < 10 pF) feedback capacitor in parallel with the feedback resis
tor may be used. The use of 0.1 I1F ceramic disc capacitors is 
recommended for bypassing the op amp's power supply leads. 

500 

'PINOUT SHOWN IS FOR MINI-DIP PACKAGE 

V'V 
VOUT AT TERMINATION RESISTOR, Rr = ..L..-!!! 

av. 
v.' Y'N VOUT AT PIN & OF AD827 = 4v2 

Figure 25. A Wide Range Voltage-Controlled Amplifier Circuit 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
High Speed 

120 MHz Bandwidth. Gain = -1 
230 V/""s Slew Rate 
90 ns Settling Time to 0.1% 

Ideal for Video Applications 
0.02% Differential Gain 
0.040 Differential Phase 

Low Noise 
1.7 nV/YHz Input Voltage Noise 
1.5 pA/YHz Input Current Noise 

Excellent DC Precision 
1 mV max Input Offset Voltage (Over Temp) 
0.3 ""V/"C Input Offset Drift 

Flexible Operation 
Specified for :1:5 V to :1:15 V Operation 
:1:3 V Output Swing into a 150 n Load 
External Compensation for Gains 1 to 20 
5 mA Supply Current 

Available in Tape and Reel in Accordance with 
EIA-481A Standard 

PRODUCT DESCRIPTION 
The AD829 is a low noise (1.7 nV/y'Hz), high speed op amp 
with custom compensation that provides the user with gains 
from ± 1 to ±20 while maintaining a bandwidth greater than 
50 MHz. The AD829's 0.040 differential phase and 0.02% dif
ferential gain performance at 3.58 MHz and 4.43 MHz, driving 
reverse-terminated 50 n or 75 n cables, makes it ideally suited 
for professional video applications. The AD829 achieves its 
230 V/fJJl uncompensated slew rate and 750 MHz gain band
width product while requiring only 5 rnA of current from the 
power supplies. 

The AD829's external compensation pin gives it exceptional ver
satility. For example, compensation can be selected to optimize 
the bandwidth for a given load and power supply voltage. As a 
gain-of-two line driver, the -3 dB bandwidth can be increased 
to 95 MHz at the expense of I dB of peaking. In addition, the 
AD829's output can also be clamped at its external compensa
tion pin. 

The AD829 has excellent dc performance. It offers a minimum 
open-loop gain of 30 V/mV into loads as low as 500 n, low 
input voltage noise of 1.7 nV/y'Hz, and a low input offset volt
age of 1 m V maximum. Common-mode rejection and power 
supply rejection ratios are both 120 dB. 

The AD829 is 'also useful in multichannel, high speed data con
version where its fast (90 ns to 0.1%) settling time is ofimpor
tance. In such applications, the AD829 serves as an input buffer 
for 8-to-lO-bit AID converters and as an output IIV converter 
for high speed D/A converters. 

REV. A 

High Speed, Low Noise 
Video Op Amp 

AD829 I 
CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP (N), 
Cerdip (Q) and SOIC (R) Packages 

OFFSET 
NULL 

-IN 

+IN 

OFFSET 
NULL 

+Vs 

OUTPUT 

CCOMP 

The AD829 provides many of the same advantages that a trans
impedance amplifier offers, while operating as a traditional volt
age feedback amplifier. A bandwidth greater than 50 MHz can 
be maintained for a range of gains by changing the external 
compensation capacitor. The AD829 and the transimpedance 
amplifier are both unity gain stable and provide similar voltage 
noise performance (1.7 nV/y'Hz). However, the current noise of 
the AD829 (1.5 pAly'Hz) is less than 10% of the noise of trans
impedance amps. Furthermore, the inputs of the AD829 are 
symmetrical. 

PRODUCT HIGHLIGHTS 
1. Input voltage noise of 2 nV/y'Hz, current noise of 1.5 

pAly'Hz and 50 MHz bandwidth, for gains of I to 20,. make 
the AD829 an ideal preamp. 

2. Differential phase error of 0.040 and a 0.02% differential gain 
error, at the 3.58 MHz NTSC and 4.43 MHz PAL and 
SECAM color subcarrier frequencies, make it an outstanding 
video performer for driving reverse-tertninated 50 n and 
75 n cables to :I: 1 V (at their terminated end). 

3. The AD829 can drive heavy capacitive loads. 

4. Performance is fully specified for operation from ±5 V to 
± 15 V supplies. 

5. Available in plastic, cerdip, and small outline packages. 
Chips and MIL-STD-883B parts are also available. 
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AD829-SPECIFICATIONS (@TA = +25"1: and Ys = ±15 Y dc, unless otherwise noted) 

AD829J AD829A1S 
Model Conditions v. Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE ±5V, ±15V 0.2 I 0.1 0.5 mV 
Tmin to Tmax I 0.5 mV 

Offset Voltage Drift ±5V, ±15V 0.3 0.3 ",V/'C 

INPUT BIAS CURRENT ±5 V, ±15 V 3.3 7 3.3 7 jJ.A 
T_ to T.,.. 8.2 9.5 jJ.A 

INPUT OFFSET CURRENT ±5V,±15V 50 500 50 500 nA 
T_ to T.,.. 500 500 nA 

Offset Current Drift ±5 V, ±IS V 0.5 0.5 nA/'C 

OPEN-LOOP GAIN Vo = ±2.5 V ±5V 
RLOAD = 5000 30 65 30 65 VlmV 
Tmio to Tmu. 20 20 V/mV 
RLOAD = ISO 0 40 40 VlmV 
VOUT = ±IOV ±IS V 
RLOAD = I kO 50 100 50 100 V/mV 
T...,toTmax 20 20 V/mV 
RLOAD = 5000 85 85 V/mV 

DYNAMIC PERFORMANCE 
Gdin Bandwidth Product ±5V 600 600 MHz 

±IS V 750 750 MHz 
Full Power Bandwidth" 2 Vo = 2 Vp-p 

RLOAD = 5000 ±SV 25 25 MHz 

Vo= 20 V p-p 
RLOAD = I kO ±15 V 3.6 3.6 MHz 

Slew Rate> RLOAD = 5000 ±SV ISO ISO VI .... 
RLOAD = I kO ±15 V 230 230 VI .... 

Settling Time to 0.1% Av = -19 
-2.5 V to +2.5 V ±5V 65 65 ns 
10 V Step ±15 V 90 90 ns 

Phase Margin2 CLOAD = 10pF ±15V 
RLOAD = 1 kO 60 60 Degrees 

DIFFERENTIAL GAIN ERROR' RLOAD = 1000 ±15V 
CcoMP = 30pF 0.02 0.02 % 

DIFFERENTIAL PHASE ERROR' RLOAD = 1000 ±15 V 
CcoMP = 30pF 0.04 0.04 Degrees 

COMMON-MODE REJECTION VCM = ±2.5 V ±5V 100 120 100 120 dB 
VCM=±12V ±15 V 100 120 100 120 dB 
Tmin to Tmu. 96 96 dB 

POWER SUPPLY REJECTION VS = ±4.5 V to ±18 V 98 120 98 120 dB 
T_toT .... 94 94 dB 

INPUT VOLTAGE NOISE f=lkHz ±IS V 1.7 2 1.7 2 nVly'Hz 

INPUT CURRENT NOISE f=lkHz ±15V 1.5 1.5 pAly'Hz 

INPUT COMMON-MODE 
VOLTAGE RANGE ±5V +4.3 +4.3 V 

-3.8 -3.8 V 
±15 V +14.3 +14.3 V 

-13.8 -13.8 V 

OUTPUT VOLTAGE SWING RLOAD - 5000 ±5V 3.0 3.6 3.0 3.6 ±V 
RLOAD = 1500 ±SV 2.5 3.0 2.5 3.0 ±V 
RLOAD = 500 ±SV 1.4 1.4 ±V 
RLOAD = I kO ±Is V 12 13.3 12 13.3 ±V 
RLOAD = 5000 ±15 V 10 12.2 10 12.2 ±V 

Short Circuit Current ±5V,±15V 32 32 mA 

INPUT CHARACTERISTICS 
Input Resistance (Differential) 13 13 kO 
Input Capacitance (Differential)' 5 5 pF 
Input Capacitance (Common Mode) 1.5 1.5 pF 

CLOSED-LOOP OUTPUT 
RESISTANCE Av = +1, f = 1 kHz 2 2 mO 
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Model Conditions 

POWER SUPPLY 
Operating Range 
Quiescent Current 

T_ toT .... 

Tmin to Tmu: 

TRANSISTOR COUNT Number of Transistors 

NOTES 
'Full Power Bandwidth = Slew Rate12 1T VPBAK • 

'Tested at Gain = + 20, CcoMP = 0 pF. 
'3.58 MHz (NTSC) and 4.43 MHz (pAL & SECAM). 

V. 

±5V 

±15 V 

AD829J 
MiD Typ Max 

±4.5 ±18 
5 6.5 

8.0 
5.3 6.8 

8.3 

46 

'Differential input capacitance consists of 1.5 pF package capscitance plus 3.5 pF from the input differential pair. 

Specificatinns subject to cbange without notice. 

ABSOLUTE MAXIMUM RATINGS' 

AD829A/S 
MiD Typ Max 

±4.5 ±18 
5 6.5 

8.218.7 
5.3 6.8 

8.5/9.0 

46 

Supply Voltage ........................... ±18 V 
Internal Power Dissipation2 

METALIZATION PHOTO 
Contact factory for latest dimensions. 

Plastic (N) .......................... 1.3 Watts 
Small Outline (R) ...................... 0.9 Watts 
Cerdip (Q) .......................... 1.3 Watts 

Input Voltage ............................. ±Vs 
Differential Input Voltage3 . . . . . . . . . . . . . . . . . . ± 6 Volts 
Output Short Circuit Duration . . . . . . . . . . . . . . . Indefinite 
Storage Temperature Range (Q) ...•..... -65"C to + 15O"C 
Storage Temperature Range (N, R) .•..... -65"C to + 125"C 
Operating Temperature Range 

AD829J ........................... 0 to + 7O"C 
AD829A ....................... -40"C to +85"C 
AD829S ....................... - 55"C to + 125"C 

Lead Temperature Range (Soldering 60 sec) ....•.. + 300·C 

NOTES 
'Stresses above those Iisted under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditinns for extended periods may affect device 
reliability. 

'Maximum internal power dissipation is specified so that TJ does not exceed 
+ 175"<: at an ambient temperature of +25"<:. 
Thermal cbaracteristics: 

8-pin plastic package: 8JA = 100000000n (derate at 8.7 mWf'C) 
8-pin cerdip package: 8JA = 1l0"Clwan (derste at 8.7 mWI"C) 
8-pin small outline package: 8JA = 155"C1watt (derate at 6 mWI"C). 

'If the differential voltage exceeds 6 volts, external series protectinn resistors 
should be added to limit the input current. 

-IN 
2 

+IN 
3 

Dimensions shown in inches and (mm). 

I-
SUBSTRATE CONNECTED 

TO+V. 

NUU 
8 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD829JN o to +70°C 8-Pin Plastic Mini-DIP N-8 
AD829JR o to +70°C 8-Pin Plastic SOIC R-8 
AD829JR-REEL o to +70°C Tape & Reel 
AD829AQ -40°C to +85°C 8-Pin Cerdip Q-8 
AD829SQ -55°C to + 125°C 8-Pin Cerdip Q-8 
AD829SQ/883B - 55°C to + 125°C 8-Pin Cerdip Q-8 
AD829JChips o to +70°C Die 
AD829SChips - 55°C to + 125°C Die 

*N = Plastic DIP; Q = Cerdip; R = Small Outline Ie (SOIC). For outline information 
see Package Information section. 

AD829 
UDits 

V 
mA 
mA 
mA 
mA 
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AD829-Typical Performance Characteristics 
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Figure 1. Input Common-Mode 
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Figure 19. Slew Rate vs. Temperature 
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Figure 22a. Follower Connection. Gain = +2 

Figure 22b. Gain of 2 Follower 
Large Signal Pulse Response 
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Figure 22c. Gain of 2 Follower 
Small Signal Pulse Response 
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Figure 23b. Gain of 20 Follower 
Large Signal Pulse Response 

Figure 24b. Unity Gain Inverter 
Large Signal Pulse Response 
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Figure 23a. Follower Connection. 
Gain = +20 
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Figure 24a. Unity Gain Inverter 
Connection 

AD829 

Figure 23c. Gain of 20 Follower 
Small Signal Pulse Response 
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AD829 
THEORY OF OPERATION 
The AD829 is fabricated on Analog Devices' proprietary com
plementarybipolar (CB) process which provides PNP and NPN 
transistors with similar fTs of 600 MHz. As shown in Figure 25, 
the AD829 input stage consists of an NPN differential pair in 
which each transistor operates at "600 f1A collector current. This 
gives the input devices a high transconductance and hence gives 
the AD829 a low noise figure of 2 nVIHz @ 1 kHz. 

The input stage drives a folded cascode which consists of a fast 
pair of PNP transistors. These PNPs then drive a current mitrOr 
which provides a differential-input to single-ended-output con
version. The high speed PNPs are also used in the current
amplifying output stage which provides high current gain of 
40,000. Even under conditions of heavy loading, the high fTs 
of the NPN & PNPs, produced using the CB process, permit 
cascading two stages of emitter followers while still maintaining 
60° of phase margin at closed-loop bandwidths greater than 
50 MHz. . 

Two stages of complementary emitter followers also effectively 
buffer the high impedance compensation node (at the CcOMP 

pin) from the output so that the AD829 can maintain a high dc 
open-loop gain, even into low load impedances: 92 dB into a 
150 G load, 100 dB into a 1 kG load. Laser trimming and 
PTA T biasing assure low offset voltage and low offset voltage 
drift enabling the user to eliminate ac coupling in many 
applications. 

For added flexibility, the AD829 provides access to the internal 
frequency compensation node. This allows the user to customize 
frequency response characteristics for a particular application. 

Unity gain stability requires a compensation capacitance of 
68 pF (Pin 5 to ground) which will yield a small signal band
width of 66 MHz and slew rate of 16 V/f1s. The slew rate and 
gain bandwidth product will vary inversely with compensation 
capacitance. Table I and the graph of Figure 28 show the opti
mum compensation capacitance and the resulting slew rate for a 
desired noise gain. For gains between 1 and 20, CCOMP can be 
chosen to keep the small signal bandwidth relatively constant. 
The minimum gain which will still provide stability also de
pends on the value of external compensation capacitance. 

An RC network in the output stage (Figure 25) completely 
removes the effect of capacitive loading when the amplifier is 
compensated for closed-loop gains of 10 or higher. At low fre
quencies, and with low capacitive loads, the gain from the com
pensation node to the output is very close to unity. In this case, 
C is bootstrapped and does not contribute to the compensation 
capacitance of the device. As the capacitive load is increased, a 
pole is formed with the output impedance of the output s~ 
this reduces the gain, and subsequently> C is incompletely boot
strapped. Therefore, some fraction of C contributes to the com
pensation capacitance, and the unity gain bandwidth falls. As 
the load capacitance is further increased, the bandwidth contin
ues to fall, and the amplifier remains stable. 

Externally Compensating the AD829 
The .\D829 is stable with no external Compensation for noise 
gains greaterthlm 20. For lower gains, there. are two methods of 
frequency compensating the amplifier to achieve closed-loop 
stability; these are the shunt and current feedback compensation 
methods. 
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OUTPUT 

Figure 25. AD829 Simplified Schematic 

Shunt Compensation 
Figures 26 & 27 show that the first method, shunt compensa
tion, has an external compensation capacitor, CcOMP' connected 
between the compensation pin and ground. This external 
capacitor is tied in parallel with approximately 3 pF of internal 
capacitance at the compensation node. In addition, a small 
capacitance, CLEAD, in parallel with resistor R2, compensates 
for the capacitance at the amplifier's inverting input. 

R2 

VIN 

Figure 26. Inverting Amplifier Connection Using External 
Shunt Compensation 

VIN 

Figure 27. Noninverting Amplifier Connection Using 
External Shunt Compensation 
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AD829 

Table I. Component Selection for Shunt Compensation 

Follower Inverter RI R2 
Gain Gain 0 0 

1 Open 100 
2 -1 lk lk 
5 -4 511 2.0k 
10 -9 226 2.0Sk 
20 -19 105 2k 
25 -24 105 2.49 
100 -99 20 2k 

Table I gives recommended CCOMP and CLEAD values along 
with the corresponding slew rates and bandwidth. The capacitor 
values given were selected to provide a small signal frequency 
response with less than 1 dB of peaking and less than 10% over
shoot. For this table, supply voltages of ± 15 volts should be 
used. Figure 28 is a graphical extension of the table which 
shows the slew rate/gain trade-off for lower closed-loop gains, 
when using the shunt compensation scheme. 
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Figure 28. Value of CCOMP & Slew Rate vs. Noise Gain 

Current Feedback Compensation 
Bipolar nondegenerated amplifiers which are single pole and in
terna1ly compensated have their bandwidths defmed as: 

where: 

1 
IT=~-~-

2 1r T, CCOMP 

I 
kT 

21r -CCOMP 
q 

fT is the unity gain bandwidth of the amplifier 
I is the collector current of the input transistor 
CcoMP is the compensation capacitance 
r. is the inverse of the transconductance of the input transistors 
kT/q is approxintately equal to 26 mV @ 27"C. 

Since both fT and slew rate are functions of the same variables, 
the dynamic behavior of an amplifier is limited. Since: 

REV. A 

Slew Rate = ~ 
CCOMP 

Slew -3 dB 
CL CCOMP Rate Small Signal 
pF pF V/ .... s Bandwidth - MHz 

0 68 16 66 
5 25 38 71 
1 7 90 76 
0 3 130 65 
0 0 230 55 
0 0 230 39 
0 0 230 7.5 

then: 

Slew Rate kT 
---::-- = 41r -

IT q 

This shows that the slew rate will be only 0.314 V/ .... s for every 
MHz of bandwidth. The only way to increase slew rate is to in
crease the fT and that is difficult, due to process linlltations. 
Unfortunately, an amplifier with a bandwidth of 10 MHz can 
only slew at 3.1 V/ .... s, which is barely enough to provide a full 
power bandwidth of SO kHz. 

The AD829 is especially suited to a new form of compensation 
which allows for the enhancement of both the full power band
width and slew rate of the amplifier. The voltage gain from the 
inverting input pin to the compensation pin is large; therefore, 
if a capacitance is inserted between these pins, the amplifier's 
bandwidth becomes a function of its feedback resistor and this 
capacitance. The slew rate of the amplifier is now a function of 
its internal bias (21) and this compensation capacitance. 

Since the closed-loop bandwidth is a function of RF and CCOMP 
(Figure 29), it is independent of the amplifier closed-loop gain, 
as shown in Figure 31. To preserve stability, the time constant 
of RF and CCOMP needs to provide a bandwidth of less than 65 
MHz. For example, with CcOMP = 15 pF and RF = 1 kG, the 
sma1l signal bandwidth of the AD829 is 10 MHz, while Figure 
30 shows that the slew rate is in excess of 60 V/ .... s. As can be 
seen in Figure 31, the closed-loop bandwidth is constant for 
gains of -1 to -4, a property of current feedback amplifiers. 

VALUE OF • RECOMMENDED 
CCOMP VALUE FOR C, 

<7pF 

~7pF 

OpF 

lSpF 

CeoM, SHOULD NEVER EXCEED 
lSpF FOR nilS CONNECTION 

R. 

Figure 29. Inverting Amplifier Connection Using Current 
Feedback Compensation 
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AD829 

Figure 30. Large Signal Pulse Response of Inverting 
Amplifier Using Current Feedback Compensation. 
CCOMP = 15 pF, C, = 15 pF, RF = 1 kfl, R, = 1 kn 
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Figure 31. Closed-Loop Gain vs. Frequency for the Circuit 
of Figure 29 

Figure 32 is an oscilloscope photo of the pulse response of a 
unity gain inverter which has been configured to provide a small 
signal bandwidth of 53 MHz and a subsequent slew rate of 180 
V/fJ.s; resistor Rp = 3 kO, capacitor CcoMP = 1 pF. Figure 33 
shows the excellent pulse response as a unity gain inverter, 
this time using component values of: Rp = 1 kO and CcoMP = 
4pF. 

Figures 34 and 35 show the closed-loop frequency response of 
the AD829 for different closed-loop gains and for different sup
ply voltages. 

If a noninverting amplifier configuration using current feedback 
compensation is desired, the circuit of Figure 36 is recom
mended. This circuit doubles the slew rate compared to the 
shunt compensated noninverting amplifier of Figure 27 at the 
expense of gain flatness. Nonetheless, this circuit delivers 
95 MHz bandwidth with ± 1 dB flatness into a back terminated 
cable, with a differential gain error of only 0.01%, and a differ
ential phase error of only 0.015° at 4.43 MHz. 
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Figure 32. Large Signal Pulse Response of the Inverting 
Amplifier Using Current Feedback Compensation. 
CCOMP = 1 pF, RF = 3 kn, R, = 3 kn 

Figure 33. Small Signal Pulse Response of Inverting 
Amplifier Using Current Feedback Compensation. 
CCOMP = 4 pF, RF = 1 kn, R, = 1 klJ 
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Figure 34. Closed-Loop Frequency Response for the 
Inverting Amplifier Using Current Feedback Compensation 
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Figure 35. Closed-Loop Frequency Response vs. Supply 
for the Inverting Amplifier Using Current Feedback 
Compensation 

A Low Error Video Line Driver 
The buffer circuit shown in Figure 37 will drive a back
terminated 75 n video line to standard video levels (1 V p-p) 
with 0.1 dB gain flatness to 30 MHz with only 0.040 and 0.02% 
differential phase and gain at the 4.43 MHz PAL color suhcar
rier frequency. This level of performance, which meets the 
requirements for high definition video displays and test equip
ment, is achieved using only 5 rnA quiescent current. 

A High Gain, Video Bandwidth Three Op-Amp In-Amp 
Figure 38 shows a three op-amp instrumentation amplifter cir
cuit which provides a gain of 100 at video bandwidths. At a cir
cuit gain of 100 the small signal bandwidth equals 18 MHz into 
an FET probe. Small signal bandwidth equals 6.6 MHz with a 
50 n load. 0.1% settling time is 300 ns. 

2-8pF 
SETTLING nME 

AC CMR ADJUST 

1kQ 

VOUT 

AD829 

Figure 36. Noninverting Amplifier Connection Using 
Current Feedback Compensation 

Figure 37. A Video Line Driver with a Flatness over 
Frequency Adjustment 

The input amplifters operate at a gain of 20, while the output op 
amp runs at a gain of 5. In this circuit the main bandwidth limi
tation is the gain/bandwidth product of the output amplifter. 
Extra care needs to be taken while breadboarding this circuit, 
since even a couple of extra picofarads of stray capacitance at the 
compensation pins of Al and A2 will degrade circuit bandwidth. 
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Figure 38. A High Gain, Video Bandwidth Three Op-Amp In-Amp Circuit 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Differential Amplification 

Wide Common-Mode Voltage Range: +13 V, -11.5 V 
Differential Voltage Range: ±2 V 
High CMRR: 60 dB @ 4 MHz 
Built-in Differential Clipping Level: ±2.4 V 

Fast Dynamic Performance 
60 MHz Unity Gain Bandwidth 
10 MHz (0.1 dB) Bandwidth 
530 VI f.ts Slew Rate 
35 ns Settling Time to 0.1% 

Excellent Video Specifications 
Differential Gain Error: 0.05% 
Differential Phase Error: 0.08% 

Flexible Operation t'l 
High Output Drive of ±30 mA ~ 
Specified with Both ±5 V and ±1!f'V S 

Low Distortion: THO = -72 dB @ 4 MHz 
Excellent DC Performance: 1 mV max Input Offset 

Voltage 

APPLICATIONS 
Differential Line Receiver 
High Speed Level Translation 
High Speed In-Amp 
Differential to Single Ended Conversion 
Resistorless Summation and Subtraction 

PRODUCT DESCRIPTION 
The AD830 is a wideband, differencing amplifier designed for 
use at video frequencies. It accurately amplifies a fully differen
tial signal at the input and produces an output voltage referred 
to a user-chosen level. The undesired common-mode signal is 
rejected, even at high frequencies. High impedance inputs ease 
interfacing to finite source impedances and thus preserve the 
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High Speed, Video 
Difference Amplifier 

AD830 I 
CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP (N), 
Cerdip (Q) and SOIC (R) Packages 

7 OUTPUT 

good common-mode rejection. In this respect, it offers signifi
cant improvements over discrete difference amplifier 
approaches. 

The wide common-mode and differential-voltage range of the 
AD830 also make it particularly useful and flexible in level shift
ing applications, but at lower power dissipation than discrete 
solutions with resistors. Low distortion is preserved over the 
many possible differential and common-mode voltages at the 
input and output. 

Wide bandwidth, with excellent differential gain of 0.05% and 
phase of 0.08° makes the AD830 suitable for many video system 
applications. Furthermore, the AD830 is suited for general pur
pOse signal processing from 100 kHz to 10 MHz. 

I I 
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This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD830 SPECIFICATIONS (vs = ±5 V t~ ±15 v, RLOAD = 1 kG, CLOAD = 5 pF, TA = +25°C 
- unless otherwise noted) 

AD830J/A AD830S1 

Parameter Conditions Vs Min Typ Max Min Typ Max Units 

INPUT CHARACTERISTICS 
Differential Voltage Range VCM = 0 All ±2.0 ±2.0 V 
Differential Clipping Level' ±5 ±2.2 ±2.2 V 

±15 ±2.1 ±2.4 ±2.1 ±2.4 V 

Common-Mode Voltage Range VDM = ±I V ±5 -1.7 +3.0 -1.7 +3.0 V 
±15 -11.5 +13.0 -11.5 +13.0 V 

Offset Voltage Gain = I ±5, ±15 ±3 ±I ±3 mV 
±IO ±I ±0.4 ±I mV 

CMRR DC All 95 dB 
Freq = 4 MHz All 60 dB 

Input Bias Current All 10 5 10 I'A 
Input Resistance All 370 kn 
Input Capacitance All ;1 pF 

Input Voltage Noise 27 nV/VBz 
Input Current Noise 1.4 pAl\IHz 
Open Loop Gain (DC) 63 dB 

67 dB 
Peak Nonlinearity 0.01 %FS 

0.04 %FS 
0.2 %FS 

DYNAMIC CHARACTERISTICS 
3 dB Small Signal Bandwidth 40 MHz 

60 MHz 

0.1 dB Gain Flatness Frequency Gain = I, RL = ISO n 5 5 MHz 
VOUT = 100 mV rms ±15 10 10 MHz 

Differential Gain Error o to +0.7 V, ±5 0.15 0.15 % 
Freq = 4.5 MHz ±15 0.05 0.05 % 

Differential Phase Error o to +0.7 V, ±5 0.4 0.4 Degree 
Freq = 4.5 MHz ±15 0.08 0.08 Degree 

Harmonic Distortion 2 V p-p, Freq = I MHz, ±5 -69 -69 dBc 
RL = ISO n ±15 -82 -82 dBc 
2 V p-p, Freq = 4 MHz, ±5 -56 -56 dBc 
RL = ISO n ±15 -72 -72 dBc 

Slew Rate 2 V Step ±5 240 240 VII'S 
±15 340 340 VII'S 

4 V Step ±5 364 364 VII'S 
±15 530 530 VII'S 

3 dB Full Power Bandwidth Gain = I, RL = ISO n ±5 45 45 MHz 
VOUT = I Vrms ±15 50 50 MHz 

Settling Time VOUT = 2 V Step, ±5 35 35 ns 
to 0.1% ±15 25 25 ns 
VOUT = 4 V Step, ±5 48 48 ns 
to 0.1% ±15 35 35 ns 

OUTPUT CHARACTERISTICS 
Output Voltage Swing RL 2: I kn ±5 ±3.5 ±3.5 V 

±15 ±13.2 ±13.2 V 
Output Current Nonlinearity :5 1% All ±30 ±30 rnA 
Short-Circuit Current Short to Ground ±5 -55 +70 -55 +70 rnA 

±15 -85 +80 -85 +80 rnA 

POWER SUPPLIES 
Operating Range ±4 ±16.5 ±4 ±16.5 V 
Quiescent Current ±5 13.6 13.6 rnA 

±15 14.4 14.4 rnA 
+ PSRR (to Vp ) DC, G = I 86 86 dB 
- PSRR (to VN ) DC, G = I 68 68 dB 
PSRR DC, G = I 

±5 V to ±15 V 70 70 dB 

NOTES 
lSee Analog Devices' military data sheet for 883B specifications. 
'Clipping level function on X channel only. 
Specifications subject to change without notice~ 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ABSOLUTE MAXIMUM RATINGS] 
Supply Voltage ........•.................. ±18 V 
Internal Power Dissipation2 ••••••• Observe Derating Curves 
Output Short Circuit Duration .... Observe Derating Curves 
Common-Mode Input Voltage .................. ±Vs 
Differential Input Voltage ..................... ±Vs 
Storage Temperature Range (Q) ......... -6SoC to + lS0°C 
Storage Temperature Range (N) ......... -6SoC to + 12SoC 
Storage Temperature Range (R) ......... -6SoC to + 12SoC 
Operating Temperature Range 

AD830A ....................... -40°C to +85°C 
AD830S ...................... -SsoC to + 12SoC 

Lead Temperature Range (Soldering 60 seconds) .... +300°C 

NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional,.. 
operation of the device at these or any other conditions above those in 
in the operational section of this specification is not implie 
absolute maximum rating conditions for extended periuds 
reliability. 

28-Pin Plastic Package: 61A = 900CIWatt 
8-Pin SOlC Package: 61A = 155°ClWatt 
8-Pin Cerdip Package: 6'A = 1l0"ClWatt 

AD830 
MAXIMUM POWER DISSIPATION 
The maxinmm power that can be safely dissipated by the 
ADS30 is limited by the associated rise in junction temperature. 
For the plastic packages, the maximum safe junction tempera
ture is l4SoC. For the cerdip, the maxinmm junction tempera
ture is 17SoC. If these maximums are exceeded momentarily, 
proper circuit operation will be restored as soon as the die tem
perature is reduced. Leaving the ADS30 in the "overheated" 
condition for an extended period can result in permanent dam
age to the device. To ensure proper operation, it is important to 
observe the derating curves: Figures 1 and 2. 

While the ADS30 output is internally short circuit protected, 
this may n ficient to guarantee that the maximum junc

not exceeded under all conditions. If the 
a supply rail for an extended period, then 

e destroyed. 

ORDERING GUIDE 

Model Temperature Range Package Description Package Option* 

AD830AN -40°C to +SSOC S-Pin Plastic Mini-DIP N-S 
ADS30}R O°C to +70°C S-Pin SOIC R-S 
ADS30SQ/883B -SsoC to + 12SoC S-Pin Cerdip Q-S 

*For oucline information see Package Information section. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD830-Typical Characteristics 
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Figure 1. Maximum Power Dissipation vs. Temperature, 
Mini-DIP and SOIC Packages 
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Figure 2. Maximum Power Dissipation vs. Temperature, 
Cerdip Package 
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This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Differential Line Receiver 
The AD830 is specifically designed to perform as a differential 
line receiver. The circuit of Figure 7 shows how simply the 
AD830 is configured for this function. The signal from system 
"A" is received differentially relative to A's ground, and that 
voltage is exactly reproduced relative to the ground in system B. 
Any common-mode noise due to ground noise, interference, 
etc., or mismatch in system grounds is rejected by the AD830. 

INPUT~ 1 

SIGNAL~RM 

GNDIN -=
SYSTEM A 

+Vs 

Figure 7. Differential Line Receiver 

Wide Range Level Shifter 
The wide common-mode voltage range and accuracy of the 
AD830 allows easy level shifting of signals referred to large volt
ages. The inputs may be referenced to levels as high as 10 V at 
the inputs with a ±2 V swing around 10 V. It is possible then 
to level shift the signal to any new level defmed at the output. 
In the circuit of Figure 8, the output voltage VOUT is defined 
by the simple equation shown below. The voltages do not need 
to be of low impedance, since the high input resistance and 
modest input bias current of the AD830 V-to-I converters per
mit the use of resistive voltage dividers as reference voltages. 
The excellent linearity and low distortion are preserved over the 
full input and output common-mode range. 

+Vs 

I----.-VOUT 

OUTPUT 
LEVEL 

Figure 8. Level Shifter 

Applications-AD830 
Gain of N Instrumentation Amplifier 
The AD830 may be configured for gains greater than I and pro
vide instrumentation amplifier (in amp) style amplification. The 
input signal is connected differentially to the internal V-I con
verter X. The gain is set via the feedback resistors R2 and RI in 
the same manner as a noninverting op amp circuit. The gain 
function is: 

Gain N = (R2+RI)/RI 

The polarity of the gain is established by the connection at the 
input. Inverting gain is set by reversing the shown connections 
to the input. As in a conventional voltage feedback op amp, the 
bandwidt -' s with increasing gain. 

I---"'~VOUT 

VOUT= (V1-V2) X (R1+R2) IR2 

GAIN = (R1.R2) IR2 

R1 

Figure 9. Gain of N Instrumentation Amplifier 

Cable Receiver 
The AD830 is ideally suited for the video cable receiver circuit 
shown in Figure 10. Here the cable is terminated at its own 
shield. The input signal is taken differentially from the conduc
tor to shield and then amplified relative to the board ground. The 
499 n resistors set the gain at x 2, with the 249 n included in 
series with the input to ground to cancel input bias current 
induced offsets. A 75 n resistor connected at the output serves 
as the standard back termination impedance. Therefore, the net 
gain to the load resistor is unity. 

INPUT 
VIDEO 

SIGNAL 

+Vs 

Figure 10. Video Cable Receiver/Driver 

This information applies to a produet under development. Its charaeteristics and specifications are subjeet to change without notice. 
Analog Devices assumes no obligation regarding future manufaeture unless otherwise agreed to in writing. 
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~ANALOG 
WDEVICES 

FEATURES 
Wideband AC Performance 

Gain Bandwidth Product: 400 MHz (Gain;" 10) 
Fast Settling: 100 ns to 0.01% for a 10 V Step 
Slew Rate: 400 V/p.s 
Stable at Gains of 10 or Greater 
Full Power Bandwidth: 6.4 MHz for 20 V p-p into a 

500n Load 
Precision DC Performance 

Input Offset Voltage: 0.3 mV max 
Input Offset Drift: 3 p.V/oC typ 
Input Voltage Noise: 4 nVtv'Hi" 
Open-Loop Gain: 130 V/mV into a 1 kn Load 
Output Current: 50 mA min 
Supply Current: 12 mA max 

APPLICATIONS 
Video and Pulse Amplifiers 
DAC and ADC Buffers 
Line Drivers 
Available in 14-Pin Plastic DIP, Hermetic Cerdip 

and 20-Pin LCC Packages and in Chip Form 
MIL-STD-883B Processing Available 

PRODUCT DESCRIPTION 
The AD840 is a member of the Analog Devices' family of wide 
bandwidth operational amplifiers. This high speed/high precision 
family includes, among others, the AD841, which is unity-gain 
stable, and the AD842, which is stable at a gain of two or 
greater and has 100 mA minimum output current drive. These 
devices are fabricated using Analog Devices' junction isolated 
complementary bipolar (CB) process. This process permits a 
combination of dc precision and wideband ac performance previ
ously unobtainable in a monolithic op amp. In addition to its 
400 MHz gain bandwidth product, the AD840 offers extremely 
fast settling characteristics, typically settling to within 0.01 % of 
final value in 100 ns for a 10 volt step. 

The AD840 remains stable over its full operating temperature 
range at closed-loop gains of 10 or greater. It also offers a low 
quiescent current of 12 mA maximum, a minimum output cur
rent drive capability of 50 rnA, a low input voltage noise of 
4 nV/VHz and a low input offset voltage of 0.3 mV maximum 
(AD840K). 

The 400 V/lJ.s slew rate of the AD840, along with its 400 MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is ideally suited for 
use in high frequency signal conditioning circuits and wide 

REV. B 

Wideband, 
Fast Settling Op Amp 
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bandwidth active filters. The extremely rapid settling time of 
the AD840 makes it the preferred choice for data acquisition 
applications which require 12-bit accuracy. The AD840 is also 
appropriate for other applications such as high speed DAC and 
ADC buffer amplifiers and other wide bandwidth circuitry. 

APPLICATION HIGHLIGHTS 
1. The high slew rate and fast settling time of the AD840 make 

it ideal for DAC and ADC buffers, line drivers and all types 
of video instrumentation circuitry. 

2. The AD840 is truly a precision amplifier. It offers 12-bit 
accuracy to 0.01 % or better and wide bandwidth, perfor
mance previously available only in hybrids. 

3. The AD840's thermally balanced layout and the high speed 
of the CB process allow the AD840 to settle to 0.01 % in 
100 ns without the long "tails" that o(''Cur with other fast op 
amps. 

4. Laser wafer trimming reduces the input offset voltage to 
0.3 mV max on the K grade, thus eliminating the need for 
external offset nulling in many applications. Offset null pins 
are provided for additional versatility. 

5. Full differential inputs provide outstanding performance in 
all standard high frequency op amp applications where circuit 
gain will be 10 or greater. 

6. The AD840 is an enhanced replacement for the HA2540. 
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AD840-SPECIFICATIONS (@ +25°C and ±15 V dc, unlessothelWise noted) 

Model AD840J AD840K AD840S 
Conditions Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE1 0.2 I 0.1 0.3 0.2 I mV 
Tm;" - Tmax 1.5 0.7 2 mV 

Offset Drift 5 3 5 ".vrc 
INPUT BIAS CURRENT 3.5 S 3.5 5 3.5 S ".A 

T_-T .... 10 6 12 ".A 
INPUT OFFSET CURRENT 0.1 0.4 0.1 0.2 0.1 0.4 ".A 

T_ - Tmax 0.5 0.3 0.6 ".A 
INPUT CHARACTERISTICS Differential Mode 

Input Resistance 30 30 30 kn 
Input Capscitance 2 2 2 pF 

INPUT VOLTAGE RANGE 
Common Mode :dO 12 :dO 12 ±IO 12 V 
Common-Mode Rejection VCM = ±IOV 90 110 106 115 90 110 dB 

T_-Tmax S5 90 S5 dB 

INPUT VOLTAGE NOISE f=lkHz 4 4 4 nV/v'Hz 
Wideband Noise 10 Hz to 10 MHz 10 10 10 ".Vrms 

OPEN LOOP GAIN Vo = ±IOV 
RLOAD = I kn 100 130 100 130 100 130 V/mV 
T_-Tmax 50 80 75 100 50 SO V/mV 
RLoAD = 500 n 75 100 75 V/mV 
T_-Tmax 50 75 50 V/mV 

OUTPUT CHARACTERISTICS 
Voltage RLOAD 2: 500 n 

T_-Tmax ±IO ±IO ±IO V 
Current VOUT = ±IOV 50 50 50 mA 
Output Resistance Open Loop 15 15 15 n 

FREQUENCY RESPONSE 
Gain Bandwidth Product VOUT = 90 mV p-p 

Av = -10 400 400 400 MHz 
Full Power Bandwidth2 Vo = 20 V p-p 

RLOAD 2: 500 n 5.5 6.4 5.5 6.4 5.5 6.4 MHz 
Rise Time Av = -10 10 10 10 ns 
Overshoot' Av = -10 20 20 20 % 
Slew Rate' Av = -10 350 400 350 400 350 400 V/".s 
Settling Time' -10 V Step Av = -10 

to 0.1% SO SO SO ns 
to 0.01% 100 100 100 ns 

OVERDRIVE RECOVERY -Overdrive 190 190 190 ns 
+Overdrive 350 350 350 ns 

DIFFERENTIAL GAIN f= 4.4 MHz 0.025 0.025 0.025 % 

DIFFERENTIAL PHASE f = 4.4 MHz 0.04 0.04 0.04 Degree 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 V 
Operating Range ±5 ±IS ±5 ±IS ±5 ±IS V 
Quiescent Current 12 14 12 14 12 14 mA 

T_ -Tmax 16 16 IS mA 
Power Supply Rejection Ratio Vs = ±5 V to ±IS V 90 100 94 100 90 100 dB 

T_-Tmax SO 86 80 dB 

TEMPERATURE RANGE 
Rated Performance4 0 +75 0 +75 -55 +125 ·C 

TRANSISTOR COUNT # of Transistors 72 72 72 
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NOTES 
lInpur offset voltage specifications are guaranteed after 5 minutes at TA = +25°C. 
2pull power bandwidth = slew ratelZ1T VPEAKo 

'Refer to Figures 22 and 23. 
4"8" grade Tmin-Tmax specifications are tested with automatic test equipment at TA = -55°C and TA = + 125°C. 
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ±18 V 
Internal Power Dissipation2 

Plastic (N) . . . . . . . . . . . . . . . . . . . . . . . . . 
Cerdip (Q) ...................... . 
LCC(E) ............. . 

... . l.5 W 
. .. 1.3 W 

. ... l.OW 
Input Voltage ............ . .... ±Vs 
Differential Input Voltage ..................... ±6 V 
Storage Temperature Range 

Q, E . . . . . . . . . . . . . . . . . . . -65°C to + 150°C 
N . . . . . . . . . . . . . . . . . . . . . -65°C to + 125°C 

Junction Temperature (TJ) ••••••..••••••••••• + 175°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 

NOTES 
lScresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2 Maximum internal power dissipation is specified so that T J does not exceed 
+ 175°C at an ambient temperature of + 25°C. 

Thermal Characteristics: 
SIC 6JA Derate at 

Cerdip Package 30°C/W llO"CIW 8.7 mWrc 
Plastic Package 30°C/W lOO°CIW 10 m W rc 
LCC Package 3SoCIW ISO"CIW 6.7 mwrc 

Recommended Heat Sink: 
Aavid Engineering" #602B 

ORDERING GUIDE 

Model' Package Options' 
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1 20 19 

II 

" LJ 

910111213 

~ f ~ ~ ~ 
NC = NO CONNECT 

18 NC 

17 +Vs 

,. NC 

15 OUTPUT 

,. NC 

AD840 Connection Diagrams 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

AD840 

AD840JN 
AD840KN 
AD840JQ 
AD840KQ 
AD840SQ 
AD840SQ-883B 
AD840SE-883B 

N-14 
N-14 
Q-14 
Q-14 
Q-14 
Q-14 
E-20A 

1---------0.099(2.521---------< .. 

REV. B 

NOTES 
1 J and S Grade Chips also available. 
'N = Plastic DIP; Q = Cerdip; E = LCC (Leadless 
Ceramic Chip Carrier). For outline information see 
Package Information section. 

SUBSTRATE CONNECTEO TO +Vs .J 

v+ 
11 
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AD840 - Typical Characteristics (at + 25°C and Vs = ± 15 V, unless otherwise noted) 
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AD840 

HP3314A 
FUNCTION 

R, = 4.99kll 

GENERATOR t--.--VI/' ....... ~ 
OR 

EQUIVALENT 

Figure 19a. Inverting Amplifier 
Configuration (DIP Pinout) 

HP3314A 
FUNCTION 

Rl=110U RF = lkH 

GENERATOR t--.... -'V'VIr-{ 
OR 

EQUIVALENT 

Figure 20a. Noninverting Amplifier 
Configuration (DIP Pinout) 

Figure 21. Offset Nulling (DIP Pinout) 
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Figure 19b. Inverter Large Signal 
Pulse Response 

Figure 20b. Noninverting Large 
Signal Pulse Response 

OFFSET NULLING 

Figure 19c. Inverter Small Signal 
Pulse Response 

Figure 20c. Noninverting Small 
Signal Pulse Response 

The input offset voltage of the AD840 is very low for a high 
speed op amp, but if additional nulling is required, the circuit 
shown in Figure 21 can be used .. 
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AD840 SETTLING TIME 
Figures 22 and 24 show the settling performance of the AD840 
in the test circuit shown in Figure 23. 

Settling time is defined as: 
The interval of time from the application of an ideal step 
function input until the closed-loop amplifier output has 
entered and remains within a specified error band. 

This definition encompasses the major components which com
prise settling time. They include (I) propagation delay through 
the amplifier; (2) slewing time to approach the final output 
value; (3) the time of recovery from the overload associated with 
slewing; and (4) linear settling to within the specified error 
band. 

Expressed in these terms, the measurement of settling time is 
obviously a challenge and needs to be done accurately to assure 
the user that the amplifier is worth consideration for the 
application. 

OUTPUT: 
SV/OIV 

OUTPUT 
ERROR: 
O.02o/./DIV 

Figure 22. AD840 0.01% Settling Time 

TEK TEK 
7A13 7603 

TEK OSCILLOSCOPE 
7A18 

• r-..-__ FET PROBE 
TEK P6201 

4990 

Figure 23. Settling Time Test Circuit 

Figure 23 shows how measurement of the AD840's 0.01% set
tling in 100 ns was accomplished by amplifying the error signal 
from a false summing junction with a very high speed propri
etary hybrid error amplifier specially designed to enable testing 
of small settling errors. The device under test was driving a 
420 G load. The input to the error amp is clamped in order to 
avoid possible problems associated with the overdrive recovery 
of the oscilloscope input amplifier. The error amp amplifies the 
error from the false summing junction by 11, and it contains a 
gain vernier to fme trim the gain. 

REV. 8 

Applying the AD840 
Figure 24 shows the "long-term" stability of the settling charac
teristics of the AD840 output after a 10 V step. There is no .evi
dence of settling tails after the initial transient recovery time. 
The use of a junction isolated process, together with careful lay
out, avoids these problems by minimizing the effects of transis
tor isolation capacitance discharge and thermally induced shifts 
in circuit operating points. These problems do not occur even 
under high output current conditions. 

OUTPUT: 
SV/OIV 

OUTPUT 
ERROR: 
O.02%/OIV 

Figure 24. AD840 Settling Demonstrating No Settling Tails 

GROUNDING AND BYPASSING 
In designing practical circuits with the AD840, the user must 
remember that whenever high frequencies are involved, some 
special precautions are in order. Circuits must be built with 
short interconnect leads. Large ground planes should be used 
whenever possible to provide a low resistance, low inductance 
circuit path, as well as minimizing the effects of high frequency 
coupling. Sockets should be avoided, because the increased 
inter-lead capacitance can degrade bandwidth. 

Feedback resistors should be of low enough value to assure that 
the time constant formed with the circuit capacitances will not 
limit the amplifier performance. Resistor values of less than 
5 kG are recommended. If a larger resistor must be used, a 
small (± 10 pF) feedback capacitor in connected parallel with the 
feedback resistor, RF , may be used to compensate for these 
stray capacitances and optimize the dynamic performance of the 
amplifier in the particular application. 

Power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. A 2.2 f1F capacitor in parallel 
with a 0.1 f1F ceramic disk capacitor is recommended . 

CAPACITIVE LOAD DRIVING ABILITY 
Like all wideband amplifiers, the AD840 is sensitive to capaci
tive loading. The AD840 is designed to drive capacitive loads of 
up to 20 pF without degradation of its rated performance. Ca
pacitive loads of greater than 20 pF will decrease the dynamic 
performance of the part although instability should not occur 
uuless the load exceeds 100 pF. A resistor in series with the out
put can be used to decouple larger capacitive loads. 

USING A HEAT SINK 
The AD840 draws less quiescent power than most high speed 
amplifiers and is specified for operation without a heat sink. 
However, when driving low impedance loads the current to the 
load can be 4 to 5 times the quiescent current. This will create a 
noticeable temperature rise. Improved performance can be 
achieved by using a small heat sink such as the Aavid Engineer
ing #602B. 
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AD840 
HIGH SPEED DAC BUFFER CIRCUIT 
The ADlI40's 100 ns settling time to 0.01% for a 10 V step 
makes it well suited as an output buffer for high speed D/A con
verters. Figure 25 shows the connections for producing a 0 to 
+ 10.24 V output swing from the AD568 35 ns DAC. With the 
AD568 in unbuffered voltage output mode, the AD840 is placed 
in noninverting configuration. As a result of the 1 kO span re
sistor provided internally in the AD568, the noise gain of this 
topology is 10. Only 5 pF is required across the feedback (span) 
-resistor to optimize settling. 

+15V 

+5V 

DIGITAL 
GNDPLANE 

AMPLIFIER NOISE GAIN: 10 

Figure 25.0 to +10.24 V DAC Output Buffer 
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OVERDRrVERECOVERY 
Figure 26 shows the overdrive recovery capability of the AD840. 
Typical recovery time is 190 ns from negative overdrive and 
350 ns from positive overdrive. 

TIME: 200ns/DIVISION 

INPUT SQUARE WAVE 
SCALE I V/OIVISION 

OVERDRIVEN OUTPUT 
SCALE: 10VIDIVISION 

Figure 26. Overdrive Recovery 

HP3314A 
PULSE GENERATOR 

OR EQUIVALENT 

1,,5 ± IV SQUARE 
WAVE INPUT 

Figure 27. Overdrive Recovery Test Circuit 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
AC PERFORMANCE 
Unity-Gain Bandwidth: 40 MHz 
Fast Settling: 110 ns to 0.01% 
Slew Rate: 300 V/",s 
Full Power Bandwidth: 4.7 MHz for 20 V p-p into a" 

500 a Load 

DC PERFORMANCE 
Input Offset Voltage: 1 mV max 
Input Voltage Noise: 13 nV/v'Hz typ 
Open-Loop Gain: 45 VlmV into a 1 ka Load 
Output Current: 50 mA min 
Supply Current: 12 mA max 

APPLICATIONS 
High Speed Signal Conditioning 
Video and Pulse Amplifiers 
Data Acquisition Systems 
Line Drivers 
Active Filters 
Available in 14-Pin Plastic DIP, Hermetic Cerdip, 12-Pin 

TO-8 Metal Can and 20-Pin LCC Packages 
Chips and MIL-STD-883B Parts Available 

PRODUCT DESCRIPTION 
The AD841 is a member of the Analog Devices family of wide 
bandwidth operational amplifiers. This high speedlhigh preci
sion family includes, among others, the AD840, which is stable 
at a gain of 10 or greater, and the AD842, which is stable at a 
gain of tWo or greater and has 100 rnA minimum output current 
drive. These devices are fabricated using Analog Devices' junc
tion isolated complementary bipolar (CB) process. This process 
permits a combination of dc precision and wideband ac perfor
mance previously unobtainable in a monolithic op amp. In addi
tion to its 40 MHz unity-gain bandwidth product, the AD841 
offers extremely fast settling characteristics, typically settling to 
within 0.01% of final value in 110 ns for a 10 volt step. 

Unlike many high frequency amplifiers, the AD841 requires no 
external compensation. It remains stable over its full operating 
temperature range. It also offers a low quiescent current of 
12 rnA maximum, a minimum output current drive capablity of 
50 rnA, a low input voltage noise of 13 nV/VHz and low input 
offset voltage of 1 mV maximum. 

The 300 V/",s slew rate of the AD841, along with its 40 MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is well suited for use 
in high frequency signal conditioning circuits and wide band
width active filters. The extremely rapid settling time of the 
AD841 makes it the preferred choice for data acquisition appli
cations which require 12-bit accuracy. The AD841 is also appro
priate for other applications such as high speed DAC and ADC 
buffer amplifiers and other wide bandwidth circuitry. 

REV. A 

Wideband, Unity-Gain Stable, 
Fast Settling Op Amp 

AD841 I 
CONNECTION DIAGRAMS 

Plastic DIP (N) Package 
and 

Cerdip (Q) Package TO-S (H) Package 

NC 

NOTE: CAN TIED TO v+ 
NC = NO CONNECT 

LCC (E) Package 

18 NC 

fil :f fil ~ !ill 
Ne "" NO CONNECT 

APPLICATION HIGHLIGHTS 
1. The high slew rate and fast settling time of the AD841 make 

it ideal for DAC and ADC buffers, and all types of video 
instrumentation circuitry. 

2. The AD841 is a precision amplifier. It offers accuracy to 
0.01% or better and wide bandwidth performance previously 
available ouly in hybrids. 

3. The AD841's thermally balanced layout and the speed of the 
CB process allow the AD841 to settle to 0.01% in no ns 
without the long "tails" that occur with other fast op amps. 

4. Laser wafer trimming reduces the input offset voltage to 
1 mV max on the K grade, thus eliminating the need for 
external offset nulling in many applications. Offset null pins 
are provided for additional versatility. 

5. The AD841 is an enhanced replacement for the HA2541. 
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AD841-SPECIFICATIONS (@ +25°C and ±15 V dc, unless otherwise noted) 

AD84lJ AD841K AD841S 
Model Conditions Min Typ Max Min Typ Max Min Typ Max 

INPUT OFFSET VOLTAGE' 0.8 2.0 0.5 1.0 0:5 2.0 
Tmin-Tmax 5.0 3.3 5.5 

Offset Drift 35 35 35 

INPUT BIAS CURRENT 3.5 8 3.5 5 3.5 8 
Tmin-Tmax 10 6 12 

Input Offset Current 0.1 0.4 0.1 0.2 0.1 0.4 
Tmin-Tmax 0.5 0.3 0.6 

INPUT CHARACTERISTICS Differential Mode 
Input Resistance 200 200 200 
Input Capacitance 2 2 2 

INPUT VOLTAGE RANGE 
Common Mode ±10 12 ±10 12 ±10 12 
Common Mode Rejection VCM = ±IOV 86 100 103 109 86 100 

Tmin-Tmax 80 100 80 

INPUT VOLTAGE NOISE f=lkHz 15 15 15 
Wideband Noise 10 Hz to 10 MHz 47 47 47 

OPEN-LOOP GAIN Vo = ±IOV 
RLoAo",500 n 25 45 25 45 25 45 
Tmin-Tmax 12 20 12 

OUTPUT CHARACTERISTICS 
Voltage RLoAo",500 n 

Tmin-Tmax ±10 ±IO ±10 
Current VOUT = ±10 V 50 50 50 

OUTPUT RESISTANCE Open Loop 5 5 5 

FREQUENCY RESPONSE 
Unity Gain Bandwidth VOUT = 90 mV p-p 40 40 40 
Full Power Bandwidth' Vo = 20 V p-p 

RLoAo",500 n 3.1 4.7 3.1 4.7 3.1 4.7 
Rise Time' Ay =-1 10 10 10 
Overshoot' Ay =-1 10 10 10 
Slew Rate' Ay =-1 200 300 200 300 200 300 
Settling Time - 10 V Step Ay =-1 

to 0.1% 90 90 90 
to 0.01% 110 110 110 

OVERDRIVE RECOVERY -Overdrive 200 200 200 
+ Overdrive 700 700 700 

DIFFERENTIAL GAIN f = 4.4 MHz 0.03 0.03 0.03 
Differential Phase f= 4.4 MHz 0.022 0.022 0.022 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 
Operating Range ±5 ±18 ±5 ±lS ±5 ±IS 
Quiescent Current II 12 II 12 11 12 

Tmin-Tmax 14 14 16 
Power Supply Rejection Ratio Vs = ±5 V to ±18 V 86 100 90 100 86 100 

Tmin-Tmax 80 86 SO 

TEMPERATURE RANGE 
Rated Performance' 0 +75 0 +75 -55 +125 

PACKAGE OPTIONS' 
LCC(E-20A) AD84ISE, AD841SEl883B 
Cerdip (Q-14) AD841JQ AD84IKQ AD84ISQ, AD841SQ/883B 
Plastic (N-14) AD84lJN AD841KN 
TO-8 (H-12) AD84lJH AD841KH AD84ISH, AD841SHl883B 
Chips AD84lJ CHIPS 

NOTES 
'Input offset voltage specifications are guaranteed after 5 minutes at TA = +25"<:. 
'Full power bandwidth = Slew Ratel2'1r V PEAK' 

'Refer to Figure 19. 
'''S'' grade T.un and T m .. specifications are tested with automatic test equipment at TA = -55"<: and TA = + 125"<:. 
'For outline information see Package Information section. 
AU min and max specifications are guaranteed. Specifications shown in boldface are tested on aU production units. 
Specifications subject to change without notice. 
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AD841S CHIPS 

Units 

mV 
mV 
."VI"C 

."A 
fJoA 
fJoA 
fJoA 

kG 
pF 

V 
dB 
dB 

nV/yHz 
."Vrms 

V/mV 
V/mV 

V 
mA 

n 

MHz 

MHz 
ns 
% 
V/."s 

ns 
ns 

ns 
ns 

% 
Degree 

V 
V 
rnA 
rnA 
dB 
dB 

°C 
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ABSOLUTE MAXIMUM RATINGS· 
Supply Voltage ........................... ±18 V 
Internal Power Dissipation2 

TO-8 (H) ............................. 1.4 W 
Plastic (N) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 5 W 
Cerdip (Q) ............................. 1.3 W 

Input Voltage ............................. ±Vs 
Differential Input Voltage ..................... ±6 V 
Storage Temperature Range 

Q, H, E ....................... -65'C to + 150'C 
N ........................... -65'C to + 125'C 

Junction Temperature ...................... + 17S'C 
Lead Temperature Range (Soldering 60 sec) ....... +300'C 

AD841 
NOTES 
I Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is Ii stress rating only, and functional 
operstion of the device at these. or any other conditions above those 
indicated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

2Maximum internal power dissipation is specified so that TJ does not exceed 
+ 17S'C at an ambient temperature of + ZS'C. 

Thermal Characteristics: 

Cerdip Package 
TO-8 Package 
Plastic Package 
LCC Package 

°Je 
3S'CIW 
30'CIW 
30'CIW 
3S'CIW 

OJA 
llO'CIW 
l00'CIW 
l00'CIW 
lS0'CIW 

°SA 
38'CIW Recommended Heat Sink: 
37'CIW Aavid Engineering ~#602B 

METALIZATION PHOTOGRAPH 

REV. A 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 

~I·~--------------------- ~:.~ --------------------~·~I 
.... ---r BALANCE-, 

0.067 
(1.71 

+Vs 

OUTPUT 

......... __ -Vs 

...L. __ L SUBSTRATE CONNECTED TO + Vs ..J 
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AD841-Typical Characteristics (at +25°C and Vs = ±15 V. unless otherwise noted) 
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AD841 

HP3314A 
FUNCTION 

GENERATOR I-...... \I\I\ ....... ~ 
OR 

EQUIVALENT 

Figure 19a. Inverting Amplifier 
Configuration (DIP Pinout) 

HP3314A 
FUNCTION 

GENERATOR 1-_""""","-< 
OR 

EQUIVALENT 

lie 
120n 

Figure 20a. Unity-Gain Buffer Amplifier 
Configuration (DIP Pinout) 

OFFSET NULLING 

Figure 19b. Inverter Large Signal 
Pulse Response 

Figure 20b. Buffer Large Signal 
Pulse Response 

Figure 1ge. Inverter Small Signal 
Pulse Response 

Figure 20e. Buffer Small Signal 
Pulse Response 

INPUT CONSIDERATIONS 
The input offset voltage of the AD841 is very low for a high 
speed op amp, but if additional nulling is required, the circuit 
shown in Figure 21 can be used. 

An input resistor (RJN in Figure 20) is recommended in circuits 
where the input to the AD841 will be subjected to transient or 
continuous overload voltages exceeding the ±6 V maximum dif
ferentiallimit. This resistor provides protection for the input 
transistors by limiting the maximum current that can be forced 
into the input. 

Figure 21. Offset Nulling (DIP Pinout) 
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For high performance circuits it is recommended that a resistor 
(RB in Figures 19 and 20) be used to reduce bias current errors 
by matching the impedance at each input. The output voltage 
error caused by the offset current is more than an order of mag
nitude less than the error present if the bias current error is not 
removed. 
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AD841 SETTLING TIME 
Figures 22 and 24 show the settling performance of the AD841 
in the test circuit shown in Figure 23. 

Settling time is defined as: 
The interval of time from the application of an ideal step 
function input until the closed-loop amplifier output has 
entered and remains within a specified error band. 

This definition encompasses the major components which com
prise settling time. They include (I) propagation delay through 
the amplifier; (2) slewing time to approach the final output 
value; (3) the time of recovery from the overload associated with 
slewing and (4) linear settling to within the specified error band. 

Jli:;i 15V1 

• I. 
i 
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IIl- -.-1 .. II 
1 II -- r U II 

2 ;~ 

I~ 
-

. [ 

n 

- [Iii 

I 

OUTPUT 
ERROR: 
O.02%/DIV 

OUTPUT: 
5V/OIV 

Figure 22. AD841 0.01% Settling Time 

Expressed in these terms, the measurement of settling time 
is obviously a challenge and needs to be done accurately to 
assure the user that the amplifier is worth consideration for the 
application. 

TEK 
7A13 

TEO 
7A1. 

... " 

Figure 23. Settling Time Test Circuit 

.OK -OSCILLOSCOPE 

Measurement of the AD84I's 0.01% settling in 110 ns was ac
complished by amplifying the error signal from a false summing 
junction with a very high speed proprietary hybrid error ampli
fier specially designed to enable testing of small settling errors. 
The device under test was driving a 500 0 load. The input to 
the error amp is clamped in order to avoid possible problems 
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Applying the AD841 
associated with the overdrive recovery of the oscilloscope input 
amplifier. The error amp gains the error from the false summing 
junction by 10, and it contains a gain vernier to fme trim the 
gain. 

Figure 24 shows the "long term" stability of the settling charac
teristics of the AD841 output after a 10 V step. There is no evi
dence of settling tails after the initial transient recovery time. 
The use of a junction isolated process, together with careful lay-
out, avoids these problems by minimizing the effects of transis- II 
tor isolation capacitance discharge and thermally induced shifts 
in circuit operating points. These problems do not occur even 
under high output current conditions. 

II iiii 

'r" I' ~ II···· 
~. ~ ; 

'!l1 
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~ •.... .. " 1 

I 

~ 
... ····1··· 

II 1 
I-!i:DI 

OUTPUT 
ERROR: 
O.02%/DlV 

OUTPUT: 
5V/DIV 

Figure 24, AD841 Settling Demonstrating No Settling 
Tails 

GROUNDING AND BYPASSING 
In designing practical circuits with the AD841, the user must 
remember that whenever high frequencies are involved, some 
special precautions are in order. Circuits must be built with 
short interconnect leads. Large ground planes should be used 
whenever possible to provide a low resistance, low inductance 
circuit path, as well as minimizing the effects of high frequency 
coupling. Sockets should be avoided because the increased inter
lead capacitance can degrade bandwidth. 

Feedback resistors should be of low enough value to assure that 
the time constant formed with the circuit capacitances will not 
limit the amplifier performance. Resistor values of less than 
5 kO are recommended. If a larger resistor must be used, a 
small «10 pF) feedback capacitor in parallel with the feedback 
resistor, RF , may be used to compensate for these stray capaci
tances and optimize the dynamic performance of the amplifier in 
the particular application. 

Power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. A 2.2 .... F capacitor in parallel 
with a 0.1 .... F ceramic disk capacitor is recommended. 

CAPACmVE LOAD DRIVING ABILITY 
Like all wideband amplifiers, the AD841 is sensitive to capaci
tive loading. The AD841 is designed to drive capacitive loads of 
up to 20 pF without degradation of its rated performance. Ca
pacitive loads of greater than 20 pF will decrease the dynamic 
performance of the part although instability should not occur 
unless the load exceeds 100 pF (for a unity-gain follower). A 
resistor in series with the output can be used to decouple larger 
capacitive loads. 
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AD841 
Figure 25 shows a typical configuration for driving a large ca
pacitive load. The 51 0 output resistor effectively isolates the 
high frequency feedback from the load and stabilizes the circuit. 
Low frequency feedback is returned to the amplifier summing 
junction via the low pass filter formed by the 51 0 resistor and 
the load capacitance, CL • 

lkU 

15pF 

INPUT lkU 

~ __ ~M_ ...... _V, .. OUT 

Figure 25. Circuit for Driving a Large Capacitive Load 

USING A HEAT SINK 
The AD841 draws less quiescent power than most precision 
high speed amplifiers and is specified for operation without a 
heat sink. However, when driving low impedance loads, the cur
rent to the load can be 4 to 5 times the quiescent current. This 
will create a noticeable temperature rise. Improved performance 
can be achieved by using a small heat sink such as the Aavid 
Engineering #602B. 

TERMINATED LINE DRIVER 
The AD841 functions very well as a high speed line driver of 
either terminated or unterminated cables. Figure 26 shows the 
AD841 driving a doubly terminated cable in a follower confIgU
ration. The AD841 maintains a typical slew rate of 300 V1fJ.s, 
which means it can drive a ±10 V, 4.7 MHz signal or a ±3 V, 
15.9 MHz signal. 

The termination resistor, RT> (when equal to the characteristic 
impedance of the cable) minimizes reflections from the far end 
of the cable. A back-termination resistor (RBT> also equal to the 
characteristic impedance of the cable) may be placed between 
the AD841 output and the cable in order to damp any stray sig
nals caused by a mismatch between RT and the cable's charac
teristic impedance. This will result in a "cleaner" signal, but 
since 112 the output voltage will be dropped across RBT> the op 
amp must supply double the output signal required if there is 
no baCk termination. Therefore the full power bandwidth is cut 
in half. 
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If termination is not used, cables appear as capacitive loads. If 
this capacitive load is large, it should be decoupled from the 
AD841 by a resistor in series with the output (see above: 
Driving a Capacitive Load). 

TERMINATION 
RESISTOR 
FOR INPUT 
SIGNAL 

VOUT 

RT = RaT = CABLE CHARACTERISTIC IMPEDANCE 

Figure 26. Line Driver Configuration 

OVERDRIVE RECOVERY 
Figure 27 shows the overdrive recovery capability of the AD841. 
Typical recovery time is 200 ns from negative overdrive and 
700 ns from positive overdrive. 

Iml 
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OVERDRIVEN 
OUTPUT: IOV/DiV 

INPUT SQUARE 
WAVE: IV/DIV 

Figure 27. Overdrive Recovery 

HP3314A 
PULSE GENERATOR 

OR EQUIVALENT 

1 .... 5 ±1V SQUARE 
WAVE INPUT 

Figure 28. Overdrive Recovery Test Circuit 

REV. A 



r.ANALOG 
WDEVICES 

FEATURES 
AC PERFORMANCE 
Gain Bandwidth Product: 80 MHz (Gain = 2) 
Fast Settling: 100 ns to 0.01% for a 10 V Step 
Slew Rate: 375 V/,..s 
Stable at Gains of 2 or Greater 
Full Power Bandwidth: 6.0 MHz for ~ 

DC PERFORMANCE 
Input Offset Voltage: 1 mV max 
Input Offset Drift: 14,.. VloC 
Input Voltage Noise: 9 nVlYHz typ 
Open·Loop Gain: 90 VlmV into a 500 n Load 
Output Current: 100 mA min 
Quiescent Supply Current: 14 mA max 

APPLICA nONS 
Line Drivers 
DAC and ADC Buffers 
Video and Pulse Amplifiers 
Available in Plastic DIP, Hermetic Metal Can, 

Hermetic Cerdip, SOIC and LCC Packages and in 
Chip Form 

MIL·STD-883B Parts Available 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 

PRODUCT DESCRIPTION 
The AD842 is a member of the Analog Devices family of wide 
bandwidth operational amplifiers. This family includes, among 
others, the AD840 which is stable at a gain of 10 or greater and 
the AD841 which is unity-gain stable. These devices are fabri
cated using Analog Devices' junction isolated complementary 
bipolar (CB) process. This process permits a combination of dc 
precision and wideband ac performance previously unobtainable 
in a monolithic op amp. In addition to its 80 MHz gain band
width, the AD842 offers extremely· fast settling characteristics, 
typically settling to within 0.01% of [mal value in less than 
100 ns for a 10 volt step. 

The AD842 also offers a low quiescent current of 13 mA, a high 
output current drive capability (100 mA minimum), a low input 
voltage noise of9 nVYHz and a low input offset voltage (1 mV 
maximum). 

The 375 V/".s slew rate of the AD842, along with its 80 MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is ideally suited for 
use in high frequency signal conditioning circuits and wide 
bandwidth active ftlters. The extremely rapid settling time of 
the AD842 makes this amplifier the preferred choice for data 
acquisition applications which require 12-bit accuracy. The 
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Wideband, High Output Current, 
Fast Settling Op Amp 

AD842 I 
CONNECTION DIAGRAMS 

Plastic DIP (N) Package 
and 

Cerdip (Q) Package 

TD-S (H) 
Package 

NC 

NO 

TOP VIEW 
NOTE: CAN TIEO TO V + 
NC = NO CONNECT 

LCC (E) Package 

~ ~ z z 

i!; i!L 

_::~. >J"" :::. 
NC. ,. NC 

+IN 7 + 16 0UlPUT 
AD842 

NCI 14NC 

918111211 

i! ':' i! i! i! 
NC = NO CONNECT 

SOIC (R·16) Package 

AD842 is also appropriate for other applications such as high 
speed DAC and ADC buffer amplifiers and other wide band
width circuitry. 

APPUCATION HIGHLIGHTS 
1. The high slew rate and fast settling time of the AD842 make 

it ideal for DAC and ADC buffers amplifiers, lines drivers 
and all types of video instrumentation circuitry. 

2. The AD842 is a ~cision amplifier. It offers accuracy to 
0.01 % or better and Wide bandwidth; performance previously 
available only in hybrids. 

3. Laser-wafer trimming reduces the input offset voltage of 
1 m V max, thus eliminating the need for external offset null
ing in many applications. 

4. Full differential inputs provide outstanding performance in 
all standard high frequency op amp applications where the 
circuit gain will be 2 or greater. 

5. The AD842 is an enhanced replacement for the HA2542. 
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AD842 -SPECIFICATIONS (@ +25°C and :1:15 V dc, unless otherwise noted) 

Model AD842JIJR.' AD842K AD842S 
Conditions Min Typ Max Min Typ Max Min Typ Max 

INPtIT OFFSET VOLTAGE' 0.5 1.5 0.3 1.0 0.5 1.5 
T...,-T .... 2.5/3 1.5 3.5 

Offset Drift 14 14 14 

INPtrr BIAS CURRENT 4.2 8 3.5 5 4.2 8 
Tmin-Tmu 10 6 12 

Input Offset Current 0.1 0.4 0.05 0.2 0.1 0.4 
Tmin-Tmu 0.5 0.3 0.6 

INPUT CHARACTERISTICS 
Input Resistance Differential Mode 100 100 100 
Input Capacitance 2.0 2.0 2.0 

INPtrr VOLTAGE RANGE 
Common Mode :tl0 :tl0 :tl0 
Common-Mode Rejection VCM = :tIOV 86 115 90 115 86 115 

T...,-Tmax SO 86 80 

INPtrr VOLTAGE NOISE f=lkHz 9 9 9 
Wideband Noise 10 Hz to 10 MHz 28 2S 2S 

OPEN-LOOP GAIN Vo = :tIOV 
RLOAD2:S00 n 40130 90 SO 90 40 90 
T...,-T .... 20/15 25 20 

OtrrPtIT CHARACTERISTICS 
Voltage RLOAD2:S00 n :tl0 :tl0 :tl0 
·Current VouT=:tIOV 100 100 100 

Opeo Loop 5 5 5 

FREQUENCY RESPONSE 
Gain Bandwidth Product VOUT = 90mV SO SO SO 
Full Power Bandwidth' Vo=20Vp-p 

RLOAD2:S00 n 4.7 6 4.7 6 4.7 6 
Rise Time' AVCL =-2 10 10 10 
Overshoot' AvcL = -2 20 20 20 
Slew Rate' AvCL =-2 300 375 300 375 300 375 
Settling Time' 10V Step 

to 0.1% SO SO SO 
to 0.01% 100 100 100 

Differential Gain f= 4.4 MHz 0.015 0.015 0.015 
Differential Phase f= 4.4 MHz 0.035 0.035 0.035 

POWER SUPPLY 
Rated Performance :tIS :tIS :tIS 
Operating Range :t5 :t18 :1:5 :1:18 :1:5 :t18 
Quiescent Current 13114 14116 13 14 13 14 

Tmin-Tmaz 16119.5 16 19 
Power Supply Rejection Ratio Vs = :t5Vto :tIS V 86 100 90 105 86 100 

T...,-T .... SO 86 80 

TEMPERATURE RANGE 
Rated Performance' 0 +75 0 +75 -55 +125 

.PACKAGE OPTIONS~ 
Plastic (N-14) ADS42]N AD842KN 
Cerdip (Q-14) AD842JQ AD842KQ ADS42SQ, ADS42SQ/SS3B 
SOIC (R-16) AD842JR 
Tape and REEL AD842JR-REEL 
TO-S (H-12A) AD842JH ADS42KH AD842SH 
LCC(E-20A) AD842SElSS3B 
Chips AD842J Chips 

NOTES 
1 ADS42JR specifications differ from those of the AD842JN, JQ and JH due to the thermal characteristics of the SOIC package. 
'Input offset voltage specifications are guaranteed after 5 ntinutes at T A = + 2S'C. 
'FPBW Slew Ratel21T VPI!AK' 
'Refer to Figures 22 and 23. 
'''S'' grade T ... o and T .... specifications are tested with automatic test equipment at TA = -SS'C and TA = +12S'C. 
·For outline information see Package Information section. 

AD842S Chips 

All ntin and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from 
those tests are used to calculate outgOing quality levels. 
Specifications subject to change without notice. 
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Units 
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!LA 
!LA 
!LA 

ill 
pF 

V 
dB 
dB 
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V/mV 
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n 
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% 
VI",s 

ns 
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dB 

'C 
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ABSOLUTE MAXIMUM RATINGS l 

Supply Voltage ........................... ±IS V 
Internal Power Dissipation2 

Plastic (N) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 5 W 
Cerdip (Q) ............................. 1.1 W 
TO-8 (H) ............................. 1.3 W 
SOle (R) ............................. 1.3 W 

Input Voltage ............................. ±Vs 
Differential Input Voltage ..................... ±6 V 
Storage Temperature Range 

(Q, H) ........................ -6Soe to +IS0oe 
(N, R) ........................ -6Soe to + 12SOC 

Junction Temperature . . . . . . . . . . . . . . . . . . . . . . + l7Soe 
Lead Temperature Range (Soldering 60 sec) ....... + 3000e 

AD842 
NOTES 
ISuesses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2 Maximum internal power dissipation is specified so that T J does nor exceed 
+ 150°C at an ambient temperature of + 25OC. 

Thermal Characteristics: 

Plastic Package 
Cerdip Package 
TO-8 Package 
16-Pin SOIC Package 
20-Pin LCC Package 

aJe 
30"CIW 
30°CIW 
3O"CIW 
3O"C/W 
35°CIW 

aJA aSA 
lOO°CIW 
llO"CIW 38"CIW 
lOO"CIW 27"CIW 
l00"CIW 
150"CIW 

Recommended heat sink: Aavid Engineeringe #602B 

METALIZATION PHOTOGRAPH 

REV. B 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 

~.I--------- 0.106(2.68) ------------.t-, 
BALANCE rr , 

V+ 
BALANCE 

I 
-VON 

I 
0.067 
(1.69) OUTPUT 

.. ~~ ...... ---V-
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AD842-Typical Characteristics (at +25°C and Ys = ±15 Y, unless otherwise noted.) 
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AD842 

HP3314A 
FUNCTION 

GENERATOR t-t-'lMr-ot 
OR 

EQUIVALENT 

Figure 19a. Inverting Amplifier 
Configuration (DIP Pinout) 

HP3314A 
FUNCTION 

R1 = 20511 RF '" 205U 

GENERATOR 1-..... JV>.fIr--{ 
OR 

EQUIVALENT 

Figure 20a. Noninverting Amplifier 
Configuration (DIP Pinout) 

OFFSET NULLING 

Figure 19b. Inverter Large Signal 
Pulse Response 

Figure 20b. Noninverting Large Signal 
Pulse Response 

Figure 1ge. Inverter Small Signal 
Pulse Response 

Figure 20e. Noninverting Small 
Signal Pulse Response 

AD842 SETTLING TIME 
The input offset voltage of the AD842 is very low for a high 
speed op amp, but if additional nulling is required, the circuit 
shown io Figure 21 can be used. 

Figures 22 and 24 show the settliog performance of the AD842 
in the test circuit shown io Figure 23. 

Sertliog time is defmed as: 

Figure 21. Offset Nulling 
(DIP Pinout) 
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The ioterval of time from the application of an ideal step 
function input until the closed-loop amplifier output has 
entered and remains withio a specified error band. 

This defmition encompasses the major components which com
prise settling time. They ioclude: (1) propagation delay through 
the amplifier; (2) slewiog time to approach the final output 
value; (3) the time of recovery from the overload associated with 
slewing; and (4) linear settliog to withio the specified error 
band. 

Expressed io these terms, the measurement of settling time 
is obviously a challenge and needs to be done accurately to 
assure the user that the amplifier is worth consideration for the 
application. 
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Figure 22. AD842 0.01% Settling Time 
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Figure 23. Settling Time Test Circuit 

Figure 23 shows how measurement of the AD842's 0.01% set
tling in 100 ns was accomplished by amplifying the error signal 
from a false summing junction with a very high-speed propri
etary hybrid error amplifier specially designed to enable testing 
of small settling errors. The device under test was driving a 
300 n load. The input to the error amp is clamped in order to 
avoid possible problems associated with the overdrive recovery 
of the oscilloscope input amplifier. The error amp gains the 
error from the false summing junction by 15, and it contains a 
gain vernier to fme trim the gain. 

Figure 24 shows the "long term" stability of the settling charac
teristics of the AD842 output after a 10 V step. There is no evi
dence of settling tails after the initial transient recovery time. 
The use of a junction isolated process, together with careful lay
out, avoids these problems by minimizing the effects of transis
tor isolation capacitance discharge and thermally induced shifts 
in circuit operating points. These problems do not occur even 
under high output current conditions. 

GROUNDING AND BYPASSING 
In designing practical circuits with the AD842, the user must 
remember that whenever high frequencies are involved, some 

_, ---L 

+-+- - -~-I-
-t~·t"·+ 

-~-t- -

OUTPUT: 
5V/DIV 

OUTPUT 
ERROR: 
O.OI%/DIV 

Figure 24. AD842 Settling Demonstrating No Settling 
Tails 
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Applying the AD842 
special precautions are in order. Circuits must be built with 
short interconnect leads. Large ground planes should be used 
whenever possible to provide a low resistance, low inductance 
circuit path, as well as minimizing the effects of high frequency 
coupling. Sockets should be avoided because the increased inter
lead capacitance can degrade bandwidth. 

Feedback resistors should be of low enough value to assure that 
the time constant fonned with the circuit capacitances will not 
limit the amplifier performance. Resistor values of less than 
5 kn are recommended. If a larger resistor must be used, a 
small «10 pF) feedback capacitor connected in parallel with the 
feedback resistor, Rp , may be used to compensate for these 
stray capacitances and optimize the dynamic performance of the 
amplifier in the particular application. 

Power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. A 2.2 I1F capacitor in parallel 
with a 0.1 I1F ceramic disk capacitor is recommended. 

CAPACITIVE LOAD DRIVING ABILITY 
Like all wideband amplifiers, the AD842 is sensitive to capaci
tive loading. The AD842 i~ designed to drive capacitive loads 
of up to 20 pF without degradation of its rated perfonnance. 
Capacitive loads of greater than 20 pF will decrease the dynamic 
perfonnance of the part although instability should not occur 
unless the load exceeds 100 pF. 

USING A HEAT SINK 
The AD842 draws less quiescent power than most precision 
high speed amplifiers and is specified for operation without a 
heat sink. However, when driving low impedance loads, the cur
rent to the load can be 10 times the quiescent current. This will 
create a noticeable temperature rise. Improved perfonnance can 
be achieved by using a small heat sink such as the Aavid Engi
neering #602B. 

TERMINATED LINE DRIVER 
The AD842 is optimized for high speed line driver applications. 
Figure 25 shows the AD842 driving a doubly terminated cable 
in a gain-of-2 follower configuration. The AD842 maintains a 
typical slew rate of 375 V/l1s, which means it can drive a 
±10 V, 6.0 MHz signal or a ±3 V, 19.9 MHz signal. 

The termination resistor, RT, (when equal to the characteristic 
impedance of the cable) minimizes reflections from the far end 
of the cable. A back-tennination resistor (RBT> also equal to the 
characteristic impedance of the cable) may be placed between 
the AD842 output and the cable in order to damp any stray sig
nals caused by a mismatch between ~ and the cable's charac
teristic impedance. This will result in'a "cleaner" signal. With 
this circuit, the voltage on the line equals V IN because one half 
of V OUT is dropped across RBT. 

The AD842 has ±100 rnA minimum output current and, there
fore, can drive ±5 V into a 50 n cable. 

The feedback resistors, R, and R2, must be chosen carefully. 
Large value resistors are desirable in order to limit the amount 
of current drawn from the amplifier output. But large resistors 
can cause amplifier instability because the parallel resistance 
R,IIR2 combines with the input capacitance (typically 2-5 pF) to 
create an additional pole. Also, the voltage noise of the AD842 
is equivalent to a 5 kn resistor, so large resistors can signifi
cantly increase the system noise. Resistor values of 1 kn or 
2 kn are recommended. 

OPERATIONAL AMPLIFIERS 2-349 

• 



AD842 
If termination is not used, cables appear as capacitive loads and 
can be decoupled from the AD842 by a resistor in series with 
the output. . 

RT = RBT = CABLE 
CHARACTERISTIC 
IMPEDANCE 

500 OR 75fi CABLE 

Figure 25. Line Driver Configuration 

HP3314A 
PULSE GENERATOR 

OR EOUIVALENT 

1JLs. :!:1V SQUARE 
WAVE INPUT 

OVERDRIVE RECOVERY 
Figure 26 shows the overdrive recovery capability of the AD842. 
Typical recovery time is 80 DS from negative overdrive and 
400 ns from positive overdrive. 

TIME: 100nslOlVISION 

OVERDRIVEN OUTPUT: 
10vIDIVISION 

INPUT SQUARE WAVE: 
lVlDlVISION 

Figure 26. Overdrive Recovery 

OUTI'UT 

1kU 

Figure 27. Overdrive Recovery Test Circuit 
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~ANALOG 
WDEVICES 

FEATURES 
AC PERFORMANCE 
Unity Gain Bandwidth: 34 MHz 
Fast Settling: 135 ns to 0.01% 
Slew Rate: 250 V/,..s 
Stable at Gains of 1 or Greater 
Full Power Bandwidth: 3.9 MHz 

DC PERFORMANCE 
Input Offset Voltage: 1 mV max (AD843K/B) 
Input Bias Current: 0.6 nA typ 
Input Voltage Noise: 19 nVtVHz 
Open Loop Gain: 30 V/mV into a 500.n Load 
Output Current: 50 mA min 
Supply Current: 13 mA max 
Available in 8-Pin Plastic Mini-DIP & Cerdip. 16-Pin 

SOIC. 20-Pin LCC and 12-Pin Hermetic Metal Can 
Packages 

Available in Tape and Reel in Accordance with 
EIA-481A Standard 

Chips and MIL-STD-883B Parts Also Available 

APPLICATIONS 
High Speed Sample-and-Hold Amplifiers 
High Bandwidth Active Filters 
High Speed Integrators 
High Frequency Signal Conditioning 

PRODUCT DESCRIPTION 
The AD843 is a fast settling, 34 MHz, CBFET input op amp. 
The AD843 combines the low (0.6 nA) input bias currents char
acteristic of a FET input amplifier while still providing a 
34 MHz bandwidth and a 135 ns settling time (to within 0.01% 
of fmal value for a 10 volt step). The AD843 is a member of the 
Analog Devices' family of wide bandwidth operational amplifi
ers. These devices are fabricated using Analog Devices' junction 
isolated complementary bipolar (CB) process. This process per
mits a combination of dc precision and wideband ac perform
ance previously unobtainable in a monolithic op amp. 

The 250 V/v.s slew rate and 0.6 nA input bias current of the 
AD843 ensure excellent performance in high speed sample-and
hold applications and in high speed integrators. This amplifier is 
also ideally suited for high bandwidth active filters and high fre
quency signal conditioning circuits. 

Unlike many high frequency amplifiers, the AD843 requires no 
external compensation and it remains stable over its full operat
ing temperature range. It is available in five performance grades: 
the AD843J and AD843K are rated over the commercial tempera
ture range ofO°C to + 70°C. The AD843A and AD843B are rated 
over the industrial temperature range of -40°C to +85°C. The 
AD843S is rated over the military temperature range of -55°C 
to + 125°C and is available processed to MIL-STD-883B, Rev. C. 
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34 MHz, CBFET 
Fast Settling Op Amp 

AD843 I 
CONNECTION DIAGRAMS 

16-Pin SOIC (R-16) Package 

Ne = NO CONNECT 

T0-8 (H-l2A) Package 

TOP VIEW 

NOTE: CAN TIED TO V + 
Ne = NO CONNECT 

Plastic (N-8) and 
Cerdip (Q-8) Package 

NC = NO CONNECT 

LCC (E-20A) Package 

g :I 
~ 

z z 

~ 
~ 

~ !il ~ ~ , 2 1 2. 19 

NC 4 

9 10 '1 12 13 

~ :f ~ ~ ~ 
NC = NO CONNECT 

18 Ne 

17 +Vs 

16 Ne 

15 OUTPUT 

14 NC 

The AD843 is offered in either 8-pin plastic DIP or hermetic 
cerdip packages, in l6-pin SOlC, 20-Pin LCC, or in a 12-pin 
metal can. Chips are also available. 

PRODUCT HIGHLIGHTS 
1. The high slew rate, fast settling time and low input bias 

current of the AD843 make it the ideal amplifier for 12-bit 
D/A and AID buffers, for high speed sample-and-hold ampli
fiers and for high speed integrator circuits. The AD843 
can replace many FET input hybrid amplifiers such as the 
LH0032, LH4104 and OPA600. 

2. Fully differential inputs provide outstanding performance in 
all standard high frequency op amp applications such as sig
nal conditioning and active filters. 

3. Laser wafer trimming reduces the input offset voltage to 
1 mV max (AD843K and AD843B). 

4. Although external offset nulling is unnecessary in many 
applications, offset null pins are provided. 

5. The AD843 does not require external compensation at closed 
loop gains of 1 or greater. 
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AD843 - SPECIFICATIONS (@ TA +25OC and ±15 V dc, unless otherwise noted) 

AD843J/A AD843KIB AD843S 
Model Conditions Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE' 1.0 2.0 0.5 1.0 1.0 2.0 mV 
Tmin-Tmax 1.7 4.0 1.2 2.0 3.0 4.5 mV 

Offset Drift 12 12 35 12 .,.VI"C 

INPUT BIAS CURRENT Initial (TJ + 25"C) 50 40 50 pA 
Warmed-Up' O.S 2.5 0.6 1.0 O.S 2.5 nA 
Tmin-Tmax 601160 23/65 2600 nA 

INPUT OFFSET CURRENT Initial (TJ +25"C) 30 20 30 pA 
Warmed-Up' 0.25 1.0 0.2 0.4 0.25 1.0 nA 
Tmin-Tmax 23/64 9126 1025 nA 

INPUT CHARACTERISTICS 
Input Resistance 1010 10'· 1010 n 
Input Capacitance 6 6 6 pF 

INPUT VOLTAGE RANGE 
Common Mode ±IO +12, ±IO +12, ±IO +12, V 

-13 -13 -13 

COMMON MODE REJECTION VCM - ±lOV 60 72 70 76 60 72 dB 
Tmin-Tmax 60 72 68 76 60 72 dB 

INPUT VOLTAGE NOISE f= 10kHz 19 19 19 nV/v'Hz 
Wideband Noise 10 Hz to 10 MHz 60 60 60 .,.Vrms 

OPEN LOOP GAIN Vo - ±IOV 
RLOAD"'=500 n IS 25 20 30 IS 30 V/mV 
Tmin-Tmax 10 20 10 25 10 25 V/mV 

OUTPUT CHARACTERISTICS 
Voltage RLOAD"'=500 n ±IO +11.5, ±IO +11.5, ±IO +11.5, V 

-12.6 -12.6 -12.6 
Current VOUT = ±IOV 50 50 50 mA 
Output Resistance Open Loop 12 12 12 n 

FREQUENCY RESPONSE 
Unity Gain Bandwidth VOUT = 90 mV p-p 34 34 34 MHz 
Full Power Bandwidth2 Vo = 20V p-p 

Rk500 n 2.5 3.9 2.5 3.9 2.5 3.9 MHz 
Rise Time AVCL = -I 10 10 10 ns 
Overshoot AVCL = -I IS 15 15 % 
Slew Rate AVCL = -I 160 250 160 250 160 250 V/.,.s 
Settling Time 10 V Step 

AVCL = -I 
100.1% 95 95 95 ns 
to 0.01% 135 135 135 ns 

Overdrive Recovery -Overdrive 200 200 200 ns 
+ Overdrive 700 700 700 ns 

Differential Gain f = 4.4 MHz 0.025 0.025 O.oz5 % 
Differential Phase f = 4.4 MHz 0.025 0.025 0.025 Degree 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 V 
Operating Range ±4.5 ±18 ±4.5 ±18 ±4.5 ±18 V 
Quiescent Current 12 13 12 13 12 13 mA 

Tmin-Tmax 12.3 14 12.3 14 12.5 16 mA 
Rejection Ratio ±5 V to ±IS V 65 76 70 SO 65 76 dB 
Rejection Ratio Tmin-Tmax 62 76 68 SO 62 76 dB 

TEMPERATURE RANGE 
Operating, Rated Performance 

Commercial (0 to + 70"C) ADS43J ADS43K 
Industrial (-40°C to +S5"C) ADS43A ADS43B 
Military (-55"C to + 125"C)' AD843S 

PACKAGE OPTIONS' 
Plastic (N-S) ADS43JN ADS43KN 
Cerdip (Q-8) ADS43AQ ADS43BQ AD843SQ, AD843SQ/883B 
Metal Can (H-12A) ADS43BH AD843SH 
LCC (E-20A) AD843SE, ADS43SEJS83B 
SOIC (R-16) AD843JR 
Tape & Reel AD843JR-REEL 
Chips AD843JChips AD843SChips 
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NOTES 
lSpecifications are guaranteed after 5 minutes at TA = + 25°C. 
2puJI power bandwidth = Slew Ratel2 ",V peak. 

AD843 

3All US" grade Tmlo.-Tmax specifications are tested with automatic test equipment at TA = -55°C and TA = +I2SoC. 
4Por outline information see Package Information section. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate olltgoing quality levels. 
All min and max specifications ate guatanteed although only those shown in boldface are tested on all production units. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ± 18 V 
Internal Power Dissipation' 

Plastic Package ....................... 1.50 Watts 
Cerdip Package ....................... 1.35 Watts 
12 -Pin Header Package . . . . . . . . . . . . . . . . . . 1. 80 Watts 
16-Pin SOIC Package ................... 1.50 Watts 
20-Pin LCC Package .................... 1.00 Watt 

Input Voltage ............................. ±Vs 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperarure Range (N, R) ....... -65°C to + 125°C 
Storage Temperarure Range (Q, H, E) ..... -65°C to + 150°C 
Operating Temperature Range 

AD843}/K ......................... 0 to +70°C 
AD843AIB ...................... -40°C to +85°C 
AD843S ....................... -55°C to + 125°C 

Lead Temperature Range (Soldering 60 sec) ....... + 300°C 

NOTES 
IStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

28-Pin Plastic Package: alA = 100"ClWatt 
8-Pin Cerdip Package: alA = IIO"ClWatt 
12·Pin Header Package: alA = 80"ClWatt 
16-Pin SOIC Package: alA = 100"ClWatt 
20-Pin LCC Package: alA = ISO"ClWatt 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

0.067 

T 

REV.B OPERATIONAL AMPLIFIERS 2-353 

II 



A0843-Typical Characteristics 
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Figure 20c. Inverter Small Signal 
Pulse Response. CF = 0, 
CL =10pF 

,.n 
JU- C, 

SQUARE t----II----, 
WAVE 
INPUT 

VIN 1kU 

10n 
49.9U 

~ -SQUARE - U- WAVE 
INPUT 

49.9kO 

Figure 20a. Inverting Amplifier 
Connection 

Figure 20d. Inverter Large Signal 
Pulse Response. CF = 5 pF, 
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Figure 21a. Unity Gain Inverter 
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Figure 21b. Inverter Cap Load 
Large Signal Pulse Response. 
CF = 15 pF, CL = 410 pF 

Figure 20b. Inverter Large Signal 
Pulse Response. CF = 0, 
CL = 10pF 

Figure 20e. Inverter Small Signal 
Pulse Response. CF = 5 pF, 
CL = 110pF 

Figure 21c.lnverter Cap Load 
Small Signal Pulse Response. 
CF = 15 pF, CL = 410 pF 
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Figure 23a. Unity Gain Buffer 
Circuit for Driving Capacitive 
Loads 
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Figure 22b. Buffer Large Signal 
Pulse Response. CL = 10 pF 

Figure 23b. Buffer Cap Load Large 
Signal Pulse Response. 
CF = 33 pF, CL = 10 pF 

Figure 23d. Buffer Cap Load Large 
Signal Pulse Response. 
CF = 33 pF, CL = 110 pF 

AD843 

Figure 22c. Buffer Small Signal 
Pulse Response. CL = 10 pF 

Figure 23c. Buffer Cap Load Small 
Signal Pulse Response. 
CF = 33 pF, CL = 10 pF 

Figure 23e. Buffer Cap Load Small 
Signal Pulse Response. 
CF = 33 pF, CL = 110 pF 
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AD843 
DRIVING CAPACITIVE LOADS 
Like most high bandwidth amplifiers, the AD843 is sensitive to 
capacitive loading. Although it will drive capacitive loads up to 
20 pF without degradation of its rated performance, both an 
increased capacitive load drive capability and a "cleaner" (non
ringing) pulse responSe can be obtained from the AD843 by 
using the circuits illustrated in Figures 20 to 23. The addition of 
as pF feedback capacitor to the unity gain inverter connection 
(Figure 20a ) substantially reduces the circuit's overshoot, even 
when it is driving a 110 pF load. This can be seen by comparing 
the waveforms of Figures 20b through 20e. To drive capacitive 
loads greater than 100 pF, the load should be decoupled from 
the amplifier's output by a 10 0 resistor and the feedback 
capacitor, Cp , should be connected directly between the amplifi
er's output and its inverting input (Figure 2Ia). When using a 
IS pF feedback capacitor, this circuit can drive 400 pF with less 
than 20% overshoot, as illustrated in Figures 21b and 21c. 
Increasing capacitor Cp to 47 pF also increases the capacitance 
drive capability to 1000 pF, at the expense of a 10:1 reduction 
in bandwidth compared with the simple unity gain inverter cir
cuit of Figure 20a. 

Unity gain voltage followers (buffers) are more sensitive to 
capacitive loads than are inverting amplifiers because there is no 
attenuation of the feedback signal. The AD843 can drive 10 pF 
to 20 pF when conneCted in the basic unity gain buffer circuit 
of Figure 22a. . 

The I kO resistor in series with the AD843's noninverting input 
serves two functions: first, together with the amplifier's input 
capacitance, it forms a low pass filter which slows down the 
actual signal seen by the AD843. This helps reduce ringing on 
the amplifier's output voltage. The resistor's second function is 
to limit the current into the amplifier when the differential input 
voltage exceeds the total supply voltage. 

The AD843 will deliver a much "cleaner" pulse response when 
connected in the somewhat more elaborate follower circuit of 
Figure 23a. Note the reduced overshoot in Figure 23b and 23c 
as compared to Figure 22b and 22c. 

For maximum bandwidth, in most applications, input and feed
back resistors used with the AD843 should have resistance val
ues equal to or less than 1.5 kO. Even. with these low resistance 
values, the resultant RC time constant formed between them 
and stray circuit capacitances is large enough to cause peaking in 
the amplifier's response. Adding a small capacitor, Cp , as shown 
in Figures 20a to 23awill reduce this peaking and flatten the 
overall f~uency response. Cp will normally be less than 10 pF 
in value. 

The AD843 can drive resistive loads over the range of 500 0 to 
x with no change in dynamic response. While a 499 0 load was 
used in the circuits of Figures 20-23, the performance of these 
circuits will be essentially the same even if this load is removed 
or cbanged to some other value, such as 2 kO. 

To obtain the "cleanest" possible transient response when driv
ing heavy capacitive loads, be sure to connect bypass capacitors 
directly between the power supply pins of the AD843 and 
ground as outlined in "grounding and bypassing." 
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GROUNDING AND BYPASSING 
In designing practical circuits using the AD843, the user must 
keep in mind that some special precautions are needed when 
dealing with high frequency signals. Circuits must be wired 
using short interconnect leads. Ground planes should be used 
whenever possible to provide both a low resistance, low induc
tance circuit path and to minimize the effects of high frequency 
coupling. IC sockets should be avoided, since their increased 
interlead capacitance can degrade the bandwidth of the device. 

Power supply leads should be bypassed to ground as close as 
possible to the pins of the amplifier. Again, the component leads 
should be kept very short. As shown in Figure 24, a parallel 
combination of a 2.2 f1F tantalum and a 0.1 f1F ceramic disc 
capacitor is recommended. 

Figure 24. Recommended Power Supply Bypassing for 
the AD843 (DIP Pinout) 

USING A HEAT SINK 
The AD843 consumes less quiescent power than most precision 
high speed amplifiers and is specified to operate without using a 
heat sink. However, when driving low impedance loads, the cur
rent applied to the load can be 4 to 5 times greater than the qui
escent current. This will produce a noticeable temperature rise, 
which will increase input bias currents. The use of a sma1l heat 
sink, such as the Mouser Electronics #33HS008 is recommended. 

Offset Null Configuration (DIP Pinout) 
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SAMPLE-AND-HOLD AMPLIFIER CIRCUITS 
A Fast Switching Sample & Hold Circuit 
A sample-and-hold circuit possessing short acquisition time and 
low aperture delay can be built using an AD843 and discrete 
JFET switches. The circuit of Figure 25 employs five n-channel 
JFETs (with turn-on times of 35 ns) and an AD843 op amp 
(which can settle to 0.01% in 135 ns). The circuit has an aper
ture delay time of 50 ns and an acquisition time of I fl.S or less. 

This circuit is based on a noninverting open loop architecture, 
using a differential hold capacitor to reduce the effects of pedes
tal error. The charge that is removed from CHI by Q2 and Q3 
is offset by the charge removed from CH2 by Q4 and Q5. This 
circuit can tolerate low hold capacitor values (approximately 
100 pF), which improve acquisition time, due to the small gate
to-drain capacitance of the discrete JFETs. Although pedestal 
error will vary with input signal level, making trimming more 
difficult, the circuit has the advantages of high bandwidth and 
short acquisition times. In addition, it will exhibit some nonlin
earity because both amplifiers are operating with a common 
mode input. Amplifier A2, however, contributes less than 
0.025% linearity error, due to its 72 dB common mode rejection 
ratio. 

+5V 

HOlO 5000 Jm D1 
1N4148 6.2kO 1N4148 

Q7 
2N3906 

SAMPLE 

1.1kO 

AD843 
To make sure the circuit accommodates a wide ±IO V input 
range, the gates of the JFETs must be connected to a potential 
near the -15 V supply. The level-shift circuitry (diode D3, 
PNP transistor Q7, and NPN transistor Q6) shifts the TTL
level SIH command to provide for an adequate pinch-off voltage 
for the JFET switches over the full input voltage range. 

The JFETs Q2, Q3, Q4 and Q5 across the two hold capacitors 
ensure signal acquisition for all conditions of VIN and VOUT 

when the circuit switches from the sample to the hold mode. 2 
Transistor QI provides an extra stage of isolation between the 
output of amplifier Al and the hold capacitor CHI. 

When selecting capacitors for use in a sample-and-hold circuit, 
the designer should choose those types with low dielectric 
absorption and low temperature coefficients. Silvered-mica 
capacitors exhibit low (0 to 100 ppmfC) temperature coefficients 
and will still work in temperatures exceeding 200"C. It is also 
recommend that the user test the chosen capacitor to insure 
that its value closely matches that printed on it since not all 
capacitors are fully tested by their manufacturers for abselute 
tolerance. 

l00pF 

D2 
lN4148 2.1kO 

+15V) ilO :1 [> +Vs 

2.2P.F~0.1P.Ff 
COM) + 9 

-15V 2.2p.FI O.lp.F r 
[> -Vs -15V ) 

Figure 25. A Fast Switching Sample-and-Hold Amplifier 
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AD843 
A PING·PONG SIH AMPLIFIER 
For improved throughput over the circuit of Figure 25, a "ping. 
pong" architecture may be used. A ping-pong circuit overcomes 
some of the problems associated with high speed SIH amplifiers 
by allowing the use of a larger hold capacitor for a given sample 
rate: this will reduce the associated feedthrough, droop and ped
estal errors. 

Figure 26 illustrates a simple, four-chip ping-pong sample-and
hold amplifier circuit. This design increases throughput by 
using one channel to acquire a new sample while another chan
nel holds the previous sample. Instead of having to reacquire the 
signal when switching from hold to sample mode, it alternately 
connects the outputs from Channel I or from Channel 2 to the 
AID converter. In this case, the throughput is the slew rate and 
settling time of the output amplifiers, A2 and A3. 

A high speed CB amplifier, AI, follows the input signal. VI, a 
dual wide-band "T" switch, connects the input buffer amp to 
one of the two output amplifiers while selecting the complemen
tary amplifier to drive the AID input. For example, when 
"select" is at logic high, Al drives CHI, A2 tracks the input 
signal and the output of A3 is connected to the input of the AID 
converter. At the same time, A3 holds an analog value and its 

Ul 

SELECT SL o---t---. 

+5V 

output is connected to the input of the AID converter. When 
the select command goes to logic LOW, the two output amplifi
ers alternate functions. 

Since the input to the AID converter is the alternated "held" 
outputs from Al and A2, the offset voltage mismatch of the two 
amplifiers will show up as nonlinearity and, therefore, distortion 
in the output signal. To minimize this, potentiometers can be 
used to adjust the offsets of the output amplifiers until they are 
equal. Alternatively, an autocalibration circuit using two D/A 
converters can be employed. This can also be used to calibrate
out the effects of offset voltag~ drift over temperature. 

The switch choice, for VI, is critical in this type of design. The 
DG542 utilizes "T" switching techniques on each channel for 
exceptionally low crosstalk and for high isolation. The part fur
ther improves these specifications by using ground pins between 
the signal pins. With an input frequency of 5 MHz, crosstalk 
and isolation are -85 dB and -75 dB, respectively. A limitation 
of this switch is that it operates from a maximum -5 V negative 
supply, making bipolar operation more difficult. It is recom
mended that amplifiers AI, A2 and A3 operate from the same 
-5 V supply to minimize any potential latch-up problems. 

OUTPUT 

~----~~~~::::::::::::::~~ TO I AID 

~HANNELl 

o-{>-/~~ ~ 
CHANNEL 2 

EQUIVALENT ~ 
SIMPLIFIED 
DIAGRAM 

FOR AMPUFIERS AlTO A3. 
ADD BYPASS CAPACITORS 
TO EACH POWER SUPPLY PIN 
AS SHOWN IN FIGURE 24 

Figure 26. A Ping-Pong Sample-and-Hold Amplifier 
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: GENERATio~ -!.. v~ 
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DATA 
I, DYNAMICS I 

5109 I 
I OR I 
I EQUIVALENT I 
L _____ ...l 

lldl 9kll 

Applying the AD843 

TO TEKTRONIX r - - - -, 

7A26 I tl I OSCILLOSCOPE I 1 20 I 
PREAMP Mil T pF 
INPUT SECTION I I 
(VIA LESS THAN L ____ .J 
1FT. SOil • 
COAXIAL CABLEI V.RROR X 5 

2SOil 

NOTE 
USE CIRCUIT BOARD 
WITH GROUND PLANE 

Figure 27. Settling Time Test Circuit 

MEASURING AD843 SETTLING TIME 
Figure 28 shows the dynamic response of the AD843 while 
operating in the settling time test circuit of Figute 27. The 
input of the settling time fixture is driven by a flat-top pulse 
generator. The error signal outpllt from AI, the AD843 under 
test, is amplified by op amp A2 and then clamped by two high 
speed Schottky diodes. 

The error signal is clamped to prevent it from greatly overload
ing the oscilloscope preamp. A Tektronix oscilloscope preamp 
type 71>.26 was chosen because it will recover from the approxi
mately 0.4 volt overload, quickly enough to allow accurate mea
surement of the AD843's 135 ns settling time. Amplifier A2 is a 
very high speed op amp; it provides a voltage gain of 10, pro
viding a total gain of 5 from the error signal to the oscilloscope 
input. 

REV. B 

Figure 28. Settling Characteristics: + 10 V to 0 V Step. 
Upper Trace: Amplified Error Voltage (0.01%IDiv) 
Lower Trace: Output of AD843 Under Test (5 VlDiv) 
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AD843 - Applications Circuit 

A FAST PEAK DETECTOR CIRCUIT 
The peak detector circuit of Figure 29, can accurately capture 
the amplitude of input pulses as narrow as 200 ns and can hold 
their value with a droop rate of less than 20 fJ. V/fJ.s. This circuit 
will capture the peak value of positive po!atity waveforms; to 
detect negative peaks, simply reverse the polarity of the two 
diodes. 

The high bandwidth and 200 V/fJ.s slew rate of amplifier A2, an 
AD843, allows the detector's output to "keep up" with its input 
thus minimizing overshoot. The low «1 nA) input current of 
the AD843 ensures that the droop rate is limited only by the 
reverse leakage of diode D2, which is typically <10 nA for the 
type shown. The low droop rate is apparent in Figure 30. The 

-Vs 

detector's output (top trace) loses slightly over a volt of the 8 
volt peak input value (bottom trace) in 75 ms, or a rate of 
approximately 16 fJ. VI fJ.S 

Amplifier AI, an AD847, can drive 680 pF hold capacitor, Cp, 
fast enough to "catch-up" with the next peak in 100 ns and still 
settle to the new value in 250 ns, as illustrated in Figure 31. 
Reducing the value of capacitor Cp to 100 pF will maximize the 
speed of this circuit at the expense of increased overshoot and 
droop. Since the AD847 can drive an arbitrarily large value of 
capacitance, Cp can be increased to reduce droop, at the expense 
of response time. 

lkO 

Cp 

680pF 

lOon -vs1 I 4 O.Ol",F 

Figure 29. A Fast Peak Detector Circuit 

TOP TRACE: PEAK DETECTOR OUTPUT 

BOTTOM TRACE: INPUT, 8V PEAK (a 125Hz 

OV 

Figure 30. Peak Detector Response to 125 Hz Pulse Train 
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TOP TRACE: PEAK DETECTOR OUTPUT, 8V 

BOTTOM TRACE: INPUT VOLTAGE, 8V PEAK, 
650n& PULSE WIDTH 

Figure 31. Peak Capture Time 

OV 
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r-IANALOG 
WDEVICES 

FEATURES 
Wide Bandwidth: 60MHz at Gain of -1 

33MHz at Gain of -10 
Very High Output Slew Rate: Up to 2000V/p.s 
20MHz Full Power Bandwidth. 20V pk·pk. RL =500n 
Fast Settling: 100n5 to 0.1% (10V Step) 
Differential Gain Error: 0.03% at 4.4MHz 
Differential Phase Error: 0.15' at 4.4MHz 
High Output Drive: :!:50mA into 50n Load 
Low Offset Voltage: 150"V max (B Grade) 
Low Quiescent Current: 6.5mA 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 

APPLICATIONS 
Flash ADC Input Amplifiers 
High Speed Current DAC Interfaces 
Video Buffers and Cable Drivers 
Pulse Amplifiers 

PRODUCT DESCRIPTION 
The ADS44 is a high speed monolithic operational amplifier fab
ricated using Analog Devices' junction isolated complementary 
bipolar (CB) process. It combines high bandwidth and very fast 
large signal response with excellent dc performance. Although 
optimized for use in current to voltage applications and as an 
inverting mode amplifier, it is also suitable for use in many non
inverting applications. 

The ADS44 can be used in place of traditional op amps, but its 
current feedback architecture results in much better ac perfor
mance, high linearity and an exceptionally clean pulse response. 

This type of op amp provides a closed-loop bandwidth which is 
determined primarily by the feedback resistor and is almost 
independent of the closed-loop gain. The ADS44 is free from 
the slew rate limitations inherent in traditional op amps and 
other current-feedback op amps. Peak output rate of change can 
be over 2000V/.,.s for a full 20V output step. Settling time is 
typically lOOns to 0.1 %, and essentially independent of gain. 
The ADS44 can drive 500 loads to ±2.5V with low distortion 
and is short circuit protected to SOmA. 

The ADS44 is available in four performance grades and three 
package options. In the l6-pin SOlC (R) package, the ADS441 
is specified for the commercial temperature range of 0 to + 70°C. 
The ADS44A and ADS44B are specified for the industrial 
temperature range of -40"C to +85°C and are available in the 
cerdip (Q) package. The ADS44A is also available in an 8-pin 
plastic mini-DIP (N). The AD844S is specified over the military 
temperature range of - 55°C to + 125°C. It is available in the 
S·pin cerdip (Q) package. "A" and "S" grade chips and devices 
processed to MIL-STD-883B, REV. C are also available. 

REV.B 

6DMHz, 2DDDV/ fJ.s 
Monolithic Op Amp 

AD844 I 
CONNECTION DIAGRAM 

S·Pin 
Plastic (N), 

and Cerdip (Q) 
Packages 

PRODUCT HIGHUGHTS 

16-Pin SOIC 
(R) Package 

1. The ADS44 is a versatile, low cost component providing an 
excellent combination of ac and dc performance. It may be 
used as an alternative to the EL2020 and CLC400/1. 

2. It is essentially free from slew rate limitations. Rise and fall 
times are essentially independent of output level. 

3. The ADS44 can be operated from ±4.5V to ± ISV power 
supplies and is capable of driving loads down to 500, as 
well as driving very large capacitive loads using an external 
nerwork. 

4. The offset voltage and input bias currents of the AD844 are 
laser trimmed to minimize dc errors; Vos drift is typically 
I.,.Vrc and bias current drift is typically 9nAfC. 

5. The ADS44 exhibits excellent differential gain and differen
tial phase characteristics, making it suitable for a variety of 
video applications with bandwidths up to 6OMHz. 

6. The ADS44 combines low distortion, low noise and low drift 
with wide bandwidth, making it outstanding as an input 
amplifier for flash AID converters. 
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AD844-SPECIFICATIONS (@TA+25°C and Ys=±15Y dc, unless otherwise noted) 

AD844J/A AD844B AD844S 
Model Conditions Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE' SO 300 SO 150 50 300 ",V 
T_-Tmax 75 500 75 200 125 500 ",V 
vs. Temperature I I 5 I 5 ",vre 
VS. Supply SY-18V 

Initial 4 20 4 10 4 20 ",VN 
T_-Tmax 4 4 10 4 20 ",VN 

vs. Common Mode VCM=±IOV 
Initial 10 35 10 20 10 35 ",VN 
T_-Tmax 10 10 20 10 35 ",VN 

INPUT BIAS CURRENT 
- Input Bias Current' 200 450 150 250 200 450 nA 
T_-T ..... 800 1500 750 1100 1900 2500 nA 
vs. Temperature 9 9 15 20 30 nArc 
vs. Supply 5V-ISV 

Initial 175 250 175 200 175 250 nAN 
T_-Tmax 220 220 240 220 300 nAN 

vs. Common Mode VcM=±IOV 
Initial 90 160 90 110 90 160 nAN 
T_-Tmax 110 110 150 120 200 nAN 

+ Input Bias Current' 150 400 100 200 100 400 nA 
T_-Tmax 350 700 300 500 800 1300 nA 
vs. Temperature 3 3 7 7 IS nArc 
vs. Supply 5V-ISV 

Initial 80 150 80 100 80 150 nAN 
Tmm-Tmax 100 100 120 120 200 nAN 

vs. Common Mode VcM=±IOV 
Initial 90 150 90 120 90 150 nAN 
T_-Tmax 130 130 190 140 200 nAN 

INPUT CHARACTERISTICS 
Input Resistance 

-Input 50 65 50 65 50 65 {) 

+Input 7 10 7 10 7 10 M{) 
Input Capacitance 

-Input 2 2 2 pF 
+Input 2 2 2 pF 

Input Voltage Range 
Common Mode ±IO ±IO ±IO V 

INPUT VOLTAGE NOISE f20IkHz 2 2 2 nV/y'Hz 

INPUT CURRENT NOISE 
-Input f20IkHz 10 10 10 pA/y'Hz 
+ Input f20IkHz 12 12 12 pA/y'Hz 

OPEN LOOP TRANSRESISTANCE VouT-±IOV 
RLOAD=5000 2.2 3.0 2.8 3.0 2.2 3.0 MO 

T_-Tmax 1.3 2.0 1.6 2.0 1.3 1.6 MO 
Transcapacitance 4.5 4.5 4.5 pF 

DIFFERENTIAL GAIN ERROR2 f-4.4MHz 0.03 0.03 0.03 % 

DIFFERENTIAL PHASE ERROR2 f=4.4MHz 0.15 0.15 0.15 Degree 

FREQUENCY RESPONSE 
Small Signal Bandwidth 

'Gain=-I 60 60 60 MHz 
4Gain=-10 33 33 33 MHz 

TOTAL HARMOMIC DISTORTION f=IOOkHz, 
2V rms' 0.005 0.005 0.005 % 

SETTLING TIME 
10V Output Step ± ISV Supplies 

Gsin= -I, to 0.1%' 100 100 100 ns 
Gain=-IO, to 0.1%" 100 100 100 ns 

2V Output Step ±SV Supplies 
Gain=-I, to 0.1%' 110 110 110 ns 
Gain=-IO, to 0.1%' 100 100 100 ns 
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AD844 
AD844J/A AD844B AD844S 

Model Conditions Min Typ Max Min Typ Max Min Typ Max Units 

OUTPUT SLEW RATE Overdriven 
Input 1200 2000 1200 2000 1200 2000 V/JJ.s 

FULL POWER BANDWIDTH 
VOUT=20V p-p' Vs=±15V 20 20 20 MHz 
VouT=2V p-p' Vs=±5V 20 20 20 MHz 

THD=3% 

OUTPUT CHARACTERISTICS 
Voltage RLOAD=500n 10 11 10 11 10 11 ±V 
Short Circuit Current 80 80 80 mA 
Tmin-Tmax. 60 60 60 mA 
Output Resistance Open Loop IS IS IS n 

POWER SUPPLY 
Operating Range ±4.5 ±18 ±4.5 ±18 ±4.5 ±18 V 
Quiescent Current 6.5 7.5 6.5 7.5 6.5 7_5 mA 
Tmin-Tmax 7.5 8.5 7.5 8.5 8.5 9.5 mA 

NOTES 
I Rated performance after a 5 minute warmup at T A = 25°C. 
'Input signal 285mV p-p carrier (40 IRE) riding on 0 to 642mV (90 IRE) ramp. RL = lOOn; Rl, R2=300n. 
'Input signsl OdBm, CL =lOpF, RL =500n, RI=500n, R2=500n in Fignre 26. 
'Input signal OdBm, CL =lOpF, RL =5000, RI=500n, R2=50n in Fignre 26. 
sCL =IOpF, RL =500n, Rl=lkn, R2=lkn in Figure 26. 
"CL =IOpF, RL =500n, RI=500n, R2=50n in Figure 26. 

Specifications subject to change without notice. AU min and max specifications are guaranteed. 
Specifications shown in boldface are tested on all production units at final electrical test. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ±ISV 
Power Dissipation2 ••••••••••••••••••••••••• 1.1 W 
Output Short Circuit Duration ............... Indefinite 
Common Mode Input Voltage ................... ±Vs 
Differential Input Voltage ...................... 6V 
Inverting Input Current 

Continuous ............................. SmA 
Transient .............................. lOrnA 

Storage Temperature Range (Q) ......... -65°C to + 150°C 
(N, R) ....... -65°C to + 125°C 

Lead Temperature Range (Soldering 6Osec) ........ +300°C 

ORDERING GUIDE 

Temperature Package 
Model Range Option* 

ADS44JR O°C to +70°C R-16 
ADS44JR-REEL O°C to +70°C Tape and Reel 
AD844AN -40°C to +SsoC N-S 
ADS44AQ -40°C to +S5°C Q-8 
AD844BQ -40°C to +S5°C Q-S 
ADS44SQ -55°C to + 125°C Q-S 
AD844SQ/SS3B - 55°C to + 125°C Q-S 
ADS44A Chips -40°C to +S5°C Die 
AD844S Chips -55°C to + 125°C Die 

*N = Piastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 

REV.B 

NOTES 
I Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

'8-Pin Plastic Package: alA = IOO°ClWatt 
8-Pin eerdip Package: alA = llOOClWatt 
l6-Pin SOIC Package: alA = IOO°ClWatt 

0.076 
(1.9) 

L 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (nun). 

SUBTRATE CONNECTED 
TO +V. 
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A0844-Typical Characteristics (TA=+25°C and Ys=±15Y, unless otherwise noted) 
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FREQUENCY - Hz 

Figure 8. Output Impedance 
vs. Frequency, Gain=-1, R1=R2=1kll 
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Inverting Gain of 1 AC Characteristics 

4.711 

R2 

-Vs 

+6 

II -8 , 
VOUT I -,. 

-'8 

-24 

-'80 
R1=R2",SOOO 

~v 
1\\ 

-210 

R1=R2=11cfJ 

\ 
Ii -240 
t , 
i -270 

-300 

-330 

AD844 

~ ~ 
"- ......... ...... 

"\ "'-
"\ " 

R1=R2=soon 

'\ "-J )" " R1=RZ=1kfi "- ..... 

......... 

, .... 1M 10M ,OOM 0 25 
fREQUENCY - MHz 

50 

Figure 10. Inverting Amplifier, 
Gain of -1 (R1 =R2) 
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Figure ". Gain vs. Frequency for 
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Figure 12. Phase vs. Frequency 
Gain = -1, RL = 500n, CL = OpF 

Figure 13. Large Signal Pulse 
Response, Gain=-1, R1=R2=1kn 

Figure 14. Small Signal Pulse 
Response, Gain=-1, R1=R2=1kn 

Inverting Gain of 10 AC Characteristics 
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Figure 15. Gain of -10 Amplifier 
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AD844 

Inverting Gain of 10 Pulse Response 
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Figure 18. Large Signal Pulse 
Response, Gain=-10, RL =500lJ 

Figure 19. Small Signal Pulse 
Response, Gain=-10, RL =500lJ 

Noninverting Gain of 10 AC Characteristics 
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Figure 20. Noninverting Gain of 
+ 10 Amplifier 

Figure 21. Gain vs. Frequency, 
Gain = + 10 

Figure 22. Phase vs. Frequency, 
Gain = + 10 

Figure 23. Noninverting Amplifier Large Signal 
Pulse Response, Gain=+10, RL =500{} 

Figure 24. Small Signal Pulse 
Response, Gain = + 10, RL =500lJ 
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UNDERSTANDING THE AD844 
The AD844 can be used in ways similar to a conventional op 
amp while providing performance advantages in wideband appli
cations. However, there are important differences in the internal 
structure which need to be understood in order to optimize the 
performance of the AD844 op amp. 

Open Loop Behavior 
Figure 25 shows a current feedback amplifier reduced to essen
tials. Sources of fixed dc errors such as the inverting node bias 
current and the offset voltage are excluded from this model and 
are discussed later. The most important parameter limiting the 
dc gain is the transresistance, Rt, which is ideally infinite. A 
fmite value of Rt is analogous to the finite open loop voltage 
gain in a conventional op amp. 

The current applied to the inverting input node is replicated by 
the current conveyor so as to flow in resistor Rt. The voltage 
developed across Rt is buffered by the unity gain voltage fol
lower. Voltage gain is the ratio Rtf R1N• With typical values of 
Rt=3Mn and RIN=50n, the voltage gain is about 60,000. The 
open loop current gain is another measure ofgain and is deter
mined by the beta product of the transistors in the voltage fol
lower stage (see Figure 28); it is typically 40,000. 

Rt 

Figure 25. Equivalent Schematic 

The important parameters defming ac behavior are the trans
capacitance, Ct, and the external feedback resistor (not shown). 
The time constant formed by these components is analogous to 
the dominant pole of a conventional op amp, and thus cannot be 
reduced below a critical v3Iue if the closed loop system is to be 
stable. In practice, Ct is held to as Iowa value as possible (typi
cally 4.SpF) so that the feedback resistor can be maximized 
while maintaining a fast response. The finite RIN also affects the 
closed loop response in some applications as will be shown. 

The open loop ac gain is also best understood in terms of the 
transimpedance rather than as an open loop voltage gain. The 
open loop pole is formed by Rt in para1lel with Ct. Since Ct is 
typica1ly 4.5pF, the open loop comer frequency occurs at about 
12kHz. However, this parameter is of little value in determining 
the closed loop response. 

Response as an Inverting Amplifier 
Figure 26 shows the connections for an inverting amplifier. 
Unlike a conventional amplifier the transient response and the 
sma1l signa1 bandwidth are determined primarily by the value of 
the eXternal feedback resistor, RI, rather than by the ratio of 
RIIR2 as is customarily the case in an op amp application. This 
is a direct result of the low impedance at the inverting input. As 
with conventional op amps, the closed loop gain is -RIIR2. 
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AD844 
The closed loop transresistance is simply the parallel sum of RI 
and Rt. Since RI will generally be in the range soon to 2kn 
and Rt is about 3Mn the closed loop transresistance will be only 
0.02% to 0.07% lower than Rl. This small error will often be 
less than the resistor tolerance. 

When Rl is fairly large (above 5kn) but still much less than Rt, 
the closed loop HF response is dominated by the time constant 
RlCt. Under such conditions the AD844 is over-damped and 
will provide only a fraction of its bandwidth potential. Because 
of the absence of slew rate limitations under these conditions, • 
the circuit will exhibit a simple single pole response even under 
large signal conditions. 

In Figure 26, R3 is used to properly terminate the input if de
sired. R3 in parallel with R2 gives the terminated resistance. As 
RI is lowered, the signal bandwidth increases, but the time con
stant RICt becomes comparable to higher order poles in the 
closed loop response. Therefore, the closed loop response be
comes complex, and the pulse response shows overshoot. When 
R2 is much larger than the input resistance, RIN, at Pin 2, most 
of the feedback current in RI is delivered to this input; but as 
R2 becomes comparable to RIN, less of the feedback is absorbed 
at Pin 2, resulting in a m~re heavily damped response. Conse
quently, for low values of R2 it is possible to lower RI without 
causing instability in the closed loop response. Table I lists com
binations of Rl and R2 and the resulting frequency response for 
the circuit of Figure 26. Figure 13 shows the very clean and fast 
± 10V pulse response of the AD844. 

R2 
R3 

OPTIONAL '--__ • 
CL 

Figure 26. Inverting Amplifier 

Gain Rl R2 BW(MHz) GBW(MHz) 

-I Ikn Ikn 35 35 
-I soon soon 60 60 
-2 Zkn Ikn IS 30 
-2 Ikn soon 30 60 
-5 5kn lkn 5.2 26 
-s soon loon 49 24S 
-10 lkn loon 23 230 
-10 soon son 33 330 
-20 lkn son 21 420 
-100 5kn son 3.2 320 
+100 skn son 9 900 

Tabla I. 
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AD844 
Response as an I-V Converter 
The AD844 works well as the active element in an operational 
current to voltage converter, used in conjunction with an exter
nal scaling resistor, RI, in Figure 27. This analysis includes the 
stray capacitance, Cs, of the current source, which might be a 
high speed DAC. Using a conventional op amp, this capacitance 
forms a "nuisance pole" with Rl which destabilizes the closed 
loop response of the system. Most op amps are internally com
pensated for the fastest response at unity gain, so the pole due 
to RI and Cs reduces the already narrow phase margin of the 
system. For example, if Rl were 2.SkO a Cs of ISpF would 
place this pole at a frequency of about 4MHz, well within the 
response range of even a medium speed operational amplifier. In 
a current feedback amp this nuisance pole is no longer deter
mined by RI but by the input resistance, RIN• Since this is 
about son for the AD844, the same ISpF forms a pole 212MHz 
and causes little trouble. It can be shown that the response of 
this system is: 

KRI 
VOUT = -Isig (l+sTd)(l+sTn) 

where K is a factor very close to unity and represents the finite 
dc gain of the amplifier, Td is the dominant pole and Til is the 
nuisance pole: 

Rt 
K = Rt+Rl 

Td = KRlCt 

Tn = R,tt:S (assuming R'N « Rl) 

Using typical values of Rl= lkO and Rt=3MO, K is 0.9997; in 
other words, the "gain error" is ouly 0.03%. This is much less 
than the scaling error of virtually all DACs and can be 
absorbed, if necessary, by the trim needed in a precise system. 

In the AD844, Rt is fairly stable with temperature and supply 
voltages, and consequently the effect of finite "gain" is negligi
ble unless high value feedback resistors are used. Since that 
would result in slower response times than are possible, the rela
tively low value of Rt in the AD844 will rarely be a significant 
source of error. 

Figure 27. Current to Voltage Converter 

Circuit Description of the AD844 
A simplified schematic is shown in Figure 28. The AD844 dif
fers from a conventional op amp in that the signal inputs have 
radically different impedance. The noninverting input (Pin 3) 
presents the usna1 high impedance. The voltage on this input is 
transferred to the inverting input (Pin 2) with a low offset volt
age, ensured by the close matching of like polarity transistors 
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Figure 28. Simplified Schematic 

operating under essentially identical bias conditions. Laser trim
ming nulls the residual offset voltage, down to a few tens of Ini
crovolts. The inverting input is 'the common eInitter node of a 
complementary pair of grounded base stages and behaves as a 
current summing node. In an ideal current feedback op amp the 
input resistance would be zero. In the AD844 it is about SOO. 

A current applied to the inverting input is transferred to a com
plementary pair of unity-gain current mirrors which deliver the 
same current to an internal node (Pin S) at which the full output 
voltage is generated. The unity-gain complementary voltage fol
lower then buffers this voltage and provides the load driving 
power. This buffer is designed to drive low impedance loads 
such as terminated cables, and can deliver ±SOmA into a son 
load while maintaining low distortion, even when operating at 
supply voltages of only ±6V. Current liIniting (not shown) en
sures safe operation under short circuited conditions. 

It is important to understand that the low input impedance at 
the inverting input is locally generated, and does not depend on 
feedback. This is very different from the "virtnal ground" of a 
conventional operational amplifier used in the current summing 
mode which is essentially an open circuit until the loop settles. 
In the AD844, transient current at the input does not cause 
voltage spikes at the summing node while the amplifier is set
tling. Furthermore, all of the transient current is delivered to 
the slewing (TZ) node (Pin S) via a short signal path (the 
grounded base stages and the wideband current mirrors). 

The current available to charge the capacitance (about 4.SpF) 
at TZ node, is always proportional to the input error current, and 
the slew rate liInitations associated with the large signal response 
of op amps do not occur. For this reason, the rise and fall 
times are almost independent of signal level. In practice, the 
input current will eventually cause the mirrors to saturate. 
When uaing ±ISV supplies, this occurs at about 10mA (or 
±2200V/,..s). Since signal currents are rarely this large, classical 
"slew rate" liInitations are absent. 

This inherent advantage would be lost if the voltage follower 
used to buffer the output were to have slew rate liInitations. The 
AD844 has been designed to avoid this problem, and as a result 
the output buffer exhibits a clean large signal transient response, 
free from anomalous effects arising from internal saturation. 
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Response as a Noninverting Amplifier 
Since current feedback amplifiers are asymmetrical with regard 
to their two inputs, performance will differ markedly in nonin
verting and inverting modes. In noninverting modes, the large 
signal high speed behavior of the AD844 deteriorates at low 
gains because the biasing circuitry for the input system (not 
shown in Figure 28) is not designed to provide high input volt
age slew rates. 

However, good results can be obtained with some care. The 
noninverting input will not tolerate a large transient input; it 
must be kept below ± 1 V for best results. Consequently this 
mode is better suited to high gain applications (greater than 
x 10). Figure 20 shows a noninverting amplifier with a gain of 
10 and a bandwidth of 30MHz. The transient response is shown 
in Figures 23 and 24. To increase the bandwidth at higher 
gains, a capacitor can be added across R2 whose value is approx
imately the ratio of Rl and R2 times Ct. 

4.70 

Figure 29. Noninverting Amplifier Gain = 100, Optional 
Offset Trim Is Shown 

Noninverting Gain of 100 
The AD844 provides very clean pulse response at high nonin
verting gains. Figure 29 shows a typical configuration providing 
a gain of 100 with high input resistance. The feedback resistor is 
kept as low as practicable to maximize bandwidth, and a peak
ing capacitor (CpIV can optionally be added to further extend 
the bandwidth. Figure 30 shows the small signal response with 
CpK = 3nF, RL = 5000 and supply voltages of either ±5V or 
±15V. Gain bandwidth products o/up to 900MHz can be achieved 
in this way. 

The offset voltage of the AD844 is laser trimmed to the 50", V 
level and exhibits very low drift. In practice, there is an addi
tional offset term due to the bias current at the inverting input 
(IBN) which flows in the feedback resistor (RI). This can 
optionally be nulled by the trimming potentiometer shown in 
Figure 29. 
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Figure 30. AC Response for Gain = 100, Configuration 
Shown in Figure 29 

USING THE AD844 
Board Layout 
As with all high frequency circuits considerable care must be 
used in the layout of the components surrounding the AD844. A 
ground plane, to which the power supply decoupling capacitors 
are connected by the shortest possible leads, is essential to 
achieving clean pulse response. Even a continuous ground plane 
will exhibit finite voltage drops between points on the plane, 
and this must be kept in mind in selecting the grounding points. 
Generally speaking, decoupling capacitors should be taken to a 
point close to the load (or output connector) since the load cur
rents flow in these capacitors at high frequencies. The + In and 
- In circuits (for example, a termination resistor and Pin 3) 
must be taken to a common point on the ground plane close to 
the amplifier package. 

Use low impedance capacitors (AVX SR305C224KAA or equiva
lent) of 0.22",F wherever ac coupling is required. Include either 
ferrite beads and/or a small series resistance (approximately 
4.70) in each supply line. 

Input Impedance 
At low frequencies, negative feedback keeps the resistance at the 
inverting input close to zero. As the frequency increases, the 
impedance looking into this input will increase from near zero to 
the open loop input resistance, due to bandwidth limitations, 
making the input seem inductive. If it is desired to keep the 
input impedance flatter, a series RC network can be inserted 
across the input. The resistor is chosen so that the parallel sum 
of it and R2 equals the desired termination resistance. The 
capacitance is set so that the pole determined by this RC net
work is about half the bandwidth of the op amp. This network 
is not important if the input resistor is much larger than the ter
mination used, or if frequencies are relatively low. In some 
cases, the small peaking that occurs without the network can be 
of use in extending the -3dB bandwidth. 
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AD844 
Driving Large Capacitive Loads 
Capacitive drive capability is lOOpF without an external net
work. With the addition of the network shown in Figure 31, the 
capacitive drive can be extended to over 10,OOOpF, limited by 
internal power dissipation. With capacitive loads, the output 
speed becomes II function of the overdriven output current limit. 
Since this is roughly ± 100mA, under these conditions, the max
imum slew rate into a 1000pF load is ±lOOV/,...s. Figure 32 
shows the transient response of an inverting amplifier 
(Rl=R2=lkO) using the feed forward network shown in Figure 
31, driving a load of lOOOpF. 

750 22pF 

Figure 31. Feed Forward Network for Large 
Capacitive Loads 

Figure 32. Driving 1000pF CL with Feed Forward Network 
of Figure 31 

SeUling Time 
Settling time is measured with the circuit of Figure 33. This 
circuit employs a false summiIig node, clamped by the two 
Schottky· diodes, to create the error signal and limit the input 
signal to the oscilloscope. For measuring settling time, the ratio 
of R6IRS is equal to RllR2. For unity gain, R6 = RS = lkO, and 
RL = 5000. For the gain of -10, RS = 500, R6 = soon and RL 
was not used since the summing network loads the output with 
approximately 2750. Using this network in a unity-gain configu
ration, settling time is lOOns to 0.1% for a -SV to +SV step 
with CL = lOpF. 
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Dl. D2 IN6263 OR EQUIV. SCHOTTKY DIODE 

Figure 33. Settling Tiine Test Fixture 

DC Error Calculation 
Figure 34 shows a model of the dc error and noise sources for 
the AD844. The inverting input bias current, IBN' flows in the 
feedback resistor. IBP' the noninverting input bias current, flows 
in the resistance at Pin 3 (Rp), and the resulting voltage (plus 
any offset voltage) will appear at the inverting input. The total 
error, Yo, at the output is: 

VO=(lBP Rp+ Vos+ IBN RIN) (1 + ~) + IBN Rl 

Since IBN and IBP are unrelated both in sign and magnitude, 
inserting a resistor in series with the noninverting input will not 
necessarily reduce dc error and may actually increase it . . , 

Figure 34. Offset Voltage and Noise Model for the AD844 

Noise 
Noise sources can be modeled in a manner similar to the de bias 
currents, but the noise sources are Inn, Inp, Vn, and the 
amplifier-induced noise at the output, VON' is: 

VON= ~«InP Rpi+Vn2) (1+~r + (Inn Rli 

Overall noise can be reduced by keeping all resistor values to a 
minimum. With typical numbers, Rl=R2=lk, Rp=O, 
Vn=2nV/YHz, Inp=lOpAlYHz, Inn=12pAl\IHz, VON calcu
lates to 12nV/\IHz. The current noise is dominant in this case, 
as it will be in most low gain applications. 
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Video Cable Driver Using ±S Volt Supplies 
The AD844 can be used to drive low impedance cables. Using 
±5V supplies, a 1000. load can be driven to ±2.5V with low 
distortion. Figure 35a shows an illustrative application which 
provides a noninverting gain of 2, allowing the cable to be 
reverse-terminated while delivering an overall gain of + I to the 

+5V 

Figure 35a. The ADB44.as a Cable Driver 
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Figure 35c. Differential Phase for the Circuit of Figure 35a 

High Speed DAC Buffer 
The AD844 performs very well in applications requiring 
current-to-voltage conversion. Figure 36 shows connections for 
use with the AD568 current output DAC. In this application the 
bipolar offset is used so that the full scale current is ±5.12mA, 
which generates an output of ± 5.12V using the lko. application 
resistor on the AD568. Figure 37 shows the full scale transient 
response. Care is needed in power supply decoupling and 

Applications - AD844 
load. The - 3dB bandwidth of this circuit is typically 30MHz. 
Figure 35b shows a differential gain and phase test setup. 
In video applications, differential-phase and differential-gain 
characteristics are often important. Figure 35c shows the varia
tion in phase as the load voltage varies. Figure 35d shows the 
gain variation. 

Figure 35b. Differential Gain/Phase Test Setup 
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Figure 35d. Differential Gain for the Circuit of Figure 35a 

grounding techniques to achieve the fulll2-bit accuracy and 
realize the fast settling capabilities of the system. The unmarked 
capacitors in this figure are O.IJ.1.F ceramic (for example, AVX 
Type SR305CI04KAA), and the ferrite inductors should be 
about 2.5J.1.H (for example, Fair-Rite Type 2743002122). The 
AD568 data sheet should be consulted for more complete details 
about its use. 
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Figure 36. High Speed DAC Amplifier 

Figure 37. DAC Amplifier Full-Scale 
Transient Response 
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AD844 
20MHz Variable Gain Amplifier 
The AD844 is an excellent choice as an output amplifier for the 
AD539 multiplier , in all of its connection modes. (See AD539 
data sheet for full details.) Figure 38 shows a simple multiplier 
providing the output: 

Vw = _ VxVy 
2V 

where V x is the "gain control" input, a positive voltage of from 
o to + 3.2V (max) and Vy is the "signal voltage", nominally 
±2V FS but capable of operation up to ±4.2V. The peak out
put in this configuration is thus ±6.7V. Using all four of the 
internal application resistors provided on the AD539 in parallel 
results in a feedback resistance of 1.5kn, at which value the 
bandwidth of the AD844 is about 22MHz, and is essentially 
independent ofVx • The gain at Vx =3.16V is +4dB. 

r-----------------------+--o+v• 
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Figure 38. 20MHz VGA Using the AD539 
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FigLire39. VGA AC Response 
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Figure 39 shows the small signal response for a 50dB gain con
trol range (Vx =+I0mV to +3.l6V). At small values ofVx , 
capacitive feedthrough on the PC board becomes troublesome; 
and very careful layout techniques are needed to minimize this 
problem. A ground strip between the pins of the AD539 will be 
helpful in this regard. Figure 40 shows the response to a 2V ", 
puJ5e on Vy for Vx =+IV, +2V and +3V. For these results, a 
load resistor of 5000 was used and the supplies were ±9V. The 
multiplier will operate from supplies between ±4.5V and 
±16.5V. 

Disconnecting Pins 9 and 16 on the AD539 alters the denomina
tor in the above expression to IV, and the bandwidth will be 
approximately 10MHz, with a maximum gain of 10dB. Using 
only Pin 9 or Pin 16 results in a denominator of 0.5V, a band
width of 5MHz and a maximum gain of I6dB. 

Figure 40. VGA Transient Response with Vx =111, 211, 
and3V 
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WDEVICES 

FEATURES 
Replaces Hybrid Amplifiers in Many Applications 

AC PERFORMANCE: 
Settles to 0.01% in 350 ns 
100 V/fJ.S Slew Rate 
12.8 MHz min Unity-Gain Bandwidth 
1.75 MHz Full-Power Bandwidth at 20 V p-p 

DC PERFORMANCE: 
0.25 mV max Input Offset Voltage 
5 fJ.V/·C max Offset Voltage Drift 
0.5 nA Input Bias Current 
250 V/mV min Open-Loop Gain 
4 fJ.V p-p max Voltage Noise, 0.1 Hz to 10 Hz 
94 dB min CMRR 
Available in Plastic Mini-DIP, Hermetic Cerdip and sOle 

Packages. Also Available in Tape and Reel in Accor
dance with EIA-481A Standard 

PRODUCT DESCRIPTION 
The AD845 is a fast, precise, N channel JFET input, mono
lithic operational amplifier. It is fabricated using Analog 
Devices' complementary bipolar (CB) process. Advanced laser
wafer trimming technology enables the very low input offset 
voltage and offset voltage drift performance to be realized. This 
precision, when coupled with a slew rate of 100 V/lI-s, a stable 
unity-gain bandwidth of 16 MHz, and a settling time of 350 ns 
O.OI%-while driving a parallel load of 100 pF and 500 0-
represents a combination of features unmatched by any FET 
input IC amplifier. The AD845 can easily be used to upgrade 
many existing designs which use BiFET or FET input hybrid 
amplifiers and, in some cases, those which use bipolar input op 
amps. 

The AD845 is ideal for use in applications such as active filters, 
high speed integrators, photo diode preamps, sample-and-hold 
amplifiers, log amplifiers, and in buffering AID and D/A con
verters. The 250 II-V max input offset voltage makes offset null
ing unnecessary in many applications. The common-mode 
rejection ratio of no dB over a ± 10 V input voltage range rep
resents exceptional performance for a JFET input high speed op 
amp. This, together with a minimum open-loop gain of 
250 V/mV ensures that 12-bit performance is achieved, even in 
unity-gain buffer circuits. 
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Precision, 16 MHz 
CBFET Op Amp 

AD845 I 
CONNECTION DIAGRAMS 

Plastic Mini-DIP (N) Package 
and Cerdip (Q) Package 

NC = NO CONNECT 

16-Pin SOIC 
(R-16) Package 

NC NC 

NC = NO CONNECT 

NC 

NULL 

OUTPUT 

NC 

The AD845 conforms to the standard op amp pinout except that 
offset nulling is to V+. The AD845J and AD845K grade 
devices are available specified to operate over the commercial 0 
to +70·C temperature range. AD845A and AD845B devices are 
specified for operation over the -40°C to +85°C industrial tem
perature range. The AD845S is specified to operate over the full 
military temperature range of - 55°C to + 125°C. Both the 
industrial and military versions are available in 8-pin cerdip 
packages. The commercial version is available in an 8-pin plastic 
mini-DIP and 16-pin SOlC; "J" and "S" grade chips are also 
available. 

PRODUCT HIGHLIGHTS 
1. The high slew rate, fast settling time, and dc precision of the 

AD845 make it ideal for high speed applications requiring 
12-bit accuracy. 

2. The performance of circuits using the LF400, HA2520/2/5, 
HA2620/2/5, 3550, OPA605, and LH0062 can be upgraded 
in most cases. 

3. The AD845 is unity-gain stable and internally compensated. 

4. The AD845 is specified while driving 100 pF/500 0 loads. 
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AD845 -SPECIFICATIONS (@ +25°C and ±15 V dc, unlass otherwise noted) 

Model 
; 

AD845J/A AD845K/B 
Conditions Min Typ Max Min Typ Max 

INPUT OFFSET VOLTAGE' 
Initial Offiet 0.7 1.5 0.1 0.25 

Tmm-Tmax 2.5 0.4 
Offset Drift 20 1.5 5.0 

INPUT BIAS CURRENT2 

Initial VCM = OV 0.75 2 0.5 1 
TJDin-Tmax 45n5 18/38 

INPUT OFFSET CURRENT 
Initial VCM = OV' 25 300 15 100 

TmiD-TlJlBx 3/6.5 1.212.6 

INPUT CHARACTERISTICS 
Input Resistance 10" 10" 
Input Capacitance 4.0 4.0 

INPUT VOLTAGE RANGE 
Differential :t20 :t20 ' 
Common Mode :tID + 10.51-13 +10 +10.51-13 
Common-Mode Rejection VCM = :tIOV 86 110 94 113 

INPUT VOLTAGE NOISE 0.1 to 10 Hz 4 4 
f= 10Hz 80 80 
f = 100 Hz 60 60 
f= I kHz 25 25 
f= 10kHz 18 18 
f = 100 kHz 12 12 

INPUT CURRENT NOISE f=lkHz 0.1 0.1 

OPEN-LOOP GAIN Vo - :tl0V 
RLoAo"'2 kn 200 500 250 500 
RLOAo",500 n 100 250 125 250 
Tmin-Tmax 70 75 

OUTPUT CHARACTERISTICS 
Voltage RLDAo"'500 n :t12.5 :t12.5 
Current Short Circuit 50 50 
Output Resistance Open Loop 5 5 

FREQUENCY RESPONSE 
Small Signal Unity Gain 12.8 16 13.6 16 
Full Power Bandwidth' Vo=±IOV 

RLDAO = 500 n 1.75 1.75 
Rise Time 20 20 
Overshoot 20 20 
Slew Rate 80 100 94 100 
SettiingTime 10 V Step 

CLDAO = 100 pF 
RLDAO = 500 n 
to 0.01% 350 350 500 
to 0.1% 250 250 

DIFFERENTIAL GAIN f - 4.4 MHz 0.04 0.04 

DIFFERENTIAL PHASE f - 4.4 MHz 0.02 0.02 

POWER SUPPLY 
Rated Performanoe :tIS :tIS 
Operating Range :t4.75 :tIS :t4.75 :tIS 
Rejection Ratio Vs= :t5to:t15V SS 110 95 I!3 
Quiescent Current Tmin to Tmax 10 12 10 12 

NOTES 
'Input offset voltage specifications are gnaranteed after 5 minutes of operation at TA = +25OC. 
2Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at T A = + 25°C. 
'FPBW=slew ratel21T V peak. 
4"S" grade Tmin-TmBJI: are tested with automatic test equipment at TA := -55OC and TA = + 125OC. 

Min 

:tID 
86 

200 
100 
50 

:t12.5 

13.6 

94 

:t4.75 
88 

AD845S 
Typ Max Units 

0.25 1.0 mV 
2.0 mV 
10 JJ.vrc 

0.75 2 nA 
500 nA 

25 300 pA 
20 nA 

10" kfi 
4.0 pF 

:t20 V 
+10.5/-13 V 
110 dB 

4 JJ.Vl>""P 
80 nVly'HZ 
60 nVlyHZ 
25 nVly'Hz 
18 nV/yHZ 
12 nVlyHZ 

0.1 pAly'Hz 

500 VlmV 
250 VlmV 

V/mV 

V 
50 mA 
5 n 

16 MHz 

1.75 MHz 
20 ns 
20 % 
100 VlJJ.s 

ns 
ns 

350 500 ns 
250 ns 

0.04 % 

0.02 Degree 

:tIS V 
:tIS V 

110 dB 
10 12 mA 

All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at rmal electrical test. Results from these tests 
are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ±IS V 
Internal Power Dissipation2 

Plastic Mini-DIP ...................... 1.6 Watts 
Cerdip ............................. 1.4 Watts 
16-Pin SOIC ......................... 1.5 Watts 

Input Voltage ............................. ±Vs 
Output Short-Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperature Range 

Q ........................... -65°C to + 150°C 
N, R ......................... -65°C to + 125°C 

Lead Temperature Range (Soldering 60 sec) ....... + 300°C 

NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Mini-DIP package: alA = lOO"CIW; cerdip package: alA = llO"CIW; SOIC 
package: alA = lOO"CIW. 

AD845 
METALIZATION PHOTOGRAPH 

Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 

SUBSTRATE CONNECTED TO +Vs 

ORDERING GUIDE 

REV.B 

Temperature Package 
Model Range Description 

ADS4sJN O°C to +70°C S-Pin Plastic Mini-DIP 
AD84sKN Qoe to +70°C S-Pin Plastic Mini-DIP 
AD84sJR Qoe to +70°C 16-Pin SOIC 
ADS4sAQ -40°C to +SsoC S-Pin Cerdip 
AD84sBQ -40°C to +S5°C S-Pin Cerdip 
ADS45SQ - 55°C to + 125°C S-Pin Cerdip 
ADS4sSQ/SS3B -55°C to + 125°C S-Pin Cerdip 
ADS4sJ Chips O°C to +70°C Die 
ADS45S Chips - 55°C to + 125°C Die 
AD845JR-Reel QOC to +70°C Tape & Reel 

NOTE 
'N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOlC). For outline 
information see Package Information section. 

Package 
Option' 

N-S 
N-S 
R-16 
Q-S 
Q-S 
Q-S 
Q-S 
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AD845 - Typical Characteristics 

.. ~ 
j!i> 
... ' 
°lll 

!~ 
i~ 

, 

! 
I 

ar-----~--~~-----r----_, 

,. 

" 

'~.------7-----~"~----~'5~--~2·' 
SUPPLY VOLTAGE - :tVoits 

Figure 1. Input Voltage Swing 
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AD845 

+Vs 

Figure 19. Recommended Power 
Supply Bypassing 

Fibure 22a. Unity-Gain Follower 
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Figure 23a. Unity-Gain Inverter 
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Figure 22b. Unity-Gain Follower 
Large Signal Pulse Response 
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Figure 21. Offset Null Configuration 

Figure 22c. Unity-Gain Follower 
Small Signal Pulse Response 

Figure 23c. Unity-Gain Inverter 
Small Signal Pulse Response 
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MEASURING AD845 SETTLING TIME 
The Figure 24 shows the AD845 settling time performance. 
This measurement was accomplished by driving the amplifier 
in the unity-gain inverting mode with a last pulse generator. 
The input summing junction was measured using false nulling 
techniques. 

Settling time is defmed as: 
The interval of time from the application of an ideal 
step function input until the closed-loop amplifier output 
has entered and remains within a specified error band. 

Components of settling time include: 
1. Propagation time through the amplifier 
2. Slewing time to approach the final output value 
3. Recovery time from overload associated with the slewing 
4. Linear settling to within a specified error band. 

These individual components can easily be seen in Figure 24. 
Settling time is extremely important in high speed applicatiolls 
where the current output of a DAC must be converted to a volt
age. When driving a 500 0 load in parallel with a 100 pF capac
itor, the AD845 settles to 0.1% in 250 ns and to 0.01% in 
310 ns. 

Figure 24. Settling Characteristics 0 to 10 V Step 
Upper Trace: Output of AD845 Under Test (5 VIDiv) 
Lower Trace: Error Voltage (1 mVIDiv) 
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Figure 25. Settling Time Test Circuit 

Applying the AD845 
A HIGH SPEED INSTRUMENTATION AMP 
The three op amp instrumentation amplifier circuit shown in 
Figure 26 can provide a range of gains from unity up to 1000 
and higher. The instrumentation amplifier configuration features 
high common-mode rejection, balanced differential inputs and 
stable, accurately defined gain. Low input bias currents and fast 
settling are achieved with the FET input AD845. 

Most monolithic instrumentation amplifiers do not have the high 
frequency performance of the circuit in Figure 26. The circuit 2 
bandwidth is 10.9 MHz at a gain of I and 2.6 MHz at a gain of 
10; settling time for the entire circuit is 900 ns to 0.01 % for a 
10 V step (Gain = 10). 

The capacitors employed in this circuit greatly improve the 
amplifier's settling time and phase margin. 

v,. 

+V. 

12-18pF 

+Vs~ +15V 

~ COMM 

\7+~'IlF 
-vs~ -15V 

CIRCUIT GAIN '" 2;:0 +1 

Figure 26. High Performance, High Speed Instrumen
tation Amplifier 

3 OP-AMP IN-AMP 

Small Signal Settling Time 
Gain RG Bandwidth to 0.01% 

1 Open 10.9 MHz SOO ns 
2 2k 8.8 MHz 500 ns 
10 2260 2.6 MHz 900 ns 
100 200 290 kHz 7.5 f.LS 

Note: Resistors around the amplifiers' input pins need to be small enough in 
value so that the RC time constant they form, with stray circuit capacitance, 
does not reduce circuit bandwidth. 

Table I. Performance Summary for the Three Op Amp 
Instrumentation Amplifier Circuit 
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AD845 - Applications 

Figure 27. The Pulse Response of the Three Op Amp 
Instrumentation Amplifier. Gain = 1, Horizontal Scale: 
0.5 mS/Div; Vertical Scale: 5 VIDiv 

Figure 28a. Settling Time of the Three Op Amp Instru
mentation Amplifier. Horizontal Scale:200 nslDiv; Vertical 
Scale, Positive Pulse Input: 5 VlDiv; Output Settling: 
1 mViDiv 

_ 5 " 
I I I, -j -l~ 

Figure 28b. Settling Time of the Three Op Amp Instru
mentation Amplifier. Horizontal Scale: 200 nS/Div; Vertical 
Scale, Negative Pulse Input: 5 VlDiv; Output Settling: 
1 mVIDiv 
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DRIVING THE ANALOG INPUT OF AN AID 
CONVERTER 
An op amp driving- the analog input of an AID convener, such 
as that shown in Figure 29, must be capable of maintaining a 
constant output voltage under dynamically changing load condi
tions. In successive-approximation conveners, the input current 
is compared to a series of switched trial currents. The compari
son point is diode clamped but may deviate several hundred 
millivolts resulting in high frequency modulation of AID input 
current. The output impedance of a feedback amplifier is made 
artificially low by the loop gain. At higlJ. frequencies, where the 
loop gain is low, the amplifier output impedance can approach 
its open-loop value. Most Ie amplifiers exhibit a minimum 
open-loop output impedance of 25 n due to current limiting 
resistors. A few hundred microamps reflected from the change 
in convener loading can introduce errors in instantaneous input 
voltage. If the AID conversion speed is not excessive and the 
bandwidth of the amplifier is sufficient, the amplifier's output 
will return to the nominal value before the convener makes its 
comparison. However, many amplifiers have relatively narrow 
bandwidth yielding slow recovery from output transients. The 
AD845 is ideally suited to drive high resolution AID converters 
with 5 fLS on longer conversion times since it offers both wide 
bandwidth and high open-loop gain. 

:t10V 
ANALOG 

INPUT 

Figure 29. AD845 As ADC Unity Gain Buffer 
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!l-.ANALOG 
WDEVICES 

FEATURES 

AC PERFORMANCE 
Small Signal Bandwidth: 80 MHz (Av = -11 
Slew Rete: 450 VI.,.. 
Full Power Bandwidth: 6.8 MHz et 20 V POp, 

RL =5000 
Fast Settling: for 10 V Step: 110 ns to 0.01%, 

80 ns to 0.1% 
Differential Gain: <0.01% @ 4.4 MHz 
Differential Phase: <0.028" @ 4.4 MHz 
Total Harmonic Distortion (THDI: 0.0005% @ 100 kHz 
Open-Loop Trensimpedance: 200 MO 
Input Voltage Noise: 2 nV/v'Hi 

DC PERFORMANCE 
Input Offset Voltage: 75 "V max (B Gradel 
Input 0Hsat Drift: 3.5 "V/"C max (B Gradel 
Quiescent Supply Current: 6.5 mA max 

APPUCATIONS 
High Speed DAC Buffers 
Multiflash ADC Error Amplifiers 
Flesh ADC Buffers 
Coaxial Cable Drivers 
High Performance Audio Circuitry 
Available in Plastic Mini-DIP, Hermetic Cardip, and 

Hermetic Metal Can Packages 
MIL-STD-883B Parts Available 

PRODUCT DESCRIPTION 
The AD846 is a monolithic, very high speed operational ampli
fier offering high performance. Although technically classed as 
a current-feedback or transimpedance amplifier, it may be used 
in much the same way as traditional op amps while providing 
significant performance benefits. Employing Analog Devices' 
junction isolated complementary bipolar (CB) process, the 
AD846 achieves true "12-bit" (0.01%) precision on critical ac 
and dc parameters, a level of performance unmatched by ampli
fiers fabricated using either the dielectrically isolated (01) or 
other bipolar processes. 

The AD846 offers significant advantages over conventional high 
speed operational amplifiers. It maintains a nearly constant 
bandwidth and settling time to 0.01% over a wide range of 
closed-loop gains. This makes the AD846 ideal for amplifying 
the residue in multiple-pass analog-to-digital converters. 

REV. A 

450 V/~, Precision, 
Current-Feedback Op Amp 

AD846 I 
CONNECTION DIAGRAM 

Plastic Mini-DIP (N) Package 
and 

Cerdip (Q) Package 

NC = NO CONNECT 

TOP VIEW 

Other advantages include: low input errors and high open-loop 
transresistance (200 MO) into a 500 0 load, ensuring true 12-bit 
de accuracy for closed-loop gains from -I to gains greater than 
-100. This combination of ac and de performance makes the 
AD846 an excellent choice for buffering precision high speed 
DACs and flash ADCs. 

The AD846 is available in three performance grades. The 
AD846A and AD846B are rated over the industrial temperature 
range of -40"C to + 85"C. The AD846S is rated over the full 
military temperature raIjge of - 55"C to + 125"C and is available 
processed to MIL-STD-883B, Rev C. 

Extended reliability PLUS screening is available specified over 
the commercial temperature range. PLUS screening includes 
168 hour bum-in as well as other environmental and physical 
tests. The AD846 is available in two types of 8-pin package: 
plastic mini-DIP and hermetic cerdip. "A" and "S" grade chips 
are also available. 

PRODUCT H1GHUGHTS 
1. The AD846 achieves settling times of 110 ns to 0.01% for 

gains of -I to -10, with a 450 V/jJ/& slew rate, while con
suming only 5 mA of supply current. 

2. For closed-loop gains of -I to -100, the high speed perfor
mance of the AD846 is achieved without sacrificing full 
12-bit de precision. 

3. The AD846 is well suited to line driver and video buffer 
applications where the properties of low distortion and high 
slew rate are required. 
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AD846-SPECIFICATIONS (@ +25°C and ±15 V dc, unless otherwise noted) 

AD846A AD846B AD846S 
Model Conditions Min Typ Max Min Typ Max Min Typ Max Units 
INPUT OFFSET VOLTAGE' 

Initial 25 200 25 75 25 200 !LV 
Tmin-Tmu: 50 350 50 125 100 350 !LV 
vs. Temperature O.S 5 O.S 3.5 1 5.5 !Lvre 
vs. Supply (PSRR) 5 V-IS v2 

Initial 110 125 120 125 110 125 dB 
Troin-Tmax no 120 116 120 94 n6 dB 

vs. Common Mode (CMRR) VCM = ±10V 
Initial 110 125 120 125 110 12s" dB 
Tmin-Tmax no 120 116 120 94 n6 dB 

INPUT BIAS CURRENT'· 
- Input Bias Current 

Initial 150 4SO 100 2SO 150 450 nA 
Tmin-Tmax 450 1200 400 750 1000 1500 nA 
vs. Temperature 6 20 6 17 9 20 nArc 
vs. Supply 5 V-IS v2 

Initial 9 15 9 10 9 15 nAN 
Tmin-Tmax n 20 11 15 11 25 nAN 

vs. Common Mode VCM = ±10V 
Initial 5 10 3 5 5 10 nAN 
Tmin-Tmax 5 15 3 7 5 20 nAN 

+ Input Bias Current 
Initial 3 15 3 5 3 15 f1A 
Tmin-Tmax 4 20 4 7 5 20 f1A 
vs. Temperature 15 so 15 45 15 SO nArc 
vs. Supply 5 V-IS V2 

Initial 5 15 5 10 5 15 nAN 
Tmin-Tmax 5 20 5 15 5 20 nAN 

vs. Common Mode VCM = ±10V 
Initial 5 15 3 10 5 15 nAN 
Tmin-Tmax 5 15 3 10 5 20 nAN 

INPUT CHARACTERISTICS 
Input Resistance 

-Input 50 50 50 0 
+ Input 10 10 10 kfI 

Input Capacitance 
-Input 2 2 2 pF 
+Input 2 2 2 pF 

INPUT VOLTAGE RANGE 
Common Mode ±10 ±1O ±10 V 

INPUT VOLTAGE NOISE F-lkHz 2 2 2 nV/VBz 
Input Current Noise 

-Input 1 kHz 20 20 20 pNVHz 
+Input 1 kHz 6 6 6 pNVHz 

OPEN LOOP 
TRANSRESISTANCE VOUT = ±IOV 

RLOAD = 5000 100 200 ISO 200 100 200 MO 
Tmin-Tmax 50 75 SO MO 

OUTPUT CHARACTERISTICS 
Voltage RLOAD = 5000 ±10 ±10 ±10 V 
Current Short Circuit 65 65 65 mA 
Output Resistance Open Loop 16 16 16 0 

FREQUENCY RESPONSE 
Small Signal Bandwidth Av= -IRF= lk SO SO SO MHz 

(-3dB) Av = -10 RF = S75 0 31 31 31 MHz 
Av = -30 RF = S75 0 15 15 15 MHz 

Full Power Bsodwidth4 VOUT = 20 V p-p 
R, = 5000 6.S 6.S 6.S MHz 

Rise Time Av =-1 10 10 10 ns 
Overshoot Av= -1 20 20 20 % 
Slew Rste Av =-1 450 450 450 V/ .... 
Settling Time 

10 V Step, Av = -1 to 0.1% 80 SO 80 ns 
to 0.01% no no no ns 

TOTAL HARMONIC 
DISTORTION' F = 100 kHz 0.0005 0.0005 0.0005 % 
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AD846 
AD846A AD846B AD846S 

Model Conditions Min Typ Max Min Typ Max Min Typ Max Units 

DIFFERENTIAL GAIN F ~ 4.4 MHz, RL - 100 n 0.01 0.01 0.01 % 

DIFFERENTIAL PHASE F - 4.4 MHz, RL - 100 0 0.028 0.028 0.028 Degree 

POWER SUPPLY 
Rated Performance ±IS ±lS ±lS V 
Operating Range ±S :1:18 :1:5 :1:18 :1:5 :1:18 V 
Quiescent Current T_-T .... S 6.5 S 6.5 5 7 mA 

TRANSISTOR COUNT 72 72 72 

NOTES 
'Input Offset Voltage Specifications are guaranteed after S minutes at TA ~ +2S'C. 
'Test Conditions: +Vs ~ IS V, -Vs ~ S V to 18 V and +Vs ~ S V to 18 V, -Vs ~ IS V. 
'Bias Current Specifications are guaranteed maximum after S minutes at T A ~ + 25'C. 
'FPBW ~ Slew Rate12 1T V PEAK. 

'Total Harmonic Distortion. 
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at fmal electrical test. 
Results from those tests are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ± IS V 
Internal Power Dissipatian2 

Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . 1. S W 
Cerdip Package .......................... 1.3 W 

Common-Mode Input Voltage, Max Safe ......... IVsl -3 V 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ..................... ± I V 
Continuous Input Current 

Inverting or Noninverting .................. 2.0 rnA 
Storage Temperature Range (Q) ......... -6SoC to + ISO°C 
Storage Temperature Range (N) ......... -6SOC to + 12SoC 

Modell 

ADS46AN 
ADS46BN 
ADS46AQ 
ADS46BQ 
ADS46SQ 
ADS46SQ/SS3B 

NOTES 

ORDERING GUIDE 

Temperature Range 

-40°C to +SSOC 
-40°C to +SsoC 
-40°C to +SsoC 
-40°C to +SsoC 
- 55°C to + 125°C 
- SsoC to + 12SoC 

l"A" and "8" grade chips are also available. 

Package 
Option2 

N-S 
N-S 
Q-S 
Q-S 
Q-S 
Q-S 

2N ~ Plastic DIP Package; Q ~ Cerdip Package. For outline information see 
Package Information section. 

REV. A 

Operating Temperature Range 
AD846AIB ........•............. -40OC to +85°C 
AD846S ....•.......•.......•.. -55°C to + 125°C 

Lead Temperature Range (Soldering 60 sec) ....... +3000C 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
pennanent danIage to the device. This is a stress rating only; the functional 
opetation nf the device at these or any other conditions above those indicated 
in the operational sections nf this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
re1iability. 

2Maximum internal power dissipation is specified so that T, does not exceed 
+ 17S'C at an ambient temperature of +25'C, derate cerdip (Q) package at 
8.7 mWI'C and plastic (N) package at 10 mWI'C. 
Plastic Package: O'A ~ !OO'CIWatt, O,c ~33'CIW. 
Cerdip Package: O'A ~ 1l0'ClWatt, O,C ~ 30'CIW. 

METAUZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Consult factory for latest dimensions. 

+v. 

~;;=;;;r.r.l~1;;1·6 OUTPUT 

SUBSTRATE 
CONNECTED 
TO 
+v. 

COMPENSATION 
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AD846 - Typical Characteristics 
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Figure 4. Quiescent Supply Current 
vs. Temperature 
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AD846-Typical Characteristics, Inverting Gain of 1 
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Typical Characteristics, Inverting Gain of 10-A0846 
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AD846-Applications 
POWER SUPPLY CONSIDERATIONS 
The power supply connections to the AD846 must maintain a 
low impedance to ground over a bandwidth of 40 MHz ,or more. 
This is especially important when driving a significant resistive 
or capacitive load, since all current delivered to the load comes 
from the power supplies. Multiple high quality bypass capacitors 
are recommended for each power supply line in any critical ap
plication. A 0.1 p,F ceramic and a 2.2 p,F electrolytic capacitor 
as shown in Figure 35 placed as close as possible to the ampli
fier (with shon lead lengths to power supply common) will as
sure adequate high frequency bypassing, in most applications. A 
minimum bypass capacitance of 0.1 p,F should be. used for any 
application. 

Figure 35. Recommended Power Supply Bypassing 

THEORY OF OPERATION 
The AD846 differs from conventional operational amplifiers in 
that it is a transimpedance device rather than a conventional 
voltage amplifier. Figure 36 is a simplified schematic of the 
AD846. The input stage consists of a pair of transistors, Ql and 
Q2, which are biased by two diode-connected transistors, Q3 
and Q4. Transistors Ql and Q2 have their emitters connected 
together, and this common point functions as the inverting in
put of the amplifier. Correspondingly, the common connection 
of the two biasing diodes acts as the noninvening input. 

Figure 36. AD846 Simplified Schematic 

When operated as a closed-loop amplifier, feedback error cur
rent, l'N' flows into the inverting input terminal and is con
veyed via current mirrors (transistors Q5, Q6, Q7, and Q8) to 
the compensation capacitor, CcOMP' The voltage developed 
across CcOMP is buffered by the output stage, consisting of 
transistors Q9-Q12. 
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Figure 37. Overload Recovery Test Circuit 
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Figure 38. Overload Recovery Time Photo 

Because the input error signal developed is in the form of a cur
rent, not a voltage, the AD846 differs from conventional opera
tional amplifiers. This also means that, unlike most operational 
amplifiers which rely on negative feedback to produce a "virtual 
ground" at the inverting input terminal, this terminal explicitly 
has a low impedance. 

A unique circuit approach allows the AD846 to realize an open
loop transimpedance of close to 200 MG. This is nearly three 
orders of magnitude greater than that of any other operational 
transimpedance amplifier and results in extremely high levels of 
dc precision. 

As an example, the output voltage gain error is approximately 
equal to the value of the feedback resistor divided by the value 
of the open-loop transimpedance of the amplifier. That is, when 
using a 1 kG feedback resistor, this error is one part in 200,000. 
For a transimpedance amplifier with 1 MG transimpedance, this 
error is only one part in 1000; such an amplifier would barely be 
able to achieve 10-bit precision. 

Figure 39 is a simplified three-terminal model for the AD846. 
Figure 40 is a simplified three-terminal model for a conventional 
voltage op amp. The action of current feedback serves to modify 
the behavior of the amplifier under closed-loop conditions. The 
feedback resistor, Rp , is somewhat analogous to the input 
stage transconductance of a conventional voltage amplifier; and 
therefore, if the value of Rp is held constant, the closed-loop 
bandwidth also remains virtually constant, independent of 
closed-loop voltage gain. 
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Figure 39. AD846 Three-Terminal Model 

Figure 40. Op Amp Three-Terminal Model 

A more detailed examination of the closed-loop tranSfer function 
of the AD846 results in the following equation: 

-Rp 

Closed-Loop Gain G(s) = RS R 
(1 + CCOMP[Rp + (1 + i)RlN] s) 

Compare this to the equation for a conventional op amp: 

-RF 
Rs 

Closed-Loop Gain G(s) = -;--....---...:;--... ,..-;---,-

(I + CC;:P (I + ~) s) 
where: CcoMP is the internal compensation capacitor of the am
plifier; gM is the input stage transconductance of the 
amplifier. 

In the case of the voltage amplifier, the closed-loop bandwidth 
decreases directly with increasing values of (1 + RplRs), the 
closed-loop gain. However, for the transimpedance amplifier, 
the situation is different. At low gains, where (1 + RplRs) RIN 
is small compared to RF, the closed-loop bandwidth is con
trolled by the internal compensation capacitance of 7 pF and the 
value of RF, and not by the closed-loop gain. At higher gains, 
where (I + RplRs) RIN is much larger than RF, the behavior is 
that of a conventional operational amplifier in which the input 
stage transconductance is equal to the inverting terminal input 
impedance of the transimpedance amplifier (RIN = so 0). 
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AD846 
A simple equation can, therefore, be used to determine the 
bandwidth of an amplifier employing the AD846 in the invert
ing configuration. 

. 23 
3 dB Bandwidth = RF + 0.05 (1 + G) 

where: The 3 dB bandwidth is in MHz 
G is the closed-loop inverting gain of the AD846 
RF is the feedback resistance in ItO. 

NOTE: This equation applies only for values of RF between 
10 ItO and 100 kO, and for RLOAD greater than 500 O. For 
RF = 1 kO the bandwidth should be estimated from Figure 41. 

Figure 41 illustrates the closed-loop voltage gain vs. frequency 
of the AD846 for various values of feedback resistor. For com
parison purposes, the characteristic of a conventional amplifier 
having an 80 MHz unity gain bandwidth is also shown. 
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Figure 41. Closed-Loop Voltage Gain vs. Bandwidth for 
Various Values of RF 

For the case where RF = 1 kO and Rs = 100 0 (closed-loop 
gain of -10), the closed-loop bandwidth is approximately 
28 MHz. It should also be noted that the use of a capacitor to 
shunt RF, a normal practice for stabilizing conventional op 
amps, will cause this amplifier to become unstable because the 
closed-loop bandwidth will increase beyond the stable operating 
frequency. 

A similar approach can be taken to calculate the noise perfor
mance of the amplifier. A simplified noise model is shown in 
Figure 42. 

The equivalent mean-square output noise voltage spectral 
density will equal: 

voi = (RF I NN)2 + (1 + ~r[VN2 + (RpINp)2+4kTRp] 

+ 4kT RF(~ + 1) 
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AD846 
Where: 

Rp is the external resistance placed in series with the 
noninverting input 
Rp is the feedback resistor 
Rs is the source resistor 
INN is the noise curi'ent in the inverting input 
INP is the noise current in the noninverting input 
VN is the input noise vol~. 

Typical values for these parameters (@ I kHz) in pAlVHz are: 
INN = 20, IPN = 6, VN = 2. 

Or, referring to the ~ input, the equivalent mean-square 
input voltage noise is: 

VIN2 = (RpINN)2 + (I + ~r[VN2 + (RpINp)2+4kTRp] 

+ 4kTRs(1 +~) 
Resistor Rp is required for both inverting and noninverting (fol
lower) operation, to insure stable operation. The amplifier's 
noninverting input current (flowing through Rp of 100 0) will 
typically add less than 300", V to the AD846's input offset volt
age. This can be trimmed-out uaing the optional network shown 
in Figure 44. The following table gives recommended values 
for Rp. 

Recommended 
Supply Voltage Gain(R~) Value forRp 

6 V to IS V 1-10 1000 
6 V to IS V 10-20 470 
6 V to 15 V 20-200 00 
5V 1-10 470 
5V 10-200 00 

1". 

Figure 42. Op Amp Simplified Noise Model 

NONINVERTING GAIN OPERATION 
The AD846 can be used as a noninverting amplifier or voltage 
follower, operating at gains between 1 and 200. A minimum 
value of RF equal to 1 kil should be employed. For low gains (I 
to 2), the input signal should be applied to the AD846's nonin
verting input through a 100 0 series resistor; this will help re
duce peaking. The best transient response will occur when the 
amplifier's output level is below 5 V peak to peak. 

At closed-loop gains of 3 or more, the input resistor is not re
quired unless peak signals greater than 3 V will be applied. The 
amplifier's bandwidth can be determined by using the inverting 
amplifier's bandwidth equation or from Figure 41. For example, 
at a gain of + 10 (RF = 1 kO, Rs = 100 0) the bandwidth of 
the AD846 will be approximately 33 MHz; at a gain of + 100, 
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(Rp = 1 kil, Rs = 10 0) it will be 4 MHz. At gains of 3 or 
greater, a small capacitor (2 pF-5 pF) connected across the 
feedback resistor will help reduce overshoot; but when operating 
at noninverting gains below 3, this same capacitance will cause 
instability . 

+Vs 

Rs 

Figure 43. AD846 Noninverting Amplifier Configuration 

USING THE COMPENSATION PIN OF THE AD846 
Additional compensation may be provided for the AD846 by 
applying an external capacitance between Pin 5 and analog 
ground (Figure 44). The nominal value of the AD846's internal 
compensation capacitor is 7 pF. For a given value of feedback 
resistance (RF), any added external capacitance reduces the am
plifier's slew rate and bandwidth proportionally. 

Figure 44. AD848 Inverting Amplifier Showing External 
Compensation Connection, Rp and Optional Vas Trim 

In addition to providing for external compensation, Pin 5 may 
be used to clamp the output of the amplifier, as shown in Fig
ure 45. The output can be clamped anywhere within the output 
range (approximately ±10 V) of the amplifier. The input should 
also be clamped as a precaution against damaging the amplifier's 
input transistors. 

R, 

OUTPUT 

POSmvE IDC} CLAMPING 
VOLTAGE 

NEGAnvE IDC} CLAMPING 
TYPE HP2835 VOl.TAGE 

DIODES 

Figure 45. AD846 Used as a Clamped Amplifier 

REV. A 



This compensation node may also be used as an additional out
put terminal as in the precision transconductance amplifier ap
plication of Figure 46. 

VON 
(:t:10Vmax) V"," 

lOUT = -O.1mANOLT 

Figure 46. A Precision Transconductance Amplifier 

The AD846 can be used in either the inverting transconductance 
mode as shown in Figure 46, or in a noniliverting mode with Rs 
grounded and VIN applied to the noninverting terminal. The 
current output is essential1y constant over a compliance range of 
± 10 V at the compensation node. The output current (from Pin 
5) is limited to about ± I mA due to interna1 saturation. Under 
these circumstances the normal output pin provides a buffered 
version of the compensation node output voltage. Output load 
impedance of 500 n or greater will not affect the accuracy of the 
transconductance conversion. 

THE AD846 IN A 2 MHz, 12-BIT SUBRANGING AID 
CONVERTER CIRCUIT 
The combination of fast settling times at high gains and low dc 
errors make the AD846 ideal for use as an error amplifier in 
high speed, 12-bit subranging A-D applications. In the circuit of 
Figure 47, an AD842 serves as an input amplifier. First pass 
conversion is accomplished, in a straightforward manner, deter
mining the top 7 bits. The latch then holds these top 7 bits 
which are applied to a 7 bit, 12-bit accurate DAC and also to 
the highest 7 bits of the adder (note that a sample-and-hold 
should be used ahead of this converter to minimize errors due to 
its 500 ns acquisition time). In the second pass, the input 
switches SI and S2 and S3 are set to state 2. The DAC output is 
then subtracted from the input signal and the resulting differ
ence is then amplified by an AD846 gain of 32 follower. This 
gain, together with a 1/64th scale offset, insures a unipolar resi
due which can be converted by the flash A-D. Conversion is 
accomplished via switches SI, S2 and S3 in state 1. Switch SI 
connects the input signal of the AD846 residue amplifier to 
ground which minimized overload recovery time. 
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v. 

" .. 
RESULT 

ADDER 

Figure 47. Block Diagram of a 2 MHz, 12-8it Subranging 
AID Converter 

THE AD846 AS AN OPEN-LOOP LEVEL SHIFTER 
The AD846 can also be used for open-loop level shifting. As 
shown in Figure 48, resistor Rs is used to develop an input cur
rent which is proportional to the input voltage, V IN' This cur
rent flows from the compensation node (Pin 5) developing a 
voltage across resistor Re (Re is equal in value to resistor Rs) 
which, rather than being grounded, has one end tied to refer
ence voltage V2. The voltage appearing at Pin 5 is, therefore, 
voltage V IN plus voltage V2 and will directly follow changes in 
VIN' By scaling resistor Re, a level shift with voltage gain can 
be produced. 

In addition, the normal voltage output at Pin 6 is approximately 
equal to the voltage at Pin 5 thus providing a low impedance, 
buffered output for the level shifter. 

V,. 

-V. 

VOUT 
IBUFFEREDI 

VOUT 
IUNBUFFERED) 

Figure 48. AD846 Connected as a Level Shift Amplifier 
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AD846 
THE AD846 AS A IUGH SPEED DAC BUFFER 
The AD846 will enable the AD568 12-bit DAC to develop a 
10 V output step which settles to within 0.025 percent of its 
fmal value in about 100 ns. This AD8461ADS68 combination is 
shown in the circuit of Figure 49. Correct power supply decou
piing is essential: a 2.2 ""F tantalum capacitor connected in par
allel with a 0.1 ""F to 0.01 ""F ceramic disc capacitor is usually 
sufficient. These should be placed as close to the power supply 

DIGITAL 
INPUTS 

+15V 

.5V 

pins as possible. Also, a ground plane should be employed; this 
ensure that there is a low impedance signal path to ground 
which allows the fastest possible output settling. In 12-bit sys
tems with the AD846 operating at gains of 10 or less, inade
quate supply decoupling can cause the output settling to degrade 
from 100 ns to as much as 300 ns, with a 10 V output step 
applied. 

ANALOG 
SUPPLY 

GROUND 

Figure 49. The AD846 Serving as a DAC Buffer 
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r.ANALOG 
WDEVICES 

FEATURES 
Superior Performance 

High Unity Gain BW: 50 MHz 
Low Supply Current: 5.3 mA 
High Slew Rate: 300 vtfj.S 

Excellent Video Specifications 
0.04% Differential Gain INTSC and PAL) 
0.19" Differential Phase INTSC and PAL) 

Drives Any Capacitive Load 
Fast Settling TIme to 0.1% 110 V Step): 65 ns 

Excellent DC Performance 
High Open-Loop Gain 5.5 V/mV IRLoAo = 1 kG) 
Low Input Offset Voltage: 0.5 mV 

Specified for :!:5 V and :!:15 V Operation 
Available in a Wide Variety of Options 

Plastic DIP and SOIC Packages 
Cerdip Package 
Die Form 
MIL-STD-883B Processing 
Tape & ReeIIEIA-481A Standard) 

Dual Version Available: AD827 18 Lead) 
Enhanced Replacement for LM6361 
Replacement for HA2544. HA2520/2/5 and EL2020 

APPLICATIONS 
Video Instrumentation 
Imaging Equipment 
Copiers. Fax. Scanners. Cameras 
High Speed Cable Driver 
High Speed DAC and Flash ADC Buffers 

PRODUCT DESCRIPTION 
The AD847 represents a breakthrough in high speed amplifiers 
offering superior ac & dc performance and low power, all at low 
cost. The excellent dc performance is demonstrated by its ±S V 
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NC = NO CONNECT 

AD847 I 

specifications which include an open-loop gain of 3SOO VIV (500 
n load) and low input offset voltage ofO.S mY. Common-mode 
rejection is a minimum of 78 dB. Output voltage swing is ±3 V 
into loads as low as ISO n. Analog Devices also offers over 30 
other high speed amplifiers from the low noise AD829 (1. 7 
nV/v'Hz) to the ultimate video amplifier, the AD811, which 
features 0.01% differential gain and 0.01° differential phase. 

APPLICATION HIGHLIGHTS 
1. As a buffer the AD847 offers a full-power bandwidth of 

12.7 MHz (S V p-p with ±S V supplies) making it outstand
ing as an input buffer for flash AID converters. 

2. The low power and small outline package of the AD847 
make it very well suited for high density applications such 
as mUltiple pole active filters. 

3. The AD847 is internally compensated for unity gain opera
tion and remains stable when driving any capacitive load. 

AD847 Driving Capacitive Loads 

100pF 
LOAD 

l000pF 
LOAD 
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AD847 -SPECIFICATIONS (@TA = +25°C, unless otherwise noted) 
Model 

Conditions V. 
INPUT OFFSET VOLTAGEl ±5V 

Offset Drift 
TMlN to TMAX 

INPUT BIAS CURRENT ±5V, ±15V 
TMlN to TMAX 

INPUT OFFSET CURRENT ±5V, ±15V 
TMIN to TMAX 

Offset Current Drift 

OPEN-LOOP GAIN VOU'f ±2.5 V ±5V 
RLOAD = 500 n 

TMIN to TMAx 
RLOAD = ISO n 

VOUT = ±IOV ±15 V 
RLOAD = I kn 

TMlN toTMAx 
DYNAMIC PERFORMANCE 

Unity Gain Bandwidth ±5V 
±15V 

Full Power Bandwidth' VOU'f = 5 Vp-p 
RLOAD = 500 n, ±5V 

VOUT = 20 V p-p, 
RLOAD = I kn ±15V 

Slew Rate' RLOAD = I kn ±5 V 
±15 V 

Settling Time 
to 0.1%, RLOAD = 250 n -2.5 V to +2.5 V ±5 V 

10 V Step, Av = -I ±15 V 
to 0.01%, RLOAD = 250 n -2.5 V to +2.5 V ±5V 

10 V Step, Av = -I ±15V 
Phase Margin CLOAD = 10 pF ±15 V 

RLOAD = I kn 
Diflerential Gain f ~ 4.4 MHz, RLOAD = I k!l ±15 V 
Differential Phase f - 4.4 MHz, RLOAD = I kn ±15V 

COMMON-MODE REJECTION VCM - ±2.5 V ±5V 
VCM = ±12 V ±15V 
TMIN to TMAX 

POWER SUPPLY REJECTION VS - ±5Vto±ISV 
TMlN toTMAx 

INPUT VOLTAGE NOISE f-lOkHz ±ISV 

INPUT CURRENT NOISE f - 10kHz ±15V 

INPUT COMMON-MODE 
VOLTAGE RANGE ±5V 

±15V 

OUTPUT VOLTAGE SWING RLOAD - 500 n ±5 V 
RLOAD = 150n ±5V 
RLOAD = I kn ±15V 
RLOAD = 500 n ±15 V 

Shon-Circuit Current ±15 V 

INPUT RESISTANCE 

INPUT CAPACITANCE 

OUTPUT RESISTANCE Open Loop 

POWER SUPPLY 
Operating Range 
Quiescent Current ±5V 

TMIN 10TMAX 
±15V 

TMIN 10 TMAX 
NOTES 
lInput Offsel Voltage Speeifications are gusranteed afler 5 minUles al TA = +25"<:. 
'Full Power Bandwidth = Slew Ratel2" V PEAK' 

'Slew Rate is measured on risiug edge. 

AD847J 
Min Typ 

0.5 

15 

3.3 

50 

0.3 

2 3.5 
I 

1.6 

3 5.5 
1.5 

35 
50 

12.7 

4.7 
200 

225 300 

65 
65 
140 
120 

50 
0.04 
0.19 

78 95 
78 95 
7S 

75 86 
72 

IS 

1.5 

+4.3 
-3.4 
+14.3 
-13.4 

3.0 3.6 
2.5 3 
12 
10 

32 

300 

1.5 

IS 

± 4.5 
4.8 

5.3 

AU min and max speeificaliona are guaranteed. Specificalions in boldface are 100% lested al final electricallesl. 
Specifications subject 10 cbauge withoul notice. 
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AD847AR 
Max Min Typ Max Units 

1 0.5 1 mV 
3.5 4 mV 

IS ",vre 
6.6 3.3 6.6 /LA 
7.2 10 /LA 
300 50 300 nA 
400 500 nA 

0.3 nArc 

2 3.5 VlmV 
I VlmV 

1.6 VlmV 

3 5.5 VlmV 
1.5 VlmV 

35 MHz 
50 MHz 

12.7 MHz 

4.7 MHz 
200 V/",s 

225 300 V/",s 

65 ns 
65 ns 
140 ns 
120 ns 

50 Degree 
0.04 % 
0.19 Degree 

78 95 dB 
78 95 dB 
75 dB 

75 86 dB 
72 dB 

15 nV/y'Hi 

1.5 pAly'Hi 

+4.3 V 
-3.4 V 
+14.3 V 
-13.4 V 

3.0 3.6 ±V 
2.5 3 ±V 
12 ±V 
10 ±V 

32 mA 

300 k!l 

1.5 pF 

IS n 

±18 ±4.5 ±18 V 
6.0 4.8 6.0 mA 
7.3 7.3 mA 
6.3 5.3 6.3 mA 
7.6 7.6 mA 
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AD847 
Model AD847AQ AD847S 

Conditioos V. Min Typ Msx Min Typ Msx Units 

INPUT OFFSET VOLTAGE' :l:SV O.S 1 O.S 1 mV 
TMIN to TMAX 4 4 mV 

Offset Drift IS IS ",vrc 
INPUT BIAS CURRENT :l:S V, :l:lS V 3.3 5 3.3 5 tJ.A 

TMlNto TMAX 7.5 7.5 tJ.A 
INPUT OFFSET CURRENT :1:5 V, ±lS V 50 300 50 300 nA 

TMIN toTMAX 400 400 nA 
Offset Current Drift 0.3 0.3 nArc 

OPEN LOOP GAIN VOUT - :l:2.S V ±5 V 
RLOAD= SooO 2 3.5 2 3.S VlmV 

TMlNto TMAX 1 1 V/mV 
RLOAD = 1500 1.6 1.6 V/mV • VOUT = :1:10 V :1:15 V 
RLOAD = 1 kO 3 S.5 3 S.5 V/mV 

TMlN to TMAX 1.5 1.5 V/mV 

DYNAMIC PERFORMANCE 
Unity Gain Bandwidth :1:5 V 3S 35 MHz 

:1:15 V SO SO MHz 
Full Power Bandwidth2 VOUT = 5 Vp-p 

RLOAD = 500 0, :1:5 V 12.7 12.7 MHz 
VOUT = 20 V p-p, 

RLOAD = 1 kO :1:15 V 4.7 4.7 MHz 
Slew Rste' RLOAD = I kO :1:5 V 200 200 VI",. 

:I: IS V 22S 300 225 300 VI",. 
Settling Time 

to 0.1%, RLOAD = 2S0 0 -2.S V to +2.5 V :1:5 V 65 65 n. 
10 V Step, Av = -1 :I: IS V 65 6S ns 

to 0.01%, RLOAD = 2S0 0 -2.5 V to +2.S V :1:5 V 140 140 ns 
10 V Step, Av = -1 :1:15 V 120 120 ns 

Phase Margin ~OAD = 10 pF :1:15 V 
RLOAD = 1 kO SO 50 Degree 

Differential Gain f - 4.4 MHz, RLOAD = I kO :l:IS V 0.04 0.04 % 
Differential Phase f - 4.4 MHz, RLOAD = 1 kO :1:15 V 0.19 0.19 Degree 

COMMON-MODE REJECTION VCM - :1:2.5 V :l:S V 80 95 80 9S dB 
VCM=:l:12V :1:15 V 80 95 80 9S dB 
TMlN to TMAX 75 75 dB 

POWER SUPPLY REJECTION Vs= :l:5Vto:l:15V 75 86 75 86 dB 
TMlN toTMAX 72 72 dB 

INPUT VOLTAGE NOISE f - 10 kHz :I: IS V IS 15 nVl\ Hz 
INPUT CURRENT NOISE f= 10kHz :1:15 V 1.5 I.S pAl\ HZ 
INPUT COMMON-MODE 

VOLTAGE RANGE :1:5 V +4.3 +4.3 V 
-3.4 -3.4 V 

:1:15 V +14.3 +14.3 V 
-13.4 -13.4 V 

OUTPUT VOLTAGE SWING RLOAD - Soo 0 :l:S V 3.0 3.6 3.0 3.6 ±V 
RLOAD = 1500 :1:5 V 2.5 3 2.5 3 ±V 
RLOAD = 1 k!l :1:15 V 12 12 ±V 
RLOAD = 5oo!l :1:15 V 10 10 :!:V 

Shon-Circuit Current :1:15 V 32 32 mA 

INPUT RESISTANCE 300 300 kn 

INPUT CAPACITANCE I.S 1.5 pF 

OUTPUT RESISTANCE Open Loop IS 15 n 

POWER SUPPLY 
Operating Rsnge :I: 4.5 :1:18 :1:4.5 :1:18 V 
Quiescent Current :l:S V 4.8 5.7 4.8 5.7 mA 

TMIN to TMAX 7.0 7.8 rnA 
:1:15 V 5.3 6.3 5.3 6.3 rnA 

TMIN toTMAX 7.6 8.4 rnA 
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AD847 
ABSOLUTE MAXIMUM RATINGS l ESD SUSCEPTmILITY 
Supply Voltage ........................... ± IS V 
Internal Power Dissipation2 

Plastic (N) •......................... 1.2 Watts 
Small Outline (R) ...................... 0.8 Watts 
Cerdip (Q) .......................... 1.1 Watts 

Input Voltage .....•....................... ±Vs 
Differential Input Voltage ..................... ±6 V 
Storage Temperature Range (Q) ......... -65°C to + 150°C 

ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the ADS47 features proprietary ESD pro
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 

(N, R) ........................ -65OC to + 125°C 
Junction Temperature ....................... 175°C 
Lead Temperature Range (Soldering 60 sec) ......... 300°C 
NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Mini-DIP Package: alA = 10000000au; alc = 33"CIWatt 
Cerdip Package: alA = 1l0"CIWau; alc = 30'C/Watt 
Small Outline Package: alA = 155'C/Watt; alc = 33'C/Watt 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

~----------------~~--------------------~ 

NULL 1 

-INPUT 2 

0.057 
I1.4SI 

+INPUT 3 

Modell 

ADS47JN 
ADS47JR 
ADS47AQ 
ADS47AR 
ADS47SQ 
ADS47SQ/883B 

NOTES 

SUBS1'RATECONNECTEDTO +V. 

ORDERING GUIDE 

Temperature Package Package 
Range - °C Description Option' 

o to +70 Plastic N-S 
o to +70 SOIC R-S 
-40 to +85 Cerdip Q-S 
-40 to +85 SOIC R-8 
-55 to + 125 Cerdip Q-S 
-55 to + 125 Cerdip Q-S 

'AD847 also available in J and S grade chips, and AD847JR and AD847AR 
are available in tape and reel. 

2For outline information see Package Information section. 
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AD847 

Typical Characteristics (@ +25°C and Vs = ±15 V, unless otherwise noted) 
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Figure 1. Input Common-Mode Range vs. Supply Voltage 
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AD847....,. Typical Characteristics (@ +25°C and Vs = ±15 V, unless otherwise noted) 
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Figure 7. Quiescent Current vs. Temperature 
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Figure 9. Gain Bandwidth Product vs. Temperature 
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Figure 1,. Open-Loop Gain VS. Load Resistance 
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AD847 
1kll 
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Figure 19. Inverting Amplifier Configuration 
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Figure 19b. Inverter Small 
Signal Pulse Response 
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Figure 20. Noninverting Amplifier Configuration 

Figure 20a. Noninverting 
Large Signal Pulse Response 

Figure 20b. Noninverting 
Small Signal Pulse Response 
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OFFSET NULLING 
The input offset voltage of the AD847 is very low for a high 
speed op amp, but if additional nulling is required, the circuit 
shown in Figure 21 can be used. 

Figure 21. Offset Nulling 

INPUT CONSIDERATIONS 
An input resistor (RIN in Figure 20) is required in circuits 
where the input to the AD847 will be subjected to transient or 
continuous overload voltages exceeding the ±6 V maximum dif
ferentiallimit. This resistor provides protection for the input 
transistors by limiting the maximum current that can be forced 
into their bases. 

For high performance circuits it is recommended that a resistor 
(RB in Figures 19 and 20) be used to reduce bias current errors 
by matching the impedance at each input. The offset voltage 
error will be reduced by more than an order of magnitude. 

THEORY OF OPERATION 
The AD847 is fabricated on Analog Devices' proprietary com
plementary bipolar (CB) process which enables the construction 
of pnp and npn transistors with similar fTs in the 600 MHz to 
800 MHz region. The AD847 circuit (Figure 22) includes an 
npn input stage followed by fast pnps in the folded cascode 
intermediate gain stage. The CB pnps are also used in the cur
rent amplifying output stage. The internal compensation capaci
tance that makes the AD847 unity gain stable is provided by the 
junction capacitances of transistors in the gain stage. 

The capacitor, CF , in the output stage mitigates the effect of 
capacitive loads. At low frequencies and with low capacitive 
loads, the gain from the compensation node to the output is 
very close to unity. In this case CF is bootstrapped and does not 
contribute to the compensation capacitance of the part. As the 
capacitive load is increased, a pole is formed with the output 
impedance of the output stage. This reduces the gain, and there
fore, CF is incompletely bootstrapped. Some fraction of CF con
tributes to the compensation capacitance, and the unity gain 
bandwidth falls. As the load capacitance is increased, the band
width continues to fall, and the amplifier remains stable. 
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Figure 22. ADB47 Simplified Schematic 

GROUNDING AND BYPASSING 
In designing practical circuits with the AD847, the user must 
remember that whenever high frequencies are involved, some 
special precautions are in order. Circuits must be built with 
short interconnect leads. A large ground plane should be used 
whenever possible to provide a low resistance, low inductance 
circuit path, as well as minimizing the effects of high frequency 
coupling. Sockets should be avoided becauSe the increased inter
lead capacitance' can degrade bandwidth. 

Feedback resistors should be of low enough value to assure that 
the time constant formed with the capacitance at the amplifier 
summing junction will not limit the amplifier performance. 
Resistor values of less than 5 ill are recommended. If a larger 
resistor must be used, a small «10 pF) feedback capacitor in 
parallel with the feedback resistor, RF , may be used to compen
sate for the input capacitances and optimize the dynamic perfor
mance of the amplifier. 

Power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Ceramic disc capacitors of 0.1 I1F 
are recommended. 
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AD847 
VIDEO LINE DRIVER 
The AD847 functions very well as a low cost, high speed line 
driver for either tenninat~ or unterminated cables. Figure 23 
shows the AD847 driving a doubly terminated cable in a fol
lower configuration. 

The termination resistor, RT> (when equal to the cable's charac
teristic impedance) minimizes reflections from the far end of the 
cable. While operating from ±5 V supplies, the AD847 main
tains a typical slew rate of 200 V/fJ-s, which means it can drive a 
± 1 V, 30 MHz signal into a terminated cable. 

7&<1 
COAX 

>---_.....,.,~=::Jl.~--oVOUT 
Ra. 
7511 

Cc 
SEE TABLE I 

500n 

Figure 23. Video Line Driver 

Table I. Video Line Driver Performance Chait 

VIN· VSUPPLV Cc -3 cIB Bw 

o dB or ±SOO mV Step ±IS 20pF 23 MHz 
o dB or ±SOO mV Step ±IS IS pF 21 MHz 
o dB or ±SOO mV Step ±IS OpF 13 MHz 
o dB or ±SOO mV Step ±5 20pF 18 MHz 
o dB or ±SOO mV Step ±5 IS pF 16 MHz 
o dB or ±SOOmV Step ±5 OpF II MHz 
NOTE 

Over-
shoot 

4% 
0% 
0% 
2% 
0% 
0% 

• - 3 dB bandwilith numbers are for the 0 dBm signal input. Overshoot num
bers are the percent overshoot of the 1 volt step input. 

A back-tennination resistor (RsT> also equal to the characteristic 
impedance of the cable) may be placed between the AD847 out
put and the cable input, in order to damp any reflected signals 
caused by a mismatch between RT and the cable's characteristic 
impedance. This will result in a flatter frequency response, 
although this requires that the op amp supply ±2 V to the out
put in order to achieve a ± 1 V swing at resistor RT • 
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Figure 24 shows the AD847 driving 100 pF and 1000 pF loads. 

lOOI)f 
LOAIJ 

1000,IF 
LOAD 

Figure 24. AD847 Driving Capacitive Loads 

FLASH ADC INPUT BUFFER 
The 35 MHz unity gain bandwidth of the AD847 makes it an 
excellent choice for buffering the input of high speed flash AID 
converters, such as the AD9048. 

Figure 25 shows the AD847 as a unity inverter for the input to 
the AD9048. 

ANALOG 
INPUT(2}-+'IM~ 

(OVTO+2V) 

TTL 

0.1 

CONVERT@ __________ --1 CONVERT 

SIGNAL 

Figure 25. Flash ADC Input Buffer 
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AD847 
A High Speed, Three Op-Amp In-Amp The input amplifier (AI and A2) is an AD827, which is a dual 

version of the AD847. This circuit has the optional flexibility of 
both dc and ac trims for common-mode rejection, plus the abil
ity to adjust for minimum settling time. 

The circuit of Figure 26 lends itself well to CCD imaging and 
other video speed applications. It uses two high speed CB pro
cess op-amps: Amplifier A3, the output amplifier, is an AD847. 

-VIN 

+15V 0 

I11JtlF 

COMM 0 l·, 
-15V 0 

2ku 

RO 

lkll 

EACH 
AMPLIFIER 1 · PIN 7 AD847, 1 · <\Is > 11~F IO'l~F 

Il~F Io.l~F 
I • -v. > 

WpF 
SETTLING TIME 

AC CMR ADJUST 

WI 

PIN 8 A0827 

I O.l~F 

¢r O.l~F 

I PIN 4 
• AD847. AD827 

INPUT 
FREQUENCY 

100Hz 
1kHz 
10kHz 
100kHz 
1MHz 

RL 
2kll 

CIRCUIT GAIN = ~~o + 1 

BANDWIDTH, SETTLING TIME AND TOTAL HARMONIC DISTORTION VS. GAIN 

THD+NOISE 
SMALL SETTLING BELOW INPUT 

CADJ SIGNAL TIME LEVEL 
GAIN RG (pF) BANDWIDTH TO 0.1% @10kH2 

1 OPEN 2-8 16.1MHz 200ns 82dB 
2 2kO 2-8 14.7MHz 200ns 82dB 
10 2260 2-8 4.5MHz 370ns 81dB 
100 20n 2-8 660kHz 2.5~s 71dB 

Figure 26. A High Speed In-Amp Circuit for Data Acquisition 

CMRR 

88.3dB 
87.4dB 
86.2dB 
67.4dB 
47.1 dB 
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AD847 
HIGH SPEED DAC BUFFER 
The wide bandwidth and fast settling time of the,AD847 makes 
it a very good output buffer for high speed current-output D/A 
converters like the AD668. As shown in Figure 27, the op amp 
establishes a summing node at ground for the DAC output. The 
output voltage is determined by the amplifier's feedback resistor 

.15V 

lD!1F 

(10.24 V for a 1 kO resistor). Note that since the DAC generates 
a positive current to ground, the voltage at the amplifier output 
will be negative. A 100 0 series resistor between the noninvert
jog amplifier input and ground minimizes the offset effects of op 
amp input bias currents. 

~TOANALOG 
GROUND PLANE 

ANALOG 
OUTPUT 

1--I--... --.... -~-15V 

lkn 

Figure 27. High Speed DAC Buffer 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
725MHz Gain Bandwidth - AD849 
175MHz Gain Bandwidth - AD848 
4.8mA Supply Current 
300V I f.lS Slew Rate 
80ns Settling Time to 0.1 % for a 10V Step - AD849 
Differential Gain: AD848 = 0.07%. AD849 = 0.08% 
Differential Phase: AD848 = 0.08". AD849 = 0.04· 
Drives Capacitive Loads 

DC PERFORMANCE 
3nVtVHz Input Voltage Noise - AD849 
85V/mV Open Loop Gain into a 1kO Load - AD849 
1mV max Input Offset Voltage 
Performance Specified for :!:5V and :!:15V Operation 
Available in Plastic. Hermetic Cerdip and Small Outline 

Packages. Chips and MIL-STD-883B Parts Available. 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 

APPLICATIONS 
Cable Drivers 
8- and 10-Bit Data Acquisition Systems 
Video and RF Amplification 
Signal Generators 

PRODUCT DESCRIPTION 
The AD848 and AD849 are high speed, low power monolithic 
operational amplifiers. The AD848 is internally compensated so 
that it is stable for closed loop gains of 5 or greater. The AD849 
is fully decompensated and is stable at gains greater than 24. 
The AD848 and AD849 achieve their combination of fast ac and 
good dc performance by utilizing Analog Devices' junction iso
lated complementary bipolar (CB) process. This process enables 
these op amps to achieve their high speed while only requiring 
4.8mA of current from the power supplies. 

The AD848 and AD849 are members of Analog Devices' family 
of high speed op amps. This family includes, among others, the 
AD847 which is unity gain stable, with a gain bandwidth of 
50MHz. For more demanding applications, the AD840, AD841 
and AD842 offer even greater precision and greater output cur
rent drive. 

The AD848 and AD849 have good dc performance. When oper
ating with ±5V supplies, they offer open loop gains of BV/mV 

REV. A 

High Speed, Low Power 
Monolithic Op Amps 

AD848/AD849 I 
CONNECTION DIAGRAM 

Plastic (N), Small 
Outline (R) and 
Cerdip (Q) Packages 

NC = NO CONNECT 

(AD848 with a 5000 load) and low input offset voltage of ImV 
maximum. Common-mode rejection is a minimum of 92dB. 
Output voltage swing is ±3V even into loads as low as 1500. 

APPUCATIONS HIGHUGHTS 
I. The high slew rate and fast settling time of the AD848 and 

AD849 make them ideal for video instrumentation circuitry, 
low noise pre-amps and line drivers. 

2. In order to meet the needs of both video and data acquisition 
applications, the AD848 and AD849 are optimized and tested 
for ±5V and ±15V power supply operation. 

3. Both amplifiers offer full power bandwidth greater than 
20MHz (for 2V POp with ±5V supplies). 

4. The AD848 and AD849 remain stable when driving any 
capacitive load. 

5. Laser wafer trimming reduces the input offset voltage to 
ImV maximum on all grades, thus eliminating the need for 
external offset nulling in many applications. 

6. The AD848 is an enhanced replacement for the LM6164 
series and can function as a pin-for-pin replacement for many 
high speed amplifiers such as the HA2520/2/5 and EL2020 in 
applications where the gain is 5 or greater. 
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AD848/AD849-SPECIFICATIONS (@TA= +25°C unless otherwise noted) . 
Model Conditions Vs 
INPUT OFFSET VOLTAGE' ±SV 

±ISV 
TmiD to Taaa.1r. ±SV 

±ISV 
Offset Drift ±SV, ±ISV 

INPUT BIAS CURRENT ±SV, ±ISV 
Tmi• toT_ ±SV, ±ISV 

INPUT OFFSET CURRENT ±SV, ±ISV 
Tmin to Tmax ±SV, ±ISV 

Offset Current Drift +SV, +ISV 
OPEN LOOP GAIN Vo = ±2.SV ±SV 

RLOAD = SOOO 
TmiD to Tmax 
RLOAD = ISoo 
VOUT = ±IOV ±ISV 
RLOAD = IkO 
TmiD to Tmax 

DYNAMIC PERFORMANCE 
Gain Bandwidth AVCL=::S ±SV 

±ISV 
Full Power Bandwidth' Vo = 2V p-p, 

RL = SOOO ±SV 
Vo = 20V p-p, 

RL = IkO ±ISV 
Slew Rate ±SV 

RLOAD = lkfi ±ISV 
Settling Time to 0.1 % -2.SV to +2.SV ±SV 

IOV Step, Av = -4 ±ISV 
Phase Margin CLOAD = IOpF ±ISV 

RLOAD = Hill 

DIFFERENTIAL GAIN f - 4.4MHz ±ISV 
DIFFERENTIAL PHASE f= 4.4MHz ±ISV 
COMMON-MODE REJECTION VCM = ±2.SV ±SV 

VCM = ±12V ±ISV 
TmintoTmaJt 

POWER SUPPLY REJECTION VS = ±4.SV to ± 18V 
TmiD to Tmax 

INPUT VOLTAGE NOISE f = 10kHz ±ISV 

INPUT CURRENT NOISE f = 10kHz ±ISV 
INPUT COMMON-MODE 

VOLTAGE RANGE ±SV 

±ISV 

OUTPUT VOLTAGE SWING RLOAD = SOOO ±SV 
RLOAD = ISoo ±SV 
RLOAD = son ±SV 
RLOAD = Ikn ±ISV 
RLOAD = SOOO ±ISV 

SHORT CIRCUIT CURRENT ±ISV 
INPUT RESISTANCE 
INPUT CAPACITANCE 
OUTPUT RESISTANCE Open Loop 
POWER SUPPLY 

Operating Range 
Quiescent Current ±SV 

Tmia to Tma:r. 
±ISV 

TmiD toT_ 

NOTES 
1 Input offset voltage specifications are guaranteed after 5 minutes at T A = + 25OC. 
'FuJI power bandwidth = slew ratel2" VPEAK' Refer to Figure I. 

Min 

9 
7 

U 
8 

22S 

92 
92 
88 

8S 
80 

3.0 
2.S 

12 
10 

±4.5 

AD848J AD848A/S 
Typ Max Min Typ 

0.2 1 0.2 
0.5 2.3 0.5 

J.S 
3.0 

7 7 
3.3 6.6 3.3 

7.2 

SO 300 SO 
400 

0.3 0.3 

13 9 13 
7/5 

8 8 

20 12 20 
8/6 

12S 12S 
17S 17S 

24 24 

4.7 4.7 
200 200 
300 22S 300 
6S 6S 
100 100 

60 60 

0.07 0.07 
0.08 0.08 
lOS 92 lOS 
lOS 92 lOS 

88 

98 85 98 
80 

S S 

I.S I.S 

+4.3 +4.3 
-3.4 -3.4 
+14.3 +14.3 
':'13.4 -13.4 
3.6 3.0 3.6 
3 2.5 3 
1.4 1.4 

U 
10 

32 32 
70 70 
J.S I.S 
IS IS 

±18 ±4.5 
4.8 6.0 4.8 

7.4 
S.I 6.8 S.I 

8.0 

.' '.' 

Max Vails 

1 mV 
2.3 mV 
2 mV 
3.S mV 

.,.VI"C 
6.615 .,.A 
7.5 .,.A 

300 nA 
400 nA 

nAf'C 

V/mV 
V/mV 
VlmV 

V/mV 
VlmV 

MHz 
MHz 

MHz 

MHz 
V/.,.s 
V/.,.s 
ns 
ns 

Degrees 

% 

Degree 
dB 
dB 
dB 

dB 
dB 

nVly'Hz 

pAly'Hz 

V 
V 
V 
V 
±V 
±V 
±V 
±V 
±V 

rnA 
kO 
pF 
n 

±18 V 
6.0 rnA 
7.418.3 rnA 
6.8 rnA 
8.0/9.0 rnA 

AU min and max specificatioos are guarsnteed. Specifications in boldface are tested on aU production uDits at final electrical test. All others are guarsnteed but not 
necessarily tested. 
Specifications subject to change without notice. 
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Model Conditions Vs 

INPUT OFFSET VOLTAGE' ±SV 
±ISV 

Tmia to Tmax ±SV 
±ISV 

Offset Drift ±SV, ±ISV 

INPUT BIAS CURRENT ±SV, ±ISV 
TmintoTmax ±SV, ±ISV 

INPUT OFFSET CURRENT ±SV, ISV 
Tmin to Tmi.a ±SV, ISV 

Offset Current Drift ±SV, ISV 

OPEN LOOP GAIN Vo - ±2.SV ±SV 
RLOAD = SOOO 
Tmin to Tmu: 
RLOAD = ISOO 
VOUT = ±IOV ±15V 
RLOAD = Ikfi 
TmiD to Tmax 

DYNAMIC PERFORMANCE 
Gain Bandwidth AvcL"'2S ±SV 

±ISV 
Full Power Bandwidth' Vo = 2V p-p, 

RL = soon ±5V 
Vo = 20V p-p, 

RL = Ikfi ±ISV 
Slew Rate ±SV 

RLOAD = Ikfi ±ISV 
Settling Time to 0.1 % -2.5V to +2.SV ±5V, 

IOV Step, Av = - 24 ±ISV 
Phase Margin CLOAD = IOpF ±ISV 

RLOAD = Ikfi 

DIFFERENTIAL GAIN f= 4.4MHz ±ISV 

DIFFERENTIAL PHASE f= 4.4MHz ±15V 

COMMON-MODE REJECTION VCM - ±2.SV ±SV 
VCM = ±12V ±ISV 
Tmin to Tmu: 

POWER SUPPLY REJECTION VS = ±4.SV to ±18V 
Tmin to Tmax 

INPUT VOLTAGE NOISE f = 10kHz ±15V 

INPUT CURRENT NOISE f = 10kHz ±15V 

INPUT COMMON-MODE 
VOLTAGE RANGE ±5V 

±15V 

OUTPUT VOLTAGE SWING RLOAD = 5000 ±SV 
RLOAD = 1500 ±SV 
RLOAD = son ±SV 
RLOAD = Ikfi ±15V 
RLOAD = 5000 ±15V 

SHORT CIRCUIT CURRENT ±15V 

INPUT RESISTANCE 

INPUT CAPACITANCE 

OUTPUT RESISTANCE OPen Loop 

POWER SUPPLY 
Operating Range 
Quiescent Current ±5V 

Tmin to TDUlX 

±ISV 
T_toT_ 

NOTES 
'Input offset voltage specifications are gusranteed after S minutes at TA = +25"C. 
'Full power bandwidth = slew rate/2" VPEAK' Refer to Figure 1. 

AD849J 
Min Typ 

0.3 
0.3 

2 

3.3 

SO 

0.3 

30 SO 
20 

32 

45 8S 
30 

S20 
72S 

20 

4.7 
200 

225 300 
65 
80 

60 

0.08 

0.04 

100 liS 
100 115 
96 

98 120 
94 

3 

1.5 

+4.3 
-3.4 
+14.3 
-13.4 

3.0 3.6 
2_5 3 

1.4 
12 
10 

32 

25 

1.5 

IS 

:1:4.5 
4.8 

5.1 

AD848/AD849 
AD849A1S 

Max Min Typ Max Units 

1 0.1 0.75 mV 
1 0.1 0.75 mV 
1.3 1.0 mV 
1.3 1.0 mV 

2 fJovrc 

6.6 3.3 6.615 p.A 
7.2 7.5 p.A 

300 SO 300 nA 
400 400 nA 

0.3 nArc 

30 SO V/mV 
20115 V/mV 

32 VlmV 

45 8S V/mV 
30125 V/mV 

S20 MHz 
72S MHz 

20 MHz 

4.7 MHz 
200 V/fJos 

22S 300 VlfJos 
65 os 
80 os 

60 Degrees 

0.08 % 
0.04 Degree 

100 115 dB 
100 115 dB 
96 dB 

98 120 dB 
94 dB 

3 nV/y'Hz 

1.5 pAly'Hz 

+4.3 V 
-3.4 V 
+14.3 V 
-13.4 V 

3.0 3.6 ±V 
2.5 3 ±V 

1.4 ±V 
12 ±V 
10 ±V 

32 mA 
2S kfi 

1.5 pF 

IS n 

:US :1:4.5 :l:1S V 
6.0 4.8 6.0 mA 
7.4 7.418.3 mA 
6.S S.I 6.S mA 
8.0 8.019.0 mA 

All min aod max specifications are gusranteed. Specifications in boldface are tested on all production units at fmal electrical test. All others are gusranteed but not 
necessarily tested. 
Specifications subject to ~ without notice. 
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AD848/AD849 
ABSOLUTE MAXIMUM RATINGS l 

METALIZATION PHOTOGRAPH 
Supply Voltage ........................... ±ISV 
Internal Power Dissipation2 

Plastic (N) .......................... 1.1 Watts 

Contact factory for latest dimensions. (AD848 and AD849 are identical 
except for the part number in the upper right.) 

Dimensions shown in inches aDd (mm). 

Small Outline (R) ...................... 0.9 Watts 
Cerdip (Q) .......................... 1.1 Watts 

Input Voltage ............................. ±Vs 
Differential Input Voltage ..................... + 6V 
Storage Temperature Range (Q) ......... -65°C to + 150°C 

(N, R) ........................ -65°C to + 125°C 
Junction Temperature ...................... + 175°C 
Lead Temperature Range (Soldering 60sec) ........ +300°C 

lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

'Mini-DIP Package: a'A = llO"ClWatt 
Cerdip Package: a'A = 1l0"ClWatt 
Small Outline Package: a'A = ISS"ClWatt. 

ORDERING GUIDE 

Gain Min Max 
Bandwidth Stable Offset Voltage 

Model MHz Gain mV 

ADS4SJN 175 5 1 
ADS4SJR2 175 5 I 
ADS4SAQ 175 5 1 
ADS4SSQ 175 5 1 
ADS4SSQ/SS3B 175 5 1 

ADS49JN 725 25 1 
ADS49JR2 725 25 I 
ADS49AQ 725 25 0.75 
ADS49SQ 725 25 0.75 
ADS49SQ/S83B 725 25 0.75 

ADS47J/A/S 50 1 1 

NOTES 

SUBSTRATE CONNECTED TO +Vs 

Temperature Package 
Range _oC Optionl 

o to +70 N-S 
o to +70 R-S 
-40 to +S5 Q-S 
-55 to + 125 Q-S 
-55 to +125 Q-S 

o to +70 N-S 
Oto +70 R-S 
-40 to +S5 Q-S 
-55 to + 125 Q-S 
-55 to + 125 Q-S 

See AD847 Data Sheet 

iN = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline information see Package 
Information section. 

'Plastic SOIC (R) available in tape and reel. AD848 available in S grade chips. AD849 available in 
J and S grade chips. 

2-410 OPERAnONALAMPLlFIERS REV. A 



HP3314A 
FUNCTION 

GENERATOR 
2.5MHz 

R,. 
4.99kfi 

+15V 

FET 
PROBE TEK 

7A24 
OSCillOSCOPE 

Figure 1. AD848 Inverting Amplifier Configuration 

Figure 1a. AD848 Large Signal 
Pulse Response 

Figure 1b. AD848 Small Signal 
Pulse Response 

OFFSET NULLING 
The input voltage of the AD848 and AD849 are very low for 
high speed op amps, but if additional nulling is required, the 
circuit shon in Figure 3 can be used. 

For high performance circuits it is recommended that a resistor 
(RB in Figures 1 and 2) be used to reduce bias current errors by 
matching the impedance at each input. The offset voltage error 
caused by the input currents is decreased by more than an order 
of magnitude. 

REV. A 

HP3314A 

R, 
12.5kfi 

+15V 

AD848/AD849 

G~N=R I-..... INI ............ FET 
PROBE TEK 

2.5MHz 7A24 
OSCIllOSCOPE 

Figure 2. AD849 Inverting Amplifier Configuration 

Figure 2a. AD849 Large Signal 
Pulse Response 

Figure 2b. AD849 Small Signal 
Pulse Response 

Figure 3. Offset Nulling 
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AD848/AD849-Typical Characteristics (@ +25OC and Vs=±l5Y, unless otherwise noted) . 

• 

/" 
V 

f----I-"" 

4. 10 15 20 
SUPPLY VOLTAGE - ±Volts 

Figure 4. Quiescent Current vs. 
Supply Voltage (AD848 and AD849) 
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• 
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100 1k 
LOAD RESISTANCE _ n 
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Figure 7, Open Loop Gain vs. 
Load Resistance (AD848) 
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Figure 10. Quiescent Current vs. 
Temperature (AD848 and AD849) 

2-412 OPERATIONAL AMPLIFIERS 

.. 
2S 

'\ 

~ 
~ 

..... ,1eO 

\ 
\ 

" • ,M 'OM 
INPUT FREQUENCY - HI: 

Figure 5. Large Signal Frequency 
Response (AD848 and AD849) 
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Figure 8. Open Loop Gain vs. 
Load Resistance (AD849) 
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Limit vs. Temperature (AD848 
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Figure 9. Output Swing and 
Err~r VB. Settling Time (AD848) 
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Figure 12. Input Bias Current VB. 

Temperature (AD848 and AD849) 
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Figure 13. Open Loop Gain and 
Phase Margin VS. Frequency (AD848) 
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Figure 16. Harmonic Distortion VS. 

Frequency (AD848) 

'00 

.. ~ ~ 
I~ +SUPPLY 

~ 

• ,. 'Ok 

-.UPP~ 
l"-. 
~ \.. 

,OOk 1M 
FREQUENCY-Hz 

" 
10M 100M 

Figure 19. Power Supply Rejection 
VS. Frequency (AD848) 
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Figure 14. Open Loop Gain and 
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VS. Frequency (AD849) 
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AD848/AD849-Applications 
GROUNDING AND BYPASSING 
In designing practical circuits with the AD848 or AD849, the 
user must remember that whenever high frequencies are 
involved, some special precautions are in order. Circuits must be 
built with shon interconnect leads. A large ground plane should 
be used whenever possible to provide a low resistance, low in
ductance circuit path, as well as minimizing the effects of high 
frequency coupling. Sockets should be avoided because the in
creased interlead capacitance can degrade bandwidth. 

Feedback resistors should be of low enough value to assure that 
the time constant fonned with the capacitances at the amplifier 
summing junction will not limit the amplifier perfonnance. Re
sistor values of less than 5kn are recommended. If a larger re
sistor must be used, a small « IOpF) feedback capacitor in 
parallel with the feedback resistor, RF , may be used to compen
sate for the input capacitances and optimize the dynamic perfor
mance of the amplifier. 

Power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. O.IJ.LF ceramic disc capacitors are 
recommended. 

VIDEO LINE DRIVER 
The AD848 functions very well as a low cost, high speed line 
driver of either terminated or unterminated cables. Figure 22 
shows the AD848 driving a doubly tenninated cable. . 

The tennination resistor, RT, (when equal to the characteristic 
impedance of the cable) minimizes reflections from the far end 
of the cable. While operating off ±5V supplies, the AD848 
maintains a typical slew rate of 200V/,..s, which means it can 
drive a ± I V, 24MHz signal on the terminated cable. 

A back-termination resistor (RBT, also equal to the characteristic 
impedance of the cable) maybe placed between the AD848 out
put and the cable in order to damp any reflected signals caused 
by a mismatch berween RT and the cable's characteristic imped
ance. This will result in a "cleaner" signal, although it requires 
that the op amp supply ±2V to the output in order to achieve a 
± I V swing at the line. 

R, 

+v. 

Figure 22. Video Line Driver 
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' .... 
LOAD 

'000" LOAD 

Figure 23. AD848 Driving a Capacitive Load 

Often termination is not used, either because signal integrity 
requirements are low or because too many high frequency sig
nals returned to ground contaminate the ground plane. Untermi
nated cables appear as capacitive loads. Since the AD848 and 
AD849 are stable into any capacitive load, the op amp will not 
oscillate if the cable is not terminated; however pulse integrity 
will be degraded. Figure 23 shows the AD848 driving both 
lOOpF and lOOOpF loads. 

LOW NOISE PRE-AMP 
The input voltage noise spectral densities of the AD848 and the 
AD849 are shown in Figure 24. The low wideband noise and 
high gain bandwidths of these devices makes them well suited as 
pre-amps for high frequency systems. 

2. 

1\ 
~ ~ AD848 

I'-. 
AD849 

o 
10 100 1k 10k tOOk 1M 10M 

FREQUENCY - Hz 

Figure 24. Input Voltage Noise Spectral Density 

Input voltage noise will be the dominant source of noise at the 
output in most applications. Other noise sources can be mini
mized by keeping resistor values as small as possible. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Improved Replacement for Signetics SE/NE5539 

AC PERFORMANCE 
Gain Bandwidth Product: 1.4 GHz typ 
Unity Gain Bandwidth: 220 MHz typ 
High Slew Rate: 600 V/ .... s typ 
Full Power Response: 82 MHz typ 
Open-Loop Gain: 47 dB min, 52 dB typ 

DC PERFORMANCE 
All Guaranteed DC Specifications Are 100% Tested 

For Each Device Over Its Full Temperature 
Range - For All Grades and Packages 

Vos: 5 mV max Over Full Temperature Range 
(AD5539S) 

Is: 20 p.A max (AD5539J) 
CMRR: 70 dB min. 85 dB typ 
PSRR: 100 .... V/V typ 
MIL-STD-883B Parts Available 

PRODUCT DESCRIPTION 
The AD5539 is an ultrahigh frequency operational amplifier de
signed specifically for use in video circuits and RF amplifiers. 
Requiring no external compensation for gains greater than 5, it 
may be operated at lower gains with the addition of external 
compensation. 

As a superior replacement for the Signetics NElSE5539, each 
AD5539 is 100% dc tested to meet all of its guaranteed dc speci
fications over the full temperature range of the device. 

The high slew rate and wide bandwidth of the AD5539 provide 
low cost solutions to many otherwise complex and expensive 
high frequency circuit design problems. 

The AD5539 is available specified to operate over either the 
commercial (AD5539JN/JQ) or military (AD5539SQ) tempera
ture range. The commercial grade is available either in 14-pin 
plastic or cerdip packages. The military version is supplied in 
the cerdip package. Chip versions are also available. 

REV. A 

Ultrahigh Frequency 
Operational Amplifier 

AD5539 I 
CONNECTION DIAGRAM 

Plastic DIP (N) Package 
or Cedip (Q) Package 

NONINVERTING 
INPUT 

PRODUCT HIGHLIGHTS 

INVERTING 
INPUT 

NC 

FREQUENCY 
COMPENSATION 

NC 

+V. 

I. All guaranteed dc specifications are 100% tested. 

2. The AD5539 drives 50 n and 75 n loads directly. 

3. Input voltage noise is less than 4 nVy'Hz. 

4. Low cost RF and video speed performance. 

5. ±2 volt output range into a ISO n load. 

6. Low cost. 

7. Chips available. 
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AD5539 - SPECIFICATIONS (@ +25°C and Ys = ±B Y dc, unless otherwise noted) 

ADSS39J AD5539S 
Parameter Min Typ Max Min Typ Max Uaits 

INPUT OFFSET VOLTAGE 
Iaitial Offsetl 2 5 2 3 mV 

Tmm to Tmax 6 5 mV 

INPUT OFFSET CURRENT 
Iaitial Offset 0.1 2 0.1 1 !IA 

Tmm toTmax 5 3 !IA 
INPUT BIAS CURRENT 

Initial2 

VCM = 0 6 20 6 13 !IA 
Either Input 

T min to Tmax 40 25 ,..A 

FREQUENCY RESPONSE 
RL = 15003 

Small Signal Bandwidth 220 220 MHz 
Acr. = 24 

Gain Bandwidth Product 1400 1400 MHz 
AcL = 26 dB 

Full Power Response 
AcL = 24 68 68 MHz 
AcL=7 82 82 MHz 
AcL = 20 65 65 MHz 

Settling Time (1 %) 12 12 ns 
Slew Rate 600 600 V/l'os 
Large Signal Propagation Delay 4 4 ns 
Total Hannonic Distortion 

RL = oc 0.010 0.010 % 
RL = 100 0 3 0.016 0.016 % 
VOUT = 2 Vp-p 
AcL = 7, f = 1 kHz 

INPUT IMPEDANCE 100 100 kn 

OUTPUT IMPEDANCE (f <10 MHz) 2 2 0 

INPUT VOLTAGE RANGE 
Differentials 

(Max Nondestructive) 250 250 mV 
Common-Mode Voltage 

(Max Nondestructive) 2.5 2.5 V 
Common-Mode Rejection Ratio 

AVCM = 1.7 V 
Rs=lOOO 70 85 70 85 dB 
Tmin to Tmax 60 60 dB 

INPUT VOLTAGE NOISE 
Wideband RMS Noise (RT!) 5 5 I'oV 

BW = 5 MHz; Rs = 50 0 
Spot Noise 4 4 nVy'Hz 

F= lkHz;Rs =500 

OPEN-LOOP GAIN 
Vo = +2.3 V, -1.7 V 
RL = 15003 47 52 58 47 52 58 dB 
RL = 2 ill 47 58 48 57 dB 
Tmin to Tmax -RL = 2 kO 43 63 46 60 dB 
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ADSS39J ADSS39S 
Parameter Min Typ Max Min Typ Max 

OUTPUT CHARACTERISTICS 
Positive Output Swing 

RL = ISO 03 +2.3 +2.8 +2.3 +2.8 
RL =2kO +2.3 +3.3 +2.5 +3.3 
T nUn to T max with 

RL = 2 kO +2.3 +2.3 
Negative Output Swing 

RL = 15003 -2.2 -1.7 -2.2 -1.7 
RL = 2kO -2.9 -1.7 -2.9 -2.0 
T nUn to T max with 

RL =2kO -1.5 -1.5 

POWER SUPPLY (No Load, No Resistor to -Vs) 
Rated Perfonnance ±8 ±8 
Operating Range ±4.5 ±10 ±4.5 ±10 
Quiescent Current 

Initial Icc+ 14 18 14 17 
Tmin to Tmax 20 18 

Initial Icc- 11 15 11 14 
TnUn to Tmax 17 15 

PSRR 
Initial 100 1000 100 1000 
T nUn to Tmax 2000 2000 

TEMPERATURE RANGE 
Operating, 

Rated Perfonnance 
Commercial (0 to + 7O"C) AD5539JN, ADS539JQ 
Military ( - 550C to + 125OC) ADS539SQ 

PACKAGE OPTIONS6 

Plastic (N-14) AD5539JN 
Cerdip (Q-14) ADS539JQ AD5539SQ, ADS539SQ/883B 
J and S Grade Chips Available 

NOTES 
'Input OffiIet Voltage specifications are guaranteed after 5 minutes of operation at TA ~ +25"C. 
'Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at T A ~ + 25"C. 
'Rx ~ 470 n to -Vs. 
'Externally compensated. 
'Defined as voltage between inputs, sueb that neither exceeds +2.5 V, -5.0 V from ground. 
"For outline information see Package Information section. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

AD5539 

Units 

V 
V 

V 

V 
V 

V 

V 
V 

rnA 
rnA 
rnA 
rnA 

".VN 
".VN 
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AD5539 
ABSOLUTE MAXIMUM RATINGS· 
Supply Voltage ........................... ± 10 V 
Internal Power Dissipation .................. 550 mW 

OFFSET NULL CONFIGURATION 

Input Voltage ............••....•.• +2.5 V, -5.0 V 
Differential Input Voltage ................... ; 0.25 V 
Storage Temperature Range (Q) ......... -65"C to + 150°C 

+Vs 

Storage Temperature Range (N) ......... -65°C to + 125"C 
Operating Temperature Rauge 201c >4-"""~_-""" 

AD5539JN ......................... 0 to + 70"C 
AD5539JQ ......................... 0 to + 70°C 
AD5539SQ .............•...•... -55"C to + 125°C -Vs 

Lead Temperature Range (Soldering 60 Seconds) ..... 300°C 

NOTE V'N OR GROUND 
'StreSses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a streSs rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

OUTPUT NULL RANGE", +V. (R~LL) TO -V. (R~LL) 
OFFSET NULL CONFIGURATION 

2-418 OPERAnONALAMPLlFIERS 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 

-INPUT 
14 

FREQ 
COMP 

12 
+Vs OUTPUT 
10 8 
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AD5539 
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FREQUENCY 
COMPENSATION 

Figure 12. AD5539 Circuit 

FUNCTIONAL DESCRIPTION 
The AD5539 is a two-stage, very high frequency amplifier. Dar
lington input transistors QI, Q4 -Q2, Q3 form the first stage -
a differential gain amplifier with a voltage gain of approximately 
SO. The second stage, Q5, is a single-ended amplifier whose in
put is derived from one phase of the differential amplifier out
put; the other phase of the differential output is then summed 
with the output of Q5. The all NPN design of the AD5539 is 
configured such that the emitter of Q5 is returned, via a small 
resistor to ground; this eliminates the need for separate level 
shifting circuitry. 

The output stage, consisting of transistors Q9 and QIO, is a 
Darlington voltage follower with a resistive pull-down. The bias 
section, consisting of transistors Q6, Q7 and Q8. provides a sta
ble emitter current for the input section, compensating for tem
perature and power supply variations. 

SOME GENERAL PRINCIPLES OF HIGH FREQUENCY 
CIRCUIT DESIGN 
In designing practical circuits with the AD5539, the user must 
remember that whenever very high frequencies are involved, 
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some special precautions are in order. All real-world applications 
circuits must be built using proper RF techniques: the use of 
short interconnect leads, adequate shielding, groundplanes, and 
very low profIle IC sockets. In addition, very careful bypassing 
of power supply leads is a must. 

Low-impedance transmission line is frequently used to carry 
signals at RF frequencies: 50 n line for telecommunications pur
poses and 75 n for video applications. The AD5539 offers a rel
atively low output impedance; therefore, some consideration 
must be given to impedance matching. A common matching 
technique involves simply placing a resistor in series with the 
amplifier output that is equal to the characteristic impedance of 
the transmission line. This provides a good match (although at a 
loss of 6 dB), adequate for many applications. 

All of the circuits here were built and tested in a 50 n system. 
Care should be taken in adapting these circuits for each particu
lar use. Any system which has been properly matched and ter
minated in its characteristic impedance should have the same 
small signal frequency response as those shown in this data sheet. 
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APPLYING THE AD5539 
The ADSS39 is stable for closed-loop gains of 4 or more as an 
inverter and at (noise) gains of 5 or greater as a voltage follower. 
This means that whenever the AD5539 is operated at noise gains 
below 5, external frequency compensation must be used to 
insure stable operation. 

The following sections outline specific compensation circuits 
which permit stable operation of the ADSS39 down to follower 
(noise) gains of 3 (inverting gains of 2) with corresponding 
- 3 dB bandwidths up to 390 MHz. External compensation is 
achieved by modifying the frequency response to the ADSS39's 
external feedback network (i.e., by adding lead-lag compensa
tion) so that the amplifier operates at a noise gain of 5 ( or more) 
at frequencies over 44 MHz, independent of signal gain. 
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Figure 13. Small Signal Open-Loop Gain and 
Phase vs. Frequency 

GENERAL PRINCIPLES OF LEAD AND LAG 
COMPENSATION 
The ADSS39 has its first pole or breakpoint in its open-loop 
frequency response at about 10 MHz (see Figure 13). At fre
quencies beyond 100 MHz, phase shift increases such that the 
output lags the input by 1800 - well before the unity gain 
crossover frequency. Therefore, severe peaking (and possible 
oscillation) will result if the ADSS39 is operated at noise gains 
below 5, unless external compensation is employed. Figure 14 
shows the uncompensated closed-loop frequency response of the 
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Figure 14. AD5539 Uncompensated Response, Closed
Loop Gain = 7 
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Applying the AD5539 
ADS539 when operating at a noise gain of 7. Under these condi
tions, excess phase shift causes nearly 10 dB of peaking at 
ISO MHz. 

Figure 15 illustrates the use of both lead and lag compensation 
to permit stable low-gain operation. The AD5539 is shown con
nected as an inverting amplifier with the required external com
ponents added to provide stability and improve high frequency 
response. The stray capacitance between the amplifier summing 
junction and ground, C:x, represents whatever capacitance is as
sociated with the particular type of op amp package used plus 
the stray wiring capacitance at the summing junction. 

Evaluating the lead capacitance first (ignoring RLAG and CLAG 

for now): the feedback network, consisting of R2 and CLEAD, 

has a pole frequency equal to: 

1 
FA = 

21T (CLEAD + Cx) (Rl II R2) 

and a zero frequency equal to: 

FB 
21T (Rl x CLEAD) 

Usually, frequency FA is made equal to FB ; that is, (RICx) = 
(R2 CLEAD), in a manner similar to the compensation used 
for an attenuator or scope probe. However, if the pole fre
quency , FA> will lie above the unity gain crossover frequency 
(440 MHz), then the optimum location ofFB will be near the 

1nF 

"NOISE GAIN- = ~ + 1 

-v • 

(1) 

(2) 

Figure 15. Inverting Amplifier Model Showing Both Lead 
and Lag Compensation 

VOUT O-..... -'VI/V-........ - .... --..... -O v" 

R1 

. Figure 16. A Model of the Feedback Network of the 
Inverting Amplifier 
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AD5539 
crossover frequency. Both of these circuit techniques add a large 
amount of leading phase shift at the crossover frequency, greatly 
aiding stability. 

The lag network (RLAG' CLAG) increases the feedback attenua
tion, i.e., the amplifier operates at a higher noise gain, above, 
some frequency, typically one-tenth of the crossover frequency. 
As an example, to achieve a noise gain of 5 at frequencies above 
44 MHz, for the circuit of Figure IS, would require a network 
of: 

RLAG 
RI 

(4RIIR2) -I 
(3) 

and ... 

CLAG = 21T RLAG (44 x 106) 
(4) 

It is worth noting that an RLAG resistor may be used alone, to 
increase the noise gain above 5 at all frequencies. However, this 
approach has the disadvantage of also increasing the dc offset 
and low frequency noise errors by an amount equal to the in
crease in gain, in this case, by a factor of 5. 

SOME PRACTICAL CIRCUITS 
The preceding general principles may now be applied to some 
actual circuits. 

A General Purpose Inverter Circuit 
Figure 17 is a general purpose inverter circuit operating at a 
gain of -2. 

For this circuit, the total capacitance at the inverting input is 
approximately 3 pF; therefore, CLEAD from Equations 1 and 2 
needs to be approximately 1.5 pF. As shown in Figure 17, a 
small trimmer is used to optimize the frequency response of this 
circuit. Without a lag compensation network, the noise gain of 
the circuit is 3.0 and, as shown in Figure 18, the output ampli
tude remains within ±0.5 dB to 170 MHz and the -3 dB band
width is 200 MHz. 

CLEAD 0.' - 2.5pF TRIMMER 

-8V 

Figure 17. A General Purpose Inverter Circuit 

2-422 OPERA nONALAMPLlFIERS 

6011 
IOR1Ii1ll 

+. 

, -" '00' 

-"-

~ 

r-. 

1M 10M 100M 'G 
FREQUENCY - Hz 

Figure 18. Response of the (Figure 17) Inverter Circuit 
without a Lag Compensation Network 

A lag network (Figure IS) can be added to improve the response 
of this circuit even further as shown in Figures 19 and 20. In 
almost all cases, it is imperative to make capacitor CLEAD ad
justable; ill some cases, CLAG must also be variable. Otherwise, 
component and circuit capacitance variations will dominate cir
cuit performance. 
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Figure 19. Response of the (Figure 17) Inverter Circuit 
with an RLA'G Compensation Network Employed 
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Figure 20. Response of the (Figure 17) Inverter Circuit 
with an RIAG and a CLAG Compensation Network 
Employed 
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Figures 21 and 22 show the small and large signal pulse re
sponses of the general purpose inverter circuit of Figure 17, 
with Cr.BAD=I.5 pF, RLAG=330 n and CLAG=3.5 pF. 

Figure 21. Small Signal Pulse Response of the (Figure 17) 
Inverter Circuit; Vertical Scale: 50 mVidiv; Horizontal 
Scale: 5 ns/div 

Figure 22. Large Signal Response of the (Figure 17) In
verter Circuit; Vertical Scale::200 mVidiv, Horizontal 
Scale: 5 ns/div . 

A CLEAD capacitor may be used to limit the circuit bandwidth 
and to achieve a single pole response free of overshoot 

(-3dB. frequmcy =2TrR21CLEAD) 

If this option is selected, it is recommended that a CLBAD be 
connected between Pin 12 and the summing junction, as shown 
in Figure 23. Pin 12 provides a separately buffered version of 
the output signal. Connecting the lead capacitor here avoids the 
excess output-stage phase shift and subsequent oscillation prob
lems (at approx. 350 MHz) which would otherwise occur when 
using the circuit of Figure 17 with a CLEAD of more than about 
2pF. 

Figure 24 shows the response of the circuit of Figure 23 for 
each connection of CLBAD. Lag components may also be added 
to this circuit to further tailor its response, but, in this case, the 
results will be slightly less satisfactory than connecting CLEAD 
directly to the output, as was done in Figure 17. 
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AD5539 
R2 

2k +8V 

-IV 

Figure 23. A Gain of 2 Inverter Circuit with the CLEAD Ca
pacitor Connected to Pin 12 

+20 

III +10 , 

~ 
~ -10 

~ o -20 

~ 
co 
iii -30 

i .. -40 

-50 
lOOk 

~ 
C,_ 

TOOUTPUT f\. 
I~ f 

c,. ... 

"' PIN 12 , 
~ 

1M 10M 100M lG 
FREQUENCY - Hz 

Figure 24. Response of the Circuit of Figure 23 with 
CLEAD = 10pF 

A General Purpose Voltage Follower Circ:uit 
Noninverting (voltage follower) circuits pose an additional com
plication, in that when a lag network is used, the source imped
ance will affect the noise gain. In addition, the slightly greater 
bandwidth of the noninverting configuration makes any excess 
phase shift due to the output stage more of a problem. 

For example, a gain of 3 noninverting circuit with CLEAD con
nected normally (across the feedback resistor - Figure 25) will 
require a source resistance of 200 n or greater to prevent UHF 
oscillation; the extra source resistance provides some damping as 
well as increasing the noise gain. The frequency response plot of 
Figure 26 shows that the highest - 3 dB frequency of all the 
applications circuits can be achieved using this connection, un
fortunately, at the expense of a noise gain of 14.2. 
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Figure 25. A Gain of 3 Follower with Both Lead and Lag 
Compensation 
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Figure 26. Response of the Gain of 3 Follower Circuit 

Adding a lag capacitor (Figure 27) will greatly reduce the mid
band and low frequency noise gain of the circuit while sacrific
ing only a small amount of bandwidth as shown in Figure 28. 

-IV 

Figure 27. A Gain of 3 Follower Circuit with Both CLEAD 
and RUG Compensation 
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Figure 28. Response of the Gain of 3 Follower with CLEAD< 
CUG and RUG 

These same principles may be applied when capacitor ~D is 
connected to Pin 12 (Figure 29). Figure 30 shows the bandwidth 
of the gain of 3 amplifier for various values of RLAG• It can be 
seen from these response plots that a high noise gain is still 
needed to achieve a reasonably flat response (the smaller the 
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Figure 29. A Gain of 3 Follower Circuit with CLEAD 
Compensation Connected to Pin 12 
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Figure 30. Response of the Gain of 3 Follower Circuit with 
CLEAD Connected to Pin 12 

REV. A 



value of RLAG, the higher the noise gain). For example, with a 
220 n RLAG and a 50 n source resistance, the noise gain will be 
12.8, because the source resistance affects the noise gain. 

Figures 31 and 32 show the small and large signal responses of 
the circuit of Figure 29. 

Figure 31. The Small-Signal Pulse Response of the Gain 
of 3 Follower Circuit with RLAG and CLEAO Compensation 
to Pin 12; Vertical Scale: 50 mVidiv; Horizontal Scale: 
5 nsldiv 

Figure 32. The Large-Signal Pulse Response of the Gain 
of 3 Follower Circuit with RLAG and CLEAO Compensation 
to Pin 12; Vertical Scale: 200 mVidiv; Horizontal Scale: 
5 nsldiv 

A Video Amplifier Circuit with 20 dB Gain (Terminated) 
High gain applications (14 dB and up) require only a small lead 
capacitance to obtain flat response. The 26 dB (20 dB termi
nated) video amplifier circuit of Figure 33 has the response 
shown in Figure 34 using only approximately 0.5-1 pF lead 
capacitance. Again, a small CLEAD can be connected, either to 
the output or to Pin 12 with very little difference in response. 
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Figure 33. A 20 dB Gain Video Amplifier for 75 n Systems 
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Figure 34. Response of the 20 dB Video Amplifier 

In color video applications, the quality of differential gain and 
differential phase response is very important. Figures 35 and 36 
show a circuit and test setup to measure the AD5539's response 
to a modulated ramp signal (0-90 IRE p-p ramp, 40 IRE p-p. 
modulation, 4.4 MHz). 

Figures 37 and 38 show the differential gain and phase response. 
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O.1-2.5pF 
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1nF 
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148.9U 
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Figure 35. Differential Gain and Phase Measurement 
Circuit 

RAMP 
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Figure 36. Differential Gain and Phase Test Setup 
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Figure 37. Differential Gain vs. Ramp Amplitude 
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Figure 38. Differential Phase vs. Ramp Amplitude 

MEASURING AD5539 SETTLING TIME 
Measuring the Very rapid settling times associated with AD5539 
can be a real problem for the designer; proper component layout 
must be used and appropriate test equipment selected. In addi
tion, both cable dispersion (a function of cable losses) and the 
quality of termination (SWR) directly affect the measurement. 
The circuit of Figure 39 was used to make a "brute force" 
AD5539 settling time measurement. The fixture containing the 
circuit was connected directly - using a male BNC connector 
(but no cable) - onto the front of a 50 0 input oscilloscope 
preamp. A digital mainframe was then used to capture, average, 
and expand the error signal. Most of the small-scale waveform 
aberrations shown on the figure were caused by the oscilloscope 
itself, especially the glitch at 15 ns. The pulse source used for 
this measurement was an EH-SPGZOOO pulse generator set for a 
1 ns rise-time; it was coupled directly to the circuit using 18" of 
microwave 50 0 hard line. 

430U 
TO 

TEKTRONICS ~. 
~~ ~~~~---------------------, 

OSCIUOSCOP~ 
PREAMP -= 

EHSPG2000 
PULSE 

GENERATOR 

430U 

510 

son 

-IV 

Figure 39. AD5539 Settling Time Test Circuit 
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APPLICATIONS SUMMARY CHART 

Rl R21 RLAG CtAG1 CLEAD1 GAIN 

Gain = -lto-5 
Circuit of Fig. 17 R2 2k RI I 3pF -2 

G ;;;~ ~ 211"(44 x IW) RUG -6 
4R2 - I 

Gain = -I to-5 
Circuit of Fig. 23 R2 2k RI I 3pF -2 

- ;;;--- ~ 211"(44 x lW) RUG -6 G RI 
4R2 - I 

Gain = -2 to +53 

Circuit of Fig. 27 R2 2k Rl I 3pF +3 
-- ;;; ~ 2 11" (44 x lW) RUG - G-I G-I RI 

10 R2 - I 

Gain = +2 to +5' 
Circuit of Fig. 29 R2 2k RI NA 3 pF +3 

-- ;;; 
=G-I G-I RI 

10 R2 - I 

Gain < -5 R2 1.5 k NA NA TrimmerS -20 

G 
Gain >+5 R 1.5k NA NA TrimmerS +20 

--
G-I 

NOTES 
G=Gain NA=Not Applicable 
'Values given for specific results summarized here-applications can be adapted for values different than those specified. 
'It is recommended that CLEAD and CLAG be trimmers covering a range that includes the computed value above. 
3RsoURCE 2:200 fi. 
4RsoURCE 2::50 fi. 
'Use Voltronics CPA2 0.1-2.5 pF Teflon Trimmer Capacitor (or equivalent). 

The photos of Figures 40 and 41 demonstrate how the AD5539 
easily setdes to 1% (1 mY) in less than 12 OS; setding to 0.1% 
(100 .... V) requires less than 25 ns. 

AD5539 

GAIN 3dB 
FLATNESS BANDWIDm 
(TRIMMED) 

±0.2 dB 200 MHz 

±ldB 180 MHz 

±I dB 390 MHz 

±0.5 dB 340 MHz 

±0.2dB 80 MHz 

±0.2 dB 80 MHz 

Figure 40. Error Signal from AD5539 Settling Time Test 
Circuit - Falling Edge. Vertical Scale: 5 nsldiv.; Horizontal 
Scale: 500 p.Vldiv 

Figure 41. Error Signal from AD5539 Settling Time Test 
Circuit - Rising Edge. Vertical Scale: 5 nsldiv.; Horizontal 
Scale: 500 p.Vldiv 
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AD5539 
Figure 42 shows the oscilloscope response of the generator alone, 
set up to simulate the ideal test circuit error signal (Figure 43). 

Figure 42. The Oscilloscope Response Alone Directly 
Driven by the Test Generator. Vertical Scale: 5 ns/div.; 
Horizontal Scale: 500 jJ.Vldiv 

A 50 MHz VOLTAGE-CONTROLLED AMPLIFIER 
Figure 44 is a circuit for a 50 MHz voltage-controlled amplifier 
(VCA) suitable for use in high quality video-speed applications. 
This circuit uses the AD5539 as an output amplifier for the 
AD539, a high bandwidth multiplier. The outputs from the two 
signal channels of the AD539 are applied to the op amp in a 
subtracting configuration. This connection has two main advan
tages: first, it results in better rejection of the control voltage, 
particularly when over-driven (Vx<O or Vx >3.3 V). Secondly, 
it provides a choice of either noninverting or inverting re
sponses, using either input VY1 or Vy2, respectively. In this cir
cuit, the output of the op amp will equal: 

VOUT Vx (VY~V- Vyz) for Vx>O 

• 
~----::=-::-~"""-1' CONTROL 

01: THOMPSON-C$F BAR-l00H SIMILAR SCHOTTKY DIODE '¢' SHORT. DIRECT CONNECTION TOGROUNDPLANE. 
2.711 

-.v 

+9V 

2.7U 

R, 
470n 

Figure 44. A Wide Bandwidth Voltage-Controlled Amplifier 
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f H INDUSTRIES 
J1.. SPG2000 PULSE GENERATOR OUTPUT 

--,--
IV 

Figure 43. A Simulated Ideal Test Circuit Error Signal 

Hence, the gain is unity at Vx = +2 V. Since Vx can over
range to +3.3 V, the maximum gain in this configuration is 
about 4.3 dB. (Note: If Pin 9 qf the AD539 is grounded, rather 
than connected to the output of the 5539N, the maximum gain 
becomes 10 dB.) 

The bandwidth of this circuit is over 50 MHz at full gain, and is 
not substantially affected at lower gains. Of course, when V x is 
zero (or slightly negative, to override the residual input offset) 
there is still a sma1l amount of capacitive feedthrough at high 
frequencies; therefore, extreme care is needed in laying out the 
PC board to minimize this effect. Also, for sma1l values of V x' 
the combination of this feedthrough with the multiplier output 
can cause a dip in the response where they are out of phase. 
Figure 45 shows the ac response from the noninverting input, 
with the response from the inverting input, Vy2, essentially 
identical. Test conditions: VY1 = 0.5 V rms for values of Vx 
from + 10 mV to +3.16 V; this is with a 75 n load on the out
put. The feedthrough at Vx = -10 mV is also shown. 

'0 
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!fl 
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~-30 
II! 
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-50 , 

Vx '" +3.162V 

~""'+lV 

V,,= +O.316V 

V,,=+O.lV 

Yx - +O.032V 

Vx=+O.OlV 

VJ-O'01V 

-='" 
1,\ 

~ 
1,\ 

...... 
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::--, 
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.-: ~ 

i-"'f-'" V 
....... ,. '00 
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Figure 45. AC Response of the VCA at Different Gains 
Vy = 0.5VRMS 
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The transient response of the signal channel at V x = +2 V, 
Vy = VOUT = + or -I V is shown in Figure 46; with the VCA 
driving. a 75 n load. The rise and fall times are both approxi
mately 7 ns. 

A few fmal circuit details: in general, the control amplifier com
pensation capacitor for Pin 2, Ce, must have a minimum value 
of 3000 pF (3 nF) to provide both circuit stability and maxi
mum control bandwidth. However, if the maximum control 
bandwidth is not needed, then it is advisable to use a larger 
value ofCe, with typical values between 0.01 and O.IIJ.F. Like 
many aspects of design, the value of Ce will be a tradeoff: 
higher values of Ce will lower the high frequency distortion, 
reduce the high frequency crosstalk and improve the signal 
channel phase response. Conversely, lower values of Ce will pro
vide a higher control channel bandwidth at the expense of de
graded linearity in the output response when amplitude 
modulating a carrier signal. 

The control channel bandwidth will vary in inverse proportion 
to the value of Ce, providing a typical bandwidth of 2 MHz 
with a Ce of O.OIIJ.F and a Vx voltage of +1.7 volts. 

Both the bandwidth and pulse response of the control channel 
can be further increased by using a feedforward capacitor, Cff, 

with a value between 5 and 20 percent of Ce. Ctr should be 
carefully adjusted to give the best pulse response for a particular 
step input applied to the control channel. Note that since Ctr is 
connected between a linear control input (Pin I) and a logarith-

AD5539 

VOUT 

v,. 

Figure 46. Transient Response of the Voltage-Controlled 
Amplifier Vx = +2 Volts, Vy = ±1 Volt 

mic ·node, the settling time of the control channel with a pulse 
input will vary with different control input step levels. 

Diode DI clamps the logarithmic control node at Pin 2 of the 
AD539, (preventing this point from going too negative); this 
diode helps decrease the circuit recovery time when the control 
input goes below ground potential. 

THE AD53915539 COMBINATION AS A FAST, LOW 
FEEDTHROUGH, VIDEO SWITCH 
Figure 47 shows how the ADS39/SS39 combination can be used 
to create a fast video speed switch suitable for many high fre-

750 J3 

~--~~--~------------~----~--~~~6t~UT 

REV. A 

SIGNAL 

-& DENOTES SHORT. 
DIRECT CONNECTION 
TO GROUND PLANE 

Rx 
.470n 

52.3n J4 7511 n'" 1V (OFF) 
t----.~~~--~~CONTROL~ L-

88711 22.4l1 ~ INPUT 0 (ON) 

-9V 
'VALUE WILL VARY SLIGHTLY 
WITH COMPONENT LAYOUT 

Figure 47. An Analog Multiplier Video Switch 
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AD5539 
quency applications including color key switching. It features 
both inverting and noninverting inputs and can provide an out
put of :!: 1 V into a reverse-terminated 75 n load (or :!:2. V into 
150 n). An optional output offset adjustment is provided. The 
input range of the video switch is the same as the output range: 
:!: 1 V at either input generates:!: 1 V (noninverting) or :;: 1 V 
(inverting) across the 75 n load. The circult provides a gain of 
about 1, when "ON," or ,zero when "OFF." 

The differential configuration uses both channels of the AD539 
not only to provide alternative input p~, but also to elimi
nate the switching pedestal due to step changes in the output 
current as the AD539 is gated on or off. 

Figure 49 shows the response to a pulse of 0 to + 1 V on the 
signal channel. With the control input held at zero, the rise time 
is under 10 ns. The response from the inverting input is similar. 

Figure 48. The Control Response of the Video Switcher 
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The differential-gain and differential-phase characteristics of this 
switch are compatible with video applications. The incremental 
gain changes less than 0.05 dB over a signal window of 0 to 
+ 1 V, with a phase variation of less than 0.5 degree at the sub
carrier frequency of 3.58 MHz. The noise level of this circuit 
measured at the 75 n load is typi<;ally 2.00 ,... V in a 0 to 5 MHz 
bandwidth or approximately 100 nV per root hertz. The noise 
spectral density is essentially flat to 40 MHz. 

The waveforms shown in Figures 48 and 49 were taken across a 
75 n termination; in both photos, the signal of 0 to + IV (in 
this case, an offset sine wave lit 1 MHz) was applied to the non
inverting input. In Figure 48, the envelope response shows the 
output being fully switched in about 50 m. Note that the output 
is ON when the control input is zero (or more negative) and 
OFF for a control input of + 1 V or more. There is very little 
control-signal breakthrough. 

Figure 49. The Signal Response of the Video Switcher 
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WDEVICES 

FEATURES 
Ultrastable Unity Gain Bandwidth (100MHz) 
Bandwidth Is Independent of Gain Settings 
18ns Settling to 0.1% 
Low Power Dissipation (630mW) 
Complete Overdrive Protection 
Low Distortion (THO: -S9dBc @ 20MHz. 

-78dBc @ SMHz. -100dBc@ 10kHz) 
Excellent DC Specifications 
Available Processed to MIL-STD 883 

APPLICATIONS 
Driving Flash Converters 
High Speed DAC IN Converters 
Radar. IF Processors 
Broadband. Digital Radio 
Photodiode Preamps (FLlR) 
ATEIPuise Generators 
Imaging/Display Drivers 

GENERAL DESCRIPTION 
The AD9610 is a fast settling, wide bandwidth, dc coupled, 
operational amplifier which combines superior dc specifications 
and exceptional dynamic performance with impeccable spectral 
purity (harmonic distortion, intermodulation distortion, noise, 
etc.) over the full bandwidth. This combination provides re
markable versatility and utility for high speed designers. 

Tbin-fJlm technology and innovative design techniques help 
assure stable operation over the complete operating temperature 
range. Input offset voltage is ±O.3mV, with 5,...VI"C drift; input 
bias currents are ± 15,...A with ± 30nAl"C drift. 

Unique internal architecture employing current feedback keeps 
the AD9610 inherently stable over its complete gain range and 
assures wide bandwidth at all gain settings. With G= -I, - 3dB 
bandwidth is 120MHz; with G = - 10, - 3dB bandwidth is 
lOOMHz. When G = - 50, the - 3dB bandwidth is 6OMHz. 
Slew rate, fall time and settling time are also independent of 
gain. 

Frequency domain performance for the AD9610 is unmatched. 
The part can be used in applications requiring wide spurious 
free dynamic range. At 10kHz total harmonic distortion (THD) 
is -IOOdBc; at IMHz the THD is - 85dBc; at 20MHz the 
THD is - 59dBc. Third order intermodubtion distortion 'is 
similarly impressive, which is often required in communications 
applications. 

REV. A 

Wide Bandwidth, Fast Settling 
Operational Amplifier 

AD9610 I 
FUNCTIONAL BLOCK DIAGRAM 

-INPUT OUTPUT 

...... 
BOnOM VIEW i 33 _ 5011 

~a.1"" 

dB 

10 20 30 40 50 60 70 80 90 100 
MHz 

AD9610 Inverting Gain 

The design of the AD9610 makes it easy to apply. The unit 
requires no external compensation. An internal 1.5kn feedback 
resistor is available to the user by connecting Pin 4 to Pin II. 
This resistor is trimmed for gain accuracy and should be used 
when the full bandwidth of the amplifier is required. To achieve 
higher gains, and for lower bandwidth applications, an external 
resistor can be used. Pins 2 and 8 are bypass pins and should be 
connected to ground through 33 - son resistors and O.I,...F 
ceramic capacitors; effective decoupling of the power supplies is 
also important to obtain optimum high frequency performance. 

Two temperature ranges are available. The AD9610BH is 
guaranteed over a case temperature range of - 25°C to + 85°C; 
the AD9610TH is for a range of - 550C to + 125°C. The AD9610 
is available in versions compliant with MIL-STD-883. Refer to 
the Analog Devices Military Products Databook or current AD9610/ 
883B data sheet for detailed specifications. 
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AD9610 ~SPECIFICATIONS 
DC ELECTRICAL CHARACTERISTICS (±v= :!:l5V;Av= -10;R.=lDO;R,=15kO;NoRuwj) 

AD9610BIIITII 
AD9610BH1 AD961OTH2 

Typical 
Min/Mu@ Min/Mu@ 

hrametcr(CAadiIioas) @+2S"C -25"C +25"C +8S"C -55"C +25"C +125"C Units 

I Oft"setVoltaae ±0.3 ±4.0 ± 1.0 ±2.S ±4.0 ± 1.0 ±2.S mV 

I Oft"setVoltaae Tc 3 ±S ±2S ±2S .. vrc 
I Input Bias Current 

Inverting ±s ±S6 ± IS ±3S ±S6 ±IS ±3S ,.A 
NODinverting ±IS ±7S ±so ±62 ±7S ±so ±62 ,.A 

I Input Bias Current Tc3 

Inverting ±70 ±330 ±330 nAi'C 
Noninverting ±30 ±200 ±200 nArc 

/I NODinverting 
lmpedance 200k () 

Capacitance 2 pF 
/I Common-Mode Input ±S ±S ±S ±S ±S ±S ±S V 

I Intcmal Feedback Resistilr (Rp) 1500 14901 14901 
1510 1510 () 

/I Rp Temperature Coefficient ±2S ±2S ±2S ±2S ppmI"C 

I Common-Mode Rejection Ratio (CMRR)4 >50 ;,,35 ;,,35 ;,,35 ;,,35 ;,,35 ;,,35 dB 
CMRR(Rp= ISOOO;RtN= ISOO;4Vs= SV) >60 dB 

I Common-Mode Seositivity(CMS),s 
Refetred to Input (4 V s = SV) 

-CMS 3 8 8 8 8 8 8 ,.AIV 
+CMS 3 8 8 8 8 8 8 ,.AIV 
CMSVOLTAGE 62 ;,,50 ;,,50 ;"SO ;,,50 ;,,50 ;,,50 dB 

/I Outputlmpedance (de to 100kHz) O.OS !l 
I Output Voltaae Swing (RLOAO = 2000) ±IO ;,,±9 ~±9 =:::t9 ;;::±9 ;;::±9 ;;::±9 V 
/I Output Current ±SO ;,,±SO ;,,±SO ;,,±SO ;,,±SO ;,,±SO ;,,±SO rnA 

(Continuous) 

I Open Loop TransimpedanceGain (2000 Load) >1.5 ;,,0.7 ;,,0.9 ;,,0.7 ;,,0.7 ;"0.9 ;,,0.7 M(} 

I SupplyCurren~ 21 ,,;,27 ,,;,25 ,,;,27 ,,;,27 ,,;,25 ,,;,27 mA 
PowerConsumption6 630 ,,;,810 ,,;,750 ,,;,810 ,,;,810 ,,;,7S0 ,,;,810 mW 

I Power Supply Rejection Ratio (PSRR)4 >50 ;,,3S ;,,35 ;,,35 ;,,35 ;,,35 ;,,35 dB 
PSRR(Rp= ISOOO;RtN = ISOO;4Vs= 10V) >60 dB 

I Power Supply Sensitivity (PSS),7 

Refetredto Input (4Vs = 10V) 

PSSVOLTAGE 65 50 50 50 SO 50 50 dB 
-PSS 3 8 8 8 8 8 8 ,.AIV 
+PSS 3 8 8 8 8 8 8 .. AN 

AC ELECTRICAL CHARACTERISTICS (:!:v= ±l5V;Av= -10; R.=1511O; R,=1.5kO; Ruw. = 2Il10) 

Bandwidth ( - 3dB)(VOUT = lOOmV p-p) 

I G=-IO >100 ;"so ;"so ;"so ;"SO ;,,80 ;,,80 MHz 
Amplitude of Peaking: 

I DC to 60MHz 0 :S0.4 :s0.2 :s1.0 :s0.4 ";'0.2 ,,;,1.0 dB 
/I >60MHz 0 :s0.6 :s0.3 :s1.8 :s0.6 :s0.3 ,,;,1.8 dB 
/I PbaseNonIinearity(dcto4SMHz) I . 
/I Rise (Fall) Time (V OUT = SV Step) <3.5 :s4 :s4 :s4.3 :s4 :s4 ,,;,4.3 ns 
/I SlewRate(VOUT= 18VStep) >3.5 ;,,3 ;,,3 ;,,2.4 ;,,3 ;,,3' ;,,2.4 kV/ .... 
/I SettlingTimetoO.I%(G= -10; 

SV Output Step) 18 ,,;,29 ,,;,25 ,,;,29 ,,;,29 :s2S ,,;,29 no. 
/I SettlingTimetoO.02%(G= -10; 

SV Output Step) 30 no 
/I Overshoot Amplitude (V OUT = SV Output Step) <4 514 ,,;,8 ,,;,18 ,,;,14 ,,;,8 ,,;,18 % 
/I Propaption Delay 3.3 54.0 ,,;,4.0 ,,;,4.0 ,,;,4.0 ,,;,4.0 ,,;,4.0 no 
I Total Harmonic Distortion (Freq. = 20 MHz; 

Output Voltaae = 2V p-p) 55 SO SO SO SO SO SO dB 
/I Input Noise (RLOAO = 1000) 

Voltaae(SMHz to lSOMHz) 0.7 ,,;,1.2 51.5 ,,;,2.0 51.2 :s1.5 ,,;,2.0 nVrvliZ 
Current (SMHz to lSOMHz) 23 ,,;,29 530 ,,;,35 ,,;,29 ,,;,30 ,,;,35 pAlv1lZ 
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Sub-
Parameter Group 

OTHER INFORMATION 
Case to Ambient, OCA 8 

(Still Air; No Heat Sink) 
Case to Ambient, OCA 8 

(500 LFPM Air; No Heat Sink) 
MTBF" 

NOTES 
j 100% tested (See Notes 1 and 2). 
# Specifications guaranteed by design; not tested. 
"Specification same as AD96IOBHfI'H typical specification. 

AD9610BHITH AD9610BH 
Typical MinlMax@ 

@+2S·C -2S·C +2S·C +8S·C -SS·C 

65 " " " " 
38 " " " " 
;;01.48 x 10" " " " " 

I AD96IOBH parameters preceded by a check (j) are tested at + 2S"C ambient temperature; performance is guaranteed over the 
industrial temperature range ( - 2S·e to + 8S"C) case temperature. 

2AD9610TH parameters preceded by a check (j) are tested at - ssoe case, + 2S"C ambient, and + 12Soe case temperanires. 
Mil-processed versions are available. 

30ffset voltage T c and bias current Teare guaranteed over the respective temperature ranges. 
4CMRR and PSRR apply only for stated conditions. 
'eMS values can be used to determine the CMRR for specific gain settings according to the following worst case relationships: 

>-.... -oVOUT 

AD961 0 
AD9610TH 
MinlMax@ 
+2S·C +12S·C Units 

" . "CIW 

" " "CIW 

" " hours 

<1VOUT = [-CMS) [R,) [<1VSU .. LY) + [+CMS) [R2) [1 +~] [<1VSUPPLY) + [CMSvoLT) [1 +~] [<1VSUPPLY) 

WHERE <1 V SUPPLY = <1 - V SUPPLY AND <1 + VSUPPLY 

CMRR = -20 LOG [ <1VOUT ] 
( 1 + ~ X <1VSUPPLY ) 

·Supply current and power dissipation numbers are for quiescent operation (input is grounded). Values increase with 
higher frequency operation. 

7PSS values can be used to determine the PSRR for specific gain settings according to the following worst case relationships 
(See diagram in 5 above): . 

<1VOUT = [-PSS) [R,) [<1VSUPPLY) + [+PSS) [RZ) [1 + ~] [<1VSUPPLY) + [PSSYOLTJ[ 1 +:r] [<1VSUPPLV) 

WHERE <1VSUPPLV = <1-VSUPPLV OR <1+VSUPPlV 

PSRR = -20 LOG [ <1VOUT ] 
( 1 + ~ X <1VSUPPLY) 

'Recommended maximum junction temperature is + 165"C. See Thermal Model. 
9MTBF calcnIated using MIL-HNBK 217D; Ground Fixed; Temperature (case) = + 70"C. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltages (±Vs) ...... . 
Operating Temperature Range (case) 

AD9610BH ..... . 
AD9610THffHI883B ...... . 

...... ±18V 

- 25°C to + 85°C 
- 55°C to + 125°C 

Power Dissipation . . . . . . 
Junction Temperature .... 
Storage Temperature Range . 
Lead Temperature (soldering. 10 sec) . 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option" 

AD96lOBH - 25°C to + 85°C TO-8 Style Metal Can H-12A 
AD96IOTH - 55°C to + 125°C TO-8 Style Metal Can H-12A 
AD9610THl883B -55°C to + 1250C TO-8 Style Metal Can R-12A 

"Foroudine information see Package Information section. 

See Thermal Model 
..... + 165°C 
-65°C to + 1500C 
. .... +3000c 
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AD961 0 
LIFE TESTIBURN-IN CIRCUIT 

R ... = RNC&5H2001F 
R.=RN55C7501F 

-15V 

10"F=M39003101-2302 
O.I"F=M39014101-1553 

THIS MICROCIRCUIT IS COVERED BY TECHNOLOGY GROUP (I.) P£R MlL-M-3B510 

THEORY OF OPERATION 
The advantages of the transimpedance AD9610 Operational 
Amplifier become easier to understand when its operation is 
compared to the operation of conventional high-speed op amps. 

The operation of the AD96l0 Operational Amplifier is similar 
to a standard voltage-input differential amplifier in terms of 
setting gain and calculating noise. The primary difference between 
the two types is a low-impedance inverting input on the AD9610; 
this causes the unit to use current feedback, rather than voltage 
feedback, to achieve signaI amplif1cation. 

Figure 1 and the discussion which follows help make a comparison 
between the AD9610 and "conventional" devices. 

Two equations are necessary to describe the amplifier shown in 
Figure 1. 

R,. 
V,.o-_W'-":":"" .... 

VOUT 

Figure 1. 

One equation is a rudimentary amplif1er transfer function: 
-Your = A(oo) Vs (Equation A) 

and the other sums the currents at the inverting input: 

VS-VIN Vs Vs-Vour --- + - + = 0 (Equation B) 
RIN Rs Rp 

Rearranging and reducing Equation B; and substituting from 
Equation A results in a third equation: 
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For purposes of discussion, assume the amplifier shown in 
Figure 1 exhibits a single-pole frequency response. When it 
does, A(oo) = Ao/(l+jlllT) where Ao = open loop gain; and 
lIT = the roll-off frequency. When these terms are substituted 
into Equation C, the result is: 

Vour = - AoRsRp /CRsRp + RINRp + RINRs) 

VIN l+jlllT+[AoRINRs/CRsRp+RI\'IRp+ RINRs)] 

Based on the idea that 

1 + [AoRINRS/CRsRp+ RINRp+ RINRs)] 

is approximately equal to 

AoRINRs/CRsRp+RINRp+RINRs) 

and G (closed loop gain) = Rp/RIN, it becomes possible to 
simplify and substitute terms in the above equation to obtain: 

The fundamental difference between the AD9610 and traditional 
amplifiers becomes apparent at this point. 

In traditional voltage-imput amplif1ers, the input resistance C Rs) 
approaches infinity. Consequently, l/Rs approaches zero; and 
the term Rp (I/RIN + I/Rs + I/Rp) simplifies to the term 
Rp CI/RIN + I/Rp). The latter can be reduced further to (G+ I). 
When substitutions are made, the gain/frequency relationship 
for a traditional amplif1er design is expressed as: 

Vour = __ -~G---,-_ 

VIN 1+ j~[G+I] 

There is a dramatically different result for the AD9610. 

This difference is because the value of Rs in the transimpedance 
amplifier is only 20n. This is important when one realizes 
Rs II RIN II Rp; and Rs «<RIN and/or Rp• In this case, 
(l1Rs + I/RIN + I/Rp) "" l/Rs. Substituting terms, a direct 
comparison with traditional amplifer relationships can be made: 

Both amplifier types yield similar algebraic results, but there is 
one critical difference in how they are obtained. 

As shown above, the closed loop gain (G) of the traditional 
amplif1er is multiplied by the frequency-dependent term of the 
denominator; this means inc:reasiug frequencies or closed loop 
gain accelerates the gain roD-off. 

In the AD9610, however, the constant RplRs is multiplied by 
the frequency-dependent term; this means bandwidth remains 

. relatively coutant for any given value of gain. 

REV. A 



Inside the AD9610, the design includes a 1.5kO feedback resistor 
to help reduce the effect of stray capacitances and make it easier 
to apply the amplifier. This internal Rp means the gain of tM 
AD96l0 is set by '/Jarying R1N• 

The differences in the architecture of the AD96l0 vis-a-vis a 
traditional op amp cause its closed-loop frequency response to 
be considerably different from conventional units. 

Figure 2 pictures a typical plot for a traditional single-pole 
amplifier. 

As shown, increasing the closed loop gain of a traditional op 
amp decreases the bandwidth of the amplifier; the precise amount 

I 
I GAIN =5 

CLOSED LOOP GAIN -3dBFREQ.=2OMHz 

i __________ L ___ _ 
I 

FREQUENCY 

Figure 2. 

AD9610 FUNCTIONAL DESCRIPTION 
Refer to Figure 4, AD9610 Functional Circuit. 

8 

~PASS 
Figure 4. AD9610 Functional Circuit 

The most prominent characteristic illustrated in this model of 
the unit is the combination of a high-impedance noninverting 
terminal and a low-impedance inverting terminal. This is achieved 
by buffering the noninverting terminal to create a high-impedance 
input; while maintaining a low impedance through the 200 
characteristic of the inverting input. 

Because of the low input impedance of the inverting input, all 
of the input signal voltage is impressed across the input resistor 
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AD961 0 
of change will be determined by the actual roll-off characteristics 
of the op amp. 

By contrast, the frequency response of the AD9610 changes 
very little when the gain is changed. Refer to Figure 3. 

Variations in gain (established by varying values of RIN) have 
only a negligible effect on the bandwidth of the amplifier. 

(NOTE: For a more complete explanation of tM mathematics in'llOlved 
in comparing conventional op amps and tM AD961O, refer to tM • 
Analog Devices application note entitled "Using tM AD9610 Trans-
impedance Amplifier.") 

FREQUENCY 

Figure 3. 

(R1N in Figure 6); this causes a direct voltage-to-current conversion 
to take place. 

Conventional op amps use a voltslvolts transfer function, 
while the transfer function of the AD9610 ia voltsl,..A (or 
resiatance ). 

Signal current flowing in the inverting terminal (Pin 5) will flow 
through the 200 resistor. The voltage developed across this 
input impedance becomes the input signal for the internal 
amplifier. 

As a result of this action, the input current is converted to an 
output voltage; this is the reason for the open loop transfer 
function being expressed in ohms. 

To compensate for variations in offset voltage and current in the 
AD9610,both a voltage source and a current source are included 
in the unit. Input offset voltage (Vos) is a dc error which appears 
at the output as [Vos (I + RpfRIN)]' In a similar fashion, the 
input bias current (los) reflects as a dc error which appears at 
the output as [los (Rp)]. 

The current source connected to the inverting terminal effectively 
models the input offset current; and although bias currents flow 
in both. terminals, the inverting input bias current is dominant. 
The combined actions of the internal voltage and current sources 
effectively compensate for discrepancies in offset voltage and 
current. 

Power supply voltages applied to the AD9610 are separated, 
with one set of terminals designated for the output transistors 
(Pins 10 and 12) and another set for the internal amplifier 
(Pins I and 9). This splitting of the voltages makes it possible to 
limit voltage swings and current at the output, and helps regulate 
the junction temperatures of the output transistors. 
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APPLYING THE AD9610 OP AMP 
In applying the AD9610 op amp, there are cet1ain precautions 
which must be observed to protect the unit from damage: 

1. Shorting either power supply input pin (Pin 10 or Pin 12) to 
the output (Pin 11) will destroy the device. 

2. Shorting the output (Pin 11) to ground will destroy the device; 
no interna1 protection is provided. 

As explained earlier, the noninverting input of the AD9610 
Operational Amplifier is a high impedance. This requires that it 
be driven from a low-impedance source, or connected to ground. 
Driving this input from a high impedance detracts from the 
wide bandwidth performance; connecting it to ground avoids 
the possibility of closed-loop ac peaking. 

Because the internal biasing network of the AD9610 is connected 
to the + V and - V supply' pins, it is important that these pins 
have adequate decoupling. Nominal supply voltages for the 
AD9610 are ± ISV, but this can be reduced to a lower limit of 
± 12V without serious degradation of high-speed performance. 
When ± 12V supplies are used, output Voltage swings from the 
amplifier must be reduced. 

Bypass Pins 2 and 8 should be decoupJed to ground through 
33 - son resistors and O.Ijl.F capacitors to maintain stability on 
the bias network. 

Feedback resistor RF is internal to the AD96l0 and has been 
precisely adjusted to allow the widest possible range of operating 
conditions. While it is possible to use an external feedback 
resistor for the device, the user is urged to avoid the temptation 
to "tune" performance with this technique because it will inevitably 
detract from ac performance. 

A massive low-impedance ground plane is essential for optimum 
performance from the AD9610 because it provides a moderate 
level of shielding and helps reduce the effects of distributed 
capacitance. 

But the benefits of a large ground plane' can be diminished if 
components are grounded at multiple points on the ground 
plane. Single-point grounding is always preferred for high-speed 
circuits to avoid the possibility of voltage differentials which 
might result from multiple grounds. 

The best high-frequency performance is obtained from the AD96 10 
when total output capacitance is minimized. Realistically, this is 
not always possible; but performance can be improved with a 
S - 30n resistor in series with the output as shown in Figure 5. 

V.o-_Ylr-l 
>-_Ylr_~O VOUT 

Figure 5. 

Isolation provided by the series resistor makes it possible for the 
AI>96fO to drive loads well outside its design limits, but at 
some loss of speed. Isolating the capacitive load from the output 
of the amplifier is particularly useful when driving flash NO 
converters. 
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The power supplies for the AD9610 must be decoupled effectively 
to obtain maximum performance from the device. Recommended 
choices are a O.Ijl.F ceramic capacitor aud alOjl.F tantalum 
capacitor in parallel on each supply. These connections show up 
in Figures 6 and 7 which illustrate the connections for inverting 
and noninvettering operation, respectively. Decoup1ing compo
nents should always be connected as closely as possible to the 
amplifier's voltage supply pins. 

r)-4---...... - v .... 
INPUT ___ -< 

Figure 6. AD9610 Inverting Operation 

0.1,..F 33-50n 

INPUT o-t_--{I 

1)-4---..,..- vo," 

GAlN=1+:; 

"" ... 1&000 flNTERNAU 

Figure 7. AD9610 Noninverting Operation 

If the expected output voltage swings are small, it, is possible to 
operate the ouput stages from ± 5V supplies; this will reduce 
power di~pation and junction temperatures on the output 
transistors. For this, the ± SV and ± ISV supplies must be 
decoupled separately. 

As shown in Figures 6 and 7, bypass Pins 2 and 8 should be 
decoupled individually with a 33 - 50n resistor and O.Ijl.F 
capacitor in series to groUnd. Without this decoupling, power 
supply and common-mode rejection ratios (PSRR and CMRR) 
may be degraded. In some applications, the lack of this decoupling 
may show up as very high-frequency "ringing" on the output. 
RMATCH in Figures 6 and 7 is used to match the output impedance 
of the driving source. 
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AD9610 POWER DISSIPATION 
Quiescent power supply currents for the AD%1O are ±2ImA. 
Supply currents this low allow the unit to be operated over a 
wide temperature range without damage. For high-temperature 
operation and long-term stability, however, the user is urged to 
use a heat sink. Two acceptable models for TO-8 packages are 
the Thermalloy 2240 and the IERC Up-T08-48CB. 

Refer to Figure 8. 

100 .. 
80 

70 

~ .. 
'50 

j40 
30 

20 

10 
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/ VouT =5V 

:.-' .,....., 
V t.--

::::-
40 100 80 100 120 140 

53 TjABOVET.-"C 

/' 

-i-""" 

f-
voul=2V_ r----

I 
160 180 • 00 

Figure 8. Junction Temp. Rise vs. Load Current 

The data in this illustration are typical characteristics when the 
AD%1O is operated from ± 15V supplies. Assume the desired 
output from the op amp is ± IOV swings at ± 50mA currents. 
For this combination, maximum junction temperature will be 
100°C above the ambient temperature. 

Since maximum allowable junction temperature is + 165°C, the 
maximum ambient temperature which can be tolerated is + 65°C. 
If there is a possibility the ambient may exceed this limit, heat 
sinking and/or heat removal is required. Additional details on 
the thermal characteristics of the unit are included in the AD% I 0 
Thermal Model. (For more in/ormation on thermal protection, 
consult the Analog Devices application note "Using the AD9610 
Transimpedance Amplifier".) 

.-----10-----..... -----......, 4- TCASE 

(COMPONENTS 

210"C1W 210"C/W OTHER THAN fica 

1~~:~~~ (SEE SPECIFICATIONS) 

PCIRCUIT=lcc[ +Vcc -( -Vee)] WHERE Icc =21mA (a ±15V 

Pxxx = [(±Vcc) -VOUT -Icodll] (Icod (% DUTY CYCLE) 

NOTE: xxx = NPN OR PNP 

(FOR POSITIVE VOUT AND Vee. THIS IS POWER IN NPN OUTPUT STAGE, 
FOR NEGATIVE VOUT AND Vee. THIS IS POWER IN PNP OUTPUT STAGE. 
ICOL.= VOUTl'RLOAD or 3.0mA. WHICHEVER IS GREATER. 
FEEDBACK RESISTOR R, IS INCLUDED IN RLOAJ 

TJIPNPI = PPNP (210 + Uca) + (PClRCUIT + PNPN) (0 cal + T •. SIMILAR FOR T.t(NPNI 

AD9610 Thermal Model 

AD9610 PERFORMANCE 
In the following section, graphs and photographs depict typical 
performance of the AD9610 for various characteristics. 
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Bandwidth vs. Load 

GAIN= -10; 136mV/DIV; 10nS/DIV 

AD9610 Small-Signal Pulse Response 

zo 

GAIN = -10; 3.4V/DIV; IOns/DIY 

AD9610 Large-Signal Pulse Response 
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•• 
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FREQUENCY - MHz 

Two-Tone, 3rd Order IMD Intercept (G= -5; RL =500) 

Information in graphs above can be used to obtain effective 
output impedance versus frequency. 
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Small-Signal Output Resistance vs. Frequency (G= -10) 

,oa ,. 10k lOOk 'M 10M 100M 1G 

FREQUENCY - Hz: 

Small-Signal Output Phase Shift vs. Frequency (G= -10) 

GAIN = -10; 5V OUTPUT; ERROR WINDOW ('" 5mVI = 0.1%; 5nS/DIV 

AD9610 Settling Time 

ORDERING INFORMATION 
The AD9610BH is specified for operation over a case temperature 
range of -2S·C to +8S·C; the AD%lOTH is intended for 
applications in which case temperature may be between - SS·C 
and + l2S·C. The AD%lOTHI883B is processed per 
MIL-STD-883B . 
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WDEVICES 

FEATURES 
Usable Closed-Loop Gain Range: ±1 to ±40 
Low Distortion: -67 dBc (2nd) at 20 MHz 
Small Signal Bandwidth: 190 MHz (Av = +3) 
Large Signal Bandwidth: 150 MHz at 4 V POp 
Settling Time: 10 ns to 0.1%; 14 ns to 0.02% 
Overdrive and Output Short Circuit Protected 
Fast Overdrive Recovery 
DC Nonlinearity 10 ppm 

APPLICATIONS 
Driving Flash Converters 
D/A Current-to-Voltage Converters 
IF. Radar Processors 
Baseband and Video Communications 
Photodiode. CCD Preamps 

GENERAL DESCRIPTION 
The AD9617 is a current feedback amplifier which utilizes a 
proprietary architecrure to produce superior distortion and dc 
precision. It achieves this along with fast settling, very fast slew 
rate, wide bandwidth (both small signal and large signal) and 
exceptional signal fidelity. The device achieves -67 dBc 2nd 
harmonic distortion at 20 MHz while maintaining 190 MHz 
small signal and 150 MHz large signal bandwidths. 

These attributes position the AD9617 as an ideal choice for driv
ing flash ADCs and buffering the latest generation of DACs. 
Optimized for applications requiring gain between ± 1 to ± 15, 
the AD9617 is unity gain stable without external compensation. 

Additional benefits of the AD9617B and T grades include input 
offset voltage of 500 ... V and temperature coefficient (TC) of 
3 ... VI"C. These accuracy performance levels make the AD9617 
an excellent choice for driving emerging high resolution 
(12-16 bits), high speed analog-to-digital converters and flash 
converters. 

'Patent pending. 
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Low Distortion, Precision, 
Wide Bandwidth Op Amp 

AD9617* I 
PIN CONFIGURATION 

+Vs 

OUTPUT 

'OPTIONAL +V. "OPTIONAL -VB 

NOTE: FOR BEST SETTLING TIME AND DISTOR
TION PERFORMANCE. USE OPTIONAL SUPPLY 
CONNECTIONS. PERFORMANCE INDICATED IN 
SPECIFICATIONS IS BASED ON SUPPLY CON
NECTIONS TO THESE PINS. 

The AD9617 offers outstanding performance in high fidelity, 
wide bandwidth applications in instrumentation ranging from 
network and spectrum analyzers to oscilloscopes and in military 
systems such as radar, SIGINT, and ESM systems. The supe
rior slew rate, low overshoot and fast settling of the AD9617 
allow the device to be used in pulse applications such as com
munications receivers and high speed ATE. Most monolithic op 
amps suffer in these precision pulse applications due to slew rate 
limiting. 

The AD9617 J operates over the range of 0 to + 70°C and is 
available in either an 8-pin plastic mini-DIP or an 8-lead plastic 
small outline package (SOIC). The AD9617A and B versions are 
rated over the industrial temperature range of -40°C to + 85°C. 
The AD9617S and T versions are rated over the military tem
perature range of - 55°C to + 125°C and are available processed 
to MIL-STD-883B. 

OPERA TlONALAMPLIFIERS 2-439 

• 



AD9617 -SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS1 

Supply Voltages (:l:Vs) ...•.•..•.•..•....•.... :1:7 V 
Common Mode InpUt Voltage .....••••..••••.... :l:Vs 
Differential Input Voltage ........•............• 3 V 
Continuous Output Currenr .....•....•.....•. 70 mA 
Operating Temperature Ranges 

AD9617JN/JR .............•...••.... 0 to +70°C 
AD9617AQIBQ .....•............• -40°C to +8SOC 
AD9617SQITQ .... " .......•....•. -55°C to + 1250C 

Storage Temperature 
AD9617JN/JR •.........•...••••. -6SOC to +12SOC 
AD9617AQIBQ/SQITQ •.•..•......• -65OC to +ISOOC 

Junction Temperature3 

AD96l7JN/JR ••....•.•...•............ + 150°C 
AD9617AQIBQ/SQITQ .•....•••.•.•.•..•. +17SOC 

Lead Soldering Temperature (10 Seconds) ...... ; .• +3000C 

DC ELECTRICAL CHARACTERISTICS (Unless otherwise noted. Av = +3; ±Vs = ±5 V; RF = 400 fi; RLOAD == 100 fi) 
Test AD9617JNIJR AD9617AQISQ AD9617BQITQ 

Parameter ConditiOllS Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

Input Offset Voltage'" +25'C I -1.1 +0.5 +2.2 -u +0.5 +2.2 +0.0 +0.5 +1.1 mV 
Input Offset Voltage TC' Full IV -4 +3 +25 -4 +3 +25 -4 +3 +25 ... vrc 
Input Bias Current' 

Inverting +25'C I -50 0 +50 -50 0 +50 -25 0 +25 .,.A 
Noninverting +25'C I -25 +5 +35 -25 +5 +35 -15 +5 +20 .,.A 

Input Bias Current TC' 
Noninverting Full IV -50 +30 +125 -50 +30 +125 -50 +30 +125 nArC 
Inverting Full IV -50 +50 +150 -50 +50 +150 -50 +50 +150 nArC 

Input Resistance 
Noninverting +25'C V 60 60 60 k.O 

Input Capacitance 
Noninverting +25'C V 1.5 1.5 1.5 pF 

Common·Mode Input Range" T~T_ <- II =':1.4 =':1.5 =':1.4 =':1.5 =':1.4 =':1.5 V 
T ~ T .... to +25'C <- II =':1.7 =':1.8 =':1.7 =':1.8 =':1.7 =,:1.8 V 

Common-Mode Rejection Rati07 T~T_ <- II 44 48 44 48 44 48 dB 
T ~ Tm;n to +25'C <- II 50 53 50 53 50 53 dB 

Power Supply Rejection Ratio f),.Vs ~ =,:5% Full II 50 60 50 60 50 60 dB 
Open Loop Gain 

To At de +25'C V 500 500 500 kO 
Nonlinearity At de +25'C IV 10 10 10 ppm 

Output Voltage Range +25'C II =':3.4 =':3.8 =':3.4 =':3.8 =':3.4 =':3.8 V 
Output Impedance At de +25'C V 0,07 0,07 0.07 0 
Output Current (50 n Load) T ~ +25'C to T~. <- II 60 60 60 mA 

T = Tmin <- II 50 50 50 mA 

AC ELECTRICAL CHARACTERISTICS (Unless otherwise noted. Av = +3; ±Vs = ±5 V; RF = 400 fi; RLOAD = 100 fi) 

Test AD9617JNIJR AD9617AQISQ AD9617BQITQ 
Parameter Conditions Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

FREQUENCY DOMAIN 
Bandwidth ( - 3 dB) 

Small Signal VoUT ,,;2 V p-p Full II 145 190 145 190 145 190 MHz 
Large Signal VouT~4Vp-p Full IV 150 115 150 115 150 MHz 

Bandwidth Variation vs. Av Av ~ -I to =,:15 +25'C V 40 40 40 MHz 
Amplitude of Peaking «50 MHz) T ~ Tm;n to +25'C <- II 0 0 0.3 0 0.3 dB 

T = Tmax <- II 0 0 0.6 0 0.6 dB 
Amplitude of Peaking (>50 MHz) T ~ Tm;n to +25'C <- II 0 0 0.8 0 0.8 dB 

T = Tmax <- II 0 0 1.0 0 1.0 dB 
Amplitude of Roll-Off «75 MHz) Full II 0.1 0.1 0.6 0.1 0.6 dB 
Phase Nonlinearity dcto 75 MHz +25'C V 0.5 0.5 0.5 Degree 

2nd Harmonic Distortion 2 V p-p; 4.3 MHz Full IV -86 -78 -86 --78 -86 -78 dBc 
2 V p-p; 20 MHz Full IV -67 -59 -67 -59 -67 -59 dBe 
2 V p-p; 60 MHz Full II -51 -43 -51 -43 -51 -43 dBc 

3rd Harmonic Distortion 2 V p-p; 4.3 MHz Full IV -83 -75 -83 -75 -83 -75 dBc 
2 V p-p; 20 MHz Full IV -69 -61 -69 -61 -69 -61 dBc 
2 V p-p; 60 MHz Full II -54 -46 -54 -46 -54 -46 dBc 

Input Noise Voltage 10 MHz +25'C V 1.2 1.2 1.2 nVIy'(Hz) 
Inverting-Input Noise Current 10 MHz +25'C V 29 29 29 pAly'(Hz) 
Average Equivalent Integrated 

Input Noise Voltage 0.1 to 200 MHz +25'C V 55 55 55 ... V.rms 
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AD9617 
Test AD9617JNIJR AD9617AQlSQ AD9617BQJTQ 

Parameter Conditions Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

TlMEDOMAIN 
Slew Rate VOUT ~ 4 V Step Full IV 1400 1100 1400 1100 1400 VI ... 
RiselFail Time 

VOUT ~ 2 V Step Full IV 2.0 2.0 2.5 2.0 2.5 n. 

VOUT = 4 V Step T ~ +25"C to T m .. - IV 2.4 2.4 3.3 2.4 3.3 n. 
VOUT = 4 V Step T ~ T m," - IV 2.4 2.4 3.5 2.4 3.5 n. 

Overshoot VOUT ~ 2 V Step Full IV 3 3 14 3 14 % 

Setding Time 
To 0.1% VOVT = 2 V Step Full IV 10 10 15 10 15 ns 

To 0.02% VOUT = 2 V Step Full IV 14 14 23 14 23 ns 

To 0.1% VOUT = 4 V Step Full IV 11 II 16 11 16 n' 
To 0.02% VOUT = 4 V Step Full IV 16 16 24 16 24 ns 

2 x Overdrive Recovery to 
±2 mV of Final Value VIN = 1.7 V Step +25"C V 50 50 50 ns 

Propagation Delay +25°C V 2 2 2 ns 
Differential Gain' Full V <0.01 <0.01 <0.01 % 

Differential Phase' Full V O.oJ 0.01 0.01 Degree 

row", ""'L Y """""""I' Quiescent Current 

+ls Full II 34 48 34 48 34 48 rnA 
-Is Full II 34 48 34 48 34 48 rnA 

NOTES 
I Absolute maximum ratings are limiting values to be applied individually and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

lOutput is short circuit protected to ground, bur not to supplies. Continuous short circuit to ground may affect device reliability, 
'Typical thermal impedances (part soldered onto board): 

Mini-DIP: OJA = 140°C/W; 0Je = 30"C/W. Side BrazediCerdip: OJA = llOoC/W; 0Je = 20"C/W. SOIC Package: OJA ~ 150°C/W; 0Je = 30"CIW. 
"Measured with respect to the inverting input. 
5Typical is defined as the mean of the distribution. 
6Measured in voltage follower configuration. 
'Measured with VIN = ±0.25 V. 
'Frequency = 4.3 MHz; RL = ISO n; Av = +3. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 
Test Level 
I - 100% production tested. 
II - 100% production tested at + 25°C and sample tested at 

specified temperatures. AC testing of J grade devices done 
on sample basis. 

III - Sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V - Parameter is a typical value only. 
VI - All devices are 100% production tested at + 25°C. 100% 

production tested at temperature extremes for extended 
temperature devices; sample tested at temperature 
extremes for commercial/industrial devices. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD9617JN o to +70°C Plastic DIP N-S 
AD%17JR o to +70°C SDIC R-S 
AD9617AQ -40°C to +SsoC Cerdip Q-S 
AD9617BQ -40°C to +SsoC Cerdip Q-S 
AD9617SQ - 55°C to + 125°C Cerdip Q-S 
AD%17TQ - 55°C to + 125°C Cerdip Q-S 

*For oudine information see Package Information section. 
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Die Connections 

+v. 

0 0 

D 0 +v. 
-INPUT 

TOP VIEW 
(Not to Scale) 

0 0 OUTPUT 
+INPUT 

0 0 0 
-V. -V. 

DIE SIZE = 53 x 67 x 15 mils 
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AD9617 
THEORY OF OPERATION 
The AD%17 has been designed to combine the key attributes of 
traditional "low frequency" precision amplifiers with exceptional 
high frequency characteristics that are independent of closed
loop gain. Previous "high frequency" closed-loop amplifiers have 
low open loop gain relative to precision amplifiers. This results 
in relatively poor dc nonlinearity and precision, as well as exces
sive high frequency distortion due to open loop gain roll-off. 

Operational amplifiers use two basic types of feedback correc
tion, each with advantages and disadvanta~es. Voltage feedback 
topologies exhibit an essentially constant gain bandwidth prod
uct. This forces the closed-loop bandwidth to vary inversely 
with closed-loop gain. Moreover, this type design typically slew 
rate limits in a way that causes the large signal bandwidth to be 
much lower than its small signal characteristics. 

A newer approach is to use current feedback to realize better 
dynamic performance. This architecture provides two key 
attributes over voltage feedback configurations: (1) avoids slew 
rate limiting and therefore large signal bandwidth can approach 
small signal performance; and (2) low bandwidth variation ver
sus gain settings, due to the inherently low open loop inverting 
input resistance (Rs). 

The AD%17 uses a new current feedback topology that over
comes these limitations and combines the positive attributes of 
both current feedback and voltage feedback designs. These 
devices achieve excellent high frequency dynamics (slew, BW 
and distortion) along with excellent low frequency linearity and 
good dc precision. 

DC GAIN CHARACTERISTICS 
A simplified equivalent schematic is shown below. When operat
ing the device in the inverting mode, the input signal error cur
rent (IE) is amplified by the open loop transimpedance gain 
(To). The output signal generated is equal to To X IE' Nega
tive feedback is applied through Rp such that the device oper
ates at a gain (G) equal to - RplR[. 

Noninverting operation is similar, with the input signal applied 
to the high impedance buffer (noninverting) input. As before, 

VN 

Va 

R, 

V, 

Equivalent Circuit 

an output (buffer) error current (I E) is generated at the low im
pedance inverting input. The signal generated at the output is 
fed back to the inverting input such that the external gain is 
(1 + RpIR[). The feedback mechanics are identical to the voltage 
feedback topology when exact equations are used. 

2-442 OPERATIONALAMPLIFIERS 

The major difference lies in the front end architecture. A voltage 
feedback amplifier has symmetrical high resistance (buffered) 
inputs. A current feedback amplifier has a high noninverting 
resistance (buffered) input and a low inverting (buffer output) 
input resistance. The feedback mechanics can be easily devel
oped using current feedback and transresistance open loop gain 
T(s) to describe the 110 relationship. (See typical specification 
chart.) 

DC closed-loop gain for the AD9617 can be calculated using the 
following equations: 

Vo -RFIRr 
Vr 1 + lILG 

G inverting (1) 

Vo 1 + RFIRr 
VN 1 + lILG 

G noninverting (2) 

1 RslRF + RsIIRr) 
where: - = 

LG TlsJ(RsllRr) 
(3) 

Because the noninverting input buffer is not ideal, input resis
tance Rs (at dc) is gain dependent and is typically higher for 
noninverting operation than for inverting operation. Rs will ap
proach the same value (=7 0) for both at input frequencies 
above 50 MHz. Below the open loop corner frequency, the non
inverting Rs can be approximated as: 

.. Tis) Tol Rs Inomnverung) = 7 + Ao = 7 + Ao 

de 

where: Ao = Open Loop Voltage Gain = G x 600 

Inverting Rs below the open loop corner frequency can be ap
proximated as: 

T(s) Tol Rs (inverting) = 7 + Ao = 7 + Ao 

de 

where: Ao = 40,000. 

(4) 

(5) 

The AD9617 approachelt,this condition. With To = 1 X 106 0, 
RL = 5000 and Rs = 25 0 (de), a gain error no greater than 
0.05% typically results for G = -1 and 0.15% for G = -40. 
Moreover, the architecture linearizes the open loop gain over its 
operating voltage range and temperature resulting in 2: 16 bits of 
linearity. 

I 
RL = 100n 
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AC GAIN CHARACTERISTICS 
Closed-loop bandwidth at high frequencies is determined prima
rily by the roll-off of T(s). But circuit layout is critical to mini
mize external parasitics which can degrade performance by 
causing premature peaking and/or reduced bandwidth. 

The inverting and noninverting dynamic characteristics are simi
lar. When driving the noninverting input, the inverting input 
capacitance (C,) will cause the noninverting closed-loop band
width to be higher than the inverting bandwidth for gains less 
than two (2). In the remaining cases, inverting and noninverting 
responses are nearly identical. 

For best overall dynamic performance, the value of the feedback 
resistor (Rp) should be 400 ohms. Although bandwidth reduces 
as closed-loop gain increases, the change is relatively small due 
to low equivalent series input impedance, Zs. (See typical per
formance charts.) The simplified equations governing the de
vice's dynamic performance are shown below. 

Closed-Loop Gain vs. Frequency: 
(noninverting operation) 

Vo 
Vs 

I + Rp 
R/ 

where: T = Rp x Cc = 0.9 nslRp = 4000) 

Slew Rate = aVo x e- 7 •R/.-KCr: 
RpKCc 

where: K = I + Rs 
R/ 

Increasing Bandwidth at Low Gains 

(6) 

(7) 

By reducing Rp, wider bandwidth and faster pulse response can 
be attained beyond the specified values, although increased over
shoot, settling time and possible ac peaking may result. As a 
rule of thumb, overshoot and bandwidth will increase by 1% 
and 8%, respectively, for a 5% reduction in Rp at gains of ± 10. 
Lower gains will increase these sensitivities. 

Equations 6 and 7 are simplified and do not accurately model 
the second order (open loop) frequency response term which is 
the primary contributor to overshoot, peaking and nonlinear 
bandwidth expansion. (See Open Loop Bode Plots.) The user 
should exercise caution when selecting Rp values much lower 
than 400 O. Note that a feedback resistor must be used in all 
situations, including those in which the amplifier is used in a 
noninverting unity gain configuration. 

Increasing Bandwidth at High Gains 
Closed loop bandwidth can be extended at high closed loop gain 
by reducing Rp. Bandwidth reduction is a result of the feedback 
current being split between Rs and R, . As the gain increases 
(for a given Rp), more feedback current is shunted through Rl> 
which reduces closed loop 'bandwidth (see Equation 6). To 
maintain specified BW, the following equations can be used to 
approximate Rp and R, for any gain from ± I to ± 15. 

Rp = 424 ± 8 G (8) 

R/ = 
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(+ for inverting and - for noninverting) 

424 - 8 G 

G-l 
(noninverting) (9) 

AD9617 
424 + 8 G 

R/ = G (inverting) (10) 

G = Closed Loop Gain. 

Bandwidth Reduction 
The closed loop bandwidth can be reduced by increasing Rp. 
Equations 6 and 7 can be used to determine the closed loop 
bandwidth for any value Rp. Do not connect a feedback capaci
tor across Rp, as this will degrade dynamic performance and 
possibly induce oscillation. 

DC Precision and Noise 
Output offset voltage results from both input bias currents and 
input offset voltage. These input errors are multiplied by the 
noise gain term (I + Rp/R,) and algebraically summed at the 
output as shown below. 

(11) 

Since the inputs are asymmetrical, IBi and IBn do not correlate. 
Canceling their output effects by making RN = RpIIR, will not 
reduce output offset errors, as it would for voltage feedback 

RF 

>--+-OVOUT 

Output Offset Voltage 

+10 +1.0 

+5 +0.5 

1 > I E c 0 I !!! 
i :: 

-5 0.5 

-10 -1.0 
-55"C +25"C + 125"C 

DC Accuracy 

amplifiers. Typically, IBn is 5 ILA and VIO is +0.5 mV (I sigma 
= 0.3 mY), which means that the dc output error can be 
reduced by making RN = 100 O. Note that the offset drift will 
not change significantly because the IBn TC is relatively small. 
(See specification table.) 

The effective noise at the output of the amplifier can be deter
mined by taking the root sum of the squares of Equation 11 and 
applying the spectral noise values found in the typical graph sec
tion. This applies to noise from the op amp only. Note that 
both the noise figure and equivalent input offset voltages im
prove as the closed loop gain is increased (by keeping Rp fixed 
and reducing R, with RN = 0 0). 
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AD9617 
40011 

RSERIES 

CL 

Capacitive Load Figure 

Capacitive Load Considerations 
Due to the low inverting input resistance (Rs) and output buffer 
design, the AD9617 can directly handle input and/or output 
load capacitances of up to 20 pF. See the chart below. 
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Input/Output Capacitance Comparisons 

A small series resistor can be used at the output of the amplifier 
and outside of the feedback loop to facilitate driving larger ca
pacitive loads or for obtaining faster settling time. For capacitive 
loads above 20 pF, RSERIES should be considered. 

2' 

20 

~ " 
I 

J 10 

v ~ 
1/ 

J 
/ 

__ lJ 
20 40 60 80 

CL- pF 

Recommended RSERfES vs. CL 

APPLYING THE AD9617 

100 

The superior frequency and time domain specifications of the 
AD9617 make it an obvious choice for driving flash converters 
and buffering the outputs of high speed DACs. Its outstanding 
distortion and noise performance make it well suited as a driver 
for analog to digital converters (ADCs) with resolutions as high 
as 16 bits. 

Typical circuits for inverting and noninverting applications are 
shown in Figures 1 and 2. 
Closed-loop gain for noninverting configurations is determined 
by the value of RI according to the equation: 

RF 
G = 1 + - (12) 

R[ 
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-Vs 

·SEE PINOUTS 

Figure 1. Noninverting 
Operation 

LAYOUT CONSIDERATIONS 

+Vs 3.3flF 

-Vs 

O"~ii. '. O.1p.F 

-~;r 
I 
I 

O.1p.F 

3.3p.F 

'SEE PINOUTS 

Figure 2. Inverting 
Operation 

As with all high performance amplifiers, printed circuit layout is 
critical in obtaining optimum results with the AD9617. The 
ground plane in the area of the amplifier should cover as much 
of the component side of the board as possible. Each power 
supply trace should be decoupled close to the package with at 
least a 3.3 I1F tantalum and a low inductance, 0.1 I1F ceramic 
capacitor. 

All lead lengths for input, output and the feedback resistor 
should be kept as short as possible. All gain setting resistors 
should be chosen for low values of parasitic capacitance and in
ductance, i.e., microwave resistors and/or carbon resistors. 

Stripline techniques should be used for lead lengths in excess of 
one inch. Sockets should be avoided if possible because of their 
stray inductance and capacitance. If sockets are necessary, indi
vidual pin sockets such as AMP pIn 6-330808-3 should be used. 
These contribute far less stray reactance than molded socket as
semblies. 

An evaluation board is available from Analog Devices at nominal 
cost. 

*Consult factory regarding MIL-883 parts in "Z" packages. 
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AD9617 

Typical Performance (Ay = +3; ±Vs = ±5 V; RF = 400 0, unless otherwise noted) 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Usable Closed-Loop Gain Range: +5/-1 to ±100 
Low Distortion: -63 dBc (2nd) at 20 MHz 
Small Signal Bandwidth: 160 MHz (Av = +10) 
Large Signal Bandwidth: 150 MHz at 5 V p-p 
Settling Time: 10 ns to 0.1%; 14 ns to 0.02% 
Overdrive and Output Short Circuit Protected 
Fast Overdrive Recovery 
DC Nonlinearity 5 ppm 

APPLICATIONS 
Driving Flash Converters 
DIA Current to Voltage Converters 
IF. Radar Processors 
Baseband and Video Communications 
Photodiode. CCD Preamps 

GENERAL DESCRIPTION 
The AD96IS is a current feedback amplifier which utilizes a 
proprietary architecture to produce superior distortion and dc 
precision. It achieves this along with fast settling, very fast slew 
rate, wide bandwidth (both small signal and large signal), and 
exceptional signal fidelity. The device achieves -63 dBc 2nd 
harmonic distortion at 20 MHz while maintaining 160 MHz 
small signal and ISO MHz large signal bandwidths. 

These attributes position the AD961S as an ideal choice for driv
ing flash ADCs and buffering the latest genemtion of DACs. 
Optimized for applications requiring gain between + 5/- I 
to ±40, the AD961S is unity gain stable without external 
compensation. 

Additional benefits of the AD9618B and T grades include 
input offset voltage of 500 II-V and temperature coefficient (TC) 
of 3 II-vrc. These accuracy performance levels make the 
AD9618 an excellent choice for driving emerging high resolution 
(12-16 bits), high speed analog to digital converters and flash 
converters. 

The AD96IS offers outstanding performance in high fidelity, 
wide bandwidth applications in instrumentation mnging from 
network and spectrum analyzers to oscilloscopes, and in military 
systems such as radar, SIGINT, and ESM systems. The supe
rior slew rate, low overshoot, and fast settling of the AD96IS 
allow the device to be used in pulse applications such as com
munications receivers and high speed ATE. Most monolithic op 
amps suffer in these precision pulse applications due to slew rate 
limiting. 

'Patent pending. 
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Low Distortion, Precision, 
Wide Bandwidth Op Amp 

AD9618* I 
PIN CONFIGURATION 

'OPTIONAL +Vs "OPTIONAL -Vs 

NOTE: FOR BEST SETTLING TIME AND DISTOR
TION PERFORMANCE. USE OPTIONAL SUPPLY 
CONNECTIONS. PERFORMANCE INDICATED IN 
SPECIFICATIONS IS BASED ON SUPPLY CON
NECTIONS TO THESE PINS. 

The AD9618J opemtes over the range of 0 to +70°C and is 
available in either an S-pin plastic mini-DIP or an S lead plastic 
small outline package (SOIC). The AD9618A and B versions are 
rated over the industrial temperature range of -40°C to +SsoC. 
The AD961SS and T versions are mted over the military tem
perature range of -55°C to + 125°C; and are available processed 
to MIL-STD-883B. 
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AD9618 -SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS' Storage Temperature 
Supply Voltages (±Vs) ....................... ±7 V AD96lSJN/JR ................... -65°C to + 125°C 
Common Mode Input Voltage ................... ±Vs AD961SAQ/BQ/SQITQ ............. -WC to + 150°C 
Differential Input Voltage . . . . . . ................ 3 V Junction Temperature3 

Continuous Output Current' .... .............. 70 mA AD961SJN/JR .......................... 150°C 
Operating Temperature Ranges AD96lSAQIBQ/SQITQ ..................... l7SoC 

AD96lSJN/JR ....................... 0 to +70°C Lead Soldering Temperature (10 Seconds) ........ +300°C 
AD96lSAQ/BQ ................... -40°C to +SsoC 
AD96lSSQ/TQ .................. -55°C to + l2SoC 

DC ELECTRICAL CHARACTERISTICS 
(unless otherwise noted, Ay = +10; ±Vs = ±5 V; RF = 1000 G; 

RLOAD = 100 Gl 

Test AD9618JN/JR AD%18AQ/SQ AD%18BQlTQ 
Parameter Conditions Temp Level Min Typ Max Min Typ Max Min Typ Max 

Input Offset Voltage4, , +25°C I -1.1 +0.5 +2.2 -1.1 +0.5 +2.2 0.0 +0.5 +1.1 
Input Offset Voltage TC' Full IV -4 +3 +25 -4 +3 +25 -4 +3 +25 
Input Bias CurrentS 

Inverting +25°C I -45 0 +45 -45 0 +45 -20 0 +20 
Noninverting +25°C I -25 +5 +35 -25 +5 +35 -13 +5 +18 

Input Bias Current TC' 
Noninverting Full IV -50 +30 +125 -50 +30 +125 -50 +30 +125 
Inverting Full IV -50 +40 +130 -50 +40 +130 -50 +40 +130 

Input Resistance 
Noninverting +25°C V 75 75 75 

Input Capacitance 
Noninverting +25°C V 1.5 1.5 1.5 

Common Mode Input Range6 T = Tmal' <- II ±1.0 ±1.2 ±1.0 ± 1.2 ±1.0 ±1.2 
T = Tmin to +25°C <- II ±1.4 ± 1.5 ±1.4 ± 1.5 ±1.4 ±l.S 

Common Mode Rejection Ratio' T = Tm>x <- II 44 48 44 48 44 48 
T = +25°C <- II 48 52 48 52 48 52 
T = Tmin <- II 50 54 50 54 50 54 

Power Supply Rejection Ratio !!.Vs = ±5% Full II 50 60 50 60 50 60 
Open Loop Gain 

To At de +25°C V 3 3 3 
Nonlinearity At de +25°C V 5 5 5 

Output Voltage Range +25°C II ±3.3 ±3.7 ±3.3 ±3.7 ±3.3 ±3.7 
Output Impedance At de +25°C V 0.08 0.08 0.08 
Output Current (50 0 Load) T:-;:: +25°C to Tmax <- II 60 60 60 

T = Tmin <- II 50 50 50 

AC ELECTRICAL CHARACTERISTICS 
(unless otherwise noted, Ay = + 10; ±Vs = ±5 V; RF = 1 kG; 

RLOAD = 100 fl) 

Test AD9618JN/JR AD%18AQ/SQ AD9618BQ/TQ 
Parameter Conditions Temp Level Min Typ Max Min Typ Max Min Typ Max 

FREQUENCY DOMAIN 
Bandwidth ( - 3 dB) 

Small Signal VOUT :5 2 V p-p Full II 130 160 130 160 130 160 
Large Signal VOUT :5 5 V p-p Full IV 150 120 ISO 120 ISO 

Bandwidth Variation vs. Ay Ay = -I to ±40 +25°C V 35 35 35 
Amplitude of Peaking C <50 MHz) T = Tmin to +25°C <- II 0 0 0.4 0 0.4 

T = Tmax <- II 0 0 0.7 0 0.7 
Amplitude of Peaking (>50 MHz) T = Tmin to +25°C <- II 0 0 0.6 0 0.6 

T Tmax <- II 0 0 1.2 0 1.2 
Amplitude of Roll-Off «75 MHz) Full II 0.5 0.5 1.2 0.5 1.2 
Phase Nonlinearity de to 75 MHz +25°C V 0.5 0.5 0.5 
2nd Harmonic Distortion 2 V p-p; 4.3 MHz Full IV -83 -75 -83 -75 -83 -75 

2 V p-p; 20 MHz Full IV -63 -55 -63 -55 -63 -55 
2 V p-p; 60 MHz Full II -51 -43 -51 -43 -51 -43 

3rd Harmonic Distortion 2 V p-p; 4.3 MHz Full IV -85 -77 -85 -77 -85 -77 
2 V p-p; 20 MHz Full IV -70 -62 -70 -62 -70 -62 
2 V p-p; 60 MHz Full II -62 -54 -62 -54 -62 -54 

Input Noise Voltage JOMHz +25°C V 1.2 1.2 1.2 
Inverting Input Noise Current JOMHz +25°C V 24 24 24 
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Units 

mV 
jJ.VFC 

jJ.A 
jJ.A 

nArC 
nArC 

kO 

pF 
V 
V 
dB 
dB 
dB 
dB 

MO 
ppm 
V 
0 
rnA 
rnA 

Units 

MHz 
MHz 
MHz 
dB 
dB 
dB 
dB 
dB 
Degree 
dBc 
dBc 
dBc 
dBc 
dBc 
dBc 
nV/y'CHz) 
pAly'(Hz) 
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AD9618 
Test AD9618JN/JR AD9618AQ/SQ AD9618BQfTQ 

Parameter Conditions Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

Average Equivalent Integrated 
Input Noise Voltage 0.1 to 200 MHz +25'C V 38 38 38 ,...V,rms 

TIME DOMAIN 
Slew Rate VOUT = 4 V Step Full IV 1800 1400 1800 1400 1800 V/,...s 
Rise/Fall Time 

VOUT = 2 V Step Full IV 2.2 2.2 2.6 2.2 2.6 ns 
VOl'T = 5 V Step T = +25°C to <- IV 2.3 2.3 2.8 2.3 2.8 ns 

T = Tmin <- IV 2.3 2.3 3.1 2.3 3.1 ns 
Overshoot VOUT = 2 V Step Full IV 2 2 10 2 10 % 
Settling Time 

To 0.1% VOUT = 2 V Step Full IV 9 9 IS 9 IS ns 
To 0.02% VOUT = 2 V Step Full IV 14 14 23 14 23 ns 
To 0.1% VOUT = 4 V Step Full IV 10 10 16 10 16 ns 
To 0.02% VOUT = 4 V Step Full IV 16 16 24 16 24 ns 

2 x Overdrive Recovery to 
±2 mV of Final Value V,N = 0.6 V Step +25°C V 50 50 50 ns 

Propagation Delay +25°C V 2 2 2 ns 
Differential Gain' Full V 0.01 0.01 0.01 % 
Differential Phase' Full V 0.02 0.02 0.02 Degree 

POWER SUPPLY RE01 Quiescent Current 
+Is Full II 31 43 31 43 31 43 mA 
-Is Full II 31 43 31 43 31 43 rnA 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually and beyond which the serviceability of the circuit may be impsired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'Output is short circuit protected to ground, but not to supplies. Continuous shon circuit to ground may affect device reliability. 
'Typical thermal impedances (psn soldered onto board): 
Mini-DIP: alA = 14O°C/W; 0IC = 30"CIW. 
Side BrazediCerdip: alA = 1l0"C/W; 0IC = 20"CIW. 
SOIC Package: 0IA = .150"C/W; 0IC = 30"CIW. 

4Measured with respect to the inverting input. 
'Typical is defined as the mean of the distribution. 
"Measured in voltage follower configuration. 
'Measured with V,N = ±0.25 V. 
'Frequency = 4.3 MHz; RL = ISO 0; Av = + 10. 
Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 
Test Level 
I - 100% production tested. 
II - 100% production tested at + 25°C and sample tested at 

specified temperatures. AC testing of J grade devices done 
on sample basis. 

III - Sample tested only. 

IV - Parameter is guaranteed by design and characterization 
testing. 

V - Parameter is a typical value only. 

VI - All devices are 100% production tested at + 25°C. 100% 
production tested at temperature extremes for extended 
temperature devices; sample tested at temperature 
extremes for commercial/industrial devices. 
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Temperature Package Package 
Model Range Description Option* 

AD9618JN o to +70°C Plastic DIP N-8 
AD9618JR o to +70°C SOlC R-8 
AD9618AQ -40°C to +S5°C Cerdip Q-S 
AD961SBQ -40°C to +S5°C eerdip Q-8 
AD961SSQ - 55°C to + 125°C Cerdip Q-S 
AD961STQ - 55°C to + 125°C Cerdip Q-8 
*For outline information see Package Information section. 

DIE CONNECTIONS 
+V, 

D D 

-INPUT 0 D +v, 

TOP VIEW 
(Not to Scale) 

+INPUT 0 D OUTPUT 

D D D 

DIE SIZE = 53 x 67 )( 15 mils 
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AD9618 
THEORY OF OPERATION 
The AD9618 has been designed to combine the key attributes of 
traditional "low frequency" precision amplifiers with exceptional 
high frequency characteristics that are independent of closed
loop gain .. Previous "high frequency" closed-loop amplifiers have 
low open loop gain relative to precision amplifiers. This results 
in relatively poor dc nonlinearity and precision, as well as exces
sive high frequency distortion due to open loop gain roll-off. 

Operational amplifiers use two basic types of feedback correc
tion, each with advantages and disadvantages. Voltage feedback 
topologies exhibit an essentially constant gain bandwidth prod
uct. This forces the closed-loop bandwidth to vary inversely 
with closed-loop gain. Moreover, this type design typically slew 
rate limits in a way that causes the large signal bandwidth to be 
much lower than its small signal characteristics. 

A newer approach is to use current feedback to realize better 
dynamic performance. This architecture provides two key 
attributes over voltage feedback configurations: (1) avoids slew 
rate limiting and therefore large signal bandwidth can approach 
small signal performance; and (2) low bandwidth variation ver
sus gain settings, due to the inherently low open loop inverting 
input resistance (Rs). 

The AD9618 uses a new current feedback topology that over
comes these limitations and combines the positive attributes of 
both current feedback and voltage feedback designs. These 
devices achieve excellent high frequency dynamics (slew, BW 
and distortion) along with excellent low frequency linearity and 
good dc precision. 

DC GAIN CHARACTERISTICS 
A simplified equivalent schematic is shown below. When operat
ing the device in the inverting mode, the input signal error cur
rent (I E) is amplified by the open loop transimpedance gain 
(To). The output signal generated is equal to To x IE. Nega
tive feedback is applied through RF such that the device oper
ates at a gain (G) equal to - R¢RI. 

Noninverting operation is similar, with the input signal applied 
to the high impedance buffer (noninverting) input. As before, 

Y. 

.}4--~~--o Y. 

Y, 

Equivalent Circuit 

an output (buffer) error cun:ent (10 is generated at the low im
pedance inverting input. The signal generated at the output is 
fed back to the inverting input suc1J that the external gain is 
(1 + R¢RI). The feedback mechanics are identical to the voltage 
feedback topology when exact equations are used. 

The major difference lies in the front end architecture. A voltage 
feedback amplifier has symmetrical high resistance (buffered) 
inputs. A current feedback amplifier has a high noninverting 
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resistance (buffered) input and a low inverting (buffer output) 
input resistance. The feedback mec1Janics can be easily devel- . 
oped using current feedback and transresistimce open loop gain 
T(s) to describe the I/O relationship. (See typical specification 
chart.) 

DC closed-loop gain for the AD9618 can be calculated using the 
following equations: 

G = Va -RFIRI 
VI 1 + lILG 

G 
1 + RFIRI 
1 + lILG 

1 Rs(RF + RsIIRI) 
where: LG"" T(s)(RsIIRI) 

inverting (1) 

noninverting (2) 

(3) 

Because the noninverting input buffer is not ideal, input resis
tance Rs (at dc) is gain dependent and is typically higher for 
noninverting operation than for inverting operation. Rs will ap
proach the same value (""9 0) for both at input frequencies 
above 50 MHz. Below the open loop comer frequency, the non
inverting Rs can be approximated as: 

.. T(s) Tal 
Rs (nontnverttng) "" 9 + Ao = 9 + Ao de (4) 

where: Ao=Open Loop Voltage Gain"" Gx350 

Inverting Rs below the open loop comer frequency can be ap
proximated as: 

T(s) Tal 
Rs (inverting) "" 9 + Ao = 9 + Ao de (5) 

where: Ao = 140,000 

I 
- ~ Rl, = 100n 

/ 
". ....... 

"-
.% 

i" ........ 

/ '" / 

-2 -, +' +2 

YOUT - Volta 

DC Nonlinearity vs. Your 

The AD9618 approaches this condition. With To = 3 X 106 0 
and Rs = 32 0 (dc), a gain error of 0.04% typically results for 
G = -1 and 0.11% for G = -100. Moreover, the architecture 
linearizes the open loop gain over its operating voltage range and 
temperature resulting in > 16 bits of linearity. 
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AC GAIN CHARACTERISTICS 
Closed-loop bandwidth at high frequencies is determined prima
rily by the roll-off of T(s). But circuit layout is critical to mini
mize external parasitics which can degrade performance by 
causing premature peaking and/or reduced bandwidth. 

The inverting and noninverting dynamic characteristics are simi
lar. When driving the noninverting input, the inverting input 
capacitance (CI) will cause the noninverting closed-loop band
width to be higher than the inverting bandwidth for gains less 
than five (5). In the remaining cases, inverting and noninverting 
responses are nearly identical. 

For best overall dynamic performance, the value of the feedback 
resistor (RF) should be 1000 n. Although bandwidth reduces as 
closed-loop gain increases, the change is relatively small due to 
low equivalent series input impedance, Zs. (See typical perfor
mance charts.) The simplified equations governing the device's 
dynamic performance are shown below. 

Closed-Loop Gain vs. Frequency: 
(noninverting operation) 

Va 
Vs 

1 + RF 
R/ 

where: T=RFXCc=l.O ns (RF=l kn) 

Slew Rate "" ~.va x e-T/RFKCc 
RFKCc 
Rs 

where: K=l+ R/ 

Increasing Bandwidth at Low Gains 

(6) 

(7) 

By reducing RF, wider bandwidth and faster pulse response can 
be attained beyond the specified values, although increased over
shoot, settling time, and possible ac peaking may result. As a 
rule of thumb, overshoot and bandwidth will increase by 1 % 
and 8%, respectively, for a 5% reduction in RF at gains of ± 10. 

Equations 6 and 7 are simplified and do not accurately model 
the second order (open loop) frequency response term which is 
the primary contributor to overshoot, peaking, and nonlinear 
bandwidth expansion. (See Open Loop Bode Plots.) The user 
should exercise caution when selecting RF values much lower 
than 1000 n. Note that a feedback resistor must be used in all 
situations. 

Increasing Bandwidth at High Gains 
Closed-loop bandwidth can be extended at high closed-loop gain 
by reducing RF. Bandwidth reduction is a result of the feedback 
current being split between Rs and RI. As the gain increases 
(for a given RF), more feedback current is shunted through RI, 
which reduces closed-loop bandwidth (see Equation 6). To 
maintain specified BW, the following equations can be used to 
approximate RF and RI for any gain from = +5/-1 to ±40. 
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AD9618 
RF = 1100 ± 8 G 

(+ for inverting and - for noninverting) 

1100 - 10 G 
G - 1 

1100 + 10 G 

G 
G = Closed-Loop Gain. 

Bandwidth Reduction 

(noninverting) 

(inverting) 

(8) 

(9) 

(10) 

The closed-loop bandwidth can be reduced by increasing RF. 
Equations 6 and 7 can be used to determine the closed-loop 
bandwidth for any value RF. Do not connect a feedback capaci
tor across RF, as this will degrade dynamic performance and 
possibly induce oscillation. 

DC Precision and Noise 
Output offset voltage results from both input bias currents and 
input offset voltage. These input errors are multiplied by the 
noise gain term (l + RplRl) and algebraically summed at the 
output as shown below. 

Va= VIO x (1+ i) ±IBn XRNX (1+ i)±IBiXRF (11) 

Since the inputs are asymmetrical, IBi and IBn do not correlate. 
Canceling their output effects by making RN = RFIIRI will not 
reduce output offset errors, as it would for voltage feedback am-

VOUT 

Output Offset Voltage 

+10 +1.0 

+5 +0.5 .. .. 
~ I 

C 

i 
I 

.j 

-5 -0.5 

-10 -1.0 
-Ssoc +2SOC + 12S"C 

OCAccuracy 

plifiers. Typically, ffin is 5 ,..A and VIO is +0.5 mV (1 sigma = 
0.3 mY), which means that the dc output error can be reduced 
by making RN "" 100 n. Note that the offset drift will not 
change significantly because the IBn TC is relatively small. (See 
specification table.) 
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AD9618 
The effective noise at the output of the amplifier can be deter
mined by taking the root sum of the squares of Equation II and 
applying the spectral noise values found in the typical graph sec
tion. This applies to noise from the op amp only. Note that 
both the noise figure and equivalent input offset voltage improve 
as the cloSed-loop gain is increased (by keeping Rp fixed and 
reducing R, with RN = 00). 

1kU 

RSERIES 
In 

CL 

Capacitive Load Figure 

Capacitive Load Considerations 

Due to the low inverting input resistance (Rs) and output buffer 
design, the AD%18 can directly handle input and/or output 
load capacitances of up to 10 pF. See the chart below. 

:= 65 
I 

~ 55 

.,; 45 

~ 
w 35 

~ 25 

I 15 

,/ 
/ 

-;; ./ VOUT = 4V STEP 
CL = OpF 

5pF 4pF/DIV 25pF 

V~=4~STE~ - r-
CLI = OpF 

J 
V 

OpF 4pF/DIV 20pF 

INPUT CAPACITANCE ICLII CAPACITIVE LOAD ICLI 

RSERIES = on 
Input/Output Capacitance Comparisons 

A small series resistor can be used at the output of the amplifier 
and outside of the feedback loop to facilitate driving larger 
capacitive loads or for obtaining faster settling time. For capaci
tive loads above 10 pF, RSER'ES should be considered. 

25 

20 
/" 

,.-

/' 
( 

) 
20 40 60 80 100 

CL-pF 

Recommended RSERIES VS. CL 

APPLYING THE AD9618 
The superior frequency and time domain specifications of the 
AD9618 make it an obvious choice for driving flash converters 
and buffering the outputs of high speed DACs. Its outstanding 
distortion and noise performance make it well suited as a driver 
for analog-to-digital converters (ADCs) with resolutions as high 
as 16 bits. 
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Typical circuits for inverting and noninverting applications are 
shown in Figures 1 and 2. 

Closed-loop gain for noninverting configurations is determined 
by the value of R, according to the equation: 

RF 
G = I + - (12) 

R/ 

·SEE PINOUTS 

Figure 1. Noninverting 
Operation 

·SEE PINOUTS 

Figure 2. Inverting 

Operation 

To preserve the amplifier's full bandwidth, the noninverting 
input should be driven from a low impedance source. 

A recommended circuit for an inverting amplification is shown 
in Figure 2. 

Closed-loop gain for inverting configurations is determined by 
the value of R, per the following equation: 

RF 
G = -- (13) 

R/ 

LAYOUT CONSIDERATIONS 
As with all high performance amplifiers, printed circuit layout is 
critical in obtaining optimum results with the AD9618. The 
ground plane in the area of the amplifier should cover as much 
of the component side of the board as possible. Each power 
supply trace should be decoupled close to the package with at 
least a 3.3 ",F tantalum and a low inductance, 0.1 ",F ceramic 
capacitor. 

All lead lengths for input, output, and the feedback resistor 
should be kept as short as possible. All gain setting resistors 
should be chosen for low values of parasitic capacitance and in
ductance, i.e., tnicrowave resistors and/or carbon resistors. 

Stripline techniques should be used for lead lengths in excess of 
one inch. Sockets should be avoided if possible because of their 
stray inductance and capacitance. If sockets are necessary, indi
vidual pin sockets such as AMP pin 6-330808-3 should be used. 
These contribute far less stray reactance than molded socket as
semblies. 

An evaluation board is available from Analog Devices for a 
nominal charge. 
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Typical Performance (Ay = +10; ±Vs = ±5V; RF = 1 kG, unless otherwise noted) .. .'00 

.... I 

I )=+~-

. , .," 

f'... ~ r--... 
I~ -"' All = +20 f'... t--.. ..... 1"0.. ....... 1\ ........ , I\...~ -..... ~ 
Ay"'+l00~ \ ..... t-... ........ t--S 

I '\ ....... 
I \ ......... 

FREQUENCY _ M" 

Noninverting Frequency Response 

10 

.. 
.. , .. 
.. 
so 

55 .. 
'00 

I 

'I 
// 
;/ , 

CMI1R .If.. 
\ 'f 
."ll/ .... 

,OOk 1M 

FREQUENCY - H.I: 

CMRR and PSRR 

FflEQUINCV-MHI 

Harmonic Distortion 

H~.---.=---~.~--.. =---=, .. ~~, .. 
PRIUIJINCY - MHa 

Intermodulation Distortion (lMD) 

REV. A 

.. .'10 .,. 
GAO • , 

I 
... 

.... ~ Ayo: -1 

'~ 2\. '.'-~ ~ , 
PHASE ~ ~ 'i'o. · · / r\ ~ ~ 
A" = -'00 

~ ..... ~ · \ · 

, . 
F 

.: J 
-.. ~ 
-.. 

7 
lZC1 110 '00 

FREQUENCY - MHa: 

Inverting Frequency Response 

, 
+0 .• 

19J-"~ 
I-

I 
I VOUT ","VSTEI" 

V 
-0.01 

, .. " TIME-lIS 

Settling Time 

. 
., • '31 .AI. . .. 

/' Rl -Ioon 

.........: ~ ,...... ..... ",.,0011, ~ =". 
I -~ J) ~ ...... 

-131 
Rl ... llon """III:i -, -'00 

-7 • .. .. '00 
FMOUENCY _ MMI 

Frequency Response vs. RLOAD 

1\ Ay • +1' .. 
+1.1 r-

-, ,. i 
~ [). TltT.-.T , 

r-
''';'~'''' 

, I 
1\ , -u 

-u v .,,--1 
-3.0 

'''''' ........ 
Large Signal Pulse Response 

". "' ..... ~ GAl • .. 

" 
....... V 

, .. PH~ i'- .......... 
~ L. 

.. 

.. ... ,'" 

~rr , ... , 
I I 

'M 
FREOUENCY - HI 

" ~ 
, 
, 

'-
\' 

, 

\ ... ,. 
Open Loop Transimpedance Gain 
[T(s) Relative to 1 [Jj 

• 
~ ::": 
s 
!i -0.02 

~ -0.04 

.. 

.. 
I! 

i so 

.. 

.. .. 

w-loon .",.-

f---

"- " I -
VOUT = 4V STEP 

I 
I .. 

TIME- II. 

Long Term Settling Time 

\\ 
'.\ 
\\ 
~\ nv/\Hr 

>~ 
.r:,!lii'\ 

(I ER11ND1 ~-~--- , ,.. .. , .. , ... 

+1.0 

+0,1 

I 
i · 
L. 

-1.0 

FRIQUENCY - HI 

Equivalent Input Noise 

Ay_ +'0 , I , 

~ l-f- 100I'I IpF 

f- I- ',1 I! 
, .. ,-"I 

Small Signal Pulse Response 

OPERA TlONALAMPLIFIERS 2-453 



2-454 OPERATIONAL AMPLIFIERS 



1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Excellent Gain Accuracy: 0.994 V IV 
Wide Bandwidth: 600 MHz 
Slew Rate: 2200 V/ .... s 
Ultra low Distortion: 

-73 dBc @ 20 MHz 
-91 dBc @ 2.3 MHz 

Fast Settling Time: 8 ns to 0.02% 
Low Noise: 2.0 nV/VHz 

APPLICATIONS 
IF/Communications 
Impedance Transformations 
Drives Flash ADCs 
Line Driving 

GENERAL DESCRIPTION 
The AD9620 is a monolithic, unity gain buffer amplifier that 
sets new standards in gain accuracy, wide bandwidth and low 
distortion. Its large signal bandwidth, ultralow distortion over 
frequency, and drive capabilities of the AD9620 make this 
buffer an ideal driver for flash ADCs. Other applications which 
require increased current drive at unity voltage gain, such as 
cable driving, also benefit from the AD9620's performance. 

In addition to innovative (patent pending) feedback architecture, 
special packaging techniques improve dynamic performance by 
minimizing the reactive effects associated with standard pack
ages. The result is - 73 dBc harmonic suppression at 20 MHz, 
and -91 dBc at 2.3 MHz. The AD9620 also outperforms other 
amplifiers, including its predecessor AD9630, in terms of small
signal pulse response and dc linearity. These features make the 
AD9620 the premier driver for high speed, high resolution 
ADCs. . 

"Patent(s) Pending. 
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Ultralow Distortion, 
600 MHz Buffer 

AD9620* I 
DIP CONFIGURATION 

NC = NO CONNECT 

Available in side-brazed ceramic DIP packages, the "A" suffIx 
unit is guaranteed for -40°C to +85°C operating temperatures; 
the "S" suffIx device is guaranteed from - 55°C to + 125°C. 
AD9620 die are dc tested at + 25°C. 
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AD9620 - SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltages (±Vs) ....................... ±7 V Storage Temperature 
Input Voltage Range ......................... ±Vs AD9620AD .................... -65°C to + 150°C 
Continuous Output Current2 •••••••••••••••••• 70 mA 
Operating Temperature Ranges 

AD9620SD ..................... -65°C to + 150°C 
Junction Temperature3 ••••••••••••••••••••• + 175°C 

AD9620AD ..................... -40°C to +85°C Lead Soldering Temperature (10 seconds)4 ........ + 300°C 
AD9620SD ..................... -55°C to + 125°C 

DC ELECTRICAL CHARACTERISTICS (unless otherwise noted, ±Vs = ± 5 V; RIM = 50 n, RLOAD = 100 nl 
Test AD9620AD AD9620SD 

Parameter Conditions Temp Level Min Typ Max Min Typ Max Units 

DC SPECIFICATIONS 
Output Offset Voltage +25°C I -8 ±2 +8 -8 ±2 +8 mV 

Offset Voltage TC Full IV -25 ±5 +25 -25 ±5 +25 /LVrC 
Input Bias Current +25°C I -35 ±6 +35 -35 ±6 +35 /LA 

Bias Current TC Full IV -150 ±50 +150 -150 ±50 +150 nArC 
Input Resistance +25°C to T""", VI 400 800 400 800 kn 
Input Resistance Tmin VI 190 190 kn 
Input Capacitance +25°C V 1.0 1.0 pF 
Gain VOUT = 2 V p-p Full VI 0.989 0.994 0.989 0.994 VN 
Output Voltage Range Full VI +2.8 -2.8 +2.8 -2.8 V 
Output Current (50 n Load) Full VI 40 40 rnA 
Output Impedance At DC +25°C V 0.4 0.4 n 
Power Supply Rejection Ratio LlVs = ±5% Full VI 52 60 52 60 dB 
DC Nonlinearity ±2 V Full Scale +25°C VI 0.005 0.005 % 

FREQUENCY DOMAIN 
Bandwidth ( - 3 dB) 

Small Signal VOUT = :0;0.7 V p-p T min to +25°C II 320 600 320 600 MHz 
Small Signal VOUT = :0;0.7 V p-p Tm= II 260 260 MHz 
Large Signal VOUT = 4 V p-p T min to +25°C IV 60 80 60 80 MHz 
Large Signal VOUT = 4 V p-p Tmax IV 45 45 MHz 

Amplitude of Peaking :0;150 MHz T min to +25°C II 0.8 1.5 0.8 1.5 dB 
Amplitude of Peaking :0;150 MHz Tm= II 1.5 2.2 1.5 2.2 dB 
Amplitude of Rolloff :0;150 MHz Full II 0 0.3 0 0.3 dB 
Group Delay DC to 150 MHz + 25°C V 0.75 0.75 ns 
Phase Nonlinearity DC to 150 MHz +25°C V 1.4 1.4 Degrees 
2nd Harmonic Distortion 2 V p-p; 2.3 MHz +25°C to Tm= IV -91 -82 -91 -82 dBc 

2 V p-p; 2.3 MHz Tmin IV -81 -73 -81 -73 dBc 
2 V p-p; 20 MHz Full IV -71 -63 -71 -63 dBc 
2 V p-p; 60 MHz +25 I -69 -60 -69 -60 dBc 
2 V p-p; 60 MHz T min and T max V -62 -62 dBc 

3rd Harmonic Distortion 2 V p-p; 2.3 MHz Full IV -94 -86 -94 -86 dBc 
2 V p-p; 20 MHz Full IV -81 -71 -81 -71 dBc 
2 V p-p; 60 MHz +25°C I -60 -52 -60 -52 dBc 

Spectral Input Noise Voltage 10 MHz +25°C V 2.0 2.0 nV/yHz 
Average Equivalent Integrated 

Output Noise Voltage 0.1 to 200 MHz +25°C V 28 28 /LV 

TIME DOMAIN 
Slew Rate VOUT = 4 V Step +25°C IV 1500 2200 1500 2200 V//Ls 
Rise/Fall Time VOUT = I V Step T min to +25°C IV 0.8 1.2 0.8 1.2 ns 

VOUT = I V Step Tm .. IV 1.1 1.5 1.1 1.5 ns 
VOUT = 4 V Step T min to +25°C IV 1.7 2.5 1.7 2.5 ns 
VOUT = 4 V Step Tm .. IV 2.3 3.4 2.3 3.4 ns 

Overshoot VOUT = 2 V Step Full IV 3 12 3 12 % 
Settling Time 

To 0.1% VOUT = 2 V Step Full IV 6 10 6 10 ns 
To 0.02% VOUT = 2 V Step Full IV 8 16 8 16 ns 

Differential Gain 4.4 MHz +25°C V 0.02 0.02 % 
Differential Phase 4.4 MHz + 25°C V 0.02 0.02 Degrees 
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AD9620 

I Conditions 
Test AD%20AD AD9620SD 

Parameter Temp Level Min Typ Max Min Typ Max Units 
POWER SUPPLY REQUIREMENTS 

Quiescent current~~1 
+Is +Vs = +5 V Full VI 40 48 40 48 mA 
-Is -Vs = -5 V Full VI 40 48 40 48 mA 

NOTES 
IAbsolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functionalopera
bility is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'?Output is short-circuit protected to ground, but not to supplies. Continuous short circuit to ground may affect device reliability. 2 
~Typical side-brazed thermal impedances (part soldered onto board): aJA = llO°C/W; ale = 20°CIW. 
"External capacitor of AD9620 is attached with 62 Snl36 Pb/2 Ag solder. Board attachment temperatures should be reviewed to insure the capacitor does not 
reflow during board mounting. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 
Test Level 
1- 100% production tested. 
II - 100% production tested at + 25°C, and sample tested 

at specified temperatures. 
III - Sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V
VI-

Parameter is a typical value only. 
All devices are 100% production tested at + 25°C. 
100% production tested at temperature extremes for 
extended temperature devices; sample tested at temper
ature extremes for commercial/industrial devices. 

AD9620 DIE LAYOUT 
60 (length) x 50 (width) x 15 (height) mils 

NC NC +Vs +Vs 

• • • • 
NC • • +C 

INPUT • • OUTPUT 

+CB • • -C 

• • • -CB -Vs 

THEORY OF OPERATION 
The AD9620 is a wide bandwidth, unity gain buffer amplifier 
that utilizes innovative (patent pending) voltage feedback archi
tecture. Large loop gain and high slew rate significantly improve 
dc linearity and large signal bandwidth when compared with 
that achieved with more conventional designs. 

Its large-signal bandwidth compares favorably with competitive 
devices of open-loop design without their limitations. Open-loop 
devices often sacrifice dc linearity and introduce frequency dis
tortion when driving low load impedances; the AD9620 does 
not. Its design yields low distortion products that are relatively 
constant for any resistive load greater than SO ohms. 
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ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD9620AD -40°C to +85°C 8-Pin DIP D-8 
AD9620SD -55°C to +l25°C 8-Pin DIP D-8 
AD9620 Chips +25°C Dice 

*For outline information see Package Infonnation section. 

-~10PF 

O.l~F 

I -INTERNAL TO V CERAMIC DIP 

AD9620 Bonding Diagram 

The AD9620 will satisfy any high performance analog signal 
processing application requiring isolation or current boosting 
between the signal source and load. Its combination of high 
input resistance and low capacitance, dc precision, and excep
tional dynamic characteristics sets a new standard in perfor
mance that has no equal. 

Excessive peaking may occur when using the AD9620 to directly 
drive loads with more than 3 pF of capacitance. To prevent this, 
a small value of resistance (Rs) should be placed in series with 
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AD9620 
the buffer output. The following figure shows various values of 
Rs as a function of capacitive load. 

~ 
~~tT_ 

H4~---+-- I 

40nr--~~----r---

20 40 60 80 
c L -pF 

Figure 1. Recommended Rs vs. CL 

100 

When the recommended series resistor is used, the AD9620 will 
have optimum frequency response, as shown in Figure 2. 

1 

o 
-1 

-2 

ill -3 

-4 

-5 

-6 

-7 

<O.IMHz 

10pF 

--- ---r--........ 25pF 

~ 
50pF 

150MHz 
50MHz/DIV 

Figure 2. Frequency Response vs. CL with 
Recommended Rs 

Capacitive loads up to 50 pF can be driven with minimal 
degradation in pulse response with Rs equal to approximately 
12 ohms. 

The output stage has short-circuit protection to ground, but 
average load currents greater than 70 rnA may reduce device 
reliability. The output driver will shut down if more than ap
proximately 130 rnA of instantaneous sink or source current is 
flowing. This ensures that output clipping will not occur during 
high slew conditions when driving capacitive loads. 

LAYOUT CONSIDERATIONS 
Although the AD9620AD/SD is housed in a specially designed 
package with built-in decoupling capacitors, the layout of the 
circuit containing the buffer requires careful attention. Without 
it, dynamic performance may be less than desired. 

Optimum performance depends on connecting all of the supply 
pins and ground pins of the AD9620. If they are not connected, 
the inherent benefits of the buffer's special package will not be 
realized. 

A two-ounce copper ground plane on the component side of the 
board is recommended. It should cover as much of the board as 
possible with appropriate openings for supply decoupling capaci
tors and for load and source resistors. 
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Settling time and ac performance will be optimized with surface 
mount 0.1 ,...F supply decoupling capacitors. These should be 
located within 50 mils of their corresponding device pins, with 
the opposite side of the capacitor soldered directly to the ground 
plane. 

4.71'F 

-VS 

Figure 3. AD9620 Application Circuit (Ceramic DIP) 

If surface mount capacitors cannot be used, radial lead ceramic 
capacitors with lead lengths less than 30 mils are recommended. 
Low frequency power supply decoupling is also necessary and 
can be accomplished with 4.7 ,...F tantalum capacitors mounted 
within 0.5 inch of the voltage supply pins. The interaction of 
the series inductance of the tantalum capacitor with the 0.1 ,...F 
decoupling capacitor and the supply leads may cause high 
frequency oscillations at the output. These can be eliminated 
with a ferrite bead mounted between the tantalum and ceramic 
capacitors. 

Connections to the AD9620 should be as short as possible. If 
either the source circuit or the driven circuit is further than one 
inch from the buffer, the printed circuit board (PCB) line im
pedances should be matched to the buffer input and output re
sistances. Basic microstrip techniques should be observed. The 
input termination resistor (R1N) and Rs should both be con
nected as close to the AD9620 as possible. 

Its performance characteristics allow the AD9620 to drive termi
nated cables directly without the use of an output termination 
resistor for many applications. When used, termination resistors 
(Rs and R1N) can be either carbon composition or microwave 
types. When matching characteristic impedances, precision 
microwave resistors with tolerance of 1% or better are 
recommended. 

The AD9620 should be soldered directly to the PCB with 
minintum vertical clemmce. The use of zero-insertion sockets 
is discouraged ~use of their high pin reactances. Use of this 
type socket will result in peaking and possibly induce 0sci11a
tion. If sockets must be used for test or prototyping purposes, 
individual pin sockets such as the AMP 6-330808 series are 
recommended. 
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WDEVICES 

FEATURES 
Excellent G.ain Accuracy: 0.99 VIV 
Wide Bandwidth: 750 MHz 
Slew Rate: 1200 V/ILS 
Low Distortion 

-65 dBc @ 20 MHz 
-80 dBc @ 4.3 MHz 

Settling Time 
6 ns to 0.1% 
8 nsto 0.02% 

Low Noise: 2.4 nV/YHz 
Improved Source for CLC-110 

APPLICATIONS 
IF/Communications 
Impedance Transformations 
Drives Flash ADCs 
Line Driving 

General Description 
The AD9630 is a monolithic buffer amplifier that utilizes inno
vative (patent pending) closed-loop design techniques to achieve 
exceptional gain accuracy, wide bandwidth, and low distonion. 
Slew rate limiting has been overcome as indicated by the 
1200 V/fLS slew rate; this improvement allows the user greater 
flexibility in wideband and pulse applications. The second har
monic distortion terms for an analog input tone of 4.3 MHz and 
20 MHz are -80 dBc and -66 dBc, respectively. Clearly, the 
AD9630 establishes a new standard by combining in one pan 
outstanding de and dynamic performance. 

The large signal bandwidth, low distortion over frequency, and 
drive capabilities of the AD9630 make the buffer an ideal flash 
ADC driver. The AD9630 provides better signal fidelity than 
many of the flash ADCs that it has been designed to drive. 

'Patent(s) Pending 

REV. A 

Low Distortion, 750 MHz 
Closed-Loop Buffer Amp 

AD9630* I 
PIN CONFIGURATION 

-Vs 

··OPTIONAL +Vs -"OPTIONAL - Vs 
NC = NO CONNECT 

NOTE: FOR BEST SETTLING TIME PERFORMANCE 
USE OPTIONAL POWER SUPPLIES. ALL SPECIFICATIONS 
ARE BASED ON USING SINGLE ±VS CONNECTIONS 
EXCEPT FOR SETTLING TIME TO 0.02% AND SMALL 
SIGNAL 521. CONSULT THE FACTORY FOR VERSIONS 
WITH OPTIONAL POWER SUPPLY PINS DISCONNECTED 
INTERNAL TO THE PACKAGE. 

Other applications which require increased current drive at 
unity voltage gain such as cable driving benefit from the 
AD9630's performance. 

The AD9630 is available in Plastic DIP (N), Ceramic DIP (Q), 
and SOIC (R). Consult with the factory concerning availability 
of MIL-STD-883 parts. Die are dc tested at + 25°C. 

DIE LAYOUT 
Die Dimensions 60x50x15 mils 

OPTIONAL 

-'" -'" 
• • • UB1308B • • • 

INPUT • • OUTPUT 

• • • • • OPTIONAL -'" -'" 
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AD9630-SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS· Lead Soldering Tempemture (10 sec) ............ +300°C 
Supply Voltages (±Vs) ....................... ±7 V Storage Temperature 
Continuous Output Currenf .................. 70 mA AD9630AN/ARIAQ ............... -65°C to + 150°C 
Temperature Range over Which Specifications Apply Junction Temperature' 

AD9630AN/ARIAQ ......•......... -40°C to +85°C AD9630AN/ARIAQ ...................... + 150°C 

ELECTRICAL CHARACTERISTICS (unless otherwise noted, :tVs = :t 5 V; RIM = 500, RLOAD = 100 OJ 

Test AD9630AINIRIQ 
Parameter Conditions Temp Level Min Typ Max Units 

DC SPECIFICATIONS 
Output Offset Voltage +25OC I -8 ±3 +8 mV 

Offset Voltage TC Full IV -40 ±8 +40 !'-vrc 
Input Bias Current +25°C I -25 ±2 +25 tJ.A 

Bias Current TC Full IV -100 ±20 +100 nArC 
Input Resistance· +25 to Tmax II 300 450 kO 
Input Resistance T.";,, VI ISO 250 kO 
Input Capacitance +25°C V 1.0 pF 
Gain VOUT = 2 V p-p +25 to Tmax II 0.983 0.990 VN 
Gain VOUT = 2 Vp-p T.";,, VI 0.980 0.985 VN 
Output Voltage Range Full VI +3.2 ±3.6 -3.2 V 
Output Current (50 0 Load) +25 to Tmax II 50 rnA 
Output Current (50 0 Load) T.";,, VI 40 rnA 
Output Impedance At dc +25°C V 0.6 0 
PSRR /l.Vs = ±5% Full VI 44 55 dB 
DC Nonlinearity ±2 V Full Scale +25OC V 0.03 % 

FREQUENCY DOMAIN 
Bandwidth ( - 3 dB) 

Small Signal VosO.7V p-p Tmin to 25 II 400 750 MHz 
Small Signal VosO.7Vp-p Tmax II 330 550 MHz 
Large Signal Vo = 5 Vp-p Tmin to 25 V 120 MHz 
Large Signal Vo = 5 Vp-p Tmax V lOS MHz 

Output Peaking $200 MHz Full II 0.4 1.2 dB 
Output Rolloff $200 MHz Full II 0 0.3 dB 
Group Delay dc to ISO MHz +25°C V 0.7 ns 
Linear Phase Deviation dc to 150 MHz +25°C V 0.7 Degrees 
2nd Harmonic Distortion 2 V p-p; 4.3 MHz Full IV -80 -73 dBc 

2 V p-p; 20 MHz Full IV -66 -58 dBc 
2 V p-p; 50 MHz Full II -52 -43 dBc 

3rd Harmonic Distortion 2 V p-p; 4.3 MHz Full IV -86 -79 dBc 
2 V p-p; 20 MHz Full IV -75 -68 dBc 
2 V p-p; 50 MHz Tmin to +25 II -47 -41 dBc 
2 V p-p; 50 MHz Tmax II -46 -40 dBc 

Spectral Input Noise Voltage 10 MHz + 25°C V 2.4 nV/\lHz 
Integmted Output Noise 100 kHz - 200 MHz + 25°C V 32 !'-V 

TIME DOMAIN 
Slew Rate VOUT = 5 V Step + 25°C IV 700 1200 V/!'-s 
Rise/Fall Time VOUT = 1 V Step +25°C IV 1.1 1.7 ns 

VOUT = 1 V Step T.";,, to Tmax IV 1.3 1.9 ns 
VOUT = 5 V Step +25°C IV 4.2 5.7 ns 
VOUT = 5 V Step T.";,, to Tmax IV 5.0 6.5 ns 

Overshoot Amplitude VOUT = 2 V Step Full IV 2 12 % 
Settling Time 

To 0.1% VOUT = 2 V Step Tmin to +25 IV 6 10 ns 
To 0.1% VOUT = 2 V Step Tmax IV 7 12 ns 
To 0.02%4 VOUT = 2 V Step Tmin to +25 V 8 ns 
To 0.02%4 VOUT = 2 V Step Tmax V 12 ns 

Differential Gain 4.4 MHz +25°C V 0.015 % 
Differential Phase 4.4 MHz +25OC V 0.025 Degree 

SUPPLY CURRENTS 
Vee (+Is) Vee = +5 V Full II 19 26 rnA 
VEE (-Is) VEE = -5 V Full II 19 26 rnA 
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AD9630 
NOTES 
'Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

20utput is short·circuit protected to ground, but not to supplies. Prolonged short circuit to ground may affect device reliability. 
'Typical thermal impedances (part soldered onto board): Mini-DIP (N): 0IA = 1l0°CIW; Ole = 30"C/W; SOle (R): OJA = 150°CIW; Ole = 50°CIW; 
Cerdip (Q): aJA = 1l000CIW; Ole = 20"C/W. 

'Short-term settling with 50 n source impedance. 

EXPLANATION OF TEST LEVELS 

Test Level 
I 100% Production tested. 
n 100% Production tested at + 25°C and sample tested at 

specified temperatures. AC testing of AN and AR grades 
done on sample basis only. 

III Sample tested only. 
IV Parameter is guaranteed by design and characterization 

testing. 
V Typical value. 
VI S versions are 100% production tested at temperature 

extremes. Other grades are sample tested at extremes. 

NC = NO CONNECT 

AD9630 Burn-In Circuit 

THEORY OF OPERATION 
The AD9630 is a wide-bandwidth, closed-loop, unity-gain buffer 
which makes use of a new voltage-feedback architecture (Patent 
Pending). This architecture brings together wide bandwidth and 
high slew rate along with exceptional dc linearity. Most previous 
wide bandwidth buffers achieved their bandwidth by utilizing an 
open-loop topology which sacrificed both dc linearity and fre
quency distortion when driven into low load impedances. The 
design's high loop correction factor radically improves dc linear
ity and distortion characteristics without diminishing bandwidth. 
This, in combination with high slew rate, results in exception
ally low distortion over a wide frequency range. 

The AD9630 is an excellent choice to drive high speed and high 
resolution analog-to-digital Converters. Its output stage is 
desiilned to drive high speed flash converters with minimal or 
no series resistance. A current booster built into the output 
driver helps to maintain low distortion. 

Parasitic or load capacitance (>7 pF) connected directly to the 
AD9630 output will result in frequency peaking. A small series 
resistor (Rs) connected between the buffer output and capacitive 
load will negate this effect. Figure I shows the optimal value of 
Rs as a function of CL to obtain the flattest frequency response. 
Figure 2 illustrates frequency response for various capacitive 
loads utilizing the recommended Rs. 

REV. A 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Options· 

AD9630AN -40°C to +S5°C S-Pin Plastic DIP N-S 
AD9630AR -40°C to +S5°C S-Pin SOIC R-S 
AD9630AQ -40°C to +S5°C S-Pin Cerdip Q-S 
AD9630 Chips +25OC Dice 

*For outline information see Package Information section. 
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Figure 1. Recommended Rs vs. CL 
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5OpF .............. 

-7 

c.1MHz l00MHz 200MHz 300MHz 

Figure 2. Frequency Response vs. CL 

with Recommended Rs 

In pulse mode applications, with Rs equal to approximately 
12 ohms, capacitive loads of up to 50 pF can be driven with 
minimal settling time degradation. 
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AD9630 
The output stage has short circuit protection to ground. The 
OUtput driver will shut down if more than approximately 
130 rnA of instantaneous sink or source current is reached. This 
level of current ensures that output clipping will not result when 
driving heavy capacitive loads during high slew conditions. 
Though average load currents above 70 rnA may reduce device 
reliability. 

LAYOUT CONSIDERATIONS 
Due to the high frequency operation of the AD9630 attention to 
board layout is necessary to achieve optimum dynamic perfor
mance. A two ounce copper ground plane on the top side of the 
board is recommended; it should cover as much of the board as 
possible with appropriate openings for supply decoupling capaci
tors as well as for load and source termination resistors. (See 
Figure 3.) 

.~-~:;~ 
1 ' ~~i 

VIN 2 • Rs·· Your 

RON 

-Vs 

'SEE PINOUTS "SEE FIGURE 1 

Figure 3. AD9630 Application Circuit 

Typical Performance Curves 
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Optimum settling time and ac performance results will be 
achieved with surface mount 0.1 .... F supply decoupling ceramic 
chip capaCitors mounted within 50 mils of the corresponding 
device pins with the other side soldered directly to the ground . 
plane. For best high resolution «0.02%) settling times, the op
tional power supply pins should be decoupled as shown above. 
If the optional power supply pins are not used, they should be 
left open. 

If surface mount capacitors cannot be used, radial lead ceramic 
capacitors with leads less than 30 mils long are recommended. 
Low frequency power supply decoupling is necessary and can be 
accomplished with 4.7 .... F tantalum capacitors mounted within 
0.5 inches of the supply pins. Due to the series inductance of 
these capacitors interacting with the 0.1 .... F capacitors !Uld 
power supply leads, high frequency oscillations might appear on 
the device output. To avoid this occurrence, the power supply 
leads should be tightly twisted (if appropriate). Ferrite beads 
mounted between the tantalum and ceramic capacitors will serve 
the same purpose. 

All unused pins (except the optional power supply pins) should 
be connected to ground to reduce pin-to-pin capacitive coupling 
and prevent external RF interference. If the source and drive 
electronics require "remote" operation (> 1 inch from the 
AD9630), the PC board line impedances should be matched 
with the buffer input and output resistances. Basic micro strip 
techniques should be observed. RIN and Rs should be connected 
as close to the AD9630 as possible. 

With only minimal pulse overshoot and ringing, the AD9630 
can drive terminated cables directly without the use of an output 
termination resistor (Rs). Termination resistors (Rs and R1N) 

can be either standard carbon composition or microwave type. 
For matching characteristic impedances, precision microwave 
resistor of 1 % or better tolerance are preferred. 

The AD9630 should be soldered directly to the PC board with 
as little vertical clearance as possible. The use of zero insertion 
sockets is strongly discouraged because of the high effective pin 
inductances. Use of this type socket will result in peaking and 
possibly induce oscillation. Consult the factory about the avail
ability of an evaluation board, AD96301PCB. 
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r.ANALOG 
WDEVICES 

FEATURES 
Ultralow Offset Voltage: 10 ... V 
Ultralow Offset Voltage Drift: O.2 ... V/·C 
Ultrastable vs. Time: O.2 ... V/·C 
Ultralow Noise: O.35 ... V p-p 
No External Components Required 
Monolithic Construction 
High Common-Mode Input Range: ±14.0V 
Wide Power Supply Voltage Range: ±3V to ±18V 
Fits 725. 108A/30SA Sockets 
Military Parts and Plus Parts Available 
8-Pin Plastic Mini-DIP. Cerdip. TO-99 Hermetic 

Metal Can. or SOIC 
Available in Wafer-Trimmed Chip Form 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 
Surface Mount (SOIC) 

PRODUCT DESCRIPTION 
A guaranteed minimum open-loop voltage gain of 3,000,000 
(AD OP-07 A) represents an order of magnitude improvement 
over older designs; this affords increased accuracy in high 
closed-loop gain applications. Typical input offset voltages 
as low as 10,... V, typical bias currents of 0.7nA, internal com
pensation and device protection eliminate the need for external 
components and adjustments. An input offset voltage tempera
ture coefficient of 0.2,...VrC (typ) and long-term stability of 
0.2,... V/month (typ) eliminate recalibration or loss of initial 
accuracy. 

A true differential operational amplifier, the AD OP-07 has a 
high common-mode input voltage range (±13V min) common
mode rejection ratio (typically up to l26dB) and high differential 
input impedance (SOMO typ); these features combine to assure 
high accuracy in noninverting configurations. Such applications 
include instrumentation amplifiers where the increased open
loop gain maintains high linearity at high closed-loop gains. 

The AD OP-07 is available in five performance grades. The 
AD OP-07E, AD OP-07C and AD OP-07D are specified for 
operation over the 0 to + 70·C temperature range, while the 
AD OP-07A and AD OP-07 are specified for -55·C to +12S·C 
operation. All devices are available in either the TO-99 hermeti
cally sealed metal cans or the hermetically sealed cerdip pack
ages, while the commercial grades are also available in plastic 
S-pin mini-DIP and plastic surface mount (SOIC) packages. 

REV. A 

Ultralow Offset 
Voltage Op Amp 

AD OP-07 I 
CONNECTION DIAGRAMS 

TO-99 (H) Package 

-v, 
NC "" NO CONNECT 

TOP VIEW 

Plastic Mini-DIP (N), 
Cerdip (Q) and 

SOIC (R) Packages 

OFFSET 
NULL 1 

OFFSET 
8 NULL 

Ne = NO CONNECT 
TOPYiEW 

PRODUCT HIGHLIGHTS 

I. Increased open-loop voltage gain (3.0 million min) results 
in better accuracy and linearity in high closed-loop gain 
applications. 

2. Ultralow offset voltage and offset voltage drift, combined 
with low input bias currents, allow the AD OP-07 to main
tain high accuracy over the entire operating temperature 
range. 

3. Internal frequency compensation, ultralow input offset 
voltage and full device protection eliminate the need for addi
tional components. This reduces circuit size and complexity 
and increases reliability. 

4. High input impedances, large common-mode input voltage 
range and high common-mode rejection ratio make the AD 
OP-07 ideal for noninverting and differential instrumentation 
applications. 

S. Monolithic construction along with advanced circuit design 
and processing techniques result in low cost. 

6. The input offset voltage is trimmed at the wafer stage. Un
mounted chips are available for hybrid circuit applications. 
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AD OP-07 -SPECIFICATIONS (TA = +25°C, Vs = ±15 v, unless othelWisBspecifiB~) 
Model AD OP·07E AD OP·07C ADOP-07i> 

Parameter Symbol Min Typ Max Min Typ Max Min 

OPEN LOOP GAIN Avo 2,000 5,000 1,200 4,000 1,200 
1,800 4,500 1,000 4,000 1,000 
300 1,000 300 1,000 300 

OUTPUTCHARACTERISTICS 
Maximum Output Swing V().\1 ±12.5 ± 13.0 ±12.0 ± 13.0 ±12.0 

±12.0 ± 12.8 ± 11.5 ± 12.8 ±11.5 
±1O.5 ± 12.0 ± 12.0 
± 12.0 ± 12.6 ±11.0 ± 12.6 ±11.0 

Open-Loop Output Resistance R" 60 60 

FREQUENCY RESPONSE 
Closed Loop Bandwidth BW 0.6 0.6 
Slew Rate SR 0.17 0.17 

INPUT OFFSET VOLTAGE 
Initial Vos 30 75 60 150 

45 130 85 250 
Adjustment Range ±4 ±4 
Average Drift 

No External Trim TCV"s 0.3 1.3 0.5 1.8 
With External Trim TCV"sN 0.3 1.3 0.4 1.6 

Long Ternl Stability Vosrrime 0.3 1.5 0.4 2.0 

INPUT OFFSET CURRENT 
Initial los 0.5 3.8 0.8 6.0 

0.9 5.3 1.6 8.0 
Average Drift TCI()s 8 35 12 50 

INPUT BIAS CURRENT 
Initial I. ± 1.2 ±4.0 ± 1.8 ±7.0 

± 1.5 ± 5.5 ±2.2 ±9.0 
Average Drift TCIl! 13 35 18 50 

INPUT RESISTANCE 
Differential RI!': 15 50 8 33 7 
Common Mode Rl:-':C!\\ 160 120 

INPUT NOISE 
Voltage CnP-P 0.35 0.6 0.38 0.65 
Voltage Density en 10.3 18.0 10.5 20.0 

10.0 13.0 10.2 13.5 
9.6 11.0 9.8 11.5 

Current inP-p 14 30 15 35 
Current Density in 0.32 0.80 0.35 0.90 

0.14 0.23 0.15 0.27 
0.12 0.17 0.13 0.18 

INPUT VOLTAGE RANGE 
Common Mode CMVR ±13.0 ± 14.0 ±13.0 ± 14.0 ±13.0 

± 13.0 ± 13.5 ± 13.0 ± 13.5 ± 13.0 
Common-Mode Rejection 

Ratio CMRR 106 123 100 120 94 
103 123 97 120 94 

POWER SUPPLY 
Current, Quiescent IQ 3.0 4.0 3.5 5.0 
Power Consumption PI> 90 120 105 ISO 

6.0 9.0 6.0 9.0 
Rejection Ratio PSRR 94 107 90 104 90 

90 104 86 100 86 

OPERATING TEMPERATURE 
RANGE Tmin,Tmax 0 +70 0 +70 0 

NOTES 
IInput Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of 
power. Additionally, the AD OP-07A offset voltage is guaranteed fully warmed up. 

lLong-Term Input OffSet Vohlile Stability refers to the averaged trend line of Vos vs. Time over extended periods of time 
and is extrapolated from high tempenture test data. Excluding the initial hour of operation, changes in Vos during the first 
30 operating days are typically 2.S.., V - Parameter is not 100% tested: 90% of units meet this specification. 

Specifications subject to change without notice. 
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Typ 

4,000 
4,000 
1,000 

± 13.0 
±. 12.8 

± 12.6 
60 

0.6 
0.17 

60 
85 
±4 

0.7 
0.7 
0.5 

0.8 
1.6 
12 

±2.0 
± 3.0 
18 

31 
120 

0.38 
10.5 
10.2 
9.8 
15 
0.35 
0.15 
0.13 

± 14.0 
± 13.5 

110 
106 

3.5 
105 
6.0 
104 
100 

Max 

150 
250 

2.5 
2.5 
3.0 

6.0 
8.0 
50 

±12 
±14 
50 

0.65 
20.0 
13.5 
11.5 
35 
0.90 
0.27 
0.18 

5.0 
ISO 
9.0 

+70 
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AD OP·07A AD OP·07 

Min Typ Max Min Typ Ma. Tesl Conditions 

3.000 5,000 2.000 5.000 R,."'2kll, V,,~ ± IOV 
2.000 4,000 1.500 4,000 R,."'2kll, V,,~ ± 10V, TmmlOTnu. 
300 1,000 300 1,000 R .. =500Il,V,,= ±0.5V,Vs= ±3V 

±12.5 ± 13.0 ±12.5 :!: 13.0 R .. ',lOkll 
±12.0 ± 12.8 ±12.0 ± 12.8 R .. "'2kll 
±10.5 ± 12.0 ±10.5 ± 12.0 R .. ?-Ikll 
±12.0 ± 12.6 ±12.0 ± 12.6 R1.?-2kll, T min to T nun. 

60 60 Vo=O,lo=O 

0.6 0.6 Ave .. = + 1.0 
0.17 0.17 R .. "2k 

10 25 30 75 NOlel 
25 60' 60 200' TminlOTmax 

±+ ±4 Rp=20kll 

0.2 0.6 0.3 1.3 TmintoTmax 
0.2 0.6 0.3 1.3 Rp = 20kll, T min 10 T m .. 
0.2 1.0 0.2 1.0 Note 2 

0.3 2.0 0.4 2.8 
0.8 4.0 1.2 5.6 Tmin to Tmax 
5 25 8 50 TmintoTm .. 

:!:0.7 ±2.0 ± 1.0 ±3.0 
± 1.0 ±4.0 :!:2.0 ±6.0 TmintoTmax 
8 25 13 50 TmintoTmax 

30 80 20 60 
200 200 

0.35 0.6 0.35 0.6 O.IHzto 10Hz 
10.3 18.0 10.3 18.0 f,,= 10Hz 
10.0 13.0 10.0 13.0 f,,= 100Hz 
9.6 11.0 9.6 11.0 f,,= 1kHz 
14 30 14 30 O.IHzto 10Hz 
0.32 0.80 0.32 0.80 f,,= 10Hz 
0.14 0.23 0.14 0.23 f,,= 100Hz 
0.12 0.17 0.12 0.17 fo= 1kHz 

±13.0 ± 14.0 ±13.0 :!: 14.0 
±13.0 ± 13.5 ±13.0 :!: 13.5 Tmin toTmax 

110 126 110 126 VCM = :!:CMVR 
106 123 106 123 VCM = ±CMVR, Tmin to Tmax 

3.0 4.0 30 4.0 Vs= 15V 
90 120 90 120 Vs= 15V 
6.0 8.4 6.0 8.4 Vs= 3V 

100 110 100 110 Vs= 3Vto:!: 18V 
94 106 94 106 Vs= 3Vto ± IHV, TmintoTmax 

-55 +125 -55 +125 

Specilicatioas shown in boJdface are tesled on all production units at fmal 
e\ectricaltest. Results from tbooc: ..... ore uaed to cakulate oursoinl quality 
levels. All min and max specifocatioas are ......... teed. althoush only tbooc: 
shown in boldfaceare tested on all production units. 
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AD OP-07 

Units 

'lf/mV 
VlmV 
V/mV 

V 
V 
V 
V 
II 

MHz 
II 

V/fJ.S 

fJ.V 
fJ.V 
mV 

fJ.V/oC 
fJ.VrC 
fJ.V/Month 

nA 
nA 
pAI"C 

nA 
nA 
pArc 

Mil 
Gil 

fJ.V~ 
nVI Hz 
nV/YHz 
nV/YHz 

pA'Vffi 
pAl Hz 
pA/YHz 
pA/YHz 

V 
V 

dB 
dB 

rnA 
mW 
mW 
dB 
dB 

oc 
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AD OP-07 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage . . . . . . . . . . . 
Internal Power Dissipation (Note I) 
Differential Input Voltage . . . 
Input Voltage . . . . . . . . . 
Output Short Circuit Duration 
Storage Temperature Range .. 
Operating Temperature Range 

AD OP-07A, AD OP-07 .. 
AD OP-07E, AD OP-07C, AD OP-07D 

Lead Temperature Range (SolderinIl60sec) . 

NOTE 

· ±22V 
SOOmW 

· ±30V 
· . ±Vs 

Indefinite 
-6S·C to + ISO·C 

- SS·C to + 12S·C 
o to +70·C 

. . . .. +300·C 

Note 1: Maximum package power dissipation vs. ambient temperature. 

Package Type 

TO·99lH) 
Mini·DIPlN) 
CerdilllQ) 

Maximum Ambient Derate Above Maximum 
Temperature for Rating Ambient Temperature 

80·C 7.lmWI"C 
36"<: 5.6mWI"C 
75"<: 6.7mWI"C 

>-<I_-cvo 

Offset Voltage Test Circuit 

CHIP DIMENSIONS AND BONDING DIAGRAM 
Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 

NULL 

THE AD OP-07 IS AVAILABLE IN WAFER·TRIMMED C"'IP FORM FOR 
PRECISION HYBRIDS. CONSULT THE FACTORV FOR DETAILS. 

ALL OTHER PINS 
ARE NOT CONNECTED 

-lav 

Burn-In Circuit 

ORDERING GUIDEl 

Temperature Max Initial Max Offset Package Package 
Model Range COC) Offset C,..V) Drift C,.. V I"C) Description Option' 

ADOP-07EH o to +70 75 1.3 TO-99 H-OSA 
ADOP-07EN o to +70 75 1.3 Mini-DIP N-S 
ADOP-07EQ o to +70 75 1.3 Cerdip Q-S 
ADOP-07CH o to +70 ISO 1.S TO-99 H-OSA 
ADOP-07CN o to +70 ISO 1.S Mini-DIP N-S 
ADOP-07CQ o to +70 ISO I.S Cerdip Q-S 
ADOP-07CR o to +70 ISO I.S SOlC R-S 
ADOP-07CR-REEL o to +70 ISO 1.S SOlC 
ADOP-07DH o to +70 ISO 2.5 TO-99 H-OSA 
ADOP-07DN o to +70 ISO 2.5 Mini-DIP N-S 
ADOP-07DQ o to +70 ISO 2.5 Cerdip Q-S 
ADOP-07AH -55 to + 125 25 0.6 TO-99 H-OSA 
ADOP-07AQ -55 to + 125 25 0.6 Cerdip Q-S 
ADOP-07H -55 to + 125 75 1.3 TO-99 H-OSA 
ADOP-07Q -55 to +l2S 75 1.3 Cerdip Q-S 

NOTES 
lA, C and D grade chips are also available. 
2Por outline information see Package Information section. 
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The AD OP-07 may be directly substituted for other OP-07s as 
well as 725, 108/208/308, 108N208A/308A, 714, OP-OS or 
LMll devices, with or without removal of external frequency 
compensation or offset nulling components. If used to replace 
741 devices, offset nulling components must be removed (or 

Figwe 1. Optional Offset Nulling Circuit and 
Power Supply Bypassing 

Applying the AD OP-07 
referenced to + V s)' Input offset voltage of AD OP-07 is very 
low, but if additional nulling is required, the circuit shown in 
Figure 1 is recommended. 

The AD OP-07 provides stable operation with load capacitances 
up to SOOpF and ± 10V swings; larger capacitances should be 
decoupled with 50n resistor. 

Stray thermoelectric voltages generated by dissimilar metals 
(thermocouples) at the contacts to the input terminals can pre-
vent realization of the drift performance indicated. Best opera- 2 
tion will be obtained when both input contacts are maintained at 
the same temperature, preferably close to the temperature of the 
device's package. 

Although the AD OP-07 features high power supply rejection, 
the effects of noise on the power supplies may be minimized by 
bypassing the power supplies as close to Pins 4 and 7 of the 
AD OP-07 as possible, to load ground with a good-quality 
O.OIJ.LF ceramic capacitor as shown in Figure 1. 

Performance Curves (typical @ TA = +25°&, Vs = ±15V, AD DP-07 Grade Device unless otherwise noted) 
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AD OP-07 -Typical Performance Curves 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Ultralow Noise: 80nV pop IO.1Hz to 10Hz), 

3nVlvHz at 1kHz 
Ultralow Offset Voltage Drift: O.2f1.Vrc 
High Offset Stability Over Time: O.2f1.V/month 
High Slew Rate: 2.8V/fJ.S 
High Gain Bandwidth Product: 8MHz 
Low Offset Voltage: 10fl.V 
High CMRR: 126dB Over ± 11V Input Voltage Range 
Military Grade and Plus Parts Available 
8-Pin Plastic Mini-DIP, Cerdip, TO-99 Hermetic 

Metal Can or Chip Form 
Available in Chip Form 

PRODUCT DESCRIPTION 
The AD OP-27 offers the combined features of high precision, 
ultralow noise and high speed in a monolithic bipolar operational 
amplifier. State-of-the-an performance for high accuracy ampli
fication of very low level signals, where inherent device noise 
can be the limiting factor, is attainable with the AD OP-27. As 
a device directly compatible with other low noise op amps, the 
AD OP-27 features industry standard dc performance; typical 
input offset voltages of 10", V and typical input offset voltage 
temperature coefficients of 0.2", V rc. The super low input voltage 
noise performance of the AD OP-27 is characterized by an en 
pop (typ) of 80nV (0. 1Hz to 10Hz), an en (typ) of 3.0nV/v'HZ 
(at 1kHz) and a IIf noise corner frequency of 2. 7Hz. AC specifi
cations including a 2.8V/",s (typ) slew rate and an 8MHz (typ) 
gain bandwidth product are possible without sacrificing dc accu
racy. Long-term stability is assured by an input offset voltage 
drift specification of 0.2", V/month. 

Source resistance related errors with the AD OP-27 are minimized 
by a low input bias current at ambient of ± 10nA (typ) and an 
input offset current of7nA (typ). An input bias current cancellation 
circuit limits bias arid offset currents over the extented temperature 
range to ± 20nA (typ) and ISnA (typ), respectively. Other factors 
inducing input referred errors such as power supply variations 
and common-mode voltages are attenuated by a PSRR and 
CMRR of at least 12OdB. 

REV. A 

Ultralow Noise, 
Precision Op Amp 

AD OP-27 I 
CONNECTION DIAGRAMS 

TO-99 
(H) Package 

OFFSET NUll 

v
TOP VIEW 

NOTE: PIN 4 CONNECTED TO CASE 

Plastic Mini-DIP (N) Package 
and 

Cerdip (Q) Package 

OFFSET NULL 1 

INVERTING 
INPUT 

NONINVE:J~ 3 + 

TOP VIEW 

8 OFFSET NULL 

The AD OP-27 is available in six performance grades. The AD 
OP-27E, AD OP-27F and AD OP-27G are specified for operation 
over the - 2SDC to + 8SDC temperature range, while the AD 
OP-27 A, AD OP-27B and AD OP-27C are specified for - SS"C 
to + 12SDC operation. All devices are available in either the 
TO-99 hermetically sealed metal cans or the hermetically sealed 
cerdip packages, while the E, F and G grades are also available 
in plastic mini-DIPs. 

PRODUCT HIGHLIGHTS 
I. Precision amplification of very low level, low frequency voltage 

inputs is enhanced by ultralow input voltage noise. 

2. The AD OP-27 maintains high dc accuracy over an extended 
temperature range due to ultra-low offset voltage, offset 
voltage drift and input bias current. 

3. Internal frequency compensation, factory adjusted offset 
voltage and full device protection eliminate the need for 
additional components. Circuit size and complexity are reduced 
while reliability is increased. 

4. Long-term stability and accuracy is assured with low offset 
voltage drift over time. 

S. Input referred errors are greatly reduced by superior common 
mode and power supply rejection characteristics. 

6. Monolithic construction along with advanced circuit design 
and processing techniques result in low cost. 
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AD OP-27-SPECIFICATIONS (fA= +25"1:, Vs= ±15V, unless otherwise specified) 

Model AD OP-27G AD OP-27F 

Parameter Symbol Min Typ Max Min Typ Max Min 

OPEN LOOP GAIN Ava 700 1,500 1,000 1,800 1,000 
400 1,500 800 1,500 800 
200 500 250 700 250 
450 1,000 700 1,300 750 

OUTPUT CHARACTERISTICS 
Voltage Swing Va ±1l.5 ±13.5 ±12.0 ±13.8 ±12.0 

±10.0 ±11.5 ±10.0 ± 11.5 ±10.0 
±11.0 ±13.3 ±11.4 ± 13.5 ±11.7 

Open-Loop Output Resistance Ro 70 70 

FREQUENCY RESPONSE 
Gain Bandwidth Product GBW 5.0 8.0 5.0 8.0 5.0 
Slew Rate SR 1.7 2.8 1.7 2.8 1.7 

INPUT OFFSET VOL TAGE 
Initial Vas 30 100 20 60 

55 220 40 140 
Average Drift TCVos 0.4 1.8 0.3 1.3 
Long Term Stability Vosffime 0.4 2.0 0.3 J.5 
Adjustment Range ±4.0 ±4.0 

INPUT BIAS CURRENT 
Initial Is ±15 ±80 ± 12 ±55 

+25 + 150 +18 +95 

INPUT OFFSET CURRENT 
Initial los 12 75 9 50 

20 135 14 85 

INPUT NOISE 
Voltage enp-p 0.09 0.25 0.08 0.18 
Voltage Density en 3.8 8.0 3.5 5.5 

3.3 5.6 3.1 4.5 
3.2 4.5 3.0 3.8 

Current Density in 1.7 - 1.7 4.0 
1.0 - 1.0 2.3 
0.4 0.6 0.4 0.6 

INPUT VOLTAGE RANGE 
Common Mode CMVR ±1l.0 ±12.3 ±1l.0 ±12.3 ±1l.0 

±10.5 ± 11.8 ± 10.5 ± 11.8 ± 10.5 
Common-Mode Rejection 

Ratio CMRR 100 120 106 123 114 
96 118 102 121 110 

INPUT RESISTANCE 
Differential RIN 0.8 4 1.2 5 1.5 
Common Mode RINCM 2 2.5 

POWER SUPPLY 
Rated Performance ±15 ±15 
Operating ±(4-18) ±(4-18) 
Current, Quiescent IQ 3.3 5.6 3.0 4.6 
Rejection PSR 2 20 1 10 

2 32 2 16 
Power Consumption Pd 100 170 90 140 

OPERATING TEMPERATURE 
RANGE Tmim Tmax -25 +85 -25 +85 -25 

NOTES 
'Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of 
power. A and E grades are guaranteed fully warmed up. 

2Long-Term Input Offset Voltage Stability refers to the average trend line of Vos vs. time after the first 30 days. 
Specifications subject to change without notice. 
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AD OP-27E 

Typ Max 

1,800 
1,500 
700 
1,500 

±13.8 
± 11.5 
±13.6 
70 

8.0 
2.8 

10 25 
20 60 
0.2 0.6 
0.2 1.0 
±4.0 

±10 ±40 
+14 +60 

7 35 
10 50 

0.08 0.18 
3.5 5.5 
3.1 4.5 
3.0 3.8 
1.7 4.0 
1.0 2.3 
0.4 0.6 

±12.3 
±11.8 

126 
124 

6 
3 

±15 
±(4-18) 
3.0 4.6 
1 10 
2 15 
90 140 

+85 
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ADOP-27C ADOP-27B 

Min Typ Max Min Typ Max Min 

700 1,500 1,000 I,SOO 1,000 
400 1,500 800 1,500 800 
200 500 250 700 250 
300 SOO 500 1,000 600 

:t11.5 ± 13.5 :t 12.0 ±13.S :t12.0 
:tl0.0 ±11.5 :t 10.0 ±11.5 ±10.0 
:t 10.5 ±13.0 :t11.0 ± 13.2 :t 11.5 

70 70 

5.0 S.O 5.0 S.O 5.0 
1.7 2.S 1.7 2.S 1.7 

30 100 20 60 
70 300 50 200 
0.4 1.8 0.3 1.3 
0.4 2.0 0.3 1.5 
±4.0 ±4.0 

±15 :t80 ±12 :t 55 
±35 :t150 ±2S :t9S 

12 75 9 SO 
30 135 22 85 

0.09 0.25 O.OS O.IS 
3.S S.O 3.5 5.5 
3.3 5.6 3.1 4.5 
3.2 4.5 3.0 3.S 
1.7 - 1.7 4.0 
1.0 - 1.0 2.3 
0.4 0.6 0.4 0.6 

:t 11.0 ±12.3 :t 11.0 ± 12.3 :t11.0 
±10.2 ± 11.5 ±10.3 ±11.5 ±10.3 

100 120 106 123 114 
94 116 100 119 108 

O.S 4 1.2 5 1.5 
2 2.5 

± 15 ± 15 
±(4-IS) ±(4-IS) 
3.3 5.6 3.0 4.6 
2 20 I 10 
4 51 2 20 
100 170 90 140 

-55 +125 -55 +125 -55 

Specifications shown in boldface are tested on all production units at fmal 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AD OP-27 
AD OP-27A Conditions Units 

Typ Max 

I,SOO RL;;.2kO, Vour= ± 10V V/mV 
1,500 RL;;'lkO, Vour= ± 10V V/mV 
700 RL = 6000, Vour= ±IV, Vs= ±4V V/mV 
1,200 RL;;.2kO, Vour= ± 10V, T. = min to max V/mV 

±13.S RL;;.2kO V 
± 11.5 RL;;.6000 V 
± 13.5 RL;;'2kO,T. = min to max V 
70 Iour=OA, Vour=OV 0 II 
S.O MHz 
2.S RL;;.2kO V/IloS 

10 25 (Note 1) IloV 
30 60 T. = min to max IloV 
0.2 0.6 T. = min to max IloVrc 
0.2 1.0 (Note 2) IloVlmonth 
±4.0 Rp=lOkO mV 

±IO ±4O nA 
±20 :t60 T. = min to max nA 

7 35 nA 
15 SO T. = min to max nA 

O.OS O.IS O.IHztolOHz IloV~ 
3.5 5.5 fo=IOHz nVl Hz 
3.1 4.5 fo=30Hz nWVRZ 
3.0 3.S fo= 1000Hz nV/YHZ 
1.7 4.0 fo= 10Hz pAlYHZ 
1.0 2.3 fo=30Hz pAlYHZ 
0.4 0.6 1;,= 1000Hz pAlYHZ 

± 12.3 V 
± 11.5 T. = min to max V 

126 VCM= ±l1V dB 
122 VCM = ± lOY, T. = min to max dB 

6 MO 
3 GO 

± 15 V 
±(4-IS) V 
3.0 4.6 Vs= ±15V mA 
I 10 Vs =±4Vto±ISV IloVN 
2 16 Vs= ±4.5Vto ± ISV, T.=mintomax IloVN 
90 140 VOUT=OV mW 

+ 125 °C 

OPERATIONALAMPLIFIERS 2-475 



AD OP-27 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .......... . 
Internal Power Dissipation (Note I) 

\. Differential Input Current (Note 2) 
Storage Temperature Range . . . . 
Operating Temperature Range 

..... ±25rnA 
-65°C to + 150°C 

Input Voltage .......... . 
Output Short Circuit Duration . . 
Differential Input Voltage (Note 2) 

. ±18V 
500mW 

. . ±Vs 
Indefinite 
.. ±0.7V 

AD OP-27A, AD OP-27B, AD OP-27C 
AD OP-27E, AD OP-27F, AD OP-27G 

Lead Temperature Range (Soldering 60sec) . 

- 55°C to + 125°C 
- 250C to + S5°C 

. . . . .. 300°C 

NOTES: 
Note 1: Maximum package power dissipation vs. ambient temperature. 

Package Type 

TO-99 (H) 
Mini-DIP(N) 
Cerdip(Q) 

Maximum Ambient Derate Above Maximum 
Temperature for Rating Ambient Temperature 

8O"C 7.1mWrc 
36"C S.6mWI"C 
7S·C 6.7mWI"C 

Note 2: The AD OP-27~s inputs are protected by back-ta-back diodes. To achieve low noise current limiting resistors could 
not be used. If the differential input voltage exceeds ± o. 7V, the input current should be limited to 2SmA. 

ORDERING GUIDE 

Package Temperature Max Initial Max Offset 
Model Description Range(OC) Offset ( .... V) Drift ( .... VI"C) 

ADOP-27GH TO-99 -25to +S5 100 1.8 
ADOP-27GN Mini-DIP -25to +S5 100 I.S 
ADOP-27GQ Cerdip -25to +S5 100 1.8 
ADOP-27FH TO-99 -25to +S5 60 1.3 
ADOP-27FN Mini-DIP -25to +S5 60 1.3 
ADOP-27FQ Cerdip -25to +S5 60 1.3 
ADOP-27EH TO-99 -25to +S5 25 0.6 
ADOP-27EN Mini-DIP -25to +S5 25 0.6 
ADOP-27EQ Cerdip -25to +S5 25 0.6 

ADOP-27CH TO-99 -55to + 125 100 I.S 
ADOP-27CQ Celdip -55to + 125 100 I.S 
ADOP-27BH TO-99 -55to +125 60 1.3 
ADOP-27BQ Cerdip -55to +125 60 1.3 
ADOP-27AH TO-99 -55to +125 25 0.6 
ADOP-27AQ Cerdip -55to + 125 25 0.6 
ADOP-27 A Chips Die -55to + 125 25 0.6 
ADOP-27C Chips Die -55to +125 100 I.S 
ADOP-27G Chips Die -25to +S5 100 1.8 

-For outline information see Package Information section. 

1 
0.057 

1 
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CHIP DIMENSIONS AND BONDING DIAGRAM 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

Package 
Option* 

H-OSA 
N-S 
Q-S 
H-08A 
N-S 
Q-S 
H-OSA 
N-S 
Q-S 

H-OSA 
Q-S 
H-OSA 
Q-S 
H-OSA 
Q-S 
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APPLICATION NOTES FOR THE AD OP·27 
The AD OP·27 can be used in the sockets of many of the popular 
precision bipolar input operational amplifiers on the market. 
Elimination of external frequency compensation or nulling cir· 
cuitry may be possible in many cases. In 741 replacement situa· 
tions, if nulling has been implemented, it should be modified or 
removed for optimum AD OP·27 performance. 

In applications where the initial factory adjusted input offset 
voltage provides insufficient accuracy, further offset trimming 
can be accomplished with the resistor network shown in Figure 
1. The adjustment range attainable using a 10kn potentiometer 
will be ±4mV. If a smaller adjustment range is required, the 
sensitivity of the nulling can be increased by using a smaller 
potentiometer in series with fixed resistor(s). For example, a 
1kO pot in series with two 4.7kn resistors will yield a ± 280", V 
range. 

0.01"F -= -v. 
Figure 1. Optional Offset Nulling Circuit and Power Supply 
Bypassing 

Zeroing the initial offset with potentiometers other than 10kO, 
but between 1kn and lMO, will introduce an additional input 
offset voltage temperature drift error of from 0.1 to 0.2", V/"C. 
Additionally, by intentionally trimming in a dc level shift a 
voltage dependent offset drift will be created. It will be approxi· 
mately the input offset Voltage at 2S"C divided by 300 (in ",VI 
"C). 

Parasitic thermocouple EMF's can be generated where dissimilar 
metals meet the contacts to the input terminals of the AD OP·27. 
These temperature dependent voltages can manifest themselves 
as drift type errors. Optimized temperature performance will be 
obtained wben both contacts are maintained at the same temper· 
ature-a temperature close to the device's package. 

Output stability with the AD OP·27 is possible with capacitive 
loads of up to 2000pF and ± 10V output swings. Larger capaci· 
tances should be decoupled with a SOIl resistor. 

High closed loop gain and excellent linearity can be achieved by 
operating the AD OP·27 within an output current range of 
± 10mA. Minimizing output current will provide the highest 
linearity. 
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+18V 

ALL OTHER PINS 
ARE NOT 

-18V CONNECTED 

Figure 2. Burn-In Circuit 

AD OP-27 
SLEW RATE DISCUSSION 
In unity gain buffer applications with feedback resistances of 
less than loon where the input is driven with a fast, large (greater 
than IV) pulse, the output waveform will appear as in Figure 3. 

<100n 

2.8V/ .... s 

1V 

S,NOpU-T--'-t...., 

\ 
1V 

OUT~UT y-
# 

Figure 3. Unity Gain Buffer/Pulsed Operation 

During the initial portion of the output slew the input protection 
back-to·back diodes effectively shon the output to the input. A 
current limited only by the output shon circuit protection will 
be drawn from the source. After the input diodes saturate, the 
amplifier will slew at its nominal2.8V/",s. With feedback resis
tances of more than soon the output is capable of handling the 
current requirements without limiting (less than 20mA at 10V) 
and the amplifier will stay in the linear region. 

As with all operational amplifiers a feedback resistance of greater 
than 2kn will create a pole with the input capacitance (8pF). 
Additional phase shift will be introduced and the phase margin 
will be reduced. A small capacitor (20 to SOpF) in parallel with 
the feedback resistor will alleviate this problem. 

CAUTION: NOISE MEASUREMENTS 
Precise measurement of the extremely low input noise associated 
with the AD OP-27 is a difficult task. In order to observe the 
rated noise in the O.IHz to 10Hz frequency range the following 
cautions should be exercised. 

(I) The test time to measure O.IHz to 10Hz noise should not 
exceed 10 seconds. As shown in the noise test frequency response 
plot in this data sheet the O.IHz comer is only defined by a 
single zero. A test time of 10 seconds acts as an additional zero 
to eliminate noise contributions from frequencies lower than 
O.lHz. 

(2) Wann-up for a least five minutes will eliminate temperature 
induced effects. During the first few minutes the offset voltage 
typically increases 4", V. In a 10 second measurement interval 
prior to temperature stabilization the reading could include 
several nanovolts of warm·up offset error in addition to the 
noise. 

(3) For reasons similar to (2) the device under test should be 
well shielded from air currents or other heat sinks to eliminate 
the possibility of temperature changes over time invalidating the 
measurements. Sudden motion in the vicinity or physical contact 
with the package can also increase the observed noise. 

An input voltage noise spectral density test is recommended 
when measuring noise on a large number of units. Because the 
IIf noise comer frequency is around 3Hz, a 1kHz noise voltage 
density measurement combined with a O.IHz to 10Hz peak.to-peak 
noise reading will guarantee IIf and white noise perfonnance 
over the rated frequency spectrum. 
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AD OP-27 - Typical Performance Curves (@ 1A = +25°C. Vs = ±15V) 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Ultralow Noise: SOnY p-p IO.1Hz to 10Hz), 

3nVlYHZ at 1kHz 
High Speed: 17V/ .... s 
High Gain Bandwidth Product: 63MHz 
Ultralow Offset Voltage Drift: O.2 .... VI"C 
High Offset Stability Over Time: O.2 .... V/month 
Low Offset Voltage: 10 .... V 
High CMRR: 126dB Over:!:: 11V Input Voltage Range 
Military Grade and Plus Parts Available 
8-Pin Plastic Mini-DIP, Cerdip or TO-99 Hermetic 

Metal Can 
Available in Chip Form 

PRODUCT DESCRIPTION 
The AD OP-37 offers the combined features of high precision, 
ultralow noise and high speed in a monolithic bipolar operational 
amplifier. High speed, accurate amplification of very low level 
signals, where inherent device noise can be the limiting factor, 
is attainable with the AD OP-37 in applications requiring gains 
greater than or equal to five. This instrumenation grade op amp 
features industry standard dc performance; typical input offset 
voltages of IOjL V and typical input offset voltage temperature 
coefficients of O.2jL V rc. The super low input voltage noise 
performance of the AD OP-37 is characterized by an en p-p 
(typ) of 80nV (O.IHz to 10Hz), an en (typ) of 3.0nV/v'iTz (at 
1kHz) and a IIf noise corner frequency of 2. 7Hz. High speed 
performance is assured by a typical 17V I jLS slew rate and a 
typical 63MHz gain bandwidth product. Long-term stability 
is guaranteed by an input offset voltage drift specification of 
O.2jLV/month. 

Source resistance related input errors with the AD OP-37 are 
minimized by a low input bias current of :!: IOnA (typ) and an 
input offset current of 7 nA (typ). An input bias current cancellation 
circuit restricts bias and offset currents over the extended tem
perature range to :!: 20nA (typ) and 15nA (typ), respectively. 

Other factors inducing input referred errors such as power 
supply variations and common-mode voltages are attenuated by 
a PSRR and CMRR of 120dB. 

The AD OP-37 is available in six performance grades. The AD 
OP-37E, AD OP-37F and AD OP-37G are specified for operation 
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Ultralow Noise, High Speed, 
Precision Op Amp (AvcL > 5) 

AD OP-37 I 
CONNECTION DIAGRAMS 

TO-99 
(H) Package 

OffSET NULL 

v-
NOTE: PIN 4 CONNECTED TO CASE 

TOP VIEW 

Plastic Mini-DIP (N) Package 
and 

Cerdip (Q) Package 

OFFSET NULL 1 

INVERTING 
INPUT 

NONINVE:'~ 3 + 

TOP VIEW 

8 OFFSET NULL 

over the extended commercial temperature range of - 25°C to 
+ 85°C, while the AD OP-37A, AD OP-37B and AD OP-37C 
are specified for - 55°C to + 125°C operation. All devices are 
available in either the TO-99 hermetically sealed metal cans or 
the hermetically sealed cerdip packages, while the commercial 
grades are also available in plastic mini-DIPs. 

PRODUCT HIGHLIGHTS 
I. High speed accurate amplification (gains 2': 5) of very low 

level low frequency voltage inputs is enhanced by a high gain 
bandwidth product and ultralow input voltage noise. 

2. The AD OP-37 maintains high dc accuracy over an extended 
temperature range due to ultralow offset voltage, offset voltage 
drift and input bias current. 

3. Internal frequency compensation, factory adjusted offset 
voltage and full device protection eliminate the need for 
additional components. Circuit size and complexity are reduced 
while reliability is increased. 

4. Long-term stability and accuracy is assured with low offset 
voltage drift over time. 

5. Input referred errors are greatly reduced by superior common
mode and power supply rejection characteristics. 

6. Monolithic construction along with advanced circuit design 
and processing techniques result in low cost. 
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AD OP-37 -SPECIFICATIONS (TA = +25°C, Vs = :!:15Y, unless otherwise specified) 

Model AD OP·37G AD OP·37F 

Parameter Symbol Min Typ Max Min Typ Max Min 

OPEN LOOP GAIN Ava 700 1,500 1,000 1,800 1,000 
400 1,500 800 1,500 800 
200 500 250 700 250 
450 1,000 700 1,300 750 

OUTPUT CHARACTERISTICS 
Voltage Swing Va :t11.5 ±13.5 :t 12.0 ± 13.S :t12.0 

:t 10.0 ±l1.S :tl0.0 ±11.5 :tl0.0 
±11.0 ± 13.3 ±11.4 ± 13.5 ±11.7 

Open·Loop Output Resistance Ro 70 70 

FREQUENCY RESPONSE 
Gain Bandwidth Product GBW 45 63 45 63 45 

- 40 - 40 -
Slew Rate SR 11 17 11 17 11 

INPUT OFFSET VOLTAGE 
Initial Vas 30 100 20 60 

55 220 40 140 
Average Drift TCVos 0.4 I.S 0.3 1.3 
Long·TermStability VoslTime 0.4 2.0 0.3 1.5 
Adjustment Range ±4.0 ±4.0 

INPUT BIAS CURRENT 
Initial 18 ±15 :t8O ±12 :t55 

±2S ± 150 ±IS ±95 

INPUT OFFSET CURRENT 
Initial los 12 75 9 SO 

20 135 14 S5 

INPUT NOISE 
Voltage enp"p 0.09 0.25 O.OS O.IS 
Voltage Density en 3.S S.O 3.5 5.5 

3.3 5.6 3.1 4.5 
3.2 4.5 3.0 3.S 

Current Density in 1.7 - 1.7 4.0 
1.0 - 1.0 2.3 
0.4 0.6 0.4 0.6 

INPUT VOLTAGE RANGE 
Common Mode CMVR :t 11.0 ±12.3 :t11.0 ±12.3 :t 11.0 

±10.5 ± ll.S ±10.5 ± ll.S ± 10.5 
Common-Mode Rejection 

Ratio CMRR 100 120 106 123 114 
96 IrS 102 121 110 

INPUT RESISTANCE 
Differential RIN O.S 4 1.2 5 1.5 
Common Mode R1NCM 2 2.5 

POWER SUPPLY 
Rated Performance ±IS ±IS 
Operating ±(4-1S) ±(4-1S) 
Current, Quiescent ~ 3.3 5.6 3.0 4.6 
Rejection PSR 2 20 1 10 

2 32 2 16 
Power Consumption Pd 100 170 90 140 

OPERATING TEMPERATURE 
RANGE Tmm,T ..... -25 +SS -25 +SS -25 

NOTES 
'htput Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of 
power. A and E grades are guaranteed fully warmed up. 

2Long_Term htput Offset Voltage Stability refers to the average trend line of Vos vs. time after the first 30 days. 
Specifications subject to change without notice. 
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ADOP·37E 

Typ Max 
I,SOO 
1,500 
700 
1,500 

:t 13.S 
±11.5 
±13.6 
70 

63 
40 
17 

10 25 
20 60 
0.2 0.6 
0.2 1.0 
±4.0 

± 10 :t40 
±14 ±60 

7 35 
10 50 

O.OS O.IS 
3.5 5.5 
3.1 4.5 
3.0 3.S 
1.7 4.0 
1.0 2.3 
0.4 0.6 

±12.3 
± ll.S 

126 
124 

6 
3 

± 15 
±(4-1S) 
3.0 4.6 
1 10 
2 15 
90 140 

+S5 
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AD OP-37C ADOP-37B 

Min Typ Mall Min Typ Max Min 

700 1,500 1,000 1,800 1,000 
400 1,500 800 1,500 SOO 
200 500 250 700 250 
300 800 500 1,000 600 

±11.5 ± 13.5 ±12.0 ± 13.S ±12.0 
±IO.O ± 11.5 ±IO.O ± 11.5 ±IO.O 
±10.5 ±13.0 ±11.0 ± 13.2 ±11.5 

70 70 

45 63 45 63 45 
- 63 - 40 -
11 17 11 17 11 

30 100 20 60 
70 300 50 200 
0.4 1.8 0.3 1.3 
0.4 2.0 0.3 1.5 
±4.0 ±4.0 

±15 ±SO ±12 ± 55 
±35 ±ISO ±28 ±95 

12 75 9 50 
30 135 22 85 

0.09 0.25 0.08 0.18 
3.8 s.o 3.5 5.5 
3.3 5.6 3.1 4.5 
3.2 4.5 3.0 3.S 
1.7 - 1.7 4.0 
1.0 - 1.0 2.3 
0.4 0.6 0.4 0.6 

:t11.0 ±12.3 :t 11.0 ± 12.3 ±11.0 
±10.2 ±11.5 ± 10.3 ±11.5 ±10.3 

100 120 106 123 114 
94 116 100 119 lOS 

O.S 4 1.2 5 1.5 
2 2.5 

±15 ±15 
±(4-IS) ±(4-IS) 
3.3 5.6 3.0 4.6 
2 20 I 10 
4 51 2 20 
100 170 90 140 

-55 +125 -55 +125 -55 

Specifications shown in boldface are tested on all production units at fmal 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although ouly those 
shown in boldface are tested on all production units. 
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AD OP-37 
AD OP-37A Conditions Units 

Typ Max 

1,800 R[}'2kO, VOUT= ± IOV V/mV 
1,500 Rr."'lkO, VOUT= ± 10V V/mV 
700 Rr.=6000, VOUT= ± IV, Vs= ±4V V/mV 
1,200 Rr."'2kO, VOUT= ± 10V, T. = min to max V/mV 

± 13.S Rr."'2kO V 
± 11.5 Rr."'6000 V 
± 13.5 Rr."'2kO,T.= min to max V 
70 IouT=OA, VOUT=OV 0 • 63 fo= 10kHz MHz 
40 fo= IMHz MHz 
17 Rr.",2kO V/ILS 

10 25 (Note I) ILV 
30 60 Ta = min to max ILV 
0.2 0.6 T.=mintomax ILV/'C 
0.2 1.0 (Note 2) ILV/month 
±4.0 R,,= IOkO mV 

±IO ±4O nA 
±20 ±6O T.:mintomax nA 

7 35 nA 
15 50 T. = min to max nA 

0.08 0.18 O.IHztoIOHz ILV~ 
3.5 5.5 fo=10Hz nVI Hz 
3.1 4.5 fo=30Hz nV/v'HZ 
3.0 3.S fo= 1000Hz nV/v'HZ 
1.7 4.0 fo= 10Hz pAlv'HZ 
1.0 2.3 fo=30Hz pAlv'HZ 
0.4 0.6 fo= 1000Hz pAlv'HZ 

±12.3 V 
± 11.5 Ta = minto max V 

126 VCM= ±l1V dB 
122 VCM= ± 10V, T.=mintomax dB 

6 MO 
3 GO 

±15 V 
±(4-1S) V 
3.0 4.6 Vs=±15V rnA 
1 10 Vs =±4Vto±ISV ILVN 
2 16 Vs= ±4.5Vto ± ISV, T.= min to max ILVN 
90 140 VOUT=OV mW 

+ 125 ·C 
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AD OP-37 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .......... . 
Internal Power Dissipation (Note I) 
Input Voltage . . . . . . . . . .. 
Output Short Circuit Duration .. 
Differential Input Voltage (Note 2) 

NOTES: 

. ±ISV 
500mW 

. . ±Vs 
Indefinite 
.. ±0.7V 

Differential Input Current (Note 2) 
Storage Temperature Range .... 
Operating Temperature Range 

AD OP-37A, AD OP-37B, AD OP-37C 
AD OP-37E, AD OP-37F, AD OP-37G 

Lead Temperature Range (Soldering 60sec) . 

Note 1: Maximum package power dissipation vs. ambient temperature. 

Package Type 
TO-99 (H) 
Mini-DIP(N) 
Cerdip(Q) 

Maximum Ambient Derate Above Maximum 
Temperature for Rating Ambient Temperature 

80"C 7.lmWrc 
36"C S.6mWrc 
7S"C 6.7mW/"C 

..... ±25mA 
- 65°C to + 150°C 

- 55°C to + 1250C 
- 25°C to + S5°C 
...... 300°C 

Note 2: The AD OP-37's inputs are protected by back-to-back diodes. To achieve low noise current limiting resistors could 
not be used. If the differential input voltage exceeds ± O. 7V, the input current should be limited to 2SmA. 

Model 

ADOP-37GH 
ADOP-37GN 
ADOP-37GQ 
ADOP-37FH 
ADOP-37FN 
ADOP-37FQ 
ADOP-37EH 
ADOP-37EN 
ADOP-37EQ 

ADOP-37CH 
ADOP-37CQ 
ADOP-37BH 
ADOP-37BQ 
ADOP-37AH 
ADOP-37AQ 
ADOP-37G Chips 
ADOP-37CChips 

CHIP DIMENSIONS AND BONDING DIAGRAM 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

I~. ------.. '00 12.'" ------.j 
NULL < v+ 

T .. 06' 

I 
THE AD OP-371S AVAILABLE IN WAFER·TRIMMED CHIP FORM. CONSULT THE FACTORY FOR DETAILS. 

ORDERING GUIDE 

Package Temperature Max Initial Max Offset 
Description Range ("C) Offset (p. V) Drift(p. VI"C) 

TO-99 -25to +S5 100 I.S 
Mini-DIP -25to +S5 100 I.S 
Cerdip -25to +S5 100 I.S 
TO-99 -25to +S5 60 1.3 
Mini-DIP -25to +S5 60 1.3 
Cerdip -25to +S5 60 1.3 
TO-99 -25to +85 25 0.6 
Mini-DIP -25to +S5 25 0.6 
Cerdip -25to +S5 25 0.6 

TO-99 -55to + 125 100 I.S 
Cerdip -55to + 125 100 1.8 
TO-99 -55 to + 125 60 1.3 
Cerdip -55to+125 60 1.3 
TO-99 -55to+125 25 0.6 
Cerdip -55to + 125 25 0.6 
Die -25to +85 100 1.8 
Die -55to +125 100 I.S 

*For outline information see Package Information section. 
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H-OS 
N-S 
Q-S 
H-OS 
N-S 
Q-S 
H-OS 
N-S 
Q-S 

H-OS 
Q-S 
H-OS 
Q-S 
H-OS 
Q-S 
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APPLICATION NOTES FOR THE AD OP-37 
The AD OP-37 can be used in the sockets of many of the popular 
precision bipolar input operational amplifiers on the market. 
Elimination of external frequency compensation or nulling cir
cuitry may be possible in many cases. In 741 replacement situa
tions, if nulling has been implemented, it should be modified or 
removed for correct AD OP-37 performance. 

In applications where the initial factory adjusted input offset 
voltage provides insufficient accuracy, further offset trimming 
can be accomplished with the resistor network shown in Figure 
1. The adjustment range attainable using a 10k,O, potentiometer 
will be ± 4m V. If a smaller adjustment range is required, the 
sensitivity of the nulling can be increased by using a smaller 
potentiometer in series with fixed resistor(s). For example, a 
lk,O, pot in series with two 4.7k'o' resistors will yield a ± 28011 V 
range. 

Figure 1. Optional Offset Nulling Circuit 

Zeroing the initial offset with potentiometers other than IOk,O" 
but between lk,O, and IM,O" will introduce an additional input 
offset voltage temperature drift error of from 0.1 to 0.211 VI"C. 
Additionally, by intentionally trimming in a dc level shift a 
voltage dependent offset drift will be created. It will be approxi
mately the input offset voltage at 2S·C divided by 300 (in 11 V / 
·C). 

Parasitic thermocouple EMF's can be generated where dissimilar 
metals meet the contacts to the input terminals of the AD OP-37. 
These temperature dependent voltages can manifest themselves 
as drift type errors. Optimized temperature performance will 
be obtained when both contacts are maintained at the same 
temperature. 

Although the AD OP-37 features high-power supply rejection, 
the effects of noise on the power supplies may be minimized by 
bypassing the power supplies as close to Pins 4 and 7 of the AD 
OP-37 as possible, to load ground with a good quality O.OII1F 
ceramic capacitor as shown in Figure 1. 

REV. A 

AD OP-37 
High closed loop gain and excellent linearity can be achieved by 
operating the AD OP-37 within an output current range of 
± 10mA. Minimizing output current will provide the highest 
linearity. 

+1SV 

ALL OTHER PINS 
ARE NOT 

- lSV CONNECTED 

Figure 2. Burn-In Circuit 

CAUTION: NOISE MEASUREMENTS 
Precise measurement of the extremely low input noise associated 
with the AD OP-37 is a difficult task. In order to observe the 
rated noise in the O.IHz to 10Hz frequency range the following 
cautions should be exercised. 

(1) The test time to measure O.IHz to 10Hz noise should not 
exceed 10 seconds. As shown in the noise test frequency response 
plot in this data sheet the O.IHz comer is only defmed by a 
single zero. A test time of 10 seconds acts as an additional zero 
to eliminate noise contributions from frequencies lower than 
O.IHz. 

(2) Warm-up for a least five minutes will eliminate temperature 
induced effects. During the first few minutes the offset voltage 
typically increases 411V. In a 10 second measurement interval 
prior to temperature stabilization the reading could include 
several nanovolts of warm-up offset error in addition to the 
noise. 

(3) For reasons similar to (2) the device under test should be 
well shielded from air currents or other heat sinks to elin1inate 
the possibility of temperature changes over time invalidating the 
measurements. Sudden motion in the vicinity or physical contact 
with the package can also increase the observed noise. 

An input voltage noise spectral density test is recommended 
when measuring noise on a large number of units. Because the 
I/f noise comer frequency is around 3Hz, a 1kHz noise voltage 
density measurement combined with a O.IHz to 10Hz peak-to-peak 
noise reading will guarantee IIf and white noise performance 
over the rated frequency spectrum. 
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AD OP-37 - Typical Performance CUlVes (@ TA = +25°C, Vs = %15V) 
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r-IIANALOG 
WDEVICES 

FEATURES 
• Very High Slew Rate .................... 220V/j.ls Min 
• Wide Bandwidth ............................. 63MHz 
• Load Drive Current . . . . . . . . . . . . . . . . . . . . . .. 70mA Peak 
• Easily Drives Large Capacitive Loads Without Oscillation 
• High Input Resistance .................•.... 5 x 10"0 
• Low Output Resistance ...... . . . . . . . . . . . . . . . . . . . .. 20 
• Very Low Bias Current (warmed-Up) ...... 400pA Max 
• Low Offset Voltage ......................... 6mV Max 
• Unity Gain ................................. 0.997VN 
• Excellent Gain Linearity ....................... 0.015% 
• Available In Die Form 

ORDERING INFORMATIONt 

TA=25°C PACKAGE OPERATING 
VosMAX TO-99 TEMPERATURE 

(mV) B-PIN RANGE 

6 BUF03AJ' MIL 
6 BUF03EJ COM 

'5 BUF03BJ' MIL 
15 BUF03FJ COM 

For devices processed in total compliance to MIL·STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn·in Is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The BUF-03 is the first very high-speed monolithic voltage 
follower. Featuring performance previously unobtainable in a 
monolithic unit, it offers a combination of both exceptional 
speed and excellent inpuVoutput specifications. Implemented 

SIMPLIFIED SCHEMATIC 

High-Speed Voltage 
FoliowerlBuffer 

BUF-03 I 
in an open-loop circuit employing source followers and 
emitter followers, the BUF-03 utilizes a quasi-quad FET input 
structure to optimize both speed and D.C. input character-
istics. On-chip zener-zap trimming is used to achieve low • 
offset voltage while careful biasing throughout results in 
excellent gain linearity over the full input voltage range. 

Applications for which the BUF-03 is well-suited include 
high-speed line drivers, isolation amplifiers for driving 
reactive loads, and high-speed sample-hold circuits. 

PIN CONNECTIONS 
N.C. 

• 
NUL0.' 7V+ 

N.C. 2 6 OUTPUT TO-99 (J-Sufflx) 

INPUT 3 5 NULL 

4 
V-(CASE) 

OPTIONAL OFFSET NULLING CIRCUIT 

~,....---<>v+ 

INPUT 0----"-/ >-''----0 OUTPUT 

r--~--~--4~-~--------~--O~ 

OUTPUT 

INPUT 

L-----~-----+--~---*---+--ov_ 
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BUF-03 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ...........•....................... ±18V 
Internal Power Dissipation (Pd) 

In Still Air Without Heat Sink (Note 1) ........... 1.00W 
Input Voltage (Note 2) ............................ ±18V 
Continuous Output Current (Note 3) ............... 70mA 
Peak Output Current (Note 3) .................... 100mA 
Short Circuit Protection (Note 3) ...... Indefinite (Note 4) 
Maximum Junction Temperature (Tj) ............... 175°C 
Storage Temperature Range ............ -65°C to +175°C 
Operating Temperature Range (Note 5) 

..........•.......................... -55°C to +125°C 
Lead Temperature (Soldering, 60 sec) ............. 300°C 

Dice Junction Temperature (Tj) .......•• -65°C to +175°C 
Thermal Resistance ()JA (Note 1) .............•.. 150°C/W 
Thermal Resistance ()JC (Note 1) ................. 18°CIW 

NOTES: 
1. Based on MIL-STD-38510 published thermal resistance specification for 8 

lead can-case outline C. 
2. When Vcc<± 18V, the maximum input voltage is equal to the supply voltage. 
3. The maximum Pd or Tj are not to be exceeded. 
4. At 80mA. 
5. When operating at TA > +25 Q C, heat sinking is required to insure TjMAX = 

+ 175°C specification is not exceeded using the equation TjMAX= TA + (Pd X 
9J CMAX + 0SA) where 8SA = sink to ambient thermal resistance. PMI 
recommends using either the Thermalloy 2227 or 1101 or equivalent when 
operating up to TA ~ +125°C. 

ELECTRICAL CHARACTERISTICS at VS= ±15V, Rs = on, TA = Tj = 25°C, unless otherwise noted. (Note 1) 

BUF-03A1E BUF-03B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

AC SPECIFICATIONS 

Slew Rate SR 
RL " 2kl1, CL ~ 50pF, 

220 250 180 250 VII'S 
TA ~ Tj~75°C 

Power Bandwidth PBW Y,N ~ 10Vp_p, RL " 2kl1 9 MHz 

Bandwidth BW aV,N ~,,2Vp_p 63 50 MHz 

Settling Time ts To 0.1%, ±10V step 90 100 ns 

Capacitive Load Capability C LOAD No Oscillations pF 

Propagation Delay td Step Input 7 ns 

Rise Time t, av ~ 0.5V ns 

Wide Band I nput Noise Voltage Vn DC to 50MHz 350 400 pVRMS 

Input Noise Voltage Density en f ~ 10kHz 50 60 nV/y"'HZ 

DC SPECIFICATIONS 

Input Offset Voltage Vos Rs" 20kl1 (Note 2) 2 15 mV 

Input Bias Current Ie 150 400 180 700 pA 

Input Resistance R'N 5X 10" 4X 10" 11 

RL " 10kl1 0.9960 0.9975 0.9940 0.9970 

Voltage Gain (V,N ~ ± IOV) Avo RL " 2kll 0.9945 0.9960 0.9930 0.9950 VIV 

RL " lkl1 0.9925 0.9945 0.9905 0.9930 

Y,N ~ ±10V, RL " 2kl1 (Note 3) 0.015 0.023 0.017 0.03 
Nonlinearity (Note 2) NL 

0.013 0.023 0.015 0.03 
%F.S. 

V'N~±7V, RL " lkl1 

Y,N ~ +10V, OV, -10V 

Maximum Output Error OUTerror Rs ~ 0 to 20kl1 (Note 2) 40 60 50 85 mV 
RL,;:: 2kO in all combinations 

Power Supply Rejection Ratio PSRR Vs~±6Vto±18V 0.10 0.71 0.15 1.42 mVIV 

Supply Current ISY No Load 19 25 19 25 mA 

Peak Load Current IL(PK) 70 70 mA 

Output Resistance Ro 2 11 

Offset Voltage Nulling Range avos Rp "lkl1 ±80 ±80 mV 

Input Voltage Range 
IVR ±11.5 ±11.5 V 

(Reduced Accuracy) 

NOTES: 
I. Electrical parameters are pulse tested on automated test equipment. Total Induced by Rs ~ 20kl1, i.e., Ie max X 20kl1. 

test time at each temperature is limited to less than one second maximum 3. Nonlinearity is computed using linear regression techniques with data 
to keep 1j approximately equal to TA- from five pOints (e.g., -10V, -5V, OV, +5V, + 10V for± 10V full-scale linearity; 

2. Parameters specified with Rs::;; 20kO are tested at Rs = 00. Limits in test -7V, -3.5V, OV, +3.5V, and +7V for ±7V full-scale linearity). 
program are adjusted to take into account worst case voltage offset 
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BUF-03 
ELECTRICAL CHARACTERISTICS at Vs = ±15V. -55°C :5TA:5 +125°C. TA = Tj. unless otherwise noted. (Note 1) 

BUF-03A BUF-03B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Slew Rale SR RL", 2kn. CL = 50pF 220 220 VI"" 

Input Offset Voltage Vos RsS 2kn 20 10 35 mV 

Average I n put Offset 
TCVos Rs S2kfl, (Note 2) 50 100 90 170 I'VI'C 

Voltage Drift 

Input Bias Current 18 TA=+125'C 25 75 30 90 nA 

Voltage Gain Avo RL"'2kn. V,N =±10V 0.9920 0.9955 0.9902 0.9942 VIV 

Gain Drift with Temperature 5 8 ppml"C 

Power Supply Rejection Ratio PSRR Vs = ±7V to ±15V 0.15 1.26 0.20 2.24 mVIV 

Supply Current ISY TA =+125'C 18 24 18 24 rnA 

ELECTRICAL CHARACTERISTICS at Vs = ±15V. QOC:5 TA:5 +7QoC. TA = lj. unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Slew Rate SR RL,,2kn 

Input Offset Voltage Vos Rs S 2kn. CL = 50pF 

Average Input Offset 
TCVos Rs S 2kfl, (Note 2) 

Voltage Drift 

Input Bias Current 18 TA=+70'C 

Voltage Gain (V ,N = ± 10V) Avo RL,,2kfl 

Gain Drift with Temperature 

. Power Supply Rejection Ratio PSRR Vs =±7Vto±15V 

Supply Current ISY TA=+70'C 

NOTES: 
1. In order to operate the device at an ambient temperature of + 1250 C, more 

extensive heat sinking must be used to ensure that the chip temperature 
never exceeds the absolute maximum of+ 175° C. The chip temperature of 
+ 165°C is achieved by reducing the case-ta-ambient thermal resistance 
to 30'C/W (e.g., Thermalloy 2227). 

2. Guaranteed by design. 

REV. B 

MIN 

0.9935 

BUF-03E aUF-03F 
TYP MAX MIN TYP MAX UNITS 

240 240 VII's 

4 14 7 28 mV 

40 90 80 150 I'VI'C 

1.5 1.8 nA 

0.9958 0.9918 0.9946 VIV 

8 ppm/'C 

0.12 0.16 1.78 mVIV 

19 25 19 25 rnA 
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BUF-03 
DICE CHARACTERISTICS 

DIE SIZE 0.071 x 0.049 inch, 3479 sq. mils 
(1.80 X 1.24 mm, 2.23 sq. mm) 

WAFER TEST LIMITS at Vs = ±15V, Tj = 25°C, unless otherwjse noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos Rs'" 20kn 

Voltage Gain Avo RL <: 10kn. V,N = ± 10V 

Power Supply Rejection Ratio PSRR Vs = ±6V to ±18V 

Supply Current ISY No Load 

NOTE: 

1. NULL 
3. INPUT 
4. NEGATIVE SUPPLY 
5. NULL 
6. OUTPUT 
7. POSITIVE SUPPLY 

BUF-03N BUF-03G 
LIMIT LIMIT UNITS 

6 15 mVMAX 

0.9960 0.9940 VIV MIN 

0.71 1.42 mVlV MAX 

25 25 mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice Jot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, Tj = 25°C, unless otherwise noted. 

BUF-03N BUF-03G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Slew Rate SR RL <: 2kn. CL = 50pF 220 180 VIp." 

Peak Load Current Ic!PK) 70 70 mA 

Input Bias Current Ie 40 60 pA 

Input Resistance R'N 5 X 1011 5X 1011 n 

Output Resistance Ro 2 2 n 

Offset Voltage Nulling Range ~Vos Rp <:lkn ±60 ±80 mV 

Input Voltage Range 
IVR ±11.5 ±11.5 V 

(Reduced Accuracy) 

Power Bandwidth PBW V,N = 10Vp•p, RL <: 2kn 9 8 MHz 

Bandwidth BW ~V'N"'2Ve'p 63 55 MHz 

Settling Time ts To 0.1%. ±10V step 90 100 ns 

Capacitive Load capacity CLOAD No Oscillations p.F 

Propagation Delay td Step Input 7 ns 

Rise Time t, ~V'N=0.5V 7 ns 

Wide Band Input Noise Voltage Vn DCto50MHz 350 400 P.VRMS 

Input Noise Voltage Density en f = 10kHz 50 60 nV/JHZ 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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BUF-03 
TYPICAL PERFORMANCE CHARACTERISTICS 

0.05 

NONLINEARITY VI 
FULL-SCALE VOLTAGE 

TA .. ZSOc - _RL- ..... J 
Vs III :t15V 

50 

0.04 30 

GAIN ERROR VI 
INPUT VOLTAGE 

_ ~S=~"VI RL = 1kO 

TA'" 2!fC / 
IL 

3110 

V 200 

V 
V 

RL - 2kn b< / / 

Ih ,/ I ~ 100 

0.0 

RLi'::!? / 
V ./f 

V ~ K ~ r-, -r- R~ -

0.03 

0.02 

~ ~L.lIJ""._ 
I--:;; ~ 

V r/: V 
V V 
V 

/ 

~ 10 

~ 0 
Z 
;! -10 

~ 
-30 

-50 

r 
~ 
~ -100 

-200 

-300 

" 

,.... 
/ 

/ 

GAIN ERROR VI 

INPUT VOLTAGE 

I I I RL· 2000,/-
I I 1/ 
I I / 

Rl = son 
I V' 

"""~ " f"'"" / Ri" jOll 

I VS.I±,.~ -
RL e 2OO.Q I TA=25"C _ 

I I , 
I I I 

0.00 

±5 ±6 :t7 ±8 ±9 .,0 -10 -6 -2026 10 -10 -6 -2 0 2 10 

FULL-SCALE (VOL TSI 

SUPPLY CURRENT 
VI SUPPLY VOLTAGE 

INPUT VOLTAGE (VOLTS) 

SUPPLY CURRENT 
VI TEMPERATURE 

2' 

I-TA 125.c 20 

21 

Js =.,L 
- 9JA = .O·C!W 20 

"-
V .......... 

i'...... 

1,. 
ffi 

./ 
/' 

V 

a: a: ,. 
:J 

" :. 
~17 

,. 
,. ,. 

t. t9 t12 ±16 1:;18 :t21 ±24 50 25 
SUPPLY VOLTAGE (::t:.VOLTSJ 

3110 

250 

100 

50 

SLEW RATE VI 
SUPPLY VOLTAGE 

TA~26"C 
V 

// 
r- V ./"" 

RISE ./' /" /' /' 
FALL 

/ 

±6 ±7 :t9 :t11 ±13 ±15 
SUPPLY VOLTAGE (VOLTS) 

2-494 OPERA nONALAMPLlFIERS 

......... r-.... r--.. 

0255075 
TEMPERATURE (OCI 

90 

'0 
100 125 

SLEW RATE 

INPUT VOLTAGE (VOLTS) 

OUTPUT SHORT -CIRCUIT 
CURRENT VB TIME 

I-
iA='25"~ I 
VS" ±16V 

Ii 9JA = 9ff'C!W 

I\:, 
VIN -11';-'i-+ r- -l=-I- - Y,N - tlOV l"'-

I- 'jHOiT IIRerr 10 jROjNDjl - 1-1-

o 20 40 80 80 100 '20 
TIME FROM SHORT (SEC) 
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APPLICATIONS INFORMATION 

OPERATING THE BUF-03 AT REDUCED 
POWER SUPPLIES 

In most video applications the signal levels are significantly 
lower than the 20V peak-to-peak capability of the BUF-03. 
This suggests operating the BUF-Q3 at reduced power 
supplies; for example, at ±6V supplies ±2V signals can be 
handled. The obvious advantage of reduced supplies is the 
accompanying decrease in power dissipation: from a typical 
540mW (=30VX l8mA) to 195mW (= l2VX l6.2mA) at±6V. At 
lower supply voltages heat sinking is no longer necessary. 
However, as shown on the slew rate vs supply voltage curve, 
slew rate does degrade at lower supplies. This occurs 
because of higher internal node capacitances at lower 
voltages and because of the slightly decreased operating 
current. 

HIGH-SPEED SAMPLE/HOLD AMPLIFIER 

HIGH-SPEED 6-BIT AID BUFFER 

+15V 
24 N.C. 

50" 

-15V 

BUF-03 

N.C. 2 

N.C. 3 

NMINV 

DATA 

-o5V 

MS~ 

-7.5V 
.------,."N----.--"""""~------------__O-15V 

REV. B 

ANALOG 
INPUT 0--------''''1 
±5V 

+15V o-----.-------.--~._-__, 

LOGIC 
IN 

SAMPLE .0;;; O.SV 

R1 2kO 
12kn 

r_~-.. +1.36V 

100n 100n 

1N914 

DIGITAL _ 
GROUND -

R2 
1.2kO 

VI 

-15V 0----_+------------' 

I 

R4 ~RB 
1500 "F 

ANALOG 
":" GROUND 

SAMPLE +15V 

ANALOG 
OUTPUT 

HOLD -1V 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Fast Settling Time ................... l~s to 0.1% Max 
• High Slew Rate .......................... 12V1 ~s Min 
• Po_r Bandwidth ........................ 150kHz Min 
• Low P_r Consumption ••................ 90mW Max 
• Excellent DC Specifications 
• Internally Compensated 
• Ideal DAC Output Amplifier 
• MIL-STD-aa3 Processing Available 
• Fits Standard 741 Sockets 
• LowCost 
• Available in Die Form 

ORDERING INFORMATION t 

TA = 25°C 
PACKAGE 

OPERATING 
VosMAX CERDIP PLASTIC TEMPERATURE 

(mV) TO-99 8-PIN 8-PIN RANGE 

0.7 OP01J* MIL 
0.7 OP01HP COM 
5.0 OP01GJ MIL 
5.0 OP01CJ OP01CZ OP01CP COM 

• For devices processed in total compliance to MIL-STD-883. add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP. plastic DIP. and TO-can packages. 

GENERAL DESCRIPTION 
The OP-01 series of monolithic inverting high-speed opera
tional amplifiers combines high slew rate, fast settling time 

SIMPLIFIED SCHEMATIC 

-01, 02, Q3 AND Q4 FORM A 
THERMALLY CROSS-COUPLED 
QUAD. as, 06', 06 AND 06' 

~~:~EL~ SJ~b~UPLED Q8 '1---_--I~ 
QUAD. 

., R3 R2 R5 

BALANCE BALANCE 

REV. A 

Inverting High-Speed 
Operational Amplifier 

OP-Ol I 
and excellent DC input characteristics. An internal feed
forward frequency compensation network provides simpli
city of application - no external capacitors are required for 
stable, high-speed performance. The fast output response is • 
achieved without sacrifice of input bias current or power 
consumption. A 250kHz typical power bandwidth is attained 
with a small-signal bandwidth of only 2.5MHz, thus board 
layout is non-critical. The OP-01 is completely protected at 
both input and output, fits standard 741 sockets, and is offset 
nulled with a 10kO potentiometer. 

The fast output response combined with excellent settling 
time makes the OP-01 ideal for use as a Of A converter output 
amplifier. 

PIN CONNECTIONS 

EPOXY MINI·DIP 
(P·Suffix) 

a-PIN HERMETIC DIP 
(Z-5uffix) 

V+ 

R9 

BALS" N.C. 7 V+ 

-IN 2 60ur 

+IN 3 5BAL 

4 V-leASE) 

TO-99 
(J-Sufflx) 

RIO 

.----....... -0 OUTPUT 

Rl1 
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OP-Ol 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Total Supply Voltage. OP-01.0P-01 H. OP-01 N. OP-01 NT. 

OP-01G. OP-01GT ...................................................... ±22V 
OP-01G. OP-01C. OP-01GR •..••••••••••.•••••.••••••••••••.••••• ±20V 

Differential Input Voltage •••••.••.•..•.••..••••••••••••••••••••••••••••.••• ±30V 

Input Voltage (Note 2) ...•..............................................••.•• ± 15V 
Short-Circuit Duration .••••••••••••••••••••..••••....••••••••...•.•••• Indefinite 
Operating Temperature Range 

OP-01. OP-01 G ••••••••...•••...•.•.••.••...•••••.••.••.• -5°C to + 125°C 
OP-01H. OP-01C •••••.••••••••.•••••••••••••••••••••••.••••• 0°Cto +70°C 

Junction Temperature (TJ) ............................... -65°C to + 150C 

Storage Temperature. 
J and Z Packages •••••••.•••.••••.••.•••.•.••••••••••• -65°C to + 150°C 

P Pa.ckages •••••.••.••.••••••••••••••.•...••••.•••....•••• -65°C to + 150°C 

Lead Temperature (Soldering. 60 sec) ••••.•••••••••••••••••••• +300°C 

PACKAGE TYPE elA (NOTE 3) a lc UNITS 

TO'99(J) 170 24 ·C/w 

S-Pin Hermetic DIP (Z) 162 26 ·C/W 

S-Pin Plastic DIP (P) 110 50 ·C/w 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. For supply voltages less than ,,15V. the maximum Input voltage Is Ihe supply 

Yoltage. 
3. alA is spacified for worst case mounting conditions. I.e •• e lA Is specified for 

device In socket for TO. CerDIP and P-DIP packages. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V. TA = 25°C. unless otherwise noted. 

OP-01 OP-G1G 
OP-01H OP-01C 

PARAMETER SYMBOL CONDtTIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs :52OkO 0.3 0.7 2.0 5.0 mV 

Input Offset Current los 0.5 2.0 2.0 20 nA 

Input Bias Currenl 18 IS 30 25 100 nA 

Input Voltage Range IVR ±12 ±13 ±12 ±13 V 

Common-Mode 
CMRR 

VcM =±10V 
85 110 80 100 dB 

Rejection Rallo Rs:52OkO 

Power Supply 
PSRR 

VS =±5Vto ±20V 
10 80 100 150 ,.VN 

Rejection Ratio Rs:52OkO 

Output Voltage Swing Vo 
RL~5kO ±12.5 ±13.5 ±12.5 ±13.5 

V 
RL~2kO ±12.0 ±13.0 ±12.0 ±13.0 

large-Signal 
AyO 

RL~2kO 
50 100 25 75 VlmV 

Voltage Gain Vo =±10V 

Power Consumption Pd VOUT=O 50 90 50 90 mW 

SellllngTlme Ay =-1 
to 0.1% (Summing Is (Notes 1, 2) 0.7 1.0 0.7 1.0 ,.. 
Node Error) V1N =5V 

Slew Rate 
SR 

Ay=-I, 
12 IS 12 18 VI,.. 

(Notas2,3) Rs =3kt05kO 

Large-Signal 
Bandwidth 150 250 150 250 kHz 
(Notas3,4) 

Smail-Signal 
Bandwldlh 1.5 2.5 1.5 2.5 MHz 
(Nolas3,4) 

Risetlme 'r 
Ay =-1 

150 150 ns 
V1N =50mV 

OYershool OS 2 2 % 

NOTES: 
1. RL = 25kO; CL = 50pF. See Sallilng Time Test CirculI. 

.2. Sample lasled. 
3. See appllcslions informal ion. 
4. Guaranteed by dasign. 
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OP-Ol 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, -55·C::; TA::; +125·C for OP-Ol, OP-01G and O·C::; TA::; +70·C for 
OP-01H, OP-01C. unless otherwise noted. 

OP-01 OP-01G 
OP-01H OP-01C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos RsS20kfl 0.4 1.0 3.0 6.0 mV 

Input Offset Current los 4 4 40 nA 

Input Bias Current Ie 30 50 50 200 nA 

Input Voltage Range IVR ±10 ±13 ±10 ±13 V • Common-Mode 
CMRR 

VCM =±10V 
65 110 80 100 dB 

Rejection Ratio RsS20kfl 

Power Supply 
PSRR 

Vs = ±5V to ±2OV 
10 80 100 150 liNN Rejection Ratio Rs S20kfl 

Large-Signal 
AyO 

RL ,,2kfl 
30 60 15 50 VlmV 

Voltage Gain Vo =±10V 

Output Voltage Swing Vo 
RL ,,5kfl ±12.5 ±13.5 ±12.5 ±13.5 

V 
RL ,,2kfl ±12.0 ±13.0 ±12.0 ±13.0 

Offset Voltage 
TCVos RsS 5kfl 2 8 5 20 pvrc 

Orllt (Note 1) 

NOTE: 
1. Sample tested. 
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OP-Ol 
DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE) 

DIE SIZE 0.047 X 0.043 Inch, 2021 sq. mils 
(1.19 X 1.09 mm,1.30 sq. mm) 

1. NULL 
2. INVERTING INPUT 
3. NON INVERTING INPUT 
4. V-
5. NULL 
6. OUTPUT 
7. V+ 

",AFER TEST LIMITS at Vs= ±15V, TA=25°C for OP·01N, OP·01G and OP·01GR devices; TA= 125°C for o P.() 1 NT and 
OP-01GT devices, unless otherwise noted. 

OP-01NT OP-01N OP-01GT OP-01G OP-01GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos Rs :S20kO 1.0 0.7 3.0 2.0 5.0 mVMAX 

Input 0Ifset Current los 4 2 10 5 20 nAMAX 

Inpul Bias Current 18 50 30 100 50 100 nAMAX 

Input Voltage Range IVR ±10 ±12 ±10 ±12 ±12 VMIN 

Common-Mode 
CMRR 

VoM =±10V 
85 85 80 80 80 dBMIN 

Rejection Ratio Rs :S20kO 

Power Supply 
PSRR 

Vs =±5Vto±20V 
80 60 100 100 150 p.VNMAX 

Rejection Ratio Rs :S20kO 

Output Voltage 
YOM 

RL",5kO ±12.5 ±12.5 ±12.5 ±12.5 ±12.5 
VMIN 

Swing RL", 2kO ±12.0 ±12.0 ±12.0 ±12.0 ±12.0 

Large-Signal 
Avo 

RL",2kO 
30 50 25 50 25 VlmVMIN 

Voltage Gain Vo =±10V 

Power Consumption Pd VOUT=O 90 90 90 mWMAX 

NOTES: 
For 25°C charscteri8tics of NT & GT devices, see N & G charscteristics respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging Is not 
guaranteed for standard product dice. Consult factory to negotiate speclflcetions based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

ALL GRADES 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

Slew Rate SR AYOL =-1, Rs=3kOto5kO 18 VIpS 

V'N=5V 
Settling Time to 

ts 
Ay=-1 

1.0 pS 
0.1% RL = 2kO (See Settling Time Test Circuit) 
(Summing Node Error) CL =50pF 

Large-Signal 
250 kHz 

Bandwidth 

Small-Signal 
2.5 MHz 

Bandwidth 

Rlselime tr 
V'N=50mV 

150 ns 
Ay =-1 
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TYPICAL PERFORMANCE CHARACTERISTICS 

-2 

-4 

-6 

LARGE-SIGNAL 
PULSE RESPONSE 

TIME (500ms/DIV) 

VS =±15V,AV""-1,RL =2kn,CL =50pF 

UNITY-GAIN BANDWIDTH 
VI SOURCE RESISTANCE 

1. I JS!=i~.~~~ 
2. RS = 5.OkO 
3- RS = 10kft .. RS '" 33kn 
5. RS = 100kn 

....... ....... 
- 5 ~ , 

'" 
, 

\ 

\ 

0.01 0.10 1.00 10.0 

FREQUENCY (MHz) 

120 

100 

0 

so 

40 1. 
2. 
3. 

20 .. 

OPEN-LOOP GAIN 
vs FREQUENCY 

I 
I 

~ 
Ii' 

2 

Ir, 
4 

RS = lOon 
RS= lkn 
RS = 3.3kn 
RS = 101en 

o 111111111 111111111 III 
o 111111111 1IIIIIil III -1 

I 

0.001 0.01 0.10 1.00 10.0 100 1000 10,000 

FREQUENCY (kHz) 

SMALL-SIGNAL 
PULSE RESPONSE 

TIME (100ms/OIVI 

VS "'±15V, AV=-l,RL =2kn,CL =50pF 

OP-Ol 

LARGE-SIGNAL OUTPUT 
SWING VI FREQUENCY 

12 

~ 
~ 10 

w 

~ 8 

g 
I- 6 
::> 

5 o 4 

~ 
~ 

0.001 

1. INVERTING 

'I} AV o:-1 
2. NON· 

INVERTING 
AV>50 

4 , 3. NON· 
INVERTING 
AV'" 10 

4. NON· 
INVERTING 

1\ \ AV= 1 
(VOLTAGE 
FOLLOWER) 

2 , 
111 

IJ rr\.\ 
til" 

0.01 0.10 1.00 :ao.O 
FREQUENCY (MHz) 

APPLICATIONS INFORMATION FAST INVERTING AMPLIFIER 

The OP-01 incorporates an internal feed-forward compensa
tion network to provide fast slewing and settling times in all 
inverting and moderate-to-high-gain noninverting applica
tions. Unity-gain bandwidth is a function of the total equiva
lent source resistance seen by the inverting terminal. Proper 
choice of this resistance will allow the user to maxmize 
bandwidth while assuring proper stability. The equivalent
inverting-terminal-resistance is defined as RIN II RF. and it 
must be greater than 3.3kO to assure stability in all closed
loop gain configurations including unity gain. Should 
RIN II RF:5 3.3kO. a resistor (Rs) may be placed between the 
inverting input and the sum node to provide the required 
resistance. (See Fast Inverting ·Amplifier Diagram.) Lower 
values of total equivalent resistance may be used to improve 
bandwidth in higher closed-loop gain configur.ations, as 
indicated by the Open-Loop Gain vs. Frequency plot. 

REV. A 

Rp 
Reo = RS'" RIN II RF 
FOR AV = -1, REQ;;o3.3kO 
Rp = REa 

·OPERATIONALAMPLIFIERS 2-501 



OP-Ol 
SETTLING-TIME TEST CIRCUIT 
Settling time may be measured using the circuit shown 
below. This circuit incorporates the "false sum node" tech
nique to produce accurate, repeatable results. For a 5V input 
step, 0.1% settling will be achieved when the false sum node 
settles to within ±2.5mV of Its final value. The oscilloscope 
used for observation of the false sum node should have wide 
bandwidth, fast overload recovery time, and be used with a 
low capacity probe (:5 10pF, including strays). A Tektronix 
7504 scope with a 7 A 11 probe or equivalent Is suggested. The 
pulse generator should have a 500 output Impedance and be 
capable of a 5V rise time in :5 20ns with ringing less than 
2.5mV after 0.5Io1S. Measurements to 0.1% require RINto equal 
RFwithin 0.01%; Rsand Raare used as trimming resistors to 
achieve this matching. 

VA TO SCOPE CIN "',OpF O~---------, 

~ 

INPUT 

fG 
50" 

ru 

r- RIN -., r- RF ~ 

R6 R7 R8 R6 

150n±1% 10k!! A 10kn 1SDnU% 

Rl .. " ±O.S% 
R9 
SOn±1% 
2W 

±O.S% ±O.5% 

R2 .. " ±O.5% 

R" 
6BOO±5% 

OUTPUT 

9L;;' CL" 

~ 2kn 50pF 

7 ':' 

OP~1 8 

4 O.1,uf±10% 

~ ':' 

+15V 

-15V 

OFFSET NULLING CIRCUIT 

v+ 

v-
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TYPICAL APPLICATIONS 

FAST VOLTAGE-OUTPUT D/A CONVERTER 

MSB LS8 

TYPICAL SETTLING 
TIME a.ops 

4.7k" 

PRECISION POWER-BOOSTER CIRCUIT 

tOka 

, .. " 
2Dkn 

TYPICAL PERFORMANCE: 
SLEW RATE--------------"" 18V/,us 
O.1%SETTLING-------4Ils (RL =500.n) 
QUIESCENT SUPPLY CURRENT---1.5mA 

+15V 

240" 

10k" 

• 1000 

240.0 

VOUT 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Excellent DC Specifications 
• Low Noise ...... . . . . . . . . . . . • • . . . . . . . . .. O.65j.1Vp_p Typ 
• Low Drift (TCVos) ........................ Sj.lVlo C Max 
• Silicon-Nitride Passivation 
• 1250 C Tested Dice Available 
• "Premium" 741 Replacement 
• Available in Die Form 

ORDERING INFORMATION t 

TA = +25'C 
PACKAGE 

OPERATING 
Vas MAX CERDIP PLASTIC TEMPERATURE 

(mV) TO-99 B-PIN B-PIN RANGE 

0.5 OP02AJ* OP02AZ" MIL 
2.0 OP02J/883 OP02Z MIL 
2.0 OP02CJ OP02CZ OP02CP COM 
5.0 OP02DP COM 

• For devices processed in lotal compliance 10 MIL-STD-883. add /883 aiter part 
number. Consult factory for 883 data sheet. 
Burn-In Is available on commercial and induslriallemperalure range parts In 
CerDIP, plaslic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
This high-performance general-purpose operational ampli· 
fier provides significant improvements over industry-standard 
and "premium" 741 types while maintaining pin-far-pin 

SIMPLIFIED SCHEMATIC 

-01, 02, 03 AND Q4 FORM A 
THERMALLY CRoss.cOUPlED 
QUAD. 06, 06', Q6 AND a6' 
COMPRISE A SIMILAR THER
MALL V CROSS-COUPLEOOUAD. 

-1.0--------+--------, 

. ,. 

.3 

REV.B 

General-Purpose 
Operational Amplifier 

OP-02 I 
compatibility, ease of application, and low cost. Key specifi
cations, such as Vas, los, IB' CMRR, PSRR, and Ava are 
guaranteed over the full operating temperature range. 
Precision Monolithics' exclusive Silicon-Nitride "Triple • 
Passivation" process reduces "popcorn noise." A thermally- IIiiI 
symmetrical input-stage design provides low input offset 
voltage drift and insensitivity to output load conditions. 

The OP-02 is a direct replacement for the 741. It is ideal for 
upgrading existing designs where accuracy improvements 
are required and for eliminating speciallow-drift or low-noise 
selected types. 

PIN CONNECTIONS 

-IN. 

I N.C. 

>--COOUT 
TO-99 

(J-Suffix) 

<V-ICASE) 

EPOXY MINI-DIP 
(P-Suffix) 

Rl • 

r----1~-oOUT 
.11 
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OP-02 
ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ••••••..••••.......•.•...•••.•••••.••.•.....••.•....•..••••.•.•.. ±22V 
PACKAGE TYPE e lA (Note 2) ale UNITS 

Differential Input Voltage .................................................. ±30V 
Input Voltage .••..•..•.•....••.••.•...•••••.••....•....••.••••... Supply Voltage TO·99 (J) 170 24 'C/w 

Output Short-Circuit Duration ..••.•..••.••••..•..•..••..••...••• Indefinite 8·Pin Hermetic DIP (Z) 162 26 'C/w 

Operating Temperature Range 8·Pin Plastic DIP (P) 110 50 'C/w 
OP-02A, OP-02 •.•••••.•.••.•...••.•.•...••.•..•.••.••.•• -55'C to +125'C NOTES: 
OP-02C, OP-02D .•.....•.••.•...•..••.••..•.•.....•••••..•.•• O'C to +70'C 1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

Storage Temperature Range ••••••.•.••...•••••••••. -65'C to +150'C otherwise noted. 

Laad Temperature (Soldering, 60 sec) .........•................ 300'C 
2. alA is specilied lor worst case mounting conditions, I.e., alA Is specified for 

Junction Temperature (Tj) ............................ -65'C to +150'C 
device in socket for TO, CerDIP and P-DIP packages. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25'C, unless otherwise noted. 

OP-02 
OP-02A OP-02C OP-02D 

PARAMETER SYMBOL CONDITIPNS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos RsS20kfl 0.3 0.5 3 5 mV 

Input Ollset Current los 0.5 2 5 5 25 nA 

Input Bias Current 18 18 30 20 50 30 100 nA 

Input Resistance-
R'N (Note 2) 3.4 5.7 2.0 5.2 3.5 Mfl 

Differential-Mode 

Input Voltage Range IVR ±10 ±13 ±10 ±13 ±10 ±13 V 

Common-Mode 
CMRR 

Vc,,=±10V 
85 100 80 95 70 85 dB 

Rejection Ratio Rs S20kfl 

Power Supply 
PSRR 

Vs = ±5 to ±20V 
10 80 30 100 100 150 "VIV Rejection Ratio Rs S20kfl 

Output Voltage Swing Vo RL",2kfl ±12 ±13 ±12 ±13 ±12 ±13 V 

large-Signal 
Avo 

RL",2kfl 
100 250 50 200 25 150 VlmV 

Voltage Gain Vo =±10V 

Power Consumption Pd Vo=OV 40 70 50 90 50 90 mW 

Input Noise Voltage en!:!:£! 0.1 Hz to 10Hz 0.65 0.65 0.65 "V~.~ 

Input Noise 
10= 10Hz 25 25 25 

Voltage Density en 10= 100Hz 22 22 22 nVlVHZ 
10= 1000Hz 21 21 21 

Input Noise Current inp_p 0.1 Hz to 10Hz 12.8 12.8 12.8 pA!!:p 

Input Noise 
10= 10Hz 1.4 1.4 1.4 

In 10= 100Hz 0.7 0.7 0.7 pAlVHZ 
Current Density 

10= 1000Hz 0.4 0.4 0.4 

Slew Rate SR (Note 1) 0.25 0.5 0.25 0.5 0.25 0.5 VI". 

Large-Signal Vo =20Vp•p 4 8 4 4 8 kHz 
Bandwidth (Notes 1, 4) 

Closed-Loop 
BW AVCL =+1 1.3 1.3 1.3 MHz 

Bandwidth (Note 3) 

Risetime t, 
AVCL =+1 
Y,N = 50mV (Note 1) 

200 350 200 350 200 350 ns 

Overshoot OS (Note 1) 5 10 5 10 10 % 

NOTES: 
1. Sample tested. 
2. Guaranteed by input bias current. 
3. Guaranteed by maximum risetime. 
4. Guaranteed by minimum slew rate. 
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OP-02 
ELECTRICAL CHARACTERISTICS atVs = :!:15V. -55°C:s TA +125°C. unless otherwise noted. 

OP-G2A OP-G2 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs ~20kD 0.5 1.4 3 mV 

Average Input Offset 
TCVos Rs =50D 2 8 4 10 j1VrC 

Voltage Drift (Note 1) 

Input Offset Current los 5 2 10 nA 

Average Input Offset 
TClos 7.5 75 15 150 pArC 

Current Drift (Note 1) 

Input Bias Current Ie 30 60 40 100 nA 

Input Voltage Range IVR ~10 ~13 ~10 :13 V 

Common-Mode 
CMRR VCM=~10V 80 95 80 95 dB 

Rejection Ratio Rs~20kD 

Power Supply 
PSRR Vs =~5Vto :20V 

10 60 30 100 j1VN 
Rejection Ratio Rs~20kD 

Large-Signal 
Avo 

RL ,.2kD 
50 100 25 60 V/mV 

Voltage Gain Vo =~10V 

Output Voltage Swing Vo RL ~2kD ~12 ~13 ~12 ~13 V 

ELECTRICAL CHARACTERISTICS at Vs = ±15V. DOC:S TA:S +7DoC. unless otherwise noted. 

OP-02C OP-02D 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Ollset Voltage Vos Rs S20kO 1.2 3 3 8 mV 

Average Input Ollset 
TCVos Rs=500 4 10 8 20 jIovrc 

Voltage Drift (Note 1) 

Input Offset Current los 1.4 10 5 50 nA 

Average Input Offset 
TClos 15 250 70 500 pArC 

Current Drift (Note 1) 

Input Bias Current 18 25 100 50 200 nA 

Input Voltage Range IVR ±10 ±13 ±10 ±13 V 

Common-Mode 
CMRR 

VCM=±10V 
80 90 70 85 dB 

Rejection Ratio Rs S20kO 

Power Supply 
PSRR 

Vs = ±5to ±20V 
30 100 100 150 jIoVIV 

Rejection Ratio Rs S20kO 

Large-Signal 
Avo 

RL,,2kO 
25 80 15 25 VlmV 

Voltage Gain Vo =±10V 

Output Voltage Swing Vo RL" 2kO ±12 ±13 ±10 ±13 V 

NOTE: 
1. Sample tested. 
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OP-02 
DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE) •'. 

. .: 
DIE SIZE 0.047 X 0.043 Inch, 2021 sq. mils 

(1.19 X 1.09 mm, 1.30 sq. mm) 

1. NULL 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. NULL 
6. OUTPUT 
7. V+ 

WAFER TEST LIMITS at Vs = ± 15V, TA = 25° C for OP-02N, OP-02G and OP-02GR devices; TA = 125° C for OP-02NT and 

OP-02GT devices, unless otherwise noted. 

OP-02NT OP-02N OP-02GT OP-02G OP-02GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vas Rs:S 20kn 0.5 3 2 5 mVMAX 

Input Offset Current los 5 3 6 5 25 nAMAX 

Input Bias Current Ie 50 30 60 50 200 nAMAX 

Input Voltage Range IVR ±13 ±13 ±13 ±13 ±13 VMIN 

Common-Mode 
CMRR 

VCM = ±10V 
SO S5 SO SO Rejection Ratio Rs :S20kn 70 dBMIN 

Power Supply 
PSRR 

Vs = ±5V to ±20V 
60 60 100 100 150 p.VlV MAX Rejection Ratio RS:S20kn 

Output Voltage Swing Vo RL" 2kn ±12 ±12 ±12 ±12 ±12 VMIN 

Large-Signal 
Avo 

RL,,2kn 
50 100 25 50 25 VlmVMIN Voltage Gain Vo =±10V 

Power Consumption Pd Vo=OV 90 90 90 mWMAX 

NOTE: 
For 25' C characteristics of NT and GT devices, see Nand G characteristics, respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25° C, unless otherwjse noted. 

OP-02NT OP-02GT 
OP-02N OP-02G OP-02GR 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS 

Input ReSistance 
R'N Differential-Mode 5.7 5.2 3.5 Mn 

Input Noise Voltage Bnp-p 0.1 Hz to 10Hz 0.65 0.65 0.65 p.Vp-p 

Input Noise 
fo= 10Hz 

Voltage Density en fo= 100Hz 
fo= 1000Hz 

25 25 25 
22 22 22 nVlVHZ 
21 21 21 

Input Noise Current ' np_p O.IHz to 10Hz 12.S 12.S 12.S pAp-p 

Input Noise 
fo= 10Hz 

Current Density in 10= 100Hz 
fo= 1000Hz 

1.4 1.4 1.4 
0.7 0.7 0.7 pA/VHZ 
0.4 0.4 0.4 

Slew Rate SR 0.5 0.5 0.5 VII's 

Large-Signal 
Vo= 20Vp_p Bandwidth 8 S kHz 

Closed-Loop 
BW AVCL =+1 Bandwidth 1.3 1.3 1.3 MHz 

Risetime t, 
Av=+1 
V,N = 50mV 

200 200 200 ns 

Overshoot OS 15 15 15 % 

Average Input Offset 
TCVos 

Rs= 500n 
Voltage Drift (Note 1) 2 4 8 p.VI'C 

Average Input Offset 
TClos Current· Drift 7.5 15 30 pA/'C 

NOTE: 
1. Sample tested. 
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OP-02 
BURN-IN CIRCUIT OFFSET NULLING CIRCUIT 

+20V 

,------2 N7 
OP-02 • 

3 V4 

-20V 

TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-02 
TYPICAL PERFORMANCE CHARACTERISTICS 

.. 
POWER CONSUMPTION 

VI TEMPERATURE 

VSji,·t 
\ OP·D2A 

\ 

I'F4J2C 
~ r--t-

36 
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OP-02 
TYPICAL PERFORMANCE CHARACTERISTICS 

28 

MAXIMUM UNDISTORTED 
OUTPUTvsFREQUENCY 

~l!l~l!c 
Vs '" ±15V 

1\ 
\ 
:\ 

10 100 

FREQUENCY (kHz) 

1 

1000 

TYPICAL APPLICATIONS 

HIGH-STABILITY VOLTAGE REFERENCE 

R3 

6.4kn 

120 

80 

-40 

1mA 

OPEN-LOOP 
FREQUENCY RESPONSE 

r-- ---.. 

'\ TA ,I 25"6 

'\ 
VS"':t15V -

"'" '\ 
"'" '\ 

~ w w ~ ft m_k m_ 
FREQUENCY 1Hz) 

+15V 

R2 

3.6kn 

>-=----+j.---<:> Your = +10V 
2mA 

R1 

1.Bkn 

CLOSED-LOOP RESPONSE 
FOR VARIOUS GAIN 
CONFIGURATIONS 

100 

~60 
z 
~ 
~40 
!J!20 
9 
" 

-20 
10 100 

FOR R2 = 3.6kU AND 

R3 = 6.4kH, 

Your = 1.5625VZ 

IF Vz = GAV, THEN 

Your =+10V 

" 
TA =< Joe 
VS"'±15V-

"\ 
"\ 

'" "' lk 10k 100k 1M 10M 
FREaUENCY (Hz) 

L-_________ • Vz 

ABSOLUTE VALUE CIRCUIT 

EIN R1 
10"" 

REV.B 

R3 
10k" 

R2 
10k" 

R4 
10"" 

01 
FD3333 

02 
FD3333 

R5 
10kn 

6.4V 

DESIGN eQUATIONS 

POSITIVE INPUT NEGATIVE INPUT 

1. VA'" D, 02 OFF, 01 ON 1. 01 OFF, 02 ON 

2. -~'r = ~ + R3~~4 
3. EO=VA (1+R3=~4) 
4. With R3'" R4 = RS: Eo = 1.5VA 

( -EINR3) (-R5) R3RS 2. EO = -R-'-· R4 = EIN RfR4 
3. With R1 = R3 = R4'" RS: EO = EIN 

4. Vas error included: EO = EIN + 2VOS 

5. EO = _(R2~~R(~; :~3(:5~4~IN 
6. With R1 = R2 = R3 .: R4: Eo = -EIN 

7. Vas error included: 
EO = -EIN + 1.5V0S2 - O.5VOSl 

8. For both inputs: EO "" + IEINI 
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OP-02 
TYPICAL APPLICATIONS 

DAC-08 OUTPUT AMPLIFIER 

INPUT/OUTPUT TABLE 

B1 B2 B3 B4 B5 B8 B7 B8 lornA EO 

FULL-SCALE 
1.992 -9.960 -1 LSB 

5,OOOkO 
FULL-SCALE 

10 -2 LSB 0 1.984 -9.920 

DAC-OS 
6.0kn HALF-SCALE 

0 0 0 0 0 0 1.008 -5.040 10 +LSB 

HALF-SCALE 0 0 0 0 0 0 0 1.000 -5.000 
":" ":" 

FOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE HALF-SCALE 
0 0.992 -4.960 LOGIC DAC) CONNECT NON·INVERTING INPUT OF OP-AMP TO -LSB 10 (PIN 2), CONNECT 10 (PIN 41 TO GROUND, 

ZERO-SCALE 
0 0 0 0 0 0 0 0.0008 -0.040 

+LSB 

ZERO-SCALE 0 0 0 0 0 0 0 0 0.000 0.000 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Excellent DC Input Specifications 
• Matched Vos and CMRR 
• OP-14 Fits Standard 1458/1558 Sockets 
• Internally Compensated 
• Low Noise 
• Low Drift 
• Low Cost 
• QOCI +7QoC and -55°CI +125°C Models 
• Silicon-Nitride Passivation 
• Models with MIL-STD-883 Class B Processing 

Available From Stock 
• Available in Die Form 

ORDERING INFORMATION t 

TA =+25"C 
VosMAX 

PACKAGE OPERATING 
CERDIP CERDIP PLASTIC TEMPERATURE 

(mY) TO-99 TO-100 8-PIN 14-PIN B-PIN RANGE 

0.75 OP14AJ' OP04AK' OP14AZ' OP14AY' MIL 
0.75 OP14EJ OP14EZ OP04EY OP14EP COM 
2.0 OP14J OP04K' OP14Z' OP04AY MIL 
2.0 OP14CJ OP04CK OP14CZ OP04CY OP14CP XIND 
2.0 OP14CS XIND 
5.0 OP04BK MIL 
5.0 OP14DJ OP14DP XIND 

For devices processed in total compliance to MIL-STD·883. add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn·in is available on commercial and industrial temperature range parts in 
CerDIP. plastic DIP. and TO·can packages. 

GENERAL bESCRIPTION 
The OP-04/0P-14 series of dual general-purpose operational 
amplifiers provides significant improvements over industry
standard 747and 145811558 (OP-14) types while maintaining 

SIMPLIFIED SCHEMATIC (Each Amplifier) 

*01,02,03 AND Cl4 FORM A 

~~~~~~~~~5~.R~g':is~ED 
COMPRISE A SIMILAR 
THERMALLY CRQSS.COUPLED 

QUAD. o----;====j===~:::_I -IN 

R' R3 

BALANCE 

Dual Matched High Periormance 
Operational Amplifiers 

OP-04/0P-14 I 

pin-for-pin compatibility. ease of application. and low cost. 
Key specifications. such as Vos. los. lB. CMRR. PSRR and 
Avo. are guaranteed over the full operating temperature 
range. Precision Monolithics' exclusive Silicon-Nitride "Triple 
Passivation" process reduces "popcorn noise". A thermally
symmetrical input stage design provides low TCVos. TClos. 
and insensitivity to output load conditions. This series is ideal 
for upgrading existing designs where accuracy improve
ments are desired. For more stringent requirements. refer to 
the OP-200. OP-207. OP-220. or OP-221 dual-matched opera
tional amplifier data sheets. 

PIN CONNECTIONS 

14-PIN HERMETIC DIP 
(Y-Suffix) OP-04 

OUT'~'· H.C. BOUT. 

V.A2 A. B 8Y.B 
- + + -

-mA3 7-IN B 

+INA4 6+1NB 

5V-

TO-100 (K-Suffix) 
OP-04 

RB 

8-PIN HERMETIC DIP 
(Z-Suffix) OP-14 

EPOXY MINI-DIP 
(P-Sufflx) OP-14 

8-PINSO 
(S-Sufflx) OP-14 

B v, 

-tNA2 6-1NB 

'V-

TO-99 (J-Suffix) 
OP-14 

BALANCE ACCESSIBLE WITH Qp·04IN 14-PIN HERMETIC DIP ONLY. 
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OP-04/0P-14 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ..•.••••..••••.•...••••••..............•.•........•.............. ±22V 
Differential Input Voltage ................................................. ±30V 
Input Voltage ......•..................••.......•................. Supply Voltage 
Output Short-Circuit Duration ...........••.•.................... Indefinite 
Storage Temperature Range 

J, K, V, and Z Packages .................•............ -65°C to +150°C 
P Package .................................................. -65°C to + 125°C 

Lead Temperature Range (Soldering, 60 sec) ••••....•.•... 300°C 
Operating Temperature Range 

A, Plain, B-Suffix .....................•.••.....•••...•.•. -55°C to +125°C 
E-Suffix .................................••.....•••........•......... O°C to +70°C 
C, D-Suffix ............................•.............•....••.•. -40°C to +85°C 

Junction Temperature (Ti) ............................ -65°C to + 150°C 

PACKAGE TYPE alA (Note 2) alc UNITS 

TO·99 (J) 150 18 ·C/W 

TO·l00 (K) 142 21 ·C/W 

8·Pin Hermetic DIP (Z) 148 16 ·C/w 

14·Pin Hermetic DIP (V) 108 16 ·C/W 

8·Pin Plastic DIP (P) 103 43 ·C/W 

8·Pin SO (5) 158 43 ·C/W 

NOTES: 
1. Absolute maximum ratings apply 10 bolh DICE and packaged parts, unless 

otherwise noted. 
2. alA is specified for worsl case mounting conditions, i.e., alA is specified for 

device in socket for TO, CerDIP, and P·DIP packages; alA is specified for 
device soldered 10 prlnled circuit board for SO package. 

MATCHING CHARACTERISTICS at Vs = ± 15V, TA = 25° C, unless otherwise noted. 

OP-04A OP-04E OP-G4 OP-G4C 
OP-14A OP-14E OP-14 OP-14C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage 
AVos Rs :520kO 

Match 
0.3 2 mV 

Common-Mode Rejection 
ACMRR 

Ratio Match 
VCM = ±10V, Rs:5 1000 94 106 94 106 dB 

MATCHING CHARACTERISTICS at V s = :t15V, -55°C s TA S + 125°C for OP-04A, OP-14A, OP-04 and OP-14, O°C S TA S +70°C 
for OP-04E, OP-14E, -40°C S TA S +85°C for OP-04C and OP-14C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage 
AVos Rs :520kO 

Match 

Common-Mode Rejection 
ACMRR VcM =±10V, Rs:5 1000 Ratio Match 

OP-04A OP-04E 
OP-14A OP-14E 
MIN TYP MAX 

0.5 1.5 

90 100 

OP-04 OP-04C 
OP-14 OP-14C 

MIN TYP MAX 

1.5 3 

90 100 

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs = ±15V, TA = 25°C, unless otherwise noted. 

o P-04A10P-14A OP-04/0P-14 OP-04B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MtN TYP MAX MtN TYP MAX 

Input OIIset Voltage Vos Rs:5 20kO 0.3 0.75 2 3 5 

Input OIIset Current los 0.5 5 5 25 

Input Bias Current I. 18 50 20 75 30 100 

Input Resistance-
R'N INote31 2.0 7.5 1.35 5 Differential-Mode 

Input Voltage Range IVR ±10 ±13 ±10 ±13 ±10 ±13 

Common-Mode 
CMRR 

VcM =±10V 
85 

Rejection Ratio Rs:5 20kO 
100 80 95 70 85 

Power Supply 
PSRR 

Vs = ±SV to ±20V 10 
Rejection Ratio Rs :520kO 

60 30 100 100 ISO 

Output Voltage Swing Vo RL ", 2kO ±12 ±13 ±12 ±13 ±12 ±13 
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OP-04/0P-14 
ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs = ± 15V, TA = 25° C, unless otherwise noted. (Continued) 

OP-04A10P-14A OP-04/0P-14 OP-04B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Large-Signal 
Avo 

Rl ",2kO 
100 250 50 200 25 200 V/mV 

Vollage Gain Vo =±10V 

Power Consumption 
Pd Vo=OV 50 90 50 90 50 90 mW 

(Note 2) 

Input Noise Voltage enp_p O.IHz to 10Hz 0.65 0.65 0.65 !,Vf!::.p 

Input Noise Voltage 
10= 10Hz 25 25 25 • Density en 10= 100Hz 22 22 22 nV/,j'HZ 
10= 1000Hz 21 21 21 

Input Noise Current inp_p 0.1 Hz to 10Hz 12.8 12.8 12.8 pAp-~ 

Input Noise Current 
10= 10Hz 1.4 1.4 1.4 

Density in 10= 100Hz 0.7 0.7 0.7 pAl,j'HZ 
10= 1000Hz 0.4 0.4 0.4 

Channel Separation CS 100 100 80 dB 

Slew Rate (Note 1) SR 
Rl = 2kO, 

0.25 0.5 0.25 0.5 0.25 0.5 VI!,s 
C l = 100pF 

Large-Signal 
Vo= 20Vp_p a 4 a 4 kHz 

Bandwidth (Notes I, 5) 

Closed-Loop 
BW AVCL = +1.0 1.0 1.3 1.0 1.3 1.0 1.3 MHz Bandwidth (Note 4) 

Risetime (Note 1) tr 
Av=+I, V'N=50mVp_p 

260 350 260 350 260 350 ns 
Rl = 2kO, Cl = 50pF 

Overshoot (Note 1) as Av=+I, V'N=50mVp_p 10 10 5 10 % 
Rl = 2kO, Cl = 50pF 

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs = ± 15V, -55°C:::; TA:::; +125° C, unless otherwise noted. 

OP-04A/OP-14A OP-04/0P-14 OP-04B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs $20kO 0~4 1.5 1.2 3 3 6 mV 

Average Input Offset 
TCVos Rs=500 8 

Voltage Drift (Note 1) 
4 10 8 20 !,VI'C 

Input Ollset Current los 10 2 10 10 50 nA 

Average Input Offset 
TClos 

Current Drill (Note 1) 
7.5 120 15 250 70 500 pAl'C 

Input Bias Current Ie 30 60 40 100 50 200 nA 

Input Voltege Range IVR ±10 ±13 ±10 ±13 ±10 ±13 V 

Common-Mode 
CMRR 

Vcu =±10V 
80 

Rejection Ratio Rs $20kO 
100 80 95 70 65 dB 

Power Supply 
PSRR 

Vs = ±5V to ±20V 
10 

Rejection Ratio Rs $20kO 
60 30 100 100 150 !'VlV 

Large-Signal 
Avo 

Rl ",2kO 
50 100 25 60 25 60 VlmV 

Voltege Gain Vo =±10V 

Output Voltege Swing Vo Rl ", 2kO ±12 ±13 ±12 ±13 ±10 ±13 V 

NOTES: 
1. Sample tested. 
2. Power dissipation per amplifier. 
3. Guaranteed by input bias current. 
4. Guaranteed by maximum risetime. 
5. Guaranteed by minimum slew rate. 
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OP-04/0P-14 
ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs = ±15V, TA == 25"C; unless otherwise noted. 

OP·04E10P·14E OP-Cl4C/OP·14C OP·14D 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos Rs S20kO 0.3 0.75 2 3 5 mV 

Input Offset Current los 0.5 5 5 5 25 nA 

Input Bias Current Ie 18 50 20 75 30 100 nA 

Input Resistance -
R'N (Note 3) 2.0 7.5 1.35 5 MO Differential-Mode 

Input Voltage Range IVR ±10 ±13 ±10 ±13 ±10 ±13 V 

Common-Mode 
CMRR 

Vcu =±10V 
85 100 80 85 70 85 dB 

Rejection Ratio Rs S20kO 

Power Supply 
PSRR 

Vs = ±5V to ±20V 
10 80 30 100 100 150 ,.VN 

Rejection Ratio Rs S20kO 

Output Voltage Swing Vo RL2:2kO ±12 ±13 ±12 ±13 ±12 ±13 V 

Large-Signal 
Avo 

RL2:2kO 
100 250 50 200 25 150 VlmV 

Voltage Gain Vo =±10V 

Power Consumption 
Pd Vo=OV 50 90 50 90 50 90 mW 

(Note 2) 

Input Noisa Voltage en!:!:£! 0.1 Hz to 10Hz 0.65 0.85 0.65 ,.Ve:~ 

Input Noise Voltage 
10= 10Hz 25 25 25 

en 10= 100Hz 22 22 22 nVl,,[HZ 
Danslty 

10= 1000Hz 21 21 21 

Input Nolsa Current inp_p 0.1 Hz to 10Hz 12.8 12.8 12.8 pA~_~ 

Input Noisa Current 
10= 10Hz 1.4 1.4 1.4 

Density in 10= 100Hz 0.7 0.7 0.7 pA/,,[HZ 
10= 1000Hz 0.4 0.4 0.4 

Channel Separation CS 100 100 80 dB 

Slew Rate (Note 1) SR RL = 2kO, CL = 100pF 0.25 0.5 0;25 0.5 0.25 0.5 VI",s 

Large-Signal 
Vo=20Vp-p 4 8 4 8 4 8 kHz 

Bandwidth (Notes 1. 5) 

Closed-Loop 
BW AVCL =+1 0.8 1.3 0.8 1.3 0.8 1.3 MHz 

Bandwidth (Note 4) 

Risetime (Note 1) tr 
Av=+I, V'N=50mV 

260 350 260 350 260 350 ns 
RL = 2kO, CL = 50pF 

Overshoot (Note 1) OS 
Av=+I, V'N=50mV 

5 10 10 5 10 % 
RL = 2kO. CL = 50pF 

NOTES: 
1. Sample tested. 
2. Power dissipation per amplifier. 
3. Guaranteed by input bias current. 
4. Guaranteed by maximum risetime. 
5. Guaranteed by minimum slew rate. 
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OP-04/0P-14 
ELECTRICAL CHARACTERISTICS 
unless otherwise noted. 

(Each Amplifier) at Vs = ±15V, O'C" TA " +70'C for E, -40'C to +85' for C and D, 

OP-04E/OP-14E OP-04C/OP-14C OP-14D 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Olfset Voltage Vas Rs ,,20kO 0.4 1.5 1.2 3 3 6 mV 

Average Input Olfset 
TCVos Voltage Drift (Note I) 

Rs= 500 4 10 8 20 p.V/'C 

Input Olfset Current los 10 2 10 10 50 nA 

Average Input Offset 
TClos 7.5 120 15 250 70 500 pArC • Current Drift (Note I) 

Input Bias Current 18 30 60 40 100 50 200 nA 

Input Voltage Range IVR ±10 ±13 ±10 ±13 ±10 ±13 V 

Common-Mode 
CMRR 

VcM =±10V 
80 100 80 95 70 85 dB 

Rejection Ratio Rs ,,20kO 

Power Supply 
PSRR 

Vs = ±5V to ±20V 
10 60 30 100 100 150 p.VIV 

Rejection Ratio Rs ,,20kO 

Large-Signal 
Ava 

RL<o2kO 
50 100 25 60 15 25 VlmV 

Voltage Gai n Vo= ±10V 

Output Voltage Swing Va RL<o 2kO ±12 ±13 ±12 ±13 ±1O ±13 V 

NOTES: 
1. Sample tested. 

BURN-IN CIRCUIT (1/2 of OP-04, OP-14) OFFSET ADJUST CIRCUIT 

v+ v+ 

\ +20V 

~ 
y" 

-20V v-
PIN NUMBERS ARE FOR "V" PACKAGE ONLY. 
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OP-04/0P-14 
DICE CHARACTERISTICS 

OP-14 OP-04 

1. INVERTINO INPUT (A) 
2. NONINVERTING INPUT (A) 
3. BALANCE (A) 
4. V-
5. BALANCE (B) 
e. NONINVERTING INPUT (B) 
7. INVERTINO INPUT (B) 

e. BALANCE (B) 
e. V+ 

10. OUTPUT (B) 
11. V+ 
12. OUTPUT (A) 
13. V+ 
14. BALANCE (A) 

NOTE: 9. 11 and 13 are internally connected. 

DIE SIZE 0.080 X 0.050 Inch, 4000 sq. mila 
(2.03 x 1.27 mm, 2.58 sq. mm) 

1. INVERTING INPUT (A) 
2. NONINVERTING INPUT (A) 
3. BALANCE (A) 
4. V-
5. BALANCE (B) 
e. NONINVERTING INPUT (B) 
7. INVERTING INPUT (8) 

WAFER TEST LIMITS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

OP-04N 
OP-14N OP-14G 

PARAMETER SYMBOL CONDITIONS LIMIT LIMIT 

Input Offset Voltage Vos Rs ,,20kO 0.75 2 

Input Offset Voltage 
lJ.Vos Rs ,,20kO 2 

Match 

Input Offset Current los 5 5 

Input Bias Current 16 50 75 

Input Voltage Range IVR ±10 ±10 

Common·Mode 
CMRR 

VCM =±10V 
85 80 

Rejection Ratio Rs ,,20kn 

Common-Mode Rejection 
lJ.CMRR 

VCM =±10V 
94 94 

Ratio Match Rs" 1000 

Power Supply 
PSRR 

Vs =±5V to±20V 
60 100 

Rejection Ratio Rs ,,20kO 

Output Voltage Swing Va 
RL ,,10kn ±12 ±12 
RL ,,2kO ±12 ±12 

Large-Scale 
Ava 

RL ,,2kO 
100 50 

Voltage Gain Vo =±10V 

Power Consumption 
Pd Vo=O 170 170 

(Both Amplifiers) 

Channel Separation CS 100 100 

NOTE: 

•• BALANCE (8) 
e. V+(B) 

10. OUTPUT (B) 
11. NO CONNECTIONS 
12. OUTPUT (A) 
13. V+(A) 
14. BALANCE (A) 

UNITS 

mVMAX 

mVMAX 

nAMAX 

nAMAX 

VMIN 

dllMIN 

dBMIN 

flVNMAX 

VMIN 

VlmVMIN 

mWMAX 

dBMIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V s = :!:15V, T A = +25°C, unless otherwise noted. 

OP-04N OP-04G 
OP-14N OP-14G 

PARAMETER SYMBOL CONDITIONS LIMIT LIMIT UNITS 

Av = +1, V'N = 50mV, 200 200 
RL = 2kO, CL = 50pF 

ns Aisellme I, 

Overshoot OS 
Av = +1, V'N = 50mV, 

5 5 
RL = 2kO, CL = 50pF 

Slew Aale SA RL = 2kO, CL = 100pF 0.25 0.25 V/f1S 
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TYPICAL PERFORMANCE CHARACTERISTICS (Each Amplifier) 
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OP-04/0P-14 
TYPICAL PERFORMANCE CHARACTERISTICS (Each Amplifier) 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Low Noise •••••.•.••....•• 0.6I'Vp_p Max, 0.1 to 10Hz 
• Low Drift vs. Temperature ••.••••.••••• 0.51'VloC Max 
• Low Drllt vs. Time ••••..••••..•••. 0.2l'VlMonth Typ 
• Low Bias Current • • • • • • • . • . • . . • • • . • • • • •• 2.0nA Max 
• High CMRR .•..•.•..••....••...•.•...• 114dB Min 
• High PSRR •••••.•••••.•.•••.•••..••••. 100dB Min 
• High Gain .•....•..•.••.•.•.•...•••.•• 300,000 Min 
• High RIN Differential ••...••••.•••.•••••. 30MO Min 
• High RIN CM ..•••..•••..•.•••..•..•.. 200GO Typ 
• Internally Compensated •••••..• Stable to 500pF Load 
• Fits 725, 108A and 741 Sockets 
• 125° C Temperature Tested Dice 
• Available in Die Form 

ORDERING INFORMATION I 

PACKAGE 

TA =2SoC OPERATING 
VosMAX CERDIP PLASTIC TEMPERATURE 

(mY) TO-99 8-PIN a-PIN RANGE 

0.15 OP05AJ* OP05AZ* MIL 
0.5 OP05J* MIL 
0.5 OP05EJ OP05EZ OP05EP COM 
1.3 OP05CJ OP05CZ OP05CP COM 

• For devices processed In tolal compliance to MIL-STD-883, add /883 after part 
number. ConsuH factory for 883 data sheet. 
Burn-in Is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

SIMPLIFIED SCHEMATIC 

Instrumentation 
Operational Amplifier 

OP-05 I 
GENERAL DESCRIPTION 
The OP-05 series of monolithic instrumentation operational 
amplifiers combine excellent performance in low-signal-Ievel 2 
applications with the simplicity of use of a fully-protected, 
internally-cdmpensated op amp. The OP-05 has low input offset 
voltage and bias current combined with very high levels of gain, 
input impedance, CMRR, and PSRR. 

The OP-05 isa direct replacement in 725, 108A, and unnulled 741 
sockets allowing instant system performance improvement 
without redesign. The OP-05 is an excellent choice for a wide 
variety of applications including strain gauge and thermocouple 
bridges, high-gain active filters, buffers, integrators, and sample
and-hold amplifiers. For dual-matched versions, refer to the 
OP-207 and OP-10 data sheets. 

PIN CONNECTIONS 

VOSTe~ 7V+ 

-IN 2 + 6 OUT 

+IN 3 5 N.C. 

• V-leASE) 

TO-99 
(J-Suffix) 

EPOXY MINI-DIP 
(P-Suffix) 

8-PIN HERMETIC DIP 
(Z-Suffix) 

V+o---~----------~----~r-----~--------~--~--------~----~------~--r----r----

NON 
INVERTING 
INf'UT 

INVERTINGo---'V'-.-... --...... -----+---.... -----I::.: 
INPUT 

REV. A 

019 

R9 OUTPUT 

R10 

t--+--IR= 
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OP-05 
ABSOLUTE MAXIMUM RATINGS (Note 3) 

Supply Voltage ••••••••••••••••••••••••••••••••••.•••••••••.••••••••••••••••••••• ",22V 

Differential Input Voltage •••••••••••••••••••••••••••••••••.•..••.••.•.••.•• "'30V 

Input Voltage (Note 1) ••••••••••••••••••••••••••••••••••••••.•..••.•.••.••••• ",22V 

Output Short-Circuit Duration •••••.••••••••••.••••••••••••.•••••.• Indefinite 

Storage Temperature Range 

J and Z Packages .••••••••••••••••••.••••••••••••••••. -65°C to + 150°C 

P Package ••••••••••...•••••••••••••.•••••••••••••••••••••. -65°C to + 125°C 

Operating Temperature Range 

OP-05A, OP-05 ••••••••••••••••••.•••••••••••••••••••••• -55°C to + 125°C 

OP-05E, OP-05C .••••••..••..•.•••••••••••••••••••••.•.••.•• O°C to + 70°C 

Lead Temperature Range (Soldering, 60 sec) ••••••.••.••••. 300°C 

Junction Temperature ••.•••.•.••••.•••••••••••••••••••••. -65°C to +150°C 

PACKAGE TYPE elA (NOTE 2) elc UNITS 

TO-99 (J) 150 18 ·C/W 

8-Pin Hermetic DIP (Z) 148 16 ·C/w 

8-Pln Plastic DIP (P) 103 43 ·C/w 

NOTES: 
1. For supply voltages less than :22V, the absolute maximum input vaRage is 

equal to the supply vaRage. 
2. elA Is specified for worst case mounting conditions, i.e., elA Is specified for 

device in socket for TO, CerDIP, P-DIP, and LCC packages; elA Is specified 
for device soldered 10 printed clrcuil board for SO and PLCC packages. 

3. AbSOlute maximum ralings apply 10 both DICE and packaged parts, unless 
otherwise noled. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

OP-OSA OP-OS 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

I npul Offset Voltage Vas 0.07 0.15 0.2 0.5 mV 

Long-Term Input Offset 
~VosfTime (Nota 1) 0.2 1.0 0.2 1.0 pVlMo 

Voltage Stability 

Input Offset Current los 0.7 2.0 1.0 2.8 nA 

Input Bies Current 19 ±0.7 ±2.0 ±1.0 ±3.0 nA 

.Input Noise Voltage (Note 2) enp-p 0.1 Hz to 10Hz 0.35 0.6 0.35 0.6 pVp_p 

Input Noise Voltage Density 
10= 10Hz 10.3 18.0 10.3 18.0 

en fo= 100Hz 10.0 13.0 10.0 13.0 nVl,fHZ 
(Nota 2) 

10= 1000Hz 9.6 11.0 9.6 11.0 

Input Noise Currenl 
inp•p 0.1 Hz to 10Hz 14 30 14 30 pAp-p 

(Note 2) 

Input Noise Current Density 
10= 10Hz 0.32 0.80 0.32 0.80 

in fO= 100Hz 0.14 0.23 0.14 0.23 pAl,fHZ 
(Note 2) 

fo= 1000Hz 0.12 0.17 0.12 0.17 

Input Resistance -
R'N (Note 3) 30 60 20 60 MO Differential-Mode 

Input Resistance -
R'NCM 200 200 GO 

Common-Mode 

Input Voltage Range IVR ±13.5 ±14.0 ±13.5 ±14.0 V 

Common-Mode Rejection Ratio CMRR VcM =±13.5V 114 126 114 126 dB 

Power Supply Rejection Ratio PSRR Vs =±3Vto±18V 4 10 4 10 pVIV 

RL", 2kO, Vo= ±IOV 300 500 200 500 
Large-Signal Voltage Gain Avo RL", 5000, Vo = ±0.5V 

150 500 150 500 
VlmV 

Vs = ±3V (Note 3) 

RL", 10kO ±12.5 ±13.0 ±12.5 ±13.0 
Output Voltage Swing Vo RL",2kO ±12.0 ±12.8 ±12.0 ±12.8 V 

RL",lkO ±10.5 ±12.0 ±10.5 ±12.0 

Slew Rate (Note 2) SR RL", 2kO 0.1 0.3 0.1 0.3 VIps 

Closed-Loop Bandwidth 
BW 

(Note 2) 
AVCL =+1.0 0.4 0.6 0.4 0.6 MHz 

Open-Loop Output Resistance Ro Vo=O.lo=O 60 60 0 

Power Consumption Pd 
No load 90 120 90 120 

mW 
Vs = ±3V, No load 4 6 4 

Offset Adjustment Range Rp= 20kO 4 4 mV 

NOTES: 
I. Long-term Input offset voltage stability refers to the averaged trend line operating days are typically 2.5I'V. Refer to typical performance curve. 

of Vos vs. Time over extended periods after the first 30 days of operation. 2. Sample tested. 
Excluding the Initial hour of operation, changes in Vos during the first 30 3. Guaranteed by design. 
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OP-05 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, -550 C $ TA $ + 1250 C, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Average Input Offset Voltage 
Drift Without External Trim 

With External Trim 

Input Offset Current 

Average Input OIfaet Current 
Drift 

I nput Bias Current 

Average Input Bias Current 
Drift 

Input Voltage Range 

Common-Mode Rejection Ratio 

Power Supply Rejection Ratio 

large-Signal Voltage Gain 

Output Voltage Swing 

SYMBOL 

Vos 

TCVOS 
TCVOSn 

los 

TCIOS 

TCl a 

IVR 

CMRR 

PSRR 

AvO 

Vo 

OP-OSA 
CONDITIONS MIN TYP MAX 

0.10 0.24 

(Note 2) 0.3 0.9 
Rp= 20kn (Note 3) 0.2 0.5 

1.0 4.0 

(Note 2) 5 25 

±1 ±4 

(Note 2) 8 25 

±13.0 ±13.5 

VCM =±13.0V 110 123 

VS=±3Vto±18V 5 20 

200 400 

±12.0 ±12.6 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 250 C, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Long-Term Input Offset 
Voltage Stability 

Input OIfaet Current 

Input Bias Current 

Input NOise Voltage (Note 2) 

Input Noise Voltage Density 
(Note 2) 

Input Noise Current (Note 2) 

Input Noise Current Density 
(Note 2) 

Input Resistance -
Differential-Mode 

Input Resistance -

Common-Mode 

Input Voltage Range 

Common-Mode Reiection Ratio 

Power Supply Rejection Ratio 

Large-Signal Voltage Gain 

Output Voltage Swing 

Slew Rate (Note 2) 

Closed-Loop Bandwidth 
(Note 2) 

Open-Loop Output Resistance 

Power Consumption 

Offset Adjustment Range 

NOTE: See notes on previous page. 

REV. A 

SYMBOL CONDITIONS 

Vos 

<1VosiTime (Notes 1, 2) 

los 

inp:p 

In 

IVR 

CMRR 

PSRR 

AvO 

Vo 

SR 

BW 

Ro 

O.lHz to 10Hz 

10= 10Hz 
10= 100Hz 
10= 1000Hz 

0.1 Hz to 10Hz 

10= 10Hz 
10= 100Hz 
10= 1000Hz 

(Note 3) 

Vs =±3Vto ±18V 

RL;;'2kn, Vo =±10V 
RL;;'500n, Vo=±0.5V 
Vs = ±3V (Note 3) 

RL;;' 10kn 
RL;;' 2kn 
RL;;' lkn 

AveL =+1.0 

VO=O,IO=O 

No load 
Vs = ±3V, No load 

Rp= 20kn 

OP-OSE 
MIN TYP MAX 

15 

0.2 0.5 

0.3 1.5 

1.2 3.8 

±1.2 ±4.0 

0.35 0.6 

10.3 18.0 
10.0 13.0 
9.6 11.0 

14 30 

0.32 0.80 
0.14 0.23 
0.12 0.17 

50 

160 

±13.5 ±14.0 

110 123 

5 

200 500 

150 500 

±12.5 ±13.0 
±12.0 ±12.B 
±10.5 ±12.0 

0.1 0.3 

0.4 0.6 

60 

20 

90 120 
4 6 

OP-OS 
MIN TYP MAX 

0.3 0.7 

0.7 2.0 
0.3 1.0 

1.8 5.6 

8 50 

±2 ±6 

13 50 

±13.0 ±13.5 

110 123 

5 20 

150 400 

±12.0 ±12.6 

OP-OSC 
MIN TYP MAX 

8 

0.3 1.3 

0.4 2.0 

1.8 6.0 

±1.8 ±7.0 

0.38 0.65 

10.5 20.0 
10.2 13.5 
9.8 11.5 

15 35 

0.35 0.90 
0.15 0.27 
0.13 0.18 

33 

120 

±13.0 ±14.0 

100 120 

120 400 

100 400 

±12.0 ±13.0 
±11.5 ±12.B 

±12.0 

0.1 0.3 

0.4 0.6 

60 

32 

95 150 
4 

4 

UNITS 

mV 

I'VIOC 

nA 

pAJOC 

nA 

pA/GC 

V 

dB 

"VIV 

VlmV 

V 

UNITS 

mV 

nA 

nA 

nVl,fHZ 

pAp_p 

Mn 

Gn 

V 

dB 

VlmV 

V 

V/"s 

MHz 

n 

mW 

mV 
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OP-05 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, 00 C :5 TAS + 700 C, unless-otherwise noted. 

OP-05E OP-05C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNI'fS 

Input Offset vOltage Vos 0.25 0.6 0.35 1.6 mV •. 

Average Input Offset Voltage 
Drift Without External Trim TCVos (Note 2) 0.7 2.0 1.3 4.5 

p.VloC 
With External Trim TCVoSn Rp=2OkO (Note 3) 0.2 0.6 0.4 1.5 

Input Offset Current los 1.4 5.3 2.0 8.0 nA 

Average Input Offset Current 
TClos (Note 2) 8 35 12 50 pAl"C 

Drift 

Input Bias Current la ±1.5 ±5.5 ±2.2 ±9.0 nA 

Average Input Bias Current 
TCl a (Note 2) 13 35 18 50 pAl"C 

Drift 

Input Voltage Range IVR ±13.0 ±13.5 ±13.0 ±13.5 V 

Common-Mode Relectlon Ratio CMRR VCM= ±13.0V 107 123 97 120 dB 

Power Supply Rejection Ratio PSRR Vs =±3Vto±18V 7 32 10 51 p.VN 

Large-Signal Voltage Gain Avo RL ;;'2kO, Vo =±10V 180 450 100 400 VlmV 

Output Voltage Swing Vo RL ;;'2kO ±12.0 ±12.6 ±11.0 ±12.6 V 

NOTES: 
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line 

of Vos vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vos during the first 30 
operating days are typically 2.5"V. Refer to typical performance curve. 

2. Sample tealad. 
3. Guaranteed bY design. 
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DICE CHARACTERISTICS (125° C TESTED DICE AVAILABLE) 

DIE SIZE 0.101 X 0.052 Inch, 5300 sq. mils 
(2.57 X 1.32 mm, 3.34 sq. mm) 

OP-05 

1. BALANCE 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. NO CONNECTION 
6. OUTPUT 
7. V+ 
8. BALANCE 

WAFER TEST LIMITS at Vs= ± 15V, TA=25°C for OP"()5N, Op·OSG and OP-OSGR devices; T A = 12SoC for OP-OSNT and 
OP"()SGT devices, unless otherwise noted. 

OP-OSNT OP-05N OP-OSGT OP-05G OP-OSGR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos 0.25 0.15 0.7 0.5 1.3 mV MAX 

Input Offset Current los 4.0 2.0 5.7 3.8 6.0 nA MAX 

I nput Bias Current Ie ±4 ±2 ±6 ±4 ±7 nAMAX 

Input Resistance 
R'N (Note 2) 20 15 B MOMIN 

Differential Mode 

Input Voltage Range IVR ±13.0 ±13.5 ±13.0 ±13.5 ±13.0 VMIN 

Common-Mode 
CMRR 

VCM = ± 13.5V at +25° C 
110 114 110 110 100 dBMIN 

Rejection Ratio VCM = ±13.0 at +125°C 

Power Supply 
PSRR Vs =±3Vto±18V 20 10 20 20 30 p.VNMAX 

Rejection Ratio 

RL = 10kO ±12.5 ±12.5 ±12.0 
Output Voltage Swing Vo RL =2kO ±12.0 ±12.0 ±12.0 ±12.0 ±11.5 VMIN 

RL=lkO ±10.5 ±10.5 

Large-Signal 
Avo 

RL = 2kO 
200 200 150 200 120 VlmVMIN 

Voltage Gain Vo= ±10V 

Differential Input 
±3O ±3O ±30 ±3O ±30 V MAX 

Voltage 

Power Consumption Pd VOUT=OV 120 120 150 mWMAX 

NOTES: 
1. For 25° C characteristics 01 NT & GT devices see N & G characteristics 2. Guaranteed by design. 

respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15\1, TA = +2Soc, unless otherwise noted. 

OP-OSNT OP-OSN OP-OSGT OP-05G OP-05GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Averege Input 
TCVos RsSSOO 0.3 0.3 0.7 0.7 1.2 p.vrc Offset Voltage Drift 

Nulled Input 
TCVOSn Rs S 500. Rp = 20kO 0.2 0.2 0.3 0.3 0.4 p.vrc Offset Voltage Drift 

Average Input 
TClos 5 5 8 8 12 pAloC Offset Current Drift 

Slew Rate SR RL"'2kO 0.3 0.3 0.3 0.3 0.3 VII'S 

Closed-Loop 
BW AVCL =+1 0.6 0.6 0.6 0.6 0.6 MHz 

Bandwidth 
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OP-05 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-05 
TYPICAL PERFORMANCE CHARACTERISTICS 
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* OBSERVATION TIME LIMITED TO 10 SECONDS MAXIMUM. 

2...;526 OPERATIONAL AMPLIFIERS REV. A 



OFFSET NULLING CIRCUIT 

v+ 

OUTPUT 
INPUT 

NOTE: PIN OUTS SHOWN FOR J, P, AND Z PACKAGES. 

BURN-IN CIRCUIT 

OUTPUT 

NOTE: PIN OUTS SHOWN FOR J, P, AND Z PACKAGES. 

APPLICATIONS INFORMATION 
OP-05 series devices may be fitted directly to 725 and 
108/108A Series sockets with or without removal of external 
compensation components. Additionally, the OP-05 may be 
fitted to unnulled 741 series sockets. However, if conventional 
741 nulling circuitry is in use, it should be modified or 
removed to enable proper OP-05 operation. The OP-05 
provides stable operation with load capacitance of up to 
500pF and ± 10V SWings; larger capacitances should be 
decoupled with a 50n resistor. 

REV. A 

OP-05 
Offset stability can be degraded by stray thermoelectric 
voltages arising from dissimilar metals at the contacts to the 
input terminals. Best operation will be obtained when both 
input contacts are maintained at the same temperature, 
preferably close to the temperature of the device's package. 

TYPICAL APPLICATIONS 

STABLE, HIGH-IMPEDANCE BUFFER 

SR '" O.25V/p.sec 

OUTPUT NOISE = a.35,."v P-P TVP 
OUTPUT OFFSET = O.2mV TVP 
BANDWIDTH = 600kHz 

HIGH IMPEDANCE, HIGH COMMON-MODE REJECTION 
INSTRUMENTATION AMPLIFIER 

ZIN'" 100Gn 

liN" ±1.0nA 

ADJUST R7 FOR MAXIMUM CMRR 

R4 R6 

2." 20." 

SA = 2.SV/p..S8C 

B!=B§. 
R6 R7 

R6 (2 R1 \ 
Av"'R'4 R3 +1J 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Very High Voltage Gain ................ 1,OOOV/mV Min 
• Low Offset Voltage and Offset Current 
• Low Drift vs. Temperature 

(TCVos) ............................ O.8JJV/oC Max 
• Low Input Voltage and Current Noise 
• Low Offset Voltage Drift with Time 
• High Common-Mode Rejection ............ 120dB Typ 
• High Power Supply Rejection .............. 2JJVlV Max 
• Wide Supply Range ................... ±3.0V to ±22V 
• MIL-STD-883 Processing Available 
• Slew Rate to ................................. 100VlJJs 
• Available in Die Form 

ORDERING INFORMATION t 

TA =25'C PACKAGE 
OPERATING 

VosMAX TO-99 CERDIP TEMPERATURE 
(mV) B-PIN B-PIN RANGE 

0.2 OP06AJ* MIL 
0.5 OP06FJ COM 
0.5 OP06BJ MIL 
1.3 OP06GJ OP06GZ COM 

* For devices processed in total compliance to MIL·STD·B83. add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
cerdip, plastic dip, and TO-can packages. 

GENERAL DESCRIPTION 
The OP-06 monolithic instrumentation operational amplifier 
is designed for accurate high-gain amplification of low level 
signals. High common-mode rejection reduces signal 
degradation when large common-mode voltages are present. 

SIMPLIFIED SCHEMATIC 

R3 

R5 R6 Rl0 

v-

REV. B 

High-Gain Instrumentation 
Operational Amplifier 

OP-06 I 

Superior DC input characteristics include very low offset 
voltage and current, extremely high open-loop gain, low 1/f 
and wideband noise, and low "popcorn" noise. Low offset 
voltage drift is improved by a nulling technique that optimizes 
TCVos performance when Vos is nulled to zero. Very high 
common-mode and power supply rejection enable accurate 
performance in noisy environments. 

Flexible external compensation provides wide-bandwidth 
and high slew rate operation in high closed-loop gain 
applications. Excellent long-term stability, and compati
bility with MIL-STD-883 processing, make the OP-06 an 
excellent choice for high-reliability applications. For example, 
process control and aerospace applications; including strain 
gauge and thermocouple amplifiers, low-noise audio ampli
fiers, and instrumentation amplifiers. The OP-06 is a direct 
replacement for all 725 types providing superior DC and 
noise performance plus the unique feature of complete Input 
differential voltage and output short-circuit protection. 

PIN CONNECTIONS 

Rll 

Vose~ 7V+ 
-IN 2 + 6 OUT 

+IN 3 5 COMP 

4 
V-(CASEj 

TO-99 (J-Sufflx) 
8-PIN HERMETIC DIP 

(Z-Sufflx) 

R19** 

__ --+--0 OUTPUT 

R20** 

y-+-~t:Q26 

R15 R16 

*Q27, 028, R2l, R22, COM· 
PRISE THE INPUT PROTEC· 
TlON CIRCUIT . 

.... Q23, Q29, R19, R20COM-
R17 PRISE THE OUTPUT PRO· 

TECTION CIRCUIT. 
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OP-06 
ABSOLUTE MAXIMUM RATINGS (Note 3) 
Supply Voltage .................................................................. :t:.22V 
Differential Input Voltage .................................................. :t:.30V 
Input Voltage (Note 1) ....................................................... :t:.22V 
Output Short-Circuit Duration ..................................... Indefinite 
Storage Temperature Range ......................... -65·C to +150·C 
Operating Temperature Range 

OP-OSA. OP-OS8 ...................................... -55·C to + 125·C 
OP-OSF. OP-OSG ............................................ 0·Cto +70·C 

Lead Temperature Range (Soldering. SO sec) ........•... +300·C 
Junction Temperature .................................... -65·C to +150·C 

PACKAGE TYPE elA (NOTE 2) UNITS 

TO-99 (J) 150 18 ·CfW 

B-Pln Hermetic DIP (Z) 148 16 ·CfW 

NOTES: 
1. For supply voltages less than z2.'N, the absolute maximum Input voHage Is 

equal to the supply voltage. 
2. e lA is spacified lor worst case mounting conditions, I.e., el " Is specified lor 

device in socket lor TO and CerDlP packages. 
3. Absolute ratings apply to both DICE and packaged parts, unless otherwise 

noted. 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25·C. unless otherwise noted. 

OP-osA OP-OSB/F OP-06G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage VOS RS S 2OkO (Note 2) 0.06 0.2 0.2 0.5 0.4 1.3 mV 

Input Offset Current los 0.3 2.0 0.75 5.0 2 13 nA 

Input Bias Current 19 30 70 30 80 40 110 nA 

Input Noi.e Voltage 
10= 10Hz (Nota 1) 9.0 15.0 9.0 15.0 9.0 15.0 

en 10= 100Hz (Note 1) 6.0 9.0 6.0 9.0 8.0 9.0 nVl.,[HZ 
Density 

10= 1000Hz (Note 1) 7.0 7.5 7.0 7.5 7.0 7.5 

10= 10Hz (Nota 1) 0.5 1.2 0.5 1.2 0.6 1.4 
Input Noise Current 

In 10= 100Hz (Note 1) 0.25 0.6 0.25 0.6 0.3 0.7 pA/.,[HZ 
Density 

10= 1000Hz (Note 1) 0.15 0.25 0.15 0.25 0.2 0.3 

Input Resistance RIN (Note 3) 0.8 1.8 0.7 1.8 0.5 1.5 MO 

large-Signal 
AyO 

RL;"2kO, 
1,000 3,000 1,000 3,000 500 3,000 VlmV 

Voltage Goln Vo=±10V 

Output Voltage 
RL;" 10kO ±12.5 ±13.0 ±12.5 ±13.0 ±12.0 ±13.0 

Swing Vo RL;"2kO ±12.0 ±12.8 ±12.0 ±12.8 ±11.5 ±12.8 V 

RL;"lkO ±11.0 ±12.5 ±11.0 ±12.5 ±12.0 

Input Voltage Range IVR ±13.5 ±14.0 ±13.5 ±14.0 ±13.5 ±14.0 V 

Common-Mode 
CMRR 

VCM= ±13.5V 
114 

Rejection Ratio Rs S20kO 
120 114 120 110 115 dB 

Power Supply 
PSRR 

Vs = ±3V to ±18V 
0.5 

Rejection Ratio RsS 2OkO 
2.0 1.0 ~ 2.0 10 p.VN 

Power Consumption Pd 90 120 90 120 110 150 mW 

Large-Signal 
RL;" 5000, (Note 3) 

Voltage Gain 
AyO Vo=±0.5V 100 800 100 600 60 600 VlmV 

Vs=±3V 

Power Consumption Pd Vs =±3V 4 6 4 6 4 8 mW 

NOTES: 
1. Sample tested. 
2. Thermoelectric Yoltages generated by dissimilar metals at the contacts to 

the Input terminals can degrade drift performance. Both sides of the 
contacts should be kept at approximately the same temperatura. All 
temperature gradients should be minimized. 

3. Guaranteed by design. 
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OP-06 
ELECTRICAL CHARACTERISTICS at Vs = ± 15V, -55°C :s; TA:S; + 125°C, unless otherwise noted. 

OP-06A OP-06B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage 

(Without external VOS As S; 20kO (Note 2) 0.08 0.28 0.3 0.7 mV 
trim) 

Average Input Offset 

Voltage Drift (With- TCVos Rs =5011(Notes 1. 2) 0.3 0.8 0.7 2.0 #VI"C 

out external trim} 

Average Input Offset 
Rs = 5011 (Notes 2. 3) 

Voltage Drift (With TCVosn 0.2 0.6 0.28 1.0 #VI'C 
external trim) 

Rp= 20kll 

TAMAX 0.25 1.0 O.S 4.0 
Input Offset Current lOS nA 

TAMIN 0.8 4.0 2.0 18.0 

Average Input Offset 
TClos (Note 1) 

Current Drift 
20 90 pA/'C 

TAMAX 22 60 25 70 
Input Bias Current 18 nA 

TAMIN 40 120 45 180 

Common-Mode 
CMRR 

VCM = ±13.5V 
109 112 109 112 dB 

Rejection Ratio Rs S20kll 

Power Supply 
PSRR 

Vs =±3Vto±18V 
#VlV 

Rejection Ratio Rs S20kll 

Large-Signal 
Va = ±10V; RL 2: 2kO 

VOltage Gain Avo TAMAX 1.000 3.500 1.000 3.500 
VlmV 

TAMIN 700 2.000 700 1.800 

Output Voltage 
Vo Rl ",2kll ±12.0 ±12.6 ±12.0 ±12.6 V 

Swing 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, 0° C :s; TA:S; 70° C, unless otherwise noted. 

OP-06F OP-06G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage 

(Without external Vos Rs'; 20kll (Note 2) 0.25 0.6 0.5 1.6 mV 
trim) 

Average Input Offset 

Voltage Drift (Wlth- TCVos RS = 5011 (Notes 1, 2) 0.7 2.0 1.4 4.5 "VI"C 
out external trim} 

Average Input Offset 
Rs = 5011 (Notes 2, 3) 

Voltage Drift (With TCVosn 0.28 1.0 0.5 1.5 "VI'C 
external trim) 

Rp=20kll 

Input Offset Current los 
TAMAX 0.85 5.0 2.0 15 

TAMIN 2.0 18.0 3.0 25 
nA 

Average Input Oflset 
TClos (Note 1) 90 14 150 pAl"C 

Current Drift 

Input Bias Current 18 
TAMAX 30 80 35 110 

TAMIN 45 180 45 180 
nA 

Common~Mode VCM =±13.5V 
CMRR 109 112 95 liD dB 

Rejection Ratio Rs'; 20kll 

Power Supply 
PSRR 

Vs =±3Vto±18V 
1.5 7.0 3.0 15 "VlV Relectlon Ratio Rs,;20kll 

large-Signal 
Vo = ±IOV: RL 2: 2kll 

Avo TAMAX 1.000 3,500 400 3.200 
Voltage Gain 

TAMIN 800 1.800 300 1,700 
VlmV 

Output Voltage 
Vo Rl ",2kll ±12.0 ±12.6 ±11.0 ±12.6 V 

Swing 

NOTES: 
I. Sample tested. contacts should be kept at approximately the same temperature. All 
2. Thermoelectric voltages generated by dissimilar metals at the contacts to temperature gradients should be minimized. 

the input termi':lals can degrade drift performance. 80th sides of the 3. Guaranteed by input bias current. 
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OP-06 
DICE CHARACTERISTICS 

DIE SIZE 0.095 X 0.051 inch, 4845 sq. mils 
(2.41 X 1.30 mm, 3.13 sq. mm) 

1. NULL 
2. INVERTING INPUT 
3. NON INVERTING INPUT 
4. V-
5. COMPENSATION 
6. OUTPUT 
7. V+ 
8. NULL 

WAFER TEST LIMITS at Vs = ± 15V, T A = 25° C for OP-OSN, OP-OSG and OP-OSGR devices; TA = 125° C for OP-OSNT and 

OP-oSGT devices, unless otherwise noted. (Note 2) 

OP-06NT OP-06N OP-06GT OP-06G OP-06GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos RsS 20kO 0.3 0.2 0.7 0.5 1.3 mVMAX 

Input OfIaat Current los 2 4 5 13 nAMAX 

Input Bias Current Ie 60 70 70 60 110 nAMAX 

Input Resistance 
R'N (Note 1) 0.8 0.7 0.5 MOMIN 

Diflerentlal Mode 

Input Voltage Range IVR ±13.0 ±13.5 ±13.0 ±13.5 ±13.5 VMIN 

Common-Mode 
CMRR 

VcM =±13.5 
108 114 108 114 110 dB MIN 

Rejection Ratio RsS 2OkO 

Power Supply 
PSRR 

Vs = ±3V to ±18V 
6 2 8 10 I'VNMAX 

Rejection Ratio Rs S20kO 

RL2: 10kO ±12.5 ±12.5 ±12.0 
Output Voltage Swing Vo RL2:2kO ±12.0 ±12.0 ±12.0 ±12.0 ±11.5 VMIN 

RL2:1kO ±11.0 ±11.0 

Large-Signal 
Avo 

RL2: 2kO 
1000 1000 800 1000 500 VlmVMIN 

Voltage Gain Vo =±10V 

Diflerential Input 
±30 ±30 ±30 ±30 ±30 V MAX 

Voltage 

Power Consumption 
Pd 120 120 150 mWMAX 

(VOUT=OV) 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

OP-06NT 
PARAMETER SYMBOL CONDITIONS TYPICAL 

Average Input OfIset 
TCVos Rs S500 0.3 

Voltage Drlft 

Nulled Input Offset 
TCVoSn 

Rs S50kO 
0.2 

Voltage Drift Rp=20kO 

Average Input Oflset 
TClos 3 

Current Drift 

NOTES: 
1. Guaranteed by input bias current. 
2. For +25'C specifications of OP-Q6NT and OP-06GT, see OP-Q6N and 

OP-Q6G respectively. 
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OP-06N OP-06GT OP-06G OP-06GR 
TYPICAL TYPICAL TYPICAL TYPICAL 
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TYPICAL PERFORMANCE CHARACTERISTICS 

OPEN-LOOP RESPONSE FOR 
VALUES OF COMPENSATION 

150 ,-------------,----,-----, 100 

10 

I 
2. 1.0 

~ 
;0: 

~ 0.1 

SLEW RATE 
USING RECOMMENDED 

COMPENSATION NETWORKS 

VS=±15V 
TA=25"C 

7 

OP-OB 

CLOSED-LOOP FREQUENCY 
RESPONSE FOR VALUES OF 

COMPENSATION 

110 fOiiiiiTllilj"\~L 
0.01 

-20b-----b-----t--1--~~~~ 

-30 L---l_~_ ..... .:....:. ....... _...l..l.......J 0.001 
1.0 

1\ N. -40L-_...l. __ -'-_'--.l-'--_--' 
10 lk 10k lOOk 1M 10M 

FREQUENCY (Hz! 

FREQUENCY COMPENSATION 

COMPENSATION VALUES 

Avel 

10000 

1000 

100 

10 

COMPENSATION CIRCUIT (J or Z PACKAGE) 

R1 
(0) 

10k 

470 

47 

27 

10 

10 100 lk 10k lOOk 
CLOSED-LOOP GAIN (VNI 

C1 
(I'F) 

50pF 

0.001 

0.01 

0.05 

0.05 

270 0.0015 

39 0.02 

OFFSET VOLTAGE 
TRIM 

USE R3 (= 5UlJ WITH 
CAPACITIVE LOAD 

"3 

c, 

lOOk 

*THE COMPENSATION NETWORK IR1. c,l SHOULD BE RE
TURNED TO THE V-TERMINAL. IF THE NETWORK IS RE
TURNED TO GROUND, SERIOUS DEGRADATION OF POWER 
SUPPLY REJECTION PERFORMANCE WITH FREQUENCY 
WILL OCCUR. SEe TYPICAL CURVES (PSRR vs FREQUENCY). 

R1 COMPENSATION I FREQUENCY 

··THE TRIMMING POTENTIOMETER SHOULD BE 20kG FOR 
OPTIMUM NULLED OFFSET VOLTAGE DRIFT. SEe TYPI· 
CAL CURVES (TRIMMED OFFSET VOLTAGE DRIFT AS A 
FUNCTION OF TRIMMING POTENTIOMETER). 

v- OR GNO-

400k 
FREQUENCY (Hz) 
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OP-06 
TYPICAL PERFORMANCE CHARACTERISTICS 
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OFFSET CURRENT 
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o OP-06A 
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3 

III 
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5 

lk 10k 100k 
FREQUENCY (Hz) 

1. Cl O.OOlp.F, R1 .. 4700 FROM PIN 5 TO V-
2. C1 O.lp.F, R1 .. 50. TO v-

1M 

3. C1 0.OO1J1.F: Rl = 47O.n FROM PIN 5 TO GND 
4. C1 0.05J1.F, Rl = 100, C2 = O.02pF, 

R2 39.G TO V-
5. Cl 0.05J1.F, Rl = 100, C2 = O.02pF, 

R2 39Sl TO GND 

~ 
W 

" 

OFFSET VOLTAGE DRI.FT 
WITH TIME 

~~R ~J~~~:I~s ~u ~~~ID ~~!~ ~ = ~ I 
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2-534 OPERATlONALAMPLIFIERS REV. B 



TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-06 
GUARANTEED PERFORMANCE CHARACTERISTICS 
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100' 

These graphs depict maximum error 
referred to the input as a function of 
source resistance (R, ). Curves Ware 
shown with Vos trimmed at +2SoC and 
include errore due to Vos and los over 
the indicated temperature range. Curves 
Y and Z plot maximum errors with Vos 
not trimmed. 

lOOk 

REV. B 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Low Vos ................................... 251N Max 
• Low Vos Drift .......................... O.6/lV/oC Max 
• Ultra-Stable vs Time ............... 1.0/lV/Month Max 
• Low Noise .............................. O.6/lVp _p Max 
• Wide Input Voltage Range ...................... ±14V 
• Wide Supply Voltage Range ............. ±3V to ±18V 
• Fits 725, 10SA/308A, 741, AD510 Sockets 
• 125°C Temperature-Tested Dice 

ORDERING INFORMATION t 

TA = +25°C PACKAGE OPERATING 

Vas MAX CERDIP PLASTIC LCC TEMPERATURE 
(~V) TO-99 B-PIN B-PIN 20-CONTACT RANGE 

25 OP07AJ' OP07AZ' MIL 
75 OP07EJ OP07EZ OP07EP COM 
75 OP07J' OP07Z' OP07RC/883 MIL 

150 OP07CJ OP07CZ OP07CP XIND 
150 OP07CStt XIND 
150 OP07DJ OP07DP XIND 

For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult lactory for 883 data sheet. 
Burn~in is available on commercial and industrial temperature range parts in 

CerDIP, plastic DIP, and TO-can packages. 
tt For availability and burn-in information on SO and PLCC packages, contact 

your local sales office. 

GENERAL DESCRIPTION 
The OP-07 has very low input offset voltage (25p.V max for 
OP-07A) which is obtained by trimming at the wafer stage. 
These low offset voltages generally eliminate any need for 
external nulling. The OP-07 also features low input bias cur
rent (±2nA for OP-07 A) and high open-loop gain (300V/mV for 
OP-07 A). The low offsets and high open-loop gain make the 
OP-07 particularly useful for high-gain instrumentation 
applications. 

The wide input voltage range of ±13V minimum combined 
with high CMRR of 110dB (OP-07A) and high input impedace 
provides high accuracy in the noninverting circuit configura
tion. Excellent linearity and gain accuracy can be maintained 

SIMPLIFIED SCHEMATIC 

*NOTE: 
R2A AND A2B ARE 
ELECTRONICALLY 
ADJUSTED ON CHIP 
AT FACTORY FOR 
MINIMUM INPUT 
OFFSET VOLTAGE. 

NON
INVERTING 
INPUT 

Ultra-Low Offset Voltage 
Operational Amplifier 

OP-07 I 
even at high closed-loop gains. 
Stability of offsets and gain with time or variations in temper-
ture is excellent. The accuracy and stability of the OP-07, 
even at high gain, combined with the freedom from external 
nulling have made the OP-07 a new industry standard for 2 
instrumentation and military applications. 

The OP-07 is available in five standard performance grades. The 
OP-07 A and the OP-07 are specified for operation over the full mili
tary rangeof-55°Cto+ 125°C;theOP-07E is specifiedforoperation 
overthe O°C to + 700 e range, and OP-07e and 0 over the -40oe to 
+S5°e temperature range. 
The OP-07 is available in hermetically-sealed TO-99 metal can or 
ceramic S-pin Mini-DIP, and in epoxy S-pin Mini-DIP. It is a direct 
replacement for 725, 10SA, and OP-05 amplifiers; 741-types may 
be directly replaced by removing the 741's nulling potentiometer. The 
OP-207, a dual OP-07, is available for applications requiring close 
matching of two OP-07 amplifiers. For improved spec~ications, see 
theOP-77tOP-177. 

PIN CONNECTIONS 

Vas TAl EM 
8 VOS:R~: 

-IN 2 sOUT 

+IN 3 5 N.C. 

4 V- (CASE) 

TO-99 (J-Suffix) 

. 
" 

EPOXY MINI-DIP (P-Sufflx) 
8-PIN HERMETIC DIP 

(Z-Suffix) 

8-PIN SO 
(S-Suffix) 

OP-07RC/883 
LCC 

(RC-Suffix) 

R9 
OUTPUT 

6 

RIO 

4 
v-o-~~--------------------~~~--~--~--------~~--~ 
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OP-07 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ................................................................. ±22V 
Differential Input Voltage .................................................. ±30V 

Input Voltage (Note 2) ....................................................... ±22V 
Output Short-Circuit Duration ..................................... Indefinite 
Storage Temperature Range 

J, RC and Z Packages ............................. -65·C to + 150·C 

P Package ................................................ -65·C to + 125·C 

Operating Temperature Range 

OP-07A, OP-07, OP-07RC ...................... -55·Cto +125·C 
OP-07E ........................................................... O·Cto +70·C 

OP-07C, OP-07D ....................................... --40·C to +85·C 

Lead Temperature (Soldering, 60 sec) ........................ +300·C 
Junction Temperature (TJ) ............................................ +150'C 

PACKAGE TVPE 9 1A (Note 3) 9 1C UNITS 

T0-99(J) 150 18 'CIW 

8·Pin Hermetic DIP (Z) 148 16 'CIW 

S-Pin Plastic DIP (P) 103 43 'CIW 

20-Contact lCC 98 38 'CIW 

8·PlnSO(S) 158 43 'CIW 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts. unless 

otherwise noted. 
2. For supply voltages less than %22V, the absolute maximum Input voltage is 

equal to the supply voltage. 
3. 9 jA is specified for worst case mounting conditions, I.e .• 9 jA is specified for 

device in socket for TO, CerDIP, P·DIP, and LCC packages; 9 jA Is spacified 
for device soldered to printed circuit board for SO package . 

. ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25' C, unless otherwise noted. 

OP-G7A OP-07 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos (Note 1) 10 25 30 75 p.V 

Long-Term Input Offset 
.1VosfTlme (Note 2) 0.2 1.0 0.2 1.0 p.VlMo 

Voltage Stability 

Input Offset Current los 0.3 2.0 0.4 2.8 nA 

Input Bias Current Is ±0.7 ±2.0 ±1.0 ±3.0 nA 

Input Noise Voltage enl!~1! O.IHz to 10Hz (Note 3) 0.35 0.6 0.35 0.6 p.V~.~ 

fo= 10Hz (Note 3) 10.3 18.0 10.3 18.0 
Input Noise Voltage Density en fo= 100Hz (Note 3) 10.0 13.0 10.0 13.0 nVl.,fHZ 

fo= 1000Hz (Note 3) 9.6 11.0 9.6 11.0 

Input Noise Current in~1! O.IHz to 10Hz (Note 3) 14 30 14 30 pA~.~ 

fo= 10Hz (Note 3) 0.32 0.80 0.32 0.80 
Input Noise Current Density in fo = 100Hz (Note 3) 0.14 0.23 0.14 0.23 pN.,fHZ 

fO= 1000Hz (Note 3) 0.12 0.17 0.12 0.17 

Input Reslstance-
RON (Note 4) 30 80 20 60 MO Differential-Mode 

Input Resistance -
RONCM 200 200 GO Common-Mode 

Input Voltage Range IVR ±13 ±14 ±13 ±14 V 

Common-Mode Rejection Ratio CMRR VcM =±13V 110 126 110 126 dB 

Power Supply Rejection Ratio PSRR Vs=±3Vto±18V 4 10 4 10 p.VN 

RL~2kO, Vo =±10V 300 SOO 200 500 
Large-Signal Voltage Gain Avo RL ~ SOOO, Vo = ±0.5V, 

150 400 150 400 
VlmV 

Vs = ±3V (Note 4) 

RL~ 10kO ±12.5 ±13.0 ±12.5 ±13.0 
Output Voltage Swing Vo RL~2kO ±12.0 ±12.8 ±12.0 ±12.8 V 

RL~lkO ±10.5 ±12.0 ±10.5 ±12.0 

Slew Rate SR RL~ 2kO (Note 3) 0.1 0.3 0.1 0.3 VII's 

Closed-Loop Bandwidth BW AVCL = +1 (Note 3) 0.4 0.6 0.4 0.6 MHz 

Opan-Loop Output Resistance Ro Vo=O, 10=0 80 80 0 

Vs=±15V, No Load 75 120 75 120 
mW Power Consumption Pd Vs=±3V, No Load. 4 6 4 6 

Offset Adjustment Range Rp =2OkO ±4 ±4 mV 

NOTES: 
1. OP-07 A grade Vos is measured approximately one minute aiter applica- Excluding the Initial hour of oparatlon, changes in Vos during the first 30 

tion of power. For all other grades Vos Is measured approximately 0.5 oparating days are typically 2.5p.V - refer to typical performance curves. 
seconds aiter application of power. Parameter is sample tested. 

2. Long-Term Input Offset Voltage Stability refers to the averaged trend line of 3. Sample tested. 
Vos vs. Time over extended periods aiter the first 30 days of operation. 4. Guaranteed by design. 
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OP-07 
EL~CTRICAL CHA~ACTERISTICS at Vs = ±15V. -55°C:5 TA:5 +125°C. unless .otherwise note~._ 

OP-07A OP-07 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos (Note 1) 

Average Input Ollset 
Voltage Drift With-
out External Trim TCVos (Note 2) 
With External Trim TCVOSn Rp - 20kO (Note 3) 

Input Ollset Current los 

Average Input Offset Currant 
TClos (Note 2) 

Drift 

Input Bias Current Is 

Average Input Bias CUrrent 
TCl s (Note 2) 

Drift 

Input Voltage Range IVR 

Common-Mode Rejection Ratio CMRR VcM ;±13V 

Power Supply Rejection Ratio PSRR VS ;±3Vto ±18V 

Large-Signal Voltage Gain Avo RL2:2kfl. Vo ;±10V 

Output Voltage Swing Vo RL2: 2kfl 

NOTES: 
I. OP-07A grade Vos is measured approximately one minute after applica

tion of power. For all other gra.des Vos is measured approximately 0.5 
seconds after application of power. 

2. Sample tested. 
3. Guaranteed by design. 

TYPICAL OFFSET VOLTAGE TEST CIRCUIT 

200k1l 

501l 1 
~ Vo 

Vas D 4":, 

=-

OPTIONAL OFFSET NULLING CIRCUIT 

>-~-----OV+ 

INPUT 
7 6 

>-------0 OUTPUT 

PINOUTS SHOWN FOR J, P, AND Z PACKAGES 

REV. A 

25 60 60 200 I'V 

0.2 O.S 0.3 1.3 I'vrc 
0.2 O.S 0.3 1.3 I'vrc 
0.8 4 1.2 5.S nA 

5 25 8 50 pN'C 

±1 ±4 ±2 ±S nA 

8 25 13 50 pN'C 

±13 ±13.5 ±13 ±13.5 V 

lOS 123 106 123 dB 

5 20 5 20 I'VN 

200 400 150 400 VlmV 

±12 ±12.S ±12 ±12.S V 

TYPICAL LOW-FREQUENCY NOISE TEST CIRCUIT 

V+ 

1DO!l 

3,3kSl 

1DO!l 
>"---t-~Wv--f---o OUTPUT 

2.SM!l 

INPUT REFERRED NOISE = 2~~O= 5~5~= = 200nV/em 

(SEE SCOPE PHOTO IN TYPICAL PERFORMANCE CURVES) 

PINOUTS SHOWN FOR J, P, AND Z PACKAGES 

BURN-IN CIRCUIT 

PINOUTS SHOWN FOR J, p, AND Z PACKAGES 

4.7jJ.F 

I 1~1DH, FILTER) 
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OP-07 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25° C, unless otherwise noted. 

OP-07E OP-D7C OP-07D 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage VOS (Note 1) 30 75 60 150 60 150 p.V 

Long-Term Vos 
VOs/Time (Note 2) 0.3 1.5 0.4 2.0 0.5 3.0 p.VlMo 

Stability 

Input Offset Current lOS 0.5 3.8 0.8 6.0 0.8 8.0 nA 

Input Bias Current 18 ±1.2 ±4.0 ±1.8 ±7.0 ±2.0 ±12 nA 

Input Noise VOltage 
O.IHzto 10Hz 

0.35 0.6 8 np-p (Note 3) 
0.36 0.65 0.36 0.65 p.Vp-p 

Input Noise 
fo= 10Hz 10.3 18.0 10.5 20.0 10.5 20.0 

Voltage Density en fo = 100Hz (Note 3) 10.0 13.0 10.2 13.5 10.3 13.5 nVl.,fHZ 
fO= 1000Hz 9.6 11.0 9.8 11.5 9.8 11.5 

Input Noise Current inp-p 
O.IHzto 10Hz 

14 30 
(Note 3) 

15 35 15 35 pAp-p 

Input Noise 
fo= 10Hz 0.32 0.80 0.35 0.90 0.35 0.90 

Current Density in fO = 100Hz (Note 3) 0.14 0.23 0.15 0.27 0.15 0.27 pAl.,fHZ 

fO= 1000Hz 0.12 0.17 0.13 0.18 0.13 0.18 

Input Resistance -
RIN (Note 4) 15 50 33 31 MO 

Differential-Mode 

Input Resistance-
R1NCM 160 120 120 GO Common-Mode 

Input Voltage Range IVR ±13 ±14 ±13 ±14 ±13 ±14 V 

Common-Mode 
CMRR 

Rejection Ratio 
VCM=±13V 106 123 100 120 94 110 dB 

Power Supply 
PSRR 

Vs=±3V 
5 20 32 32 p.VN 

Rejection Ratio to±18V 

RL" 2kO, 
200 500 120 400 120 400 

Large-Signal 
VO=±10V 

Voltage Gain Avo RL,,5000 VlmV 
Vo =±0.5V 150 400 100 400 400 
Vs = ±3V (Note 4) 

Output Voltage RL"IOkO ±12.5 ±13.0 ±12.0 ±13.0 ±12.0 ±13.0 

Swing Vo RL " 2kO ±12.0 ±12.8 ±11.5 ±12.8 ±11.5 ±12.8 V 

RL"lkO ±10.5 ±12.0 ±12.0 ±12.0 

Slew Rats SR RL,,2kO(Note3) 0.1 0.3 0.1 0.3 0.1 0.3 VIpS 

Closed-Loop 
BW 

AVCL =+1 
0.4 0.6 0.4 0.6 0.4 0.6 MHz 

Bandwidth (Note 0) 

Open-Loop Output 
Ro Vo=O.lo=O 60 80 60 0 

Resistance 

Power Consumption 
Vs = ±15V. No Load 75 120 80 150 90 150 

Pd 
Vs = ±3V. No Load 4 8 4 

mW 

Offset Adjustment 
Rp= 2OkO ±4 

Range 
±4 ±4 mV 

NOTES: 
1. Input Offset Voltage measurements are performed by automated test 

equipment approximately 0.5 seconds after application of power. 
2. Long-Term Input Offeet Voltage Stability refers to the averaged trend line 

of Vos vs. Time over extended periods after the first 30 days of operation. 

Excluding the initial hour of operation, changes In Vas during the first 30 
operating days are typically 2.Sp.V - refer to typical performance curves. 
Parameter is sample tested. 

3. Sample tested. 
4. Guaranleed by design. 
5. Guaranleed bul nollesled. 
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OP-07 
ELECTRICAL CHARACTERISTICS at V s = ± 15V, O°C s T AS + 70°C for OP-07E, and -40°C S T A S +85°C for OP-07C/D, unless 
otherwise noted. 

OP-07E OP-07C OP-D7D 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos (Note 1) 45 130 85 250 85 250 ~V 

Average Input Offset 

Voltage Drift With-

out External Trim TCVos (Note 3) 0.3 1.3 0.5 1.8 0.7 2.5 ~VI"C 

With Extemal Trim TCVOSn Rp= 20kO (Note 3) 0.3 1.3 0.4 1.6 0.7 2.5 ~V1°C • Input Offset Current los 0.9 5.3 1.6 8.0 1.6 8.0 nA 

Average Input Offset 
TClos (Note 2) 8 35 12 50 12 50 pAl"C 

Current Drift 

Input Bias Current I. ±1.5 ±5.5 ±2.2 ±9.0 ±3.0 ±14 nA 

Average Input Bias 
TCI. 

Current Drift 
(Note 2) 13 35 18 50 18 50 pAl"C 

Input Voltage Range IVR ±13.0 ±13.5 ±13.0 ±13.5 ±13.0 ±13.5 V 

Common-Mode 
CMRR VCM =±13V 103 123 

Rejection Ratio 
97 120 94 106 dB 

Power Supply 

Rejection Ratio 
PSRR Vs = ±3V to ±18V 32 10 51 10 51 ~V/v 

Large-Signal 
Avo 

RL ;;, 2kO 
180 

Voltage Gain Vo =±10V 
450 100 400 100 400 VlmV 

Output Voltage 
Vo RL ;;, 2kO ±12 ±12.6 ±11 ±12.6 ±11 ±12.6 V 

Swing 

NOTES: 
1. Input offset voltage measurements are performed by automated test 

equipment approximately 0.5 seconds after application of power. 
2. Sample tested. 
3. Guaranteed by design. 
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OP-07 
DICE CHARACTERISTICS (125 0 C TESTED DICE AVAILABLE) 

DIE SIZE 0.100 X 0.055 inch, 5500 sq. mils 
(2.54 X 1.40 mm, 3.56 sq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V~ 
6. OUTPUT 
7. V+ 
8. BALANCE 

WAFER TEST LIMITS at Vs= ± 15V, TA=25°C for OP·07N, OP·07G and OP-07GR devices; TA= 125°C for OP·07NT and 
OP-Q7GT devices, unless otherwise noted. 

OP-07NT OP-07N OP-G7GT OP-07G OP-07GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Inpul Offsel Voltage Vos 140 40 210 80 150 ",V MAX 

Input Offset Current los 4.0 2.0 5.6 2.8 6.0 nAMAX 

Input Bias Current Is ±4 ±2 ±6 ±3 ±7 nAMAX 

Input Resistance 
RIN (Note 2) 20 20 8 MOMIN Differential-Mode 

Input Voltage Range IVR ±13 ±13 ±13 ±13 ±13 VMIN 

Common-Mode 
CMRR VcM -±13V 100 110 100 110 100 dB MIN Rejection Ratio 

Power Supply 
PSRR Vs=±3Vto±18V 20 10 20 10 30 ",VIVMAX Rejection Ratio 

RL = 10kO ±12.5 ±12.0 ±12.0 
Output Voltage Swing Vo RL = 2kO ±12.0 ±12.0 ±12.0 ±11.5 ±11.5 VMIN 

RL = lkO ±10.5 ±10.5 

Large-Signal 
Avo 

RL = 2kO 
200 200 150 120 120 VlmV MIN 

Voltage Gain Vo =±10V 

Differential Input 
±30 ±30 ±30 ±30 ±30 V MAX Voltage 

Power Consumption Pd VOUT=OV 120 120 lSO mWMAX 

NOTES: 
1. For 25° C charscterlstlcs of OP-07NT and OP-07GT. see OP-07N and 2. Guaranteed by design. 

OP-07G characteristics. respactively. 
Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss. yield after packaging Is not 
guarsnteed for standard product dice. Consult factory to negotiate specifications bassd on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +250 C, unless otherwise noted. 

OP-D7NT OP-07N OP-G7GT OP-G7G OP-G7GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input 
TCVos Rs=SOO 0.2 Offset Voltage Drift 0.2 0.3 0.3 0.7 ",VloC 

Nulled Input 
TCVoSn Rs=SOO. Rp=20kO 0.2 Offset Voltage Drill 0.2 0.3 0.3 0.7 ",VI"C 

Aversge Input 
TClos 5 5 Offset Current Drift 8 8 12 pArC 

Slew Rate SR RL22kO 0.3 0.3 0.3 0.3 0.3 VI",s 

Closed-Loop 
BW AveL =+1 0.6 Bandwidth 0.6 0.6 0.6 0.6 MHz 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-07 
TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-07 
TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-07 
TYPICAL APPLICATIONS 

HIGH-STABILITY THERMOCOUPLE AMPLIFIER 

R1 R3 

SENSING 
JUNCTION V+ 

EO 

REFERENCE -:: 
JUNCTION 

R2 

R4 

V-

PINOUTS SHOWN FOR J. P. AND Z PACKAGES 

APPLICATIONS INFORMATION 
OP-07 series units may be substituted directly into 725, 
108A1308A* and OP-05 sockets with or without removal of 
external compensation or nulling components. Additionally, 
the OP-07 may be used in unnulled 741-type sockets. How
ever, if conventional 741 nulling circuitry is in use, it should 
be modified or removed to enable proper OP-07 operation. 
OP-07 offset voltage may be nulled to zero through 
use of a potentiometer (see offset nulling circuit diagram). 

'TO-99 Package only 
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PRECISION ABSOLUTE-YALUE CIRCUIT 

R3 R4 R6 
1O"" 10kll 10kn 

V+ 
FD333 
01 V+ 

R1 
E'N 1O"" 

±10V 

V- FD333 
02 

V-

R2 
1O"" VA 

PINOUTS SHOWN FOR J. p. AND Z PACKAGES 

The OP-07 provides stable operation with load capacitance 
of up to 500pF and ± 10V swings; larger capacitances should 
be decoupled with a 50n decoupllng resistor. 

Stray thermoelectric voltages generated by dissimilar metals 
at the contacts to the input terminals can degrade drift per
formance. Therefore, best operation will be obtained when 
both input contacts are maintained at the same temperature, 
preferably close to the package temperature. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Guaranteed Vos •••••...•••...••....•••... 500l'V Max 
• Guaranteed Matched CMRR ••.•.••.•..•••.. 94c1B Min 
• Guaranteed Matched Vos ••.•••.•.•..•.•... 750I'V Max 
• RC/RM4136 Direct Replacement (OP-09) 
• LM148/LM348 Dlract Replacement (OP-11) 
• Low Noise 
• Silicon-Nitride P .. slvatlon 
• Internal Frequency Compensation 
• Low Crossover Distortion 
• Continuous Short-Circuit Protection 
• Low Input Bias Currant 
• Available In Die Form 

ORDERING INFORMATION t 
PACKAGE OPERATING T =+25OC 

~osMAX 
(mV) 

CERDIP 
14-P1N 

UCC TEMPERATURE 

0.5 

0.5 

2.5 

2.5 

5.0 

5.0 

OP09AY· 
OP11AY· 

OP09EY 
OP11EY 

OP11BY· 

PLASTIC 

OP11EP 

OPOOFP 
OP11FY OP11FP 

OP11CY/883 

OP11GP 
OP11GS 

20'(x)NT ACT RANGE 

OP11ARCJ883 
MIL 

COM 

MIL 

XIND 

MIL 

XIND 

For devices processed in lOtaI compliance 10 MIL-STD-883, add 1883 after part 
number. Consult faC10ry for 883 data sheet. 
Burn-in Is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

SIMPLIFIED SCHEMATIC (One of Four Amplifiers is Shown) 

1-) IN 

1+) IN~-+---------+----' 

REV. A 

Quad Matched 
741-Type Operational Amplifiers 

PIN CONNECTIONS 

OP-09/0P-11 I 

OUT (A) 1 

-INIA) 2 

+lNIA) 3 

OP-11 

OUT (B) 7 8 OUT Ie) 

14-PIN HERMETIC DIP (V-Suffix) 
EPOXV DIP (P-Sufflx) 

OP-11ARC/883 
LCC 

(Re-Suffix) 

16-P1NSOL 
(5-Suffix) 

0P-11 

'---t----t-----j-o OUTPUT 
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OP-09/0P-ll 
GENERAL DESCRIPTION 
The OP-09 and OP-11 provide four matched 741-type opera
tional amplifiers in a single 14-pin DIP package. The OP-11 is 
pin compatible with the LM148, LM348, RM4156, and HA4741 
amplifiers. The OP-09 is pin compatible with the RM4136 and 
RC4136. The amplifiers are matched for common-mode 
rejection ratio and offset voltage which is very important in 
designing instrumentation amplifiers. In addition, the ampli
fier is designed to have equal positive-going and negative
going slew rates. This isan important consideration for good 
audio system performance. 

Each of the four amplifiers has the proven OP-02 advantages 
of low noise, low drift, and excellent long-term stability. Pre
cision Monolithics' exclusive Silicon-Nitride "Triple Passiva
tion" process reduces "popcorn noise", provides high relia
bility, and assures long-term stability of parameters. 

The OP-09 and OP-11 are ideal for use in designs requiring 
minimum space and cost while maintaining OP-02-type 
performance. 

OP-09's and OP-11's with processing perthe requirements of 
MIL-STD-883 are available. For dual-741-type versions, see 
the OP-04/14 data sheet. . 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±22V 

OP-09GR and OP-11 GR (Only) ................................... ±18V 
Differential Input Voltage ................................................. ±30V 
Input Voltage .................................................... Supply Voltage 
Output Short-Circuit Duration ................................ Continuous 

(One Amplifier Only) 

Storage Temperature Range 
RC, V-Package .......................................... -65°C to +150°C 
P-Package ................................................. -65°Cto+125°C 

lead Temperature Range (Soldering, 60 sec) .............. 300°C 
Junction Temperature (TJ ............................ -65°C to +150°C 
Operating Temperature Hange 

OP-09A, OP-098 ....................................... -55°C to +125°C 
OP-09E ............................................................ O°C to +70°C 
OP-09F .......................................................... -40°C to +85°C 
OP-11A,OP-118, 
OP-11C, OP-11ARC .................................. -55°C to +125°C 
OP-11 E .............................................................. O°C to +70°C 
OP-11F, OP-11G ......................................... -40°Cto +85°C 

PACKAGE TVPE 8 1A (Note 2) 8 1C UNITS 

14·Pin Hermetic DIP (V) 108 16 ·CIW 

14·Pin Plastic DIP (P) 83 39 ·CIW 

20·Contact LCC (RC) 98 33 ·CIW 

16-Pin SOL (S) 98 30 ·CIW 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts. unless 

otherwise noted. 
2. 8'A is specified for worst case mounting conditions, i.e., a'A is specified for 

dkvice in socket for CerDIP. P-DIP. and LCC packages; £JA is specified for 
device soldered to printed circuit board for SOL package. J 

MATCHING CHARACTERISTICS at Vs = ± 15V, TA = +25°C. Rs:S 100n, unless otherwise noted. 

OP-09A, OP-09E OP-09B, OP-09F 
OP-11A,OP-11E OP-11B,OP-11F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Match AVos 0.5 0.75 0.8 2.0 mV 

Common~Mode Rejection VcM =±12V 20 20 p.V/v 
ACMRR 

Ratio Match VcM =±12V 94 120 94 120 dB 

MATCHING CHARACTERISTICS at Vs =±15V, -55°CSTA S+125°CforOP-09A, OP-098, OP-11A, OP-118, O°CsTA s+70°C 
for OP-09E. OP-11 E and -40°C S T AS +85°C for OP-09F, OP-11 F, Rs S 100n, unless otherwise noted. 

OP-09A, OP-09E OP-09B, OP-09F 
OP-11A,OP-11E OP-11B,OP-11F 

PARAMETER SVMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Match AVos 0.6 1.0 1.0 2.5 mV 

Common-Mode Rejection VcM =±12V 3.2 20 3.2 20 p.V/v 
Ratio Match 

ACMRR 
VcM =±12V 94 110 94 110 dB 
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OP-09/0P-ll 
ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs = ±15V TA = 25° C, unless otherwise noted. 

OP-09A1E OP-09B/F 
OP-11A1E OP-11B/F OP-11C/G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Ollsel Voltage Vas Rs $10kO 0.3 0.5 0.6 2.5 1.2 5.0 mV 

Inpul OIIset Current los 5.5 20 25 50 75 200 nA 

Input Bias Current Ie 180 300 300 500 300 500 nA 

Input Resistance 
R'N (Note 3) 0.17 0.29 0.1 0.17 0.1 0.17 Mil • Differential Mode 

Input Voltage Range IVR ±12 ±13 ±12 ±13 ±12 ±13 V 

Common-Mode 
CMRR VCM = ± 12V. Rs $ 10kil 100 120 100 120 70 100 dB 

Rejection Ratio 

Power Supply 
PSRR 

Vs = ±5 to ±15V. 
4 32 4 32 10 100 p.VIV 

Rejeclion Ratio Rs$10kil 

Output Voltage Swing Va Rl2:2kil ±11 ±13 ±11 ±13 ±11 ±13 V 

Large-Signal Voltage 
Ava Rl$ 2kil. Vo= ±10V 100 650 100 650 50 500 VlmV 

Gain 

Power Consumption 
Pd Vo=OV 105 180 123 180 210 340 mW 

(Note 1) 

Input Noise Voltage 8 np-p 0.1 Hz 10 10Hz 0.7 0.7 0.7 p.Vp-e 

Input Noise Voltage 
10= 10Hz 18 18 18 

en 10= 100Hz 14 14 14 nVl.,fHz 
Densily 

10= 1000Hz 12 12 12 

Input Noise Current in~p O.IHz to 10Hz 17 17 17 pAe:e 

I nput Noise Current 
10= 10Hz 1.8 1.8 1.8 

Density In 10= 100Hz 1.5 1.5 1.5 pN.,fHz 
10= 1000Hz 1.2 1.2 1.2 

Channel Separation CS 100 130 100 130 130 dB 

Slew Rate (Note 2) SR 0.7 1.0 0.7 1.0 0.7 1.0 V/p.s 

Large-Signal 
Va = 20Vp_p 11 16 

Bandwidth (Note 2) 
11 16 11 16 kHz 

Closed-Loop 
BW AVCl =+1.0 2.4 3.0 2.4 3.0 2.4 3.0 MHz 

Bandwidth (Note 4) 

Risetime (Note 2) t, Av = +1. V ,N = 50mV 110 145 110 145 110 145 ns 

Overshoot (Note 2) OS 15 25 15 25 15 25 % 

NOTES: 
1. Total dissipation for all four amplifiers in package. 
2. Sample tested. 
3. Guaranteed by input bias current. 
4. Guaranteed by risetime. 
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OP-09/0P-ll 
ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs = ± 15V, -55· C:S; TA:S; + 125· C, unless otherwise noted. 

OP·09A OP·09B 
OP·11A OP·11B OP·11C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos RsS 10kO 0.4 1.0 1.0 3.5 1.5 6.0 mV 

Average Input Offset 
TCVos RsS 10kO 2.0 

Voltage Drift (Note 3) 
10 4.0 15 4.0 "VloC 

Input Offset Current los 20 40 40 80 250 300 nA 

Average Input Offset TCI 
Current Drift (Note 3) os 

0.1 0.3 0.3 0.6 0.3 0.6 nA/oC 

Input Bias Current 18 200 375 400 650 400 800 nA 

Input Voltage Range IVR ±12 ±13 ±12 ±13 ±12 ±13 V 

Common-Mode 
CMRR VcM =±12V, RsS 10kO 100 120 100 120 70 100 dB 

Relectlon Ratio 

Power Supply 
PSRR 

Vs = ±5 to ±15V, 
4 32 4 32 10 100 "VN Rejection Ratio RsS 10kO 

Large-Signal 
Avo RL",2kO, Vo =±10V 50 250 50 250 25 100 VlmV 

Voltage Gain 

Output Voltage Swing Vo RL", 2kO ±11 ±13 ±11 ±13 ±11 ±13 V 

Power Consumption 
Pd Vo=OV 115 200 115 200 250 400 mW 

(Note 1) 

ELECTRICAL CHARACTERISTICS (Each Amplifier) at V S = ±15V, O·C S T AS +70·C for OP-09E, OP-11 E, -40·C S T AS +85·C 
for OP-09F, OP11 F, OP-11G, unless otherwise noted. 

OP·09E OP·09F 
OP·11E OP·11F OP·11G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos RsS 10kO 0.4 0.8 0.8 3.0 1.5 6.0 mV 

Average Input Offset 
TCVos RsS 10kO 2.0 10 4.0 15 4.0 "VI'C Voltage Drift 

Input Offset Current los 14 30 40 80 250 300 nA 

Average Input Offset TCI 
Current Drift (Note 3) os 

0.1 0.3 0.3 0.6 0.3 0.6 nAloC 

Input Bias Current 18 200 350 400 550 400 800 nA 

Input Voltage Range IVR ±12 ±13 ±12 ±13 ±12 ±13 V 

Common-Mode 
CMRR VcM =±12V, RsS 10kO 100 120 

Rejection Ratio 
100 120 70 100 dB 

Power Supply 
PSRR 

Vs =±5to±15V, 
4 32 4 32 10 100 "VN Rejection Ratio RsS 10kO 

large-Signal 
Avo RL",2kO, Vo =±10V 50 250 50 250 25 100 VlmV Voltage Gain 

Output Voltage Swing Vo RL", 2kO ±11 ±13 ±11 ±13 ±11 ±13 V 

Power Consumption 
Pd Vo=OV 115 200 115 200 250 400 mW (Note 1) 

NOTES: 
1. Total dissipation for ali four amplifiers in package. 
2. Sample tested. 
3. Guaranteed but not tested. 
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DICE CHARACTERISTICS (1250 C TESTED DICE AVAILABLE) 

OP-G9 
1. INVERTING INPUT (A) 
2. NONINVERTING INPUT (A) 
3. OUTPUT (A) 
4. OUTPUT (B) 
5. NONINVERTING INPUT (B) 
6. INVERTING INPUT (B) 
7. V-
B. INVERTING INPUT (C) 
9. NONINVERTING INPUT (C) 

10. OUTPUT (C) 
11. V+ 
12. OUTPUT (D) 
13. NONINVERTING INPUT (D) 
14. INVERTING INPUT (D) 
15. V+ 

OP-09/0P-ll 

1. OUTPUT (A) 
2. INVERTING INPUT (A) 
3. NONINVERTING INPUT (A) 
4. V+ 
5. NON INVERTING INPUT (B) 
6. INVERTING INPUT (B) 
7. OUTPUT (B) 
B. OUTPUT (C) 
9. INVERTING INPUT (C) 

10. NONINVERTING INPUT (C) 
11. V-
12. NONINVERTING INPUT (D) 
13. INVERTING INPUT (0) 
14. OUTPUT (D) 
15. V+ 

DIE SIZE 0.086 X 0.072 Inch, 6192 sq. mils 
(2.18 X 1.83 mm, 3.99 sq. mm) 

DIE SIZE 0.086 X 0.072 Inch, 6192 sq. mils 
(2.18 X 1.83 mm, 3.99 sq. mm) 

NOTE: 
Either or both V+ pads may be used without any change in performance. 

WAFER TEST LIMITS at Vs= ±1SV, TA=2S"C for OP·09/11N, OP·09/11.G and OP·09/11GR devices; T A =12S"C for 
OP-Q9/11 NT and OP·09/11GT devices, unless otherwise noted. 

OP-09NT OP-09N OP-09GT OP-09GR 
OP-11NT OP-11N OP-11GT OP-11G OP-11GR 

PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos Rs" 10kfi 1.0 0.5 3.5 2.5 5.0 mVMAX 

Input Offset Current los 20 20 50 50 200 nAMAX 

Input Bias Current Ie 300 300 500 500 500 nAMAX 

Input Voltage Range IVR ±12 ±12 ±12 ±12 ±12 VMIN 

Common·Mode 
CMRR 

VCM =±12V 
100 100 100 100 70 dBMIN 

Rejection Ratio Rs" 10kfi 

Power Supply 
PSRR 

Vs = ±5V to ±15V 
32 32 32 32 100 "VNMAX ReJeC1ion Ratio Rs" 10kfi 

Output Voltage Swing Vo 
RL2: 10kfi ±11 ±12 ±11 ±12 ±11 

VMIN 
RL =2kfi ±11 ±11 ±11 ±11 ±11 

large-Signal 
Avo 

RL2: 2kfi 
50 100 50 100 50 VlmVMIN 

Voltage Gain Vo =±10V 

Power Consumption 
Pd VOUT=O 

(Four Amplifiers) No Load 
200 180 200 180 340 mWMAX 

NOTES: 
For 25°C characteristics of NT & GT devices, see N & G charactaristics, respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult faC10ry to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 1SV, TA = +250 C, unless otherwise noted. 

OP-09NT OP-09N OP-09GT OP-09GR 
OP-11NT OP-11N OP-11GT OP-11G OP-11GR 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Slew Rate SR 
Av=1 

V/"s 
RL2: 2kfi 

Unity Gain Bandwidth GBW 2 2 2 2 MHz 

Av= 100 
Channel Separation CS f= 10kHz 130 130 130 130 130 dB 

Rs= 1kfi 
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OP-09/0P-ll 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Extremely Tight Matching 
• Excellent Individual Amplifier Parameters 
• Offlet Voltage Match ..................... 0.18mV Max 
• Offset Voltage Match VI Temp •.........• 0.8pV/oC Max 
• Common-Mode Rejection Match .....•.•.•. 114dB Min 
• Power Supply Rejection Match ............ 100dB Min 
• Blal Current Match .•..................... 3.0nA Max 
• Low Noise ...........•..........•.•..... 0.6pVp-p Max 
• Low Blal Current ..•....•..........•.•.... 3.0nA Max 
• High Common-Mode Input Impedance •... 200GO Typ 
• Excellent Channel Separation ......•...... 126dB Min 

ORDERING INFORMATIONt 

TA=2S0C HERMETIC OPERATING 
VOl MAX DIP TEMPERATURE 

(mV) 14-PIN RANGE 

0.5 OP10AY· MIL 
0.5 OP10EY COM 
0.5 OP10Y' MIL 
0.5 OP10CY COM 

* For devices processed in total compliance to MIL-STD-B83, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The OP-10 series of dual-matched instrumentation opera
tional amplifiers consists of two independent monolithic 
high-performance operational amplifiers in a single 14-pln 
dual-in-line package, Tight matching of critical parameters 

SIMPLIFIED SCHEMATIC (1/2 OP-10) 

Dual Matched Instrumentation 
Operational Amplifier 

OP-l0 I 
is provided between channels of the dual operational 
amplifier, 

The excellent specifications of the individual amPlifiers. 
and tight matching over temperature enable construction of 
high-performance instrumentation amplifiers. The designer 
can achieve the guaranteed speCifications because the 
common package eliminates temperature differentials which 
occur in design's using separately housed amplifiers. 

Matching between channels is provided on all critical param-
eters including offset voltage, tracking of offset voltage vs. 
temperature, noninverting bias currents, and common-mode 
and power-supply rejection ratios. The individual amplifiers 
feature extremely low offset voltage, offset voltage drift, low 
noise voltage, low bias current, internal compensation and 
input/output protection. 

PIN CONNECTIONS 

NOTE: 

14-PIN CERAMIC DIP 
(V-Suffix) 

Device may be operated even if Insertion Is reversed; this is due to 
inherent symmetry of pin locations of amplifiers A and B. 

v.o-----._--------~~----~----~------._--._----~~----~------~~--~r___, 

R9 

OUTPUT 

+IN Rl0 

-IN o-w\r-.... --~~--_t--..... -------t::...., 

v-O---------------~----------------------~--~--__ ~--*_------_4--~~~ 
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OP-l0 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ................................................................. ±22V 
Differential Input Voltage ................................................. ±30V 
Input Voltage (Note 1) ...................................................... ±22V 
Output Short-Circuit Duration .................................... Indefinite 
Storage Temperature Range ........................ -65·C to + 150'C 
Operating Temperature Range 

OP-10A, OP-10 .......................................... -55'Cto +125'C 
OP-10E, OP-10C ............................................. O·Cto +70'C 

DICE Junction Temperature (T/) ................... -65·C to + 150'C 
Lead Temperature Range (So dering, 60 sec) •.•••.••.•• +300·C 

PACKAGE TYPE 8,,, (NOTE 21 UNITS 

14-Pin Hermetic DIP (VI lOB 16 'CIW 

NOTES: 
1. Forsupplyvollages less than +22V, lheabsolute maximum Input voltage is equal to 

the supply voltage. 
2. alA is spacified for worst case mounting conditions, i.e., alA is specified for device 

in socket for CerDIP package. 

INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ± 15V, TA = 25'C, unless otherwise noted. 

OP-10A OP-10 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas 0.2 0.5 0.2 0.5 mV 

Long-Term Input Offset 
AVoslTime (Notes 1, 2) 0.25 1.0 0.25 1.0 "V/Mo Voltage Stability 

Input Offset Current los 1.0 2.8 1.0 2.8 nA 

Input Bias Current 18 ±1 ±3 ±1 ±3 nA 

Input Noise Voltage enp-p (Note 2) O.IHz to 10Hz 0.35 0.6 0.35 0.6 "Vp_p 

Input Noise Voltage 
fo= 10Hz 10.3 18.0 10.3 18.0 

Density en (Note 2) fa = 100Hz 10.0 13.0 10.0 13.0 nVl,fHZ 
fa = 1000Hz 9.6 11.0 9.6 11.0 

Input Noise Current inp_p (Note 2) O.IHzto 10Hz 14 30 14 30 pAp_p 

Input Noise Current 
fo= 10Hz 0.32 0.80 0.32 0.80 

Density in (Note 2) fa = 100Hz 0.14 0.23 0.14 0.23 pAl,fHZ 
fa = 1000Hz 0.12 0.17 0.12 0.17 

Input Resistance -
R'N (Note 3) 20 60 20 60 MO 

Differential-Mode 

Input Resistance -
R1NCM 200 200 GO Common-Mode 

Input Voltage Range IVR ±13 ±14 ±13 ±14 V 

Common-Mode Rejection 
CMRR VeM=±13V 110 126 110 126 dB Ratio 

Power Supply Rejection 
PSRR Vs = ±3V to ±18V 4 10 4 10 "VIV Ratio 

Large-Signal Voltage 
RL,,2kO, Vo =±10V 200 500 200 500 

Gain Ava RL" 5000, Va = ±0.5V, 
150 500 150 500 

VlmV 
Vs = ±3V (Note 3) 

RL " 10kO ±12.5 ±13.0 ±12.5 ±13.0 
Output Voltage Swing Va RL,,2kO ±12.0 ±12.8 ±12.0 ±12.8 V 

RL"lkO ±10.5 ±12.0 ±10.5 ±12.0 

Slew Rate SR RL" 2kn 0.17 0.17 V/"s 

Closed-Loop Bandwidth BW AveL =+1.0 0.6 0.6 MHz 

Open-Loop Output 
Ro Vo=O,lo=O 60 60 0 Resistance 

Power Consumption Pd 
Each Amplifier 90 120 90 120 
Vs =±3V 4 6 4 6 

mW 

Offset Adjustment Range Rp= 20kO ±4 ±4 mV 

Input Capacitance C'N 8 pF 

NOTES: 
1. Long-Term Input Offset IIoltage Stability refers to the averaged trend line 2. Sample tested. 

of Vas vs. Time over extended periods after the first 30 days of operation. 3. Guaranteed by design. 
Excluding the initial hourof operation, changes in Vas during the first 30 
operating days are typically 2.S,.V - refer to typical performance curves. 
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OP-l0 
INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs= ±15V, -55'C ~ TA~ +125'C, unless otherwise noted. 

OP·10A OP·10 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vas 0.3 0.7 0.3 0.7 mV 

Average Input Offset 
Voltage Drift 
Without External Trim TCVos (Note 2) 0.7 2.0 0.7 2.0 "VlDC 

With External Trim TCVOSn Rp = 2OkO (Note 3) 0.3 1.0 0.3 1.0 "vrc 

Input Offset Current los 1.8 5.S 1.8 5.6 nA 

Average Input Offset 
TClos (Note 2) 8 50 8 50 pArC 

Current Drift 

Input Bies Current Ie ±2 ±S ±2 ±6 nA 

Average Input Bies 
TCl e (Note 2) 13 50 13 50 pArC 

Current Drift 

Input Voltage Range IVR ±13.0 ±13.5 ±13.0 ±13.5 V 

Common-Mode Rejection 
CMRR Vcu =±13V 106 123 106 123 dB 

Retio 

Power Supply Rejection 
PSRR Vs =±3Vto±18V 20 5 20 "VIV Ratio 

large-Signal Voltage 
Avo RL ;;'2kO, Vo =±10V 150 400 150 400 VlmV 

Gain 

Output Voltage Swing Vo RL ;;'2kO ±12.0 ±12.6 ±12.0 ±12.S V 

MATCHING CHARACTERISTICS at Vs = ± 15V, TA = 25' C, unless otherwise noted. 

Op·10A OP·10 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage AVos 0.07 0.18 0.12 0.5 mV 

Average Noninverting 
le+ ±1.0 ±3.0 ±1.3 ±4.5 nA 

Bias Current 

Noninverting Offset 
los+ 0.8 2.8 1.1 4.5 nA Currant 

Inverting Offset Current los- 0.8 2.8 1.1 4.5 nA 

Common-Mode Rejection 
ACMRR Vcu =±13V 114 123 lOS 120 dB 

Ratio Match 

Power Supply Rejection 
APSRR Vs =±3Vto±18V 3 10 4 20 "VIV Ratio Match 

Channel Saparation CS (Note 2) 126 140 126 140 dB 

MATCHING CHARACTERISTICS at VS= ±15V, -55'C ~ TA~ +125·C, unless otherwise noted. 

OP·10A OP·10 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage 
Match 

AVos 0.1 0.3 0.2 0.9 mV 

Input Offset Voltage 
Tracking 
Without External Trim TCAVos (Note 2) 0.45 1.3 0.9 2.5 "vrc 

With External Trim TCAVoSn 
Rp = 2OkO (Note 3) 

0.3 0.8 0.4 1.2 "VlDC 
Channel A only 

NOTES: 
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line 2. Sample tested. 

of Vos vs. Time over extended periods after the first 30 days of operation. 3. Guaranteed by design. 
Excluding the initial hour of operation, changes in Vos during the first 30 
operating days are typically 2.5"V - refer to typical performance curves. 
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OP-l0 
MATCHING CHARACTERISTICS at Vs = ± 15V. -550 C :s; TA:S; + 1250 C. unless otherwise noted. (Continued). 

OP-10A OP-10 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Average Nonlnverting 
Ia+ ±2.0 ±6.0 ±2.4 ±8.0 nA 

Bias Currant 

Average Drill of 
Nonlnvertlng TCl e+ (Note 2) 10 40 15 pArC 
Bias Currant 

Noninverting Offset 
Ios+ 2.0 8.5 2.4 9.0 nA 

Current 

Average Drill of 
Nonlnvertlng TClos+ (Note 2) 12 50 18 pArC 
Offset Current 

Inverting Offset Current los- 2.0 6.5 2.4 9.0 nA 

Common-Mode Relection 
aCMRR VcM =±13V 108 120 103 117 dB 

Ratio Match 

Power Supply Rejection 
aPSRR Vs =±3Vto±18V 6 20 7 32 "VN Ratio Match 

INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ± 15V. TA = 250 C. unless otherwise noted. 

OP-10E OP-10C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos 0.2 0.5 0.2 0.5 mV 

Long-Term Input Offset 
aVoslTime (Notes 1. 2) 0.3 1.5 0.5 "V/Mo Voltage Stability 

Input Offset Current los 1.2 3.8 1.8 6.0 nA 

Input Bias Current Ie ±1.2 ±4.0 ±1.8 ±7.0 nA 

Input Noise Voltage enp~p (Note 2) O.IHz to 10Hz 0.35 0.6 0.38 0.65 "Vp_p 

Input Noise Voltage 
fo= 10Hz 10.3 18.0 10.5 20.0 

en (Note 2) fo = 100Hz 10.0 13.0 10.2 13.5 nVlv'HZ 
Density 

fa = 1000Hz 9.6 11.0 9.8 11.5 

Input Noise Current inp-p (Note 2) O.IHz to 10Hz 14 30 15 35 pAp-p 

Input Noise Current 
fo= 10Hz 0.32 0.80 0.35 0.90 

Density In (Note 2) fo = 100Hz 0.14 0.23 0.15 0.27 pAlv'HZ 
fo= 1000Hz 0.12 0.17 0.13 0.18 

Input Resistance-
RIN (Note 3) 15 50 8 33 MO 

Differential-Mode 

Input Resistance -
R1NCM 160 120 GO 

Common-Mode 

Input Voltage Range IVR ±13 ±14 ±13 ±14 V 

Common-Mode Rejection 
CMRR VcM =±13V 106 123 100 120 dB 

Ratio 

Power Supply Rejection 
PSRR 

Ratio 
Vs = ±3V to ±18V 4 20 10 32 "VN 

Large-Signal Voltage 
RL",2kO, Vo =±10V 200 500 120 400 

Gain Ava RL",5000, Vo =±0.5V, 
150 500 100 400 

V/mV 
Vs = ±3V (Note 3) 

RL", 10kO ±12.5 ±13.0 ±12.0 ±13.0 
Output Voltage Swing Vo RL",2kO ±12.0 ±12.8 ±11.5 ±12.8 V 

RL", lkO ±10.5 ±12.0 ±12.0 

NOTES: 
1. Long-Term Input Offset Voltage Stability rafers to the averaged trend line 2. Sample tested. 

of Ves vs. Time over extended periods aller the first 30 days of operation. 3. Guaranteed by design. 
Excluding the initial hour of openiilon, changes In Ves during the first 30 
operating days ara typically 2.5"V - refer to typical performance curves. 
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OP-l0 
INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ±15V, O· C:5 TA:5 +70· C, unless otherwise noted. (Continued) 

OP-10E OP-10C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Slewing Rate SR RL,,2kO 0.17 0.17 VI"" 

Closed-Loop Bandwidth BW AVCL =+1.0 0.6 0.6 MHz 

Open-Loop Output 
Ro Vo=O.lo=O 60 60 0 

Resistance 

Each Amplifier 90 120 95 150 
mW Power Consumption Pd Vs=±3V 4 6 4 8 II Offset Adjustment Range Rp=20kO ±4 ±4 mV 

Input Capacitance C1N 8 8 pF 

INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ± 15V, O· C :5 TA:5 + 70· C, unless otherwise noted. 

OP-10E OP-10C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

I nput Offset Voltage Vos 0.25 0.6 0.35 1.6 mV 

Average Input Offset 
Voltage Drift 
Without External Trim TCVes (Note 2) 0.7 2.0 1.2 4.5 p.VI"C 

With External Trim TCVosn Rp=20kO (Note 3) 0.3 1.0 0.4 1.5 p.VI"C 

Input Offset Current los 1.4 5.3 2.0 8.0 nA 

Average Input Offset 
TClos (Note 2) 8 50 12 50 pAl"C 

Current Drift 

Input Bias Current Ie ±1.5 ±5.5 ±2.2 ±9.0 nA 

Average Input Bias 
TCl e (Note 2) 13 50 18 50 pAl"C 

Current Drift 

Input Voltage Range IVR ±13.0 ±13.5 ±13.0 ±13.5 V 

Common-Mode Rejection 
CMRR VCM =±13V 103 123 97 120 dB 

Ratio 

Power Supply Rejection 
PSRR Vs =±3Vto±18V 7 32 10 51 p.VN 

Ratio 

Large-Signal Voltage 
Avo RL"2kO. Vo =±10V 100 400 100 400 VlmV Gain 

Output Voltage Swing Vo RL,,2kO ±12.0 ±12.6 ±11.0 ±12.6 V 

NOTES: 
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line 

of Ves vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes In Vos during the first 30 
operating days are typically 2.5p.V - refer to typical performance curves. 

2. Semple tested. 
3. Guaranteed by design. 
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OP-l0 
MATCHING CHARACTERISTICS at Vs = ± 15V, TA = 25· C, unless otherwise noted. 

OP-10E OP-10C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offsel Voltsge 
AVos 0.12 0.5 0.3 mV 

Match 

Average Nonlnverting 
Ie+ ±1.3 ±4.5 ±2.0 nA 

Bias Current 

Noninvertlng Offset 
log!- 1.1 4.5 1.8 nA 

Current 

Inverting Offset Current los- 1.1 4.5 1.8 nA 

Common-Mode Relection 
ACMRR Vcu =±13V 106 120 117 dB Ratio Match 

Power Supply Rejection 
APSRR Vs =±3Vto±18V 4 20 5 "VN Ratio Match 

Channel Separation CS (Note 1) 126 140 120 137 dB 

MATCHING CHARACTERISTICS at Vs = ± 15V, O· C::; TA::; + 70· C, unless otherwise noted. 

OP-10E OP-10C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltsge 
AVos 0.18 0.7 0.4 mV 

Match 

Input Offset Voltsge 
Tracking 
Without External Trim TCAVos (Note 1) 0.9 2.3 1.3 "VloC 

With External Trim TCAVoSn 
RL =2OkO 

0.3 0.9 0.6 "vrc Channel A Only (Note 2) 

Average Noninverting 
IB+ ±2.0 ±6.0 ±2.8 nA 

Bias Current 

Average Drift of 
TCIe+ (Note 1) 12 40 18 pArC 

Noninverting Bias Current 

Noninverting Offset 
Ie+ 2.0 6.0 2.8 nA 

Current 

Average Drift of 
TClog!- (Note 1) 15 50 20 pA/oC 

Noninverting Offset Current 

Input Offset Current log- 2.0 6.0 2.8 nA 

Common-Mode Rejection 
ACMRR Vcu =±13V 103 117 114 dB 

Ratio Match 

Power Supply Rejection 
APSRR Vs =±3Vto±18V 6 32 8 "VN Ratio Match 

NOTES: 
1. Semple tested. 
2. Guaranteed by design. 
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OP-l0 
BURN-IN CIRCUIT OFFSET NULLING CIRCUIT 
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OP-l0 
TYPICAL PERFORMANCE CHARACTERISTICS 

TYPICAL LOW-FREQUENCY 
NOISE TEST CIRCUIT 
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MATCHING CHARACTERISTIC 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-l0 
TYPICAL PERFORMANCE CHARACTERISTICS 
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APPLICATIONS INFORMATION 

ADVANTAGES OF DUAL MATCHED OPERATIONAL 
AMPLIFIERS 

Dual matched operational amplifiers provide a powerful tool 
for the solution of some difficult circuit design problems. 
Circuits include true instrumentation amplifiers, extremely 
low drift, high common-mode rejection DC amplifiers, low 
DC drift active filters, dual tracking voltage references and 
many other demanding applications. These designs all 
require good matching between two operational amplifiers. 

The adjacent circuit, a differential-in, differential-out ampli
fier, shows how errors can be reduced. Assuming the 
resistors used are matched, the gain of each side will be 
identical; if the offset voltage of each amplifier is matched, 
then the net differential voltage at the amplifiers output will 
be zero. Note that the output offset error of this amplifier is 
not a function ofthe offset voltage ofthe individual amplifiers, 
but only a function of the difference between the amplifiers' 
offset voltages. This error-cancellation principle holds for a 
number of input-referred error parameters - offset voltage, 
offset voltage drift, inverting and noninverting bias currents, 
common-mode and power supply rejection ratios. Note also 
that the impedances of each input, both common-mode and 
differential-mode, are extremely high, an important feature 
not possible with single operational amplifier circuits. 
Common-mode rejection can be made very high; this is 
especially important in instrumentation amplifiers where 
errors due to large common-mode voltages can be far greater 
than errors due to noise or drift with temperature. 

For example, consider the case of two op amps, each with 
sOdB (100j.lVIV) CMRR. If the CMRR of one device is 
+100j.lVIV while CMRR ofthe other is-100j.lVIV, then the net 
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CMRR will be 200j.lVIV, a 6dB degradation. The matching of 
CMRR increases the effective CMRR when used as an 
instrumentation input stage. 

R3 

- v+ 

~ 
2 , 

'4 

Rl 3 

s~~ -=1=-
13 + 

+ 4 V 
INPUT OP-l'O 

0 UTPUT 

- 11 

~ 6 -
R2 10 / 

-=1=-

R4 

POWER SUPPLIES 

The V+ supply terminals are completely independent and 
may be powered by separate supplies if desired (this 
approach, however, would sacrifice the advantages of the 
power supply rejection ratio matching). The V- supply 
terminals are both connected to the common substrate and 
must be tied to the same Voltage. 
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OFFSET TRIMMING 

Offset trimming terminals are provided for each amplifier of 
the OP-10. Guaranteed performance over temperature is 
obtained by trimming only one side (side A) to match the 
offset ofthe other; a net differential offset of zero results. This 
procedure is used during factory testing of the devices; 
however, essentially the same results may be obtained by 
trimming side B to match side A, or by nulling each side 
individually. 

The OP-10 provides lowest drift when trimmed with a 20kO 
potentiometer; this value provides about ±4mVof adjustment 
range which should be more than adequate for most applica
tions. Where finer trimming resolution is desired, or where 
unwanted changes in potentiometer position with time and 
temperature could create unacceptable offsets, the adjust
ment sensitivity may be reduced by using the circuit shown 
below. 

NULL 
o 

Model 

OP-l0AY, OP-l0Y, 
OP-l0EY 

1 .... c ___ .z. NULL 
o 

Fixed R .. lltora PoIanUomeler 
Null Ringe RA, Rs Re 

±1.2mV 5.1kO 10.0kO 

INSTRUMENTATION AMPLIFIERS USING OP-10 

Instrumentation amplifiers with excellent performance can 
be easily built usi ng the OP-10. Typical performance for a two 
and three-amplifier design are given in the table. The three
amplifier deSign, while more complex, has the advantages of 
simple gain adjustment by trimming a single resistor (R3) and 

TRIPLE OP-AMP INSTRUMENTATION AMPLIFIER 

REV. A 

VOS""O.08mV 
Tevos = O.3p.vrc 
NOISE = O.5p.Vp-p 

R'N'" 100Gn 
'IN= 1.0nA 

l. 

OP-l0 
wide common-mode voltage capability at any gain, plus 
improved gain linearity. Slew rate, small-signal bandwidth, 
and full power bandwidth are also superior. Speed will be 
improved by using an OP-01 for the output stage. 

R, 
9kn 

R3 
2kn 

R2 
9k" 

TYPICAL PERFORMANCE OF 
INSTRUMENTATION AMPLIFIERS 
GAIN = 100 

20PAMP 
PARAMETER DESIGN 

Gain Nonlinearity 
0.004% 

Initial Input Offset Voltage 70p.V 

vs. Temperature (amplifier 
0.3p.VloC 

A nulled with 20k pot) 

VS. Time 3.5p.Vlmonth 

Input Bias Current ±1nA 

VS. Temperature tOpA/oC 

Input Offset Current 0.8nA 

vs. Temperature 12pA/oC 

Input Impedance 
Differential 8OGO 

Common-Mode looGO 

Input Noise Voltage (0. I to 10Hz) 0.5p.V~_~ 

Input NOise Current (0.1 to 10Hz) 14pAp-e 

Common-Mode Rejection 120dB 

Power Supply Rejection 112dB 

Frequency Response 

Small-Signal (-3dB) 6.0Hz 

Full Power 2.5Hz 

Slew Rate O.17V1p.s 

R4 R6 

2kn 20kn 

>----0 OUTPUT 

R5 

2kn 

R7 
20k{l 

( Rl +R2) R6 
VOUT=V'N 1+~ R4 
GAIN = 100 
GAIN LIN = 0.002% 
SLEW RATE'"' 2.5V/lls 
PSRR = 112dB 

IF ~=Ws 
THEN CMRR = 120dB 
ADJUST R7 FOR MAXIMUM CMRR 

30PAMP 
DESIGN 

0.001% (OP-05) 

0.002% (OP-Il1) 

75p.V 

0.3p.V/oC 

3.5p.Vlmonth 

±1nA 

10pA/OC 

0.8nA 

12pA/oC 

100GO 

looGO 

0.5p.V!!:p 

14pAe-e 

l20dB 

112dB 

26kHz (OP~5) 
85kHz (OP~1) 

4.3kHz (OP~) 
43kHz (OP~1) 

O.17V1"s (OP~5) 
4.0Vlp.S (OP~l) 
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OP-l0 
CMRR va FREQUENCY 
INSTRUMENTATION AMPLIFIER (3 OP-AMP DESIGN) 
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1k 

PRECISION DUAL TRACKING VOLTAGE REFERENCES 
USING OP·10 

Precision dual tracking voltage references using a single 
reference source are easily constructed using OP-10. These 
references exhibit low noise, excellent stability vs. tempera
ture and time, and have excellent power supply rejection. 

In the circuit shown, R3 should be adjusted to set IREF to 
operate VREF at its minimum temperature coefficient current. 
Proper circuit start-up is assured by Rz, Z" and 0,. 

V1 = VREF (1 + R2) 
R1 

V2=V1 (-R5) 
R4 

Output Impedance (4IL:1.0mA-5.0mA) •.•.•. 0.25 x 10-30 
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PRECISION DUAL TRACKING VOLTAGE REFERENCES 
USING OP-10 

v+ R1 R2 R4 R. 

R6 

RG= ::: ;: 

V2 

INSTRUMENTATION AMPLIFIER (2 OP-AMP DESIGN) 

V+ R4 

R1 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Low Offset Voltage ...•....•.•......••.•... lS0l"V Max 
• Low Offset Voltage Drift ..............•. 2.SI"VloC Max 
• Load Current Capability .......•...•........• SmA Min 
• Internal Frequency Compensation 
• 125° C Temperature Tested -Ole 
• Low Offset Current ........••....•..•..•. 200pA Max 
• Low Bias Current •.•.............•........ 2.0nA Max 
• Low Power Consumption .•..••.•.• 18mW Max @±lSV 
• High Common-Mode Input Range .......... ± 13V Min 
• MIL-STD-883 Cia .. B Proce .. lng Available 
• Silicon-Nitride Pa .. lvatlon 
• Available in Die Form 

ORDERING INFORMATION t 

T~ =+25"C 
PACKAGE OPERATING 

os MAX ~ CERDIP TEMPERATURE 
(mY) 8-PIN 8-PIN RANGE 

0.15 OP12AZ* MIL 

0.15 OP12EJ OP12EZ COM 
0.30 OP12BJ OP12BZ1883 MIL 

0.30 OP12FJ OP12FZ COM 

1.0 OP12GJ COM 
Far devices processed in !Oral comp/lance!O MIL-STD-883, add /883 after part 
number. Consultfac1Ory lor 883 data sheet. 
Burn-in Is available on commercial and industrial temperature range parts In 
CerDIP, plastic DIP, and TO-can packages. 

SIMPLIFIED SCHEMATIC 

REV. B 

Precision Low-Input-Current 
Operational Amplifier 

OP-12 I 
GENERAL DESCRIPTION 
The PMI OP-12 is an improved version of the popular LM108A 
low-power op amp. The OP-12 is internally compensated and 
its chip dimensions are only 42 X 58 mils. Offset voltage is 
lower; the total worst-case input offset voltage over-55° C to -
+125°C forthe OP-12A is only 3501"V.ln addition, the OP-12 
drives a 2kll load which is five times the output current 
capability ofthe 108A. This excellent performance is achieved 
by applying PMl's ion-implanted super-'beta process and 
on-chip zener-zap trimming capabilities. The internal com
pensation makes this op amp ideal for hybrid assembly 
applications. 

PIN CONNECTIONS 

N.C. 

N.ee' · 7V+ 
-IN 2 - 6 OUT 

+IN 3 5 N.C. 

• v- (CASE) 

TO-99 (J-Sufflx) 
8-PIN HERMETIC MINI-DIP 

(Z-Sufflx) 

RS 

OUTPUT 
'---+------<0---0 6 

A8 

OPERATIONAL AMPLIFIERS 2-567 



OP-12 
ABSOLUTE MAXIMUM RATINGS (Note 4) 
Supply Voltage 
OP-12A,OP-12B, 

OP-12E, OP-12F, All DICE except GR ......................... ±20V 
OP-12G, GR DICE Only ............................................... ±18V 

Operating Temperature Range 
OP-12A, OP-12B ....................................... -55·Cto+125·C 
OP-12E, OP-12F, OP-12G .............................. O·Cto +70·C 

Storage Temperature Range ......................... -65·C to + 150·C 
Lead Temperature Range (Soldering, 60 sec) .............. 300·C 
Differential Input Current (Note 1) ................................ ±10mA 
Input Voltage (Note 2) ...................................................... ±15V 
Output Short-Circuit Duration .................................... Indefinite 

Junction Temperature (TJ) ............................ -65·C to + 150·C 

PACKAGE TYPE SJ,,(N0lE3) SJc UNITS 

TO-99(J) 170 24 'elW 
a·Pin Hermetic DIP (Z) 162 26 'CIW 

NOlES: 
1. The inputs are shunted with back-ID-back diodes lor overvoltage protection. 

Therefore, excessive currentwill flow" adllferentiallnput voltage In excess 01 
1 V is applied belWeen the Inputs unless some limiting resistance Is provided. 

2. For supply voltages less than -15V. the absolute maximum Input voltage is 
equal to the supply vollage. 

3. e, A Is specilled lor worst case mounting conditions, i.e .. , SjA Is specified for 
dlMce in socket for TO and CerDIP packages. 

4. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs=±20Vand TA= 25·C forA, B, Eand Fgrades, Vs=±15V,and TA=25·CforCand 
G grades, unless othe~ise noted. 

OP-12A1E OP-12B/F OP-12G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.07 0.15 0.18 0.30 0.25 1.0 mV 

Input Offset Current los 0.05 0.20 0.05 0.20 0.08 0.50 nA 

Input Bias Current 19 0.8 2.0 0.8 2.0 1.0 5.0 nA 

Input Resistance -
RIN (Note 1) 26 70 26 70 10 50 MO Differential-Mode 

Input Voltage Range IVR Vs =±15V ±13 ±14 ±13 ±14 ±13 ±14 V 

Common-Mode 
CMRR VCM=±13V 104 120 104 120 84 116 dB 

Rejection Ratio 

Power Supply 
PSRR Vs=±5Vto±15V 7 4 83 p.VlV 

Rejection Ratio 

Output Voltage 
Vo 

RL2:10kO, Vs=±15V ±13 ±14 ±13 ±14 ±13 ±14 
Swing RL2: 2kO, Vs=±15V ±10 ±12 ±10 ±12 ±10 ±12 

V 

RL2: 10kO 
80 300 80 300 40 250 

Large-Signal 
Avo 

Vo =±10V 
VlmV 

Voltage Gain RL2:2kO 
Vo=±10V 

50 150 50 150 100 

Power Consumption Pd 
Vs = ± 15V, No Load 9 18 9 18 12 24 
Vs = ±5V, No Load 3 6 3 6 4 8 

mW 

Input Noise Voltage enE!:1:! 0.1Hzto 10Hz 0.9 0.9 0.9 "VI!:~ 
10= 10Hz 22 22 22 

Input Noise 
en 10= 100Hz 21 21 21 nVl,fHZ 

Voltage Density 
10= 1000Hz 20 20 20 

Input Noise Current Inl!:P O.IHz to 10Hz 3 3 3 pAI!:~ 

Input Noise 
10= 10Hz 0.15 0.15 0.15 

in 10= 100Hz 0.14 0.14 0.14 pA/,fHZ 
Current Density 

10= 1000Hz 0.13 0.13 0.13 

. Slew Rate SR RL2:2kO 0.12 0.12 0.12 Vlp.s 

Closed-Loop 
BW AVCL =+1 0.80 0.80 0.80 MHz 

Bandwidth 

Open-Loop Output 
Ro Vo=O, 10=0 200 200 200 0 Resistance 

NOTE: 
1. Guaranteed by input bias current. 
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OP-12 
ELECTRICAL CHARACTERISTICS at V s = ±20V for A and B grades, -55·C" T A" + 125·C, unless otherwise noted. 

OP·12A OP·12B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas 0.12 0.35 0.28 0.80 mV 

Average Input Offset 
TCVos 0.50 2.5 1.0 3.5 ~vrc 

Voltage Drift 

Input Offset Current los 0.12 0.40 0.12 0.40 nA 

Average Input Offset 
TClos 0.50 2.5 0.50 2.5 pArC 

Current Drift 

Input Bias Current Is 1.2 3.0 1.2 3.0 nA 

Input Voltage Range IVR Vs = ",15V ",13 ",14 ",13 ",14 V 

Common-Mode 
CMRR VCM = ",13V 100 116 100 116 dB 

Rejection Ratio 

Power Supply 
PSRR Vs = ",5 to ",I 5V 4 10 4 10 ~vrv 

Reiectlon Ratio 

Large-Signal 
Ava 

RL ~5ka 
40 120 40 120 V/mV 

Voltage Gain Va = ",IOV 

Output Voltage 
Va 

RL ~ 10ka, Vs = ",15V ",13 ",14 .13 ",14 
V 

Swing RL ~5ka, Vs = ",15V ",10 ",13 .10 ",13 

Power Consumption p. Vs = ",15V, No Load 9 18 9 18 mW 

ELECTRICAL CHARACTERISTICS at Vs = ±15V for G grade, Vs = ±20V for E and F grades, O·C ~ TA ~ 70·C, unless 

otherwise noted. 

OP·12E OP·12F OP·12G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas 0.10 0.26 0.23 0.45 0.32 1.4 mV 

Average Input Ollset 
TCVos 0.50 2.5 1.0 3.5 1.5 10 ,.vrc 

Voltage Drill 

Inpul Offset Currenl los 0.08 0.30 0.11 0.60 0.12 0.70 nA 

Average Input Offset 
TClos 0.50 2.5 1.0 5.0 1.0 5.0 pArC 

Current Drill 

Input Bias Current Is 1.0 2.6 1.2 5.2 1.4 6.5 nA 

Input Voltage Range IVR Vs =±15V ±13 ±14 ±13 ±14 ±13 ±14 V 

Common-Mode 
CMRR VcM =±13V 100 116 100 116 80 112 dB 

Rejection Ratio 

Power Supply 
PSRR Vs= ±5 to ±15V 4 10 4 10 6 100 ,.VlV 

Rejection Ratio 

RL2: 10kO 
80 200 60 200 25 ISO 

Large-Signal 
Ava 

Vo=±IOV 
VlmV 

Voltage Gain RL2:2kO 
25 100 25 100 80 

Vo=±IOV 

RL2: 10kO 
±13 ±14 ±13 ±14 ±13 ±14 

Output Voltage 
Va 

Vs =±15V 
V 

Swing RL2:5kO 
±IO ±12 ±IO ±12 ±IO ±12 

Vs =±15V 

Power Consumption p. Vs = ± 15V, No Load 9 18 9 18 15 24 mW 

For typical performance characteristics, see OP-08 data sheet. Assume 
Cc=30pF. 
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OP-12 
DICE CHARACTERISTICS (125° C TESTED DICE AVAILABLE) 

• DIE SIZE 0.059 X 0.0 .. 3 Inch, 2537 sq. mils 
(1.50 x 1.09 mm, 1.64 sq. mm) 

1. NO CONNECTION 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
6. OUTPUT 
7. V+ 
8. NO CONNECTION 

WAFER TEST LIMITS at Vs = ±15V, TA = 25°C for OP-12N. OP-12G and OP-12GR devices; TA = 125°C for OP-12NT and 

OP-12GT devices, unless otherwise noted. (Note 2) 

OP-12NT OP-12N OP-12GT OP-12G OP-12GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos 0.35 0.15 0.6 0.3 mVMAX 

Input Offset Current los 0.4 0.2 0.4 0.2 0.5 nAMAX 

Input Bias Current Ie 3 3 5 nAMAX 

Input Voltage Range IVR ±13 ±13 ±13 ±13 ±13 VMIN 

Common-Mode 
CMRR VcM =±13V 100 

Rejection Ratio 
104 100 104 84 dBMIN 

Power Supply 
PSRR Vs =±5Vto±15V 10 7 10 7 63 ,.VNMAX Rejection Ratio 

RL~ 10kO ±13 ±13 ±13 ±13 ±13 
Output Voltege Swing Vo RL~2kO ±10 ±10 ±10 VMIN 

RL~5kO ±10 ±10 

Large-Signal 
RL~ 10kO, Vo =±10V 80 80 80 80 40 

Voltege Gain Avo RL~2kO, Vo =±10V 50 50 VlmVMIN 
RL~5kO. Vo=±10V 40 40 

Input Reslstence RIN (Note 1) 26 26 26 26 10 MOMIN 

Supply Current Isv 
10UT=0 0.6 0.6 0.6 0.6 0.8 mAMAX 
VOUT=O 

NOTES: 2. For 25°C specifications of OP-12NT and OP-12GT. see OP-12N and 
1. Guaranteed by design. OP-12G, respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging Is not 
guaranteed for stendard product dice. Consult factory to negotiate specifications based on dice lot qualification through ssmple lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, unless otherwise noted. 

OP-12NT OP-12N OP-12GT OP-12G OP-12GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input Offsst 
TCVos 0.5 0.5 1.0 1.0 1.5 "VloC 

Voltege Drift 

Average Input Offsst 
TClos 0.5 0.5 1.0 1.0 1.0 pArC 

Current Drift 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES (All Devices) 

• Significant Performance Advantages over LF155, 156 and 
157 Devices. 

• Low Input Offset Voltage . . . . . . . . . . . . . . . . . .. 500~N Max 
• Low Input Offset Voltage Drift ................ 2.0"VloC 
• Minimum Slew Rate Guaranteed on All Models 
• Temperature-Compensated Input Bias Currents 
• Guaranteed Input Bias Current @ 125° C 
• Bias Current Specified WARMED UP Over Temperature 
• Internal Compensation 
• Low Input Noise Current ....•............. 0.01pA/v'Hi 
• High Common-Mode Rejection Ratio ............ 100dB 
• Models With MIL-STD-883 Processing Available 
• 125° C Temperature Tested DICE 
OP-1S 
• 156 Speed With 155 Dissipation ............ (80mW Typ) 
• Wide Bandwidth ................................ 6MHz 
• High Slew Rate .........•....................... 13V1ps 
• Fast Settling to ±0.1% .......................... 1200ns 
• Available in Die Form 
OP-16 
• Higher Slew Rate .............................. 25V1"s 
• Faster Setlling to ±0.1% ......................... 900ns 
• Wider Bandwidth ............................... 8M Hz 
• Available in Die Form 

OP-17 
• Highest Slew Rate ............................. 60Vl"s 
• Fastest Setlling to ±0.1% ........................ 600ns 
• Highest Gain Bandwidth Product (AVCL = 5 Min) 

. ....... ... .......................... .... ... 30MHz 
• Available in Die Form 

SIMPLIFIED SCHEMATIC 

Precision JFET -Input 
Operational Amplifiers 
OP-15/0P-16/0P-17 I 

GENERAL DESCRIPTION 
The PMI JFET-Input series of devices offer clear advantages 
over Industry-generic devices and are superior in both cost 
and performance to many dielectrically-isolated and hybrid 

op amps. All devices offer offset voltages as low as 0.5mV with 
TCVosguaranteed to 5pVloC. A unique Input bias cancellation 
circuit reduces the Ie by a factor of 10 over conventional 
designs. In addition, PMI specifies I e and los with the devices 
warmed up and operating at 25°C ambient. 

These devices were designed to provide real precision 
performance along with high speed. Although they can be 
nulled, the design objective was to provide low offset-voltage 
without nUlling. Systems generally become more cost effec
tive as the number of trim circuits Is decreased. PMI achieves 
this performance by use of an improved Bipolar compatible 
JFET process coupled with on-chip, zener-zap offset trimming. 

The OP-15 provides an excellent combination ,of high speed 
and low input offset voltage. In addition, the OP-15 offers the 
speed of the 156A op amp with the power dissipation of a 
155A. The combination of a low input offset voltage of 5OOpV, 
slew rate of 13V/ps, and settling time of 1200ns toO.1% makes the 
OP-15 an op amp of both precision and speed. The additional 
features of low supply current coupled with an Input bias current 
of 9nA at 125° C ambient (not junction) tamperature makes the 
OP-15 ideal for a wide range of applications. 

The OP-16 features a slew rate of 25V/ps and a settling time of 
900ns to 0.1% which represents a significant improvement in 
speed over the 156. Also, the OP-16 has all the DC features of 
the OP-15 . 

The OP-17 has a slew rate of 60Vlps and is the best choice 
for applications requiring high closed-loop gain with high 
speed. See the OP-42 data sheet for unity gain applications 
and the OP-215 data sheet for a dual configuration of the 
OP-1S. 

v+I7IO----_.---...-;;,.,..,>---_ _<�--...--.._----<P-----., *NOTE: 
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OP-15/0P-16/0P-17 
ORDERING INFORMATION t 

PAa<AGE 
T4, .+2Ii'C OPERATING 

os MAX CEADIP PLAS11C SO TEMPERA1URE 
(my) TO-eI 8-PIN IW'IN II'PIN RANGE 

OPI5AJ* OP1SAl' 
0.5 0P111A.r ML 

0P17AJ" OP17Ar 

OPI5EJ OPI5EZ 
0.5 OPI6EJ OPI6EZ COM 

OP17EJ OPI7EZ 

0P158J18113 OPI582i883 
1.0 0P111BJ1883 OP1B82i883 MR. 

OP17BJ" OPI7BZ 

OPI5FJ OPI5FZ OPI5FP 
1.0 OP1SFJ OP1SFZ OP1SFP COM 

OPI7FP 

3.0 
OPI7CZi883 

ML OPl7CJI883C 

OPl5GJ OPI5GZ OPI5GP OPI5GS 
3.0 OPl6GJ OPI6GZ OPI6GP OPI6GS XIND 

OPI7GJ OPI7GZ OPI7GP OPI7GS 

Fordevices processed in 111181 compliance III Mll·STD·883, add 1883 after pari 
number. Consult facIDry lor 883 data sheet. 
Burn-in Is available on commercial end Industrialtamperalllre range paris in 
CarDIP, plastic DIP, and TO-can packages. 

PIN CONNECTIONS 

N.C . 

• 
BAfaL7V+ 

-IN 2 : SOUT 

+IN 3 5 BAL 

• V-leASEI 

TO-99 
(J·Sufflx) 

BURN-IN CIRCUIT 

"'0 
+3V o--,f\N-'" 

+20V 

-20Y 

a·PIN CERDIP 
(Z·Sufflx) 

8-PIN PLASTIC DIP 
(P·Sufflx) 

.0Ie0 

a·PINSO 
(S·Sufflx) 

10kO 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage 

All Devices ExceptC, G (Packaged) & GR Grades ..... ",22V 
C, G (Packaged) & GR Grades ...................................... ",18V 

Operating Temperature 
A, B, & C Grades ........................................ -55·C to + 125·C 
E & F Grades .................................................... O·C to + 70·C 
G Grade ........................................................ -40·C to +85·C 

Maximum Junction Temperature ................................. + 150·C 
DICE Junction Temperature (TJ) ................... -65·C to + 150·C 
Differential Input Voltage 

All Devices Except C, G (Packaged) & GR Grades ...... ",40V 
C, G (Packaged) & GR Grades ..................................... ",30V 

Input Voltage (Note 2) 
All Devices Except C, G (Packaged) & GR Grades ..... ",20V 
C, G (Packaged) & GR Grades ..................................... '" 16V 

Input Voltage 
OP-15A, OP-15B, OP·15E, OP-15F ............................. ",20V 
OP-15G ......................................................................... ",16V 
OP-1SA, OP-1SB, OP·1SE, OP-1SF ............................. ",20V 
OP-1SC, OP-1SG .......................................................... ",1SV 
OP-17A, OP-17B, OP-17E, OP·17F ............................. ",20V 
OP-17C, OP-17G .......................................................... ",1SV 

Output Short-Circuit Duration .................................... Indefinite 
Storage Temperature Range ........................ -65·C to + 150·C 
Lead Temperature Range (Soldering, SO sec) ............ +300·C 

PACKAGE TYPE UNITS 

TO·99(J) 150 18 ·C(W 

8·Pln Hermetic DIP (Z) 148 16 ·C(W 

a·Pln Plastic DIP (P) 103 43 ·C(W 

a·Pin SO (5) 158 43 ·C(W 
NOTES: 
1. Absolute maximum r9IIngo apply III both DICE and packaged parts, unless other· 

wise noted. 
2. Unless otherwise specified 1he absolute maximum negative input voltage is equal 

III lhe neg9llVe power-supply voltage. 
3. e lA IB specified forworsl case mounting condiUons, i.e., elA Is opacified for device 

in sockBtfor TO, CerOlP and P·DIP packages; elA Is specified for device soldered 
III printed circuK board for SO package. 
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OP-15/0P-16/0P-17 
ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25°C, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Input Resistance 

large-Signal 
Voltage Gain 

Output Voltage 
Swing 

Supply Current 

Slew Rate 

Gain Bandwidth 
Product 

Closed-loop 
Bandwidth 

Settling Time 

SYMBOL CONOITIONS 

Vas 

los 

IB 

Ava 

ISY 

SR 

GBW 

ClBW 

ts 

RS= 500 

Tj =25°C (Note 1) 
Device Operating 
Tj = 25°C (Note 1) 
Device Operating 

Tj = 25°C (Note 1) 
Device Operating 
Tj = 25°C (Note 1) 
Device Operating 

RL",2kO 
Vo =±10V 

RL = 10kO 
RL = 2kO 

AVCL = +1 (Note 3) 

AVCL = +5 (Note 3) 

(Note 3) 

AVCL = +1 

AVCL =+5 

to 0.01% 
to 0.05% (Note 2) 
to 0.10% 

to 0.01% 
to 0.05% (Note 2) 
to 0.10% 

to 0.01% 
to 0.05% (Note 4) 
to 0.10% 

OP-15 

OP-16/0P-17 

OP-15 

OP-16/0P-17 

OP-15 
OP-16/0P-17 

OP-15 
OP-16 
OP-17 

OP-15 
OP-16 
OP-17 

OP-15 
OP-16 
OP-17 

OP-15 

OP-16 

OP-17 

OP-1SAlE 
OP-16A/E 
OP-17A1E 

MIN TVP MAX 

0.2 0.5 

3 10 
22 
10 
25 

±15 ±50 
±18 ±110 
±15 ±50 
±20 ±130 

100 240 

±12 ±13 
±11 ±12.7 

10 
18 
45 

4.0 
6.0 
20 

2.7 
4.6 

13 
25 
60 

6.0 
8.0 
30 

14 
19 

11 

4.5 
t5 
t2 

3.8 
1.2 
0.9 

1.5 
0.7 
0.6 

4.0 
7.0 

OP-1SB/F 
OP-16B/F 
OP-17B/F 

MIN TVP MAX 

0.4 1.0 

6 20 
10 40 

20 
10 50 

±30 ±100 
±40 ±2oo 
±30 ±loo 
±40 ±250 

10'2 

75 220 

±12 ±13 
±11 ±12.7 

7.5 
12 
35 

3.5 
5.5 
15 

2.7 
4.6 

11 
21 
50 

5.7 
7.6 
28 

13 
18 
10 

4.5 
1.5 
1.2 

3.8 
1.2 
0.9 

1.5 
0.7 
0.6 

4.0 
7.0 

OP-1SG 
OP-16C/G 
OP-17C/G 

MIN TYP MAX UNITS 

0.5 3.0 

12 50 
20 100 
12 50 
20 125 

±60 ±2oo 
±60 ±400 
±60 ±2oo 
±80 ±500 

10'2 

50 200 

±12 ±13 
±11 ±12.7 

5 
9 

25 

3.0 
5.0 
11 

2.8 
4.8 

9 
17 
40 

5.4 
7.2 
26 

12 
17 
9 

4.7 
1.6 
1.3 

4.0 
1.3 
to 
1.6 
0.8 
0.7 

5.0 
8.0 

mV 

pA 

pA 

o 

V/mV 

V 

mA 

MHz 

MHz 

I'S 

Input Voltage Range IVR ±10.5 ±10.5 ±10.3 V 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Input Noise 
Voltage Density 

Input Noise 
Current Density 

Input Capacitance 

NOTES: 

CMRR 

PSRR 

VCM = ±10.5V 
VCM = ±10.3V 

Vs= ±10V to ±18V 
Vs =±10Vto±15V 

fO= 100Hz 
fo= 1000Hz 

fO= 100Hz 
fo= 1000Hz 

1. Input bias current is specified for two different conditions. The Tj = 25°C 
specification is with the junction at ambient temperature; the Device 
Operating specification is with the device operating in a warmed-up 
condition at 25°C ambient. The warmed-up bias currentvalUB is correlated 
to the junction temperature value via the curves of IBvsTjand IBvs TA. PMI 
has 8 bias current compensation circuit which gives improved bias current 
over the standard JFET input op amps. Isand 'osar. measured at VCM=O. 

2. Settling time is defined here for a unity gain inverter connection using 2kO 
resistors. It is the time required for the error voltage (the voltage at the 

REV. A 

86 100 

10 

20 
15 

0.01 
0.01 

3 

51 

86 100 

10 

20 
15 

0.01 
0.01 

51 

82 96 

10 

20 
15 

0.01 
0.01 

3 

dB 

80 "VN 

nVlVHz 

pA/VHz 

pF 

inverting input pin on the amplifier) to settle to within a specified percent of 
its final value from the time a 10V step input is applied to the inverter. Ses 
settling time test circuit. 

3. Sample tested. 
4. Settling time is defined here for a Av=-5 connection with RF= 2kO.lt is the 

time required forthe error voltage (the voltage at the invartlng input pin on 
the amplifier) to settle to within 0.01% of Its final value from the time a 2V 
step input is applied to the inverter. See sattling time test circuit. 
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OP-15/0P-16/0P-17 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, -55°C:S; TA:S 125°C, unless otherwise noted. 

OP-1SA OP-1SB 
OP-16A OP-16B OP-16C 
OP-17A OP-17B OP-17C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs=50n 0.4 0.9 0.7 2.0 0.9 4.5 mV 

Average Input 
Offset Voltage Drift (Note 2) 

Without External 
TCVos 5 3 10 4 15 

Trim 
With External 

p.V/'C 

Trim 
TCVOsn Rp= l00kn 2 3 4 

Tj = 125'C 0.6 4.0 0.8 6.0 1.0 9.0 
TA= 125'C OP-15 

0.8 7.0 1.2 11 1.5 17 
Input Offset Device Operating 

los nA 
Current (Note 1) TI = 125'C 0.6 4.0 0.8 6.0 1.0 9.0 

TA= 125'C OP-16/0P-17 
Device Operating 

1.0 8.5 1.3 14.5 1.7 22 

Tj = 125'C ±1.2 ±5.0 ±1.5 ±7.5 ±1.8 ±10 
TA= 125'C OP-15 

±1.7 ±9.0 ±2.2 ±14 ±2.7 ±19 
Input Bias Device Operating 

CUrrent (Note 1) la nA 
Tj= 125'C ±1.2 ±5.0 ±1.5 ±7.5 ±1.8 ±10 
TA= 125'C OP-16/0P-17 

±2.0 ±11 ±2.5 ±18 ±3.0 ±25 
Device Operating 

Input Voltage Range IVR ±10.4 ±10.4 ±10.25 V 

Common-Mode 
CMRR 

VcM =±10.4V 85 97 85 97 
Rejection Ratio VCM = ±10.25V 80 93 

dB 

Power Supply 
PSRR 

Vs = ±10V to ±18V 15 57 15 57 
p.VN 

Rejection Ratio Vs =±10Vto±15V 23 100 

Large-Signal 
Avo 

RL ", 2kn 
35 120 30 110 25 100 V/mV 

Voltage Gain Vo =±10V 

Output Voltage 
Vo RL ", 10kO ±12 ±13 ±12 ±13 ±12 ±13 V 

Swing 

NOTES: 
1. input bias current is specified for two different conditions. The Tj = 25'C 

specification is with the junction at ambient temperature; the Device 
Operating specification is with the device operating in a warmed-up 
condition at 25'C ambient. The warmed-up bias current value is corre-
lated to the junction tamperature value via the curves of la vs Tjand la vs 
TA. PMI has a bias current compensation circuit which gives improved bias 
current over the standard JFET input op amps. la and los are measured 
atVCM=O. 

2. Sample tested. 
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OP-15/0P-16/0P-17 
ELECTRICAL CHARACTERISTICS atVs = :!:15V, O°C sTA s 70°CforEand F,-40sTA s +85°C for G grade, unless otherwise 
noted. 

OP-15E OP-15F OP-15G 
OP-16E OP-16F OP-16G 
OP-17E OP-17F OP-17G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs=500 0.3 0.75 0.55 1.5 0.7 3.8 mV 

Average Input 
Offset Voltage Drift (Note 21 • Without External 

TCVos 2 5 3 10 
Trim 

4 30 

With External ".v/'C 

Trim TCVOSn Rp= 100kO 2 3 4 

Tj=70'C 0.04 0.30 0.06 0.45 0.08 0.65 
TA= 70'C OP-15 

0.06 0.55 0.08 0.80 0.10 1.2 
Input Offset Device Operating 

Current (Note 1) los nA 
Tj= 70'C 0.04 0.30 0.06 0.45 0.08 0.65 
TA=70'C OP-I6/0P-17 

0.07 0.70 0.10 1.1 0.15 
Device Operaling 

1.7 

Tj =70'C ±O.IO ±0.40 ±0.12 ±0.60 ±0.14 ±0.80 
TA = 70'C OP-15 

±0.13 ±0.75 ±0.16 ±I.I ±0.19 ±1.5 
Input Bias Devjce Operating 

CUrrent (Note II IB nA 
Tj =70'C ±O.IO ±0.40 ±0.12 ±0.60 ±0.14 ±0.80 
TA=70'C OP-16/0P-17 

±0.15 ±0.90 ±0.20 ±1.4 ±0.25 ±2.0 
Device Operating 

Input Voltage Range IVR ±10.4 ±10.4 ±10.25 V 

Common-Mode 
CMRR 

VcM =±10.4V 85 98 85 98 
dB 

Rejection Ratio VCM = ±10.25V 80 94 

Power Supply 
PSRR 

Vs= ±IOV to ±18V 13 57 13 57 
"VN Rejection Ratio Vs =±IOVto±15V 20 100 

Large-Sjgnal 
Avo RL " 2kO 65 200 50 180 35 160 V/mV 

Voltage Gain Vo=±IOV 

Output Voltage 
Vo RL " 10kO ±12 ±13 ±12 ±13 ±12 ±13 V 

Swing 

NOTES: 
I. Input bias current is specified for two different conditions. The TJ = 25' C 

specification is with the junclion at ambient temperature; the Device 
Operating specification is with the device operating In a warmed-up 
condition at 25° C ambient. The warmed-up bias current value is corre~ 
lated to the junction temperature value via the curves of IBvs Tj and IB vs 
TA. PMI hasa bias current compensation circuit which gives Improved bias 
current over the standard JFET input op amps. IB and los are measured 
atVCM=O. 

2. Sample tested. 
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OP-15/0P-16/0P-17 
DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE) 

OP-15 

DIE SIZE 0.068 X 0.056 inch, 3808 sq. mils 
(1.73 X 1.42mm, 2.46 sq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NON INVERTING INPUT 
4. V-
5. BALANCE 
6. OUTPUT 
7. V+ 

OP-16 

DIE SIZE 0.068 X 0.056 Inch, 3808 sq. mils 
(1.73 X 1.42mm, 2.46 sq. min) 

1. BALANCE 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. BALANCE 
6. OUTPUT 
7. V+ 

OP-17 

DIE SIZE 0.068 X 0.056 Inch, 3808 sq. mils 
(1.73 X 1.42mm, 2.46 sq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NON INVERTING INPUT 
4. V-
5. BALANCE 
6. OUTPUT 
7. V+ 

WAFER TEST LIMITS at Vs= ± 15V, TA = 25° C for OP-15/16/17N, OP-15/16/17G and OP-15/16/17GR devices; TA = 125° C for 
OP-15/16/17NT and OP-15/16/17GT devices, unless otherwise noted. 

OP-15NT OP-15N OP-15GT OP-15G OP-15GR 
OP-16NT OP-16N OP-16GT OP-16G OP-16GR 
OP-17NT OP-17N OP-17GT OP-17G OP-17GR 

PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vas Rs=500 0.9 0.5 2.0 1.0 3.0 mVMAX 

Large-Signal 
Ava 

Vo =±10V 
35 100 30 75 50 VlmVMIN 

Voltage Gain RL =2kO 

Input Voltage Range IVR ±10.4 ±10.5 ±10.4 ±10.5 ±10.3 VMIN 

Common-Mode 
CMRR VcM=±IVR 85 86 85 86 82 dBMIN 

Rejection Ratio 

Power Supply 
PSRR 

Vs = ±10V to ±20V 57 51 57 51 
IlVN MAX 

Rejection Ratio Vs =±10Vto±15V 80 

Output Voltage 
Va 

RL = 10kO ±12 ±12 ±12 ±12 ±12 
VMIN 

Swing RL =2kO ±11 ±11 ±11 

Supply Current Isv 
OP-15 4 4 5 

rnA MAX 
OP-16, OP-17 7 8 

Input Bias Current 
OP-15 ±9 ±14 

nA MAX I. OP-16,OP-17 ±11 ±18 

Input Offset Current los 
OP-15 7.0 11.0 

nA MAX 
OP-16,OP-17 8.5 14.5 

NOTES: 
For25°CcharaclaristicsofOP-15116117NTandOP-15/16/17GT,seeOP-15116I17N 
and OP-15/16/17G characteristics, respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after psckaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and lasting. 
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OP-15/0P-16/0P-17 
TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = + 25° C, unless otherwise noted. 

OP-15NT OP-15N OP-15GT OP-15G OP-15GR 
OP-16NT OP-16N OP-16GT OP-16G OP-16GR 
OP-17NT OP-17N OP-17GT OP-17G OP-17GR 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input Oflset 
TCVos 2 3 3 4 "V/oC 

Drill Unnulled 

Average Input Offset 
TCVoSn Rp= l00kO 3 4 "VloC 

Drift Nulled • Input Offset Current los 3 3 3 3 3 pA 

Input Bias Current I. ±15 ±15 ±15 ±15 ±15 pA 

OP-15 13 13 11 11 9 
Slew Rate SR 

AveL =+1 
OP-16 25 25 21 21 17 VI"s 

AveL =+5 OP-17 60 60 50 50 40 

to 0.01% 4.5 4.5 4.5 4.5 4.7 
to 0.05% OP-15 1.5 1.5 1.5 1.5 1.6 
to 0.10% 1.2 1.2 1.2 1.2 1.3 

Settling Time to 0.01% 3.8 3.8 3.8 3.8 4.0 
(see settling time ts to 0.05% OP-16 1.2 1.2 1.2 1.2 1.3 "s 
test circuits) to 0.10% 0.9 0.9 0.9 0.9 1.0 

to 0.01% 1.5 1.5 1.5 1.5 1.6 
to 0.05% OP-17 0.7 0.7 0.7 0.7 0.8 
to 0.10% 0.6 0.6 0.6 0.6 0.7 

Gain Bandwidth 
OP-15 6.0 6.0 5.7 5.7 5.4 

Product 
GBW OP-16 8.0 8.0 7.6 7.6 7.2 MHz 

OP-17 30 30 28 28 26 

Closed-Loop AveL =+1 
OP-15 14 14 13 13 12 

Bandwidth 
CLBW OP-16 19 19 18 18 17 MHz 

AveL = +5 OP-17 11 11 10 10 9 

Input Noise Voltage 1= 100Hz 20 20 20 20 20 
nVlVHZ 

Density en 1= 1000Hz 15 15 15 15 15 

Input Noise Current 
in 

1= 100Hz 0,01 0.01 0.01 0.01 0.01 
pAlVHZ 

Density 1= 1000Hz 0.01 0.01 0.01 0,01 0,01 

Input Capacitance C'N 3 3 3 3 3 pF 

NOTES: 
For25°CcharacteristicsoIOp..I5116117NTandOP-15/16/17GT.seeOP-15/16I17N 
and OP-15/16/17G characteristics, respectively. 
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OP-15/0P-16/0P-17 
TYPICAL PERFORMANCE CHARACTERISTICS (OP-15/0P-16/0P-17) 
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TYPICAL PERFORMANCE CHARACTERISTICS (OP-15/0P-18/0P-17) 
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OP-15/0P-16/0P-17 
TYPICAL PERFORMANCE CHARACTERISTICS (OP-1S) 
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TYPICAL PERFORMANCE CHARACTERISTICS (OP-16) 
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OP-15/0P-16/0P-17 
TYPICAL PERFORMANCE CHARACTERISTICS (OP-16) 
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OP-15/0P-16/0P-17 
TYPICAL PERFORMANCE CHARACTERISTICS (OP-17) 

28 

MAXIMUM OUTPUT SWING 
va FREQUENCY 

VS" ±15V 

~ 24 

~ 20 

" z 

TA" 2S"C 
AV = +5 

1\ ~ 16 

~ 
5 12 

" :l .. 
~ 
" ~ 4 

\ 

" , 
lOOk 1M 

FREQUENCY {Hz} 

10M 

120 

POWER-SUPPLY REJECTION 
RATIO va FREQUENCY 

TA"j'C_ --.... 
""'" ~'T'VE .......... ,", SUPPLV 

I'.. 

"" "' , 
NEGATIVE SUPPL~ 

" "" 
10 100 lk 10k lOOk 1M 10M 

FReQUENCY {Hz} 

BASIC CONNECTIONS 

INPUT OFFSET VOLTAGE NULLING 

V+ 

NOTE: Vas CAN BE TRIMMED WITH POTENTIOMETERS 
RANGING FROM lOks} TO TMO. fOR MOST UNITS 
TeVos WILL BE MINIMUM WHEN Vas IS ADJUSTED 
WITH A lOOkn POTENTIOMETER. 

REV. A 

110 

r--.... 
100 

_90 

1 
~90 ~ 
~ 
"'70 

~ 
'" so 

50 

40 

SLEW RATE va 
TEMPERATURE 

-...!:!!'GATIVE lv '+5
1 

........... VS=±1SV-

I'--
I'-- ......... 

,POSITIVE 

I'.... 
-....... ........... r---... 

COMMON-MODE REJECTION 
RATIO VI FREQUENCY 

'00 , 
r\ 

\ 
\. 

r\ 
Vs = ±15V 

\ 

Tr5,] 
-50 -25 0 25 50 75 100 125 10 100 lk 10k lOOk 1M 10M 100IIII 

100 

10 

1.0 

0.1 

AMBIENT TEMPERATURE COC} 

OUTPUT IMPEDANCE 
VI FREQUENCY 

Vs = .t15V 

TA:WII~ 
i-'" 
V 

V-
'l~'~ 100 

V Iv AV = 10 

140 

~'20 

:s 100 

~ 
iii .. 
~ 

~ 60 

Z .. 
" 40 

FREQUENCY {Hz} 

VOLTAGE NOISE 
VI FREQUENCY 

111111 I 
t~lllU 
T = 2SQ C 

TIf CORNER FReOUENC 

/, V-
I. 

~ 
g 20 

1. 10k lOOk 1M 10M 
FREQUENCY (Hz) 

o 
1 10 100 lk 

FREaUENCY 1Hz) 

SETTLING-TIME TEST CIRCUIT - OP-15/0P-18 

2kfiO.l% 
+16V 

:To-..... _"''''n'''o".',.~-'-I 
5kn 0.," 

-15V 

"va -1 
Skn 0.1" 

2N4416 

10k 

Your 

+15V 
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OP-15/0P-16/0P-17 
SETTLING-TIME TEST CIRCUIT - OP-17 

TYPICAL APPLICATIONS 

CURRENT-TO-VOLTAGE AMPLIFIER OUTPUT 

+1OY 

" -15 

+15V -15V 

APPLICATIONS INFORMATION 

DYNAMIC OPERATING CONSIDERATIONS 

2kn 0.1% 

As with most amplifiers, care should be taken with lead dress, 
component placement, and supply decoupling in order to 
ensure stability. For example, resistors from the output to an 
input should be placed with the body close to the input to 
minimize "pick-up" and maximize the frequency of the 
feedback pole by minimizing the capacitance from the input 
to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capacitance 

2-584 OPERA T10NALAMPLIFIERS 

R110kn R26kn 

from the input of the device (usually the inverting input) to 
AC ground set the frequency of the pole. In many instances 
the frequency of this pole is much greater than the expected 
3dB frequency of the closed-loop gain and consequently 
there Is negligible effect on stability margin. However, if the 
feedback pole is less than approximately six times the 
expected 3dS frequency, a lead capaCitor should be placed 
from the output to the negative Input of the op amp. The value 
of the added capaCitor should be such that the RC time
constant of this capaCitor and the resistance it parallels is 
greater than, or equal to, the original feedback pole time 
constant. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Low Supply Current ........................ 551o'A Max 
• Single-Supply Operation .....•....••.... +5V to +30V 
• Dual-Supply Operation ••.....•.•••..•• ±2.5V to ±15V 
• Low Input Offset Voltage •..•.•...•.•..•.•• 250lo'V Max 
• Low Input Offset Voltage Drift ..•..•••.. 1.51o'V/oC Max 
• High Common-Mode Input Range •.. V- to V+ (-1.5V) 
• High CMRR and PSRR ..•••.••.••.•.•..••• 100dB Min 
• High Open-Loop Gain .. .. .. .. • .. .. .. .. .... 120dB Min 
• No External Components Required 
• 741 Pinout and Nulling 

• Available in Die Form 

ORDERING INFORMATION t 

TA =+25"C PACKAGE OPERAnNG 
VosMAX CERDIP PLASTIC TEMPERATURE 

(mY) ~9 S-PIN S-PIN RANGE 
250 OP20BJ* OP20BZ MIL 
250 OP20FJ OP20FZ INO 
250 OP20FP COM 
500 OP20CZ MIL 
500 OP20GJ OP20GZ INO 
500 OP20GP COM 

1000 OP20HJ OP20HZ OP20HStt XINO 
1000 OP20HP XINO 
Fordevicesprocessed in total compiiancetoMIL-STD-883,adc!1883 after part 
number. Consult factory for 883 data sheet. 
Burn-In is available on commercial and industrial temperarure range parts in 
cerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-In Information on SO and PLCC packages, contact 
your local sales office. 

SIMPLIFIED SCHEMATIC 

Micropower Operational Amplifier 
Single or Dual Supply 

OP-20 I 
GENERAL DESCRIPTION 
The OP-20 is a monolithic micropower operational amplifier 
that can be operated from a single power supply of +5V to 
+30V, or from dual supplies of ±2.5V to ±15V. The input 
voltage range extends to the negative rail, therefore input 
signals down to zero volts can be accomodated when 
operating from a single supply. 

Precision performance in high-gain applications is readily 
obtained when using the OP-20. The B/F grade features a 
maximum input offset voltage of 250lo'V, minimum CMRR of 
95dB, and open-loop gain of over 500,000. Quiescent supply 
current isa maximum of only 551o'A at±2.5Vor80Io'Aat± 15V. 
The low input offset, high gain, and low power consumption 
brings precision performance to portable instruments, satel
lites, missile control systems, and many other battery
powered applications. 

PIN CONNECTIONS 

EPOXY MINI-DIP 
(P-Suffix) 

8-PIN HERMETIC DIP 
(Z-Sufflx) 

8-PIN SO 
(S-Suffix) 

N.C. 

• 
BAL~7V. 

-IN 2 ~ 6 OUT 

+IN 3 5 BAL 

4 
v- (CASEI 

TO-99 
(J-Suffix) 

r-----~------~----------_.--~----~---.--------~----~~--~--~--oV. 

-IN OUTPUT 

+IN 0---+------+----+------+---' 

L--*--~----+-----~~----~--------+-------~~----~------+---~---+--ov_ 

REV. B OPERA TIONALAMPLIFIERS 2-585 



OP-20 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage .................................................................. ±18V 
Differential Input Voltage •••....••••••.•.•••••.•..•••.....••.•........••••. ±30V 
Input Voltage ..................................................... Supply Voltage 
Output Short-Circuit Duration ..................................... Indefinite 
Storage Temperature Range 

J and Z Packages ....................................... -6S·C to + 1S0'C 
P Package ................................................... -6S'Cto+12S'C 

Operating Temperature Range 
OP-20B, OP-20C (J, Z) ............................... -5S·Cto+12S·C 
OP-20F, OP-2OG (J, Z) ................................. -2S·C to +8S'C 
OP-20H (S, P, J, Z) .......•...••.•.•••..•••.••......•..... -40·Cto +8S'C 
OP-20FP, OP-2OGP ......................................... O·C to + 70'C 

Lead Temperature Range (Soldering, 60 sec) ........•..•••• 300·C 
Junction Temperature .................................... -6S·C to + 1S0'C 

PACKAGE TYPE alA (NOTE 2) ale UNITS 

TO·99 (J) 150 18 ·C/w 

8·Pin Hermetic DIP (Z) 148 18 ·C/w 

8-Pln Plastic DIP (P) 103 43 ·C/W 

8·PlnSO (5) 158 43 ·C/w 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. alA Is specified for worst case mounting conditions, I.e., alA Is specified for 

device In socket for TO, CerDIP and P·DIP packages; alA is specffied for 
device soldered to printed clrcuR board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs = ±2.5V to ± 15V, TA = + 25' C, unless otherwise noted. 

OP-20B/F OP-20C/G OP-20H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Vs=±15V 55 250 150 500 300 1000 "V 

Input Offset Current los VCM=O 0.15 1.5 0.2 2.5 0.3 4.0 nA 

Input Bias Current Ie VCM=O 12 25 14 30 16 40 nA 

V+=+5V, 
013.5 0/3.5 0/3.5 

Input Voltage Range IVR V-=OV V 

VS=±15V -15113.5 -15/13.5 -15113.5 

V+=+5V, V-=OV 
95 105 90 95 95 90 

Common-Mode 
CMRR 

OV S VCM S 3.5V 
Rejection Ratio Vs =±15V 

dB 
100 110 94 105 90 100 

-15VSVCMSI3.5V 

Power Supply 
Vs = ±2.5V to ±15V 

Rejection Ratio 
PSRR and V-=OV, 4 6 10 10 32 "VN 

V+=5Vto30V 

V+=+5V, V-=OV 
300 500 200 500 500 

Large·Slgnal 
Avo 

IVSVoS3.5V 
VlmV 

Voltage Gain Vs=±15V, VO=±IOV 
1000 2000 600 2000 500 1000 

Rl = 25kO 

V+=5V, V-=OV 0.6/4.1 0.7/4.1 0.814.0 
Output Voltage 

Vo 
Rl = IOkO 

V 
Swing VS=±15V, ±14.1 ±14.1 ±14.0 

Rl = 25kO 

CIOBed·Loop 
BW 

AVCl =+1.0, 
100 100 100 kHz 

Bandwidth Rl =IOkO 

Slew Rate SR 
Vs=±15V 

Rl =25kO 
0.05 0.05 0.05 VI".. 

Vs =±2.5V, 
40 55 44 63 45 70 

Supply Current ISY 
No Load 

"A VS=±15V, 
55 80 57 85 60 95 

No Load 
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OP-20 
ELECTRICAL CHARACTERISTICS at V S = ±2.SV to ±1SV. -SS'C S T A S + 125'C for OP-20BJIBZ and OP-20CZ. -2S'C S T A S 

+8S'C for OP-20FJ/FZ and OP-20GJ/GZ. and O'C S T AS +70'C for OP-20FP. OP-20GP. and -40'C S T AS +8S'C for OP-20HZ. OP-
20HJ. and OP-20HP/HS. unless otherwise noted. 

OP-20B/F OP-20C/G OP-20H 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

Average Input 

Offset Voltage TCVos Unnulled 0.75 1.5 1.0 3.0 1.5 7.0 #VloC 

Drift (Note 1 ) 

Input Offset Voltage Vos Vs =±15V 155 400 250 800 500 1700 #V 

Input Offset Current los Vcu=O 0.5 2.5 1.0 3.5 1.5 5.0 nA 

Input Bias Current 18 VCM=O 12 27 14 33 16 45 nA 

Input Voltage 
IVR 

V+=+5V. V-=OV 013.2 0/3.2 0/3.2 
V 

Range Vs=±15V -15/13.2 -15/13.2 -15/13.2 

V+=+5V. V-=OV 
90 100 85 90 80 85 

Common-Mode 
CMRR 

OV ,; VCM ,; 3.2V 
dB 

Rejection Ratio Vs =±15V 
96 110 90 105 85 100 

-15V'; VCM '; 13.2V 

Vs=±2.5Vto 
4 10 6 18 10 32 

Power Supply 
PSRR 

±15V 

Rejection Ratio V-=OV. 
#VlV 

4 10 6 18 10 57 
V+=5Vto30V 

large-Signal 
AvO 

Vs=±15V. Vo=±10V 
500 

Voltage Gain RL =50kn 
700 400 800 250 400 VlmV 

V+=5V. V-=OV. 
0.814.0 0.9/3.9 1.0/3.8 

Output Voltage 
Vo 

RL =50kn 
V 

Swing Vs =±15V. 
±14.0 ±13.9 ±13.9 

RL =50kn 

Vs = ±2.5V. No 
50 65 53 75 55 85 

Supply Current ISY 
Load or +5V. OV 

#A 
Vs=±15V. 

84 95 68 100 72 115 
No Load 

NOTE: 
1. Sample tested. 
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OP-20 
DICE CHARACTERISTICS 

DIE SIZE 0.069 x 0.047 inch, 3174 sq. mils 
(1.75 x 1.17 mm, 2.05 sq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. BALANCE 
6. OUTPUT 
7. V+ 

WAFER TEST LIMITS at Vs= ::!:15V, TA=25°C, unless otherwise noted. 

OP-20N OP-20G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT 

Input Offset Voltage Vos 300 600 

Input Offset Current los 1.5 2.5 

Input Bias Current Ie 25 30 

Input Voltage Range IVR 
V+=+5V. V-=OV 0/3.5 0/3.5 
Vs =±15V -15113.5 -15/13.5 

Common-Mode 
CMRR 

V+ = +5V. V-= OV, OV" VOM " +3.5V 95 90 
Rejection Ratio Vs = ± 15V, -15V" VOM " ± 13.5V 100 94 

Power Supply 
Vs =±2.5Vto±15V 

PSRR V-=OV.V+=+5V 6 10 
Rejection Ratio 

to+30V 

Large-Signal 
AyO 

RL = 25kO 
1000 800 

Voltage Gain Vo =±10V 

Output Voltage 
Vo 

RL = 10kO, V+=+5V, V-=OV 0.714.1 0.8/4.1 
Swing RL = 25kO. Vs =±15V ±14.1 ±14.1 

Supply Current ISY 
V S = ± 2.5V, No Load 55 63 
Vs = ±15V. No Load 60 85 

NOTE: 

OP-20GR 
LIMIT UNITS 

1000 ,.VMAX 

4.0 nAMAX 

40 nAMAX 

0/3.5 
VMIN 

-15/13.5 

85 
dBMIN 

90 

32 ,.VIVMAX 

500 VlmVMIN 

0.9/4.0 
VMIN 

±14.0 

70 
,.AMAX 

95 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss. yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

OP-20N OP-20G OP-20GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS 

Average Input TCVos Un nulled 1.0 1.5 2.5 
Offset Voltage Drift TCVos" Nulled. Rp = 10kO 1.0 1.5 2.5 

,.vrc 

Large-Signal 
AyO RL = 25kO 2000 2000 1000 VlmV Voltage Gain 
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OP-20 
TYPICAL PERFORMANCE CHARACTERISTICS 

TRIMMED OFFSET VOLTAGE 
va TEMPERATURE 

150 

125 

:> 
~100 

~ 75 

iU 50 
~' 
o 

~ 25 

-25 

[-

VS'" ±15V 

RS'" 500 

V 
1\ ,; 

1/ 
\ V 

NULLED TO ZERO OFFSET AT we 
WITH 10k POT 

-75 -25 25 75 125 

14 

12 

o 
-100 

TEMPERATURE (OC) 

INPUT BIAS CURRENT 
va TEMPERATURE 

~S·~'5VI 

V i-""'" 1"---1'-

-50 50 100 
TEMPERATURE (OCI 

175 

150 

SMALL-SIGNAL TRANSIENT RESPONSE 

REV.B 

INPUT OFFSET VOLTAGE 
va POWER SUPPLY VOLTAGE 

14 0 

120 

0 

20 

0 

700 

600 

500 

400 

300 

200 

100 

o 
-100 

I I 
TA'" 25'1C f--
RS = 500 

~ 
\ 
~ 

I'--I"---I-. 

.. .,0 .,5 
SUPPLY VOLTAGE IVOL TS) 

INPUT OFFSET CURRENT 
va TEMPERATURE 

V~.±j5V 

./ 
,/ 

1/ V 
.~ ~ 

-50 50 100 
TEMPERATURE COe) 

150 

120 

100 

80 

20 

-20 

CLOSED-LOOP GAIN 
va FREQUENCY 

IIIIII 
Vs III ±15V 
RL '" 26kn 
TA = 2EfC 

AVCL "1000 

111111111 t-. AVCL"" 100 

11111 III 
AVCL = 10 

111111 
AVCL -, 

IIIIII 
0.01 1.0 10 100 lk 10k lOOk 

70 

80 

10 

o 
o 

FREQUENCY (Hz) 

SUPPLY CURRENT 
va SUPPLY VOLTAGE 

TA'"125"C I.....- .....-

...... ..... -:J-I.....-~ 
.....- ....... ..... ~ TA-25°C -

l- I· I I 

-I--i---I-1" ~ 
TA=-55"c 

±5 ±10 "5 
SUPPLY VOLTAGE (VOLTS) 

LARGE-SIGNAL TRANSIENT RESPONSE 
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OP-20 
TYPICAL PERFORMANCE CHARACTERISTICS 

MAXIMUM OUTPUT VOLTAGE 
VI LOAD RESISTANCE 

,. 10. 100k 

RLOAOlm 

TYPICAL APPLICATIONS 

TEMPERATURE SENSOR 

VOLTAGE NOISE DENSITY 
VI FREQUENCY 

1000 .---,..----r---,-----,--, 

~ ~ 
! 1001-

1
- '-1"""'-+--+--+---1 i " 

.. Z~ 

~ 
10~-~--~----+----t--~ 

~~.'-~~-~'O~~'=OO~--='k--~'~ 
FREOUENCY (Hz) 

10 

1 

0.0 1 
0.1 

CURRENT NOISE DENSITY 
VI FREQUENCY 

"' " "-
10 100 ,. 10k 

FREQUENCY (Hz) 

r---------~---------------.--------------------~----_O+9vOLn 

-R1 AND R2 SHOULD BE SELECTED TO KEEP le1 AND 1C2 
LESS THAN 2O~A. 
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''''' 100kn 

>--<>_---<> OUTPUT 

":" OND 

DESIGN EQUATIONS 

4VBE"~ In (~) 

~ ('02) f' .AT ·85.8 In 1Ci'" IItV KJ 

Vour'" 101(.6.VBE) 

IF ~;;; 3.2 THEN TCVOUT .. 10mVfC 
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r-IIANALOG 
WDEVICES 

FEATURES 

• Low Supply Current ...................... 230l'A Max 
• Wide Supply Range .........•.....••.. ±2.5V to ±15V 
• Low Input Offset Voltage ............•..... 100l'V Max 
• Low Input Offset Voltage Drift •......... 1.01'VfOC Max 
• High Common-Mode 

Input Range .........•.... V- (+O.5V) to V+ (-1.5V) 
• High CMRR and PSRR ...•............••.. 100dB Min 
• High Open-Loop Gain ................. 1000V/mV Min 
• 125°C Temperature Tested Dice 

ORDERING INFORMATION t 

T" =+25"C 
PACKAGE OPERATING 

os MAX CERDIP PLASTIC TEMPERATURE 
liN) T0-99 8-PIN 8-PIN RANGE 

100 OP21AJ OP21AZ* MIL 
100 OP21EZ INO 
200 OP21FJ OP21FZ OP21FP INO 
500 OP21GJ OP21GP XINO 
500 OP21 Hstt XINO 

For devices processed in total compliance to MIL·STD·883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO·can packages. 

It For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

SIMPLIFIED SCHEMATIC 

Cl 

REV. B 

Low-Power Operational Amplifier 
Single or Dual Supply 

OP-21 I 
GENERAL DESCRIPTION 

The OP-21 is a precision low-power operational amplifier 
offering the benefits of low offset voltage and high slew rate 
with the advantages of low power. A supply range of ± 2.5V to 
± 15V allows a wide range of applications. 

Two military temperature range models and three industrial 
temperature range models are available in TO-99 cans and 
a-Pin hermetic DIPs. Industrial temperature range models 
are also available in a-Pin epoxy DIPs. See OP-221 for dual 
and OP-421 for quad versions of the OP-21. 

PIN CONNECTIONS 

N,C. 

• 

_,::)~0v:OUT 
+lSc:7.BAL 

• v- (CASE) 

TO-99 
(J-Suffix) 

013.l----\-----i 

033 

EPOXY MINI-DIP 
(P-Suffix) 

a-PIN HERMETIC DIP 
(Z-Suffix) 

a-PIN SO 
(S-Suffix) 

v+ 

v-
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OP-21 

ABSOLUTE MAXIMUM RATINGS (Note 2) 
Supply Voltage ................................................................. :I: 18V 

Differential Input Voltage ................................................. :l:30V 
Input Voltage ~ .................................................... Supply Voltage 
Output Short-Circuit Duration ••••••...••••••.••.••.••••••••••.•• Indefinite 

Storage Temperature Range 

J and Z Packages ...................................... -65°C to + 125°C 
P Package .................................................. -65°C to + 125°C 

Operating Temperature Range 
OP-21 A .•....••.•...•••..•••••..•.••••..••.••••.•..•.•••..••• -55°C to + 125°C 
OP-21 E, OP-21 F ......................................... -25°C to +85°C 
OP-21 HS, OP-21 G ....................................... -40°C to +85°C 

Junction Temperature (Ti) .......•...•...............• -65°C to +150°C 
Lead Temperature (Soldering, 60 sec) ••••••••.•••.•••••••.••••• 300°C 

PACKAGE TYPE e lA (Note 1) ale UNITS 

TO·99(J) 150 18 ·C/w 

8·Pln Hermetic DIP (Z) 148 16 ·C/W 

8-Pin Pla~tlc DIP (p) 103 43 ·C/w 

8-PlnSO(S) 158 43 ·C/W 
NOTES: 
1. alA Is specified for worst case mounting condHlons, i.e., alA is specified for 

device In socket for TO, CerDIP, P·DIP, and LCC packages; alA is specified 
for device soldered \0 printed circuit board for SO package. 

2. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±2.5V to ± 15V and TA = +25° C, unless otherwise noted. 

OP-21A/E OP-21F OP-21G/H 
PARAMETER SYMBOL CONDITtONS MtN TYP MAX MtN TYP MAX MtN TYP MAX UNITS 

Input Offset Voltage Vos Vs =±15V 40 100 150 200 300 500 p.V 

tnput Offset Current los VCM=O 0.6 4 0.8 5 1.2 6 nA 

Input Bias Current 18 VCM=O 50 100 60 120 70 150 nA 

Input Voltage Range IVR Vs=±15V -14.5113.5 -14.5113.5 -14.5113.5 V 

Common-Mode 
Vs =±15V, No Load 

Rejection Ratio 
CMRR -14.5V:;;VCM 100 110 90 105 84 100 dB 

:;;13.5V 

Power Supply 
PSRR 

Vs =±2.5V 
2 6 4 10 10 32 p.VN 

Rejection Ratio to ±15V, No Load 

large-Signal 
AyO 

Vs =±15V, 
1000 2000 500 1500 500 1000 VlmV 

Voltage Gain RL = 10kO, Vo ±10V 

Output Voltage 
Vo 

Vs =±15V, 
-13.7/14.0 -13.7/13.9 -13.6/13.8 V 

Swing RL = 10kO 

Slew Rate SR 
CL = lOOpF, 

0.25 0.25 0.25 Vlp.s 
RL = 25kO 

Closed-Loop 
BW 

AYCL =+1, 
600 600 600 kHz 

Bandwidth RL = 10kO 

Vs =±2.5V, 
170 230 160 275 190 300 

Supply Current ISY 
No Load 

p.A 
Vs =±15V, 
No Load 

230 300 235 360 250 420 
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OP-21 
ELECTRICAL CHARACTERISTICS at V s = ±2.5V to ±15V, -55°C:s;T A:S; + 125°C for OP-21 A, -25°C:s;T A:S; +85°C for OP-21 E and 

OP-21 F, -40°C:s; T A:S; +85°C for OP-21 G and OP-21 H, unless otherwise noted. 

OP-21A/E OP·21F OP-21G/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average I nput Offset 
TCVos Unnulled 

Voltage Drift 0.5 1.0 to 2.0 2.5 5.0 p.V/'C 

(Notes 1. 2) TCVOSn Nulled 

Input Offset Voltage Vas 75 200 200 500 500 1000 p.V 

Input Offset Current los VCM=O 0.7 5 0.7 6 0.8 8 nA • Input Bias Current Ie VCM=O 50 110 60 130 70 165 nA 

Input Voltage Range IVR -14.3/13.2 -14.3/13.2 -14.3/13.2 V 

No Load. 
Common-Mode 

CMRR 
Vs =±15V, 

98 105 86 100 80 95 dB 
Reiection Ratio -14.5VS VCM 

S13.2V 

Power Supply 
PSRR 

Vs =±2.5V 
4 10 6 18 18 57 p.VIV 

Rejection Ratio to ±15V, No Load 

Large-Signal 
Ava 

Vs =±15V, 
500 1500 250 1300 250 1000 VlmV 

Voltage Gain RL = 2OkO, Va = ±10V 

Output Voltage 
Vo 

Vs =±15V, 
-13.5/13.8 -13.5/13.7 -13.5113.6 V 

Swing RL =20kO 

Vs =±2.5V, 
205 275 215 330 230 380 

Supply Current ISY 
No Load 

p.A 
Vs =±15V. 

No Load 
275 360 285 430 300 500 

NOTES: 
t Sample tesled. 
2. TCVOSn is guaranteed by unnulled TCVos and device design. 
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OP-21 

DICE CHARACTERISTICS (1250 C TESTED DICE AVAILABLE) 

DIE SIZE 0.069 X 0.046 Inch, 3174 sq. mils 
(1.75 x 1.17 mm, 2.05 sq. mm) 

1. BALANCE 
2. INVERTINO INPUT 
3. NON INVERTING INPUT 
4. V-
5. BALANCE 
8. OUTPUT 
7. V+ 

ELECTRICAL CHARACTERISTICS at V s = :l:15V, T A = +25°C for OP-21 Nand OP-21 G devices; T A = +125°C for OP-21 NT and 

OP-21 GT devices, unless otherwise noted. 

OP-21 NT OP-21N OP-21GT OP-21G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos 200 100 500 200 !'VMAX 

Input Offset Current los VCM=O 4 4 5 5 nAMAX 

Input Bias Current 19 VCM=O 100 100 120 120 nAMAX 

Input Voltage Range IVR 
-14.3 -14.5 -14.3 -14.5 

VMIN 
+13.5 +13.5 +13.5 +13.5 

Common-Mode 
CMRR 

No Load 
96 100 86 90 dB MIN 

Rejection Ratio CMVR=IVR 

Power Supply 
PSRR 

Vs = ±2.5V to ± 15V 
10 6 16 10 !'VNMAX 

Rejection Ratio No Load 

Large-Signal 
Avo 

RL = 10kn, 
500 1000 250 500 VlmVMIN 

Voltage Gain Vo =±10V 

Output Voltage Swing Vo RL = 10kn 
-13.5 -13.7 -13.5 -13.7 

VMIN 
+13.8 +14.0 +13.6 +13.9 

Supply Current ISY No Load 300 300 360 360 !'AMAX 

NOTES: 
For 25" C characteristics of NT & GT devices, see N & G characteristics 
respectively. 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after peckaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = +25° C, unless otherwise noted. 

OP-21 NT OP-21N OP-21GT OP-21G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input 
TCVos Un nulled 0.5 0.5 ".vrc 

Offset Voltage Drift 

Nulled Input 
TCVOSn Nulled, Rp = 10kn 0.5 0.5 !,VI"C 

Offaet Voltage Drift 

Large-Signal 
Avo RL = 10kn 2000 2000 1500 1500 VlmV 

Voltage Gain 

Slew Rate SR 
RL = 25kn 

0.25 0.25 0.25 0.25 VI!,s 
CL = l00pF 

Closed-Loop 
BW 

AveL =+1 
600 600 600 600 kHz 

Bandwidth RL = 10kn 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-21 

TYPICAL PERFORMANCE CHARACTERISTICS 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Programmable Supply Current ............•.• 500nA to 400ILA 
• Single Supply Operation ••••.•.••.....•....•....•.•..•.. +3V to +30V 
• Dual Supply Operation ................................ ±1.5V to ±15V 
• low Input Offset Voltage ......................................... 100ILV 
• low Input Offset Voltage Drift ••.•••..................... O.75ILV'oC 
• High Common-Mode Input Range .••••....• V-to V+ (-1.5V) 
• High CMRR and PSRR ............................................. 115dB 
• High Open-loop Gain ........................................ 1800VlmV 
• ±30V Input Overvoltage Protection 
• Unity-Gain Stable 
• lM4250 Pinout and Nulling 
• Available In Die Form 

GENERAL DESCRIPTION 
The OP-22 is a monolithic micropower operational amplifier 
designed to provide excellent accuracy in high-gain applica
tions. Offsets are very low which generally eliminates any 
need for external nulling of Vos. The OP-22 is internally 
compensated and unity-gain stable. It also features high 
open-loop gain, CMRR, and PSRR. This assures good gain 
accuracy and rejection of power supply variations even when 

SIMPLIFIED SCHEMATIC 

Programmable Micropower 
Operational Amplifier 

OP-22 I 
used in circuits with high closed-loop gain. The low offsets 
and high gain accuracy of the OP-22 bring precision perfor
mance to the micropower field. 

The OP-22 is a versatile op amp designed for operation from • 
battery or solar-ce" power sources. Supply current is program-
mable over a range of 500nA to 400",A with a single external 
resistor. Input voltage range is very wide and extends down to 
the negative rail, thus the common-mode input voltage range 
includes ground when operating from a single supply voltage. 
This ability to provide high DC performance over a wide input 
range is particularly useful in single·battery applications. In 
addition, the OP-22 is characterized over a wide supply range of 
:!:1.5V to :!:15V, or +3V to +30V for single supply. 

The OP-22 pin-out and offset nulling are identical to the 
lM4250 and many other micropower operational amplifiers. 
This functional commonality allows easy upgrading of sys
tem performance. By selection of set resistor value, the 
circuit designer can readily use the OP-22 in place of such 
amplifiers as the lM108,lM112, LM4250, ~A776, and ICL8021 
in high-gain, low-frequency applications. 

r-------~--------~------~------------~--~--------~--~------~r---~--~~v+ 

OUTPUT 

-IN 

+IN o---+---+--------t---+--....I 

c, 
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OP-22 
ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ................................................................. ±18V 

Differential Input Voltage ................................................. ±30V 

Input Voltage .................................................... Supply Voltage 

Storage Temperature Range 
J and Z Packages •••••••••••••••••••••••••••••••••••••• -65'C to + 150'C 

Operating Temperature Range 

OP-22A ...................................................... -55'Cto +125'C 

OP-22E. OP-22F •••••••••••••••••••••••••••••••••••••••••• -25'C to +85'C 

OP-22H •••••••••••••••••••••••••••••••••••••••••••••••••••••••• -40'C to +85'C 

Lead Temperature Range (Soldering. 60 sec) •••••••••••• +300'C 

Junction Temperature ••••••••••••••••••••••••••••••••••• -65'C to + 150'C 

PACKAGE TYPE alA (Note 2) alc UNITS 

TQ.99(J) 150 18 oerw 
8·Pin Hermetic DIP (Z) 148 16 'crw 
8·Pin Plastic DIP (P) 103 43 'crw 
8·PinSO(S) 158 43 'erw 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. a. A is specified for worst case mounting conditions, i.e., ajA is specified for 

d~vice in socket for TO, CerDIP and P-DIP packages; aiA is specified for 
device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs = ±1.5V to ±15V, 1J.1A:S ISET:S 10J.lA, TA = +25'C, unless otherwise noted. 

OP-22A/E OP-22F OP-22H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage VOS 100 300 200 500 400 1000 IlV 

Input Offset Current los VCM=O 0.2 0.3 0.5 nA 

ISET= lIlA, VCM=O 2.6 5 3.0 7.5 4.0 10 
Input Bias Current I. 

ISET = 1OIlA, VCM = 0 19 30 24 35 30 50 
nA 

V+=+5V, 
0/3.5 0/3.5 0/3.5 

Input Voltage Range IVR V-=OV. V 
Vs =±15V -15/+13.5 -15/+13.5 -15/+13.5 

Common-Mode CMRR VS=±15V 
100 

Rejection Ratio (Note 2) -15V S VCM S +13.5V 
115 95 105 65 95 dB 

Power Supply 
PSRR 

Vs = ±1.5V to ±15V; 
Rejection Ratio and V-=OV, 1.8 6 6 18 10 32 IlVN 
(Note 1) 

(Note 2) 
V+ = 3V to 30V. 

Vs=±15V, 

ISET= lIlA, 1000 1800 500 900 250 500 VlmV 

Large-Signal 
Avo 

Rl = 100kll. 

Voltage Gain Vs =±15V, 
ISET= 101lA, 1000 1800 500 900 300 500 VlmV 
Rl =IOkIl. 

VS=±1.5V, 
ISET = lIlA, Rl = 100kll & ±0.8 ±0.82 ±0.8 ±0.82 ±0.75 ±0.8 V 

Output Voltage 
Vo 

ISET = 101lA, Rl = IOkIl. 

Swing Vs=±15V, 
ISET = lIlA, Rl = lOOkll & ±14 ±14.2 ±14 ±14.2 ±13.5 ±14 V 
ISET = 101lA, Rl = 10kll. 

Closed-Loop 
AVCl =+1.0, 

BW Vs =±15V, 250 250 250 kHz 
Bandwidth 

ISET = 101lA, Rl = IOkIl. 

Vs =±15V, 
Slew Rate SR ISET = 101lA, 0.08 0.08 0.08 VIi'S 

Rl = IOkIl. 

Vs =±15V,ISET =IIlA. 15 17 16 19 18 21 
Supply Current Vs = ± 15V, ISET = IOIlA. 150 170 160 190 190 210 IlA 

ISY 
No Load Vs = ±1.5V, ISET= lIlA· 10.5 12.5 14 16 17 20 

Vs =±1.5V, ISET= lOIlA. 105 125 140 160 170 200 IlA 

NOTES: 
1. Sample tested for single-supply operation, 100% tested for dual-supply 

operation. 
2. Measured with Vos unnulled and ISET constant. 
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OP-22 
ELECTRICAL CHARACTERISTICS at Vs =±1.5Vto±15V,1!1AS ISETS 10!1A, -55°CSTA S+125°CforOP-22A, -25°CSTA S 

+85°C for OP-22E1F, and -40°C S TA :s; +85°C.for OP-22H, unless otherwise noted. 

OP-22A/E OP-22F OP-22H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average Input 

Offset Voltage TCVes Unnulled 0.75 1.5 1.0 2.0 1.5 3.0 p.VloC 

Drift (Note 1) 

Input Offset Voltage Vas 175 400 350 600 500 1200 
P.V. 

Input Offset Current los VCM-O 0.2 0.3 0.5 3 nA 

Average Input Offset 
TClos (Note 1) 10 3 15 5 25 pAl"C 

Current Drift 

Input Bias Current 18 
ISET-l"A, VCM-O 2.8 3.3 7.5 4.5 10 

nA 
ISET= 10p.A, VCM=O 21 30 27 35 34 50 

Input Voltage V+=+5V, V--OV 0/3.2 0/3.2 0/3.2 
IVR V 

Range Vs =±15V -15/+13.2 -151+13.2 -15/+13.2 

Vs = ±15V 
Common-Mode CMRR -15V"; VCM "; +13.2V 
Rejection Ratio (Note 3) ISET = lp.A 80 105 80 99 80 90 

dB 
I SET = 10p.A 90 115 86 105 80 90 

Power Supply PSRR 
Vs - ±1.5V to ±15V & 

V-=OV, 3.2 10 10 32 32 56 p.VN 
Rejection Ratio (Note 3) 

V+ = 3V to 30V (Note 2) 

Vs =±15V, 
200 400 200 400 100 250 V/mV 

Large-Signal 
Ava 

ISET = Ip.A, RL = 100kn. 

Voltage Gain Vs =±15V, 
ISET = 10p.A, RL = IOkn. 

500 1000 300 750 150 300 V/mV 

Vs=±1.5V, 
ISET = I"A, RL = 100kn & ±0.65 ±0.75 ±0.65 ±0.75 ±0.6 ±0.7 V 

Output Voltage 
Va 

ISET = 10p.A, RL = IOkn. 

Swing Vs =±15V, 
ISET = Ip.A, RL = lOOkn & ±13.6 ±13.6 ±13.6 ±13.8 ±13.0 ±13.5 V 
ISET = 10p.A, RL = IOkn. 

Vs = ±15V, ISET = I"A. 16 18 17 20 20 25 
Supply Current Vs = ± 15V, I SET = 10"A. 160 180 170 200 200 250 p.A 

ISY 
No Load Vs = ±1.5V, ISET = I"A. 12 14 15 18 19 25 

Vs -±1.5V,lsET =10p.A. 120 140 150 180 190 250 "A 

NOTES: 
1. Sample tested. 3. Measunsd with Vas unnulied and I SET constant. 
2. VCM = 1.5V 

ORDERING INFORMATION t PIN CONNECTIONS 

PACKAGE 'SET* 
TA =+2SoC OPERATING • SAL 
VosMAX CERDIP PLASTIC TEMPERATURE 

(IN) TO-99 B-PIN B-PIN RANGE 

~e: 300 OP22AJ1883 OP22AZ* MIL 
-IN 2 ~ 6 OUT 

300 OP22EZ IND 
500 OP22FZ IND 

1000 0P22HZ OP22HP XIND +IN 3 5 BAL 8-PIN CERDIP 

1000 OP22HS XIND • (Z-Suffix) v- {CASEI . Fordevices processed in total compliance to MIL·STD·aa3, add/aa3 after part 8-PIN EPOXY DIP 
number. Consult factory for aa3 data sheet. 

TO-99 (P-Suffix) Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DiP, and TO·can packages. (J-Sufflx) 

8-PINSO 
• NOTE: DO NQI SHORT PIN 8 TO v- OR GROUND. (S-Suffix) 

SEE APPLICATIONS INFORMATION. 
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OP-22 
DICE CHARACTERISTICS 

DIE SIZE 0.070 X 0.050 inch, 3500 sq. mils 
(1.76 X 1.27 mm, 2.26 sq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NON INVERTING INPUT 
4. V-
5. BALANCE 
6. OUTPUT 
7. V+ 
8.ISET 

WAFER TEST LIMITS at Vs= ±1.5Vto ±15V, 11'A $ISET$10I'A, TA = 25°C, unless otherwise noted. 

OP·22N OP·22G OP·22GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT 

Input Offset Voltege VOS 300 SOO 1000 

Input Offset Current los (Note 1) 2 3 

Input Bias Current 18 
ISET= l"A (Note 1) 

S 7.S 10 

ISET= 1011A 30 35 SO 

Input Voltege Range IVR 
V+=+SV.V-=OV 0/3.5 O/3.S O/3.S 
Vs =±lSV -lS/+13.S -lS/+13.S -lS/+13.S 

Common-Mode 
CMRR 

Vs = ±lSV. -lSV S VCM S +13.5V 
100 95 85 

Rejection Ratio (Note 2) 

Power Supply 
PSRR 

Vs= ±l.SV to ±lSV 
6 18 32 

Rejection Ratio V- = OV. V+ = 3V to 30V (Note 2) 

Vs =±lSV. 
1000 SOO 2S0 

large-Signal 
Avo 

ISET= l"A. RL = l00kO. 

Voltage Gain Vs =±lSV. 
1000 SOO 300 

ISET = 101lA. RL = 10kO. 

Vs =±l.SV. 
ISET= lIlA. RL = l00kO & ±0.8 ±0.8 ±0.75 

Output Voltage 
Vo 

ISET = 101lA. RL = 10kO. 

Swing Vs =±l5V. 
ISET= l"A. RL = l00kO & ±14 ±14 ±13.5 
ISET = 101lA. RL = 10kO. 

Vs =±lSV.lsET = lIlA· 17 19 21 
Supply Current 

ISY 
Vs= ±15V. ISET= 101lA. 170 190 210 

No Load Vs= ±l.SV.lsET = lIlA. 12.S 16 20 
Vs =±l.SV.lsET = 10"A. 12S 160 200 

NOTES: 
1. VCM=O 
2. Measured with VOS unnulled and I SET held constent. 

UNITS 

",V MAX 

nAMAX 

nAMAX 

VMIN 

dBMIN 

"VNMIN 

VlmVMIN 

VlmVMIN 

VMIN 

VMIN 

IIA MAX 

IIA MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging is not 
guarenteed for stendard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±1.5V to ±15V, 11'A $ ISET$10I'A. TA = +25°C, unless otherwise 
noted. 

PARAMETER 

Average Input 
Offset Voltage Drift 

Large-Signal 
Voltage Gain 

SYMBOL CONDITIONS 

TCVos Unnulled 

VS =±lSV 

Avo ISET= lIlA. RL = l00kO & 
ISET= 10"A. RL = 10kO 
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TYPICAL PERFORMANCE CHARACTERISTICS 

1000 

100 

10 

SUPPLY CURRENT 
vs SET RESISTOR 

100k 1M 10M 

SET RESISTOR (a) 

BIAS CURRENT 
vs SET CURRENT 

,ooM 

'''~EJ!!. TA -2S"C 

VS "'±1.5V 

1-+--H-I+H1+--+--H-I~II'IV,-- Vs - ±15V 

'0 .... 

0·1.'=", -L..J...UJ-~, --I.....L..u.J.UJ,:'::o---'--'-.LJ.J.~'oo 
SET CURRENT {PAl 

REV,B 

'000 

, .. 

0,' 

0.01 

SET CURRENT 
vs SET RESISTOR 

TA "25°C 

~sl±"5V' 
RSETTOGND 

VS=±15V 

"SET TOV-= = 

VS "±1.5V 
RSETTO GND 

VS· ±1.5V 

RSET lOV 

10k TOOk 1M 10M 100M 

'000 

~, .. 
I-
:; 
a: 
a: 
::> 
<.> 

i .. '0 o 

, , 

Vs 
TA 

L 

SET RESISTOR (n) 

OFFSET CURRENT 
vs SET CURRENT 

±1.5VTO±15V 
25"c 

V 

'0 
SET CURRENT (~Al 

, .. 

OP-22 

SUPPLY CURRENT 
vs SET CURRENT 

1000 
TA 2S"C 

'00 

'0 

~ , 
0,' 

'000 

125" 

~5O 

250 

Vs'" ±lS.m:ffi 

V VS=±1.5V 

~ 

'0 
SET CURRENT (}.IA) 

OFFSET VOLTAGE 
vs SET CURRENT 

/ 

j 

~o 

'00 

f----- - 'E~ 
, , 

I 
11 ... 0 I 

'0 
SET CURRENT (~) 

'00 

OPERA T10NALAMPLIFIERS 2-601 

• 



OP-22 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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COMMON-MODE REJECTION 
vs SET CURRENT 

120 

118 

116 

114 

112 

110 

108 

106 

104 

102 

D •. 22k 

I 
I 

OP-22F 

I 
I 

OP·22H 

I 
Vs·l±lSV 
TA -25"C 

10 100 
seT CURRENT IpAI 

GAIN-BANDWIDTH PRODUCT 
vs SET CURRENT 

1M 
Vs= ±15V 
TA ,"2SoC 

100. 

10k 

~ ,. 
0.1 

" 

" 

10 
SET CURRENT (pAl 

100 

100 

90 

80 

0 

50 

60 

40 

30 

0 

0 

o 
1 

160 

146 

140 

135 

130 

PHASE MARGIN 
vs SET CURRENT 

VS "±15V 
TA -2S0C 

....... 

10 
SET CURRENT (PAl 

OPEN-LOOP GAIN 
vs SET CURRENT 

12 

12 

6'--

0 

11 6 

11 0 

10 5 

100 
1 10 

seT CURRENT I",A) 

100 

100 

REV. B 



TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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OP-22 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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OP-22 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 

SMALL-SIGNAL 
TRANSIENT RESPONSE 

SMALL-SIGNAL 
TRANSIENT RESPONSE 

SMALL-SIGNAL 
TRANSIENT RESPONSE 

AV" +10, CL = 30pF 

ISET'" l,uA 
VS=±15V 

APPLICATIONS INFORMATION 

AV:; +10, CL = 30pF 

ISET = 1DpA 

VS=t1SV 

OP-22 series units may be inserted directly into LM4250, 
/LA776 and ICL8021 sockets with or without removal of 
external nulling components. The value of set resistor for a 
given supply current varies between types and the manufac
turer's data sheets should be consulted for this information. 
Table 1 compares set resistor values for the OP-22 and the 
LM4250. (RSETconnected to V-). 

TABLE 1 
Supply Current va. Set Resistor for OP-22 and LM4250 

ISy=10pA ISy=30pA ISY= 100pA 

VSUPPLY OP-22 LM4250 OP-22 LM4250 OP-22 LM4250 

±1.5V 2.2MIl 1.3MIl 680kll 430kll 220kll 120kll 

±3.0V 6.8MIl 2.7MIl 2.2MIl 910kll 680kll 270kll 

±5.0V 13MIl 4.7MIl 4.3MIl 1.5MIl 1.3MIl 470kll 

±12V 33MIl 12MIl 11MIl 3.9MIl 3.3MIl 1.2MIl 

±15V 43MIl 15MIl 15MIl 5.1 Mil 4.3MIl 1.5MIl 

ISET O.67"A 1.8"A 2.0"A 6.0"A 6.7"A 20"A 

SET-RESISTOR SELECTION 
The value of set resistor for selected supply current may be 
calculated using the "Supply current vs. Set current" curve 
and the formula; 

RSET= (VsuPPLy-2VSE) .........•.........•......... (1) 
ISET 

Alternatively, the "Supply Current vs. Set Current" graph may 
be used in conjunction with the "Set Current vs. Set Resistor" 
graph. VSUPPLY in formula (1) refers to the total supply 
voltage with RSET connected between pin 8 and negative 
supply. RSET may be connected to ground in which case 
VSUPPLY in (1) is the positive supply. 

AV = +10, CL ;; 30pF 

ISET = 1DOpA 
Vs"" t15V 

Biasing the OP-22 with a fixed resistor produces a supply 
current approximately proportional to supply voltage. In 
applications where a constant drain is required with varying 
supply, RSET can be replaced by current generators. Two 
suggested arrangements are shown below: 

(a) 

v-

(b) 

v-

R1 

R2 

ISET'" ;m, lOSS> ISET 

10Mn 

2x 
2N930 

CAUTION: Shorting of pin 8 to negative supply or ground 
will cause excessive ISETWhich in turn will cause excessive 
supply current to flow. ISET should always be limited. 
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OP-22 
OFFSET VOLTAGE ADJUSTMENT 
The offset voltage can be trimmed to zero using a 100kO 
potentiometer (see offset nulling circuit). Adjustment range 
is approximately ±5mV. Resolution of the nulling can be 
increased by using a smaller pot in conjunction with fixed 
resistors as shown below. 

39k<l 
PIN' O----.AIV'----Wl/'---~MI'---_<l PIN 5 

1-
This arrangement has a ±500J'V adjustment range. Offset 
nulling of the OP-22 has negligible effect on the value of 
TCVos· 

OFFSET NULLING CIRCUIT 

v+ 

OUTPUT 
INPUT 

100kn 

RSET 

v-

BURN-IN CIRCUIT* 

+'BY 

2 f':'--.. 7 

6 
OP-22 OUTPUT 

'+/4 
~. 

~ ~'''Mn 
'---

-,BY 

'Other circuits may apply at ADI's discretion. 
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APPLICATIONS CIRCUITS 
A micropower bandgap voltage reference operating at a 
quiescent current of 15J'A may be constructed using an OP-
22 and a MAT-01 dual transistor (see Figure 1). The circuit 
provides a 1.23V reference with better performance than 
micropower I.C. shunt regulators and has the advantages of 
being a series regulator. 

MICROPOWER 1.23 VOLT BANDGAP REFERENCE 

SUPPLY 
+3V TO +30V 

1N914 

Your = 1.23V 
a-5mA 

2.2Mn 

ov 

QUIESCENT CURRENT. 1~A AT 6V INCREASING TO 20pA AT 10V. 
OUTPUT VOLTAGE TEMPERATURE COEFFICIENT (OVER (/' TO 7OOC', 20ppmrc TVP. 
LINE REGULATION, O.01%/VOLT. 
LOAD REGULATION, O.OO'''/mA. 

Figure 1 

GATED MICROPOWER AMPLIFIER 

GAIN =50 

470nF 'Ilkn 
o----j t--""""""""'-+-6--9 

INPUT 

Figure 2 

100nF 

+5VCMOS 
COMPATIBLE 
INPUT 

+5V 

OUTPUT 

ov 
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OP-22 
MICROPOWER INSTRUMENTATION AMPLIFIER - POWER DRAIN:::; 3mW WITH ±5 VOLT SUPPLIES 

r---_.------------------~----~~----------------------_.---------------o+5V 

Figure 3 

1Mn 

100nF 

2.2MfI: 

OV 

-IN 0--------.--+"1: 

OFFSET ADJUST 

lOOkn 
0.1% 

,kn 

50pF 

--'"-..... ---0 -5V 

DUAL TRANSISTOR 
MAT·01AH 

R2 

1kilO.1% 
499kn 0.1% 

2kn CMRR ADJUST 

OV 

50pF 

20kn 

R3 

lknO.l% 

300kn 
0.1% 

50pF 

+lNo-----------------------------------------------------~ 

MAXIMUM 
~--~ ______ ~OU~UT~V 

-5V 

R4 

600kS10.1% 

RL ;;;tIo 30kn 

VOLTAGE GAIN eM 
R1 '" R4 
R2 = R3 

INPUT BIAS CURRENT < lDnA 
CMRR > 100dB o 60Hz 
PSRR > 70dB 
TC Vas < O.2p.V/ DC 
NONLINEARITY < 0.001% 
(AV = 600) 

In Figure 2, the OP-22 is used as a gated amplifier where 
power consumption and bandwidth are controllable. Rs can 
be selected for a specific lower-power operation or omitted 
so the amplifier can be completely shut down. 

TWO TERMINAL 4-20mA TRANSMITTER 

A micropower instrumentation amplifier that consumes less 
than 3mW with ±5V supplies is shown in Figure 3. Offset 
voltage drift is less than 0.2p.VloC and common-mode 
input range is ±3V with CMRR of over 100dB at 60Hz. 

+5 VOLT 
REFERENCE 
2mAMAX. 

SIGNAL 
SOURCE 
0-1DOmV 

5ka1" 

1000 1% 
BOkO 1% 

Process control systems use two-wi re 4-20mA current trans
mitters when sending analog signals through nOisyenviron
ments. The "zero" or "offset" current of 4mA may be used to 
power the transmitter signal conditioning amplifiers and/or 
excite a d.c. transducer. This allows remote signal condition
i ng without having a remote power sou rce. Power is provided 
at the receiving end where the signal current is monitored by 
a precision 500 resistor. The 4-20mA transmitter shown in 
Figure 4 has high stability, excellent linearity, and generates 
the 4-20mA current output. A 5V reference is available for 
powering transducers and micropower amplifiers at a maxi
mum current of 2mA. 

'----'W.--------------------+'O 
I 

COMPLIANCE ................................... 10 VOLT TO 40 VOLT 
LINEARITY ......••••••••.•..•...•••.•••...••..•....•.... 0.002% OF SPAN 
LINE REJECTION, OFFSET .......................... O.OO2%IVOL T 

SPAN ............................. O.005%NOL T 

Figure 4 
TEMPERATURE COEFFICIENTS, OFFSET ........ O.OO2%f'C 

(-2SOC TO +86°C) SPAN .••.•..•.••• O.OO1%JDC 
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OP-22 
MICROPOWER WIEN-BRIDGE OSCILLATOR (Pd < 500"W) 

>-------..... ---oVOUT 

THO <O.5%ATVOUT=3Vp·p 

Figure 5 

MICROPOWER 5 VOLT REGULATOR 

QUIESCENT CURRENT'" 5Oj.(A AT 9V 
LOAD REGULATION, 0.001% I mA 
LINE REGULATION, 0.01% I VOLT 

A1-0P-22 
01,02 -1N914 

3Vp-p AT 1kHz 

TEMPERATURE COEFFICIENT, 40ppmrC (_25°C TO +B6°CI 

Figure 6 

'kn 30 
,% 

'kn 
,% 

lOOkS) 
,% 

3~7 
A' 6 

~ -/~ 
;" 

10MSl 

D':::S ~~ ~D2 

A1. A2 - OP·22. Q1- 2N2222 
01,02 - MAT·ln OR MATCHED DIODES 

'Mn 

SET " OUTPUT 

Figure 5 shows a micropower Wien-bridge oscillator 
designed for battery-powered instrumentation. Output level 
is controlled by nonlinear elements 01 and 02. When 
adjusted for3V p-p output. the distortion level is below 0.5% 
at 1kHz. 

The 5 volt regulator in Figure 6 is intended for instrumenta
tion requiring good power efficiency. Low-power 3-terminal 
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301kn 
,% 

3~7 
A2 6 

~_/8 
;', 

91kSl 4.7MSl ,% 

... 2fMill 

+8.5V<VIN <+3OV 

Q1 

~~ 

: :,oo.F 

'5V 
OUTPUT 
(10mAMAX) 

OV 

Ie regulators typically draw 2mA to 5mA quiescent current 
compared to only 50"A with this discrete implementation. 
Maximum load current is 10mA as shown. and can be 
increased by changing 01 to a power transistor and propor
tionately increasing the set current of A2. 
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~ANALOG 
WDEVICES 

FEATURES 

• Low Noise .................... 80nVp_p (0.1 Hz to 10Hz) 
.......................................... 3nV/VHZ 

• Low Drift .................................. 0.2p.V/oC 
• High Speed ........................ 2.8V/p.s Slew Rate 

............................... 8MHz Gain Bandwidth 
• Low Vos ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10p.V 
• Excellent CMRR ............... 126dB at VCM of ±11V 
• High Open-Loop Gain . .. .. .. .. . .. .. .. .. ... 1_8 Million 
• Fits 725, OP-07, OP-05, AD510, AD517, 5534A sockets 
• Available in Die Form 

ORDERING INFORMATION t 
PACKAGE 

TA =+25°C OPERATING 

VosMAX CERDIP PLASTIC LCC TEMPERATURE 
btV) T0-99 8-PIN 8-PlN 21).CONTACT RANGE 

25 OP27AJ' OP27AZ' MIL 
25 OP27EJ OP27EZ OP27EP INO/COM 
60 OP278J' OP27BZ" OP278R1883 MIL 
60 OP27FJ OP27FZ OP27FP INO/COM 
100 OP27CJ OP27CZ MIL 
100 OP27GJ OP27GZ OP27GP XINO 
100 OP27GStt XINO 

Fordevices processed in total compliance to MIL-STO-883. add /883 after part 
number. Consult factory for 883 data sheet. 
Burnwin is available on commercial and industrial temperature range parts in 
CerOIP. plastic DIP. and TO-can packages. 

It For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 
The OP-27 precision operational amplifier combines the low 
offset and drift of the OP-07 with both high speed and low 
noise. Offsets down to 25p.V and drift of O.6p.V/oC maximum 
make the OP-27 ideal for precision instrumentation applica
tions. Exceptionally low noise, en = 3.SnVly"HZ, at 10Hz, a 
low 111 noise corner frequency of 2.7Hz, and high gain (1.8 
million), allow accurate high-gain amplification of lOW-level 

SIMPLIFIED SCHEMATIC 

REV. A 

NON
INVERTING 

INPUT, o:+'-+-t~r-t--fE:---K. 

INVERTING 

INPUT .. H~""_+--+-___ f-___ .J 

• R1111 R2ARE PERMANENTLY ADJUSTED 
AT WAFER TEST FOR MINIMUM 
OFFSET VOLTAGE. 

Low-Noise Precision 
Operational Amplifier 

OP-27 I 
signals. A gain-bandwidth product of 8M Hz and a 2.8V/p.sec 
slew rate provides excellent dynamic accuracy in high-speed 
data-acquisition systems . 

A low input bias current of ±10nA is achieved by use of a 
bias-current-canceliation circuit. Over the military temper- 2 
ature range, this circuit typically holds 18 and los to ±20nA 
and 1SnA respectively. 

The output stage has good load driving capability. A guaran
teed swing of± 10V into 6000 and low output distortion make 
the OP-27 an excellent choice for professional audio applica
tions. 

PSRR and CMRR exceed 120dB. These characteristics, 
cou pled with long-term d rift of 0.2p. Vlmonth, allow the ci rcuit 
designer to achieve performance levels previously attained 
only by discrete designs. 

PIN CONNECTIONS 

BAL8 

BALfi}7V+ 
-IN2 GOUT 

+INa SN.e. 

4V- (CASE) 

TO-99 
(J-Sufflx) 

8-PIN HERMETIC DIP 
(Z-Suffix) 

EPOXY MINI-DIP 
(P-Suffix) 

S-PINSO 
(S-Suffix) 

OP-27BRC/883 
LCC PACKAGE 

(RC-Suffix) 

OUTPUT 
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OP-27 
Low cost, high-volume production of OP-27 is achieved by 
using an on-chip zener-zap trimming network. This reliable 
and stable offset trimming scheme has proved its effective
ness over many years of production history. 

The OP-27 provides excellent performance in low-noise 
high-accuracy amplification of low-level Signals. Applica
tions include stable integrators, precision summing ampli
fiers, precision voltage-threshold detectors, comparators, 
and professional audio circuits such as tape-head and 
microphone preamplifiers. 

The OP-27 is a direct replacementfor 725, OP-06, OP-D7 and 
OP-D5 amplifiers; 741 types may be directly replaced by 
removing the 741's nulling potentiometer. 

ABSOLUTE MAXIMUM RATINGS (Note 4) 
Supply Voltage .......•......................................................•.. 1:.22V 
Input Voltage (Note 1) ...................................................... ",22V 
Output Short-Circuit Duration ..•................•.•..•...•...... Indefinite 
Differential Input Voltage (Note 2) .•..........................•....• ",0.7V 
Differential Input Current (Note 2) ..............................•. ",25mA 
Storage Temperature Range ......••..........•..... -65·C to + 150·C 

Operating Temperature Range 
OP-27 A, OP-27B, OP-27C (J, Z. RC) •••••••• -55·C to + 125·C 
OP-27E, OP-27F (J, Z) ................................ -25·C to +85·C 
OP-27E, OP-27F (P) ........................................ O·C to +70·C 
OP-27G (P, S, J, Z) ...................................... -40·C to +85·C 

Lead Temperature Range (Soldering, 60 sec) ••••••...•.••• 300·C 
Junction Temperature ................................... -65·C to + 150·C 

PACKAGE TYPE 8 IA (Note3) 8 1C UNITS 

T()'99 (J) 150 18 'cm 
8-Pln Hermetic DIP (Z) 148 18 'CfW 

8·Pin Plastic DIP (P) 103 43 'CfW 

2Q.Contact LCC (RC) 98 38 'CfW 

8·PinSO(5) 158 43 'CfW 

NOTES: 
1. For supply voltages less than ±22V, the absolute maximum input voltage Is 

equal to the supply voltage. 
2. The OP-2Ts Inputs are protected by back-to-back diodes. Current limiting 

resistors are not used In orderto achieve low noise. "differential input voltage 
excesds -Hl.7V, the input current should be limited to 25mA. 

3. 81A Is spec/fied for worst case mounting conditions, I.e., alA is specified for 
device In socket for TO, CerDlP, P-DIP, and LCC packages; 8lA is specified 
for device soldered to printed circuit board for SO package. 

4. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs =±15V, TA = 25·C, unless otherwise noted. 

OP-27A/E OP-27B/F OP-27C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Off.et Voltage Vos (Note 1) 10 25 20 60 30 100 pV 

Long-Term Vas 
VoslTIme Stability (Notes 2,3) 0.2 1.0 0.3 1.5 0.4 2.0 pVlMo 

Input Offset Current los 35 50 12 75 nA 

Input Bias Current 10 ±10 ±40 ±12 ±55 ±15 ±60 nA 

Input Noise Voltage 
O.lHz to 10Hz 

8 np_p (Not.s3,5) 0.08 0.18 0.08 0.18 0.09 0.25 pVp-p 

Input Noise 
lo~ 10Hz (Note 3) 3.5 5.5 3.5 5.5 3.8 8.0 

en 10~30Hz (Note 3) 3.1 4.5 3.1 4.5 3.3 5.6 nV/VHZ 
Voltage Density 10 ~ 1000Hz (Note 3) 3.0 3.8 3.0 3.8 3.2 4.5 

10 ~ 10Hz (Note. 3,6) 1.7 4.0 1.7 4.0 1.7 
Input Noise 

In 10 ~ 30Hz (Note. 3, 6) 1.0 2.3 1.0 2.3 1.0 pA/VHZ 
Current Density 10 ~ 1000Hz (Note. 3, 6) 0.4 0.6 0.4 0.6 0.4 0.6 

Input Resistance -
R'N (Note 7) 1.3 

Differential-Mode 
6 0.94 0.7 MO 

Input Resistance -
R1NCM 2.5 GO 

Common-Mode 

Input Voltage Range IVR ±11.0 ±12.3 ±11.0 ±12.3 ±11.0 ±12.3 V 
Common-Mode 
Rejection Ratio 

CMRR VCM~±llV 114 126 106 123 100 120 dB 

Power Supply 
Rejection Ratio 

PSRR Vs~±4Vto±18V 10 10 20 pVIV 

Large-Signal RL " 2kO, Vo ~ ±10V 1000 1800 1000 1800 700 1500 
Voltage Gain Avo RL ,,6000, Vo~±10V 800 1500 800 1500 600 1500 VlmV 

Output Voltage RL ,,2kO ±12.0 ±13.8 ±12.0 ±13.8 ±11.5 ±13.5 
Vo V 

Swing RL ,,6000 ±10.0 ±11.5 ±10.0 ±11.5 ±10.0 ±11.5 

Slew Rate SR RL " 2kO (Note 4) 1.7 2.8 1.7 2.8 1.7 2.8 Vip. 

2-610 OPERA TlONALAMPLlFIERS REV. A 



OP-27 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25°C, unless otherwise noted. (Continued) 

OP-27A/E OP-27B/F OP-27C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Gain Bandwidth Prod. GBW (Note 4) 5.0 B.O 5.0 B.O 5.0 B.O MHz 

Open-Loop Output 

Resistance 
Ro 70 70 70 n 

Power Consumption Pd 90 140 90 140 100 170 mW 

Offset Adjustment 
___ ~ __________________ R_p_~ __ '0_k_n ___________________ ±_4_.0 ____________________ ±_4_.0 ____________________ ±_4_.0 ______________ m_v_ 2 Range 

NOTES: days are typically 2.5"V - reler to typical performance curve. 
1. Input ollset voltage measurements are perlormed - 0.5 seconds alter 3. Sample tested. 

application 01 power. AlE grades guaranteed lully warmed-up. 4. Guaranteed by design. 
2. Long-term input offset voltage stability refers to the average trend line of 5. See test circuit and frequency response curve for 0.1 Hz to 10Hz tester. 

Vas VB. Time over extended periods after the first 30 days of operation. 6. See test circuit for current noise measurement. 
Excluding the initial hour of operation, changes in Vos during the first 30 7. Guaranteed by input bias current. 

ELECTRICAL CHARACTERISTICS for Vs = ± 15V, -55"C ~ TA ~ + 125" C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Ollset Voltage Vas 

Average Input TeVos 
Offset Drift TeVosn 

Input Offset Current los 

Input Bias Current 18 

Input Voltage Range IVR 

Common-Mode 
Rejection Ratio 

Power Supply 

Rejection Ratio 

Large-Signal 
Voltage Gain 

CMRR 

PSRR 

AVO 

(Note 1) 

(Note 2) 
(Note 3) 

Vs = ±4.5V to ±IBV 

RL "2kO. Vo =±10V 

OP-27A 
MIN TYP MAX 

30 80 

0.2 0.6 

15 50 

±20 ±80 

±10.3 ±11.5 

lOB 122 

2 16 

800 1200 

OP-27B OP-27C 
MIN TYP MAX MIN TYP MAX UNITS 

50 200 70 300 "v 

0.3 1.3 0.4 I.B pV,OC 

22 B5 30 135 nA 

±2B ±95 ±35 ±150 nA 

±10.3 ±11.5 ±10.2 ±11.5 V 

100 119 94 116 dB 

20 4 51 "VN 

500 1000 300 800 VlmV 

Output Voltage Vo RL,,2kn ±11.5 ±13.5 ±11.0 ±13.2 ±10.5 ±13.0 V 
Swin~g ________________________________________________________________________________________________________ _ 

ELECTRICAL CHARACTERISTICS at V s = :t 15V, -25°C s T A s +85"C for OP-27 J and OP-27Z, O°C s T A S + 70"C for OP·27EP, 
FP and -40°C s T AS +85"C for OP-27GP, GS, unless otherwise noted. 

OP-27E 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

Input OHset Voltage Vos 

Average Input 

Offset Drift 
TCVOS 
TCVosn 

Input Offset Current los 

Input Bias Current Ie 

Input Voltage Range IVR 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Large-Signal 
Voltage Gain 

Output Voltage 
Swing 

NOTES: 

CMRR 

PSRR 

AVO 

(Note 2) 
(Note 3) 

Vs = ±4.5V to ±18V 

20 

0.2 

10 

±14 

±10.5 ±l1.B 

110 124 

2 

750 1500 

±11.7 ±13.6 

1. Input offset voltage measurements are performed by automated test 
equipment approximately 0.5 seconds alter application 01 power. AlE 
grades guaranteed lully warmed-up. 
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50 

0.6 

50 

±60 

15 

OP-27F OP-27G 
MIN TYP MAX MIN TYP MAX UNITS 

40 140 55 220 "V 

0.3 1.3 0.4 I.B 

14 B5 20 135 nA 

±lB ±95 ±25 ±150 nA 

±10.5 ±ll.B ±to.5 ±11.8 V 

102 121 9B 118 dB 

16 2 32 "VN 

700 1300 450 1000 VlmV 

±1'.4 ±13.5 ±11.0 ±13.3 V 

2. The TeVos performance is within the specifications unnulled or when 
nulled with Rp = 8kO to 20kO. TCVos is 100% tested lor AlE grades. 
sample tested lor BICIFIG grades. 

3. Guaranteed by design. 
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OP-27 
DICE CHARACTERISTICS 

DIE SIZE 0.109 X 0.055 inch, 5995 sq. mils 
(2.77 X 1.40mm, 3.88 sq. mm) 

1. NULL 
2. (-) INPUT 
3. (+) INPUT 
4. y-
6. OUTPUT 
7. y+ 
8. NULL 

WAFER TEST LIMITS at Vs = ± 15V, T A = 25 0 C for OP-27N, OP-27G, and OP-27GR devices; T A = 1250 C for OP-27NT and 
OP-27GT devices, unless otherwise noted. 

OP-27NT OP-27N OP-27GT' OP-27G OP-27GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos (Note 1) 60 35 200 60 100 p.VMAX 

Input Offset Current los 50 35 B5 50 75 nAMAX 

Input Bias Current IB ±60 ±40 ±95 ±55 ±BO nAMAX 

Input Voltage Range IVR ±10.3 ±11 ±10.3 ±11 ±11 VMIN 

Common-Mode 
CMRR VCM~ IVR 10B 

Rejection Ratio 
114 100 106 100 dB MIN 

Power Supply 
PSRR Vs ~ ±4V to ±1BV 

Rejection Ratio 
10 10 20 p.VNMAX 

Large-Signal RL2:2kn, Vo~±10V 600 1000 500 1000 700 
V/mVMIN 

Voltage Gain Avo RL2:600n, Vo~±10V BOO BOO 600 

RL2:2kn ±11.5 ±12.0 ±11.0 ±12.0 ±11.5 
VMIN Output Voltage Swing Vo RL2:600n ±10.0 ±10.0 ±10.0 

Power Consumption Pd Vo~O 140 140 170 mWMAX 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = +250 C, unless otherwise noted. 

OP-27N OP-27G OP-27GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS 

Average Input Offset TCVosor Nulled or Unnulled 
0.2 0.3 0.4 p.VloC 

Voltage Drift TCVOSn Rp ~ Bkn to 20kn 

Average Input Offset 
TClos BO 130 1BO pN°C 

Current Drift 

Average Input Bias 
TCI B 100 160 200 pN°C 

Current Drift 

Input Noise 
fo~ 10Hz 3.5 3.5 3.B 

Voltage Density en fo~ 30Hz 3.1 3.1 3.3 nVly'Hz 
fO~ 1000Hz 3.0 3.0 3.2 

Input Noise 
fo~ 10Hz 1.7 1.7 1.7 

in fo~ 30Hz 1.0 1.0 1.0 pNy'Hz 
Current Density 

fo~ 1000Hz 0.4 0.4 0.4 

Input Noise Voltage enp_p 0.1Hz to 10Hz O.OB O.OB 0.09 p.Vp-p 

Slew Rate SR RL2: 2kn 2.B 2.B 2.B VII's 

Gain Bandwidth Product GBW B B B MHz 

NOTE: 
1. Input offset voltage measurements are performed by automated test 

equipment approximately 0.5 seconds after application of power. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

O.lHz TO 10Hzp_p NOISE TESTER 
FREQUENCY RESPONSE 

50 I-- TEST TIME OF 10 SEC FURTHER 

: r-11~iOi I FliillliEiCllillilliH"1 
0.01 0.1 1.0 10 100 

FREQUENCY (Hz) 

INPUT WIDEBAND VOLTAGE 
NOISE vs BANDWIDTH (0.1 Hz 
TO FREQUENCY INDICATED) 

0.01 '--'-l....I.JWJ.LL.......l.....J....1..LJ.lw........l---WLLULW 
100 lk 10k 

BANDWIDTH {Hz} 

~4 
§ 
lJl o 3 z 
w 

~ 
g 2 

1 
o 

VOLTAGE NOISE DENSITY 
vs SUPPLY VOLTAGE 

Tl. 2"C 

-- AT 10Hz 

- AT 1kHz 

10 20 30 

100k 

40 
TOTAL SUPPL V VOLTAGE (V+ - V-I (VOLTS) 

REV. A 

VOLTAGE NOISE DENSITY 
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OP-27 

TYPICAL PERFORMANCE CHARACTERISTICS 

OFFSET VOLTAGE DRIFT OF 
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vs TEMPERATURE 
60 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-27 
TYPICAL PERFORMANCE CHARACTERISTICS 

VOLTAGE NOISE TEST CIRCUIT (0.1 Hz-TO-10Hz) 

4.3." 22prF SCOPE 
Xl 

2'2~FI RiN - lMn 

110kn 

NOTE: ALL CAPACITOR VALUES ARE fOR 
NON POLARIZED CAPACITORS ONLY. 

OPEN-LOOP VOLTAGE GAIN VI 

LOAD RESISTANCE 
2.' r-rT"TT1mT1"-.-rT""TTrm-"""T-n"TTTm 

2.21- ~A 1.12~~II+-++++HtIl--H--H++m 
:> I-VS = ±15V 
~ 2.0 L"t-t+±~I*-+I-++-I4#I 
;:: 1.8 1-+-t-ttftfl!~VR-++++IJ+.-l+l+l-Itlj 
~ 1.61-+-t-tt1+lH1f-If-+++++IJ+.-l+l+l-Itlj 
\l 
~ 1.41-+-t-ttI-llrl-f-+++++IJ+.-l+l+l-Itlj 
o 
~ 1.21-+-t-thftfH-f-+++++IJ+.-l+l+l-Itlj 
9 1.0 1-+-t-tl-Hflj-f-+..++fI+l+-++i+J.j.jjj 
~ 
~ 0.8 1-+-t++-Hflj-f-+..++fI+l+-+--Hi+J.j.jjj 

0.61--H'-ftftfl!-f-+++++IJ+.-l-J-.!l+l-Itlj 
O·~OOL-..LJ....u.Wll,.-L..J..J...llll,LLO.-1..LLillllJl00k 

LOAD RESISTANCE (n) 

APPLICATIONS INFORMATION 
OP-27 Series units may be inserted directly into 725, OP-06, 
OP-07 and OP-05 sockets with or without removal of external 
compensation or nulling components. Additionally, the OP-
27 may be fitted to unnulled 741-type sockets; however, if 
conventional 741 nulling circuitry is in use, it should be modi
fied or removed to ensure correct OP-27 operation. OP-27 
offset voltage may be nulled to zero (or other desired setting) 
using a potentiometer (see Offset Nulling Circuit). 

The OP-27 provides stable operation with load capacitances 
of up to 2000pF and ± 10V swings; larger capacitances should 
be decoupled with a 500 resistor inside the feedback loop. 
The OP-27 is unity-gain stable. 

Thermoelectric voltages generated by dissimilar metals at 
the input terminal contacts can degrade the drift perfor
mance. Best operation will be obtained when both input 
contacts are maintained at the same temperature. 

OFFSET VOLTAGE ADJUSTMENT 
The input offset voltage of the OP-27 is trimmed at wafer 
level. However, if further adjustment of Vos is necessary, a 
10kO trim potentiometer may be used. TCVos is not degraded 
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(see Offset Nulling Circuit). Other potentiometer values from 
1 kO to 1 MO can be used with a slight degradation (0.1 to 
0.2p.VlOC) of TCVos. Trimming to a value other than zero 
creates a drift of approximately (Vos/300) p.V/. C. For exam
ple, the change in TCVos will be 0.33p.V/· C if Vos is adjusted 
to 100p.V. The offset-voltage adjustment range with a 10kO 
potentiometer is ±4mV. If smaller adjustment range is re
quired, the nulling sensitivity can be reduced by using a 
smaller pot in conjuction with fixed resistors. For example, 
the network below will have a ±280p.V adjustment range. 

4.7kn 
1knPQT 

v+ 

NOISE MEASUREMENTS 

4.7kn . 8 
o 

To measure the 80nV peak-to-peak noise specification of the 
OP-27 in the 0.1 Hz to 10Hz range, the following precautions 
must be observed: 
(1) The device has to be warmed-up for at least five minutes. 

As shown in the warm-up drift curve, the offset voltage 
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typically changes4~V due to increasing chip temperature 
after power-up. In the 10-second measurement interval, 
these temperature-induced effects can exceed tens-of
nanovolts. 

(2) For similar reasons, the device has to be well-shielded 
from air currents. Shielding minimizes thermocouple 
effects. 

(3) Sudden motion in the vicinity ofthe device can also "feed
through" to increase the observed noise. 

(4) The test time to measure 0.1 Hz-to-10Hz noise should not 
exceed 10 seconds. As shown in the noise-testerfrequency
response curve, the 0.1 Hz corner is defined by only one 
zero. The test time of 10 seconds acts as an additional 
zero to eliminate noise contributiol)s from the frequency 
band below 0.1 Hz. 

(5) A noise-voltage-density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage-density measurement will correlate well 
with a 0.1 Hz-to-10Hz peak-to-peak noise reading, since 
both results are determined by the white noise and the 
location of the 1/f corner frequency. 

UNITY-GAIN BUFFER APPLICATIONS 
When RI~ 1000 and the input is driven with a fast, large signal 
pulse (>1V), the output waveform will look as shown in the 
pulsed operation diagram below. 

During the fast feedthrough-like portion of the output, the 
input protection diodes effectively short the output to the 
input and a current, limited only by the output short-circuit 
protection, will be drawn by the signal generator. With 
RI 2: 5000, the output is capable of handling the current 
requirements (IL~ 20mA at 10V); the amplifier will stay in its 
active mode and a smooth transition will occur. 

When RI > 2kO, a pole will be created with RI and the 
amplifier's input capacitance (8pF) that creates additional 
phase shift and reduces phase margin. A small capacitor 
(20 to 50pF) in parallel with RI will eliminate this problem. 

PULSED OPERATION 

COMMENTS ON NOISE 
The OP-27 is a very low-noise monolithic op amp. The out
standing input voltage noise characteristics of the OP-27 are 
achieved mainly by operating the input stage ata high quies
cent current. The input bias and offset currents, which would 
normally increase, are held to reasonable values by the input-
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OP-27 
bias-current cancellation circuit. The OP-27A1E has IB and 
los of only ±40nA and 35nA respectively at 25° C. This is 
particularly important when the input has a high source
resistance. In addition, many audio amplifier designers 
prefer to use direct coupling. The high IB' Vos, TCVos of 
previous designs have made direct coupling difficult, if not 
impossible, to use. 

Voltage noise is inversely proportional to the square-root of 
bias current, but current noise is proportional to the square-
root of bias current. The OP-27's noise advantage disappears • 
when high source-resistors are used. Figures 1, 2, and 3 
compare OP-27 observed total noise with the noise perfor-
mance of other devices in different circuit applications. 

Total noise = [(Voltage noise)2 + (current noise x RS)2 + 
(resistor noise )2]1/2 

Figure 1 shows noise-versus-source-resistance at 1000Hz. 
The same plot applies to wideband noise. To use this plot, just 
multiply the vertical scale by the square-root of the 
bandwidth. 

Figure 1 

NOISE vs SOURCE RESISTANCE 
(INCLUDING RESISTOR NOISE) 

AT 1000Hz. 
10 0 

0 

OP-08/10B ~;;i! 

~P-oJ ~ 
0 

5 5534 
1 RS UNMATCHED 

u.g.RS-RS1-1Ok,RS2-0 
2RSMATCHED 

e.g.Rs~10k,RS1~RS2~5k 

OP-27f3~ 

14> A" ~~SISTOR 
NOISE ONLY 

1 
50 100 500 lk 5k 10k SOk 

RS - SOURCE RESISTANCE m) 

At Rs < 1 kO, the OP-27's low voltage noise is maintained. 
With Rs> 1 kO, total noise increases, but is dominated by the 
resistor noise rather than current or voltage noise. It is only 
beyond Rsof 20kO that current noise starts todominate. The 
argument can be made that current noise is not important for 
applications with low-to-moderate source resistances. The 
crossover between the OP-27 and OP-07 and OP-08 noise 
occurs in the 15-to-40kO region. 

Figure 2 shows the 0.1 Hz-to-10Hz peak-to-peak noise. Here 
the picture is less favorable; resistor noise is negligible, cur
rent noise becomes important because it is inversely propor
tional to the sq uare-root of freq uency. The crossover with the 
OP-07 occurs in the 3-to-5kO range depending on whether 
balanced or unbalanced source resistors are used (at3kO the 
IB' los error also can be three times the Vos spec.). 
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Figure 2 

PEAK-TO-PEAK NOISE (0.1 to 
10Hz) vs SOURCE RESISTANCE 
(INCLUDES RESISTOR NOISE). 
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Therefore, for low-frequency applications, the OP-07 is bet
ter than the OP-27/37 when Rs> 3kO. The only exception is 
when gain error is important. Figure 3 illustrates the 10Hz 
noise. As expected, the results are between the previous two 
figures. 

For reference, typical source resistances of some signal 
sources are listed in Table 1. 

Table 1 

SOURCE 
DEVICE IMPEDANCE COMMENTS 

Strain gauge 

Magnetic 
tapehead 

Magnetic 
phonograph 
cartridges 

Linear variable 

differential 
transformer 

FREQUENCY 
AT: 

3Hz 

10Hz 

30Hz 

<5000 

<15000 

<15000 

<15000 

Typically used in low-frequency 
applicalions. 

Low Ie very important to reduce 
self-magnetization problems when 
direct coupling is used. OP-27 Ie 
can be neglected. 

Similar need for low 18 in direct 
coupled applications. OP-27 will not 
Introduce any self-magnetization 
problem. 

Used in rugged servo-feedback 
applications. Bandwidth of interest is 
400Hz to 5kHz. 

OPEN-LOOP GAIN 

OP-07 OP-27 OP-37 

100dB 124dB 125dB 

100dB 120dB 125dB 

90dB 110dB 124dB 

For further information regarding noise calculations, see 
"Minimization of Noise in Op-Amp Applications," Application 
Note AN-15. 
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Figure 3 

10Hz NOISE vs 
SOURCE RESISTANCE 

(INCLUDES RESISTOR NOISE). 
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AUDIO APPLICATIONS 

The following applications information has been abstracted 
from a PMI article in the 12/20/80 issue of Electronic Design 
magazine and updated. 

'igure 4 is an example of a phono pre-amplifier circuit using 
the OP-27 for AI; R1-R2-Cl-C2 form a very accurate RIAA 
network with standard component values. The popular method 
to accomplish RIAA phono equalization is to employ 
frequency-dependent feedback around a high-quality gain 
block. Properly chosen, an RC network can provide the three 
necessary time constants of 3180, 318, and 751-1s.1 

For initial equalization accuracy and stability, precision 
metal-film resistors and film capaCitors of polystyrene or 
polypropylene are recommended since they have low voltage 
coefficients, dissipation factors, and dielectric absorption.4 

(High-K ceramic capaCitors should be avoided here, though 
low-K ceramics-such as NPO types, which have excellent 
dissipation factors, and somewhat lower dielectric absorption
can be considered for small values.) 

Figure 4 

R3 
lOon 

C4 {21 

(+)220J.l~) R5 

~~ 
LF ROLLOH ":'" 

OUT IN 

C3 

0.47J.1F 

G= 1kHz GAIN 

=0.101 (1+*) 

OUTPUT 

= 98.677 (39.9 dB) AS SHOWN 

REV. A 



The OP-27 brings a 3.2nVlVHZ voltage noise and 0.45 
pAlVHZ current noise to this circuit. To minimize noise 
from other sources, R3 is set to a value of 1000, which 
generates a voltage noise of 1.3nVlVHZ. The noise in
creases the 3.2nVlVHZ of the amplifier by only 0.7d8. With 
a 1 kO source, the circuit noise measures 63dB below a 1 mV 
reference level, unweighted, in a 20kHz noise bandwidth. 

Gain (G) of the circuit at 1 kHz can be calculated by the 
expression: 

G=0.101 (1 + :; ) 

For the values shown, the gain is just under 100 (or 40dB). 
Lower gains can be accommodated by increasing R3, but 
gains higher than 40dB will show more equalization errors 
because of the 8MHz gain-bandwidth of the OP-27. 

This circuit is capable of very low distortion over its entire 
range, generally below 0.01% at levels up to 7V rms. At 3V 
output levels, it will produce less than 0.03% total harmonic 
distortion at frequencies up to 20kHz. 

Capacitor C3 and resistor R4 form a simple -6dB-per-octave 
rumble filter, with a corner at 22Hz. As an option, the switch
selected shunt capacitor C4, a non polarized electrolytic, 
bypasses the low-frequency rolloff. Placing the rumble fil
ter's high-pass action after the preamp has the desirable 
result of discriminating against the RIAA-amplified low
frequency noise components and pickup-produced low
frequency disturbances. 

A preamplifier for NAB tape playback is similar to an RIAA 
phono preamp, though more gain is typically demanded, 
along with equalization requiring a heavy low-frequency 
boost. The circuit in Fig. 4 can be readily modified for tape 
use, as shown by Fig. 5. 

TAPE 
HEAD 

Figure 5 

R, c. 

R2 

SkU 

loon 

R1 

313kn 

O.Ol.uF 

O.47t./F 

f 
Tl = 3180;,15 
T2 = 50}lS 

While the tape-equalization requirement has a flat high
frequency gain above 3kHz (T2 = 50/ls), the amplifier need 
not be stabilized for unity gain. The decompensated OP-37 
provides a greater bandwidth and slew rate. For many appli
cations, the idealized time constants shown may require 
trimming of R, and R2 to optimize frequency response for 
non ideal tape-head performance and other factors.5 
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OP-27 
The network values of the configuration yield a 50dB gain at 
1 kHz, and the dc gain is greater than 70dB. Thus, the worst
case output offset is just over 500mV. A single 0.47/lF output 
capacitor can block this level without affecting the dynamic 
range. 

The tape head can be coupled directly to the amplifier input, 
since the worst-case bias current of 80nA with a 400mH, 100 
/lin. head (such as the PRB2H7K) will not be troublesome. 

One potential tape-head problem is presented by amplifier 
bias-current transients which can magnetize a head. The 
OP-27 and OP-37 are free of bias-current transients upon 
power up or power down. However, it is always advantageous 
to control the speed of power supply rise and fall, to elimi
nate transients. 

In addition, the dc resistance of the head should be carefully 
controlled, and preferably below 1 kO. For this configura
tion, the bias-current-induced offset voltage can be greater 
than the 100/lV maximum offset if the head resistance is not 
sufficiently controlled. 

A simple, but effective, fixed-gain transformerless lI.icro
phone preamp (Fig. 6) amplifies differential signals from low
impedance microphones by 50dB, and has an input impe
dance of2kO. Because of the high working gain of the circuit, 
an OP-37 helps to preserve bandwidth, which will be 110kHz. 
As the OP-37 is a decompensated device (minimum stable 
gain of 5), a dummy resistor, Rp, may be necessary, if the 
microphone is to be unplugged. Otherwise the 100% feed
back from the open input may cause the amplifier to oscillate. 

Common-mode input-noise rejection will depend upon the 
match of the bridge-resistor ratios. Either close-tolerance 
(0.1%) types should be used, or R4should betrimmed for best 
CMRR. All resistors should be metal-film types for best sta
bility and low noise. 

Noise performance of this circuit is limited more by the input 
resistors R, and R2 than by the op amp, as R, and R2 each 
generate a 4nVlVHZ noise, while the op amp generates a 
3.2nVlVHZ noise. The rms sum of these predominant noise 
sources will be about 6nVlVHZ, equivalent to 0.9/lV in a 
20kHz noise bandwidth, or nearly 61dB below a 1mV input 
signal. Measurements confirm this predicted performance. 

R1 

1kn 

LOW IMPEDANCE 
MICROPHONE INPUT ~ 

(Z = 50 TO 200n) ~-L 

~=~ 
Rl R2 

R2 

1kn 

Figure 6 

R3 

316kn 

R4 

316kfl 

Cl R6 

5.uF loon 

R7 OUTPUT 
10kn 
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OP-27 
For applications demanding appreciably lower noise, a high
quality microphone-transformer-coupled preamp (Fig. 7) 
incorporates the internally-compensated OP-27. T, is a 
JE-115.K-E 1500/15kO transformer which provides an opti
mum source resistance for the OP-27 device. The circuit has 
an overall gain of 40dB, the product of the transformer's 
voltage setup and the op amp's voltage gain. 

1500 
SOURCE 

R1 

121.Q 

C2 

1800pF 

R2 

1100.12 

OUTPUT 

*Tl '" JENSEN JE-l 15K-E 

JENSEN TRANSFORMERS 
10735 Burbank Blvd. 
N. Hollywood, CA 91601 

Gain may be trimmed to other levels, if desired, by adjusting 
A2 or A" Because of the low offset voltage of the OP-27, the 
output offset of this circuitwill be very low, 1.7mVor less, for a 
40dB gain. The typical output blocking capacitor can be 

BURN-IN CIRCUIT 

2-620 OPERA TlONALAMPLIFIERS 

eliminated in such cases, but is desirable for higher gains to 
eliminate switching transients. 

Capacitor C2 and resistor A2 form a 2ps time constant in this 
circuit, as recommended for optimum transient response by 
the transformer manufacturer. With C2 in use, A, must have 
unity-gain stability. For situations where the 2ps time con
stant is not necessary, C2 can be deleted, allowing the faster 
OP-37 to be employed. 

Some comment on noise is appropriate to understand the 
capability of this circuit. A 1500 resistor and A, and A2 gain 
resistors connected to a noiseless amplifier will generate 220 
nV of noise in a 20kHz bandwidth, or 73dB below a 1 mV 
reference level. Any practical amplifier can only approach 
this noise level; it can never exceed it. With the OP-27 and T, 
specified, the additional noise degradation will be close to 
3.6dB (or-69.5 referenced to 1mV). 
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11IIIIIIII ANALOG 
WDEVICES 

High-Speed (AvCL > 10) Programmable 
Micropower Operational Amplifier 

FEATURES 
• Programmable Supply Current ..................... SOOnA to 2mA 
• Single Supply Operation ................................... +3V to +30V 
• Dual Supply Operation ................................... ±1.SVto±1SV 
• Low Input Offset Voltage ............................................ 100"V 
• Low Input Offset Voltage Drift ................................ o.s"vrc 
• High Common-Mode Input Range ............•• V-to V+ (-1.SV) 
• High CMRR and PSRR ............................................... 11SdB 
• High Open-Loop Gain .......................................... 2000V/mV 
• ±30V Input Overvoltage Protection 
• Fast ...................................................... 1V/"s@ ISY = 300!lA 
• LM42S0 Pinout 
• Compensated for Minimum Gain of 10 
• Available in Die Form 

ORDERING INFORMATION t 
TA =25°C PACKAGE OPERATING 

VosMAX CERDIP PLASTIC TEMPERATURE 
(IlV) a-PIN S-PIN RANGE 

300 OP32AZ' MIL 
300 OP32EP OP32EZ INO 
500 OP32FP OP32FZ INO 
1000 OP32GP OP32GZ INO 

Fordevices processed in total compliance to MIL-STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDlP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The OP-32 is a high-speed, high-gain programmable opera
tional amplifier. Both offset voltage and offset current are 
low, and both are stable with changes in temperature, supply 
voltage, and set current. High CMRR and PSRR ensure 

SIMPLIFIED SCHEMATIC 

OP-32 I 

precIsion performance when the OP-32 is used with an 
unregulated battery or vehicular electrical system. 

The wide input voltage range, including the negative supply • 
or ground, allows use in single-battery applications. The 
OP-32 is characterized over a wide supply range of ±1.5V to 
± 15V. This guarantees predictable performance with any 
commonly available supply. 

The ability to operate at relatively high speed with low power 
consumption makes this amplifier ideal for remote applica
tions where power is limited. The programmability allows 
each amplifier in a system to be set for the minimum power 
consumption necessary for each specific application. 
Programmability also makes it possible to adjust the band
width and phase shift. 

The OP-32 pinout is identical to the LM4250 and many other 
mi'cropower operational amplifiers. This allows easy up
grading of system performance. 

PIN CONNECTIONS 

·00 NOT SHORT ISET TO V- OR GROUND. 
SEE APPLICATIONS INFORMATION. 

a-PIN EPOXY DIP 
(P-Suffix) 

a-PIN HERMETIC DIP 
(Z-Suflix) 

,-----,.---~---~----lI-r_--~--r---r_~r--r~v+ 

+---I---,.--f::;;---fE'-l<bt-<> OUTPUT 

-IN 

+IN <>--t--t---+---t----' 
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OP-32 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±18V 
Differential Input Voltage .................................................... ±30 
Input Voltage .................................................... Supply Voltage 
Storage Temperature Range 

Z Package .................................................. -65°C to + 150°C 
P Package .................................................. -55°C to + 125°C 

Operating Temperature Range 
OP-32A ...................................................... -55°C to + 125°C 
OP-32E, F, G ............................................... -25°C to +85°C 

Lead Temperature Range (Soldering, 60 sec) .............. 300°C 
Junction Temperature ................................... -65°C to + 150°C 

PACKAGE TYPE 8 1A (Note 2) 8 1C UNITS 

8·PinHermeticDIP(Z) 148 16 "CIW 

8·Pin PlasticDIP(P) 103 43 "CIW 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts. unless 

otherwise noted. 
2. 8. A is specilied for worst case mounting conditions, i.e., 8 jA is specified for 

dkvice in socket for CerDIP and P·DIP packages. 

ELECTRICAL CHARACTERISTICS at Vs = ±1.5V to ±15V, 15!,A S IsyS 450!,A, TA = +25°C, unless otherwise noted. 

OP-32A!E OP-32F OP-32G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Oflset Voltage Vos 100 300 200 500 400 1000 p.V 

Input Offset current los VCM~O 2 3 nA 

ISY~ 15p.A 3 5 7.5 5 10 
Input Bias Current 

18 ISY~ 150p.A 20 35 24 35 30 50 nA 
(Note 1) 

ISY~ 450p.A 60 90 70 100 80 125 

Input Voltage Range IVR Vs~±15V -15.0/13.5 -15.0/13.5 -15.0/13.5 V 

Common-Mode 
Vs~±15V 

Rejection Ratio CMRR 100 115 95 110 85 100 dB 
(Note 2) 

-15V:S VCM:S +13.5V 

Power Supply Vs~±1.5Vto ±15V; 
Rejection Ratio PSRR and V-~OV, 6 3 12 10 25 p.VIV 
(Note 2) V+ ~ 3V to 30V. 

Large-Signal 
Vs~±15V, 

Avo RL ~ 100k!}, ISY = 15p.A 1000 2000 750 1500 500 1000 V/mV 
Voltage Gain 

RL ~ 10k!},150p.A:S ISy:S450p.A 

Vs~±1.5V 

RL ~ 100k!},ISY~ 15p.A ±0.8 ±0.88 ±0.8 ±0.88 ±0.75 ±0.85 V 
Output Voltage 

Vo 
RL ~ 10k!}, 150p.A:S ISY:S 450p.A 

Swing Vs ±15V 
RL ~ 100k!}, ISY ~ 15p.A ±14 ±14.2 ±14 ±14.2 ±13.8 ±14.2 V 
RL ~ 10k!}, 150p.A:S Isy:S 450p.A 

Gain-Bandwidth ISY ~ 15p.A, RL ~ 100k!} 100 100 100 
kHz 

Product ISY ~ 450p.A, RL ~ 10k!} 4500 4500 4500 

Slew Rate SR 
Vs~±15V.ISy~450p.A, 

RL ~ 10k!} 
1.5 1.5 1.5 VII's 

Vs~±15V, ISET~ 1p.A 15 17 15 19 15 21 

Supply Current 
ISET~ 10p.A 150 170 150 190 150 200 p.A 

ISET~30p.A 450 525 450 600 450 650 No Load ISY 
(Note 3) Vs~±1.5V,lsET~ 1p.A 10.5 12.5 11 15 11 18 

ISET~ 10p.A 105 125 110 150 110 180 p.A 

ISET~ 30p.A 350 400 350 450 350 500 

NOTES: 
1. 'Band lOS are measured at VCM = O. 

2. PSRR and CMRR measured with Vos unnulled and I SET held constant. 
3. The supply current ('Sy) is dependent on the set current (I SET) and supply 

voltage as follows: 

~ =10+ (V+)-(V-) 
'SET 6 
The range of ISy/lsET is approximately 10.5 to 15 over the specified 
operating range of Vs ~ ±1.5V to Vs~ ±15V. 
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OP-32 
ELECTRICAL CHARACTERISTICS at V s = ±1.5V to ±15V. 15!1A S 'SY S 450!1A. -55°C S T A S + 125°C. unless otherwise noted. 

OP-32A 
PARAMETER SYMBOL CONDITIONS MIN 

Average Input Offset 
TCVos Unnulled 

Voltage Drift (Note 1) 

Input Offset Voltage Vas 

Input Offset Current los VCM=O 

Average Input Offset 
TClos (Notes 1. 2) 

Current Drift 

Input Bias Current 'sy= 15jlA 

(Note 2) '8 'Sy ·150jlA 
'Sy=45OjlA 

Input Voltage Range IVR Vs =±15V -15.0/13.5 

Common·Mode 
Vs =±15V 

Rajection Ratio CMRR 
-15VSVCM S+13.5 

(Note 3) ISET= 10jlA 90 

'SET= 1jlA 80 

Power Supply Vs ·±1.5Vto±15V& 
Rajection Ratio PSRR V-=OV. 
(Note 3) V+=3Vto30V(VCM = 1.5V) 

Large-Signal 
Vs=±15V. 

Voltage Gain Ava RL = 10Okn.ISy ·15jlA 200 

RL = 10kn, 150jlA S Is y S 450jlA 500 

Vs =±1.5V 
~ .10Okn,ISy ·15jlA 

±O.65 
Output Voltage 

Va 
RL = 10kn, 150jlA S Is y S 450jlA 

Swing 
Vs =±15V 

RL = 10Okn. ISY = 15jlA 
±13.6 

RL - 10kn, 1SOjlA S Is y S 450jlA 

Vs .±15V 

'SET= 1jlA 

'SET - 10jlA 
Supply Current 'SET - 30jlA 

No Load 'Sy 
(Note 4) Vs =±1.5V 

'SET = 1jlA 
ISET= 10jlA 

'SET- 3OjlA 

NOTES: 
1. Sample tested. 
2. 'Band los are measured at VCM=O. BURN-IN CIRCUIT" 
3. PSRR and CMRR measured with Vas unnullad and I SET held constant. 
4. The supply current (I Sy) Is dependent on the set current (I SET) and supply 

voltage as follows: 

~ =10+ (V+)-(V-) 
ISET 6 

•• BY 

2~7 
OP-32 

3+/ 4 
8 

':' 
3.6Mn 

-
-.BY 

"other circuil6 may apply at ADI's discretion. 

TYP 

0.5 

175 

3 
20 
60 

110 
90 

2 

400 
1000 

±O.75 

±14.0 

16 
160 
450 

12 
120 
360 

• 

MAX UNITS 

2.0 IlV/"C 

400 IlV 

2 nA 

10 pAI"C 

5 
35 nA 
90 

V 

dB 

10 IlVN 

V/mV 

V 

V 

18 
160 
550 

14 
140 
450 

OUTPUT 
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OP-32 
ELECTRICAL CHARACTERISTICS at Vs = ± 1.5V to ± 15V, 151'A :5 ISy:5 450I'A, -25° C :5 TA:5 +85°C, unless 

otherwise noted. 

PARAMEn::R SYMBOL CONDITIONS 

Average Input Offset 
TCVos Unnulled 

Voltage Drift (Note 1 ) 

Input Offset Voltage Vas 

Input Offset Current los VCM=O 

Average Input Olfset 
TClos (Notes 1. 2) 

Current Drift 

Input Bias Current ISY= 15"A 

(Note 2) Ie ISY= 150"A 
ISy =450p.A 

Input Voltage Range IVR Vs =±15V 

Common-Mode 
Vs= ±15V & 

Rejection Ratio CMRR 
(Note 3) 

-15V';; VCM ';; +13.5V 

Power Supply Vs= ±1.5Vto ±15V & 
Reiection Ratio PSRR V-=OV. 
(Note 3) V+=3Vto 30V 

Large-Signal 
Vs =±15V. 

Voltage Gain Ava Rl = 100kO. ISY = 15p.A 
Rl = 10kO, 150p.A5ISY ';; 450p.A 

Vs =±1.5V 
Rl = l00kO, IBy = 15p.A 

Output Voltage 
Va 

RL = 10kO, 150p.A 5 ISY';; 450p.A 

Swing Vs =±15V 

Rl = lookO, ISY = 15p.A 
Rl = 10kO, 150p.A5ISY';; 450p.A 

Vs =±15V, ISET= lp.A 

Supply Current 
ISET= 10p.A 

No Load ISY 
ISET=30p.A 

(Note 4) Vs= ±1.5V, ISET= lp.A 

ISET= 10"A 
ISET =30p.A 

NOTES: 
1. Sample tested. 
2. Ie and los are measured at VeM = o. 
3. PSRR and CMRR measured with Vas unnulled and ISET held constant. 

DICE CHARACTERISTICS 

DIE SIZE 0.070 X O.OSO inch, 3500 sq. mils 
(1.78 X 1.27 mm, 2.26 sq. mm) 

2-624 OPERA nONALAMPLIFIERS 

OP-32E OP-32F OP-32G 
MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

0.5 1.5 1.0 2.0 1.5 3.0 p'vrc 

100 400 200 600 500 1200 p.V 

2 2 3 nA 

2 10 3 15 5 25 pN'C 

3 5 5 7.5 5 10 
20 35 24 35 30 50 nA 
60 90 70 100 80 125 

-15.0/13.5 -15.0113.5 -15.0/13.5 V 

95 110 90 105 80 100 dB 

3.2 10 10 32 32 56 p.VN 

750 1000 500 1000 400 1000 VlmV 
750 1000 500 1000 400 1000 

±0.70 ±0.75 ±0.66 ±0.75 ±0.6 ±0.7 V 

±13.8 ±14.1 ±13.6 ±14.1 ±13.0 ±14.0 V 

16 18 16 20 16 25 
180 160 160 200 180 250 p.A 
450 550 450 600 450 660 

12 14 12 17 12 25 
120 140 120 170 120 200 p.A 
360 450 360 500 360 550 

4. The supply current (ISY) is dependent on the set current (ISET) and supply 
voltage as follows: 

ISY -10+ (V+)-(V-l 

ISET - 6 

1. BALANCE 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. BALANCE 
6. OUTPUT 
7. V+ 
8.ISET 
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OP-32 
WAFER TEST LIMITS atVs = ±1.5Vto ±15V, 15J.1As 'Sys 450J.lA, TA = 25°C, unless otherwise noted. 

PARAMETER 
Input Offset Voltage 

Input Offset Current 

Input Bias Current 

(Note 1) 

Input Voltage Range 

Common·Mode 
Rejection Ratio 
(Note 2) 

Power Supply 
Rejection Ratio 

(Note 2) 

Large·Signal 

Voltage Gain 

Output Voltage 
Swing 

Supply Current 
No Load 
(Note 3) 

NOTES: 

SYMBOL 

IVR 

CMRR 

PSRR 

Ava 

OP-32N 
CONDITIONS LIMIT 

300 

VCM=O 2 

Isy = 15J4A 5 

ISY= 150~A 35 

ISy=450~A 90 

Vs =,.15V -15/13.5 

Vs =,.15V 
100 

-15V~VCM~+13.5V 

Vs =,.1.5VtO,.15V& 
6 

V- = OV, V+ = 3Vto 30V 

Vs = ,.15V, 

RL = 100kU,ISY = 15J4A 1000 

RL = 10kU,150J4A~ ISy.450~A 1000 

Vs =,.1.5V 

RL = 100kU, ISY= 15J4A ,.0.8 

RL = 100kU, 150J4As ISy~450J4A 

Vs = ",15V 

RL = 100kU,ISY = 15~A ,.14 

RL = 10kU, 150J4A~ ISY~ 450J4A 

Vs = ,.1.5V, ISET= I~A 12.5 

ISET= 10~A 125 

ISET = 30J4A 400 

Vs =,.15V, ISET= I~A 17 

ISET= 10~A 170 

ISET = 30J4A 525 

1. I. and los are measured at V CM = O. 
2. PSRR and CMRR measured wijh Vas unnulled and ISET held constant. 

ISY ,,10 + (V+) - (V-) 
ISET 6 

3. The supply current (ISY) is dependent on the set current (ISET) and supply 
voltage as lollows: 

OP-32G OP·32GR 
LIMIT LIMIT UNITS 

500 1000 ~VMAX 

2 3 nAMAX 

7.5 10 

35 50 nAMAX 

100 125 

-15/13.5 -15/13.5 VMIN 

95 85 dBMIN 

12 25 ~VNMAX 

750 500 
V/mVMIN 

750 500 

,.0.8 ,.0.75 VMIN 

,.14 ,.13.8 VMIN 

15 18 

150 180 ~AMAX 

450 500 

19 21 

190 200 ~AMAX 

600 650 

Electrical tests are performed at waler probe to Ihe limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranleed lor standard 
producl dice. Consult lactory to negotiale specifications based on dice 101 qualification through sample lot assembly and testing. 

TYPICAL DC PERFORMANCE CHARACTERISTICS 

OFFSET VOLTAGE 

vs TEMPERATURE 

.0r--+--+-~--~--r--r--+--1 

2. 

TEMPERATURE rCI 
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OP-32 
TYPICAL DC PERFORMANCE CHARACTERISTICS 

;; 

'" w 

" ~ g 
t; 
~ 
0 

1000 

100 

10 

OFFSET VOLTAGE 
VB SUPPLY CURRENT 

+125" ... ' 
..... 1-"':"25" 

r-NEGATIVE 

~-56' r-rTII-
1 
10 

~\J 
100 

-I 
1000 

100 

10 

1 

SUPPLY CURRENT (PAl 

BIAS CURRENT ys 

COMMON-MODE VOLTAGE 

Vs - +15V ISY - 450,uA 
TA" 2SOC ---- 'SY - 150"A ~ ~ -~ --

I~ ---~ +15 +10 +5 -5 -10 -15 

COMMON-MODE VOLTAGE (VOLTS) 
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1000 

100 

10 

OFFSET CURRENT 
VB SUPPLY CURRENT 

F ~s" ±l.5V TO ±15V 

f: Tr26'C 

-' , 
, 

V 1 
10 100 

SUPPLY CURRENT CJtA) 

1000 

MAXIMUM OUTPUT CURRENT 
VB SUPPLY CURRENT AT 

VB= ±15V, +5V AND ±1.5V 
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TYPICAL DC OPEN-LOOP INPUT-OUTPUT CHARACTERISTICS 
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OP-32 
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OP-32 
TYPICAL AC PERFORMANCE CHARACTERISTICS 
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TYPICAL AC PERFORMANCE CHARACTERISTICS 
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OP-32 
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OP-32 
TYPICAL AC PERFORMANCE CHARACTERISTICS 
LARGE-SIGNAL TRANSIENT RESPONSE VB SUPPLY CURRENT 
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APPLICATIONS INFORMATION 
SETTING SUPPLY CURRENT 
The op amp power supply current Is determined by the 
currentflowing out of pin 8. Pin 8 isatthe V+ voltage less two 
diode drops, which is approximately V+ minus 1.1 V. Do not 
connect pin 8 to ground or V- without a set resistor in series 
or excessive supply current will be drawn which may damage 
the OP-32. 

The set resistor value is selected to make the power supply 
current optimum for the specific application. Adjusting the 
OP-32 power supply current determines the slew-rate, 
bandwidth, and the output current limits (see Performance 
Characteristics). The supply current is nominally 15 times the 
set current and the set resistor value is calculated from: 

(VSUPPLY -1.1V) 
Rs = , where Isy'" 15 ISET 

ISET 
(See graph below) 

Note that the set resistor can go to either negative supply or 
to ground. If the set resistor goes to negative supply, then 
VSUPPLY= (V+) - (V-). Fora single-supply circuit, VSUPPLyis 
simply (V+). If the supply voltage varies widely, set current 
can be stabilized with circuits (a), (b), or (c). 

The relationship between supply voltage, supply current and 
set current can be approximated by: 

.!ll =10+ (V+)-(V-) (TA=250 C) 
ISET 6 

The ratio _IISY increases with temperature by approximately 
SET 

0.05%/oC. 
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INPUT BIAS CURRENT 
Input bias current varies directly with set current. The set 
current required for a given supply current ranges from 
Isy/10.5 at ± 1.5V supply voltage to ISy/15at ± 15V. Therefore, 
I B will be highest at the minimum supply voltage condition of 
± 1.5V (or 3V) for any given supply current. 
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OP-32 
CURRENT SETTING CIRCUITS 

(a) 

(b) 

(c) 

v+--------~------------------

2N4118A 

v-------~--~ __ ------~------

~---------.----------~------

R' 

2x 
2N93OA 

10Ma 

~------~--~~------~------

v+--------_.----------.-------
. R2 

R' LED 

v-------~--~ ________ 4-____ __ 

'SET'" Nf 
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OP-32 
OFFSET NULLING CIRCUIT 

v+ 

INPUT >-''-----0 OUTPUT 

RSET 

v-

OFFSET VOLTAGE ADJUSTMENT 
The offset voltage can be trimmed to zero using a 100k!1 
potentiometer (see offset nulling circuit). Adjusting the pot 
wiper towards pin 5 causes the output to go positive. 
Adjustment range is approximately ±5mV at Vs = ± 15V. The 
Vos adjust range is proportional to supply voltage. Resolu
tion of the nulling can be increased by using a smaller pot in 
conjunction with fixed resistors. 
If power supply voltages vary widely and the set current is 
established bya resistor, the op amp supply currents will vary 
in proportion to the supply voltage changes. Vos will remain 
almost constant with supply current changes if the null pins 
(1 and 5) are not used. If a Vos adjust pot is used, current 
variations may flow through the offset pot causing an 
apparent Vos change. If a Vos adjust pot is used in combina
tion with widely-varying supply voltages, a set-current 
stabilizer circuit as shown in (a), (b), or (c) is recommended. 

APPLICATIONS EXAMPLE 
BATTERY-POWERED, GAIN-OF-100 AMPLIFIER 
The simple noninverting amplifier circuit shown in Figure 1 
provides an accurate gain-of-loo while operating from a pair 
of 9V batteries. The circuit requires only 15pA of supply 
current. Slew-rate is approximately 0.06V1psec and output 
swing is±8V. 

A value of 500k!1 was chosen for R2. For a gain of 100, Rl is 
calculated as: 

:. Rl = 5.05k!1 

2-632 OPERA TlONALAMPLIFIERS 

BATTERY-POWERED, GAIN-OF·100 AMPLIFIER 

., .2 
6.06kSl 600kn 

+9V 

Vo 

Figure 1 -9V 

Using an OP-32B/F, we can expect an le+ los/2 of less than 
8.5nA when operating at Isy of 15pA, so the Input offset 
caused by leRl will be negligible (8.5nA X 5.05k!1 - 43pV). 

The set resistor Rs needed for II supply current of 15pA is 
calculated from: 

VSUPPLy-l.1V 18V-l.1V 
Rs= Isy/15. lpA 

:. Rs = 18.9M!1 

Offset voltage adjustment is optional. An OP-32B/F has 
maximum input offset voltage of 500pV which would cause 
an output offset voltage of 50mV. Drift over temperature Is 
very low, typically less than 1.0pVlo C, and is guaranteed to be 
less than 2.0pVlo C. PSRR is also low, only 6pVIV, so battery 
voltage change has negligible effect on offset. 

Most mlcropower programmable op amps lose open-loop 
gain and CMRR at low supply currents. The OP-32 design 
overcomes these limitations so accuracy is maintained at 
supply currents of only a few microamps. The OP-32B/F 
used in this example has a minimum open-loop gain of over 
117dB. Gain error due to finite open-loop gain will be less 
than 100/750,000, which is only 133 PPM. CMRR will typically 
be 110dB, an error of 3PPM. Gain accuracy of the circuit is 
almost entirely dependent on the accuracy of the Rl/R2 ratio; 
the op amp contributes less than 0.015% gain error. 

Considering all error sources, this simple Xl00 battery
powered circuit using an OP-3.2B/F i.s capable of achieving 
excellent accuracy. Without external adjustments of any 
kind, output offset will be less than 54mV and gain accuracy 
will be better than ±0.015% (exclusive of RiRl error). Gain 
linearity, slew-rate symmetry, and stability over temperature 
are all excellent with the OP-32, making circuit performance 
very predictable. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Low Noise.. .... .. . .. .. . .. .. BOnV pop (0.1 Hz to 10Hz) 

...................... 3nVly'Hi"" at 1kHz 
• Low Drift .................................. 0.2p.V/oC 
• High Speed ......................... 17V/p.s Slew Rate 

.................. 63MHz Gain Bandwidth 
• Low Input Offset Voltage ......•............•... 10p.V 
• Excellent CMRR ... 126dB (Common-Voltage of ±11V) 
• High Open-Loop Gain. . . . . . . . . . . . . . . . . . . .. 1.B Million 
• Replaces 725, OP-05, OP-06, OP-07, AD510, AD517, 

SE5534In Gains >5 
• Available in Ole Form 

ORDERING INFORMATION t 

PACKAGE 
OPERATING TA =+25°C 

VosMAX CERDIP PLASTIC LCC TEMPERATURE 
{JtV) TQ.99 II-PiN II-PIN :zo.CONTACT RANGE 

25 OP37AJ' OP37AZ' MIL 
25 OP37EJ OP37EZ OP37EP INO/COM 
60 OP37BJ' OP37BZ" OP37BRC1883 MIL 
60 0P37FJ 0P37FZ OP37FP INO/COM 

100 OP37CJ' OP37CZ MIL 
100 OP37GJ OP37GZ OP37GP XINO 
100 OP37GStt XINO 

For devices processed in total compliance to MIL-STD-883, add /883 alter part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

It For availability and burn-in information on SO package, contact your local 
sales office. 

GENERAL DESCRIPTION 
The OP-37 provides the same high performance as the OP-27, 
but the design is optimized for circuits with gains greater 
than five. This design change increases slew rate to 17V1 p'sec 
and gain-bandwidth product to 63MHz. 

SIMPLIFIED SCHEMATIC 

Low-Noise Precision High-Speed 
Operational Amplifier (AvcL :> 5) 

OP-37 I 
The OP-37 provides the low offset and d rift of the OP-07 pi us 
higher speed and lower noise. Offsets down to 25p.V and drift 
of 0.6p.VloC maximum make the OP-37 ideal for precision 
instrumentation applications. Exceptionally low noise 
(en=3.5nVly'"HZ at 10Hz),a low 111 noise corner frequency of 
2.7Hz, and the high gain of 1.8 million, allow accurate high-gain 
amplification of low-level signals. 

The low inputbiascurrentof±10nAand offset current of 7nAare 
achieved by using a bias-current-cancellation circuit. Over 
the military temperature range this typically holds IBand los 
to ±20nA and 15nA respectively. 

The output stage has good load driving capability. A guaran
teed swing of± 10V into 6000 and low output distortion make 
the OP-37 an excellent choice for professional audio 
applications. 

PIN CONNECTIONS 

Vos TRIMfi18VOSTR~Mv+ 
-IN2 BOUT 

+IN 3 5N,e. 

4V-(CASEI 

TO-" 
(J-Sufflx) 

8-PIN HERMETIC DIP 
(Z-Sufflx) 

EPOXY MINI-DIP 
(P-Sufflx) 

8-PINSO 
(S-Suffix) 

o P-37BRC/8B3 
LCC PACKAGE 

(RC-Sufflx) 

r-------~--------~--------~--~--~~----~------~--~~--~~v+ 
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NON· 
INVERTING 

INPUT ( ",+I--+~~~-+--+--t: 

INVERTING 

OUTPUT 

INPUT (-I 
~~4-~~-------+ ______ ~ 

L---__________ ~--~------~~ ______ ~--~~~~v_ 
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OP-37 
PSRR and CMRR exceed 12OdB. These characteri,tics, 
coupled with long-term drift of 0.2,Nlmonth, allow the circuit 
designer to achieve performance levels previously attained 
only by discrete designs. 

Low-cost, high-volume production of the OP-37 is achieved by 
using on-chip zener-zap trimming. This reliable and stable 
offset trimming scheme has proved its effectiveness over 
many years of production history. 

The OP-37 brings low-noise instrumentation-type perfor
mance to such diverse applications as microphone, tape
head, and RIAA phono preamplifiers, high-speed signal con
ditioning for data acquisition systems, and wide-bandwidth 
instrumentstlon. 

ABSOLUTE MAXIMUM RATINGS (Note 4) 
Supply Voltage .................................................................. :!:22V 
Internal Voltage (Note 1) ................................................... :!:22V 
Output Short-Circuit Duration ..................................... Indefinite 
Differential Input Voltage (Note 2) ................................... :!:0.7V 
Differential Input Current (Note 2) ................................. :!:2SmA 
Storage Temperature Range ........•................ -65·C to +1S0·C 

Operating Temperature Range 
OP-37A, OP-37B, OP-37C (J, Z, RC) ..••••••• -5S0Cto +12S·C 
OP-37E, OP-37F (..I, Z) ....•...••••..••••••••••..••••••• -2S0C to +85·C 
OP-37E, OP-37F (P) ••••••........•••.•..•....•......••.•••.. ooC to +70°C 
OP-37G (P, S, J, Z) •••••.••.•.••...•••••.••••..•••••...... -400C to +85°C 

Lead Temperature Range (Soldering, 60 sec) ••••••••..••.•. 300·C 
Junction Temperature .................................... -6s·Cto +1S0°C 

PACKAGE TYPE a l " (NOTE 3) alc UNITS 

TO·99(J) 150 18 'C/W 

8·Pln Hermetic DIP (Z) 148 18 'C/W 

8-Pln Plastic DIP (PI 103 43 'C/W 

2O-Contact LCC (RC, TCI 98 38 'c/w 
8-PlnSO(S) 158 43 'C/W 

NOTES: 
1. For supply voltages less than ~2V. the absolute maximum Input voltage is 

equal to the supply voltage. 
2. Tha OP-37's Inputs are protected by back-to-back diodes. Current limiting 

resistors are not used In order to achieve low noise. If differential input voltage 
exceeds .,o.7V. the Input current should be limited to 25mA. 

3. alA Is specified for worst case mounting oondltlons, i.e., a jA Is specified for 
d8vice In socket for TO, C8rOIP, P-DIP, end LCC peckeges; a jA is specified 
for device soldered to printed clrcuH bOard lor SO package. 

4. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±1SV, TA = 2S·C, unless otherwise noted. 

OP-37A/E OP-37B/F OP-37C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Ollset Voltage Vos (Note 1) 10 25 20 eo 30 100 .V 

Long· Term Vas 
VoslTlme (Nota. 2. 3) 0.2 1.0 0.3 1.5 0.4 2.0 .VlMo 

Stability 

Input Ollse.t Current los 35 9 50 12 75 nA 

Input Bias Current Ie ±10 ±4O ±12 ±55 ±15 ±80 nA 

Input Noise Voltage 
0.1 Hz to 10Hz 

0.08 0.18 0.08 0.18 0.09 0.25 .VP-P 8 np-p (Note. 3, 5) 

Input Nol.e 
10 = 10Hz (Note 3) 3.5 5.5 3.6 5.5 3.8 8.0 

Voltage Den.ity 
en '0 = 30Hz (Note 3) 3.1 4.5 3.1 4.5 3.3 5.6 nVl,[Hz 

'0= 1000Hz (Note 3) 3.0 3.8 3.0 3.8 3.2 4.5 

10= 10Hz (Note. 3, 6) 1.7 4.0 1.7 4.0 1.7 
Input Nol.e 

in 10 = 30Hz (Not •• 3,6) 1.0 2.3 1.0 2.3 1.0 PA/,[Hz 
Current Density 

10 = 1000Hz (Nota. 3.6) 0.4 0.6 0.4 0.6 0.4 0.6 

Input Resistance -
RIN (Note 7) 1.3 6 0.94 5 0.7 4 Mil 

Differential-Mode 

Input Resistance -
RINCM 3 2.5 Gil 

Common-Mode 

Input Voltage Range IVR ±11.0 ±12.3 ±11.0 ±12.3 ±".0 ±12.3 V 

Common·Mode 

Rejection Ratio 
CMRR VCM=±I1V 114 126 106 123 100 120 dB 

Power Supply 
PSSR Vs = ±4V to ±18V 10 10 20 .VN 

Rejection Ratio 

RL ", 2kll. Vo = ±10V 1000 1800 1000 1800 700 1500 

Large-Signal RL ", lkll. Vo=±10V 800 1500 600 1500 400 1500 

.Voltage Gain Avo 
RL = 60011. Vo = ±1V. 

V/mV 

250 700 250 700 200 500 
Vs = ±4V. (Note 4) 

Output Voltage RL",2kll ±12.0 ±13.8 ±12.0 ±13.8 ±11.5 ±13.5 
Vo V 

Swing. RL ",6001l ±10.0 ±11.5 ±10.0 ±11.5 ±10.0 ±".5 

Slew Rate SR RL ",2kll (Note 4) 11 17 11 17 11 17 VI •• 

'0 = 10kHz (Note 4) 45 63 45 63 45 63 
Gain Bandwidth Prod. GBW MHz 

lo=IMHz 40 40 40 
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OP-37 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25°C, unless otherwise noted. (Continued) 

OP-37A/E OP-37B/F OP-37C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Open-Loop Output 

Aesistance 

Power Consumption 

Offset Adjustment 

Range 

NOTES: 

VO=O.IO=O 

Vo=O 

Rp= 10kll 

1. Input offset voltage measurements are performed by automated tast 
equipment approximately 0.5 seconds after application of power. AlE 
grades guaranteed fully warmed up. 

2. Long-term input offset voltage stability refers to the average trend line of 
Vas VS. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation. changes in Vos during the first 30 

70 

90 

±4.0 

70 70 II 

140 90 140 100 170 mW 

±4.0 ±4.0 mV 

days are typically 2.5pV - refer to typical performance curve. 
3. Sample tested. 
4. Guaranteed by design. 
5. See test circuit and frequency response curve for O.lHz to 10Hz tester. 
6. See test circuit for current noise measurement. 
7. Guaranteed by input bias current. 

ELECTRICAL CHARACTERISTICS for Vs = ± 15V, -55°C ~ TA ~ + 125° C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vas 

Average Input TeVos 
Offset Drift TeVOSn 

Input Offset Current los 

Input Bias Current 'e 

Input Voltage Range IVR 

Common-Mode 

Rejection Ratio 

Power Supply 

Rejection Ratio 

Large-Signal 

Voltage Gain 

Output Voltage 

Swing 

CMRR 

PSRR 

AVO 

Vo 

(Note 1) 

(Note 2) 

INote31 

Vs= ±4.SV to ±18V 

RL2:2kll. Vo =±10V 

MIN 
OP-37A 

TYP 

30 

0.2 

15 

±20 

±10.3 ±11.5 

108 122 

600 1200 

±11.5 ±13.5 

MAX 

60 

0.6 

50 

±60 

16 

MIN 
OP-37B 

TYP 

50 

0.3 

22 

±28 

±10.3 ±11.5 

100 119 

500 1000 

±11.0 ±13.2 

MAX 

200 

1.3 

85 

±95 

20 

MIN 
OP-37C 

TYP 

70 

0.4 

30 

±35 

±10.2 ±11.5 

94 116 

4 

300 800 

±10.5 ±1.3.0 

MAX UNITS 

300 

1.8 "V/"C 

135 nA 

±150 nA 

v 

dB 

51 pVIV 

V/mV 

v 

ELECTRICAL CHARACTERISTICS for V S - ±15V, -25°C S T A S +85°C for OP-37EJIFJ and OP-37EZlFZ, O°C S T AS + 70°C for 
OP-37EP/FP and -40°C S TA S +85° for OP-37GP/GS/GJ/GZ, unless otherwise noted. 

OP-37E OP-37F OP-37G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 

Average Input 

Offset Drift 
TCVos 

TCVOSn 

Input Offset Current los 

Input Bias Current 'e 

Input Voltaga Range IVR 

Common-Mode 

Rejection Ratio 

Power Supply 
Rejection RatiO 

Large-Signal 

Voltage Gain 

Output Voltage 

Swing 

NOTES: 

CMRR 

PSRR 

AvO 

(Note 2) 
(Note 3) 

Vs = ±4.5V to ±18V 

RL "2kll. VO=±10V 

20 

0.2 

10 

±14 

±10.5 ±11.8 

110 124 

750 1500 

±11.7 ±13.6 

1. Input offset voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. AlE 
grades guaranteed fUlly warmed up. 

REV. A 

50 

0.6 

50 

±60 

15 

40 140 55 220 

0.3 1.3 0.4 1.8 

14 85 20 135 nA 

±18 ±95 ±25 ±150 nA 

±10.5 ±11.8 ±10.5 ±11.8 v 

102 121 96 118 dB 

16 32 pVIV 

700 1300 450 1000 V/mV 

±11.4 ±13.5 ±11.0 ±13.3 v 

2. The TeVos performance is within the specifications unnulled or when 
nUlled with Rp= Skll to 20kll. TCVosis 100% tested for AlE grades, sample 
tested for B/C/F/G grades. 

3. Guaranteed by design. 
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OP-37 
DICE CHARACTERISTICS 

DIE SIZE a.098 X 0.056 inch, 5488 sq. mils 
(2.49 X 1.42 mm, 3.54 sq. mm) 

1. NULL 
2. (-) INPUT 
3. (+) INPUT 
4. V-
6. OUTPUT 
7. V+ 
8. NULL 

WAFER TEST LIMITS at Vs= ±15V, TA = 25°C for OP-37N, OP-37G and OP-37GR deyices;.TA = 125°C for OP-37NT and 

OP-37GT devices, unless otherwise noted. 

OP-37NT OP-37N OP-37GT OP-37G OP-37GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Inpul Ollset Voltage Vos (Notal) 60 35 200 60 100 p.VMAX 

Input Offset Current los 50 35 85 50 75 nAMAX 

Input Bias Current la ±60 ±4O ±95 ±55 ±80 nAMAX 

Input Voltage Range IVR ±10.3 ±11 ±10.3 ±11 ±11 VMIN 

Common-Mode 
CMRR VCM =±l1V 108 

Rejection Ratio 
114 100 108 100 dBMIN 

Power Supply 
PSRR 

TA = 25°C, Vs= ±4V to ±18V 10 10 10 10 20 p.VNMAX 
Reiection Ratio TA= 125°C, Vs= ±4.5V to±18V 16 20 

Large-Signal 
"-10 

RL2:2kO, Vo =±10V 600 1000 500 1000 700 
VlmVMIN 

Voltage Gain RL2:1kO, Vo =±10V 600 800 

Output Voltage Swing Vo 
RL2: 2kO ±11.5 ±12.0 ±11.0 ±12.0 ±11.5 

VMIN 
RL2:6000 ±10.0 ±10.0 ±10.0 

Power Consumption Pd Vo=O 140 140 170 mWMAX 

NOTES: 
For 25° C characteristics of OP-37NT and OP-37GT devices, see OP-37N and 
OP-37G characteristics, respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging Is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot asembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = +25° C, unless otherwise noted. 

OP-37NT OP-37N OP-37GT OP-37G OP-37GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input Offset TCVosor Nulled or Unnulled 
0.2 0.2 0.3 

Voltage Drift TCVoSn Rp = 8kO to 20kO 
0.3 0.4 p.VloC 

Average Input Offset 
TClos 80 80 130 130 180 pArC 

Current Drift 

Average Input Bias 
TCla 100 100 160 160 200 pN°C Current Drift 

Input Noise 
fo= 10Hz 3.5 3.5 3.5 3.5 3.8 

Voltage Density en fo =3OHz 3.1 3.1 3.1 3.1 3.3 nVl..jHZ 
fo= 1000Hz 3.0 3.0 3.0 3.0 3.2 

Input Noise 
fo=10Hz 1.7 1.7 1.7 1.7 1.7 

Current Density In fo=30Hz 1.0 1.0 1.0 1.0 1.0 pN..jHZ 
fO= 1000Hz 0.4 0.4 0.4 0.4 0.4 

Input Noise Voltage ene~p O.lHz to 10Hz 0.08 0.08 0.08 0.08 0.09 p.Vp..p 

Slew Rate SR RL2:2kO 17 17 17 17 17 Vlp.s 

Gain Bandwidth Product GBW fo= 10kHz 63 63 63 63 63 MHz 

NOTE: 
1. Input offset voltage measurements are performed by automated test 

equipment approximately 0.5 seconds after application of power. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-37 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 

:> 
~ 
~ 

2.5 

2.0 

OPEN-LOOP VOLTAGE GAIN 
VB SUPPLY VOLTAGE 

I RL" 2kn 

y 
r--TA"" 25°C V RL"'Tkn 

/ ./~ 
// 

Z 1.5 

~ 
8 
~ 1.0 

~ 
~y & 

b 
0 

~ 
~ .... 
ill 
u 
rr: 
~ 

0.5 

0.0 

80 

80 

40 

20 

o 

60 

10 20 30. 40 50 
TOTAL SUPPLY VOLTAGE (VOLTS) 

SMALL-SIGNAL OVERSHOOT 
vs CAPACITIVE LOAD 

o 

VS-±16V 
VIN"20mV 
AV ~ +5I1kn. 250n1 

~ ./ 

/ 
V 

I 
BOO 1000 1500 2000 

CAPACITIVE LOAD (pF) 

SHORT-CIRCUIT CURRENT 
va TIME 

0" 

TA = +2SC' 
Vs = ±15V 

~ 
~c~1 

ISC(+) 

0 

1 0 
o 

TIME FROM OUTPUT SHORTED TO GROUND (MINUTES) 

REV. A 

MAXIMUM OUTPUT SWING 
VB FREQUENCY 

28 

f! 2. 

6 
~2O 
g 
5 18 

i 
" 12 

~ 
~ . 

·0 

104 

1\ 

105 108 

FREQUENCY (Hz) 

vsl.I'~6U 
TA " 2SOC 

LARGE-SIGNAL TRANSIENT 
RESPONSE 

+lOY 

OY 

-10V 

Vs'" ±15V 
AV" +5 (TkO, 26001 
TA "+2.SOC 

CMRR va FREQUENCY 
140 

12 0/= 

100 l-

80 t-

60 l-

.L-40 
1k 

IIJll~I.,J) I 
TA " +2SOC 

i" VCM'" ±lOV 

t-

I' 
t-

t-

" .... 
10k lOOk 1M 

FREQUENCV (Hz) 

10M 

OP-37 

MAXIMUM OUTPUT VOLTAGE 
va LOAD RESISTANCE 

18 

16 

f! 14 

c: 12 
~ 

t- POJITIJE 
~ 

t-
SWING 

.... 10 
::> 

5 8 
o ,. 
::> ,. 
~ 4 ,. 

h 
~ 

t--
-2 

100 

V 
NEGATIVE 
SWING 

TA = 25°C 
Vs '" t15V 

I III 
lk 

LOAD RESISTANCE 1m 
10k 

SMALL-SIGNAL TRANSIENT 
RESPONSE 

+50mV 

OY 

-50mV IiiIiII 

f! 

Vs" ±15V 

AV '" +511kn. 26O.Q1 
TA =+25"C 

COMMON-MODE INPUT RANGE 
vs SUPPLY VOLTAGE 

16r-----~-----r----_r~~~ 

121----t--

~ 8 

~ 41-----PJII~"'-+--_+--__1 
~ 
'" Ot--7t----t-----t------j 

; -41----~~~~+--_+--__1 
8 -8 

-12t---t---;--~~~-_1 

-16~0---~--~~-~~-~ 

OPERATIONAL AMPLIFIERS 2"'-639 

• 



OP-37 
TYPICAL PERFORMANCE CHARACTERISTICS 
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APPLICATIONS INFORMATION 
OP-37 Series units may be inserted directly into 725, OP-06, 
OP-07, and OP-05 sockets with or without removal of external 
compensation or nulling components. Additionally, the OP-
37 may be fitted to unnulled 741-type sockets; however, if 
conventional 741 nulling circuitry is in use, itshould be modi
fied or removed to ensure correct OP-37 operation. OP-37 
offset voltage may be nulled to zero (or other desired setting) 
using a potentiometer (see offset nulling circuit). 

The OP-37 provides stable operation with load capacitances 
of up to 1000pF and ± 10V swings; larger capacitances should 
be decoupled with a 500 resistor inside the feedback loop. 
Closed-loop gain must be at least five. For closed-loop gain 
between five to ten, the designer should consider both the 
OP-27 and the OP-37. For gains above ten, the OP-37 has 'a 
clear advantage over the unity-gain-stable OP-27. 

Thermoelectric voltages generated by dissimilar metals at 
the input terminal contacts can degrade the drift perfor
mance. Best operation will be obtained when both input 
contacts are maintained at the same temperature. 
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OFFSET NULLING CIRCUIT 

>-o .... -'----oV+ 

~7~. --0 OUTPUT 

OFFSET VOLTAGE ADJUSTMENT 
The input offset voltage of the OP-37 is trimmed at wafer 
level. However, If further adjustment of Vos is necessary, a 
10kO trim potentiometer may be used. TCVos is not degraded 
(see offset nulling circuit). Other potentiometer values from 
1 kO to 1 MO can be used with a slight degradation (0.1 to 
0.2p.Vlo C) of TCVos. Trimming to a value other than zero 
creates a drift of approximately (Vos/300) p.Vlo C. For exam-
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pie, the change in TCVos will be 0.33p.Vlo C if Vos is adjusted 
to 100p.V. The offset-voltage adjustment range with a 10kfl 
potentiometer is ±4mV. If smaller adjustment range is re
quired, the nulling sensitivity can be reduced by using a 
smaller pot in conjunction with fixed resistors. For example, 
the network below will have a ±280p.V adjustment range. 

4.7kH 
lkHPOT 

4.7kH 

BURN-IN CIRCUIT 

NOISE MEASUREMENTS 

To measure the 80nV peak-to-peak noise specification of the 
OP-37 in the 0.1 Hz to 10Hz range, the following precautions 
must be observed: 

(1) The device has to be warmed-up for at least five minutes. 
As shown in the warm-up drift curve, the offset voltage 
typically changes 4p.V due to increasing chip tempera
ture after power-up. In the 10 second measurement inter
val, these temperature-induced effects can exceed ten's
of- nanovolts. 

(2) For similar reasons, the device has to be well-shielded 
from air currents. Shielding minimizes thermocouple 
effects. 

(3) Sudden motion in the vicinityofthe device can also "feed
through" to increase the observed noise. 

(4) The testtime to measure 0.1 Hz-to-l0Hz noise should not 
exceed 10 seconds. As shown in the noise-tester fre
quency response curve, the O.lHz corner is defined by 
only one zero. The test time of 10 seconds acts as an 
additional zero to eliminate noise contributions from the 
frequency band below 0.1 Hz. 

(5) A noise-voltage-density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage-density measurement will correlate well 
with a 0.1 Hz-to-l0Hz peak-to-peak noise reading, since 
both results are determined by the white noise and the 
location of the l/f corner frequency. 

OPTIMIZING LINEARITY 

Best linearity will be obtained by designing for the minimum 
output current required for the application. High gain and 
excellent linearity can be achieved by operating the op amp 
with a peak output current of less than ±10mA. 

REV. A 

OP-37 
INSTRUMENTATION AMPLIFIER 

A three-op-amp instrumentation amplifier provides high gain 
and wide bandwidth. The input noise of the circuit below is 
4.9nVly'Hz. The gain of the input stage is set at 25 and the 
gain of the second stage is 40; overall gain is 1000. The 
amplifier bandwidth of 800kHz is extraordinarily good for a 
precision instrumentation amplifier. Set to a gain of 1000, this 
yields a gain-bandwidth product of 800MHz. The full-power 
bandwidth for a 2OVp_p output is 250kHz. Potentiometer R7 2 
provides quadrature trimming to optimize the instrumenta-
tion amplifier's AC common-mode rejection. 
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The OP-37 is a very low-noise monolithic op amp. The out
standing input voltage noise characteristics of the OP-37 are 
achieved mainly by operating the Input stage ata high quies
cent current. The input bias and offset currents, which would 
normally increase, are held to reasonable values by the input
bias-current cancellation circuit. The OP-37A1Ehas 18 and 
los of only ±40nA and 35nA respectively at 25°C. This is 
particularly important when the input has a high source
resistance. In addition, many audio amplifier designers 
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OP-31 
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prefer to use direct coupling. The high Ie, TCVosof previous 
designs have made direct coupling difficult, if not impossible, 
to use. 

Voltage noise is inversely proportional to the square-root of 
bias current, but current noise is proportional to the square
root of bias current. The OP-31's noise advantage disappears 
when high source-resistors are used. Figures 1, 2, and 3 
compare OP-37 observed total noise with the noise perfor
mance of other devices in different circuit applications. 

Total noise = [(Voltage nOise)2 + (current noise x RS)2 + 
(resistor noise2 ]1/2 

Figure 1 shows. noise-versus-source-resistance at 1000Hz. 
The same plot applies to wide band noise. To use this plot, 
just multiply the vertical scale by the square-root of the 
bandwidth. 

At Rs<1 kG, the OP-37's low voltage noise is maintained. With 
Rs < 1 kG, total noise increases, but Is dominated by the resis~ 
tor noise rather than current or voltage noise. It is only 
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beyond Rsof 20kG that current noise starts to dominate. The 
argument can be made that current noise is not Important for 
applications with low-to-moderate source resistances. The 
crossover between the OP-37 and OP-07 and OP-08 noise 
occurs in the 15-to-40kG region. 

Figure 2 shows the 0.1 Hz-to-10Hz peak-to-peak noise. Here 
the picture is less favorable; resistor noise is negligible, cur
rent noise becomes important because it is inversely propor
tional to the square-root offrequency. The crossover with the 
OP-07 occurs in the 3-to 5kG range depending on whether 
balanced or unbalanced source resistors are used (at 3kG the 
Ie, los error also can be three times the Vos spec.). 

Therefore, for low-frequency applications, the OP-07 is bet
ter than the OP-27/37 when Rs> 3kG. The only exception is 
when gain error is important. Figure 3 illustrates the 10Hz 
noise. As expected, the results are between the previous two 
figures. 

For reference, typical source resistances of some signal 
sources are listed in Table 1. 

Table 1 

DEVICE 

Strain gauge 

Magnetic 
tapeheed 

Magnetic 
phonograph 
cartridges 

Linear variable 
differential 
transformer 

SOURCE 
IMPEDANCE COMMENTS 

<5000 Typically used in low-frequency 
applications. 

<15000 Low Ie very important to reduce 
sell-magnetization problems when 
direct coupling is used. OP-37 Ie 
can be neglected. 

<15000 Similar need for low Ie in direct 
coupled applications. OP-37 will not 
Introduce any sell-magnetization 
problem. 

<15000 Used in rugged servo-feedback 
applications. Bandwidth of Interest 
Is 400Hz to 5kHz. 
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AUDIO APPLICATIONS 

The following applications information has been abstracted 
from a PMI article in the 12120/80 issue of Electronic Design 
magazine and updated. 

Figure 4 

Rl 
97.6kn 

R3 
loon 

C4(2) 
220pF 

~~ . ___ 6 '?Okn ~ 
LF ROLLOFF ':" 

OUT IN 

C3 

O.47p:F 

G= 1kHz GAIN 

=0.101 (1+*) 
= 98.677 139.9 dB) AS SHOWN 

Figure 4 is an example of a phono pre-amplifier circuit using 
the OP-27 for A1; R1-RZ-C1-C2 form a very accurate RIAA 
network with standard component values. The popular method 
to accomplish RIAA phono equalization is to employ 
frequency-dependent feedback around a high-quality gain 
block. Properly chosen, an RC network can provide the three 
necessary time constants of 3180, 318, and 751's.1 

For initial equalization accuracy and stability, precision 
metal-film resistors and film capacitors of polystyrene or 
polypropylene are recommended since they have low voltage 
coefficients, dissipation factors, and dielectric absorption.4 
(High-K ceramic capacitors should be avoided here, though 
low-K ceramics-such as NPO types, which have excellent 
dissipation factors, and somewhat lower dielectric absorption 
- can be considered for small values or where space is at 
a premium.) 

The OP-27 brings a 3.2nVlVHZ voltage noise and 0.45 
pAlVHZ current noise to this circuit. To minimize noise 
from other sources, R3 is set to a value of 1000, which 
generates a voltage noise of 1.3nVlVHZ. The noise in
creases the 3.2nVlVHZ of the amplifier by only 0.7dB. With 
a 1 kO source, the circuit noise measures 63dB below a 1 mV 
reference level, unweighted, in a 20kHz noise bandwidth. 

Gain (G) of the circuit at 1kHz can be calculated by the 
expression: 

G =0.101 (1 +.!!1.) 
R3 

For the values shown, the gain is just under 100 (or 40dB). 
Lower gains can be accommodated by increasing R3, but 
gains higher than 40dB will show more equalization errors 
because of the 8MHz gain-bandwidth of the OP-27. 
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OP-37 
This circuit is capable of very low distortion over its entire 
range, generally below 0.01% at levels up to 7V rms. At 3V 
output levels, it will produce less than 0.03% total harmonic 
distortion at frequencies up to 20kHz. 

Capacitor C3 and resistor R4 form a simple -6dB-per-octave 
rumble filter, with a corner at 22Hz. As an option, the switch
selected shunt capacitor C4, a non polarized electrolytic, 
bypasses the low-frequency rolloff. Placing the rumble fil
ter's high-pass action after the preamp has the desirable 
result of discriminating against the RIAA-amplified lOW-II 
frequency noise components and pickup-produced low
frequency disturbances. 

A preamplifier for NAB tape playback is similar to an RIAA 
phono preamp, though more gain is typically demanded, 
along with equalization requiring a heavy low-frequency 
boost. The circuit in Fig. 4 can be readily modified for tape 
use, as shown by Fig. 5. 

TAPE 
HEAD 

Figure 5 

R, C, 

Rl 

313kfl 

R2 O.Ol,uF 

5kn 

lOon 

O.47JlF 

f 
T1 = 3180,1.15 
T2 = 5O/J'S 

While the tape-equalization requirement has a flat high
frequency gain above 3kHz (T2 = 50l's), the amplifier need 
not be stabilized for unity gain. The decompensated OP-37 
provides a greater bandwidth and slew rate. For many appli
cations, the idealized time constants shown may require 
trimming of R1 and R2 to optimize frequency response for 
nonideal tape-head performance and other factors.5 

The network values of the configuration yield a 50dB gain at 
1 kHz, and the dc gain is greater than 70dB. Thus, the worst
case output offset is just over 500mV. A single 0.471'F output 
capacitor can block this level without affecting the dynamic 
range. 

The tape head can be coupled directly to the amplifier input, 
since the worst-case bias current of 85nA with a 400mH, 100 
I'in. head (such as the PRB2H7K) will not be troublesome. 

One potential tape-head problem is presented by amplifier 
bias-current transients which can magnetize a head. The 
OP-27 and OP-37 are free· of bias-current transients upon 
power up or power down. However, it is always advantageous 
to control the speed of power supply rise and fall, to elimi
nate transients. 

In addition, the dc resistance of the head should be carefully 
controlled, and preferably below 1 kO. For this configura
tion, the bias-current-induced offset voltage can be greater 
than the l7OI'V maximum offset if the head resistance is not 
sufficiently controlled. 
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OP-37 
A simple, but effective, fixed-gain transformerless micro
phone preamp (Fig. 6) amplifies differential signals from low
impedance microphones by 50dB, and has an input impe
dance of 2kO. Because of the high working gain of the circuit, 
an OP-37 helps to preserve bandwidth, which will be 110kHz. 
As the OP-37 is a decompensated device (minimum stable 
gain of 5), a dummy resistor, Rp, may be necessary, if the 
microphone is to be unplugged. Otherwise the 100% feed
back from the open input may cause the amplifier to oscillate. 

Rl R' Cl R6 

lkll 316teS1 5pF loon 

LOW IMPEDANCE 
MICROPHONE INPUT ~ R7 OUTPUT 
(Z = 50 TO 200nl 10kO 

~=~ 
Rl R2 

R2 R' 

lkll 316kS'l 

Figure 6 

Common-mode input-noise rejection will depend .upon the 
match of the bridge-resistor ratios. Either close-tolerance 
(0.1%) types should be used, or R4Shouid betrimmed for best 
CMRR. All resistors should be metal-film types for best sta
bility and low noise. 

Noise performance ofthis circuit is limited more by the input 
resistors R1 and ~an by the op amp, as RI and R2 each 
generate a 4nVly Hz noise, while the op amp generates a 
3.2nVlVHZ noise. The rms sum of these predominant noise 
sources will be about 6nVlVHZ, equivalent to 0.91'V in a 
20kHz noise bandwidth, or nearly 61dB below a 1mV input 
signal. Measurements confirm this predicted performance. 

For applications demanding appreciably lower noise, a high
quality microphone-transformer-coupled preamp (Fig. 7) 
incorporates the internally compensated OP-27. T1 is a 
JE-115K-E 1500/15kO transformer which provides an opti
mum source resistance for the OP-27 device. The circuit has 
an overall gain of 40dB, the product of the transformer's 
voltage setup and the op amp's voltage gain. 

Gain may be trimmed to other levels, if desired, by adjusting 
R2 or RI . Because of the low offset voltage of the OP-27, the 
output offset ofthis circuit will be very low, 1.7mVor less,for a 
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Rl 

121ft 

Figure 7 

C2 

1800pF 

R2 

11000 

OUTPUT 

-,.., = JENSEN JE-115K-E 

JENSEN TRANSFORMERS 
10736 Burbank Blvd. 
N. Hollywood, CA 91601 

40dB gain. The typical output blocking capacitor can be 
eliminated in such cases, but is desirable for higher gains to 
eliminate switching transients. 

Capacitor C2 and resistor R2 form a 21'S time constant in this 
circuit, as recommended for optimum transient response by 
the transformer manufacturer. With C2 in use, AI must have 
unity-gain stability. For situations where the 21'S time con
stant is not necessary, C2 can be deleted, allowing the faster 
OP-37 to be employed. 

Some comment on noise is appropriate to understand the 
capability of this circuit. A 1500 resistor and RI and R2 gain 
resistors connected to a noiseless amplifier will generate 220 
nV of noise in a 20kHz bandwidth, or 73dB below a 1mV 
reference level. Any practical amplifier can only approach 
this noise level; it can never exceed it. With the OP-27 and TI 
specified, the additional noise degradation will be close to 
3.6dB (or-69.5 referenced to 1mV). 

Reference. 
I. Lipshitz, S.P., "On RIM Equalization Networks," JAES, Vol. 27. June 1979, 

p.458-481. 

2. Jung. W.G .• IC Op Amp Cookbook. 2nd Ed .• H.W. Sams and Company. 
1980. 

3. Jung. W.G .• Audio IC Op Amp Applications. 2nd Ed .• H.W. Sams and 
Company. 1978. 

4. Jung. W.G .• and Marsh. A.M .• "Picking CapaCitors," Audio. February & 
March. 1980. 

5. Otala. M" "Feedback-Generated Phase Nonlinearity in Audio Amplifiers," 
London AES Convention. March 1980. preprint 1976. 

6. Stout. D.F .• and Kaufman. M .• Handbook of Oparational Amplifier Circuit 
Design. New York. McGraw Hili. 1976. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Low Bias Current. . . • • • . • • . • . . • • . . . • . . . . . .. 5pA Max 
• Low Current Consumption .............••.• 1.0mA Max 
• High Gain ......•.•..•...•....•....•. 1000VlmV Min 
• High Common-Mode Rejection ...•......... 100dB Min 
• Symmetrical Slew-Rates ............. " •• ±1.0Vl!'5 Min 
• Low Harmonic Distortion •............. <0.01 % at 5kHz 
• Phase Margin. . • . . • . . . • . . . . . . . . . • . . . • • . . . •. 77· Typ 
• Available in Die Form 

ORDERING INFORMATION t 

TA = 25°C 
PACKAGE 

OPERATING 

VosMAX PLASTIC SO TEMPERATURE 

("'V) TO-99 a-PIN 8-PIN RANGE 

500 OP41AJ* MIL 
250 OP41EJ INO 

1000 OP41BJ* MIL 
750 OP41FJ INO 

2000 OP41GP OP41GS XINO 

• For devices processed in total compliance to MIL-STD-883. add /883aller part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
cerdip. plastic dip. and TO·can packages. 

GENERAL DESCRIPTION 

The OP-4l JFET -input op amp features a SpA max bias current 
with an open-loop gain of over 1 million. 77· of phase margin 
provides exceptional stability. even in unity-gain with capaci
tive loads. The output is guaranteed stable with 2S0pF loads at 
unity-gain, and will typically drive several thousand pF. Tran
sient response is extremely clean, and is considerably improved 
over industry-standard JFET amplifiers. 

SIMPLIFIED SCHEMATIC 

Low-Bias-Current, High-Stability 
JFET Operational Amplifier 

OP-41* I 
The OP-4l's cascode input stage boosts CMR to over 100dS, 
improves CMR linearity, and stabilizes bias current with chang
ing common-mode voltage. The linear common-mode rejection 
of 100dS min is unusually good for a FET input amplifier. The. 
OP-4l consumes only 7S0p.A supply current and has a power-
supply rejection ratio of 2Sp.VIV, making it an ideal choice for 
battery-operated systems. Despite the low supply-drain, the 
slew-rate is a respectable 1.3V/p.s, and symmetrical. Using 
zener-zap trimming techniques, offset voltage is adjusted to 
below SOOp.V which eliminates the need for external nulling in 
many applications. The OP-4l's guaranteed gain of 1 million 
into a 2kO load, combined with the linear 100dS minimum 
CMR, vastly improves linearity over competitive low-cost de-
vices. Linearity is excellent in both low-gain and high-gain 
amplifier configurations. In voltage follower applications CMR 
effects dominate linearity, and in high-gain applications open-
loop gain dominates linearity, hence the performance advantage 
of the OP-4l. 

PIN CONNECTIONS 

EPOXY MINI-DIP 
(P-Suffix) 

8-PINSO 
(S-Suffix) 

NULL€1.8 N.C. 7 V+ 
-IN2 GOUT 

+IN 3 5 NULL 

4 V- {CASE I 

TO-99 

(J-Suffix) 

r---.--------~---~---~---~-_o+v 

+INo-------+---!-------, 

-IN~-.... _ 

OUT 

~~--+----------~--~------~------~------~----~~--~-v 

NULL NULL 

'Manufactured underthe fcllowing U.S. patent: 4,538,115. 
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OP-41 
The .device exhibits rapid recovery from signal overload. 
Following saturation at the positive supply, the output recovers 
in only 61ls, and from a negative overdrive in only 100ns. 

The combination of low-power, low bias current, and high-gain, 
plus the superior CMR and PSRR performance of the OP-41, 
make it suitable in a wide variety of demanding applications. 
The device makes an excellent output amplifier for CMOS 
DACs. Where low-power consumption is needed in portable 
instrumentation, the OP-41 permits high-gain and high
accuracy amplification with good speed performance. The low 
and stable bias current makes it an excellent choice as a 
photodiode amplifier in medical applications. 

A standard 741 pin-out allows existing JFET designs and low
power bipolar designs to be upgraded by switching to the 
OP-41. 

ABSOLUTE MAXIMUM RATINGS (Note 2) 
Supply Voltage .................................................................. :i:18V 
InpulVoltage (Note 1) ...........................•...................•....... :i:18V 
Output Short-Circuit Duration ..........•....................•..•.. Indefinite 
Differential Input Voltage (Note 1) .................................... :i:18V 
Storage Temperature Range ......................... -6S·C to +1S0·C 
Operating Temperature Range 

OP-41A, B (J) .......................................... -5S·C to +12S·C 
OP-41 E, F (J) .......••........•.•..•..•........•......... -2S·C to +85·C 
OP-41G (P,S) .........••............•..•............ -40·C to +8S·C 

Lead Temperature Range (Soldering, 60 sec.) .........•.. +300·C 
Junction Temperature .................................... -6S·C to +1S0·C 

PACKAGE TYPE 8 IA(NOTE3) 8 lC UNITS 

TO-99 (J) 150 18 ·C/W 
8-Pln PIas1ic DIP (P) 103 43 ·C/W 
8-Pin SO (S) 158 43 ·C/w 

NOTES: 
1. For supply voltages less than ",18V, the absolute maximum input voltage is 

equal to the supply voltage. 
2. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
3. 8 JA is specified for worst case mounting conditions, I.e., 8 1A Is specified for de

vice in socket for TO and P-DIP packages; 8 1A Is specified for device soldered 
to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25·C, unless otherwise noted. 

OP-41 AlE OP-41B/F OP-41G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Olfset Voltage Vos 
OP-41E/F/G 200 250 400 750 500 2000 
OP-41A/B 200 500 400 1000 "V 

Offset Current los (Note 1) 0.04 0.05 0.05 5 pA 

Bias Current 18 (Note 1) 3.0 3.5 10 3.5 20 pA 

Open-Loop 
Avo 

Rl = 2kll 1000 5000 500 4000 500 4000 VlrnV Voltage Gain Vo= ±10V 

Output Voltage 
Vo Rl = 2kll ±12.3 ±12.6 ±12.0 ±12.6 ±12.0 ±12.6 V 

Swing 

Supply Current ISY Vo = OV .75 1.0 .75 1.2 .75 1.2 rnA 

Input Voltage 
IVR (Note 2) +15 +15 ±11 +15 

V 
Range 

±11 -11.5 ±11 -11.5 -11.5 

Common-Mode 
CMR VCM = ±11V 100 115 90 110 90 110 dB 

Rejection 

Power Supply 
PSRR 

Rejection Ratio 
Vs = ±10V to ±18V 25 10 80 10 80 "VIV 

Noise Voltage 
Density Referred en 1kHz 32 32 32 - nVlVHz 
to Input 

Short Circuit 
Isc 

Short Circuit +20 
±36 ±12 

+20 
±36 ±6 

+20 
±36 rnA Output Current to Ground 

±12 -18 -18 -18 

Slew Rate SR 1.3 1.3 1.3 VlJ.IS 

Gain Bandwidth GBW 500 500 500 kHz 

Power Bandwidth BWp 20 20 20 kHz 
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OP-41 
ELECTRICAL CHARACTERISTICS at Vs = ±15V. TA = 25°C. unless otherwise noted. (Continued) 

OP-41A/E OP-41B/F OP-41G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

10V Step Av =-1 
Settling Time ts to 0.1% 10 10 10 ps 

to 0.01% 12 12 12 

Overload Recovery 
Positive GOing 0.1 0.1 0.1 

Negative GOi"9 6.0 6.0 6.0 
ps 

Capacitive load Av=+1 
250 >1000 250 >1000 250 >1000 pF • Stability (Note 3) 

Open-Loop Output 
Ro 150 150 150 II 

Resistance 

NOTES: 
1. Warmed up. VCM = 0 
2. Guaranteed by CMR test. 
3. Guaranteed but not tested. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V. TA = -55°C/+12S"C. unless otherwise noted. 

OP-41 A OP-41B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos 400 1000 600 2000 "V 

Temperature 
Coefficient of 
Input Offset TCVos 2.5 5 3.5 10 "VI"C 

Voltage 

Offset Current los (Note 1) 40 1000 SO 2000 pA 

Bias Cu rrent 16 (Note 1) 4000 7500 4500 15000 pA 

Open-Loop 
Avo 

RL = 2krl 
1000 5000 500 3000 VlmV 

Voltage Gain Vo = ±10V 

Output Voltage 
Vo AL = 2krl ±12.0 ±12.5 ±".5 ±12.5 V 

Swing 

Supply Current ISY Vo= OV .75 1.2 .75 1.2 mA 

Input Voltage 
IVA (Note 2) 

+15 
±11 

+15 
V 

Aange 
±11 

-11.5 -11.5 

Common-Mode 
CMA VCM = ±11V 95 105 85 100 dB 

Aejection 

Power Supply 
Rejection Ratio 

PSAA Vs = ±10V to ±18V 40 10 100 pVlV 

Short Circuit 
Short Circuit to Ground 

+12 
±36 ±6 

+12 
±36 mA 

Output Current Isc ±6 
-17 -17 

Slew Aate SA 1.3 1.3 Vips 

Gain Bandwidth GBW SOO 500 kHz 

Power Bandwidth BWp 20 20 kHz 

Capacitive Load Av = +1 
100 >1000 100 >1000 pF 

Stability (Note 3) 

NOTES: 
1. Warmed up. VCM = 0 
2. Guaranteed by CMA test. 
3. Guaranteed but not tested. 
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DICE CHARACTERISTICS 

DIE SIZE 0.103 X 0.074 Inch, 7622 sq. mils 
(2.62 X 1.88mm, 4.92 sq. mm) 

WAFER TEST LIMITS at Vs = ±15\1, TA = 25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Offset Voltage Vas 

Bias Current 18 (Note 1) 

Open-Loop Voltage Gain Avo RL = 2kO 

Output Voltage Swing Va RL = 2kO 

Supply Current ISY Va= OV 

Input Voltage Range IVR (Note 2) 

Common-Mode 
CMR VCM " ±IIV 

Rejection 

Power Supply 
PSRR Vs = ±10V to ±18V 

Rejection Ratio 

Short Circuit 

Output Current Isc Short Circuit to Ground 

Slew Rate SR 

Capacitive Load 
Av = +1 (Note 3) 

Stability 

NOTES: 
1. VCM =0 
2. Guaranteed by CMR test. 
3. Guaranteed but not tested. 

OP-41 

1. OFFSET VOLTAGE NULL 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. NEGATIVE SUPPLY 
5. OFFSET VOLTAGE NULL 
6. AMPLIFIER OUTPUT 
7. POSITIVE SUPPLY 

OP-41N 
LIMIT UNITS 

1000 JJVMAX 

20 pAMAX 

500 VlmV MIN 

±12 VMIN 

1.2 mAMAX 

±11 VMIN 

90 dBMIN 

80 ~VIV MAX 

±6 mAMIN 

±36 mAMAX 

VII'S MIN 

250 pFMIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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OP-41 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-41 
OFFSET VOLTAGE ADJUSTMENT 
Offset voltage is adjusted by a potentiometer of 10kO to 100kO 
resistance. This potentiometer should be connected between 
pins 1 and 5 with the wiper connected to the V- supply. (See 
Figure 1.) Nulling Vos will change TCVos by no more than 
5/lV/oC per millivolt of Vos change. 

FIGURE 1: INPUT OFFSET VOLTAGE NULLING 

v+ 

v-

NOTE: 
Vas CAN BE TRIMMED WITH POTENTIOMETER 

RANGING FROM 10k.Q TO 100k.Q. 

APPLICATIONS INFORMATION 

TYPICAL AC PERFORMANCE CHARACTERISTICS 

Figure 2 shows the overload recovery time after the output 
saturates at each supply. A high degree of slew-rate symmetry 
is maintained even during severe input overload. The photo 
also shows the well controlled linear characteristics of the 
amplifier and freedom from oscillations. The OP-41's symmetry 
greatly reduces the generation of large DC components in the 
output when the amplifier is overdriven. This significantly 
reduces system recovery time after an overload. 

Figure 3 shows the unity-gain small-signal transient response 
of the OP-41. Note the clean symmetrical waveform. 

Figure 4 illustrates the high degree of stability even when 
loaded with 1000pF at unity-gain. Heavy capacitive loading will 
cause stability problems with many amplifiers. 

Figure 5 illustrates the use of the OP-41 in a high sensitivity, 
wide-dynamic-range light detector. This circuit will produce an 
output voltage proportional to the light input over a 60dS range. 

FIGURE 2: OVERLOAD RECOVERY TIME AT Av = 10 
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FIGURE 3: SMALL-SIGNAL TRANSIENT RESPONSE 

FIGURE 4: SMALL-SIGNAL TRANSIENT RESPONSE WITH 
1000pF LOAD 

FIGURE 5: WIDE-DYNAMIC-RANGE LIGHT DETECTOR 

"'pF 

,oOn 

>~~~VO=O.5V/nW 

CMR MEASUREMENT METHODS 

Two separate methods are used to measure the CMR. The first 
method is used over the range of 10Hz to 20kHz. This method 
grounds the input Circuitry and applies the common-mode 
signal to the remainder of the op amp, Figure 6. 

The AMP-01 eliminates loading on the output stage. This 
assures that the OP-41 output is not required to deliver current 
into the feedback circuit. The effects of the OUT open-loop gain 
changing with frequency are therefore significantly reduced. 
The circuit does not require tight resistor matching. DC data 
sheet limits may be verified using this method. Circuit accuracy 
is dependent on the high CMR of the AMP-01. 
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FIGURE 6: CIRCUIT USED TO MEASURE CMR FROM 10Hz 
TO 20kHz 

lkH 

,." 

9." 

AMP-01 
AV=l 

An alternate circuit may be used to make high-frequency 
measurements from 2kHz to 500kHz, Figure 7. The 2kHz to 
20kHi data overlap can be used to verify the accuracy of the 
respective test methods. 

This method drives the input stage with the test signal and 
requires an accurate ratio of resistors, R4/R3 = RlIR2. To 
measure CMR to 100dB requires ratio matching to better than 
10ppm. For this reason, it is not practical to use the second 
method at low frequencies where CMR is greater than SO-100dB. 

The OUT output is normally connected directly to R4 which 
may cause problems. If the OUT is not buffered with a broad
band low-output-impedance amplifier, the frequency-depen
dent output impedance of the OUT, in series with R4, rapidly 
unbalances the resistor ratios. This causes frequency depen
dent errors. The OP-27 provides good performance over the 
range of frequencies used. 

FIGURE 7: CIRCUIT USED TO MEASURE CMR FROM 2kHz 
TO 500kHz 

TO GAIN/PHASE METER 

R4 

R3 

,." 
R2 

"" 

GUARDING AND SHIELDING 

>-_~"TO 
GAIN/PHASE 
METER 

In applications where the input is at high impedance, careful 
shielding is required to prevent hum pickup from power line 
sou rces or detection of RF from radio stations and nearby radar 
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OP-41 
transmitters. Loss of accuracy can also occur from surface and 
bulk leakages in printed circuit boards. Both of these conditions 
can be avoided by the following methods. 

Hum and RF pickup are eliminated or reduced by keeping all 
high impedance leads, including feedback resistor leads, inside 
shielded enclosures. In addition to shielding, power supply 
lines should be bypassed where they pass through the shield
ing. This will prevent noise from being retransmitted from the 
power supply lines inside the shielded enclosure. 

Noise can also be created by the flexing of coax cable. These II 
signals can be caused by mechanical vibrations inside or 
outside the shielding. Prevention consists of securely support-
ing all high-impedance shielded lines to prevent motion. 

Printed circuit board leakage currents can easily exceed the 
OP-41 bias currents or the incoming signal. Leakage currents 
can be minimized by using Teflon insulators to support wires 
instead of using PC traces. An alternate method is guarding the 
high impedance traces. When the OP-41 is in the inverting 
mode, the signal traces should have grounded guard traces on 
both sides, Figure S. The opposite side of the board should be 
used as a ground plane and shield, if not otherwise used. A 
ground plane is implemented by leaving copper on all areas 
that are not being used.for signal or power conduction. Ground 
connection should be made to all areas of isolated copper. In 
the noninverting configuration, the OP-41 's output signal or a 
portion of it should be used to drive the guard traces, Figure 9. 
When the guard drive voltage is equal to the input signal, 
leakage currents will be effectively eliminated. 

FIGURE 8: CURRENT-TO-VOLTAGE CONVERTER 

r---oOUT 

FIGURE 9: VERY HIGH IMPEDANCE NONINVERTING 
AMPLIFIER 
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OP-41 
The High Q Notch Filter benefits from the low bias current and 
high input impedance of the OP-41 , Figure 10. These features 
enable small value capacitors and large resistors to be used in 
this 60Hz notch filter. The 5pA bias current only develops 100JN 
across R1 and R2. 

FIGURE 10: HIGH Q NOTCH FILTER 

C1 

R3 
5M 

C2 

270pF 270pF 

fo '" 21TR~Cl 
Rl=A2"'2R3 
Cl = C2 = C3/2 

Low power consumption, low bias current, and low offset 
voltage make the OP-41 an ideal current-to-voltage converter, 
Figure 11. 

In this application, the PM-7541 and the OP-41 provide complete 
12-bit digital-to-analog conversion with less than 3mA supply 
current. 

FIGURE 11: DAC CIRCUIT USING THE OP-41 

DIGITAL 
INPUT 

Figure 12 shows an amplifier for high-impedanceac transducers 
like a piezoelectric accelerometer. These sensors normally 
require a high-input-resistance amplifier. The OP-41 can pro
vide input resistance in the range of 10120, however, a dc return 
for bias current is needed. To maintain a high R1N , large value 
resistors above 22MO are often required. These may not be 
practicable. 

Using the circuit in Figure 12, input resistances that are orders 
of magnitude greater than the values of the dc return resistors 
can be obtained. This is accomplished by bootstrapping the 
resistors to the output. With this arrangement, the lower cutoff 
frequency is determined more by the RC product of R1 and C1 
than it is by resistor values and the equivalent capacitance of 
the transducer. 
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FIGURE 12: AMPLIFIER FOR PIEZOELECTRIC TRANSDUCERS 

~-_,---,------'_OUTPUT 

o TRANSDUCER 

~ lOW FREQUENCY CUTOFF = Rl Cl 

WIDE RANGE LOW-CURRENT AMMETER 

The circuit shown in Figure 13 can measure currents from 
100pA to 100pA without the use of high value resistors. 
Accuracy is better than 1% over most of the range, depending 
upon the accuracy of the divider resistor and the input bias 
current of the op amp. Using the OP-41 as the input amplifier 
allows low end measu rement down to a few pA due to the 3.5pA 
input bias current. 

One of the requirements for a good current meter is low series 
voltage drop. Since the voltage across the inputs of an op amp 
is forced to virtually zero, it makes a good choice for the input of 
a current meter. Amplifier A 1 is used as an inverting amplifier for 
the input. This ensures less than 500pV drop at any current 
level. 

Feedback around the op amp is accomplished with a transistor, 
rather than a resistor. The op amp forces the collector current of 
Q1A to equal the input current. This causes the emitter-base 
voltage of Q1A to be proportional to the log of the inputcurrent. 
Resistors R1, R2, R3 and capacitors C1, C2 frequency com
pensate the log circuit since Q1 A provides gain in the feedback 
loop. 

The output of the log amplifier is taken from the emitter of Q1A 
to drive Q1 B. Q1 B anti-logs the output and drives the meter. The 
output of Q1 B is proportional to the log of the input current 
scaled by a constant, which is proportional to the voltage from 
the divider, selected by S1. For transistors operating at different 
current levels, the Vb. difference equals: 

solving for IC2 

!1v, = kT I IC2 
b. q n IC1 

( aVb" q) 
IC2 = IC1 e kT 

Where IC1 and IC2 are the collector currents of Q1A and Q1B; 
Q is the charge of an electron; k is Boltzmann's constant; T is 
temperature in degrees Kelvin; and Vb. is the voltage applied to 
the base of Q1 B. If Vb. varies as absolute temperature, the 
exponent will be a constant. 
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FIGURE 13: WIDE RANGE LOW-CURRENT AMMETER 

01 

03 
INPUT o-.... -IIN'-4~ 

4.7kn 

.kn 
D1 
1N914 

The voltage driving the divider is obtained from a 1.22V low 
voltage reference diode (LM113) through a 2N2222 transistor 
and resistor string. The voltage across the divider varies with 
absolute temperature, keeping the multiplier constant. 

Calibration is simple, requiring only one adjustment. R4 is used 
to adjust full scale deflection with a 1/lA input current. This will 
give maximum accuracy over the operating range of currents. 

The low Vos and exceptionally good log conformance of the 
MAT-Q2 assure high accuracy over the full 6 decade operating 
range. 

Figure 14 is the test circuit used to measure the settling time. 
This circuit uses the "false sum-node" technique. When the 
system is initially set up, the 200Cl pot is adjusted until the DC 
output voltage to the scope is unchanged when the input is 
changed from +10V to -10V. The 2N4416 FET buffer isolates the 
sum node from the scope probe load capacitance. The pulse 
generator must be properly terminated and have ringing below 
the expected error signal. (2.5mV in a 5V pulse for 0.1% 
overshoot measurement.) 
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01. 

os 
'kn 

1/2 MAT-02EH 

08 
lUnA 5110 

15V 

01' 
4kn 

OP-41 

D. 
LM113 

FIGURE 14: SETTLING-TIME TEST CIRCUIT 

+15Vo--....... ---., 

~O.'.f 

.----+-../W'--I 
4.99kn,% 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Fast 
• Slew Rate ........................................................... SOV/J.LS Min 
• Settling-Time (0.01%) ........................................... 1J.Ls Max 
• Gain-Bandwidth Product ................................. 10MHz Typ 

Precise 
• Common-Mode Rejection .................................. aadB Min 
• Open-Loop Gain ............................................ SOOV/mV Min 
• Offset Voltage ................................................... 7S0J.LV Max 
• Bias Current ...................................................... 200pA Max 

Excellent Radiation Hardness 
Available in Die Form 

ORDERING INFORMATION t 

T. = 25·C ___ == __ P_A_CKA_G_E _____ _ 

VosMAX CERDIP PLASTIC 
OPERATING 

SO LCC TEMPERATURE 
(mY) TD-99 a·PIN II-PIN a·PIN 21l-CONTACT RANGE 

t .0 OP42AJ* OP42AZ* OP42ARC/883 MIL 
0.75 OP42EJ OP42EZ IND 
1.5 OP42FJ OP42FZ INO 
5.0 OP42GP OP42GS XlNO 

* For devices processed in total compliance to MIL·STO·a83, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn·in is available on commercial and industrial temperature range paris in 
cerdip, plastic dip, and TO·can packages. 

GENERAL DESCRIPTION 

The OP-42 is a fast precision JFET-input operational amplifier. 
Similar in speed to the OP-17, the OP-42 offers a symmetric 

SIMPLIFIED SCHEMATIC 

High-Speed, Fast-Settling 
Precision Operational Amplifier 

OP-42 I 
58V/J.L8 slew rate and is internally compensated for unity-gain 
operation. OP-42 speed is achieved with a supply current of less 
than 6mA. Unity-gain stability, a wide full-power bandwidth of 
900kHz, and a fast settling-time of800ns to 0.01 % make the OP-
42 an ideal output amplifier for fast digital-to-analog converters. 

Equal attention was given to both speed and precision in the OP-
42 design. Its tight 750J.LV maximum input offset voltage com
bined with well-controlled drift of less than 1 OJ.LVrC eliminates 
the need for external nulling in many circuits. The OP-42's 

PIN CONNECTIONS 

2D-CONTACTLCC 
(RC-Suffix) 

N.C . 

• 

Continued 

NULLe7V+ 

-IN 2 • 8 OUT 

+IN 3 + • NULL 

• v- (CASEI 

To-99 
(J-Suffix) 

a-PIN CERDIP 
(ZSuffix) 

EPOXY MINI·DIP 
(P-Suffix) 

S-PINSO 
(S-Suffix) 

r---~--------------~----~----------~-----o~ 

+IN o---------------t----t-----------, 

-IN 

L---_r--~~--_r--~~------~~----!---------!------Qv-

NULL NULL 
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OP-42 
GENERAL DESCRIPTION Continued 

common-mode rejection of 88dB minimum over a :l:11V input 
voltage range is exceptional for a high-speed amplifier. High 
CMR combined with a minimum 500V/mV gain into 10kO load 
ensure excellent linearity in both noninverting and inverting gain 
configurations. The low input bias and offset currents provided 
by the JFET input stage suit the OP-42 for use in high-speed 
sample and hold circuits, peak detectors, and log amplifiers. 
Excellent radiation hardness characteristics make the OP-42 
ideal for military and aerospace applications. 

The OP-42 conforms to the standard 741 pinout with nulling to 
V-. The OP-42 upgrades the performance of circuits using the 
AD544, AD611, AD711, and LF400 by direct replacement. In 
circuits without nulling, the OP-42 offers an upgrade for designs 
using the OP-16, OP-17, LT1022, LT1056, and HA2510. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage •........•...............•..•..•••..••.••.••.••.•.•••••••.••.•••. :l:20V 
Input Voltage (Note 2) .......•...•.••.....•••.•••.•..••.••....••••••.••.•.•. :l:20V 
Differential Input Voltage (Note 2) ..................................... 40V 

Output Short-Circuit Duration ....••.•.••..•.....•..•..•.•.•••••.• Indefined 

Storage Temperature Range ......................... -65°C to + 175°C 
Operating Temperature Range 

OP42A (J, Z) .............................................. -55°C to +125°C 
OP42E, F (J, Z) •••.•..••.•..•.••.••••.•••..•.••.•••••.•••.• -25°C to +85°C 
OP42G •..•••.••••.•••••••••••••.••••.••••.•••..••••.••.••.••••• -40°C to +85°C 

Junction Temperature •.••••.••••.•.••...••••..•..•.••••• -65°C to + 175°C 
Lead Temperature Range (Soldering, 60 sec.) .•..•••.•.• +300°C 

PACKAGE TYPE a IA(NOTE3) alC UNITS 

TO-99 (J) ISO 18 'c/w 
8-Pin Hermetic DIP (Z) 148 16 'C/W 
8-Pin Plastic DIP (P) 103 43 'C/W 
20-Conlact LCC (RC. TC) 98 38 'C/W 
8-PinSO(S) 158 43 'C/W 

NOTES: 
I. Absolule maximum ratings apply 10 both DICE and packaged parts. unless 

otherwise noted. 
2. For supply voltages less than ~20V, Ihe absolute maximum input voltage Is 

equal 10 the supply voltage. 
3. alA is specified for worst case mounting condilions, i.e., ajA is specified for 

device in sockel for TO, CERDIP, P-DIP, and LCC packages; alA is specified 
for device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs = :l:15V, TA = +25°C, unless otherwise noted. 

OP-42E OP-42F OP·42G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage vos 0.3 0.75 0.4 1.5 1.5 5.0 mV 

Input Bias Currenl 18 VCM = OV Tj = 25'C 80 200 130 250 130 250 pA 

Input Offset Currenl los VCM = OV Tj = 25'C 4 40 6 50 6 50 pA 

Input Voltage Range IVR (Note I) ~II 
+12.5 

"II 
+12.5 

~II 
+12.5 V 

-12.0 -12.0 -12.0 

Common-Mode 
CMR VcM="IIV 88 98 80 92 80 92 dB 

Rejeclion 

Power-Supply PSRR Vs ="IOV 9 40 12 50 12 50 f/-VN Rejection Ratio to~20V 

Large-Signal RL = 10kC 
Vo =~IOV 

500 900 500 900 500 900 

Ayo RL =2kC 200 260 200 260 200 260 V/mV 
Voltage Gain 

RL=lkC 
Tj .25'C 100 170 100 170 100 170 

Output Voltage 
Vo RL=lkC ~11.5 

+12.5 ,,11.5 +12.5 ,,11.5 +12.5 V 
Swing -11.9 -11.9 -11.9 

Short-Circuit 
Isc 

Output Shorted 
~20 

+33 ,,60 ~20 
+33 

~60 ~20 
+33 

~60 rnA 
Current Umit 10 Ground -28 -28 -28 

Supply Current ISY 
No Load 5.1 6.0 5.1 6.5 5.1 6.5 rnA 
Vo =OV 

Slew Rate SR 50 58 40 50 40 50 V/f/-s 

Full-Power 
BWp (Note 2) 750 900 600 800 600 600 kHz 

Bandwidth 

Gain-Bandwidth 
GBW fo = 10kHz 10 10 10 MHz 

Product 

Settling -Time t. 
10V Step 0.01% 

0.8 1.0 0.9 1.2 0.9 1.2 f/-S (Note 3) 

Overload Recovery 
'oR 700 700 700 ns 

Time 

Phase Margin '0 OdbGaln 47 47 47 degrees 

Gain Margin A18G 
190' Open-Loop 9 9 9 dB 
Phase Shift 

Capacitive Load 
CL 

Unity-Gain Slable 
100 300 100 300 100 300 pF 

Drive Capability (Note 4) 
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OP-42 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C, unless otherwise noted. Continued 

OP-42E 
PARAMETER SYMBOL CONDITIONS MIN TVP 

Differentiallnpul 
Z'N - 10'2116 Impedance 

Open·Loop 
Ro 50 Output Resistance 

Voltage Noise en p_p O.IHzto 10Hz 2 

10 = 10Hz 38 
Voltage Noise 10 = 100Hz 16 

Density en 10 = 1kHz 13 
10 = 10kHz 12 

Current Noise 
In 10 = 1kHz 0.007 Density 

External Vos 
Rpo,=20kO 4 Trim Range 

Long-Term 
5 

VgSDrift 

Supply Voltage Range Vs ,,8 ,,15 

NOTES: 
1. Guaranteed by CMR test. 
2. Guaranteed by slew-rate test and formula BW p = SR/(2,,1 OV PEAK)' 

OP-42F OP-42G 
MAX MIN TVP MAX MIN TVP MAX UNITS 

- 10'2116 _ 10'2116 OllpF 

50 50 0 

2 2 
"VP' p • 

38 38 
16 16 

nVr/HZ 
13 13 
12 12 

0.007 - 0.007 PA/V'HZ 

4 4 mV 

5 5 - IN/month 

,,20 ,,8 ,,15 ,,20 ,,8 ,,15 ,,20 V 

3. Settling-time Is sample tested for A and E grades. Test circuit is shown in 
Figure 4. Settling-time lor F grade is guaranteed but not tested. 

4. Guaranteed but not tested. 

ELECTRICAL CHARACTERISTICS atVs = ±15V, TA = +25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Offset Voltage Vos 

Input Bias Current 18 VCM = OV TJ = 25'C 

Input Offset Current los VCM =OV TI = 25'C 

Input Voltage Range IVR (Note 1) 

Common~Mode 
CMR VCM =,,1W 

Rejection 

Power-Supply 
PSRR 

Vs = ,,10V 
Rejection Ratio to ,,20V 

Large-Signal Rl = l0kO 
Vo =,,10V 

Avo Rl =2kO Voltage Gain 
Rl = lkO 

TI = 25'C 

Output Voltage 
Vo Rl = lkO Swing 

Short-Circuit 
Isc 

Output Shorted 
Current Limit to Ground 

Supply Current Isv 
No Load 
Vo=OV 

Slew Rate SR 

Full-Power 
BWp (Note 2) 

Bandwidth 

Gain-Bandwidth 
GBW 10 = 10kHz Product 

Settling -Time t. 
l0V Step 0.01% 
(Note 3) 

Overload Recovery 
tOR Time 

Phase Margin +0 Odb Gain 

REV.C 

MIN 

,,11 

86 

500 
200 
100 

,,11.5 

45 

700 

OP-42A 
TVP 

0.3 

80 

4 

+12.5 
-12.0 

96 

9 

900 
260 
170 

+12.5 
-11.9 

+33 
-28 

5.1 

52 

850 

10 

0.8 

700 

47 

MAX 

1.0 

200 

40 

40 

,,60 

6.0 

1.0 

UNITS 

mV 

pA 

pA 

V 

dB 

"VN 

V/mV 

V 

mA 

mA 

VIpS 

kHz 

MHz 

ns 

degrees 
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OP-42 
ELECTRICAL CHARACTERISTICS at V s = :t1SV, TA = 2S"C, unless otherwise noted. Continued 

OP-42A 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

Gain Margin Ano 
180' Open-Loop 

9 dB 
Phase Shill 

Capacitive Lead 
CL 

Unity-Gain Stable 
100 300 pF 

Drive Capability (Note 4) 

Differential Input 
Z'N 1012116 ollpF 

Impedance 

Open-Loop 
Ro 50 0 

Output Resistance 

Voltage Noise en p_p O.IHzto 10Hz 2 "Vp•p 

fo = 10Hz 38 
Voltage Noise fo = 100Hz 16 

nVAIHz' 
Density en fo = 1kHz 13 

fo = 10kHz 12 

Current Noise 
In fo = 1kHz 0.007 pA/v'Hz' 

Density 

External V 0 S 
Rpot =20kO 4 mV 

Trlm Range 

Long-Term 
5 "V/month 

VosOrl1l 

Supply Voltage Range Vs ~8 ~15 ~20 V 

NOTES: 3. SeHlIng-tlmels sample tastad for A and E grades. Test circuit Is shown In 
I. Guaranteed by CMR test. Figure 4. SeHling-time for F grade Is guaranteed but not tested. 
2. Guaranteed by slew-rate test and formula BWp = SR/(2,,10VpEAK)' 4. Guaranteed but not testad. 

ELECTRICAL CHARACTERISTICS at V s = :t1SV, -2S"C.: TA .: 8S"C for ElF grades, and -40"C.: TA .: +8S"C for G grade, 
unless otherwise noted. 

OP-42E OP-42F OP-42G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

Offset Voltage Vos 0.4 1.2 0.6 2.5 2.0 6.0 mV 

Offset Voltage 
Temperature TCVos 4 10 8 8 "vrc 
Coefficient 

Input Bias Current la (Note 1) 0.5 1.2 0.6 2.0 0.6 2.0 nA 

Input Offset Current los (Note 1) - 0.05 0.2 0.06 0.4 0.06 0.4 nA 

Input Voltage Range IVR (Note 2) ~11 
+12.5 

~11 
+12.5 

~II 
+12.5 

V 
-12.0 -12.0 -12.0 

Common-Mode 
CMR VCM=~I1V 86 96 ao 94 ao 94 dB 

Rejection 

Power-Supply 
PSRR 

Vs=~IOV 
2 40 6 50 6 50 ' "VN Rejection Ratio to~20V 

Large·Slgnal 
Avo 

RL = 10kO (Note 1) 200 500 200 500 200 500 
V/mV 

Voltage Gain RL =2kO Vo=~10V 100 160 100 160 100 160 

Output Voltage 
Va RL =2kO ~ll.0 

+12.3 
~11.0 

+12.3 
~11.0 

+12.3 V 
Swing -11.8 -11.a -11.a 

Short-Circuit 
Isc 

Output Shorted 
~a ~60 ~a ~o ~a ~60 mA 

CurrentUmll to Ground 

Supply Current ISY 
No Leed 

5.1 6.0 5.1 6.5 5.1 6.5 mA 
Vo=OV 

Slew Rate SR RL =2kO 45 57 40 50 40 50 V/IIS 

CapaclUve Lead 
CL 

Unity-Gain Stable 
100 250 100 250 100 250 pF 

Drive Capability (Note 3) 

NOTES: 2. Guaranteed by CMR test. 
1. TI = 85'C for E/F/G Grades; TI = 125'C for A grade. 3. Guaranteed but not tested. 
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OP-42 
ELECTRICAL CHARACTERISTICS at V s = :i:15V, -55°C.: TA .: 125°C for A grade, unless otherwise noted. 

OP-42A 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

Offsel Voltage Vos 0.5 2.0 mV 

Offset Voltage 
Temperature TCVos 4 10 I1vrc 
Coefflclenl 

Input Blaa Current 18 (Nolel) 6 20 nA • Input Offset Current 109 (Note 1) 0.2 1.0 nA 

+12.5 
Input Voltage Range IVR (Note 2) ,.11 

-12.0 
V 

Common·Mode 
CMR VCM =,.l1V 80 94 dB 

Rejection 

Power·Supply 
PSRR Vs =z10V 

10 50 I1VN Rejection Ratio tOz20V 

Large·Signal 
Avo 

RL = 10kD (Note 1) 160 350 
V/mV 

Voltage Gain RL =2kD Vo =z10V 80 110 

Output Voltage 
Vo RL =2kD zll.0 

+12.3 
V 

Swing -11.8 

Short·ClrcuH 
'SC 

Output Shorted ,.8 ,.60 mA 
Current Limit to Ground 

Supply Current 'SY 
No Load 

5.1 6.0 mA 
Vo=OV 

Slew Rate SR RL =2kD 40 52 V/pJJ 

Capacitive Load 
CL 

Unlty·Gain Stable 
100 250 pF 

Drive Capability (Note 3) 

NOTES: 

1. TI = 85'C for ElF Grades; T, = 125'C for A grade. 
2. Guarantaad by CMR test. 
3. Guaranteed but not tested. 
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OP-42 
DICE CHARACTERISTICS 

DIE SIZE 0.098 X 0.070 inch, 6860 sq. mils 
(2.49 X 1.78 mm, 4.43 sq. mm) 

1. OFFSET VOLTAGE NULL 
2. INVERTING INPUT 
3. NON INVERTING INPUT 
4. NEGATIVE SUPPLY 
5. OFFSET VOLTAGE NULL 
6. AMPLIFIER OUTPUT 
7. POSITIVE SUPPLY 

WAFER TEST LIMITS at Vs = ± 15V, Tj = 25°C, unless otherwise noted. 

OP-42N 
PARAMETER SYMBOL CONDITIONS LIMIT 

Offset Voltage Vos 1.5 

Input Bias Current 18 VCM=OV 250 

Input Offset Current los VCM=OV 50 

Input Voltage Range IVR (Note t) ±II 

Common-Mode Rejection CMR VCM =±I1V 80 

Power-Supply 
PSRR Vs = ±IOV to ±20V 

Rejection Ratio 
50 

Large~Signal 
RL = 10kfl 

Voltage Gain Avo RL =2kfl 
RL=lkfl 

500 
200 
100 

Output Voltage Swing Vo RL=lkfl ±11.5 

Short-Circuit 
Isc 

Output Shorted 
Current Limit to Ground 

±20/±60 

Supply Current ISY 
No Load 
Vo=OV 

6.5 

Slew Rate SR 40 

Capacitive Load 
CL 

Unity-Gain Stable 
Drive Capability (Note 2) 

100 

NOTES: 
I. Guaranteed by CMR test. 
2. Guaranteed but not tested. 

UNITS 

mVMAX 

pAMAX 

pAMAX 

VMIN 

dBMIN 

/foVNMAX 

VlmV MIN 

VMIN 

rnA MINIMAX 

rnA MAX 

VI/fos MIN 

pFMIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice Jot qualification through sample lot assembly and testing. 

BURN-IN CIRCUIT 

10kCl 

+2OV 

-20V 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-42 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-42 
APPLICATIONS INFORMATION 

The OP-42 combines speed with a high level of input preci
sion usually found only with slower devices. Well-behaved 
AC performance in the form of clean transient response, 
symmetrical slew-rates and a high degree of forgiveness to 
supply decoupling are the hallmarks of this amplifier. AC 
gain and phase response are quite independent of tempera
ture or supply voltage. Figure 1 shows the OP-42's small
signal response. Even with 75pF loads, there is minimal ring
ing in the output waveform. Large-signal response is shown 
in Figure 2. This figure clearly shows the OP-42's exception
ally close matching between positive and negative slew
rates. Slew-rate symmetry decreases the DC offset a system 
encounters when processing high-frequency signals, and 
thus reduces the DC current necessary for load driving. 

FIGURE 1: Small-Signal Transient Response, 
ZL = 2kOll75pF 

FIGURE 2: Large-Signal Transient Response, 
ZL = 2kOll75pF 

As with most JFET -input amplifiers, the output of the OP-42 
may undergo phase inversion if either input exceeds the 
specified input voltage range. Phase inversion will not dam
age the amplifier, nor will it cause an internal latch-up. 

Supply decoupling should be used to overcome inductance 
and resistance associated with supply lines to the amplifier. 
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For most applications a O.1pF to O.D1pF capacitor should be 
placed between each supply pin and ground. 

The OP-42 display$ excellent resistance to radiation. Radia
tion hardness data is available by contacting the factory. 

OFFSET VOLTAGE ADJUSTMENT 

Offset voltage is adjusted with a 10kO to 100kO potentiome
ter as shown in Figure 3. The potentiometer should be con
nected between pins 1 and 5 with its wiper connected to the 
V- supply. Nulling Vos in this manner changes TCVe.s by no 
more than 5pY/oC per millivolt of Vos change. Alternately, 
Vos may be nulled by attaching the potentiometer wiper 
through a 1 MO resistor to the positive supply rail. 

FIGURE 3: Input Offset Voltage Nulling 

v+ 

v
STANDARD METHOD 

SETTLING-TIME 

v+ 

ALTERNATE METHOD 

NOTE: 
VOl CAN BE TRIMMED WITH 
POTENTIOIIETER RANGING 
FROM 10kn TO 1OOkn. 

Guaranteed fast-settling is assured by sample-testing during 
production. The OP-42 is configured asa unity-gain follower 
in the test circuit of Figure 4. This test method has advan
tages over false-sum-node techniques in that the actual out
put ofthe amplifier is measured, instead of an error-voltage at 
the sum node. Common-mode settling effects are exercised 
in this circuit, in addition to the slew-rate and bandwidth 
effects measured by the false-sum-node method. A reason
ably flat-top pulse is required as a stimulus. 

The output waveform of the OP-42 being tested is clamped 
by Schottky diodes and buffered by the JFET source
follower. The signal is amplified by a factor of ten by the fast 
amplifier IC1, then Schottky-clamped before being output. 
The OP-41 provides overall offset nulling. Analysis of the 
waveform using a digitizing oscilloscope determines the op 
amp's settling-time. 
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FIGURE 4: Settling-Time Test Fixture 

SCHOTTKY DIODES 01·04 
ARE HEWLETT ·PACKARD HPS082·2835 
IC11S COMLINEAR CLC200A1 
le21S PMI OP41EJ 

FIGURE 5: OP-42 Settling-Characteristics 
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DAC OUTPUT AMPLIFIER 

The OP-42 is an excellent choice for a DAC output amplifier, 
since its high speed and fast settling-time allow quick transi
tions between codes, even for full-scale changes in output 
level. The DAC output capacitance appears at the opera
tional amplifier inputs, and must be compensated to ensure 

REV,C 

OP-42 

1500 

optimal settling speed. Compensation is achieved with ca
pacitor C in Figure 6. C must be adjusted to account for the 
DAC's output capacitance, the op amp's input capacitance, 
and any stray capacitance at the inputs. With a bipolar DAC, 
an additional shunt resistor may be used to optimize 
response. This technique is described in PMl's application 
note AN-24. 

FIGURE 6: DAC Output Amplifier Circuit 

·F 
c 

PM-7548 

NOTE: R, IS INTERNAL TO MOST CMOS DAC. 

Highest speed is achieved using bipolar DACs such as PMl's 
DAC-OB, DAC-10 or DAC-312. The output capacitances of 
these converters are up to an order of magnitude lower than 
their CMOS counterparts, resulting in substantially faster 
settling-times. The high output impedance of bipolar DACs 
allows the output amplifier to operate in a true current-to
voltage mode, with a noise gain of unity, thereby retaining the 
amplifier's full bandwidth. Offset voltage has minimal effect 
on linearity with bipolar converters. 

CMOS digital-to-analog converters have higher output ca
pacitances and lower output resistances than bipolar DACs. 
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OP-42 
This results in slower settling-times, higher sensitivity to 
offset voltages and a reductfon in the output amplifier's 
bandwidth. These trade-offs must be balanced against the 
CMOS OAC's advantages in terms of interfacing capability, 
power dissipation, accuracy levels and cost. Using the inter
nal feedback resistor which is present on most CMOS con
verters, the gain applied to offset voltage varies between 4/3 
and 2, depending upon output code. Contributions to linear
ity error will be as much as 2/3Vos. I n a 10-volt 12-bit system, 
this may add up to an additional 1/5LSB ONL with the 
OP-42E. Amplifier bandwidth is reduced by the same gain factor 
applied to offset voltage, however the OP-42's 10M Hz gain
bandwidth product results in no reduction of the CMOS con
verter's multiplying bandwidth. 

Individual OAC data-sheets should be consulted for more 
complete descriptions of the converters and their circuit 
applications. 

FIGURE 7: OAC Output Amplifier Response (PM-7545 OAC) 

DRIVING A HIGH-SPEED ADC 

The OP-42's open-loop output resistance is approximately 
500. When feedback is applied around the amplifier, output 
resistance decreases in proportion to open-loop gain divided 
by closed-loop gain (AvoL/AveLl. Output impedance in
creases as open-loop gain rolls-off with frequency. High
speed analog-to-digital converters require low source impe
dances at high frequency. Output impedance at 1 MHz is 
typically 50 for an OP-42 operating at unity-gain. If lower 
output impedances are required, an output buffer may be 
placed at the output of the OP-42. 

HIGH-CURRENT OUTPUT BUFFER 

The circuit in Figure 8 shows a high-current output stage for 
the OP-42. Output current is limited by R1 and R2. For good 
tracking between the output transistors 01, 02 and their 
biasing diodes 01 and 02, thermal contact must be main
tained between the transistor and its associated diode. If 
good thermal contact is not maintained, R1 and R2 must be 
increased to 5-60 in order to prevent thermal runaway. Using 
50 resistors, the circuit easily drives a 750 load (Figure 9). 
Output resistance is decreased and heavier loads may be 
driven by decreasing R1 and R2. 

Base current and biasing for 01 and 02 are provided by two 
current sources, the MAT-02 and the JFET. The 2kO potenti
ometer in the JFET current source should be trimmed for 
optimum transient performance. The case of the MAT-02 
should be connected to V-, and decoupled to ground with a 
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0.1/LF capacitor. Compensation for the OP-42's input capac
itance is provided by Ce. The circuit may be operated at any 
gain, in the usual op amp configurations. 

FIGURE 8: High-Current Output Buffer 

+15V 

V,N 

t---.,....-OYOUT 

1.5kO 

FIGURE 9: Output Buffer Large-Signal Response 

DRIVING CAPACITIVE LOADS 

Best performance will always be achieved by minimizing 
input and load capacitances around any high-speed ampli
fier. However, the OP-42 is guaranteed capable of driving a 
100pF capacitive load over its full operating temperature 
range while operating at any gain including unity. Typically, 
an OP-42 will drive. more than 250pF at any temperature. 
Supplydecoupling does affect capacitive load driving ability. 
Extra care should be given to ensure good decoupling when 
driving capacitive loads, and a larger decoupling capacitor 
between 1/LF and 10/LF should be placed in parallel with the 
usual decoupling capacitor on each supply. 
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Large capacitive loads may be driven utilizing the circuit 
shown in Figure 10. R1 and C1 introduce a small amount of 
feedforward compensation around the amplifier to counter
act the phase lag induced by the output impedance and load 
capacitance. At DC and low frequencies, R1 is contained 
within the feedback loop. At higher frequencies, feedforward 
compensation becomes increasingly dominant, and R1's 
effect on output impedance will become more noticeable. 

When driving very large capacitances, slew-rate will be 
limited by the short-circuit current limit. Although the un
loaded slew-rate is insensitive to variations in temperature, 
the output current limit has a negative temperature coeffi
cient, and is asymmetrical with regards to sourcing and sink
ing current. Therefore, slew-rate into excessive capacities 
will decrease with increasing temperature, and will lose 
symmetry. 

COMPUTER SIMULATIONS 

Many electronic design and analysis programs include mod
els for op amps which calculate AC performance from the 
location of poles and zeros. As an aid to designers utilizing 
such a program, major poles and zeros of the OP-42 are listed 
below. Their location will vary slightly between production 
lots. Typically, they will be within ±15% of the frequency 
listed. Use of this data will enable the designer to evaluate 
gross circuit performance quickly, but should not supplant 
rigorous characterization of a breadboarded circuit. 

POLES ZEROS 
20Hz 
300kHz 
3M Hz 

1MHz 

FIGURE 11: OP-41 Servo Amplifier Provides Offset Correction 

SpF 

OP-42 
FIGURE 10: Compensation for Large Capacitive Loads 
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AUTOZEROING OFFSET VOLTAGE 

Figure 11 describes a circuit for automatic offset voltage and 
drift correction. The OP-41 is used in a servo loop to force the 
OP-42 output equal to the OP-41 's offset voltage. Thus, the 
OP-42's effective input offset is held below 10ILV (1 mV/AvCL 
= 100) despite any temperature variations. This circuit will be 
most advantageous in high-gain applications. 

Feedback is accomplished using the OP-42's null pins, leav
ing both inputs free for other purposes. In the application 

IN' 
IN' 
IN3 
INO 
INS 
IN6 
IN7 

>---<~------.,--------o VOUT 

ENABLE 

ALL LINES HIGH TO ZERO OFFSETS 

-15V 
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J. 
2N4118 

10kn 
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OP-42 
shown, the OP-42 has seven multiplexed inputs, while the 
eighth input provides a ground reference. Nulling is accomp
lished by addressing the grounded channel. This address 
should be held for at least 2001's. After this time, the address 
may be changed to another channel. The MUX-08 ENABLE 
pin must be high during the entire nulling cycle. During this 
time, JFET switch J1 turns on, completing feedback around 
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the OP-41 servo amplifier. A charge is developed across CH 
to compensate for the OP-42's offset voltage. When another 
channel is addressed, J1 turns off, and the correction charge 
is maintained across CHby the OP-41. Droop is exceptionally 
low - only 1.31'Vls at 25° C. A correction range of more than 
4mV allows nulling of minor system offsets as well as the 
OP-42's offset voltage. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Open-Loop Gain .............•.... 10,OOO,OOOV/V Min 
• Low Input Offset Voltage ................... 25/lV Max 
• Low Input Bias Current ...................... 5nA Max 
• Excellent TCVos ....................... O.3,.VI"C Max 
• High CMRR .............................. 126dB Min 
• High PSRR ............................... 126dB Min 
• Low Noise ... " ............... 5.5nV/.jHZ@ f = 10Hz 

.................... 4.5nV/.jHZ@ f = 1kHz 
• High Output Current ......................... ±50mA 
• Drives Capacitive Loads up to 10nF 
• On-Board Thermal Shutdown Circuit 
• Available In Ole Form 

PIN CONNECTIONS 

SIMPLIFIED SCHEMATIC 

EXTERNAL 
COMPENSATION 

14-PIN HERMETIC DIP 
(V-Suffix) 

NOTE: 
NO INTERNAL CONNECTION TO 
PINS 3, 4, AND 8. 

High-Output -Current 
Operational Amplifier (AyCL :> 5) 

OP-50 I 
ORDERING INFORMATIONt 

TA=25°C PACKAGE OPERATING 
VosMAX CERDIP TEMPERATURE 

(IIV) 14-PIN RANGE 

25 OP-50AY· MIL 
100 OP-50BY' MIL 
25 OP-50EY INO 

100 OP-50FY INO 

• For devices processed in total compliance to MIL-STD-883. add /883 after part 
number. ConsuH factory for 883 data sheet. 
Burn-in Is available on commercial and Industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The OP-50 eliminates the need for an output buffer in appli
cations which require high load-driving capability coupled 
with premium amplifier performance. The output stage can 
drive ±50mA into 500 loads. In addition, the output is stable 
with capacitive loads of up to 10nF. This load driving ability 
makes the OP-50 ideal for amplifying small signals for trans
mission through long cables. The amplifier features open
loop voltage gain of over 10 million with common-mode 
rejection and power supply rejection of greater than 126dB 
(AlE grades). 
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Manufactured under the following patents: 4,471,321 and 4,503,381. 
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OP~50 
The OP-50 is stable for closed-loop gains above 50, and can 
be externally compensated for closed-loop gains in the range 
of 5 to 50. The amplifier is designed for use in high-gain 
andlor high-output-current applications. For example, an 
OP-07 coupled with an output buffer can be replaced by a 
single OP-50 amplifier. 

lon-implanted superbeta transistors, combined with a pat
ented input bias current cancellation circuit, provide an input 
bias current of only 5nA and input offset current of 1 nA. Over 
the full military temperature range, input bias current and 
input offset current for an A-grade device does not exceed 
BnA and 3nA, respectively. Input offset voltages are trimmed 
to a maximum of 25p.V (AlE grades) and 100p.V (B/F grades) 
using PMl's zener-zapping technique. This low offset elimi
nates the need for an offset trimpot in most applications. 

Low voltage-noise, typically 4.5nV/y'HZ at 1 kHz, is achieved 
in the OP-50 with minimum sacrifice of input protection. 
Overload protection is provided by input resistors of 250n 
and emitter-base diodes. The input resistors provide current 
limit protection against differential inputs of up to ±10V; and 
the diodes prevent avalanche breakdown which could 
degrade the IB' los, and matching of the input stage transis
tors. External resistors can be added to the input to guard 
against higher input voltages; however, the added resistors 
will degrade noise voltage performance. When minimum 
noise voltage is required, source resistance should be kept 
below a few hundred ohms. 

Separate output-stage power supply pins are provided on the 
OP-50 to allow control of device power dissipation and out
put voltage swing. The maximum voltage which may be 
applied across the power supply pins is ±1BV. The guaran
teed specifications are based on operating both stages at 
±15V; however, there is minimal effect on DC performance 
when the main amplifier is operated at ±15V and the output 
stage is operated at a reduced voltage. When operating both 
the main amplifier and the output stage at the same voltages, 
the corresponding power supply pins may be tied together. 
Decoupling capacitors are recommended between the power 
supply pins and analog ground. It is necessary to use decou
piing capacitors on each power supply pin when operating 
the output stage at supply voltages less than the amplifier 
supply voltage. Do not operate the output-stage negative 
power supply pin at a more negative voltage than the nega
tive supply pin (V-). 

A thermally-symmetric die layout, which differs from other 
op amp designs by the positioning of more devices along the 
center line, provides the OP-50 with a thermal drift of less 
than 0.3p.V 1°C. This layout feature is critical to the mainte
nance of high open-loop gain when driving large-current 
loads and dissipating hundreds of milliwatts in the device. 
The use of a heatsink is recommended to reduce internal 
temperature rise when operating at high output power levels. 
The use of standard dual-in-line package heatsinks will help 
to dissipate heat to the environment. Other techniques, such 
as the use of external voltage-dropping resistors, allow heat 
to be dissipated outside of the package. See Figure 5, "Driving 
50n Loads", in the applications section. 
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A thermal-shutdown circuit protects the OP-50 from overdis
sipation. When the die temperature reaches approximately 
165°C, the output stage automatically shuts down. The 
amplifier input stage remains fully operational, thereby pro
tecting the signal source from any loading changes caused 
by a complete shutdown. 

COMPENSATION FOR GAINS BETWEEN 5 AND 50 
The OP-50 can be compensated for inverting gains between 
5 and 50 using a series resistor and capacitor. These values 
can be adjusted to minimize overshoot for a given applica
tion. The recommended compensation is: 

GAIN RANGE 

5 oS AVCL oS 20 
20 oS AVCL oS 50 
AVCL~ 50 

COMPENSATION 

Rc Cc 

560n 4.7nF 
3.3k!l 1nF 
No compensation required 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage (Note 2) .................................................... :t1BV 
Input Voltage ..................................................... Supply Voltage 
Differential Input Voltage (Note 3) .................................... :t1 OV 
Differential Input Current (Note 3) ...................•............. :t20mA 
Output Short-Circuit Duration ..................................... Indefinite 
Storage Temperature Range ......................... -65°C to +150°C 
Operating Temperature Range 

OP-50A, B ................................................. -55°C to + 125°C 
OP-50E, F ................................................... -25·C to +85°C 

Lead Temperature (Soldering, 60 sec) ........................... 300°C 
Junction Temperature (Tj) ............................... -65°C to + 150C 

PACKAGE TYPE 9 1A (NOTE 4) 9 1C UNITS 

14-Pln Hermatic DIP (y) 99 12 'CIW 

NOTES: 
1. Absolute ratings apply to both DICE and packaged parts, unless otherwise 

noted. 
2. Supply voltage rating applies to all power supply pins. No device pins should 

be connactad to a voltaga more negative than the supply to V-, pin 5. 
3. The OP-50's Inputs are protected by 2500 series resistors and protaCllon 

diodes. "the differential input voltaga axceeds ,.1OV, the Input current must 
ba IImHad to ..20mA. 

4. 9 1A Is spaclfied for worst casa mounting conditions, i.a., 9 1" is specified for 
dilvlce In sockst for CerOlP packaga. 
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OP-50 
ELECTRICAL CHARACTERISTICS at V+ = +VoP = +15V, V- = -Vop= -15V, TA = 25°C, no compensation, unless otherwise 
noted. 

OP-50A/E OP-50B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 10 25 50 100 "V 

Input Bias Current I. ±1 ±5 ±1 ±10 nA 

Input Oflset Current los 0.1 0.1 nA 

Input Voltage Range IVR CMRR 2: 100dB ±12 ±12 V • Output Voltage Swing 
RL2: 500ll ±13 ±13.4 ±13 ±13.4 

Vo RL2:5011 (Note 1) ±2.5 ±4.0 ±2.5 ±4.0 
V 

V+ ~ +Vop ~ +5V, 

Output Voltage Swing Vo 
V- ~ -Vop ~ -5V 

V 
RL ~ 500ll ±3.5 ±3.8 ±3.5 ±3.8 
RL ~ 5011 ±2.5 ±2.8 ±2.5 ±2.8 

RL 2: 2kll 
Slew Rate SR Rc~ 560n 2.5 3.0 2.5 3.0 VI"s 

Cc~ 4.7nF 

Common-Mode 
CMRR VCM~±10V 12S 

Rejection Ratio 
140 110 120 dB 

Power Supply 
PSRR Vs ~ ±5V to ±15V 0.1 0.5 0.5 "V/v Rejection Ratio 

Large-Signal 
Avo Vo ~ ±10V, RL ~ 1k!l 10 20 7.5 15 Vf"V Voltage Gain 

Gain-Bandwidth Product GBW AVCL ~ 50 (Note 2) 15 25 15 25 MHz 

Offset Voltage 
Rp~ 100k!l ±1.0 ±2.5 ±1.0 ±2.5 mV 

Range Adj ust 

Input Noise Voltage enp~p I ~ 0.1Hz to 10Hz 0.12 0.12 "Vp_p 

Noise Voltage Density 
I~ 10Hz 5.5 8.5 5.5 8.5 

nVf..[HZ en I ~ 1 kHz (Note 3) 4.5 6.0 4.5 6.0 

Noise Current inp-p I ~ 0.1Hz to 10Hz 2 pAp_p 

Noise Current Density in 
I~ 100Hz 0.3 0.3 

pAf..[HZ 
I~ 1kHz 0.23 0.23 

Quiescent Supply 
ISY No Load 2.S 3.3 2.S 3.3 rnA 

Current 

Positive Current Limit +Isc Output shorted to Ground SO 95 120 60 95 120 rnA 

Negative Current Limit -I sc Output shorted to Ground 60 85 120 SO 85 120 rnA 

Differential-Mode 
RIND Mll 

Input Resistance 

Common-Mode 
R 1NCM 20 20 G!I 

Input Resistance 

Capacitive Load 
A VCL ;:::- 5 

Capability 
CL Rc ~ 560n (Note 2) 10 10 nF 

Cc~ 4.7nF 

Settling to 0.01%, Vo ~ 20Vp_p 
Settling-Time t. AVCL ~ 500 30 30 ". 

AVCL ~ 1000 SO SO 

NOTES: 
1. Guaranteed by current limit tests. 
2. Guaranteed by design. 
3. Sample tested. 
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OP':50 
ELECTRICAL CHARACTERISTICS at V+ = +VoP = +15V, V- = -Vop = -15V, -25°C:5 TA:5 +85°C, no compensation, unless 
otherwise noted. 

OP-50E OP-50F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas 20 45 50 150 "V 

Input Offset 
TCVos (Note 1) 0.15 0.3 0.3 "vrc Voltage Drift 

Input Bias Current I. ±2 ±7 ±2 ±25 nA 

Input Offset Current los 0.2 2.5 0.2 20 nA 

Input Offset 
TClos 3 5 pA/"C 

Current Drift 

Input Bias 
TCI. 20 50 pA/"C 

Current Drift 

Input Voltage Range IVR CMRR,,100dB ±11.5 ±11.5 V 

Output Voltage Swing Va RL " 500ll ±12 ±13.4 ±12 ±13.4 V 

Common-Mode 
CMRR VCM = ±10V 120 

Rejection Ratio 
130 105 120 dB 

Power Supply 
PSRR Vs = ±5V to ±15V 0.5 1.25 0.5 1.25 "VIV Rejection Ratio 

Quiescent Supply 
Isy No Load 2.8 4 2.8 4 rnA 

Current 

Open-Loop Gain Ava 
VouT =±10V, 

(Note 2) 4 15 4 15 V/"V RL = lkll 

NOTES: 
1. TCVos tested on E grade. guaranteed by design on F grade specification. 
2. Guaranteed by design. 

ELECTRICAL CHARACTERISTICS at V+ = +VOP= +15V, V-=-Vo p= -15V, -55°C :5TA:5 +125°C, no compensation, unless 
otherwise noted. 

OP-50A OP-50B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas 20 55 50 200 "V 

Input Offset 
TCVos 0.15 

Voltage Drift 
0.3 0.3 "V/"C 

Input Bias Current I. ±2 ±8 ±2 ±20 nA 

Input Offset Current los 0.5 3 0.5 12 nA 

Input Offset 
TClos 3 pAl"C 

Current Drift 

Input Bias 
TCI. 20 50 pArC 

Current Drift 

Input Voltage Range IVR CMRR" 100dB ±11.5 ±11.5 V 

Output Voltage Swing Va RL,,50011 ±12 ±13.2 ±12 ±13.2 V 

Common-Mode 
CMRR VCM = ±10V 120 130 105 120 dB 

Rejection Ratio 

Power Supply 
PSRR Vs = ±5V to ±15V 0.5 1.25 0.5 1.25 "VIV Rejection Ratio 

Quiescent Supply 
ISY No Load 2.8 4 2.8 4 rnA 

Current 

Open-Loop Gain Ava 
Vo =±10V, 

(Note 1) 
RL = lkll 

4 10 4 10 VI"V 

NOTE: 
1. Tested at +125"C, guaranteed by design at -55 "C. 
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DICE CHARACTERISTICS 

DIE SIZE 0.149 X 0.111 inch, 16,539 sq. mils 
(3.78 X 2.82 mm, 10.66 sq. mm) 

OP-50 

1. NONINVERTING INPUT 
2. INVERTING INPUT 
5. V-
6. OUTPUT 
7. -Vop 
9. V+ 

10. +Vop 
11. COMPENSATION 
12. COMPENSATION 
13. NULL 
14. NULL 
15. V- (OPTIONAL BONDING PAD» 

WAFER TEST LIMITS at V+ = +VOP = +15V, V- = -Vop = -15V, TA = 25°C, no compensation, unless otherwise noted. 

PARAMETER SYMBOL 

Input Offset Voltage Vas 

Input Bias Current I. 

Input Offset Current los 

Output Voltage Swing Va 

Output Voltage Swing Va 

Common-Mode 
CMRR 

Rejection Ratio 

Power Supply 
PSRR 

Rejection Ratio 

Large-Signal 
Ava Voltage Gain 

Positive Current Limit +Ise 

Negative Current Limit -Ise 

Quiescent Supply 
ISY Current 

NOTE: 

CONDITIONS 

RL2:50011 

V+ = +VoP = +SV, V- = -Vop = -SV 

RL = SOOI1 
RL = SOil 

Vs = ±SV to ±1SV 

Vo =±10V, RL = 1kll 

Output shorted to Ground 

Output shorted to Ground 

No Load 

OP-50G 
LIMIT 

100 

±10 

3 

±13 

±3.S 

±2.S 

110 

7.S 

60 

60 

3.3 

UNITS 

nAMAX 

nAMAX 

VMIN 

VMIN 

dBMIN 

~VIVMAX 

VI~VMIN 

mAMIN 

mAMIN 

mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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OP-50 
TYPICAL ELECTRICAL CHARACTERISTICS at v+ = +Vop=+15V, V-=-Vop=-15V, TA = 25°C, no compensation, unless 
otherwise noted. 

PARAMETER SYMBOL 

Slew Rate SR 

Noise Voltage Density eo 

Input Noise Voltage enp~p 

Noise Current Density in 

Capacitive Load 
Capability CL 

NOISE TEST CIRCUIT (0.1 TO 10Hz) 

100kO 

BURN-IN CIRCUIT 

+18V 

10kn 

-lav 

ALL RESISTORS ARE 1% METAL FILM, 

2-676 OPERATIONAL AMPLIFIERS 

CONDITIONS 

RL 2: 2kll 
Rc =S601l 
Cc = 4.7nF 

f= 10Hz 
f= 1kHz 

f=0.1Hzto10Hz 

f= 10Hz 
f=1kHz 

AVCL 2:S 
Rc =S6011 
Cc =4.7nF 

2kn 

100kn 

+15V 

OP-SOG 
TYPICAL 

5.5 
4.5 

0.12 

0.2 
0.15 

10 

OFFSET NULLING CIRCUIT 

V+ 

Rp 
100 
kn 

V-

UNITS 

V/"s 

nV/JHZ 

p.Vp_p 

nF 
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TYPICAL PERFORMANCE CHARACTERISTICS 

40 

30 

~ 20 
w 

~ 10 

g 
i;; 
[f o -10 

5 
~ -20 

-30 

-40 

INPUT OFFSET VOLTAGE 
vs TEMPERATURE 

Vs= ±15V 

!"""'Io. ...... 
~ -1'-0.. ~ ~ 
i"'" 

'" 
....... 

r-.... 
_ _ _ 0 ~ ~ ~ ~ = 

0.6 

0.5 

1 
.... 

TEMPERATURE (OCI 

INPUT OFFSET CURRENT 
vs TEMPERATURE 

Vs'" ±16V 

ffi 0.4 

/ '" '" a 
~ 0.3 

~ 
o 0.2 

J 
5 
~ 

o. " .., V 
1 

o 
-75 -50 -25 25 50 75 100 125 

SLEW RATEvs 
CAPACITIVE LOAD 

3.0 r-r-rrTT111T"""T"rTTnm-,-nTm""""'-m"" 
Vs = ±1~~11 

, AveL = 10 
2.5 1-f+I+H!I!-+H+tItt\-\1-H-ttt RL '" lkn 

RC = 5600 
Cc '" 4.7nF 

~ 2.0 

w 
~ 1.5 1-f+I+H!I!-+H+tItt\-I-H~rII-+-I+ 

'" ~ 
~ 1.0 1-H-t+HltI-+HttttH-i-tl-tttl!l-+l+ 

0.5 I-H-HtlHI-+l-H+lHl-+HtIlltt-+++HllIl 

°OL.,~~UWL-LL~~,~O~~~'WO-O~LUUW,~ 

CAPACITIVE LOAD (nFJ 

NOTE: 

~ 
;: 
iii 
'" ~ 
" :!1 
;;; 
.... 
~ ., 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

INPUT BIAS CURRENT 
vs SUPPLY VOLTAGE 

TA = 25°C 

- -I-

:1:5 :1:10 :!:15 :1:20 

SUPPLY VOLTAGE (VOLTS) 

SLEW RATEvs 
TEMPERATURE 

'25 

5.0 r--r--.---,--,--,....-....,..--.---. 
AVCL =20 

4.5 I--+-+-I--+-+-~~: ~~;~ 
Cc '" lnF 

~>~ 4.0 I--+-+-I--+-+~~: ~:'PF 
_ +SR 

~ L-~~4:;;~=*~db~~~--.J ~3.5 ~R ~ 
~ ........ 
rn 3.01---+-+-+--1-+-+--1---+ 

2.5 1---+-+-+--1-+-+---'1---+ 

2.0 '-...J._~_.L--'_-J..._..L...-JL-...J 
-75 -50 -25 

150 

140 

25 50 75 100 126 

TEMPERATURE (OC) 

CMRR vs 
FREQUENCY 

V~±15V 
TA = 25"C 

j 130 
r'" VCM= ±10V 

AVCL "'000 
z 
0 

120 >= '" 1;3 
;;] 110 

'" l!l 100 0 " ~ 90 0 ,. 
" so 0 

1\ 
" 70 

60 
i'. 

1 10 100 1k 10k lOOk 

FREQUENCY (Hz) 

The symbol ±Vsis used to indicate the supply voltages when the main amplifier 
and the output stage are being operated at the same voltages. 
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OP-50 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-50 
TCVos TEST CIRCUIT 

lOll 1"" 

1001%* 

lODklll"'* 

+1SV 

O.OlpF 

~ 

-15V 

"VISHAV TYPE S102K RESISTORS 

APPLICATIONS INFORMATION 

HIGH-SENSITIVITY VOLTAGE COMPA.RATOR 
A comparator capable of resolving a submicrovolt difference 
signal is shown in Figure 1. The OP-50, operating without 
feedback, drives a second gain stage which generates a TTL
compatible output signal. Schottky-clamp diodes prevent 

overdriving of the long-tailed transistor pair and stop satura
tion of the output transistor. Power supply voltage is set to 
±5V to lower the quiescent power dissipation and minimize 
thermal feedback due to output stage dissipation. Operating 
from ±5V supplies also reduces the OP-50 rise and fall times 
as the output slews over a reduced voltage range. This, in 
turn, reduces the output response time. 

It is common practice with voltage comparators to ground 
one input terminal and to use a single-ended input. The 
historic reason is poor common-mode rejection on the input 
stage. In contrast, the OP-50 has very high common-mode 
rejection and is capable of detecting microvolt level differ
ences in the presence of large common-mode signals. 

The comparator is not fast, but it is very sensitive and can 
detect signal differences as low as O.31l'v. With large input 
overdrives, the circuit responds in approximately 31"s. If 
sharp transitions are needed, the use of a TTL Schmitt
trigger input is recommended. A table of Response Time vs. 
Input Overdrive is shown below. 

INPUT OVERDRIVE 100mV 10mV 1mV 100l'V 10l'V 

Positive Output Delay 3.21'5 51's 401'5 3401'5 2.4ms 
Negative Output Delay 1.81'5 51's 501'5 3801'5 4.5ms 

.-...... -----1I------..... -1~----o+5V 

1.5kSl 

'OnF 

*,o.F 
10nF 

CERAMIC * 
2X 
lN6263 

2.2kn 

.... ___ -o~~~8fPATIBLE 

lN6263 

8200 

~-~!~-~-~_.---~---4-oov 

'--+_-----------+_-----o-5V 

FIGURE 1: HIGH-SENSITIVITY VOLTAGE COMPARATOR 
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INTEGRATOR AND UNITY-GAIN BUFFER 
Figure 2 shows a method of obtaining unity-gain in a buffer 
configuration. The R1 and C1 network provides input com
pensation to circumvent the minimum gain requirement. 
Figure 3 shows the same technique applied in the inverting 
mode to form a high precision integrator. 

V,No-...... -II---'IM-.... , 

FIGURE 2: UNITY GAIN BUFFER 

V,N o---'IM-+-------''i 
Cl 

O.l.uF 

FIGURE 3: INTEGRATOR 

20mA CURRENT SOURCE 

lkll 

4.7nF 

5600 

The 20mA current source exploits the high output current 
and high linearity capabilities of the OP-50. Five precision 
resistors and a trim potentiometer are required in this circuit 
configuration, known as the Howland Current Pump. The 
trim potentiometer is used to balance the resistive feedback 
dividers. This maximizes the current-source output impe
dance. Compensation is selected for a voltage gain of 10. 

Compliance is better than ±11V at an output current of 20mA 
and the trimmed output resistance is typically 2MO with 
RL::; 5000. The transfer function is given by: 

VIN (DIFF) x 10.1 
lOUT = 101 Amps 

VIN (DIFF) is the differential input voltage. For the resistor 
values shown in Figure 4, the maximum VIN (DIFF) is 200mV. 

REV. A 

OP-50 

100ka ±O,l% lkn ±1% 

+15V 

10kn±O.1% 

VIN(OIFF) {~--,\N'v-_"'-I ...,. 10kn. ±O.l% 

I010±O.I% 

-15V 

100kn±O.1% 

2kll 
ROUT TRIM 

HOWLAND CURRENT PUMP 
VOLTAGE COMPLIANCE: ±1 l.OV @lIOUT = 20mA 
OUTPUT RESISTANCE, ROUT (AT lOUT'" 20mA AND RL "-SOOO): ~2M.n 
STABLE WITH ALL VALUES OF CAPACITIVE LOAD. 

FIGURE 4: 20mA CURRENT SOURCE 

DRIVING 500 LOADS 
The OP-50 can provide up to SOmA into a 500 load and up to 
26mA into a 5000 load. The output is stable driving capacitive 
loads of up to 10nF. 

Applications that make use of the high output current capa
bility of the OP-50 will cause increased power dissipation in 
the amplifier. To reduce internal dissipation in these applica
tions, external voltage dropping resistors can be connected 
in series with the output-stage power supply pins. As shown 
in Figure 5,1300 resistors can be attached to pin 7 (-Vop) and 
to pin 10 (+Vop). To maintain stability and specified perfor
mance levels, 0.0471'F decoupling capacitors should be used 
as indicated from pin 7 and pin 10 to ground. 

-IN 

+IN 

NOTE: 

r------~.__-o·+15V 

y---....... -oVo 

5O1l 
LOAD 

'-----+-----o-15V 

RESISTORS R1 AND R2 REDUCE Ie POWER DISSIPATION. 

FIGURE 5: DRIVING 500 LOADS 
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11IIIIIIII ANALOG 
WDEVICES 

Wide-Bandwidth 
Precision Operational Amplifier (Av > 10) 

FEATURES 
• High Gain-Bandwidth Product ...................... 200M Hz Typ 
• Low Voltage Noise .............................. 3.4nV/v'Hz @ 1 kHz 
• High Speed ..........•.........•...............................•.•• 45V/"s Typ 
• Fast Settling Time (0.01 %) ................................ 330ns Typ 
• High Gain ....................................................... 475V/mV Typ 
• Low Offset Voltage .....•.•............................•....•.• 100" V Typ 

APPLICATIONS 
• Low Noise Preamplifier 
• Wideband Signal Conditioning 
• Pulse/RF Amplifiers 
• Wideband Instrumentation Amplifiers 
• Active Filters 
• Fast Summing Amplifiers 

GENERAL DESCRIPTION 

The OP-61 is a wide-bandwidth, precision operational amplifier 
designed to meet the requirements offast, precision instrumen
tation systems. The OP-61 's combination of DC accuracy with 
high bandwidth, fast slew rate and low noise, makes it unique 
among high-speed amplifiers. It is ideal for wide band systems 
requiring high signal-to-noise ratio, such as fast 12-16 bit data 
acquisition systems. The OP-61 maintains less than 3nV/v'Hz 
of input referred spot voltage noise over its closed-loop band
width. 

The OP-61 offers noise and gain performance similar to that of 
the industry standard OP-27/37 amplifiers, but maintains a 

+15V 

O.1IlF 

q. 
V,N 

V OUT 

'001> 90"" 

''''' l'5P
F 

Av = +10 

-15V 

REV. A 

OP-61 I 
much larger gain-bandwith product of 200MHz. With slew rate 
exceeding 45V IllS, and settling time for 12 bits (0.01 %) typically 
330ns, the OP-61 has excellent dynamic accuracy. 

The OP-61 is an excellent upgrade for circuits using slower op 2 
amps such as the HA-5111, and the HA-5147. The OP-61 can 
also be used as a high-speed alternative to the HA-5101, HA-
5127, HA-5137, OP-27, and OP-37 amplifiers, where closed-
loop gains are greater than 10. 

PIN CONNECTIONS 

cj ~ d. cj (j 
:i Z z Z ;i 

OP-61 ARC/883 
20-CONTACT LCC 

(RC·Suffix) 

VOUT 

V,N 

EPOXY MINI-DIP 
(P-Suffix) 

8-PIN CERDIP (Z-Suffix) 
8·PIN SO (S·Suffix) 
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OP-61 
ORDERING INFORMATION t 

CERDIP 
8-PIN 

OP6IAZ" 
OP6IFZ 

PACKAGE 

PLASTIC 
8-PIN 

OP61GP 
OP61GS 

LCC 
2O-CONTACT 

OP6IARCI883" 

OPERAnNG 
TEMPERATURE 

RANGE 

MIL 
XIND 
XIND 

For devices processed in total compliance to MIL-STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, and plastic DIP packages. 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage ................................................................. ±18V 

Differential Input Voltage ................................................. ±5.0V 

Input Voltage .................................................... Supply Voltage 

Output Short-Circuit Duration ................................. Continuous 

Storage Temperature Range 

P, RC, S, Z Package .................................... -65°C to +150°C 

Lead Temperature Range (Soldering, 60 sec) ............... 300°C 

Junction Temperature (Tj) .............................................. 150°C 

Operating Temperature Range 

All A Grades ................................................ -55°C to + 125°C 

F & G Grades ................................................. -40°C to +85°C 

PACKAGE TYPE 9jA(Note t) 9le UNIT 

8·Pln Hermetic DIP (Z) t48 t6 ·CIW 

8·Pin Plastic DIP (P) t03 43 ·CIW 

20-Contact LCC (RC) 98 38 ·CIW 

8·PinSO(S) 158 43 ·CIW 

NOTES: 
I. 9jA is specified for worst case mounting conditions, i.e., 9jA is specified for 

device in socket for CerDIP, P-DIP, and LCC packages; alA is specified for 
device soldered to printed circuit board for SOpackage. 

2. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

OP-61 A OP-61F OP-61G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MtN TYP MAX UNITS 

Input Oftset Voltage Vos 100 500 ISO 750 200 1000 I'V 

Input Oftset Current los VCM=OV 30 ISO 40 200 40 200 nA 

Input Bias Current Is VCM=OV 130 500· 200 600 200 600 nA 

Input Noise 
en to= 1000Hz 3.4 3.4 3.4 - nV/v'Hz 

Voltage Density 

Input Noise 
in fo = 10kHz 1.7 1.7 1.7 pAlv'Hz 

Current Density 

Input Voltage Range IVR (Note I) ±11.0 ±II.O ±11.0 V 

Common-Mode 
CMR VCM =±I1V 100 108 94 100 94 100 dB 

Rejection 

Power Supply 
PSRR Vs=±5Vto±18V 1.2 4.0 2.0 5.6 2.0 5.6 I'VN 

Rejection Ratio 

Large-Signal 
RL=IOI<O 225 475 175 425 175 425 

Voltage Gain Avo RL = 21<0 200 400 ISO 350 ISO 350 V/mV 
RL= 11<0 ISO 340 120 300 120 300 

Output Voltage 
Vo 

RL= 11<0 ±12.0 ±13.2 ±12.0 ±13.2 ±12.0 ±13.2 
V 

Swing RL=500Q ±II.O ±12.8 ±II.O ±12.8 ±II.O ±12.8 

Slew Rate SR 
RL= 11<0 

40 45 35 45 35 45 VII'S 
CL=50pF 

Gain Bandwidth Prod. GBWP to= IMHz 200 200 200 MHz 

SettlingTime t. Av= -10, 10V Step, 0.01% 300 330 330 ns 

Supply Current Isy No Load 6.1 7.5 6.1 7.5 6.1 7.5 mA 

NOTES: 
I. Guaranteed by CMR test. 
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OP-61 
ELECTRICAL CHARACTERISTICS at V s = :t 15V, -55°C ,; T A ,; + 125°C, unless otherwise noted. 

OP-61A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 200 1000 "V 

Average Input 
TeVos 1.0 5.0 "vrc Offset Drift 

Input Offset Current los VCM=OV 70 400 nA 

Input Bias Current t. VCM=OV 180 800 nA 

Input Voltage Range IVR (Note 1) ,.IIV V 

Common-Mode 
CMR VCM =,.IIV 

Rejection 
94 104 dB 

Power Supply 
PSRR Vs =,.5Vto ,.18V 2.0 5.6 "VN Rejection Ratio 

Large-Signal 
RL = 10kD 175 400 

Vollage Gain Avo RL =2kD 150 340 V/mV 

RL = lkD 120 280 

Output Voltage 
Vo 

RL alkA ,.11.0 ,.13.0 
V 

Swing RL = 500D ,.10.0 ,.12.7 

Supply Current ISY No Load 6.5 8.0 mA 

ELECTRICAL CHARACTERISTICS at V s = :t15V, -40°C,; T A ,; +85°C. 

OP-61F OP-61G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 300 1250 400 1500 "V 

Average Input 
TCVos 3.0 7.0 3.0 7.0 "vrc Offset Drift 

Input Offset Current los VCM=OV 125 500 125 500 nA 

Input Bias Current I. VCM=OV 250 9DO 250 900 nA 

Input Voltage Range IVR (Note 1) ,.11V ,.11V V 

Common-Mode 
CMR VCM = ,.11V 88 96 88 96 dB 

Rejection 

Power Supply 
PSRR Vs =,.5VIo,.18V 4.0 10.0 4.0 10.0 "VN Rejection Ratio 

Large-Signal 
RL = 10kD 150 350 150 350 

Voltage Gain Avo RL =2kD 120 3DO 120 300 V/mV 

RL=lkD 100 240 100 240 

Output Voltage RL = lkA ,.11.0 ,.13.0 ,.11.0 ,.13.0 
V 

Swing Vo 
RL =5DOD ,.10.0 ,.12.7 ,.10.0 ,.12.7 

Supply Current ISY No Load 6.4 8.0 6.4 8.0 mA 

NOTES: 
1. Guaranteed by CMR test. 
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OP-61 
DICE CHARACTERISTICS 

DIE SIZE 0.064 x 0.068 Inch, 4,352 sq. mils 
(1.63 x 1.73 mm, 2.81 sq. mm) 

WAFER TEST LIMITS atVs=±15V, TA = 25°C. 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Input Voltage Range 

Common-Mode 
Rejection 

Power Supply 
Rejection Ratio 

Large-Signal 
Voltage Gain 

Output Voltage Swing 

Slew Rate 

Supply Current 

NOTE: 

SYMBOL 

Vos 

los 

Ie 

IVR 

CMR' 

PSRR 

Avo 

Vo 

SR 

Isy 

CONDITIONS 

Vs=±5Vto±18V 

RL = 10kQ 
RL=2kQ 
RL=lkQ 

RL=lkQ 
RL=500Q 

RL=lkQ 
CL=50pF 

No Load 

1. VOSNULL 
2. ~N 
3. +IN 
4. V-
5. VosNULL 
6. OUT 
7. V+ 

OP-61GBC 
LIMITS UNITS 

750 I1VMAX 

200 nAMAX 

600 nAMAX 

±II.O VMIN 

94 dBMIN 

5.6 I1VNMAX 

175 
150 V/mVMIN 
120 

±12.0 
VMIN 

±11.0 

35 V/I1S MIN 

7.5 mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging iS1l,ot guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTER~STICS 
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OP-61 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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OP-61 
SIMPLIFIED SCHEMATIC 

NULL NULL 

r--r------~------_r--~------~~------------~~~~------_ov+ 

+ IN 0-_4>----[.. 

OUT 

L------------+--~------~~~----~------~----__o v-

APPLICATIONS INFORMATION 
The OP-61 combines high speed with a level of precision and noise 
performance normally only found with slower amplifiers. Data 
acquisition and instrumentation technology has progressed to 
where dynamic accuracy and high resolution are both maintained 
to a very high level. The OP-61 was specifically designed to meet 
the stringent requirements of these systems. 

Signal-to-noise ratio degrades as input referred noise or band
width increases. The OP-61 has a very wide bandwidth, but its 
input noise is only 3nV/-/RZ. This makes the total noise gener
ated over its closed-loop bandwidth considerably less than 
previously available wideband operational amplifiers. 

The OP-61 provides stable operation in closed-loop gain con
figurations of 10 or more. Large load capacitances should be 
decoupled with a resistor placed inside the feedback loop (see 
Driving Large Capacitive Loads). 

OFFSET VOLTAGE ADJUSTMENT 
Offset voltage can be adjusted by a potentiometer of 1 Okll to 
1 OOkll resistance. This potentiometer should be connected be
tween pins 1 and 5 with the wiper connected directly to the OP-61 
V+ pin (see Figure 1). By connecting this line directly to the op 
amp V+ terminal, common impedance paths shared by both 
return currents and the null inputs will be avoided. Nulling inputs 
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to any op amp are simply another set of sensitive differentially 
balanced inputs. Therefore, care must always be exercised in 
laying out signal paths by not placing the trimmer, or the nulling 
input lines, directly adjacent to high frequency signal lines. 

+v 

-v 

POTENnOMETERS RANGING FROM 10kll TO 100"" 
CAN BE USED TO OBTAIN A MINIMUM OF ±amv OF 
Vas ADJUSTMENT. 

FIGURE 1: Input Offset Voltage Nulling 

REV. A 



REF·10 
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DAce 
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+V 
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OP-61 

FIGURE 2: TrimmingOP-61 Voltage Offset with 0 to 10V Voltage Output, PM-7226 Quad D/A 

D/A converters can also be used for offset adjustments in sys
tems that are microprocessor controlled. Figure 2 illustrates a 
PM-7226 quad, a-bit D/A, used to null the OP-61's offset volt
age. A stable fixed bias current is provided into pin S of the OP-
61, from R2, and a REF-10, +10V precision voltage reference. 
Current through R" from the D/A voltage output provides the 
programmed Vos adjustment control. Symmetric control of the 
offset adjustment is effected since equal currents are sourced 
into R, and R2 when the D/A is at half scale, binary input code = 
10000000. 

With the circuit components shown in Figure 2, the maximum 
Vos adjustment range is .,SOOmV, referred to the input of the 
OP-61. Incremental adjustment range is approximately 2,N per 
bit, allowing Vos to be trimmed to .,2/1V. 
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200Q V,N 0--1\/11'-____ "-1 
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FIGURE 3: Large- and Small-Signal Response Test Circuit 
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OP-61 
TRANSIENT RESPONSE PERFORMANCE 
Figures 4 and 5,respectively, show the small-signal and large
signal transient response of the OP-61 driving a 20pF load from 
the circuit in Figure 3. Both waveforms are symmetric and exhibit 
only minimal overshoot. The slew rate symmetry, apparent from 
the large-signal response, decreases the DC offsets that occur 
when processing input signals that extend outside the range of 
the OP-61 's full-power bandwidth. 

FIGURE 4: Small-Signal Transient Response 

FIGURE 5: Large-Signal Transient Response 

DRIVING CAPACITIVE LOADS 
Direct capacitive loading will reduce the phase margin of any op 
amp. A pole is created by the combination of the op amp's output 
impedance and the capacitive load that induces phase lag and 
reduces stability. However, high-speed amplifiers can easily drive 
a capacitive load indirectly. This is shown in Figure 6. The OP-61 
is driving a 1 OOOpF capacitive load. Rl andCl serve to counter
act the loss of phase margin by feedforwarding a small amount of 
high frequency output signal back to the amplifier's inverting input, 
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V,N 

R. 
1000 

-'V. 

20pF 

RF 
9000 

CLQAD 

r1DOOpF 

FIGURE 6: OP-61 Noninverting Gain of 10 Amplifier, 
Compensated to Handle Large Capacitive Loads 

thereby preserving adequate phase margin. The resulting pulse 
response can be seen in Figure 7. Extra care may be required to 
ensure adequate decoupling by placing a 1 ~F to 1 O~F capacitor 
in parallel with the existing decoupling capacitor. Adequate 
decoupling ensures a low impedance path for high frequency 
energy transferred from the decoupling capacitors through the 
amplifier's output stage to a reactive load. 

FIGURE 7: Pulse Response of Compensated X10 Amplifier in 
Figure 6, VIN~ 100mVp_p, Vour= 1Vp_p, Frequency of Square 
Wave = 1MHz, CLOAD= 1000pF! 
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DECOUPLING AND LAYOUT GUIDELINES 
The OP-61 op amp is a superb choice for a wide range of preci
sion high-speed, low noise amplifier applications. However, 
care must be exercized in both the design and layout of high
speed circuits in order for the specified performance to be real
ized. 

Although the OP-61 has excellent power supply rejection over a 
wide bandwidth, the negative supply rejection is limited at high 
frequencies since the amplifier's internal integrator is biased via 
the negative supply line. This operation is typical performance 
for all monolithic op amps, and not unique to the OP-61. Since 
the negative supply rejection will approach zero for signals 
above the close-loop bandwidth, high-speed transients and 
wideband power supply noise, on the negative supply line, will 
result in spurious signals being directly added to the amplifier's 
output. Adequate power supply decoupling prevents this prob
lem. 

Generally, a 0.1 "F tantalum decoupling capacitor, placed in 
close proximity across the amplifier's actual power supply pin 
and ground is recommended. This will satisfy most decoupling 
requirements, especially when the circuit is built on a low imped
ance ground plane. When a heavy copper clad ground plane is 
not used, it becomes especially important to confine the high 
frequency output load currents confined to as small a high-fre
quency signal path as possible, as suggested in Figure B. 

+v 

FIGURE 8: Proper power supply bypassing is required to obtain 
optimum performance with the OP-61. Maintain as small wide
band signal cu"ent path as possible. Where signal common is a 
low impedance ground plane, simply decouple O. 1 tJF to ground 
plane near the OP-61. 
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Power management of complex systems sometimes results in a 
complex l-C network that has high frequency natural reso
nances that cause stability problems in circuits internal to the 
system. Resistors added in series to the supply lines can lower 
the Q of the undesired resonances, preventing oscillations on 
the supply lines. Resistors of 3 to 10 ohms work well and serve 
to ensure the stability of the OP-61 in such systems. 

ADDITIONAL CAVEATS FOR HIGH·SPEED AMPLIFIERS IN· 
ClUDE: 
1. Keep all leads as short as possible, using direct point-to-point 

wiring. Do not wire-wrap or use "plug-in" boards for prototyp
ing circuits. 

2. Op amp feedback networks should be placed in close proxim
ity to the amplifiers inputs. This reduces stray capacitance 
that compromises stability margins. 

3. Maintain low feedback and source resistance values. Imped
ance levels greater than several kilo-ohms may result in de
grading the amplifier's overall bandwidth and stability. 

4. The use of heavy ground planes reduces stray inductance, 
and provides a better return path for ground currents. 

5. Decoupling capacitors must have short leads and be placed 
at the amplifier's supply pins. Use low equivalent series resis
tance (ESR) and low inductance chip capacitors wherever 
possible. 

6. Evaluation of prototype circuits should be performed with a 
low input capacitance, X10 compensated oscilloscope 
probe. X1 uncompensated probes introduce excessive stray 
capacitance which alters circuit characteristics by introduc
ing additional phase shifts. 

7. Do not directly drive either large capacitive loads or coax 
cables with high-speed amplifiers (see DRIVING COAXIAL 
CABLES). 

8. Watch out for parasitic capacitances at the +/- inputs to wide· 
band noninverting op amp circuits. Since these nodes are not 
maintained at virtual ground as in the inverting amplifier con
figuration, parasitics may degrade bandwidth. Wideband 
noninverting amplifiers may require the ground plane trace 
removed from local proximity to the op amp's inputs. 
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+16V 

SkD 

10,.., HPSIJ02o.28;10 

+~ 
0.1,.., -::-

J. 
YIN 

' .... 
~ 

3pF 

AV = -10 

FIGURE 9: High-Speed Settling Time Fixture (for 0.1 and 0.01%) 

SErrUNG TIME 
Settling time is the time between when the input signal begins to 
change and when the output permanently enters a prescribed 
error band. Figure 9 illustrates the artificial summing node test 
configuration, used to characterize the OP-61 settling time. The 
OP-61 is set in a gain of -10 with a 1.0V step input.The error 
bands on the output are SmV and O.SmV, respectively, for 0.1 % 
and 0.01% accuracy. 

The test circuit, built on a copper clad circuit board, has a FET 
input stage which maintains extremely low loading capacitance 
at the artificial sum node. Preceeding stages are complemen
tary emitter follower stages, providing adequate drive currentfor 
a 50g oscilloscope input. The OP-97 establishes biasing for the 
input stage, and eliminates excessive offset voltage errors. 

Figure 10 illustrates the OP-61 's typical settling time of 330ns. 
Moreover, problems in settling response, such as thermal tails 
and long-term ringing are nonexistent. This performance of the 
OP-61 makes it a suberb choice for systems demanding both 
high sampling rates and high resolution. 
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FIGURE 10: Settling Characteristics of the OP-61 to 0.01%. 
No Thermal Settling Tail Appears as Part of the Settling 
Response. 
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+15V 

'OlIO 
300pF 

+15V 

TTL T DIGITAL 
INPUT 

1.BkC 
+15Vo---.fI.lV'-~ 

• NOTE: DeCOUPLE CLOSE 
TOGETHER ON GROUND PLANE 
WITH SHORT LEAD LENGTHS 

FIGURE 11: Transient Output Impedance Test Fixture 

TRANSIENT OUTPUT IMPEDANCE 
Settling characteristics of operational amplifiers also includes 
an amplifier's ability to recover, i.e., settle, from a transient cur
rent output load condition. An example of this includes an op 
amp driving the input from a SAR type AID converter. Although 
the comparison point of the converter is usually diode clamped, 
the input swing of plus-and-minus a diode drop still gives rise to 
a significant modulation of input current. If the closed-loop out
put impedance is low enough and bandwidth of the amplifier is 
sufficiently large, the output will settle before the converter 
makes a comparison decision which will prevent linearity errors 
or missing codes. 

Figure 11 shows a settling measurement circuit for evaluating 
recovery from an output current transient. An output disturbing 
current generator provides the transient change in output load 
current of 1 mAo As seen in Figure 12, the OP-61 has extremely 
fast recovery of 180ns, (to 0.01 %), for a 1 mA load transient. The 
performance makes it an ideal amplifier for data acquisition 
systems. 
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I+ 7A13 .LUG·IN 

n- 7A'3.LUG·IN 

''''' 
1 AI OUT • I VREF I 

''''' 

OP-61 

FIGURE 12: OP-61's Extremely Fast Recovey Time from a 
1mA Load Transient to 0.01% 
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OP-61. 
DRIVING COAXIAL CABLES 
The OP-S1 amplifier, and a BUF-03 unity-gain buffer; make an 
excellent drive circuit for 75Q or 50Q coaxial cables. To main
tain optimum pulse response, and minimum reflections, op amp 
circuits driving coaxial cables should be terminated at both 
ends. Unterminated cables can appear as a resonant load to the 
amplifier, degrading stability margins. Also, since coaxial 
cables represent a significant capacitive load shunting the driv
ing amplifier, it is not possible to drive them directly from the op 
amp's output (RG-58 coax. typically has 33pF/foot of capaci
tance). 

Figure 13 illustrates an OP-S1 noninverting, gain of 10, amplifier 
stage, driving a double-matched coaxial cable. Since the 
dOUble-matching of the cable results in voltage gain loss of SdB, 
the composite voltage gain of the entire circuit is 5, or 14dB. 

v,. 

. , 
'OOg 

+v 

-v 

+v 

-v 

" . 

FIGURE 13: OP-61 Noninverting Amplifier Driving Coaxial 
Cable, Composite Gain .. 5 from Y'N to V OUT. Adjust C t for 
Desired Pulse Response. . 

FIGURE 14: Pulse Response from Amplifier Circuit in Figure 
13, Driving 15 Ft. of RG-58 Coaxial Cable 
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Resistors R3 and R4 serve to absorb reflections at both ends of 
the cable. The OP-S1 's wide bandwidth and fast symmetric sle
wing, results in a very clean pulse reponse, as can be seen in 
Figure 15. The BUF-03 serves to increase the output current 
capability to 70mA peak, and the ability to drive up to a 1 flF 
capacitive load (or a longer cable). The value of C, may need to 
be Slightly adjusted to provide an optimum value of phase lead, 
or pulse response. This capacitor serves to correct for the cur
rent buffers phase lag, internal to the OP-S1 's feedback loop. 

NOISE MODEL AND DISCUSSION 
The OP-S1's exceptionally low voltage noise (en = 3.0nV/Hz, 
high open-loop gain, and wide bandwidth makes it ideal for ac
curately amplifying wideband low-level signals. Figure 15a 
shows the OP-S1 cleanly amplifying a 5mVp-p, 1 MHz sine wave, 
with inverting gain of 100. Noise or limited bandwidth prevents 
most amplifiers from achieving this performance. 

'pF 

., 
, .... r 

-v 

FIGURE 158: Example of Low Level Amplifier in an Inverting 
Configuration, Gain = Vou.,N/N =-R/Rt =-100 

FIGURE 15b: OP-61, Gain = -100.0, Wideband Amplifier, 
Y'N = 5mVp_p Signal at 1 MHz, V OUT = 500mVp_p 
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FIGURE 16: Inverting Gain Configuration Noise Model for the 
OP-61 

The inverting amplifier model, seen in Figure 16, can be used to 
calculate the equivalent input noise, e I" e I is the voltage noise, 
modeled as part of the input signal. It ~ep~esents all the current 
and voltage noise sources lumped into one equivalent input 
voltage. 

Typical values for the OP-61 noise parameters are: 

en = 3.4nV/,!Hz @ 1 kHz 

in = 1.7pA/.JHz@ 10kHz 

(where it is assumed that in = in - = in +). 

It can be defined from the model in Figure 16: 

enl = total input referred spot voltage noise (all noise 
contributions lumped into one equivalent voltage 
noise source). 

en = spot voltage noise of OP-61 

in = spot current noise of OP-61 

Zs = total input impedance 

Z = impedance at OP-61 + input node 

Avcl = closed-loop gain for inverting amplifier 

N.G. = 1 + IAvcll = noise gain for inverting amplifier 

izs = spot noise current generated by Zs' If Z. = Rs' then 

izs = iRS = O.12~ nV/v'Hz. 

eZI = spot voltage noise generated by Z,. If Z, = R, ' 

then eZI = eR, = 0.129Vi\nV/v'Hz. 

Note: Equation is derived from Johnson noise relationship of 
resistor R: 

eR =V4kTR =.j4kf vIR = 0.129 vIR nV/v'Hz' R is in ohms. 
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The equivalent input voltage noise, referred to the output, can 
be found by adding all the noise sources in a sum-of-square 
fashion: 

Referred back to the amplifiers input: 

eni =..J!mL = 
IAveu 

1(en2 (N.G.)2 + in21Z12 (N.G.j2 + in2 1Zt12 + izs2 IZtl2 + eZf2) 

IAveu 

To capitalize on the low voltage performance of the OP-61 , Z, ~ 
and especially Zs must be as low impedance as possible. With 
low impedance values of Z, and Zs: 

e . 1 en2 (1 + lAved) 2 or e' en (N.G.) 
"I· I nl. 

I AveL I (N.G.) -1 

All noise contributions are now easily modelled as a signal 
equivalent noise voltage source, enl (see Figure 17). 

z, 

FIGURE 17: Equivalent Noise Model, Where All Noise Contri
butions are Lumped Into enl 

OP-61 SPICE MACROMODEL 
Figures 18 and 19 show the node and net list for a SPICE macro
model of the OP-61. The model is a simplified version of the 
actual device and simulates important DC parameters such as 
V os' 105' Is' Avo' CMR, V 0 and ISY' AC parameters such as slew 
rate, gain and phase reponse and CMR change with frequency 
are also simulated by the model. 

The model uses typical parameters for the OP-61. The poles 
and zeros in the model were determined from the actual open 
and closed-loop gain and phase reponse of the OP-61. In this 
way the model presents an accurate AC representation of the 
actual device. The model assumes an ambient temperature of 
25°C (see following pages). 
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FIGURE 18: OP-61 SPICE Macro-Model Schematic and Node List 
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OP-61 MACROMODEL AND TEST CIRCUIT ©AD11990 

• subckt OP-61 1 238 99 50 
" 
"INPUT STAGE & POLE AT 300 MHz 

r1 2 3 5E11 
r2 1 3 5E11 
r3 5 99 51.6 
r4 6 99 51.S 
ein 1 2 5E-12 
e2 5 6 5.141E-12 
i1 4 50 1E-3 
ios 1 2 2E-7 
eos 9 1 poly(1) 26 32 400E-6 1 
q1 5 2 4 qx 
~2 6 9 4 qx 

" FIRST GAIN STAGE 

r7 11 99 1E6 
r8 11 50 1E6 
d11 11 10 dx 
d12 12 11 dx 
91 99 11 5 S 2E-4 
92 11 50 S 5 2E-4 
e1 99 10 POly~1) 99 32 -4.4 1 
e2 12 50 poly 1) 32 50 -4.4 1 
" 
"SECOND GAIN STAGE & POLE AT 2.5kHz 

r9 13 99 5.1598E6 
r10 13 50 5.1598ES 
e3 13 99 12.338E-12 
c4 13 50 12.338E-12 
93 99 13 poly(1) 11 32 4.24E-3 9.69E-5 
94 13 50 poly(1) 32 11 4.24E-3 9.69E-5 
v2 99 14 2.3 
v3 15 50 2.3 
d1 13 14 dx 
d2 15 13 dx 

"POLE-ZERO PAIR AT 4MHz/ 8M Hz 

r11 16 99 1E6 
r12 16 50 1E6 
r13 16 17 1E6 
r14 16 18 1E6 
e5 17 99 19.89E-15 
e6 18 50 19.89E-15 
95 99 16 1332 1E-6 

96 16 50 32 13 1E-6 

"ZERO-POLE PAIR AT 85MHz /300MHz 

r17 19 20 1E6 
r18 19 21 1E6 
r19 20 99 2.529E6 
r20 21 50 2.529E6 
13 20 99 1.342E-3 
14 21 50 1.342E-3 
97 99 19 16321E-6 

98 19 50 32 16 1E-6 

'POLEAT40MHz 

r21 22 99 1E6 
r22 22 50 1E6 
e7 22 99 3.979E-15 
e8 22 50 3.979E-15 
99 99 22 19321E-6 
910 22 50 32 19 1E-6 

FIGURE 19: OP-61 SPICE Net List 

* PSpice is a registered trademark of MicroSim Corporation. 
** HSPICE is a tradename of Meta-Software, Inc. 
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"POLE AT 200MHz 

r23 23 99 1E6 
r24 23 50 1E6 
c9 23 99 .79SE-15 
e10 23 50 .79SE-15 
911 99 23 2232 1E-6 
912 23 50 3222 1E-6 

"POLE AT 200MHz 

r25 24 99 1E6 
26 24 50 1E6 
e11 24 99 .796E-15 
c12 24 50 .796E-15 
913 99 24 23321E-S 
914 24 50 3223 1E-6 

: POLE AT 200MH~ 

r27 25 99 1E6 
r28 25 50 1ES 
c13 25 99 .796E-15 
e14 25 50 .79SE-15 
915 99 25 2432 1E-6 
916 25 50 32241E-6 

• COMMON-MODE GAIN NETWORK WITH ZERO AT 40kHz 

r29 26 27 1ES 
r30 2S 28 1E6 
15 27 99 3.979 
IS 28 50 3.979 
g17 99 26 3 321E-S 
918 26 50 323 1E-6 
v4 99 29 2.5 
v5 30 50 2.5 
d3 26 29 dx 
d4 30 26 dx 

"POLE AT 300M Hz 

r32 31 99 1E6 
r33 31 50 1E6 
c15 31 99 .531E-15 
e16 31 50 .531E-15 
919 99 31 2532 1E-6 
920 31 50 32.251E-6 

"OUTPUT STAGE 
" 
r34 32 99 20.0E3 
r35 32 50 20.0E3 
r36 33 99 30 
r37 33 50 30 
17 33 38 1.65E-7 
g21 36 50 31 33 33.3333333E-3 
922 37 50 33 31 33.3333333E-3 
g23 33 99 99 31 33.3333333E-3 
924 50 33 31 50 33.3333333E-3 
v6 34 33 .2 
v7 33 35 .2 
d5 31 34 dx 
d6 35 31 dx 
d7 99 36 dx 
d8 99 37 dx 
d9 50 36 dy 
d10 50 37 dy 

• MODELS USED 
" 
·model qx NPN{BF=1250) 
·model dx D{IS=1E-15) 
'model'lr. D{IS=1E-15 BV=50) 
·endsO -61 
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r-IANALOG 
LIllI DEVICES 

FEATURES 
• High Slew Rate ................................................ 130V/J.ls Min 
• FastSeHlIng Time (+10V, 0.1%) ...••••.••....•.•••••.• 100nsTyp 

Galn·Bandwldth Product (AvCL = +5) ••••.••••••••• SOMHz Typ 
• Low Supply Current ............................................ SmA Max 
• Low Noise ....................................................... SnV/v'Hz Typ 

Low Offset Voltage .............................................. 1 mV Max 
• High Output Current ........................................ ±SOmA Typ 

Eliminates External Buffer 
• Standard S·Pin Packages 
• Available In Die Form 

ORDERING INFORMATION t 
PACKAGE 

TA=+25"C HERMETIC HERMETIC OPERATING 
VosMAX 10-99 DIP PLAsnc LCC TEMPERATURE 

(mY) B-PIN B-PIN B-PlN 20-C0NTACT RANGE 

1.0 OP64AJ' OP64AZ' OP64ARC/883 MIL 
1.0 OP64EJ OP64EZ XIND 
2.0 OP64FJ OP64FZ XIND 
2.5 OP64GP XIND 
2.5 OP64GS" XIND 

XIND _ Extended Industrial Temperature Range, -40"C to +85"C 
, For devices processed in total compliance to MIL ·SDT-883, add 1883 aiter part 

number. Consun factory for 883 data sheet. 
Burn-in is available on commercial and industrial temparature range parts in 
CerDIP, plastiC DIP, and T0-99 can packages. 

tt For availability and burn·in information on SO and PLCC packages, contact 
your local sales office. 

SIMPLIFIED SCHEMATIC 

High-Spee~, Wide Bandwidth 
Operational Amplifier (AvCL > 5) 

OP-64 I 
GENERAL DESCRIPTION 

The OP-64 is a high-performance monolithic operational ampli
fierthat combines high speed and wide bandwidth with low power 
consumption. Advanced processing techniques have en-

PIN CONNECTIONS 

d,L u :t cj 
Z Z i! Z 

20·LEAD HERMETIC LCC 
(RC·Suffix) 

Continued 

EPOXY MINI·DIP 
(P·Suffix) 

S·PIN CERDIP 
(Z·Suffix) 

EPOXY SO 
(S·Suffix) 

T0-99 
(J·Suffix) 

v. 

OUT 

~~r-~-------t---4----~------~--------~------~~v-

NULL NULL 
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OP-64 
GENERAL DESCRIPTION Continued 
enabled PMlto make the OP-64 superior in cost and perform
ance to many dielectrically-isolated and hybrid op amps. 

Slew rate of the OP-64 is over 130V IllS. It is stable in gains of ;::5 
and has a settling time of only 1 OOns to 0.1 % with a 10V step 
input. However, unlike other high-speed op amps which have 
high supply requirements, the OP-64 needs less than SmA of 
supply current. This enables the OP-64to be packaged in space 
saving a-pin packages. The OP-64 can deliver ±SOmA of output 
current eliminating the need for a separate buffer !!!!!plifier in 
many applications. Noise of the OP-64 is only SnV-.JHz, reduc
ing system noise in wideband applications. In addition to its dy
namic performance, the OP-64 adds DC precision with an input 
offset voltage of under 1 mY. 

The OP-64 is an ideal choice for RF, video and pulse amplifier 
applications and in new designs can replace the HA-5190/95 or 
EL-2'190/95 with improved performance and reduced power 
consumption. Its high output current also suits the OP-64 for use 
in ND or cable driver applications. The OP-64 includes a DIS
ABLE pin which, when set low, shuts the amplifier off and re
duces the supply current to 0.75mA. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ..........................•...................................... :i: 1aV 
Input Voltage .................................................... Supply Voltage 
Differential Input Voltage .................................................•. 20V 

DISABLE Input Voltage ................................... Supply Voltage 
Output Short-Circuit Duration ..•.•......•...........•..•....•••...... 10 sec 
Storage Temperature Range 

(J, Z, RC) ........•.•..............•........•........•........ -as·C to +175·C 
(P, S) .......................................................... -as·C to +150·C 

Operating Temperature Range 
OP-64A (J, Z, RC) ...................................... -55·C to + 125·C 
OP-64E, F (J, Z) ........................................... -40·C to +S5·C 
OP-64G (P, S) .....•.•.•....•....•...•...•.......•....•..... -40·C to +S5·C 

Maximum Junction Temperature 
OP-64A (J ,Z, RC) ..................................................... + 175·C 
OP-64E, F (J, Z) ........................................................ + 175·C 
OP-64G (P, S)· ..•.....•.......•...•............•.............•.....•...•. +150·C 

Lead Temperature (Soldering, 60 sec) .•..........•.....•..... +300·C 

PACKAGE TYPE 8 1A (Note 2) 81e UNITS 

TO-99(J) 150 18 ·C/W 
8-Pin Hermetic DIP (Z) 148 16 ·C/W 
8-Pln Plastic DIP (P) 103 43 'C/w 
20-Contact LCC (RC, TC) 98 38 ·C/W 
8-PlnSO(S) 158 43 'crw 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. 8 1A is specified for worst case mounting conditions, i.e., 8 1A is specified for 

device In socket for TO, CerDIP, P-DIP, and LCC peckages; 8 1A Is specified 
for device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at V s = ±15V, T A = +25°C, unless otherwise noted. 

OP-64AIE OP-64F OP-64G 
PARAMETER SYMBOL CONDInONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Offset 
vas 0.4 0.8 2 1.2 2.5 mV Voltage 

Input Bias 
Ie VCM=ov 0.2 0.4 2 0.8 2.5 ~A Current 

Input Offset 
los VCM=OV 0.1 0.3 2 0.6 2.5 ~A Current 

Input Voltage IVR (Note 1) ±11 ±It ±11 V Range 

Common-Mode CMR VCM =±l1V 90 100 84 94 84 94 dB Rejection 

Power-Supply PSRR Vs =±5Vto±18V 5 t7.8 15 31.6 15 31.6 ~VN Rejection Ratio 

Large-Signal 
Ava 

RL = 2kn, va =±10V 30 45 20 35 20 35 VlmV Voltage Gain RL =200Q, Vo =±5V t2.5 18 10 16 10 16 

Output Voltage 
va 

RL=2kn ±11 ±12.5 ±11 ±12.5 ±It ±12.5 V Swing RL =200Q ±10 ±11.7 itO ±11.7 itO ±11.7 

Output 
lOUT ±80 ±80 ±80 rnA Current 

Supply 
ISY No Load 6.2 8 6.2 8 6.2 8 rnA Current 

NOTE: 
1. Guaranteed by CMR test. 
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OP-64 
ELECTRICAL CHARACTERISTICS at Vs =±15V, TA = +25°C, unless otherwise noted. 

OP·64A1E OP·64F OP·64G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Disable Supply 
I_y DiS 

DISABLE =OV 
0.75 0.75 0.75 mA 

Current Total lor both supplies 

DISABLE 
lOiS DISABLE=OV 0.5 0.5 0.5 mA 

Current 

Slew Rate SR RL=2kO 130 170 130 170 130 170 V/~s • Full-Power 
BWp (Note 2) 2 2.7 2 2.7 2 2.7 MHz 

Bandwidth 

Gain-Bandwidth 
GBWP Av=+5 80 80 80 MHz 

Product 

Settling TIme ts 10VStepO.l% 100 100 100 ns 

Phase Margin "m Av=+5 57 57 57 - degrees 

Input 
CIN 5 5 5 pF 

Capacitance 

Open-Loop 

Output Ro 30 30 30 Q 

Resistance 

Voltage 
10 = 10Hz 30 30 30 

Noise 
10 = 100Hz 10 10 10 - nV/~ en 10 = 1kHz 8 8 8 

Density 
10 = 10kHz 8 8 8 

Current Noise 
in 10 = 10kHz 7.5 7.5 7.5 pAl~ 

Density 
-

External Vas 
Rpot =20kO 4 4 4 mV 

Trim Range 

Supply Voltage 
Vs ±5 ±15 ±18 ±5 ±15 ±18 ±5 ±15 ±18 V 

Range 

NOTES: 
1. Guaranteed by CMR test. 
2 .. Guaranteed by slew-rate test and formula BWp = SR/(2,,1 ov PEAK)' 
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OP-64 

ELECTRICAL CHARACTERISTICS at V s = ±15V, -40°C S TA S +85°C for OP-64E/F/G, unless otherwise noted. 

OP-64E OP-64F OP-64G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

Offset 
Vas 0.5 t.5 1.0 3 1.5 3.5 mV 

Voltage 

Input Bias 
18 VCM=OV 0.3 2.5 0.5 3 1.5 3.5 IIA Current 

Input Offset 
los VCM=OV 0.2 2.5 0.5 3 1.0 3.5 IIA 

Current 

Input Voltage 
IVR (Note I) ±II til ±Il V 

Range 

Common·Mode 
CMR VCM =±11 86 100 80 94 80 94 dB 

Rejection 

Power-Supply 
PSRR Vs = ±5Vto ±18V 5 31.6 15 50 15 50 IIVN 

Rejection Ratio 

Large-Signal 
Ava 

RL =2kn. Va -±10V 20 40 15 35 15 35 
VimV 

Voltage Galn RL _ 2000, Va = ±5V 7.5 12 5 10 5 10 

Output Voltage 
Va 

RL .2kO til ±12.3 ±11 ±12.3 ±Il ±12.3 
V 

Swing RL =2000 ±IO ±".5 tl0 ±".5 ±10 ±".5 

Supply 
ISY No Load 6.3 8.5 6.3 8.5 6.3 8.5 mA 

Current 

NOTE: 
1. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at V s = ±15V, -55°C S T AS + 125°C for OP-64A, unless otherwise noted. 

OP-64A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Offset 
Vas 0.4 2 mV 

Voltage 

Input Bias 
18 VCM=OV 0.35 2 IIA 

Current 

Input Offset 
los VCM=OV 0.3 2 jIA 

Current 

Input Voltage 
IVR (Note 1) til V 

Range 

Common-Mode 
CMR VCM=tll 86 100 dB 

Rejection 

Power-Supply 
PSRR Vs =t5Vtotl8V 8 31.6 IIVN 

Rejection Ratio 

Large-Signal 
Ava 

RL _2kO, Va =tl0V 20 30 
VimV 

Voltage Gain RL = 2000, Va. t5V 7.5 10 

Output Voltage 
Va 

RL =2kn til t12 
V 

Swing RL = 2000 ±7.5 tiD 

Supply 
ISY No Load 6.4 8.5 rnA 

Current 

NOTE: 
1. Guaranteed by CMR test. 
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DICE CHARACTERISTICS 

DIE SIZE 0.086 x 0.065 Inch, 5,590 sq. mils 
(2.18 x 1.65 mm, 3.60 sq. mm) 

1. NULL 
2. -IN 
3. +IN 
4. V-
5. NULL 
6. OUT 
7. V+ 
8. DISABLE 

WAFER TEST LIMITS atVs =±15V, TA = +25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Offset Voltage Vos 

Input Bias Current Ie VCM=OV 

Input Offset Current los VCM=OV 

Input Voltage Range IVR (Note 1) 

Common·Mode Rejection CMR VCM =±I1V 

Power Supply 
PSRR Vs =±5Vto±18V 

Rejection Ratio 

Large·Signal 
Avo 

RL = 2kn, Vo =±10V 
Voltage Gain RL = 2000, Vo =±5V 

Output Voltage 
Vo 

RL=2kn 
Swing RL =2000 

Slew Rate SR RL=2kn 

Supply Current ISY No Load 

NOTES: 
1. Guaranteed by CMR test. 

OP-64 

OP-64GBC 
LIMITS UNITS 

2.5 mVMAX 

2.5 IlAMAX 

2.5 IlAMAX 

±11 VMIN 

84 dBMIN 

31.6 IlVNMAX 

20 
V/mVMIN 

10 

±11 
VMIN 

±10 

120 VII'S MIN 

8 rnA MAX 

Electrical tests are performed at wafer probe to the limits shown. OUR to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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OP-64 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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OP-64 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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LARGE SIGN~L RESPONSE (V s = ±15V) 

OUTPUT 

INPUT 

SMALL SIGNAL RESPONSE (V s = ±15V) 

OUTPUT 

INPUT 

LARGE SIGNAL RESPONSE (V s = ±5V) 

APPLICATIONS INFORMATION 

POWER SUPPLY BYPASSING AND 
LAYOUT CONSIDERATIONS 

OUTPUT 

INPUT 

Proper power supply bypassing is critical in all high-frequency 
circuit applications. For stable operation of the OP-64, the 
power supplies must maintain a low impedance-to-ground over 
an extremely wide bandwidth. This is most critical when driving 
a low resistance or large capacitance, since the current required 
to drive the load comes from the power supplies. A 10l1F and 
O.1I1F ceramic bypass capacitor are recommended for each 
supply, as shown in Figure 1, and will provide adequate high
frequency bypassing in most applications. The bypass capaci
tors should be placed at the supply pins of the OP-64. As with all 
high frequency amplifiers, circuit layout is a critical factor in 

REV. A 

OP-64 
LARGE AND SMALL SIGNAL RESPONSE 
TEST CIRCUIT 

.v 

,...---0() iiiiiiLE 

~-'---'---OYon 

2IIIXl 

Ay •• 5 
-v 

obtaining optimum performance from the OP-64. Proper high 
frequency layout reduces unwanted signal coupling in the cir
cuit. When breadboarding a high frequency circuit, use direct 
point-to-point wiring, keeping all lead lengths as short as pos
sible. Do not use wire-wrap boards or ·plug-in" prototyping 
boards. 

During PC board layout, keep all lead lengths and traces as 
short as possible to minimize inductance. The feedback and 
gain-setting resistors should be as close as possible to the in
verting inpulto reduce stray capacitance althat point. To further 

v. 

y-

FIGURE 1: Properpower supply bypassing is required to obtain 
optimum performance with the OP-64. 

reduce stray capacitance, remove the ground plane from the 
area around the inputs of the OP-64. Elsewhere, the use of a 
solid unbroken ground plane will insure a good high-frequency 
ground. 
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OP-64 

Y. 

,.----0 0iSABiE 

::>"-----<lOUT 

APOT = 201eO TO 100kn 

Y-

FIGURE 2: Input Offset Voltage Nulling 

OFFSET VOLTAGE ADJUSTMENT 
Offset voltage is adjusted with a 20kQ potentiometer as shown 
in Figure 2. The potentiometer should be connected between 
pins 1 and 5 with its wiper connected to the V- supply. The typi
cal trim range is ±4mV. 

OP-64 DISABLE AMPLIFIER SHUTDOWN 
Pin 8 of the OP-S4, DISABLE, is an amplifier shutdown control 
input. The OP-S4 operates normally when Pin 8 is left floEiling. 
When greater than 250!!A is drawn from the DISABLE pin, the 
OP-S4 is disabled. The supply current drops to 1 mA and the 
output impedance rises to 2kQ. To draw current from the DIS
ABLE pin, an open collector output logic gate or a discrete NPN 
transistor can be used as shown in Figure 3. An internal resistor 

Y. 

5k<l 

:SLo--N>I----Ir.. 

Y-

FIGURE 3: Simple circuits allow the OP-64 to be shut down. 
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+15V 

FIGURE 4: DISABLE Tum-Onnum-Off Test Circuit 

limits the DISABLE current to around 50Q!!A if the DISABLE pin 
is grounded with the OP-S4 powered by ±15Vsupplies. These 
logic interface methods have the added advantage of level shift
ing the TTL signal to whatever supply voltage is used to power 
theOP-S4. 

Figure 4 shows a test circuit for measuring the turn-on and turn
off times forthe OP-S4. The OP-S4 is in a gain of 5 with a + 1 V DC 
input. As the input pulse to the 74LS04 rises its output falls, 

LOGIC GATE 
WITH OPEN 

COLLECTORIDRAIN 
OUTPUT 

Y. 

Y-
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drawing current from the DISABLE pin and disabling the ampli
fier. The output voltage delay is shown in Figure 5 and takes 
500J.1s to reach ground due to the extra current supplied to the 
amplifier by the 10J.1F electroly1ic bypass capacitors. The turn
on time is much quicker than the turn·off time. In this situation as 
the input to the 74LS04 falls its output rises, returning the OP-64 
to normal operation. The amplifier's output turns on in 250ns. 

(a) 

OUTPUT 

LOGIC INPUT 

(b) 

OUTPUT 

LOGIC INPUT 

FIGURE 5: (a) OP-64 turn-on and turn-off performance. (b) 
Expanded scale showing turn-on performance of the OP-64. 

OVERDRIVE RECOVERY 
Figure 6 .shows the overdrive recovery performance of the OP-
64. Typical recovery time is 270ns from negative overdrive and 
aOns from positive overdrive. 

VIDEO AMPLIFIERITERMINATED LINE DRIVER 
The OP-64 can be used as a video amplifier/terminated line 
driver as shown in Figure a. With its high output current capabil
ity, the OP-64 eliminates the need for an external buffer. 

FIGURE 6: OP-64 Overdrive Recovery 

REV. A 

VOUT 
10V/DIVISION 

V,N 
lV/DIVISION 

OP-64 
The 750 cable termination resistor minimizes reflections from 

. the end of the cable. The 750 series output resistor absorbs any 
reflections caused by a mismatch between the 750 termination 
resistor and the characteristic cable impedance. In this circuit 
the output voltage, V OUT' is one-half of the OP-64's output volt
age due to the divider formed by the 750 terminating resistors. 
The output voltage at the end of the terminated cable, V OUT' 

spans -1 V to + 1 V. The differential gain and phase for the video 
amplifier is summarized in Table1. 

TABLE 1: Differential Gain and Phase of Video Amplifier/Line 
Driver 

±15V 
±12V 

Differential Gain 
3.58MHz 5MHz 

O.ooadB 0.016dB 
O.OOadB 0.01adB 

1!lS.:t1V 
SQUARE WAVE 

VINo-...... ---! 

+15V 

Differential Phase 
3.58MHz 5MHz 

0.03° 0.03° 
0.03° 0.03° 

~------~---oVo~ 

.-15V 

FIGURE 7: Overdrive Recovery Test Circuit 

.15V 

V,NO-_--"-! 

1.6IUl 

FIGURE 8: Video AmplifierlTerminated Line Driver 
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I~U~E ~NV~~~-4~~ 
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1 1 
.". 1 1 _____ -

-5Y 

'>-~_-I__-.n YOUT 
R, 
8000 

FIGURE 9: Fast Transimpedance Amplifier 

FAST TRANSIMPEDANCE AMPLIFIER 
The circuit shown in Figure 9 is a fast transimpedance amplifier 
designed to handle high speed signals from a high impedance 
source such as the output of a photomultiplier tube. The input 
current is amplified and converted to an output voltage by the 
transimpedance amplifier. 

A JFET source-follower input is used to reduce the input bias 
current of the amplifier to 100 pA and lower the input current 
noise. Transimpedance of the amplifier is: 

Yoor=(R1 +1) Ra 
liN R:! 

and for the values shown equals 

VOUT = (8000 + 1) 400kO = 2V111A 
liN 2000 

Figure ~ 0 shows the output of the transimpedance amplifier 
when driven from a 1 MO source impedance. The input signal of 
IOllAp.p is converted into an output voltage of (10i!A) 2V/IIA = 
20V p.p. Output slew rate is 1 OOVlj.lS. The slew rate is limited by 
the combination of the capacitance of the JFET gate with the 
1 MO source impedance. For best performance. the stray input 
capacitance should be kept as small as possible. The OP-97 is 
used in an integrator loop to reduce the total amplifier offset 
voltage to under 251lV. 
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FIGURE 10: Output of the Fast Transimpedance Amplifier 

OP-64 SPICE MACRO-MODEL 
Figure 11 shows the node and net list for a SPICE macro-model of 
the OP-64. The model Is aslmplifiedversion of the actual device and 
simulates important DC parameters such as Vos.los.la. Avo' CMR. 
V 0 and ISY· AC parameters such as slew rate. gain and phase re
sponse and CMR change with frequency are also simulated by the 
model. 

The model uses typical parameters for the OP-64. The poles and 
zeros inthemodelweredeterminedfromtheactual open and closed
loop gain and phase response of the OP-64. In this way the model 
presents an accurate AC representation of the actual device. The 
model assumes an ambient temperature of 25°C (see following 
pages). 
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OP-64 
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ePMII989 

R. C. G, 

2 
RT C. G. R. 

IN- G, 

R, 

100 Co. 
R, • R. 

1 
foe R. C. G. R,. 

IN+ -+ 
G, 

C. 

(0) (b) (e) 

II 

G. R., CT G" R .. C. 0,. R., c" 

22 23 24 

G,. R .. C. G,. RM c,. G,. R .. C,. 

10 -(d) (0) If) Ill) (h) 

II V • 

D, .. 
'ZI G,. R .. C,. R .. R .. 

D, V, 
R20 34 

+-
32 

31 

Yr 38 OUT 
35 

R .. -+ 

28 G .. R .. c,. R .. RST 

I.e 

10 V-

6) m (k) 

FIGURE 11 a: OP-64 SPICE Macro-Model Schematic and Node Ust 

• PSpico i. a registered 1rademart< of MicroSim Corporation . 
•• HSPICE is a 'radenoma of Meta.software, Inc. 
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OP-64 

OP-64 MACRO-MODEL 0 PMlll!89 • 
• subckt OP-64 1 2 38 99 50 
• 
INPUT STAGE & POLE AT 39.8 MHz · rl 2 3 5Ell 
r2 1 3 5Ell 
r3 5 99 474.86 
r4 6 99 474.86 
r5 4 7 423.26 
r6 4 8 423.26 
cin 1 2 5E-12 
c2 5 6 4.2106E-12 
il 4 50 lE-3 
ios 1 2 lE-7 
eos 9 1 poly(l) 26 32 4E-4 1 
ql 5 2 7 qx 
q2 6 9 8 qx · • SECOND STAGE & POLE AT 3.8 kHz · r7 11 99 7.1229E6 
r8 11 50 7.1229E6 
c3 11 99 5.88E-12 
c4 11 50 5.88E-12 
gl 99 11 poly(l) 58 4.31E-3 2.1059E-3 
g2 11 50 poly(l) 65 4.31E-3 2.1059E-3 
v2 99 10 2.25 
v3 12 50 2.25 
dl 11 10 dx 
d2 12 11 dx · • POLE AT 39.8 MHz · r9 13 99 lE6 
rl0 13 50 lE6 
c5 13 99 4E-15 
c6 13 50 4E-15 
93 99 13 11 321E-6 
~4 13 50 32 11 lE-6 

• ZERO-POLE PAIR AT 26.5 MHz 1159 MHz · r13 16 17 lE6 
r14 16 18 lE6 
r15 17 99 5E6 
r16 18 50 5E6 
11 17 99 5.005E-3 
12 18 50 5.005E-3 
95 99 16 1332 lE-6 
p6 16 50 32 13 lE-6 

• ZERO-POLE PAIR AT 31.8 MHz 139.8 MHz · r17 19 20 lE6 
r18 19 21 lE6 
r19 20 99 2.5157E5 
r20 21 50 2.5157E5 
13 20 99 1.006E-3 
14 21 50 1.006E-3 
97 99 19 1.6 321E-6 
g8 19 50 32 161E-6 · • POLE AT 100 MHz · r21 22 99 lE6 
r22 22 50 lE6 
c7 22 99 1.59E-15 
c8 22 50 1.59E-15 
99 99 22 19 321E-6 
g1022 50 32 19 lE-6 

FIGURE 11 b: OP-64 SPICE Net-List 
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·POlE AT 159 MHz 
• 
r23 23 99 
r24 23 50 
c9 23 99 
cl0 23 50 
911 99 23 
912 23 50 
• 

lE6 
lE6 
lE-15 
lE-15 
22 32 lE-6 
3222 lE-6 

·POlE AT 159 MHz · r25 24 99 
r26 24 50 
cll 24 99 
c12 24 50 
913 99 24 
914 24 50 · 

lE6 
lE6 
lE-15 
lE-15 
23 321E-6 
32 23 lE-6 

·COMMON-MODE GAIN NETWORK WITH ZERO AT 20kHz · r29 26 27 
r30 26 28 
15 27 99 
16 28 50 
g17 99 26 
918 26 50 · 

lE6 
lE6 
7.9575 
7.9575 
3332 lE-l1 
3233 lE-l1 

• POLE AT 159 MHz · r32 31 99 
r33 31 50 
c15 31 99 
c16 31 50 
919 99 31 
g20 31 50 · • OUTPUT STAGE • 
r34 32 99 
r35 32 50 
r36 33 99 
r37 33 50 
17 33 38 
921 36 50 
922 37 50 
92333 99 
g24 50 33 
v6 34 33 
v7 33 35 
d5 31 34 
d6 35 31 
d7 99 36 
d8 99 37 
d9 50 36 
dl0 50 37 · • MODelS USED · 

lE6 
lE6 
lE-15 
lE-15 
24321E-6 
32241E-6 

20.0E3 
20.0E3 
60 
60 
2.9E-7 
31 33 16.6666667E-3 
33 31 16.6666667E-3 
99 31 16.6666667E-3 
31 50 16.6666667E-3 
1.7 
1.7 
dx 
dx 
dx 
dx 
dy 
dy 

·model qx NPN(BF=2500) 
·model dx D(IS=lE-15) 
·model dy D(IS=l E-15 BV=50) 
·ends OP-64 
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~ ANALOG Next Generation OP-07, 
W DEVICES Ultra-Low Offset Voltage Operational Amplifier 
I OP-77 I 
FEATURES 
• Outstanding Gain Linearity 
• Ultra High Gain ............................................ 5000V/mV Min 
• Low Vos Over Temperature ................................ 60ll V Max 
• Excellent TCVos ' .......................................... 0.31l V 1°C Max 
• High PSRR ••••••...•.••.••••.•.•.••..•.•............................. 3IlVN Max 
• Low Power Consumption ...•...........•..........•.....• 60mW Max 
• Fits OP-07, 725, 108A/308A, 741 Sockets 
• Available In Die Form 

ORDERING INFORMATION t 
PACKAGE 

OPERATING 
CERDIP PLASTIC LCC TEMPERATURE 

TD-99 8-PIN 8-PIN 2D-PIN RANGE 

OP77AJ' OP77AZ.· MIL 
OP77EJ opnEZ INO 

OP77EP COM 
OP77BJ' opnsr OP77BRC/S83 MIL 
OP77FJ opnFZ INO 

OP77FP COM 
OP77GP COM 
OP77GSH COM 
OP77HP XINO 
OP77HS" XINO 

For devices processed in total compHanceto MIL·SOT·SS3, add/SS3 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerOIP, plastiC OIP, and TO-can packages. 

It For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 

The OP· 77 significantly advances the state·of-the-art in preci
sion op amps. The OP-77's outstanding gain of 10,000,000 or 
more is maintained over the full :I: 1 OV output range. This excep
tional gain-linearity eliminates incorrectable system nonlineari
ties common in previous monolithic op amps, and provides 

SIMPLIFIED SCHEMATIC 

superior performance in high closed-loop-gain applications. 
Low initial Vos drift and rapid stabilization time, combined with 
only 50mW power consumption, are significant improvements 
over previous deSigns. These characteristics, plus the excep-
tional TCVos of 0.3,NI"C maximum and the low Vos of 251N 2 
maximum, eliminates the need for Vos adjustment and in-
creases system accuracy over temperature. 

PSRR of 3,NN (11 OdB) and CMRR of 1.01lVN maximum virtu
ally eliminiate errors caused by power supply drifts and com
mon-mode signals. This combination of outstanding character
istics makes the OP-77 ideally suited for high-resolution instru
mentation and other tight error budget systems. 

PIN CONNECTIONS 

EPOXY MINI-DIP (P-Sufflx) 
8-PIN HERMETIC DIP 

(Z-Sufflx) 

8-PINSO 
(S-Sufflx) 

Continued 

Vas TR'0MB 
Vas :R~: 

-IN 2 8 OUT 

+IN 3 SN.e. 

4 V-ICASEI 

TO-99 (J-Sufflx) 

OP-77BRC/883 
LCC 

(RC-Suffix) 

wO---~~--------~-----------1~-----1~-1~----.-----~r-----~--.-~~--, 
7 

*NOTE: 
R2A AND R2B ARE 
ELECTRONICALLY 
ADJUSTED ON CHIP 
AT fACTORY. 

NON
INVERTING 
INPUT 

REV. 0 

4 
v-o---~--------------------~--~----~--~--------~--~~ 

.9 
OUTPUT 

6 

.,0 
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OP-77 
This product is available in six standard grades and five stan
dard packages: the TO-99 can, the B-pin mini-DIP in ceramic, 
SO or epoxy, and the 20-contact LCC. 

The OP-77 is a direct or upgrade replacementforthe OP-07, 05, 
725, or 10BAop amps. 741-typescan be replaced by eliminat
ing the Vos adjust pot. For higher precision performance refer to 
OP-177. 

ABSOLUTE MAXIMUM RATINGS (Note 2) 
Supply Voltage ................................................................. ±22V 
Differentiallnpul Voltage ................................................. ±30V 
Input Voltage (Note 1) ...................................................... ±22V 
Output Short-Circuit Duration ................................... Indefinite 
Storage Temperature Range 

J, Z, and RC Packages .............................. o.S5·C to + 150·C 
P Package .................................................. o.S5·Cto +125·C 

Operating Temperature Range 
OP-77A, OP-77B (J, Z, RC) ....................... -55·Cto +125·C 
OP-77E, OPP-77F (J, Z) .............................. -25·Cto +B5·C 

OP-77E, OP-77F, OP-77G (P, S) ......................... O·C to 70· 
OP-77H (P, S) ............................................... -40·C to +B5·C 

Junction Temperature (TJ) .............................. o.S5·C to + 150C 
Lead Temperature (Soldering, 60 sec.) ........................ +300·C 

PACKAGE TYPE alA (Note 3) alc UNITS 

TQ.99(J) 150 18 'CfW 

8·Pin Hermetic DIP (Z) 148 16 'CIW 

8·Pin Plastic DIP (P) 103 43 'OIW 

2()'ContaCl LCC (RC, TC) 98 38 'CIW 

8-Pin SO (S) 158 43 'OIW 

NOTES: 
1. For supply voltages less than %22V, the absolute maximum input voltage is 

equal to the supply vo~age. 
2. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwias noted. 
3. a. A Is specilled lor worst case mounting conditions, i.e., a. A is specilled lor 

dl:Yice in socket lor TO, CerDlP, P·DIP, and LCC packageJ; all. is spacified 
for device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS atVs -±15V, TA ~+25·C, unless otherwise noted. 

OP-TIA OP-TIB 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input OIIset Voltage Vas 10 25 20 60 IlV 

Long-term InputOllsat 
AVo,fTlma (Notal) 0.2 0.2 IlVlMo Voltage Stability 

Input Offset Current los 0.3 1.5 0.3 2.8 nA 

Input Bias Current 18 ~.2 1.2 2.0 ~.2 1.2 2.8 nA 

Input Noias Voltage 8 ne-e 0.1 Hz to 10Hz (Nota 2) 0.35 0.6 0.35 0.6 IlVp-p 

'0 - 10Hz (Note 2) 10.3 18.0 10.3 18.0 
Input Noias Voltage Density en 10 - 100Hz (Note 2) 10.0 13.0 10.0 13.0 Vlv'Hz 

'0 - 1000Hz (Note 2) 9.6 11.0 9.6 11.0 

Input Nolas Currant in!:! 0.1 Hz to 10Hz (Nole 2) 14 30 14 30 pAp-p 

'0 - 10Hz (Note 2) 0.32 0.80 0.32 0.80 
Input Nolas Currant Density in '0 - 100Hz (Note 2) 0.14 023 0.14 023 pAlv'Hz 

'0 - 1000Hz (Note 2) 0.12 0.17 0.12 0.17 

Input Reslslanes-
RIN (Note 3) 26 45 18.5 45 Mn 

Differential·Mode 

Input Reslslanes-
~NCM 200 200 Gn 

Common·Mode 

Input Voltage Renge IVR :t13 :t14 :t13 :t14 V 

Common-Mode Rejection Retio CMRR VCM -:l:I3V 0.1 1.0 0.1 1.0 IlVN 

Power Supply Rejection Retio PSRR Va -:t3Vto:l:18V 0.7 3 0.7 3 IlVN 

Large·Signai Voltage Gain Ava '\ :. 2kn, VO -:tl0V 5000 12000 2000 8000 VlmV 

'\:'IOkn :t13.5 :1:14.0 :1:13.5 :t14.0 
Output Voltage Swing Va RL :.2kn :1:12.5 :1:13.0 :t12.5 :1:13.0 V 

RL:.lkn :1:12.0 :1:12.5 :1:12.0 :1:12.5 

Slew Rate SR RL :. 2kn (Note 2) 0.1 0.3 0.1 0.3 VlJ1S 

Closed-Loop Bandwidth BW AvCl - +1 (Note 2) 0.4 0.6 0.4 0.6 MHz 

Open·Loop Output Resistanes Ro 80 80 n 

Power Consumption Pd 
VS _:tlSV, No Load 50 60 50 60 

mW 
Vs _:t3V, No Load 3.5 4.5 3.5 4.5 

Offset Adjustment Range R~_2Okn :t3 :t3 mV 

NOTES: Excluding the Initial hour 01 operation, ci1anges in Vas during the first 30 opar· 
1. Long-Term Input OIIast Voltage Stability refers to the a_aged trend line 01 ating days are typically 2.5IlV. 

Vas va Time over extanded periods altar the first 30 days 01 operation. 2. Sample tasted. 
3. Guaranteed by design. 
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OP-77 
ELECTRICAL CHARACTERISTICS at Vs= ±15V. -55°C:5 TA:5 +125°C. unless otherwise noted. 

OP-77A OP-77B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas 25 60 45 120 p.V 

Average Input Offset 
TCVos (Note 1) 

Voltage Drift 
0.1 0.3 0.2 0.6 p.V/oC 

Input Offset Current los 0.5 2.2 0.5 4.5 nA 

Average Input Offset Current 
TClos 

Drift 
(Note 2) 1.5 25 1.5 50 pArc 

Input Bias Current IB -0.2 2.4 4 -0.2 2.4 6 nA 

Average Input Bias Current 
TCI B (Note 2) 

Drift 
8 25 15 35 pA/oC 

Input Voltage Range IVR ±13 ±13.5 ±13 ±13.5 V 

Common-Mode Rejection Ratio CMRR VCM = ±13V 0.1 1.0 0.1 3 p.VIV 

Power Supply Rejection Ratio PSRR Vs= ±3V to ±18V 3 5 p.VIV 

Large-Signal Voltage Gain Ava RL"2kll. Vo =±10V 2000 6000 1000 4000 V/mV 

Output Voltage Swing Va RL" 2kll ±12 ±13.0 ±12 ±13.0 V 

Power Consumption Pd Vs = ±15V. No Load 60 75 60 75 mW 

NOTES: 
1. OP-77A: TCVos is 100% tested. 
2. Guaranteed by end-point limits. 

TYPICAL OFFSET VOLTAGE TEST CIRCUIT TYPICAL LOW-FREQUENCY NOISE TEST CIRCUIT 

2.5MO 

"'""'" 
""" 1 

~ Yo 

V vos-~ 

'000 

'000 

y-

4.7pF 

I 1~'OHz FIL TERI 
::" 

INPUT REFERRED NOISE '" 2~~ 

OPTIONAL OFFSET NULLING CIRCUIT BURN-IN CIRCUIT 

+'IV 

+ 
~~----------OY+ -T'Of.lF 

\I 10n 

INPUT 
7 a >-"'------0 OUTPUT 

1OpF~ 

-'IV 

., PER BOARD 
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OP-77 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

OP-77E OP-77F OP-77G/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 10 25 20 60 50 100 /JoV 

Long-Term Vas 
Vos/Time (Note 1) 0.3 0.4 0.4 /JoV/Mo 

Stability 

Input Offset Current los 0.3 t5 0.3 2.8 0.3 2.8 nA 

Input Bias Current 18 -0.2 1.2 2.0 -0.2 t2 2.8 -0.2 1.2 2.8 nA 

Input Noise Voltage 
0.1 Hz to 10Hz 

0.35 0.6 0.38 0.85 0.38 0.65 /JoVp_p enp-p (Note 2) 

Input Noise 
fo= 10Hz 10.3 18.0 10.5 20.0 10.5 20.0 

Voltage Density en fa = 100Hz (Note 2) 10.0 13.0 10.2 13.5 10.2 13.5 nVlVHz 
fo= 1000Hz 9.6 ItO 9.8 Its 9.8 11.5 

Input Noise Current inp_p 
0.1 Hz to 10Hz 

14 30 15 35 15 35 pAp_p (Note 2) 

Input Noise 
fo= 10Hz 0.32 0.80 0.35 0.90 0.35 0.90 

Current Density 
in f 0 = 100Hz (Note 2) 0.14 0.23 0.15 0.27 0.15 0.27 pA/VHz 

fo= 1000Hz 0.12 0.17 0.13 0.18 0.13 0.18 

Input Resistance-
R'N (Note 3) 26 45 18.5 45 18.5 45 Mn 

Differential-Mode 

Input Resistance -
R1NCM 200 200 200 Gn 

Common-Mode 

Input Voltage Range IVR ±13 ±14 ±13 ±14 ±13 ±14 V 

Common-Mode 
CMRR VCM = ±13V 0.1 to 

Rejection Ratio 
0.1 t6 0.1 t6 /JoVIV 

Power Supply 
PSRR Vs = ±3V to ±18V 0.7 3.0 0.7 3.0 0.7 3.0 /JoVIV 

Rejection Ratio 

Large-Signal 
Avo 

RL " 2kn, 5000 12000 2000 6000 2000 6000 V/mV 
Voltage Gain Vo =±10V 

Output Voltage RL " 10kO ±13.5 ±14.0 ±13.5 ±14.0 ±13.5 ±14.0 

Swing Vo RL,,2kn ±12.5 ±13.0 ±12.5 ±13.0 ±12.5 ±13.0 V 

RL"lkn ±12.0 ±12.5 ±12.0 ±12.5 ±12.0 ±12.5 

Slew Rate SR RL " 2kn (Note 2) 0.1 0.3 0.1 0.3 0.1 0.3 Vlp.S 

Closed-Loop 
BW 

AveL = +1 
0.4 0.6 0.4 0.6 0.4 0.6 MHz 

Bandwidth (Note 2) 

Open-Loop Output 
Ro 60 60 60 n 

Resistance 

Power Consumption Pd 
Vs = ± 15V, No Load 50 60 50 60 50 60 
Vs = ±3V, No Load 3.5 4.5 3.5 4.5 3.5 4.5 

mW 

Offset Adjustment 
Rp=20kO ±3 ±3 ±3 mV 

Range 

NOTES: 
t Long-Term Input Offset Voltage Stability refers to the averaged trend line 

of Vos va. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vos during the first 30 
operating days are ~pically 2.5~V. 

2. Sample tested. 
3. Guaranteed by design. 
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OP-77 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, -25°C s TA S +85°C for OP-77E/FJ and OP-77E/FZ, DoC s TA s +70°C for 
OP-77E/F/GP/GS, -40°C s TA s +85°C for OP-77HP/HS, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS MIN 

Input Offset Voltage Vos 
J. Z Packages 
P Package 

Average Input Offset 
TVCos 

J, Z Packages (Note 1) Voltage Drift P Package 

Input Offset Current los 
Average Input Ollset 

TClos (Note 2) Current Drift 

Input Bias Current la 
E, F, G Grades -0.2 
H Grade 

Average Input Bias TCla (Note 2) Current Drift 

Input Voltage Range IVR ,,13.0 

Common-Mode CMRR VCM ~,,13V Rejection Ratio 

Power Supply PSRR Vs ~ ±3Vto ,,18V Rejection Ratio 

Large-Signal 
Avo 

Rl a2kD 2000 Voltage Gain Vo ~",10V 

Output Voltage 
Vo Rl a2kD ,.12 Swing 

Power Consumption p. Vs ~ ,,15V, No Load 

NOTES: 
1. OP-77E: TCVos Is 100% tested on J and Z packages. 
2. Guaranteed by end-point limils. 

OPEN·LOOP GAIN LINEARITY 

Vy TVPICAL 

10kO 10k!l 

1M!) 

NOTES: 
1. GAIN NOT CONSTANT CAUSES NONLINEAR ERRORS. 
2. AVO SPEC IS ONLY PART OF THE SOLUTION. 

PRECISION OP AMP 

AVO"" &SOV/mV 
RL =2kG 

3. CHECK YOUR OP AMP PERFORMANCE, ESPECIALl V AT TEMPERATURES. 

OP-77E 
TYP 

10 
10 

0.1 
0.3 

0.5 

1.5 

2.4 

8 

,.13.5 

0.1 

1.0 

6000 

,,13.0 

60 

Actual open-loop voltage gain can vary greatly at various output 
voltages. All automated testers use end-point testing and there
fore only show the average gain. This causes errors in high 
closed-loop gain circuits. Since this is so difficult for manufac
turers to test, you should make your own evaluation. This simple 
test circuit makes it easy. An ideal op amp would show a hori
zontal scope trace. 

REV.D 

MAX 

45 
55 

0.3 
0.6 

2.2 

40 

4.0 

40 

1.0 

3.0 

75 

OP-77F 
MIN TYP 

20 
20 

0.2 
0.4 

0.5 

1.5 

-0.2 2.4 

15 

,,13.0 ,,13.5 

0.1 

1.0 

1000 4000 

,,12 ,,13.0 

60 

... 

l-l0V 

AVO"" 10,OOOV/mV 
RL = 2kf! 

MAX 

100 
100 

0.6 
1.0 

4.5 

85 

6.0 

60 

3.0 

5.0 

75 

Vy 

ov 

OP·77G/H 
MIN TYP MAX UNITS 

80 150 "V 

0.7 1.2 "V/"C 

0.5 4.5 nA 

1.5 85 pArC 

-0.2 2.4 6.0 nA 2.4 ,.6.0 

15 60 pArC 

,,13.0 ,,13.5 V 

0.1 3.0 "VN 

1.0 5.0 "VN 

1000 4000 V/mV 

,,12 ,,13.0 V 

60 75 mW 

OP-77 

.... 
1+10V Vx 

This is the output gain linearity trace for the new OP-77. The 
output trace is virtually horizontal at all pOints, assuring ex
tremely high gain accuracy. The average open-loop gain is truly 
impressive - approximately 10,000,000. 
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OP-77 

DICE CHARACTERISTICS 

DIE SIZE 0.093 X 0.057 inch, 5301 sq. mils 
(2.36 x 1.45 mm, 3.42 sq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
6. OUTPUT 
7. V+ 
8. BALANCE 

WAFER TEST LIMITS at Vs = ± 1SV, TA = 2So C for OP-77N/G devices. 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Input Resistance 
Differential-Mode 

Input Voltage Range 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Output Voltage Swing 

Large-Signal 
Voltage Gain 

Differential Input 
Voltage 

Power Consumption 

NOTES: 
1. Guaranteed by design. 

SYMBOL 

Vos 

los 

18 

RIN 

IVR 

CMRR 

PSRR 

Vo 

Avo 

Pd 

CONDITIONS 

(Note 1) 

Vs = ±3V to ±lBV 

RL = lOkO 
RL =2kO 
RL=lkO 

RL =2kO 
Vo =±10V 

OP-77N 
LIMIT 

40 

2.0 

±2 

26 

±13 

3 

±13.5 
±12.5 
±12.0 

2000 

±30 

60 

OP-77G 
LIMIT UNITS 

75 "V MAX 

2.B nAMAX 

±2.B nAMAX 

17 MOMIN 

±13 VMIN 

1.6 "VIV MAX 

3 "VIVMAX 

±13.5 
±12.5 VMIN 
±12.0 

1000 V/mVMIN 

±30 V MAX 

60 mWMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±1SV, TA = +2Soc, unless otherwise noted. 

OP-77N OP-77G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Average I nput Offset 
TCVos Rs=500 0.1 0.2 "VI'C Voltage Drift 

Nulled Input Offset 
TCVosn Rs = 500, Rp = 2OkO 

Voltage Drift 
0.1 0.2 "V/'C 

Average I nput Offset 
TClos 0.5 0.5 pN'C 

Current Drift 

Slew Rate SR RL,,=2kO 0.3 0.3 VI,," 

Closed-Loop 
BW AveL =+1 0.6 0.6 MHz 

Bandwidth 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-77 

TYPICAL PERFORMANCE CHARACTERISTICS 

PSRR va FREQUENCY 
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120 
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110 
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90 

90 

\ 
70 

60 
0.1 1.0 10 100 1k 10k 
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1000 

1 
1 

20 

INPUT BIAS CURRENT 
vs TEMPERATURE 

VS=:t15V 

" I' 

-50 

r-.... r-V 

50 

TEMPERATURE (DC) 

/1" 

100 

TOTAL INPUT NOISE 
VOLTAGE va FREQUENCY 

RS1 RS2 - 200k&l ... EEE;t 
THERMAL NOISE OF ~~RCE 
RESISTOAS,I,~fiLUD~D, r-::: ~ EXCLUOEO'= 

.... RS=O 

Vs ±15V 

TA = +2S"C 

10 100 
FREQUENCY 1Hz) 

MAXIMUM OUTPUT 
VOLTAGE VB LOAD 

RESISTANCE 

Vs " ±15V II I TA " +25"C 

pbs.J,vl ~!J~ V1N =±10mV 

......... NEGATIVE SWING 

i.I' 

Il" 
" 

o 
100 1k 
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1k 
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40 

35 

30 

25 

20 
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OUTPUT SHORT-CIRCUIT 
CURRENT vs TIME 

1\ VS" ±15V 

'\. ~A 1O+2S"C 

~ 
~ ........ 

~ +lSC 

"' r- -'SC 

15 0 

TIME FROM OUTPUT BEING SHORTED (MINUTES) 
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APPLICATIONS INFORMATION 

PRECISION HIGH-GAIN DIFFERENTIAL 
AMPLIFIER 

Rl 

,.a 
R3 

,.a 

R2 

lMa 
+15V 

The high gain, gain linearity, CMRR, and low TCVos of 
the OP-77 make it possible to obtain performance not 
previously available in single stage very high-gain 
amplifier applications. 

For best CMR, ~ must equal ~ . In this example, 
R2 R4 

with a 10mV differential signal, the maximum errorsare 
as listed. 

TYPE AMOUNT 

COMMON-MODE VOLTAGE 0.01%1V 

GAIN LINEARITY, WORST CASE 0.02% 

TCVos 

TCIOS 

ISOLATING LARGE CAPACITIVE LOADS 

10pF 

RS 
INPUT' O--'IIVV-~""'"I ,.on 

>'-4-JVl!'v-.......... -oOUTPUT 

JCLOAD 
-15V 

This circuit reduces. maximum slew-rate but allows 
driving capacitive loads of any size without instability. 
Because the 1000 resistor is inside the feedback loop, 
its effect on output impedance is reduced to insig
nificance by the high open-loop gain of the OP-77. 

REV.D 

BILATERAL CURRENT SOURCE 

BASIC CURRENT SOURCE 

R5 ,.a 

OP-77 

'----'lM---4-_'OUT"'15mA 

100mA CURRENT SOURCE 
R3 

R5 

'---"M-------........ 'OUT < 100mA 

R3 
'OUT = VIN ii1'"Ts 
GIVEN R3 = R4 + R5, R1 = R2 

These current sourCes will supply both positive and 
negative current into a grounded load. 

( ~+1) 
R5 R2 

Note that Zo = ---'---'-
R5 + R4 R3 --- ---

R2 R1 

and that for Zo to be infinite, 

R5+R4 must=~. 
R2 R1 
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OP-77 
PRECIS,ION CURRENT SINKS 

POSITIVE CURRENT SINK 

VrN 

POSITIVE CURRENT SOURCE 

RI 
111 
IW 

V-

VrN 
'o"T1 
VIN>OV 

fULL SCALE OF lV, 
IO·1AIV 

RI 

These simple high current sinks require that the load 
float between the power supply and the sink. 

In these circuits, OP-77's high gain, high CMRR, and 
low TCVosassure high accuracy. 

PRECISION ABSOLUTE VALUE AMPLIFIER 

IkIl 

+15V 

VrNo-----"f 

-I5V 

CI 
30pF 

DI 
1N4148 

2N4393 

The high gain and low TCVos assure accurate opera
tion with inputs from microvolts to volts. In this circuit, 
the signal always appears as a common-mode signal to 

2-724 OPERAnONALAMPLlFIERS 

D2 

HIGH STABILITY VOLTAGE REFERENCE 

R" 2.a 

1N4579A 
6.4V ±5% 
±5ppmrc 

DI 

RI 

R3 
S.4JcO 

AvcL!!I1.6 

This simple bootstrapped voltage reference provides a 
precise 10 volts virtually independent of changes in 
power supply voltage, ambient temperature, and output 
loading. Correct zener operating current of exactly 
2mA is maintained by R1, a selected 5ppm/oC resistor, 
connected to the regulated output. Accuracy is primar
ily determined by three factors: the 5ppm/oC tempera
ture coefficient of 01,1 ppm/DC ratio tracking of R2 and 
R3, and operational amplifier Vos errors. 

Voserrors, amplified by 1.6 (Aved, appear atthe output 
and can be significant with most monolithic amplifiers. 
For example: an ordinary amplifier with TCVos of 
5p.V/oC contributes 0.8ppm/oC of output error while 
the OP-77, with TCVos of 0.3p.V/oC, contributes but 
0.05ppm/oC of output error, thus effectively eliminating 
TCVos as an error consideration. 

I.a 

>"---+---oVOUT 
O<VOUT <1OV 

-16V 

the op amps. The OP-77E CMRR of 1p.VIV assures 
errors of less than 2ppm. 
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OP-77 
LOW NOISE PRECISION REFERENCE 

+15Vo-_.----t_-----_.-------, 

REF-Ol 

Vo 
REF-Ol 

Vo 

This circuit relies upon OP-77's low TCVos and noise 
combined with very high CMRR to provide precision 
buffering of the averaged REF-01 voltage outputs. 

PRECISION POSITIVE PEAK DETECTOR 

+15V 

1N4148 

,.n 

JlRE~ 

CH must be of polystyrene, Teflon", or polyethylene to 
minimize dielectric absorption and leakage. The droop 

"Teflon is a registered trademark of the Dupont Company. 

REV.D 

REF-01 

Vo 

1DOn 

1DOn 

+15V 

>--4>---<> VOUT 

rate is determined by the size of CHand the bias current 
of the OP-41. 
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OP-77 
PRECISION THRESHOLD DETECTOR/ 
AMPLIFIER 

RS 
VTH o---'IM-+--=-I 

lk" 

Rl 
V,N O---'IM--""l 

2k" 

RF 

100kn 
+15V 

-15V 

When VIN < VTH, amplifier output swings negative, re
verse biasing diode 01. VOUT = VTH if RL = 00 

When VIN 2: VTH, the loop closes, 

VOUT = VTH + (VIN - VTH) ( 1 + :: ). 

Cc is selected to smooth the response of the loop. 
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PRECISION TEMPERATURE SENSOR 

+16V 

O.1pF 

~ 
V IN 6 RA Rc 

Vo 

TRIM 5 ... " 
REF-02 

RbI VOUT 

TEMP 3 
1.6k.Q 

GNO 

Rbo 

-16V 

-= 

RESISTOR VALUES 

TCVOUT SLOPE (5) 10mV/oC 100mV/oC 10mV/oF 

. TEMPERATURE -SSoc to -SSoC to -57°F to 
RANGE +12SoC +12SoC +2S7°C 

OUTPUT VOLTAGE -O.SSV to -S.SVto -0.67V to 
RANGE +1.2SV +12.SV +2.S7V 

ZERO-SCALE OV@O°C OV@O°C OV@O°F 

Ra (±1 % Resistor) 9.09kll 1Skll 7.Skll 

RbI (±1% Resistor) 1.Skll 1.82kll 1.21kll 

Rbp (Potentiometer) 200n soon 20011 

Rc (±1% Resistor) S.11kn 84.SkU 8.2Skll 
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~ANALOG 
WDEVICES 

FEATURES 
• Ultra-Low Bias Current: 

150 femtoamps Typ .............................................. at +25°C 
300 femtoamps Typ .............................................. at +85°C 
500 femtoamps Typ ............................................ at + 125°C 

• True Single Supply Operation 
Common-Mode Range Includes Ground 
Output Swings to Within 200I-lV of Ground Without 

Pulldown Resistors 
• Low Supply Current ............................................ 325f,IA Max 
• Lower Cost Alternative to AD549 and OPA 128 
• LowCost 
• Inputs Protected Against 700V of Static Discharge 
• Available in Die Form 

APPLICATIONS 
• Electrometer Amplifier Input Stage 
• Photodiode and Infrared Detector Preamplifier 
• Chemical and Gas Analyzers 
• pH Probe Buffer Amplifier 
• Fire Detectors 
• High Voltage Voltmeters 
• Charge Amplifiers 

GENERAL DESCRIPTION 

The 0 P-80 is a low cost CMOS operational amplifier offering ex
ceptionally low input currents over a wide operating tempera-

SIMPLIFIED SCHEMATIC 

+IN 

-IN 

Ultra-Low Bias Current 
Operational Amplifier 

OP-80 I 
ture range. Input current is typically 150femtoamps at 25°C and 
increases to only· 300 femtoamps at +85°C, with exceptionally 
high common-mode and differential input impedances. Incor-
porating a novel input protection design, the OP-80 achieves II 
over 700V of ESO protection while maintaining very low input 
current. 

For systems demanding both high performance at low supply 
voltages and high input impedances, the OP-80 is a powerful 
design tool. It is ideal for use in electrometers, portable medical 
instrumentation. chemical analyzers. smoke detectors. and 
sensitive current-to-voltage conversion circuits for photodi
odes. 

The low supply current minimizes thermal power dissipation, vir
tually eliminating the effects of chip self-heating. The OP-80's 
CMOS design gives a good speed/power ratio. permitting a 

PIN CONNECTIONS 

8-PIN PLASTIC DIP 
(P-Suffix) 

8-PIN SO 
(S-Suffix) 

Continued 

N.C. 

NULL€t_ 7 V'leASE) 
-IN 2 + SOUT 

+IN 3 5 NULL 

4 
V-

TO·99 
(J-Suffix) 

L-~----~------~--______ ~ ____ +-~ ______ ~ __ ~-o~ 

REV.C OPERATIONALAMPLIFIERS 2-727 



OP-80 
GENERAL DESCRIPTION Continued 
0.2VtlLs minimum slew rate and a '300kHz gain-bandwidth pro
duct with unity-gain stability. 

The OP-SO offers greater than 100dB of gain into a 2kn load. 
w~h output source/sink capability exceeding 15mA. In single 
supply applications. the OP-SO's input range and output swing 
extends to ground. No pull.down resistor is required for the 
outputto actively swing to within 200ILVof ground. 

Other applications for the OP-SO include precision pH. conduc
tivity and ion measurement systems. lOW-level light and infrared 
detectors. barcode readers. and magnetic and electric field 
detectors. Its exceptional versatility makes it suitable for gen
eral-purpose applications. especially those requiring a single 
+5Vsupply. 

The OP-SO conforms to the industry-standard 741 pinout. with 
the nulling potentiometer between pins 1 and 5. and the wiper to 
V-. 

ORDERING INFORMATION t 

2.0 
0.250 
1.0 
2.0 
2.0 

PACKAGE 

PLASTIC 
T0-99 II-PIN 

OP80BJ' 
OP80EJ 
OP80FJ 

OPSOGP 
OP80GStt 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
XIND 
XIND 
XIND 
XIND 

For devices processed in total compliance to MIL-STD.a8S. add /883 after 
part number. Consult factory for 883 data sheet 

t 8urn-ln Is available on commercial and Industrial temperature range parts In 
CerDIP. plastic DIP. and TO-can packages, 

tt For availability and burn·ln information on SO packages, contact your local 
sales office. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ........................ ; .................... ; ...................... ±SV 
Input Voltage (Note 2) .............................................. +SV. -B.2V 
Differential Input Voltage (Note 2) ....................................... 16V 
Output Short-Circuit Duration (Note 3) ....................... Indefinite 
Operating Temperature Range 

OP-SOG (P .S) ................................................ -40·C to +S5·C 
OP-SOE.F.G (J) ............................................ -40·C to +S5·C 
OP-SOB (J) .................................................. -55·C to + 125·C 

Storage Temperature Range ......................... -65·C to + 175·C 
Junction Temperature Range ........................ -65·C to + 175·C 
Lead Temperature (Soldering. 10 sec) ........................... 300·C 

PACKAGE TYPE UNITS 

T0-99(J) 150 18 
8-Pin Plastic DIP (P) 103 43 
8·PinSO(S) 158 43 'e1W 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts. unless 

otherwise noted. 
2. For supply'voltages less than ±BV, the absolute maximum Input voltage is 

equal to (V+) and (V--O.2V). 
3. The output may be shorted to ground Indefinitely, but current must be exter· 

nally limited to 25mA if the output is shorted to V +. 
4. 8 jA is specified for worst case mounting conditions, I.e., 8 1A is specified for 

device in socket for TO and P·DIP packages; 8 jA is specified for device sol· 
dered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs =±5V. VCM=OV. TA =+25·C. 

OP-80E OP-80F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vas 0.2 1.5 0.4 1.5 mV Voltage 

Input Offset 
los 50 80 fA Current 

Input Bias 
la 0.15 0.250 0.2 1.0 pA Current 

Input Voltage 
IVR Lower Limit (V-OV) (V-OV) V Range UpperUmit - (V+-1.5V) - (V+-1.5V) 

Cornmon-Mode CMR VCM _-4·75V,3.5V 50 70 50 65 dB Rejection 

Power-Supply PSR Va _±2.25Vto±BV 60 80 60 76 dB ReJactlon 

Large-Signal 
Ava 

V 0 - -4.5V to +3.25V, 100 400 100 300 V/mV Voltage Gain RL-10kO 
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OP-80 
ELECTRICAL CHARACTERISTICS at" s = ±5V, V CM = OV, T A = +25°C. Continued 

OP·80E OP·80F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vo 
Vs =.,5V. +3.5/ +3.7/ +3.5/ +3.7/ 

V 
RL = 10ka -4.75 -4.9 -4.75 -4.9 

Oulput Voltage 
VOH 

V+ = +5V. V- = OV. 
+3.5 +3.7 +3.5 +3.7 V 

Swing RL = IOka 

VOL 
V+ = +5V. V- = OV. 

0.2 0.2 mV 
RL = 10ka • Supply Current ISY No Load 200 325 200 325 I&A 

Input Noise 
e. to = 1000Hz 70 70 nV/v'Hz 

Voltage Densl1y 

Output Current lOUT 
Source 25 45 25 45 

mA 
Sink 15 24 15 24 

Slew Rate SR "v = +1 0.2 0.4 0.2 0.4 V/p.s 

Gain·Bandwidth 
GBW 300 300 kHz 

Product 

Input Resistance 
Common-Mode 10'8 10'8 

a 
Differential 1013 1013 

ELECTRICAL CHARACTERISTICS at V S = ±5V, V CM = OV, TA = +25°C. 

OP-80B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset 
Vos 0.5 2.0 mV 

Voltage 

Input Offset 
los 100 tA 

Current 

Input Bias 
Ie 0.6 2.0 pA 

Current 

Input Voltage 
IVR 

LowerUmit CV~V) V 
Range UpperUmlt CV+-l.5V) 

Common~Mcde 
CMR VCM =-4.75V. 3.5V 50 65 dB 

Rejection 

Power-Supply 
PSR V s = .,2.25V to .,sV 60 76 dB 

Rejection 

Large-Signal 
"vo 

Vo = -4.5V to +3.25V, 
100 225 V/mV 

Voltage Gain RL = 10k0 

Vo 
Va =.,5V. +3.5/ +3.7/ v 
RL = IOka -4.75 -4.9 

Output Voltage 
VOH 

V+ = +5V. V- = OV. 
+3.5 +3.7 V 

Swing RL = 10ka 

VOL 
V+ = +5V, V- = OV, 

0.2 mV 
RL = 10ka 

Supply Current lay No Load 200 325 I&A 
Input Noise 

e. to = 1000Hz 70 nV/v"Hi 
Voltage Density 

Output Current lOUT 
Source 25 45 

mA 
Sink 15 24 

Slew Rate SR "v = +1 0.2 0.4 V/p.s 

Gain-Bandwidth 
GBW 300 kHz 

Product 

Input Resistance 
Common-Mode 10'8 

a 
Differential 10'3 
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OP-80 
ELECTRICAL CHARACTERISTICS at V s - ±5V, V CM - OV, -40°C S T AS +85°C for ElF grades; -55°C S T A S + 125°C for B 
grade. 

OP·80EIF OP-SOB 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vos 0.5 5.0 1.0 8.0 mV 

Voltage 

Input Bias 
'8 (Note 1) 0.3 15 0.5 50 pA 

Current 

Common·Mode 
CMR Vcu --4·7S.3.5V 50 90 50 85 dB 

Rejection 

Power-Supply 
PSR V s - ±2.25V to %BV 60 85 57 80 dB 

Rejection 

Large·Signai 
AyO 

V 0 - -4.5V to +3.25V, 
50 400 20 350 VlmV 

Voltage Gain RL _10kO 

Vo 
Vs=:t5V. +3.251 +3.71 +3.251 +3.71 

V 
RL = 10kO -4.75 -4.9 -4.75 -4.9 

Output Voltage 
VOH 

V+_+5V.V-_OV. 
+3.25 +3.7 +3.25 +3.7 V 

Swing RL _10kO 

VOL 
V+_ +5V. V-.OV. 

0.1 1.0 0.15 1.0 mV 
RL -l0kn 

Supply Currem 'sy No Load 275 400 275 400 JlA 

Output Current 'OUT 
Source 25 35 20 35 rnA 
Sink 15 19 15 19 

NOTE: 
1. Specification appfles to +65°C and + 125"C only. 

ELECTRICAL CHARACTERISTICS at V s = ±5V, V CM = OV, T A = +25°C, unless otherwise noted. 

OP-80G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

InputOffsst 
Vos 0.6 

Voltage 
2.5. mV 

InputOflset 
los 100 

Current 
fA 

Input Bias 

'8 400 
Current 

2000 fA 

Input Voltage 
IVR 

Lower Limit (V- -OV) 
Range Upper Limit (V+ -1.5V) 

V 

Common-Mode 
CMR Vcu --4·75V.3.5V 50 90 

Rejection 
dB 

Power-Supply 
PSR V s -±2.25V to%BV 60 80 

Rejection 
dB 

Large-Signal 
Avo 

Vo --4·5Vto+3.25V. 
75 350 

Voltage Gain RL _10kn 
VImV 

Vo 
Vs ·:t5V. 

+3.5.'--<4.75 +3.71-4.9 
RL-10i1n 

V 

OUtput Voltage 
VOH 

V+-+5V. V-_OV, 
+3.5 +3.7 

Swing RL-l0kn 
V 

VOL 
V+-+5V. V-mOV, 

02 
RL _lilkn 

mV 
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OP-80 
ELECTRICAL CHARACTERISTICS at Vs = ±5V. VCM = OV. TA = +25°C. unless otherwise noted. Continued 

OP-80G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

Supply Current ISY No Load 220 325 pA 

Input Noise 
en fo =1000Hz 70 nVl.,(RZ 

VoI1age Density 

Output CUrrent lOUT 
Source 25 45 

rnA 
Sink 15 22 

SlewRa1e SR Av=+1 02 0.4 VIlIS II Gain-Bandwidth 
GBW 300 kHz 

Product 

Input Rasistance 
Common-Mode 10'· 

11 
Differential 10" 

ELECTRICAL CHARACTERISTICS at Vs =±5V. VCM = OV. -40°Cs TA S +85°C. unless otherwise noted. 

OP-80G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

Input Offset 
Vas 2.0 7.0 mV 

Voltage 

Input Bias 
18 0.6 50 pA 

Current 

Common-Mode 
CMR VcM =-4·75V.3.5V 50 80 dB 

Rejection 

Power-Supply 
PSR Vs = ±2.25Vto±8V 57 80 dB Rejection 

Large-Signal 
Ava 

Va =-4.5V to +3.25V. 
50 300 V/mV 

Voltage Gain RL = 10kl1 

Va 
Vs _fiN. 

+3.25/-4.50 +3.7/-4.9 V 
RL = 10kO 

Output Voltage 
VOH 

V+=+5V. V-_OV. 
+3.25 +3.7 V 

Swing RL .10kO 

VOL 
V+=+5V. V-=OV. 

0.2 mV 
RL = 10kO 

Supply Current ISY No Load 275 400 I'A 

Output Current lOUT 
Source 25 35 

rnA Sink 15 19 
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op-so 
DICE CHARACTERISTICS 

DIE SIZE 0.070 X 0.069 Inch, 4,830 sq. mils 
(1.78 X 1.75mm, 3.12 sq. mm) 

1. NULL 
2.INPUT(-) 
3. INPUT (+) 
4.V-
5. NULL 
6. OUTPUT 
7.V+ 

WAFER TEST LIMITS atVs =±5V. VCM =OV. TA = 25°C. unlessolherwise noted. 

PARAMETER 

Input 0Ifset 
Voltage 

Input Bias 
Current 

Common·Mode 
Rejection 

Power-Supply 
Rejection 

Larg&-Signal 
Voltage' Gain 

Output Voltage 
Swing 

Supply Current 

Output Current 

NOTE: 

SYMBOL 

Vas 

Ie 

CMR 

PSR 

Ava 

Va 

VOH 

VOL 

ISY 

lOUT 

CONDITIONS 

Vs -f2.·25V 
to±8V 

Va • -4.5V to +3.25V 
RL =lOkn 

V+_..sV, V-_OV, 
RL=lOkn 

V+=+5V, V-=OV, 
~ .1Okn 

NoLoed 

Source 
Sink 

OP-8OG 
LIMITS 

2.5 

50 

50 

60 

75 

+3.51-4.75 

+3.5 

325 

25 
15 

UNITS 

mVMAX 

pAMAX 

dBMIN 

dB MIN 

VImVMIN 

VMIN 

V MIN 

mVMAX 

mAMIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods end normal yield loss, yield alter packeging Is not guaranteed for standard 
product dice. ConsuR factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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TYPICAL ELECTRICAL CHARACTERISTICS 

... 
INPUT BIAS CURRENT 

VB TEMPERATURE 

YS=:t5V 

i ... 
i I 

I 
~ ... 
! 

I 

V 
i , .. 

-V 
• ~ ~ ~ . ~ ~ ~ ~ ~ 

... 

TEMPERATURE (ee) 

SUPPLY CURRENT VB 
SINGLE SUPPLY VOLTAGE 

TA=+2rC 300 NOLOAD -+-+--+--1 
i2lO 

1300t-t;ErJ i'~~ 
II '001--+--+--+--+--1 
Hr--+--~--r--+-~ 

.~-~-~--~-~--~ 

... 

U 

U 3.0 3.5 4.0 4.5 ... 
SUPPLY VOLTAGE (VOLTS) 

MAXIMUM POSITIVE OUTPUT 
SWING VB TEMPERATURE 

VSi;I:tSY 
NO LOAD 

,/ 

./ V 

./ 
;' 

,/ 

-75 -10 ... 0 25 50 75 100 125 

TEMPERATURE ("C) 

REV.C 

i 

i 
i 
Ii 

... 300 

... 
'00 

-'00 
-200 

..... 

..... 

SUPPLY CURRENT 
VB TEMPERATURE 

Vs .. :t:5V 
NO LOAD -l...- i-"' -f-'" 'Iav 

-~ .... y 

l""-I"--
~ _ ~ D S H ~ _ ~ 

-4 

... 

TEMPERATURE (CO) 

MAXIMUM OUTPUT VOLTAGE 
VB SUPPLY VOLTAGE 

f- ..... I~5"C 
NO LOAD 

~ --r--~ .V. 

-r-.. -Yo -r-. -r-. 
2.0 2.5 3.0 3.5 4.0 4.5 5.0 

....... 

:t SUPPLY VOLTAGE (VOLTS) 

MAXIMUM NEGATIVE OUTPUT 
SWING VB TEMPERATURE 

v.~ .. v I 
f-NOLOAD 

--~ -I--

~ _ ~ D H H ~ _ ~ 

TEMPERATURE (-c) 

230 

220 

2'. 

OP-80 

SUPPLY CURRENT 
VB SUPPLY VOLTAGE 

TAI:+2rC 
NO LOAD 

~ ....... -i ... -- 'Isy 

.... -~ a: 

B 
~ 
!!; 
In 

'SO 
-'SO 
-200 

-210 

-220 

.... ..... 
.......... ....... .... y 

--... r-. 
-230 

2.0 2.5 3.0 3.5 4.0 4.5 5.0 

... 
3.5 

j[ 3 .• 

gu 
~ B ... 
; 1.5 

j 1.0 

D.' 

:t: SUPPLY VOLTAGE (VOLTS) 

OUTPUT VOLTAGE SWING 
VB SINGLE SUPPLY VOLTAGE 

TA=+2rC ./ NO LOAD 

/ 
./ 

/ 
/ 

/ 

D 
2.02.53.03.54.04.55.0 

SUPPLY VOLTAGE tvOLTSJ 

MAXIMUM OUTPUT VOLTAGE 
VB LOAD RESISTANCE ... 

v 

V 
..0 ,. 

~ 

P"" 

~SWINO Va="" r-- T. = +25"C 

I-' 

imir 
111111 

'Ok 'OOk 
LOAD RESISTANCE CD) 
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OP-80 
TYPICAL ELECTRICAL CHARACTERISnCS Continued 

'0 

o 
.00 

MAXIMUM OUTPUT SWING 
va FREQUENCY 

TA.+~ 
Vs=:l:5V 
NO LOAD 
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OP-80 
TYPICAL ELECTRICAL CHARACTERISTICS Continued 

SMALL-8IGNAL 
TRANSIENT RESPONSE 

TEST CIRCUIT FOR LARGE-8IGNAL 
TRANSIENT RESPONSE 

LARGE·SIGNAL 
TRANSIENT RESPONSE 

APPLICATIONS INFORMATION 
Offering one of the lowest input currents of any monolithic op
erational amplifier, the OP-80 is ideal for use in applications 
measuring signals from a very high impedance or a very low 
current source. Operating from a single +5V supply, common
mode input voltages extend to ground with the output swinging 
to within 200llVof ground. It is a true "single-supply operational 
amplifier." 

V,N 

FIGURE 1 : Unity Voltage Gain Follower, Single +5V Supply 

REV.C 

3pF 

T,.= +2SOC 
Vs= ± 5Y 
RL;;; 10kO 
Ay =-1 

An example of this single-supply operation is illustrated in Fig
ure 1. The OP-80, configured as a unity gain voltage-follower 
with a single +5V supply, can be operated down to ground, as 
shown by the 10kHz sinewave output in Figure 2. Typical of 
CMOS op amp operation, the output stage olthe OP-80 requires 
a output load resistance of 1 Mn or less. 

3.5V-

ov-

FIGURE 2: Voltage Follower Response, 10kHz Sine Wave \'s = 
+5V, RL = 10kn. Nota that output extends to ground. 
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+o-----------------~ 

"'·Re,A,'Ha 
Ay_1 + .... 'Rt 

.-

IlATCIlNG OF A,1O A, AND", TO lit DETEAIilNES CMAA AT DC 

FIGURE 3: True Single Supply Instrumentation Amplifier 

A 

Oy-

A:VOUT,SWlNGSFROIIOVT03.5V 
B: VIN• 10kHz. 318mV", SINE WAVE 

FIGURE 4: Sine Wave Response 

A TRUE SINGLE SUPPLY INSTRUMENTATION AMPLIFIER 
The circuit in Figure 3 shows an instrumentation amplifier oper
ated from a single +5V supply. This amplifier is quite useful for 
battery-powered instrument applications since it consumes a 
supply current of less than 4001lA. and the output signal can 
swing down to ground level. as illustrated in Figure 4. 
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FIGURE 5: Instrumentation Amplifier Frequency Response 
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FIGURE 6: Instrumentation Amplifier Common-Mode Rejec
tion 

Although this amplifier topology is not symmetrically balanced. 
as in a three op-amp instrumentation amplifier. a conimon
mode rejection of 70dB is still maintained over a signal band
width of 20kHz as shown in Figures 5 and 6. Finite open-loop 
gain of A, causes feedthrough ofthe common-mode input which 
may be improved by trimming R,. 
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.'IV 

.>"4---0 OUTPUT 

-'IV ".IV 

FIGURE 7: A Complete, Temperature-Compensated pH Meter Design 

IDEAL FOR A pH METER 
Since the OP-80 has an extremely high input impedance; it is 
ideal for pHllon sensitive electrode applications. Figure 7 illus
trates an OP-80 used to buffer the extremely high impedance of 
a pH probe. The meter includes a temperature compensation 
circuit for the probe. 

pH Meter Calibration Procedure 

1. With T A = +25·C adjust temperature slope for 2.98V tem-
perature output. 

2. Adjust temperature offset @ 25·C for -o.25V at TP1• 

3. Short TP 2 to ground. 
4. Apply OV to input (with pH probe disconnected). 
5. Adjust offset for 7V output. 
S. Apply +271 mV to input; adjust gain trim for 2V output. 
7. For improved accuracy, repeat steps 4, 5 and S as these ad

justments are interactive. 
8. Remove ground short from TP2 • 

9. With TA = +25·C, apply +295.6mV to input; adjust gain 
tempco for 2V output. For highest accuracy, use a buffer 
solution at a known pH and temperature and set gain tempco 
for proper output. Remember, to properly set the tempera
ture calibration, the REF-43 must be placed in thermal con
tact with the solution under test. 

REV.C 

The output voltage of the pH probe is linearly dependent on the 
pH of the sample solution and the sample temperature. A cur
rent-controlled amplifier;fhe SSM2024, is driven by a tempera
ture dependent signal to account for the change in the pH 
probe's output voltage due to sample temperature variations. 
After the pH meter is calibrated, it will have an output of 1 V/pH 
from 2s pH s 12 and is accurate to 0.01 pH at 25·C and 0.05pH 
from O·C to 70·C. 

The REF-43's VTEMP output provides an output voltage propor
tional to a temperature, typically 1.9mV/·C. This temperature 
dependent Signal is conditioned and used to provide the correc
tion signal to the current controlled amplifier. 

GUARDING AND SHIELDING 
To maintain the extremely high input impedances of the OP-80, 
care must be taken in circuit board layout and manufacturing. 
Board surfaces must be kept scrupulously clean and free of 
moisture. Conformal coating is recommended to provide a 
humidity barrier. Even a clean PC board can have 1 OOpA of leak
age currents between adjacent traces where a potential differ
ence is present, so that guard rings should be used around the 
inputs. Guard traces should be driven at a voltage equal to or 
close to that of the inputs, so that leakage currents are kept at a 
minimum. In non inverting applications, the guard ring should be 
connected to the common-mode voltage at the inverting input 
(pin 2). 
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op-so 

UNITY-GAIN FOLLOWER 

INVERTING AMPLIFIER 

FIGURE 8: Guard Ring Layout and Connections 

When the OP-80 is operated in the inverting mode, as in Figure 
9, the signal traces should have grounded guard traces on both 
sides of the PC board since both inputs remain at ground volt
age potential. 

High impedance circuitry is extremely susceptible to RF pickup, 
line-frequency hum, and radiated noise from switching power
supplies. Enclosing sensitive analog sections within grounded 
shields is generally necessary to prevent excessive noise 
pickup. Twisted-pair cable will aid in rejection of line-frequency 
hum. 

The op-ao's AC characteristics are highly stable over a wide 
range of operating conditions. Due to the extemely high input 
impedance, the op-ao can be used with large source imped
ances, such as I-V converter applications. Input capacitance, 

r--------"' 
I • I GUARD~ r-----J 
I I 

SHIELD 
I I 2 

FIGURE 9: Current-to-Voltage Converter 
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NONINVERTING AMPLIfiER 

MINI-DIP 
BOTTOM V~EW GUARD TRACE MUST BE 

MAINTAINED AT PROPER 
VOLTAGE POTENTIAL 

8. • 1 (SEETEXT) 

• • • • • • 

with high source impedances, can substantially degrade signal 
bandwidth and stability margins. Accordingly, guarding the in
put lines will not only reduce parasitic leakage, but stray capaci
tance at the input node will also be minimized. 

To cancel the effect of the input capacitance, the pole created 
must be neutralized by a zero that is located at the same fre
quency. To introduce this zero, place a capacitor, CF, around 
the feedback resistor with a value such that: 

---1-2:~ 
2nRl Ct N 2nA2 CF 

or RICIN" R2CF· 
Rl is modelled as a Thevenin equivalent impedance for I-V con
verter applications. 

., 
V'N o-~M"-""'-""--I 

I 

*C1N 
I 
I 
I 

* ":' 

c, 

FIGURE 10: Cancelling the Effect of Input Cspacitance 
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11IIIIIIII ANALOG 
LIllI DEVICES 

Precision Low-Voltage Micropower 
Operational Amplifier 

FEATURES 

• Single/Dual Supply Operation ••........••.••••• + 1.6V to +36V 
+O.8V to ±18V 

• True Single-Supply Operation; Input and Output 
Voltage Ranges Include Ground 

• Low Supply Current .......................................... 20llA Max 
• High Output Drive ............................................... 5mA Min 
• Low Input Offset Voltage ...........•••.•••............•. 150llV Max 
• High Open-Loop Gain ................................. 700V/mV Min 
• Outstanding PSRR ....................................... 5.6IlV/V Max 
• Standard 741 Pinout with Nulling to V-
• Available in Die Form 

GENERAL DESCRIPTION 
The OP-90 is a high performance micropower op amp that 
operates from a single supply of + 1.6V to +36V or from dual 
supplies of ±O.8 to ±18V. Input voltage range includes the 
negative rail allowing the OP-90 to accommodate input 
signals down to ground in single supply operation. The 
OP-90's output swing also includes ground when operating 
from a single supply, enabling "zero-in, zero-out" operation. 

The OP-90 draws less than 20/LA of quiescent supply current, 
while able to deliver over SmA of output current to a load. 
Input offset voltage is below lS0/LV eliminating the need for 
external nulling. Gain exceeds 700,000 and common-mode 
rejection is better than 100dS. The power supply-rejection 
ratio of under S.6/LV/v minimizes offset voltage changes 
experienced in battery powered systems. 

The low offset voltage and high gain offered by the OP-90 
bring preCision performance to micropower applications. 
The minimal voltage and current requirements of the OP-90 

SIMPLIFIED SCHEMATIC 

REV. B 

+1. 
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NULLO--

JUSTED ON CHIP ·ELECTRONICALLY AD 
FOR MINIMUM OFFSE TVOLTAGE 

o :~ ~ 
-..... 
,/I 

v 
"" 

h f--K 
........ 

" 

r--o NULL I 

..... 
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Op-so I 
suit it for battery and solar powered applications; such as 
portable instruments, remote sensors, and satellites. 

ORDERING INFORMATION t 
PACKAGE 

TA =2S·C 
LCC 

OPERATING. 
V05 MAX CERDIP PLASTIC TEMPERATURE 

2c)'CONTACT (mV) B-PIN B-PIN RANGE 

150 OP90AZ* OP90ARC/883 MIL 
150 OP90EZ INO 
250 OP90FZ INO 
450 OP90GP XINO 
450 OP90GS" XINO 

• For devices processed in total compliance to MIL·STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn·in is available on commercial and industrial temperature range parts In 
CerDIP. plastiC DIP, and TO-can packages. 

It For availability and burn-In Information on SO and PLCC packages, contact 
your local sales office. 

PIN CONNECTIONS 

........ 

(' 

"'NULLf3' . .c. -IN _ Y+ 

+IN 3 lOUT 

V- YCMilNULL 

8-PIN HERMETIC DIP 
(Z-Suffix) 

8-PIN EPOXY MINI-DIP 
(P-Suffix) 

8-PIN SO (S-Sufflx) 

~ ~ 
..... 
"-

v 
"" 

f--K 

.:s~ 

v 
r 

::::~ 

I fc ~ <D 

~N • 

N.C. • 18 N.c. 

... IN ., is OUT 

N.C. ,':l!:JJilllji!l§:g',/4 N.c. 

OP-90 ARC/883 
LCC (RC-Suffix) 

¥+ 

"" 
ou 

..... 

... 
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OP-90. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. :t18V 
Differential Input Voltage .............. [(V-) - 20V] to [(V+) + 20V] 
Common-Mode Input Voltage 

..................................................... [(V-) - 2OV] to [(V+) + 20V] 
Output Short-Circuit Duration ..•............•................... Indefinite 
Storage Temperature Range 

Z Package .................................................. -65·C to + 150·C 
P Package ............•..................................... -65·C to + 150·C 

Operating Temperature Range 
OP-90A ...................................................... -55·C to + 125·C 
OP-90E. OP-90F ......................................... -25·C to +85·C 
OP-90G ........................................................ -40·C to +85·C 

Junction Temperature (Tj) ............................ -65·C to + 150·C 
Lead Temperature (Soldering. 60 sec) ........................ +300·C 

PACKAGE TYPE UNITS 

8.f11n HarmeIIc DIP (Z) 148 16 'C/W 
a.PIn Plastic DIP (P) 103 a 'CIW 
2O-Contact Lee (RC) 98 38 'C/W 
II-PIn so (S) 158 a 'CIW 

NOTES: 
1. Absolute maximum ratings apply to boIh DICE and packaged parIa, unleaa oIher

wisenDled. 
2. elA is specified forworst case rnounUng condlllOns, 1.8., el" is specift8Clfor_ 

In socket for CerCIP, P·DIP, end LCC packages: e l" is specilled for device 801-
dated to prinIed circuM board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs = ±1.5V to ±15V, TA = +25·C, unless otherwise noted. 

OP-90A/E 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Large Signal 
Voltage Gain 

Input Voltage Range 

Vos 

los 

18 

AyO 

IVR 

Vo 

Output Voltage Swing VOH 

Common Mode 
Rejection 

Power Supply 
Rejection Ratio 

Slew Rate 

Supply Current 

Capacitiye Load 
Stability 

Input Noise Voltage 

Input Resistance 
Differential Mode 

Input Resistance 
Common Mode 

NOTES: 

CMR 

PSRR 

SR 

ISY 

R'NCM 

1. Guaranteed but not 100% tested. 
2. Guaranteed by CMR test. 

VS =±15V, Vo =±10V 
RL = 100ka 
RL = 10kll 
RL = 2kll 

V+=5V, V-=OV. 
1V< Vo<4V 

RL = 100kll 
RL = 10kll 

50 

0.4 

4.0 

700 1200 
350 600 
125 250 

200 400 
100 160 

V+ = SV. V-= OV 0/4 
Vs = ±15V (Note 21 -15113.5 

VS =±15V 
RL = 10kll 
RL = 2kll 

V+=5V, V-=OV 
RL = 2kll 

±14 ±14.2 
±11 ±12 

4.0 4.2 

150 

3 

15 

V+ = SV, V- =OV 
RL = 10ka 100 500 

V+=5V, V-=OV, 
OV<VCM <4V 
Vs =±1SV, 
-1SV < VCM < 13.5V 

VS =±15V 

VS=±1.5V 
Vs =±15V 

Ay =+1 
No Oscillations 
(Note 11 

10 = 0.1 Hz to 10Hz 
Vs =±15V 

VS =±1SV 

Vs =±15V 

90 

100 

S 

110 

130 

1.0 

12 

9 
14 

250 850 

3 

30 

20 

5.6 

15 
20 
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OP-90F 
MIN TVP MAX 

75 250 

0.4 

4.0 

500 1000 
250 500 
100 200 

12S 300 
75 140 

0/4 
-15/13.S 

±14 ±14.2 
±11 ±12 

4.0 4.2 

5 

20 

100 500 

80 

90 

100 

120 

1.0 

12 

9 
14 

250 650 

3 

30 

20 

5.6 

15 
20 

OP-90G 
MIN TVP MAX 

125 450 

0.4 

4.0 

400 600 
200 400 
100 200 

100 250 
70 140 

0/4 
-15/13.5 

±14 ±14.2 
±11 ±12 

4.0 4.2 

5 

25 

100 500 

80 

90 

5 

100 

120 

3.2 

12 

9 
14 

250 650 

3 

30 

20 

10 

1S 
20 

UNITS 

IAV 

nA 

nA 

VlmV 

V 

V 

V 

IAV 

dB 

"VN 

Vlms 

IAA 

pF 

Mil 

Gil 
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OP-90 
ELECTRICAL CHARACTERISTICS at Vs = ±l.SV to ±lSV, -SSOC :S TA:S 12SoC, unless otherwise noted. 

OP-90A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 80 400 /IoV 

Average Input Offset 
TCVos 0.3 2.5 /IoV/o C 

Voltage Drift 

Input Offset Current los VCM=OV 1.5 5 nA 

Input Bias Current Ie VCM=OV 4.0 20 nA • Vs = ±15V. Vo = ±IOV 
RL = 100kl! 225 400 

RL = lOkI! 125 240 
Large Signal RL = 2kl! 50 110 
Voltage Gain Avo VlmV 

V+=5V, V-=OV, 
W<Vo< 4V 

RL = 100kl! 100 200 
RL = lOkI! 50 110 

Input Voltage Range IVR V+ = 5V. V-= OV (Note I) 0/3.5 
V 

Vs =±15V -15113.5 

Vs =±15V 

Vo RL = IOkll ±13.5 ±13.7 V 
RL = 2kl! ±10.5 ±11.5 

Output Voltage Swing 
V+=5V. V-=OV 

VOH 
RL = 2kl! 3.9 4.1 

V 

VOL 
V+=5V. V-=OV 

/IoV 
RL = IOkll 100 500 

Common Mode Reiection CMR 
V+ = 5V. V- = OV. OV < VCM < 3.5V 85 105 

dB 
Vs = ±15V. -15V < VCM < 13.5V 95 115 

Power Supply 
PSRR 3.2 10 /IoVN 

Rejection Ratio 

Supply Current Isv 
Vs =±1.5V 15 25 

/loA 
Vs= ±15V 19 30 

NOTE: 
I. Guaranteed by CMR test. 
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Op-9O 

ELECTRICAL CHARACTERISTICS at V S = :tl.5V to :t15V. -25·C " T A " +85·C for OP-90E/F. -40·C " T A " +85·C for OP-90(3. 
unless otherwise noted. 

OP-90E OP-90F OP-90G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 70 270 110 550 lS0 675 p.V 

Average I nput Offset 
TCVos 0.3 

Voltage Drift 
0.6 1.2 p.VloC 

Input Offset Current los VCM=OV O.S 1.0 5 1.3 nA 

Input Bias Current 18 VCM=OV 4.0 15 4.0 20 4.0 25 nA 

Vs = ±15V. Vo = ±10V 
RL = 100kO 500 SOO 350 700 300 600 
RL = 10kO 250 400 175 350 150 250 

Large Signal 
Avo 

RL = 2kO 100 200 75 150 75 125 
V/mV 

Voltage Gal n 
V+ = 5V. V-= OV. 
1V<Vo<4V 

RL = 100kO 150 2S0 100 220 80 180 
RL = 10kO 75 140 50 110 40 go 

Input Voltage Range 
V+=5V. V-=OV 0/3.5 0/3.5 0/3.5 

IVR 
Vs= ±15V (Note 1) -15/13.5 -15/13.5 -15/13.5 

V 

Vs =±15V 

Vo RL = 10kO ±13.5 ±14 ±13.5 ±14 ±13.5 ±14 V 
RL = 2kO ±10.5 ±ll.S ±10.5 ±l1.S ±10.5 ±ll.S 

Output Voltage Swing VOH 
V+ = 5V. V-= OV 

V 
RL =2kO 3.9 4.1 3.9 4.1 3.9 4.1 

VOL 
V+ = 5V. V-= OV 

p.V 
RL = 10kO 100 500 100 500 100 500 

V+ = 5V. V-= OV. 
90 110 SO 100 SO 100 

Common Mode 
CMR 

OV < VCM < 3.5V 
Rejection Vs =±15V. 

dB 

-15V < VCM < 13.5V 
100 120 90 110 90 110 

Power Supply 
PSRR 1.0 5.6 3.2 10 5.6 17.S p.VN 

Rejection Ratio 

Supply Current 
Vs =±1.5V 13 25 13 25 12 25 

ISY Vs =±15V 17 30 17 30 16 30 
p.A 

NOTE: 
1. Guaranteed by CMR test. 
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DICE CHARACTERISTICS 

DIE SIZE 0.086 X 0.067 Inch, 5762 sq. mils 
(2.18 X 1.70mm, 3.71 sq. mm) 

1. VosNULL 
2. -IN 

3. +IN 
4. V-
5. VosNULL 
6. OUT 
7. V+ 

WAFER TEST LIMITS at Vs = ±1.5V to ±15V, TA = 25°C, unless otherwise noted. 

PARAMETER 

Input Ollsel Voltage 

Inpul Ollset Current 

Input Bias Current 

Large Signal 

Voltage Gain 

Input Voltage Range 

Output Voltage Swing 

Common Mode Rejection 

Power Supply 

Rejection Ratio 

Supply Currenl 

NOTES: 
1. Guaranteed by CMR test. 

SYMBOL 

Vos 

los 

Avo 

IVR 

CMR 

PSRR 

ISY 

CONDITIONS 

VCM=OV 

VCM = OV 

Vs = ±15V, Vo = ±10V 

RL = 100kfl 

RL = 10kfl 

V+=5V, V-=OV, 

1V<Vo<4V 

RL = 100kfl 

V+=5V, V-=OV 
(Note 1) 

Vs =±15V 

Vs =±15V 

RL = 10kfl 

RL = 2kfl 

V+= 5V, V-= OV 

RL = 2kfl 

V+=5V, V-=OV 

RL = 10kfl 

V+ = 5V, V-= OV, OV < VcM <4V 

Vs = ±15V, -15V < VCM < 13.5V 

Vs =±15V 

Op-90 

OP-90GBC 
LIMIT UNITS 

250 I'VMAX 

5 nAMAX 

20 nAMAX 

500 V/mV MIN 
250 

V/mV MIN 
125 

0/4 
VMIN 

-15/13.5 

±14 VMIN 
±11 

4.0 
VMIN 

500 
I'VMAX 

80 
dB MIN 

90 

10 I'VNMAX 

20 I'AMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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OP-90 

TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-90 
TYPICAL PERFORMANCE CHARACTERISTICS 

POWER SUPPLY REJECTION 
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APPLICATIONS INFORMATION 

BATTERY-POWERED APPLICATIONS 
The OP-90 can be operated on a minimum supply voltage of 
+1.6V, or with dual supplies ±O.8V, and draws only 14/,A of 
supply current. In many battery-powered circuits, the OP-90 
can be continuously operated for thousands of hours before 
requiring battery replacement, reducing equipment down
time and operating cost. 

High-performance portable equipment and instruments fre
quently use lithium cells because oftheir long shelf-life, light 
weight, and high energy density relative to older primary 
cells. Most lithium cells have a nominal output voltage 
of 3V and are noted for a flat discharge characteristic. The 
low supply voltage requirement ofthe OP-90, combined with 
the flat discharge characteristic of the lithium cell, indicates 
that the OP-90 can be operated over the entire useful life of 
the cell. Figure 1 shows the typical discharge characteristic 
of a 1Ah lithium cell powering an OP-90 which, in turn, is 
driving full output swing into a 100kO load. 
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Op-SO. 

FIGURE 1: Lithium Sulphur Dioxide Cell Discharge 
Characteristic With OP-90 and 100kO Load 
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INPUT VOLTAGE PROTECTION 
The OP-90 usesa PNP input stage with protection resistors in 
series with the inverting and noninverting inputs. The high 
breakdown of the PNP transistors coupled with the protec
tion resistor!3 provides a large amount of input protection, 
allowing the inputs to be taken 20V beyond either supply 
without damaging the amplifier. 

OFFSET NULLUIIG 
The offset nuWc'ir~uit of Figure 2 provides 6mV of offset 
adju!3tment range. A 100kO resistor placed in series with the 
wiper of the offset null potentiometer, as shown in Figure 3, 

FIGURE 2: Offset Nulling Circuit 

v+ 

_II 

v-

FIGURE 3: High Resolution Offset Nulling Circuit 

v+ 

2-746 OPERATIONALAMPt.lFIERS 

reduces the offset adjustment range to 4QOpV and is recom
mended for applications· requiring high null resolution. 
Offset nulling does not affect TCVos performance. 

SINGLE-SUPPLY OUTPUT VOLTAGE RANGE 
In single-supply operation the OP-90's input and output 
ranges include ground. This allows true "zero-in, zero-out" 
operation. The output stage provides an active pull-down to 
around O.8V above ground. Below this level, a load resistance 
of upto 1 MO to ground is required to pull the output down to 
zero. 

In the region from ground to O.BV the OP-90 has voltage gain 
equal to the data sheet specification. Output current source 
capability is maintained over the entire voltage range includ
ing ground. 

APPLICATIONS 

BATTERY-POWERED VOLTAGE REFERENCE 
The circuit of Figure 4 is a battery-powered voltage reference 
that draws only 17pA of supply current. At thi!3level, two AA 
cells can power this reference over 18 months. At an output 
voltage of 1.23V @ 25°C, drift of the reference is only 
5.5pV/oC overthe indu!3trial temperature range. Load regula
tion i!3 85pV/mA with line regulation at 120pVIV. 

Design of the reference is based on the bandgap technique. 
Scaling of resistors R1 and R2 produces unequal currents in 
01 and 02. The resulting VSE mismatch creates a tempera
ture-proportional voltage across R3 which, in turn, produces 
a: larger temperature-proportional voltage across R4 and R5. 
This voltage appears at the output added to the VSE of 01, 
which has an opposite temperature coefficient. Adjusting the 

FIGURE 4: Battery Powered Voltage Reference 
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output to 1.23V at 25°C produces minimum driftovertemper
ature. Bandgap references can have start-up problems. With 
no current in R1 and R2, the OP-90 is beyond its positive input 
range limit and has an undefined ouput state. Shorting Pin 5 
(an offset adjust pin) to ground forces the output high under 
these conditions and insures reliable start-up without signifi
cantly degrading the OP-90's offset drift. 

SINGLE OP AMP FULL-WAVE RECTIFIER 
Figure 5 shows a full-wave rectifier circuit that provides the 
absolute value of input signals up to ±2.5V even though 
operated from a single 5V supply. For negative inputs, the 
amplifier acts as an unity gain inverter. Positive signals force 
the op amp output to ground. The 1 N914 diode becomes 
reversed-biased and the signal passes through R1 and R2 to 
the output. Since output impedance is dependent on input 
polarity, load impedances cause an asymmetric output. For 
constant load impedances, this can be corrected by reducing 
R2. Varying or heavy loads can be buffered by a second 
OP-90. Figure 6 shows the output of the full-wave rectifier 
with a 4Vp_p, 10Hz input signal. 

FIGURE 5: Single Op-Amp Full Wave Rectifier 
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10kO 
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R1 

10kO 
Y'~>--DI-"""--o VOUT 

HP5082-2800 

FIGURE 7: Two Wire 4-20mA Transmitter 

OP-90 
FIGURE 6: Output of Full-Wave Rectifier With 4Vp_p, 

10Hz Input 

TWO WIRE 4-20mA CURRENT TRANSMITTER 
The current transmitter of Figure 7 provides an output of 4mA 
to 20mA that is linearly proportional to the input voltage. 
Linearity of the transmitter exceeds 0.004% and line rejection 
is 0.0005%/volt. 

Biasing for the current transmitter is provided by the REF-
02EZ. The OP-90EZ regulates the output current to satisfy 
the current summation at the noninverting node: 

I = _1_ ( VIN R5 + 5V R5 ) 
OUT R6 R2 R1 

For the values shown in Figure 7, 

IOUT= ( ...12.. )VIN+4mA 
100.0 

giving a full-scale output of 20m A with a 100mV input. 
Adjustment of R2 will provide an offset trim and adjustment of 
R1 will provide a gain trim. These trims do not interact since 
the noninverting input of the OP-90 is at virtual ground. The 
Schottky diode, D1, prevents input voltage spikes from pull-

REFERE~g~ o----...... ---------...... ----~ 1-=-_+--oV+ 
2mAMAX 
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OP-90 
ing the noninverting input more than 300mV below the 
inverting input. Without the diode, such spikes could cause 
phase reversal of the OP-90 and possible latch-up of the 
transmitter. Compliance of this circuit is from 10V to 40V. The 
voltage reference output can provide up to 2mA for trans
ducer excitation. 

MICROPOWER VOLTAGE-CONTROLLED OSCILLATOR 
Two OP-90s in combination with an inexpensive quad CMOS 
switch comprise the preCision VCO of Figure 8. This circuit 
provides triangle and square wave outputs and draws only 
50p,A from a single 5V supply. A1 acts as an integrator; S1 
switches the charging current symmetrically to yield positive 

FIGURE 8: Micropower Voltage Controlled Oscillator 
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and negative ramps. The integrator is bounded by A2 which 
acts as a Schmitt trigger with a precise hysteresis of 1.67 
volts, set by resistors R5, R6, and R7, and associated CMOS 
switches. The resulting output of A1 is a triangle wave with 
upper and lower levels of 3.33 and 1.67 volts. The output of A2 
is a square wave with almost rail-to-rail swing. With the com
ponents shown, frequency of operation is given by the 
equation: 

f OUT = VCONTROL (volts) x 10Hz/V 

but this is easily changed by varying C1. The circuit operates 
well up to a few hundred hertz. 
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MICROPOWER SINGLE-SUPPLY 
INSTRUMENTATION AMPLIFIER 
The simple instrumentation amplifier of Figure 9 provides 
over 110dB of common-mode rejection and draws only 1S!,A 
of supply current. Feedback is to the trim pins rather than to 
the inverting input. This enables a single amplifier to provide 
differential to single-ended conversion with excellent 
common-mode rejection. Distortion .of the instrumentation 
amplifier is that of a differential pair, so the circuit is res
tricted to high gain applications. Nonlinearity is less than 
0.1 % for gai ns of 500 to 1000 over a 2.SV output range. Resis
tors R3 and R4 set the voltage gain and, with the values 
shown, yield a gain of 1000. Gain tempco of the instrumenta
tion amplifier is only SOppm/oC. Offset voltage is under 1S0!'V 
with drift below 2!,V/oC. The OP-90's input and output vol
tage ranges include the negative rail which allows the instru
mentation amplfier to provide true "zero-in, zero-out" 
operation. 

FIGURE 9: Micropower Single-Supply Instrumentation 
Amplifier 
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OP-90 
SINGLE-SUPPLY CURRENT MONITOR 
Current monitoring essentially consists of amplifying the 
voltage drop across a resistor placed in series with the cur-
rent to be measured. The difficulty is that only small voltage 
drops can be tolerated and with low precision op amps this 
greatly limits the overall resolution. The single-supply cur-
rent monitor of Figure 10 has a resolution of lO!,A and is 
capable of monitoring 30mA of current. This range can be 
adjusted by changing the current sense resistor Rt When 
measuring total system current, it may be necessary to 2 
include the supply current of the current monitor. which 
bypasses the current sense resistor, in the final result. This 
current can be measured and calibrated (together with the 
residual offset) by adjustment of the offset trim potenti-
ometer, R2. This produces a deliberate offset that is tempera-
ture dependent. However, the supply current of the OP-90 is 
also proportional to temperature and the two effects tend to 
track. Current in R4 and RS, which also bypasses R1, can be 
accounted for by a gain trim. 

FIGURE 10: Single-Supply Current Monitor 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Low Supply Current ......................................... 600).1A Max 
• OP-07 Type Performance 

Offset Voltage .................................................. 20).1V Max 
Offset VoHage Drift •..•......•.......•..............•• O.6).1V/oC Max 

• Very Low Bias Current 
25°C ................................................................ 100pA Max 
-55°C to +125°C ............................................. 250pA Max 

• High Common-Mode Rejection ....................... 114dB Min 
• Extended Industrial Temp. Range •..•••••••• -40°C to +85°C 
• Available In Ole Form 

ORDERING INFORMATION t 

T0-99 

0P97AJ' 
OP97EJ 
0P97FJ 

PACKAGE 

CERDIP 

OP97AZ' 
0P97EZ 
0P97FZ 

PLASTIC 

OP97EP 
OP97FP 

0P97FStt 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
XIND 
XIND 
XIND 

For devices processed in total compliance to MIL-STD-883, add 1883 aiter part 
number. Consult factory for 883 data sheet. 
Burn~in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

It For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

SIMPLIFIED SCHEMATIC 

NULL (1) NULL(.) 

-INo-__.--rik 

+IN o-............ -t==:f===~r=t=:::::~ 

Low-Power, High-Precision 
Operational Amplifier 

OP-97 I 
GENERAL DESCRIPTION 

The OP-97 is a low-power alternative to the industry-standard 
OP-07 precision amplifier. The OP-97 maintains the standards 
of performance set by the OP-07 while utilizing only 600).1A 
supply current, less than 1/6 that of an OP-07. Offset voltage is 
an ultra-low 25).1 V, and drift overtemperature is below O.6).1VI"C. 
External offsettrimming is not required in the majority of circuits. 

PIN CONNECTIONS 

EPOXY MINI-DIP 
(P-Suffix) 

B-PIN CERDIP 
(Z-Suffix) 

EPOXYSOtt 
(5-Suffix) 

OYERCOMP 

NULL 

• 
NULL97V+ 

-IN 2 - SOUT 

+IN 3 • • OVER 
4 COMP 

V-(eASE) 

TO-99 
(J-Suffix) 

·OUT 

L-__ -4 ___ ~~+-..... -----~--__ ....... -~~~ 
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OP-97 

Improvements have been made over OP-07 specifications in 
several areas. Notable is bias current, which remains below 
250pA over the full military temperature range. The OP-97 is 
ideal for use in precision long-term integrators or sample-and
hold circuits that must operate at elevated temperatures. 

Common-mode rejection and power-supply rejection are also 
improved with the OP-97, at 114dB minimum over wider ranges 
of common-mode or supply. voltage. Outstanding PSR, a 
supply range specified from ±2.25V to ±20V and the OP-9Ts. 
minimal power requirements combine to make the OP-97 a 
preferred device for portable and battery-powered instruments. 

The OP-97 conforms to the OP-07 pinout, with ·the null 
potentiometer connected between pins 1 and 8 with the wiper 
to V+. The OP-97 will upgrade circuit designs using 725, OP05, 
OP07, OP12, and 1012 type amplifiers. It may replace 741-type 
amplifiers in circuits without nulling or where the nulling 
circuitry has been removed. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±20V 
Input Voltage (Note 3) ...................................................... ±20V 
Differential Input Voltage (Note 4) ..................................... ±1V 
Differential Input Current (Note 4) ................................ ±10mA 

Output Short-Circuit Duration ................................... Indefinite 
Operating Temperature Range 

OP-97A (J, Z) ............................................. -55'C to +125'C 
OP-97E, F (J, P, Z, S) .................................. -40'C to +85'C 

Storage Temperature Range ........................ --65'C to +150'C 
Junction Temperature Range ....................... -65'C to + 150'C 
Lead Temperature (Soldering, SO sec) ........................ +300'C 

PACKAGE TYPE 9 IA (Note2) 9 1e UNITS 

TO-99 (J) 150 1B 'CfW 
B-Pln Hermetic DIP (Z) 148 16 'CfW 
B-Pln Plastic DIP (P) 103 43 'CfW 
B-PlnSO(S) 15B 43 'CfW 

NOTES: 
1. Absolute maximum raUngs apply to bOil, DICE and packaged parts, unless 

otherwise noted. 
2. 9 lA Is specified for worst case mounting condnlons, i.e., 9 lA Is spaclfied lor 

device In socket lor TO, CerDIP. and P-DIP packages; elA Is specified for 
device soldered to printed circuit board for SO package. 

3. For supply voltages less than ,.,20V, the absolute maximum input voltage is 
squalto the supply voltage. 

4. The OP-97's inputs are Protected by back-to-back diodes. Current-limiting re
sistors are not used In order to achieve low noise. Differential input voltages 
greater than 1 V will cause excessive current to flow through the input protec
tion diodes unless IimRing resistance is used. 

ELECTRICAL CHARACTERISTICS at Vs = ±15\1, VCM = 0\1, TA = +25°C, unless otherwise noted. 

OP-97A1E OP-97F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Input Offset 

Vas 10 25 30 75 p.V Voltage 

Long-Term 
Offset Voltage <1VosfTlme 0.3 0.3 p.VlMonth 
Stability 

Input Offset 
los 30 100 30 150 pA 

Current 

Input Bias 
Ie ±30 ±100 ±30 ±150 pA 

Current 

Input Noise 
enp-p 0.1Hz to 10Hz 0.5 0.5 p'vp_p Voltage 

Input Noise fo = 10Hz (Note 2) 17 30 17 30 nVl$. 
Voltage Density en 10 = 1000Hz (Note 3) 14 22 14 22 nVl$. 

Input Noi.e 
iN 10= 10Hz 20 20 fAl$. Current Density 

Large-Slgnal 
Avo Vo = ±10V; RL = 2kO 300 2000 200 2000 VlmV Voltage Gain 

Common-Mode CMR VCM =±13.5V 114 132 110 132 dB Rejection 

Power-Supply PSR Vs = ±2V to ±2OV 114 132 110 132 dB Rejection 

Input Voltage IVR (Note 1) ±13.5 ±14.0 ±13.5 ±14.0 V Range 

Output Voltage 
Vo RL ~.10k!l ±13 Swing ±14 ±13 ±14 V 

Slew Rate SR 0.1 0.2 0.1 0.2 VIpS 
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OP-97 
ELECTRICAL CHARACTERISTICS at Vs = ±15\1, VCM = OV, TA = +25·C, unless otherwise noted. (Continued.) 

OP-97A1E OP-97F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Differential 
R'N (Note 4) 30 30 Mil 

Input Resistance 

Closed-Loop 
BW AveL =+t 0.4 0.9 0.4 0.9 MHz 

Bandwidth 

Supply Current Isv 380 600 380 600 p.A 

Supply Voltage Vs Operating Range ±2 ±15 ±20 ±2 ±t5 ±20 V • NOTES: 
1. Guaranteed by CMR test. 
2. tOHz noise voltage density is sample tested. Devices 100% tested for noise 

are available on request. 
3. Sample tested. 
4. Guaranteed by design. 

ELECTRICAL CHARACTERISTICS at Vs =±15V, V CM = OV,-40·CS TA S +85°C for the OP-97EIF and -55°C STA S+125·C 

for the OP-97A, unless otherwise noted. 

OP-97A1E OP-97F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vas 25 60 60 200 I1V Voltage 

Average Temperature 
TCVos 

0.2 0.6 0.3 2.0 
11V1'C 

Coefficient of Vas S-Package 0.3 

Input Offset 
lao 60 250 80 750 pA 

Current 

Average Temperature 
TClos 0.4 2.5 0.6 7.5 pA1"C 

Coefficient of 1!1§ 

Input Bias 
Ie ±So ±25O ±80 ±750 pA 

Current 

Average Temperature 
TCle 0.4 2.5 0.6 7.5 pA1"C 

Coefficient of I~ 

Large-Signal 
Ava Vo=+IOV;RL =2ka 200 1000 150 1000 V/mV 

Voltage Gain 

Common-Mode 
CMR VCM =±13.5V 108 128 108 128 dB 

Rejection 

Power-Supply 
PSR V 0 = ±2.5V to ±20V 108 126 108 128 dB 

Rejection 

Input Voltage 
IVR (Note I) ±13.5 ±14.0 ±13.5 ±14.0 V 

Range 

Output Voltage 
Va RL = 10ka ±13 ±14 ±13 ±14 V 

Swing 

Slew Rate SR 0.05 0.15 0.05 0.15 Vi .... 

Supply Current lOY 400 800 400 800 tJ.A 
Supply Voltage Vs Operating Range ±2.5 ±15 ±20 ±2.5 ±15 ±20 V 

NOTES: 
I. Guaranteed by CMR test. 
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DICE CHARACTERISTICS 

DIE SIZE 0.063 X 0.074 Inch, 4,662 sq. mils 
(1.60 X 1.88 mm, 3.01 sq. mm) 

1. NULL 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. OVERCOMPENSATION 
6. OUTPUT 
7. V+ 
8. NULL 

WAFER TEST LIMITS at Vs = ±15\f, VCM = av. TA = +25°C. unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos 

Input Offset Current los 

Input Bias Current Is 

Large-Signal 
Ava Voltage Gain 

VOUT = ±10V. RL = 2kO 

Common-Mode Rejection CMR VCM = ±13.5 

Power-Supply Rejection PSR Vs = ±2V to ±20V 

Input-Voltage Range IVR (Note 1) 

Output Voltage Swing Va RL = 10kO 

Slew Rate SR 

Supply Current ISY No Load 

NOTES: 
1. Guaranteed by CMR test. 

OP-97N 
LIMITS UNITS 

250 ~VMAX 

150 pAMAX 

±150 pAMAX 

120 VlmVMIN 

110 dBMIN 

110 dBMIN 

±13.5 VMIN 

±13 VMIN 

0.1 VI~s MIN 

600 ~AMAX 

Electrical tests are performed at wafer probe to the limits shown. Dueto variations in assembly methods and normal yield loss, yield after packaging is not guaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

2-754 OPERA TIONALAMPLIFIERS REV. B 



TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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APPLICATIONS INFORMATION 
The OP-97 is a low-power alternative to the industry standard 
precision op amp, the OP-Q7. The OP-97 may be substituted 
directly into OP-07, OP-77, 725, OP-05, 112/312, and 1012 
sockets with improved performance and/or less power dissi
pation, and may be inserted into sockets conforming to the 741 
pinout if nulling circuitry is not used. Generally, nulling circuitry 
used with earlier generation amplifiers is rendered superfluous 
by the OP-97's extremely low offset voltage, and may be 
removed without compromising circuit performance. 

Extremely low bias current over the full military temperature 
range makes the OP-97 attractive for use in sample-and...t1old 
amplifiers, peak detectors, and log amplifiers that must operate 
over a wide temperature range. Balancing input resistances is 
not necessary with the OP-97. Offset voltage and TCVos are 
degraded only minimally by high source resistance, even when 
unbalanced. 

The input pins of the OP-97 are protected against large 
differential voltage by back-to-back diodes. Current-limiting 
resistors are not used so that low-noise performance is main
tained. If differential voltages above ±lV are expected at the 
inputs, series resistors must be used to limitthe currentflow to a 
maximum of 10mA. Common-mode voltages at the inputs are 
not restricted, and may vary over the full range of the supply 
voltages used. 

The OP-97 requires very little operating headroom about the 
supply rails, and is specified for operation with supplies as low 

FIGURE 1: Optional Input Offset Voltage Nulling and Over
compensation Circuits 

r-_--<lv+ 

RpOT"" Skn TO 100kn 

FIGURE 2: Small Signal Transient Response 
(CLOAD = l00pF, AVCL = +1) 
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as ±2V. Typically, the common-mode range extends to within 
one volt of either rail. The output typically swings to within one 
volt of the rails when using a 10kO load. 

Offset nulling is achieved utilizing the same circuitry as an 
OP-Q7. A potentiometer between 5kO and 100kO is connected 
between pins 1 and 8 with the wiper connected to the positive 
supply. Thetrim range is between 300"V and 850"V, depending 
upon the internal trimming of the device. 

AC PERFORMANCE 
The OP-97's AC characteristics are highly stable over its full 
operating temperature range. Unity-gain small signal response 
is shown in Figure 2. Extremely tolerant of capacitive loading on 
the output, the OP-97 displays excellent response even with 
l000pF loads (Figure 3). In large-signal applications, the input 
protection diodes effectively short the input to the output 
during the transients if the amplifier is connected in the usual 
unity-gain configuration. The output enters short-circuit current 
limit, with the flow going through the protection diodes. 
Improved large-signal transient response is obtained by using a 
feedback resistor between the output and the inverting input. 
Figure 4 shows the large-signal response ofthe OP-97 in unity
gain with a 10kO feedback resistor. The unity gain follower 
circuit is shown in Figure 5. 

The overcompensation pin may be used to increase the phase 
margin of the OP-97, or to decrease gain-bandwidth product at 
gains greater than 10. 

FIGURE 3: Small-Signal Transient Response 
(CLOAD = l000pF, AVCL = +1) 

FIGURE 4: Large Signal Transient Response (AVCL = +1) 
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FIGURE 5: Unity-gain Follower 

10kH 

V,N 

FIGURE 6: Small Signal Transient Response with Overcom
pensation (CLOAD = 1000pF, AVCL = +1, COC = 220pF) 

GUARDING AND SHIELDING 
To maintain the extremely high input impedances of the OP-97, 
care must be taken in circuit board layout and manufacturing. 
Board surfaces must be kept scrupulously clean and free of 
moisture. Conformal coating is recommended to provide a 
humidity barrier. Even a clean PC board can have 100pA of 
leakage currents betwen adjacent traces, so that guard rings 

FIGURE 7: Guard Ring Layout and Connections 

UNITY-GAIN FOLLOWER 

INVERTING AMPLIFIER 

REV.B 

OP-97 
should be used around the inputs. Guard traces are operated at 
a voltage close to that on the inputs, so that leakage currents 
become minimal. In non inverting applications, the guard ring 
should be connected to the common-mode voltage at the 
inverting input (pin 2). In inverting applications, both inputs 
remain at ground, so that the guard trace should be grounded. 
Guard traces should be made on both sides of the circuit board. 

FIGURE 8: DAC Output Amplifier 
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High impedance circuitry is extremely susceptible to RF 
pickup,line-frequency hum, and radiated noise from switching 
power-supplieS. Enclosing sensitive analog sections· within 
grounded shields is generally necessary to prevent excessive 
noise pickup. Twisted-pair cable will aid in rejection of line
frequency hum. 

The OP-97 is an excellent choice as an output amplifier for 
higher resolution CMOS DACs. Its tightly trimmed offset vol
tage and minimal bias current result in virtually no degradation 
of linearity, even over wide temperature ranges. 

Figure 9 shows a versatile monitor circuit that can typically 
sense current at any point between the ±15V supplies. This 
makes it ideal for sensing current in applications such as full 
bridge drivers where bi-directional current is associated with 
large common-mode voltage changes. The 114dB CMRR of the 
OP-97 makes the amplifier's contribution to common-mode 
error negligible, leaving only the error due to the resistor ratio 
inequality. Ideally, R2/R4 = R3/R5. This is best trimmed via R4. 

The digitally programmable gain amplifier shown in Figure 10 
has 12-bit gain resolution with 10-bit gain linearity over the 
range of -1 to -1024. The low bias current of the OP-97 
maintains this linearity, while C1 limits the noise voltage 
bandwidth allowing accurate measurement down to microvolt 
levels. 

DIGITALIN 

4095 
2048 
1024 
512 
256 
128 
64 
32 
16 
8 
4 
2 
1 
o 

GAIN (Ay) 

-1.00024 
-2 
-4 
-8 
-16 
-32 
-64 
-128 
-256 
-512 
-1024 
-2048 
-4096 

OPEN I,.OOP 

Many high-speed amplifiers suffer from less-than-perfect low
frequency performance. A combination amplifier consisting of 
a high preciSion, slow device like the OP-97 and a faster device 
such as the OP-44 results in uniformly accurate performance 
from DC to the high-frequency limit of the OP-44, which has a 
gain-bandwidth product of 23M Hz. The circuit shown in Figure 
11 accomplishes this, with the OP-44 providing high-frequency 
amplification and the OP-97 operating on low-frequency signals 
and providing offset correction. Offset voltage and drift of the 
circuit are controlled by the OP-97. 
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FIGURE 10: Precision Programmable Gain Amplifier 
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FIGURE 11: Combination High-Speed, Precision Amplifier 
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FIGURE 12: Combination Amplifier Transient Response 
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11IIIIIIII ANALOG 
WDEVICES 

Low Noise, Low Drift 
Single-Supply Operational Amplifier 

FEATURES 
Single-Supply Operation 
Low Noise: 6 nV/YHz @ 1 kHz 
Wide Bandwidth: 3 MHz 
Low Offset Voltage: 150 ,...V 
Very Low Drift: 0.2 ,...V/oC 
Unity-Gain Stable 
No Phase Reversal 

APPLICATIONS 
Digital Scales 
Multimedia 
Strain Gages 
Battery Powered Instrumentation 
Temperature Transducer AmplifieQ 

't; 
':l.li~ 

GENERAL DESCRIPTION 
Designed for systems with internal calibration, the OP-l13 sin
gle, OP-Z13 dual and OP-413 quad operational amplifiers fea
ture very low noise and drift. Drift and noise are parameters 
that are difficult to calibrate out. Most systems with internal 
calibration use a microprocessor and have + 5 V and + lZ V sup
plies, so these amplifiers are designed to be used in single
supply applications. They operate from 4.5 V to 30 V while 
maintaining precision performance. These unity gain stable 
amplifiers have a typical gain bandwidth of 3 MHz. 

Systems that require low noise and single-supply operation 
include strain gage applications such as digital scales and multi
media. With a wide common-mode range, that includes the neg
ative supply, and an output that swings from the negative 
supply to within 1 volt of the positive rail, are other parameters 
provided for these applications. 

The OP-Z13 is specified over the extended industrial tempera
ture range. Both single, dual and quad amplifiers are available 
in plastic and ceramic DIP plus SOIC surface mount packages. 

Contact your local sales office for MIL-STD-883 data sheet and 
availability. 

OP-113/0P-213/0P-413 I 
PIN CONNECTIONS 

8-Lead Narrow-Body SOIC 
(S SuffIX) 

v+ 
OUTB 

OUTB 

-INB 

14-Lead Narrow-Body SOIC 
(S Suffix) 

8-Lead Epoxy DIP 
(P Suffix) 

8-Lead Epoxy DIP 
(P SuffIX) 

14-Lead Epoxy DIP 
(P Suffix) 

20-Position Chip Carrier 
(RC SuffIX) 

m 
z 
; 

000 

z 8 ~ 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-113/0P-213/0P-413 -SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@ Vs = ±15.0 v, TA = +25°C unless otherwise specified.) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos ISO !LV 
Input Bias Current IB VCM = 0 V 500 600 nA 
Input Offset Current los VCM = 0 V 200 nA 
Input Voltage Range VCM -IS +13 V 
Common-Mode Rejection CMR VCM = ±12 V 86 106 dB 
Large Signal Voltage Gain Avo RL = 6000 200 V/mV 

RL = 10 kO 1500 V/mV 
Offset Voltage Drift ilVos/ilT 0.2 !LVrC 

AUDIO PERFORMANCE 
THD + Noise V IN = 3 V rms, RL = 2 kO, f = % 
Voltage Noise Density eN f= 10Hz nV/y'Hz 
Voltage Noise Density eN f=lkHz 6 nVlvHz 
Voltage Noise eN P-P 0.3 fLY p-p 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo -IS +14 V 
Short Circuit Limit Isc ±30 mA 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR 120 dB 
Supply Current Isy 4 rnA 
Supply Voltage Range Vs +4.5 ±18 V 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = 2kO V/fLS 
Full-Power Bandwidth BWp kHz 
Gain Bandwidth Product GBP 3 MHz 
Phase Margin 00 Degrees 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-113/0P-213/0P-413 
ELECTRICAL CHARACTERISTICS (@ Vs = +5.0 V, TA =+25°C unless otherwise specified.) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vas 150 fLY 
Input Bias Current IB VCM=2.SV 500 600 nA 
Input Offset Current los VCM = 2.5 V 200 nA 
Input Voltage Range VCM 0 4 V 
Common-Mode Rejection CMR VCM = ± V 86 106 dB 
Large Signal Voltage Gain Ava RL = 600!l 200 V/mV 

RL = 10 k!l 1500 V/mV 
Offset Voltage Drift tJ,.VosltJ,.T 0.2 fLVfC 

AUDIO PERFORMANCE 
THD + Noise VIN = 3 V rms, RL = % 
Voltage Noise Density eN f = 10 Hz nV/y'Hz 
Voltage Noise Density eN f=lkHz, 6 nV/y'Hz 
Voltage Noise eN P-P 0.1 0.3 fLY p-p 

OUTPUT CHARACTERISTICS 
Output Voltage Swing 0 +4 V 
Short Circuit Limit ±30 rnA 

POWER SUPPLY 
Supply Current Isv 3.5 mA 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = 2 k!l V/fLS 
Full-Power Bandwidth BWp kHz 
Gain Bandwidth Product GBP 3 MHz 
Phase Margin 90 Degrees 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-113/0P-213/0P-413 

WAFER TEST LIMITS (@ Ys = +5.0 V, Tl = +25°C unless otherwise specified.) 

Parameter 

Offset Voltage 
Input Bias Current 
Input Offset Current 
Input Voltage Rangel 
Common-Mode Rejection 
Power Supply Rejection Ratio 
Large Signal Voltage Gain 
Output Voltage Range 
Supply Current 

NOTES 

Symbol 

CMRR 
PSRR 

Conditions 

VCM = 0 V 
VCM = 0 V 

O:sVCM :s4 
V = ±4.5 V to ± IS V 
RL = 2 kO 
RL = 2 kO 
Vo = 0 V, RL = 00 

Limit Units 

150 mVmax 
600 nAmax 
200 nAmax 

V min 
86 dB min 

IJ-VN 
200 V/mVmin 
4 V min 
3.5 mAmax 

Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and 
standard product dice. Consult factory to negotiate specifications based on DICE lot qualifi . 

yield after packaging is not guaranteed for 
lot assembly and testing. 

'Guaranteed by CMR test. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ..................... . 
Input Voltage2 ••••••••••••••••••• 

Differential Input Voltage2 • • • • • • • • • • • •• •• 

Output Short-Circuit Duration to GND3 ••••••• 1 
Storage Temperature Range 

Z, RC Package .................. -65°C to + 175°C 
P, S Package .................... -65°C to + 150°C 

Operating Temperature Range 
OP-213A ...................... -55°C to +12SoC 
OP-213G ....................... -40°C to +8SoC 

Junction Temperature Range 
P, S Package .................... -65°C to + 150°C 

Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

ORDERING GUIDE 

Temperature 
Model Range Package Option* 

OP1l3AZ/883 -55°C to + 125°C 8-Pin Cerdip 
OPl13GP -40°C to +85°C 8-Pin Plastic DIP 
OP1l3GS -40°C to +85°C 8-Pin SOIC 
OPl13GBC +Z5°C DICE 

OPZ13AZ/883 -55°C to +lZ5°C 8-Pin Cerdip 
OPZ13ARCl883 - 55°C to + lZ5°C ZO-Contact LCC 
OPZ13GP -40°C to +85°C 8-Pin Plastic DIP 
OPZ13GS -40°C to +85°C 8-Pin SOIC 
OPZ13GBC + 25°C DICE 

OP413AZ/883 -55°C to + 125°C 14-Pin Cerdip 
OP413ARCl883 -55°C to + 125°C ZO-Contact LCC 
OP413GP -40°C to +85OC 14-Pin Plastic DIP 
OP413GS -40°C to +85°C 14-Pin SOIC 
OP413GBC +Z5°C DICE 

*For outline information see Package Information section. 

(Y) 
lastic DIP (P) 

in SOIC (S) 
ZO-Contact LCC (RC) 

NOTES 

OJA4 

148 
103 
158 
108 
83 
120 
98 

°Je Units 

16 °CIW 
43 °CIW 
43 °CIW 
16 °CIW 
39 °CIW 
36 °CIW 
38 °CIW 

'Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2Por supply voltages less than ±22 V, the absolute maximum input voltage is 
equal to the supply voltage. 

'Shorts to either supply may destroy the device. See data sheet for full details. 
40JA is specified for the worst case conditions, i.e., AJA is specified for device in 
socket for cerdip, P-DIP, and LCC packages; aJA is specified for device 
soldered in circuit board for SOIC package. 

DICE CHARACTERISTICS 

SS2SZ 

OP-213 Die Size 0.062 in. x 0.097 in. (6,014 sq. mils.) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Easy To Use - Drives Large Capacitive Loads 
• Very High Slew Rate (Av = + 1) .................... 1300 V IJls Typ 
• Bandwidth (Av= +1) ...............•••...........•........... 90MHz Typ 
• Low Supply Current ...........•.•.......•..•...........•....• 6.SmA Typ 
• Bandwidth Independent of Gain 
• Unity-Gain Stable 
• Power Shutdown Pin 

APPLICATIONS 

• High-Speed Data Acquisition 
• Communication Systems/RF Amplifiers 
• Video Gain Block 
• High-Speed Integrators 
• Driving High-Speed ADCs 

ORDERING INFORMATION t 

TA =+25°C 
PACKAGE 

OPERATING 

V,osMAX CERDIP PLASTIC LCC TEMPERATURE 
(mV) a·PIN a·PIN 20·CONTACT RANGE 

5.0 OPI60AZ' OP 160ARC/883 MIL 
5.0 OP160FZ OP160GP XIND 
5.0 OPI60GS" XIND 

• For devices processed in 10tal compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on extended industrial temperature range parts in CerDIP 
and plastic packages. 

It For availability and burn-in information on SO package, contact your local sales 
office. 

GENERAL DESCRIPTION 

The OP-160 is an easy-to-use high-speed, current feedback op 
amp. Designed to handle large capacitive loads, the OP-160 
resists unstable operation. The OP-160 combines PMI's high
speed complementary bipolar process with a current feedback 

FAST SETTLING (0.01 %) 

Av =-1, +10VSTEP INPUT 

REV.S 

High-Speed, Current Feedback 
Operational Amplifier 

OP-160 I 
topology for very high slew rate and wide bandwidth perform
ance. 

Slew rate of the OP-160 is typically 1300V IJls and is guaranteed 
to exceed 1 OOOV/Jls.ln addition, the OP-160's currentfeedback II 
design has the added advantage of nearly constant bandwidth 
versus gain. In a gain of + 1 the -3dS bandwidth is 90MHz! The 
OP-160 also requires only 6.SmA of supply current, a consider-
able power savings over other high-speed amplifiers. 

Applications using the OP-160 can be implemented with the same 
circuit assumptions utilized for conventional voltage feedback 
op amps. With its high speed and bandwidth, the OP-160 is ideal 
for a variety of applications including video amplifiers, RF am-
plifiers, and high-speed data acquisition systems. 

The OP-160 is an easy-to-use alternative to the AD844, AD846, 
EL2020 and EL2030. 

For applications requiring a high-speed, wide bandwidth dual 
amplifier, see the OP-260. 

PIN CONNECTIONS 

8-PIN EPOXY MINI-DIP 
(P-Suffix) 

8-PIN CERDIP 
(Z-Suffix) 

8-PINSO 
(S-Suffix) 

N.C. 

N.C. 

-IN 

N.C. 

DRIVES CAPACITIVE LOADS 

I ~ ... .. 
q 5 q ~ q 
z z z c z 

N.C. 

N.C. 

v. 
N.C. 

OUT 

20-CONTACT LCC 
(RC-Suffix) 

Av =+1,CL =1000pF 
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OP-160 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±18V 
Input Voltage .................................................... Supply Voltage 
Differential Input Voltage ................................................... ±1 V 
Inverting Input Current ................................ ±7mA Continuous 

...................................................................... ±20mA Peak 
Output Short-Circuit Duration ........................................ 10 sec 
Operating Temperature Range 

OP-160A (Z. RC) ....................................... -55·Cto +125·C 
OP-160A.F (Z) ............................................. -40·Cto +85·C 
OP-160G (p.S) ............................................. -40·Cto +85·C 

Storage Temperature (Z. RC) ....................... -65·C to + 175·C 
(P. S) .......................................................... -65·Cto+150·C 

Junction Temperature (Z. RC) ...................... -65·Cto +175·C 
(P. S) .......................................................... -65·C to +150·C 

Lead Temperature (Soldering. 10 sec) ........................ +300·C 

PACKAGE TYPE e IA (Note2) .81C UNITS 

B-Pin Hermetic DIP (Z) 14B 16 'CIW 

B-Pin Plastic DIP (P) 103 43 'cm 
20-Contact LCC (RC) 98 38 "CIW 

8-Pin 50(5) 158 43 'cm 
NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts. unless 

otherwise noted. 
2. e·A is specilied for worst case mounting conditions. I.e .• e·A is specilied for 

dkvice in socket for CerDIP. P-DIP. and LCC packages; eJ
A is specified for 

device soldered to printed circuit board for SO package. J 

ELECTRICAL CHARACTERISTICS at Vs = ±15V. VCM = OV. RF = 8200. T A = +25·C. unless otherwise noted. 

OP-160AlF OP-160G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
VIOS 2 5 2 5 mV 

Voltage 

Input Bias IB+ Noninverting Input 0.2 I 0.4 1.5 
j1A 

Current IB_ Inverting Input 6 20 10 30 

Input Bias Current VCM =±1W 
Common-Mode CMRRIB+ Noninverting Input 40 75 50 125 

nAN 
Rejection Ratio CMRRIB_ Inverting Input 30 75 40 125 

Input Bias Current Vs = ±9Vto±1SV 
Power Supply PSRRIB+ Nonlnverting Input I 5 1.5 10 

nAN 
Rejection Ratio PSRRIB_ Inverting Input 20 50 25 75 

Common-Mode 
CMR 

Rejection 
VCM =±11V 60 65 60 65 dB 

Power Supply 
PSR Vs =±9Vto±18V 74 80 74 80 dB 

Rej$ction 

Open-Loop 
RT 

RL = sooa 
3 4 3 4 Ma 

Transimpedance Vo = ±10V 

Input Voltage 
IVR (Note 1) ±11 ±11 V 

Range 

Output Voltage 
Vo RL = sooa ±11 ±11 V 

Swing 

Output Current 10 Vo = ±10V ±35 +601-45 ±35 +601-45 rnA 

Supply Current ISY No Load 6.5 8 6.5 8 rnA 

Av= +1. Vo =±10V. 
AU Grades 1300 1300 

RL = sooa. Test at V 0 = ±5V 
WIllS Slew Rate SR 

Av=+2. Vo =±10V. 
OP-160A 1000 1300 

OP-160F 800 1300 
RL = sooa. Test at Vo = ±5V 

OP-16OG 800 1300 
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OP-160 
ELECTRICAL CHARACTERISTICS at V S = ±15V, VeM = av, RF = 820Q, T A = +25°C, unless otherwise noted. Continued 

OP-160AlF OP-160G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Av=+l 4 4 
Rise Time tR 

Av=-l 
Vo =±loomV 

6.4 6.4 
ns 

-3dB Point Av=-1 55 55 
-3dB Bandwidth BW 

RL = soon 
Av=+1 90 90 MHz 

Av=+2 65 65 

Av =-I, 10V Step • Settling Time t. 0.01% 125 125 
0.1% 75 75 

ns 

Input Capacitance C'N Noninverting Input 4 4 pF 

Input Resistance R'N 
Noninverting Input 17 to Mn 
Inverting Input 60 60 n 

Voltage Noise 
en j=lkHz 5.5 5.5 - nVlv'Hz 

Density 

Current Noise 
j = 1kHz 

Density in Noninverting Input 5 5 
pAlv'RZ 

Inverting Input 20 20 

Total Harmonic 
THD 

j=tkHz,Av=+t. 
0.004 0.004 % 

Distortion Va = 2VRMS• RL = soon 

Differential Gain 
j =3.58MHz 

0.04 0.04 % 
Ay = +1. RL = soon 

Differential Phase 
j =3.58MHz 

0.04 0.04 - degrees 
Ay =+l.RL = soon 

Disable Supply 
ISYrns 

DISABLE =OV 
2.3 2.3 mA 

Current No Load 

NOTE: 
1. Guaranteed by CMR test. 

REV.S OPERATIONALAMPLIFIERS 2-767 



OP-160 

ELECTRICAL CHARACTERISTICS at Vs =±15V, VCM = OV, RF = 8200, -55°C~ TA ~ +125°C, for the OP-160A, unless other-
wise noted. 

OP·160A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vias 3 8 mV 

Average Input Offset 
TCvas 10 jJ.V/·C 

Voltage Drift 

Input Bias Current IB+ Noninverting Input 0.35 2 
p.A 

Ie- Inverting Input 12 30 

Input Bias VCM =±10V 
Current Common- CMRRIB+ Noninvertlng Input 55 150 

nAN 
Mode Rejection CMRRIB_ Inverting Input 45 150 

Input Bias Vs =±9Vta±18V 
Current Power PSRRIB+ Noninverting Input 2 10 

nAN 
Supply Rejection Ratio PSRRIe- Inverting Input 40 100 

Common· Mode 
CMR VCM =±10V 56 60 dB 

Rejection 

Power Supply 
PSR Vs =±9Vta±18V 70 76 dB 

Rejection 

Open·Loop 
RT 

RL =5000 
1.75 3 MO 

Transirnpedance Va =±10V 

Input Voltage 
IVR (Note 1) ±10 V 

Range 

Output Voltage 
Va RL =5000 ±10 V 

Swing 

Supply Current ISY No Load 6.75 9 rnA 

NOTE: 
1. Guaranteed by CMR test. 
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OP-160 
ELECTRICAL CHARACTERISTICS at V s = ±15V, V CM = OV, RF = 8200, -40·C S T AS +85·C, for the OP-160F/G, unless 
otherwise noted. 

OP-160F OP-160G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

InputOff,et 
VIOS 2.75 8 2.75 8 mV 

Voltage 

Average Input 
TCVos 10 10 IiV/'C 

Offset Voltage 

Input Bias lB. Noninverting Input 0.3 2 0.5 3 
IiAB Current IB_ Inverting Input 10 30 15 40 

Input Bias VCM =±10V 
Current Common- CMRRIB• Noninverting Input 45 150 55 250 

nAN 
Mode Rejection Ratio CMRRIB_ Inverting Input 35 150 45 250 

Input Bias Vs =±9Vto±18V 
Current Power PSRRIB• Noninverting Input 1.5 10 2.5 20 

nAN 
Supply Rejection Ratio PSRRIB- Inverting Input 30 100 3.5 150 

Common· Mode 
CMR VCM =±10V 56 62 56 62 dB 

Rejection 

Power Supply 
PSR Vs =±9Vto±18V 70 80 70 80 dB 

Rejection 

Open·Loop 
RT 

RL = 5000 
1.75 3 1.75 3 MO 

Transimpedance Vo =±10V 

Input Vollage 
IVR (Note 1) ±10 ±10 V 

Range 

Output Voltage 
Vo RL =5000 ±10 ±10 V 

Swing 

Supply Current 
ISY 

No Load, 
6.75 9 6.75 9 rnA 

Current Both Amplifiers 

NOTE: 
1. Guaranteed by CMR test. 
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OP-160 
DICE CHARACTERISTICS 

DIE SIZE 0.071 X 0.099 inch, 7,029 sq. mils 
(1.80 x 2.52 mm, 4.54 sq. mm) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

VosNULL 
-IN 
+IN 
V-
VosNULL 
OUT 
V+ 
DISABLE 

WAFER TEST LIMITS at Vs = ±15V. VCM = OV. RF = 8200. TA = +25°C. unless otherwise noted. 

OP-160GBC 
PARAMETER SYMBOL CONDITIONS UMITS 

Input Offset Voltage V'OS 5 

Input Bias Current IB+ Noninverting Input 1.5 

Ia- Invertlng Input 30 

Input Bias VCM =±1W 
Current Common- CMRRIB+ Noninverting Input 125 
Mode Rejection Ratio CMRRIa- Inverting Input 125 

Input Bias Vs =±9Vto±1aV 
Current Power PSRRls+ Noninvertlng Input 10 
Supply Rejection Ratio PSRRIa- Inverting Input 75 

Common·Mode 
CMR 

Rejection 
VCM =±1W 60 

Power Supply 
PSR Vs =±9Vto±1aV 74 

Rejection 

Open-Loop 
RT 

RL = 5000 
3 

Transimpedance Vo =±10V 

Input Voltage Range IVR ±11 

Output Voltage 
Vo Rt =5000 ±11 

Swing 

Supply Current ISY No Load a 

NOTES: 
I _ Guaranteed by CMR test. 

UNITS 

mVMAX 

IlAMAX 

nAJVMAX 

nAN MAX 

dBMIN 

dB MIN 

MOMIN 

VMIN 

VMIN 

rnA MAX 

Electrical tests are performed at waler probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging Is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-160 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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OP-1S0 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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OP-160 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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APPLICATIONS INFORMATION 
CURRENT VERSUS VOLTAGE FEEDBACK AMPLIFIERS 
The OP-160 employs a unique circuit topology that sets it apart 
from conventional op amps. By using a transimpedance ampli
fier configuration, the OP-160 provides substantial improve
ments in bandwidth and slew rate over voltage feedback op 
amps. Figure 1 compares models of these two different ampli
fier config urations. 

A vo~age feedback op amp multiplies the differential voltage at 
its inputs by its open-loop gain. The feedback loop forces the 
output to a voltage that, when divided by R, and R2, equalizes 
the input voltages. Unlike a voltage feedback opamp, which has 

a) 
CONVENTIONAL OP AMP 

}--7-"'-o vour 

AV=1~ 
VOLTAGE-CONTROLLED 

VOLTAGE SOURCE 

FREQUENCY (Hz) FREQUENCY (Hz) 

high impedance inputs, the current feedback amplifier has a 
high and a low impedance input. The current feedback 
amplifier's input stage consists of a unity-gain voltage buffer 
between the noninverting and inverting inputs. The inverting 
"input" is in reality a low impedance output. Current can flow into 
or out of the inverting input. A trans impedance stage follows the 
input buffer that converts the buffer output current into a linearly 
proportional amplifier output voltage. 

The current feedback amplifier loop works in the following fash
ion (Figure 1 b). As the non inverting input voltage rises, the in
verting input follows and the buffer sources current through R,. 

b) 
CURRENT FEEDBACK OP AMP 

AV=1~ 
CURRENT-CONTROLUED 

VOLTAGE SOURCE 

FIGURE 1: The conventional op amp (a) can be modelled as a voltage-controlled voltage source. In contrast, the current feedback 
op amp (b), resembles a current-controlled voltage source. 
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This current, multiplied by the transimpedance stage, causes 
the amplifier's output voltage to rise until the current flowing into 
R2 from the amplifier's output equalizes the current through R" 
replacing the buffer's output current. At steady state, only a very 
small buffer output current must flow to sustain the proper out
put voltage. The ratio (1 + RiR,) determines the closed-loop 
gain of the circuit. The result is that when designing with current 
feedback amplifiers the familiar op amp assumptions can still be 
used for circuit analysis: 
1. The voltage across the inputs equals zero. 
2. The current into the inputs equals zero. 

BANDWIDTH VERSUS GAIN 
A unique feature of the current feedback amplifier design is that 
the closed-loop bandwidth remains relatively constant as a 
function of closed-loop gain. Voltage feedback op amps suffer 
from a bandwidth reduction as closed-loop gain increases, as 
quantified by the gain-bandwidth product (G8WP). This is illus
trated in Figure 2 which shows the frequency response of the 
OP-160 for various closed-loop gains and the frequency re
sponse of a voltage feedback op amp with a gain-bandwidth 
product of 30MHz. The bandwidth of the OP-160 is much less 
dependent upon closed-loop gain than the voltage feedback op 
amp. 

TA =+25"C 

~--~rt++H*---+=~:~~g 
' .... , Vs=±15V 

10 
FREOUENCY (MHz) 

100 

FIGURE 2: Frequency response of the OP-160 when con
nected in various closed-loop gains with RF = 820n and RL = 
1 Don. Note that the frequency response of the OP-160 does not 
follow the asymptotic roll-off characteristic of a voltage feedback 
opamp. 

FEEDBACK RESISTANCE AND BANDWIDTH 
The closed-loop frequency response of the OP-160 shown in 
Fig ure 2 applies for a fixed feedback resistor of 820(1. The fre
quency response of a current feedback amplifier is primarily 
dependent on the value of the feedback resistor value. The 
design of the OP-160 has been optimized for a feedback resis
tance of 8200. By holding the feedback resistor value constant, 
the -3d8 frequency point will also remain constant within a mod
erate range of closed-loop gain. 
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OP-160 

~ +-~ ______ ~~ ________ -J 

RT = SMAlL-5IGNAL TRANSIMPEDANCE 
Cc = INTERNAL COMPENSATION CAPACITANCE 
RINV = INPUT BUFFER OUTPUT RESISTANCE 

FIGURE 3: Simple frequency response model of the current 
feedback amplifier. 

The model shown in Figure 3 can be used to determine the fre
quency response of a current feedback amplifier. With this 
model, the frequency response dependency on the value of the 
feedback resistance is easily seen. 

From the model of Figure 3, nodal equations may be written for 
V1 and V2. 

VIN (~) + VOUT 
Vl = RINV 

1 +R2 +~ 
Rl RINV 

V2 = AT i1 
1 +SRTCc 

whereh =----- =Vl --+-- -----, andVouT=V2 VIN - Vl ( 1 1) VOUT 
RINV Rl R2 R2 

Combining these equations yields: 

VOUT =[(VIN (~) + VOUTl(~+~)_ VOUT] RT 
1 + R2 +~ Rl R2 R2 1 +SRTCC 

Rl RINV 

If the transimpedance of the amplifier, RT' is » R2 and RINV' then 
the transfer function may be simplified to: 

1 + R2 
VOUT Rl 

VIN 1 + S[R2 +( 1 + ~) RINV] Cc 
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OP-160 
The transfer function shows that the dominant closed-loop pole 
is mainly dependent on the value of the feedback resistance, R2 , 

and the internal compensation capacitor, Ce. For example, at 
unity gain, where R, is infinite, R2 determines the -3dB fre
quency. 

VOUT 

VIN 1 + SR2CC 

f-adS = __ 1 __ 

21tR2Cc 

where ~ » RINV 

For higher gains, the -3dB frequency is determined by R2 plus 
the output resistance of the buffer, R'NV (typically SOn), which is 
multiplied by the closed-loop gain. As the closed-loop gain in
creases, the multiplying effect on R'NV becomes dominant, 
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II 
II 

10 
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causing the bandwidth to decrease. However, the closed-loop 
bandwidth of a current feedback amplifier still far exceeds that 
of a voltage feedback op amp for moderate values of gain. 

Figure 4 shows the effect of the feedback resistance on the 
bandwidth of the OP-1S0 for various closed-loop gains. 

SLEW RATE AND GAIN 
The simplified schematic in Figure 5 shows the three stages of 
the OP-1S0 .. The input stage consists of a unity-gain emitter
follower amplifier. 0 5 and 0 6 form a class AB output stage at the 
inverting input which can source or sink current. The current 
flowing through the inverting input is sensed by the top current 
mirror, formed by 0 7, a., and 0,0' orthe bottom current mirror, 
formed by a., a", and 0,2. When the buffer sources current to 
a load, current flows out of the inverting input, increasing as's 
collector current and causing more current to flow through a. 
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GAIN vs FREQUENCY 
RF=820n 

TA = +25'C "' 1111 RL= 500n 
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FIGURE 4: Bandwidth will val}' with feedback resistance. Peaking increases as the feedback resistance is decreased. RF = 820n 
is the recommended value. All graphs are normalized to OdB. 
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vos NULL VOSNULL 

r---.-----.---~~----~~----~----~----_._ov+ 

DISAB~o------+~-i--~{ 

+IN 

~--4-----4-----~~--~------~--~~----__ _ov_ 
INPUT STAGE TRANSIMPEDANCE 

STAGE 
OUTPUT 
STAGE 

FIGURE 5: Simplified schematic of the OP-160 showing the three stages of the amplifier. 
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FIGURE 6: Slew rate of the OP-160 in noninverting (a) and inverting (b) configurations. 

and Q15" This increases the base drive to the output transistor 
Q17. Simultaneously, the increased current in Q. drives Q13 
which reduces base drive to the complementary output transis
tor Q18. This push-pull action produces a very fast output slew 
rate. For a small voltage step, the OP-160's slew rate is depend
ent on the available current from the two current sources (IA and 
IB) that drive Q5 and Q6. 

REV.B 

To increase the slew rate, transistors Q1 and Q2.have been 
added to boost the base drive to Q5 and Q6. In low gains, a large 
input step will turn on Q1 or Q2 increasing the slew rate dramati
cally as illustrated in Figure 6. 
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a) 

b) 

Ay=+1 
RF -8200 
RL =5000 
CL =1000pF 
V.=±1SV 

Ay=-' 
RF=8200 
RL =5000 
CL = 'OOOpF 
VS ·±15V 

FIGURE 7: The OP-160 remains stable when driving large 
capacitive loads. 

DRIVING CAPACITIVE LOADS 
The OP-160 is capable of driving capacitive loads at high speed. 
Output stage compensation is used to reduce the effects of 
capacitive loading. With low capacitive loads, the gain from the 
compensation node to the output is unity and Co does not con
tribute to the overall compensation. As the load capacitance is 
increased, a pole is formed with the output resistance of the 
amplifier. The gain is reduced and Co begins to contribute to the 
overall compensation capacitance leading to a reduction in 
bandwidth. Asthe load capacitance is increased, the bandwidth 

a) 
>---<l>--OVOUT 

is further reduced and the amplifier remains stable. Figure 7 
shows the OP-160 in a gain of + 1 and -1 driving a 1000pF load 
without any sign of oscillation. Table 1 shows the effects of 
capacitive load on the -3dB bandwidth for Av m -1. 

TABLE 1: -3dB Bandwidth vs. Capacitive Load; Av = -1, 
RF = 8200, RL = 5000, Vs =±15V. 

CAPACITANCE (pF) -3dB BANDWIDTH (MHz) 

o 55 

20 55 

50 50 

75 48 

100 40 

200 24 

500 13 

1000 9 

AMPLIFIER NOISE PERFORMANCE 
Simplified noise models of the OP-160 in the noninverting and 
inverting amplifier configurations are shown in Figure 8. All re
sistors are assumed to be noiseless. 

For the noninverting amplifier, the equivalent input voltage 
noise, referred to the input, is: 

EN = -V(Rs innf + en2 +(R2 iniflAIoCL 
where: 

EN = total input referred noise 
en = amplifier voltage noise 
inn = non inverting input current noise 
i I = inverting input current noise 
Fls = source resistance 
AVCL = closed loop gain = 1 + RiR, 

b) 

FIGURE 8: Simplified noise models for the OP-160 in noninverting (a) and inverting (b) gain. 
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For the inverting amplifier, the equivalent input voltage noise, 
referred to the input, is: 

EN= en2 (1 +JAved)+(A2ini) 
lAved lAved 

assuming Rs « R" AVCL = closed-loop gain = -R/R1· 

Typical values @ 1 kHz for the noise parameters of the OP-160 
are: 

en = 5.5nVly'Hz 
inn = 5pA/y'Hz 
in; = 20pA/y'Hz 

SHORT-CIRCUIT PERFORMANCE 
To avoid sacrificing bandwidth and slew rate performance the 
OP-160's output is not short-circuit protected. Do not short the 
amplifier's output to ground or to the supplies. Also, the buffer 
output current should not exceed a value of ±20mA peak or 
±7mA continuous. 

POWER SUPPLY BYPASSING AND LAYOUT 
CONSIDERATIONS 
Proper power supply bypassing is critical in all high-frequency 
circuit applications. For stable operation of the OP-160, the 
power supplies must maintain a low impedance-to-ground over 
an extremely wide bandwidth. This is most critical when driving 
a low resistance or large capacitance, since the current required 
to drive the load comes from the power supplies. A 1 O~F and 

+15V 

8200 8200 

'O~F HP 5802-2810 

+~ 
O.1~F -=-

l 
VIN 

1 
10~F 

~ 
-Vs 

8200 

Av=-1 
JO.1~F 

-'5V 

FIGURE 10: High-Speed Settling Time Fixture (forO. 1 and 0.01%) 
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OP-1S0 
0.1 ~F bypass capacitor are recommended for each supply, as 
shown in Figure 9, and will provide adequate high-frequency 
bypassing in most applications. The bypass capacitors should 
be placed at the supply pins of the OP-160. As with all high fre
quency amplifiers, circuit layout is a critical factor in obtaining 
optimum performance from the OP-160. Proper high-frequency 
layout reduces unwanted signal coupling in the circuit. When 
breadboarding a high-frequency circuit, use direct point-to
point wiring, keeping all lead lengths as short as possible. Do 
not use wire-wrap boards or "plug-in" prototyping boards. II 

FIGURE 9: Proper power supplying bypassing is required to 
obtain optimum performance with the OP-160. 

+15V 

vour 

I 
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OP-160 

a) b) 

INPUT INPUT 

OUTPUT OUTPUT 

FIGURE 11: Settling Time Performance of the OP-160 to 0.1% (a) andO.01% (b) Av=-1 

SETTLING TIME 
Settling time is the time between when the input signal begins to 
change and when the output permanently enters a prescribed 
error band. Figure 10 illustrates the artificial summing node test 
configuration, used to characterize the OP-160 settling time. The 
OP-160 is set in again of-l with a 10Vstep input.The error bands 
on the output are 5mV and 0.5mV, respectively, for 0.1 % and 
0.01 % accuracy. 

8200 

300pF 

+15V 

1.8kn 

+15V 

rO.'~F 

* NOTE: DECOUPLE CLOSE 
TOGETHER ON GROUND PLANE 
WITH SHORT LEAD LENGTHS 

l+ 7A13 PLUG·IN 

n- 7A13 PLUG·IN 

l11n 

I IV .. , I 
... Ai OUT "" 1k(l 

FIGURE 12: Transient Output Impedance Test Fixture 
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The test circuit, built on a copper clad circuit board, has a FET 
input stage which maintains extremely low loading capacitance 
at the artificial sum node. Preceding stages are complementary 
emitter follower stages, providing adequate drive current for a 
500 oscilloscope input. The OP-97 establishes biasing for the 
input stage, and eliminates excessive offset voltage errors. 

TRANSIENT OUTPUT IMPEDANCE 
Settling characteristics of operational amplifiers also includes an 
amplifier's ability to recover, i.e., settle, from a transient current 
output load condition. An example of this includes an op amp 
driving the input from a SAR type ND converter. Although the 
comparison point of the converter is usually diode clamped, the 
input swing of plus-and-minus a diode drop still gives rise to a 
Significant modulation of input current. If the closed-loop output 
impedance is low enough and bandwidth of the amplifier is suf
ficiently large, the output will settle before the converter makes 
a comparison decision which will prevent linearity errors or 
missing codes. 

Figure 12 shows a settling measurement circuit for evaluating 
recovery from an output current transient. An output disturbing 
current generator provides the transient change in output load 
current of 1 mAo As seen in Figure 13, the OP-160 has extremely 
fast recovery of 80ns, (to 0.01 %), for almA load transient. The 
performance makes it an ideal amplifier for data acquisition 
systems. 

FIGURE 13: OP-160's Extremely Fast Recovery Time from a 
1mA Load Transient to 1mV (0.01%) 
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RPOT = 1kn TO 10kn 

">!:""---oOUT 

L..:-_---() DISABLE 

v-

FIGURE 14: Input Offset Voltage Nulling 

OFFSET VOLTAGE ADJUSTMENT 
Ollset voltage is adjusted with a 20kn potentiometer as shown 
in Figure 14. The potentiometer should be connected between 
pins 1 and S with its wiper connected to the V+ supply. The 
typical trim range is ±40mV. 

DISABLE AMPLIFIER SHUTDOWN 
Pin 8 of the OP-160, i5iSAB[E, is an amplifier shutdown control 
input. The OP-160 operates normally when Pin 8 is left floating. 
When greater than 1 OOOI-lA is drawn from the DISABLE pin, the 
OP-160 is disabled. To draw current from the DISABLE pin, an 
open collector output logic gate or a discrete NPN transistor can 
be used as shown in Figure lS. An internal resistor limits the 
DISABLE current to around SOOI-lA if the DISABLE pin is 
grounded with the OP-160 powered by ±1SV supplies. These 
logic interface methods have the added advantage of level 

~---<>VOUT 

2V n o-",5I/1kn(,-_-I~. 
ov....J L 

v-

FIGURE 1S: Simple circuits allow the OP-160 to be shut down. 
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OP-160 
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~OIJ.F 

O.1iJ.F~ '""1 .... 
.... 

">!!--~ __ ---ollouT 

1kn 

-1SV 

FIGURE 16: DISABLE Turn-OnfTurn-Off Test Circuit 

shifting the TTL signal to whatever supply voltage is used to 
power the OP-160. 

In the DISABLE mode, the OP-160 maintains 40dB of input-to
output isolation if the input signal remains below ±1.SV. Output 
resistance is very high, over 100kn, if the output is driven by 
signals of less than ±1.SV. Higher signals will be distorted. 

Figure 16 shows a test circuit for measuring the turn-on and 
turn-off times for the OP-160. The OP-160 is in a gain of + 1 with 
a+1 V DC input. As the input pulsetothe inverter rises its output 
falls, drawing current from the DISABLE pin and disabling the 

LOGIC GATE 
WITH OPEN 

COLLECTORIDRAIN 
OUTPUT 

'>2-~-<>VOUT 

v-
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a) 

OUTPUT 

LOGIC INPUT 

b) 
OUTPUT 

LOGIC INPUT 

FIGURE 17: (a) OP-160 turn-on and turn-off performance. (b) 
Expanded scale showing turn-on performance of the OP-160. 
Be aware of the high-frequency spike during turn-on. 

amplifier. The output voltage delay is shown in Figure 17 and 
takes 200~s to reach ground. The turn-on time is much quicker 
than the turn-oil time. In this situation as the input to the inverter 
falls its output rises, returning the OP-160 to normal operation. 
The amplifier's output reaches its proper output voltage in 
450ns. 

OVERDRIVE RECOVERY 
Figure 19 shows the overdrive recovery performance of the OP-
160. Typical recovery time is 120ns from positive and negative 
overdrive. 

APPLICATIONS 

NONINVERTING AMPLIFIER 
The OP-160 can be used as a voltage-follower or noninverting 
amplifier as shown in Figure 20. A current feedback amplifier in this 
configuration yields the same transfer function as a voltage feed
backopamp: 

Vosr =1 +R:! 
VIN R1 

Remember to use a 8200 feedback resistor in voltage-follower 
applications. 

In non inverting applications, stray capacitance at the inverting in
put of a current feedback amplifier will cause peaking which will in
crease as the closed-loop gain decreases. The gain setting resis
tor, R, ' is in parallel with this stray capacitance creating a zero in the 
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FIGURE 18: Overdrive Recovery Test Circuit 

FIGURE 19: The OP-160 recovers from both positive and 
negative overdrive in 120ns. 

+15V 

Re· 
VIN O--I\N'--"I 

·SEETEXT 

-15V 

FIGURE 20: The OP-160 as a voltage follower or noninverting 
amplifier. 
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closed-loop response. For large non inverting gains, R, is small, 
creating a very high-frequency open-loop pole which has limited ef
fect on the closed-loop response. As the noninverting gain is de
creased, R, becomes larger and the stray zero becomes lower in 
frequency, having a much greater effect on the closed-loop response. 
To reduce peaking at low non inverting gains, place a series resis
tor, Rc' in series with the noninverting input as shown in Figure 20. 
This resistor combines with the stray capacitance at the noninverting 
input to form a low-pass filter that will reduce the peaking. The value 
of Rc should be determined experimentally in the actual PCB lay
out. Less peaking will occur in inverting gain configurations since 
the inverting input is a virtual ground which forces a constant volt
age across the stray capacitance. 
A common practice to stabilize voltage feedback op amps is to use 
a capacitor across the feedback resistance. This creates a zero in 
the voltage feedback amplifier response to offset the loss of phase 
margin due to a parasitic pole. In current feedback amplifiers, this 
technique will cause the amplifier to become unstable because the 
closed-loop bandwidth will increase beyond the stable operating 
frequency. 

INVERTING AMPLIFIER 
The OP-1S0 is also capable of operation as an inverting amplifier 
(see Figure 21). The transfer function of this circuit is identical to 
that using a voltage feedback op amp: 

Vour ~ _R:! 
VIN R, 

+,sv 

-,sv 

FIGURE 21: The OP-160 as an inverting amplifier. 
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OP-160 
USING CURRENT FEEDBACK OP AMPS IN INTEGRATOR 
APPLICATIONS 
The small-signal model of a current feedback op amp shown 
earlier in Figure 3 assumes a non-varying value of feedback 
impedance. A non-varying feedback impedance ensures that 
the bandwidth of the amplifier does not extend beyond its 180· 
phase shift point and create unwanted oscillations. In integrator 
circu its, the feedback element is a capacitor whose impedance 
does vary with frequency. By definition then, integrator applica-
tions using current feedback amplifiers should be unstable. 2 
However, a simple trick, shown in Figure 22, enables high-
speed, wide bandwidth current feedback op amps to be used in 
integrator applications. 

Resistor RF is placed between an artificial sum node and the 
inverting input of the amplifier. This resistor maintains a mini
mum value of feedback impedance over all frequencies. At high 
signal frequencies, the integrator capacitor, C" is a short circuit; 
the feedback impedance is equal to RF only and the amplifier 
has maximum bandwidth. At low frequencies, C, adds to the 
overall feedback impedance. This lowers the amplifier's band
width but not enough to affect the integrator's performance. 

,ookn 
R, c, 
,kn 

+ 
*O.01J1F _*,oJ1F 

VOUT 

v-

FIGURE 22: An Integrator Using a Current Feedback Op Amp 

OPERA TIONALAMPLIFIERS 2-783 



OP-160 

Figure 23 shows the gain and phase performance ofthe integra
tor. The integrator has the desired one-pole response for signal 
frequencies 

fc» 1/(21tR2Cl ) " 16kHz. 

A more strenuous test of integrator performance is the pulse 
response. Ideally, this should be a linear ramp. The current 
feedback integrator's pulse response is exhibited in Figure 24. 
The response closely approximates the ideal linear ramp. 
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FIGU RE 23: Gain and phase response of the integrator shows 
a one-pole response. 

FIGURE 24: Pulse response of the current feedback integrator. 
f=2MHz. 

ACHIEVING FLAT GAIN RESPONSE WITH CURRENT FEED
BACK OP AMPS 
In high-performance systems, flat gain response is often re
quired. Current feedback op amps provide wide bandwidth per
formance but even these may notfulfillthe gain flatness require
ments of some systems. 

Current feedback op amps exhibit both gain roll-off and peaking 
as shown in Figure 25. Peaking is primarily due to parasitic 
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FREQUENCY (MHz) 

'00 

FIGURE 25: Gain roll-off and peaking of current feedback 
amplifiers is dependent upon a numberoffactors including load
ing and parasitic capacitance. 

>=--------I---f-()VOUT 

v-

FIGURE 26: A current feedback op amp configured for nonin
verting gain. Parasitic capacitances affecting gain are also 
shown. 

capacitance; gain roll-off is determined by the amount and type 
of load on the amplifier. Peaking is controlled by careful layout 
and circuit design; however, its cause can provide a method of 
improving gain flatness over a desired frequency range. 

Consider the non inverting amplifier of Figure 26. The gain 
equals: 

1 + R2 , 
R,IIZ(CcIICs ) 

and at low frequencies 

Av = 1 + R2 = 1 + 910n = 2 
R, 910n 
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At higher frequencies the gain increases or peaks due to the 
effect olthe parasitic capacitance, Cs' on the gain equation. Any 
capacitance at the inverting input will create a zero in the ampli
fier's response. This fact can be used to compensate for gain 
roll-off due to loading on the amplifier. 

Begin by measuring or estimating the amplifier's -6dB point 
(this is the frequency at which the output signal is half its original 
amplitude). This can be easily determined from a network 
analyzer plot of the amplifier's frequency performance. From 
this the amount of capacitance, Cc' which will double the gain 
at the -6dB frequency and restore the original gain, can be 
determined. 

From the -6dB frequency, Cc can be calculated: 

Cc = Cs + 1 + 
27tR1 t6dB 27tR2t6dB 

for non inverting configuration, where Cs is the combination of 
the amplifier's input capacitance and the stray capacitance at 
the input. 

In the example shown, 

Cs = 9pF = OP-160 input capacitance (4pF) + stray capacitance 
(SpF) 

C =9pF+ 1 + _____ _ 
s 27t(910Q)32MHz 27t(910Q)32MHz 

=20pF 

Figure 27 is an expanded scale plot of the gain performance of 
the compensated amplifier at Av = +2. Gain performance is flat 
to ±O.ldB out to beyond 9MHz. For low gains (Av S S) peaking 
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FIGURE 27: Expanded GainlFrequency Graph of the Compen
sated Amplifier, Av = +2 
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OP-160 
will be increased. At higher gains, gain flatness can be signifi
cantly improved without gain peaking. Figure 28 depicts the 
OP-160 with Av = +1 O. In this examplef-6dB" 22 MHz so, 

C = 9pF + 1 + 1 
s 27t(91 Q)22MHz 27t(820Q)22MHz 

= 97pF 

The nearest standard capacitor value is 100pF. 

Gain performance is flat to O.Sd8 to 30MHz and the amplifier's 2 
-3d8 point is 3BMHz. This gives the amplifier an effective gain
bandwidth of 3BOMHzI Compensating the OP-160 does not ef-
fect the pulse' response as shown in Figure 29. 
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FIGURE 28: Gainlfrequency graph for the compensated ampli
fier, Av = + 10, showing the effect of the compensation capaci
tance, Cc' on gain flatness. 

INPUT 

OUTPUT 

FIGURE 29: Pulse Response ofthe OP-160 in a Gain of +10 
Compensated for Gain Flatness 
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OP-160 
OP-160 SPICE MACRO-MODEL 

Figures30 and 31 show the SPICE macro-modelfortheOP-160 
high-speed, current feedback operational amplifier. This model 
was tested with, and is compatible with PSpice* and HSpice**. 
The schematic and net-list are included here so that the model 
can easily be used. This model uses a unique current feedback 
topology to accurately model both the AC and DC characteris
tics of the OP-160. In addition, this model can accommodate any 
number of poles and zeros to further shape the AC response. 

The OP-160 SPICE macro-model uses four BJT transistors to 
create the input buffer as in the actual device. However, the rest 
olthe model contains only ideal linear elements and ideal diodes 
to model the OP-160's behavior. Using only four transistors 
reduces simulation time and simplifies model development. It 
simulates important DC parameters such as Vos' IB' CMR, Vo 
and ISY. AC parameters such as slew rate, open-loop transim
pedance and phase response and CMR changes with fre
quency are also simulated by the model. In addition, the model 
includes the change in input bias current with varying common
mode and power supply voltages. Both output swing and supply 
current are accurately modelled. 

One aspect of the OP-160's behavior is that slew rate varies with 
closed-loop gain. Slew rate of the basic model is set to the typI
cal values for the OP-160 in a gain of + 1. For other gains, the 

• PSpice is a registered trademark of MicroSim Corporation. 
** HSPICE is a tradename of Meta-Software, Inc. 
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rising and falling slew rates can be adjusted by varying the 
values of V1 and V2 in the model. Slew rates for various gains 
can be determined from Figures 6a and 6b. 

. . V1 +O.6V 
RIsing Slew Rate = (lkn)(5pF) 

Falling Slew Rate = V2 + O.6V 
(1 kn)(5pF) 

To keep the OP-160 model as simple as possible and thus save 
computer and development time, not all features of the op amp 
were modelled as listed below: 

-PSR 
-Crosstalk 
- No limits on power supply voltages 
- Maximum input voltage range 
- Temperature effects (Le., model parameters are assumed 

at 25°C) 
-Input noise voltage and current sources 
- Parameter variations for Monte Carlo analysis (Le., all 

parameters are typical only) 
These parameters are considered second-order effects and are 
not considered necessary for circuit simulation under normal 
operating conditions. However, users can easily add thesefunc
tions as needed . 
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FIGURE 30: OP-160 SPICE Model 
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OP-160 

: OP-160 MACRO-MODEL@ PM11990 

• NODE ASSIGNMENTS 
• NON INVERTING INPUT 

INVERTING INPUT 

I OUTPUT 

I POSITIVE SUPPLY I INEGATIVE SUPPLY 

:SUBCKTOP-160 1 2 24 99 50 

• INPUT STAGE 

Rl 99 8 lK 
R2 10 50 1K 
V1 99 9 9.4 
01 9 8 OX 
V2 11 50 4.4 
02 10 11 OX 
11 99 5 125U 
12 4 50 125U 
01 50 3 5 OP 
02 99 3 4 ON 
03 8 6 2 ON 
04 10 7 2 OP 
R3 5 6 143K 
R4 4 7 143K 
Cl 99 6 0.0133P 
~2 50 7 0.0133P 

: INPUT ERROR SOURCES 

GBl 99 1 POLY(l) 1 
GB2 99 2 POLY(1) 1 
VOS 3 1 lE-3 
CS1 99 2 2.SE-12 
~S2 SO 2 2.SE-12 

EREF 97 0 22 0 1 · 

22 2E-7 4E-8 
22 6E-6 4E-8 

: GAIN STAGE & DOMINANT POLE 

R5 12 97 5E6 
C3 12 97 5P 
G1 97 12 99 8 lE-3 
G2 12 97 1050 lE-3 
V3 99 13 2.2 
V4 14 SO 2.2 
03 12 13 OX 
04 14 12 OX 
CF 29 28 30P 
RF 12 29 300 

: ZERO/POLE PAIR AT 50MHZ/300MHZ 

R6 15 16 lE6 
L1 16 97 2.65E-3 
R7 16 97 5E6 
G3 97 15 12 22 lE-6 · 

FIGURE 31: OP-160 SPICE Net-List 
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• POLE AT 300MHZ · R8 17 97 lE6 
C4 17 97 0.S31E-1S 
~4 97 17 15 22 lE-6 

• POLE AT 300MHZ · R9 18 97 lE6 
C5 18 97 0.531E-15 
G5 97 18 17 22 lE-6 · • POLE AT 500MHZ 

Rl0 19 97 lE6 
C6 19 97 0.318E-15 
G6 97 19 18 22 lE-6 · • POLE AT 500MHZ · Rll 20 97 lE6 
C7 20 97 0.318E-15 
G7 97 20 19 22 lE-6 · • POLE AT 500MHZ · R12 21 97 lE6 
C8 21 97 0.318E-15 
~8 97 21 20 22 lE-6 

: OUTPUT STAGE 

ISY 99 50 1.75E-3 
R13 22 99 3.333E3 
R14 22 50 3.333E3 
R15 27 99 40 
R16 27 50 40 
L2 27 28 4E-8 
G9 25 50 21 27 25E-3 
Gl0 26 50 27 21 25E-3 
Gll 27 99 99 21 25E-3 
G12 50 27 21 50 25E-3 
V5 23 27 1.55 
V6 27 24 1.55 
05 21 23 OX 
06 24 21 OX 
07 99 25 OX 
08 99 26 OX 
09 50 25 DY 
Pl0 50 26 DY 

: MODELS USED 

·MODELON NPN(BF=lE9 IS=lE-15 VAF=92) 
• MODEL OP PNP (BF=l E9 IS=l E-15 VAF=92) 
• MODEL OX DiIS=lE-15) 
·MODELDY 0 IS=lE-15 BV=50) 
·ENDSOP-160 
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FEATURES 
NExcellent Sonic Characteristics" 
Low Noise: 5 nV/V'Hz 
Low Distortion: 0.0005% 
High Slew Rate: 25 V/",s 
Wide Bandwidth: 10 MHz 
Low Supply Current: 2 mA/Amplifier 
Low Offset Voltage: 1 mV 
Unity-Gain Stable 

APPLICATIONS 
High Performance Audio 
Active Filters 
Fast Amplifiers 
Audio Line Drivers 

GENERAL DESCRIPTION 
The OP-176 is similar to the OP-275, but it has improved drive 
capability, short circuit protection and reduced noise. It features 
the Butler Amplifier front-end. This new front-end design com
bines the accuracy and low noise performance of bipolar transis
tors with the speed and sound quality of JFETs. This yields 
better THD and noise performance than previous audio amplifi
ers, at much lower supply currents. 

The low offset voltage makes the OP-176 useful in summing 
applications. Low offsets reduce the need for offset adjust or for 

'Patents pending. 

Bipolar/JFET Audio 
Operational Amplifier 

OP-176* I 
PIN CONNECTIONS 

8-Lead Narow-Body SOIC 
(S Suffix) 

8-Lead Epoxy DIP 
(P SuffIX) 

g for limited headroom due to dc offsets. High output 
current with 50 rnA short circuit limit is useful for appli

cations that drive cables, especially where the possibility of 
shorting occurs. 

The OP-176 is specified over the extended industrial (-40°C to 
+S5°C) temperature range. OP-176s are available in plastic DIP 
and SOIC-S surface mount packages. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-176-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@ Vs = ±15.0 v, TA = +25°C unless otherwise specified) 

Parameter Symbol Conditions Min 

INPUT CHARACTERISTICS 
Offset Voltage Vas 
Input Bias Current Is VCM = 0 V 
Input Offset Current los VCM = 0 V 
Input Voltage Range VCM -12 
Common-Mode Rejection CMR VCM = ±ll V 86 
Large Signal Voltage Gain Ava RL = 6000 
Offset Voltage Drift t.Voslt.T 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Va 

Output Short Circuit Current ISC 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR 
Supply Current Isy 
Supply Voltage Range Vs 

DYNAMlCPERFORMANCE 
Slew Rate 
Gain Bandwidth Product 
Total Harmonic Distortion 

NOISE PERFORMANCE 
Voltage Noise eN P-P 0.1 Hz to 10 Hz 
Voltage Noise Density eN f = 30 Hz 
Voltage Noise Density eN f=lkHz 
Current Noise Density iN f=lkHz 
Overshoot Factor VIN = 100 mY, AVD = I, 

RL = 600 0, CL = 100 pF 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGSI 

Supply Voltage ........................... ±22 V Package Type 
Input Voltage2 ••••••••••••••••••••••••••• ± 18 V 
Differential Input Voltage2 ••••••••••••••••••••• 36 V 8-Pin Plastic DIP (P) 

Output Short Circuit Duration ............... Indefinite 8-Pin SOIC (S) 

Storage Temperature Range NOTES 

Typ 

200 
10 

200 
5 

±17 
SO 

80 
2.2 

25 
10 
0.001 
0.0006 

1.1 
6 
5 
1.1 

10 

OJA' 

103 
158 

Max Units 

mV 
nA 
nA 

+12 V 
dB 
V/mV 
",vrc 

14 V 
V 
mA 

dB 
mA 

±18 V 

V/",s 
MHz 
% 
% 

",V P-P 
nV/y'Hz 
nV/y'Hz 
pNy'Hz 

% 

°Je Units 

43 °CIW 
43 °CIW 

P, S Package .................... -65°C to + 150°C 
Operating Temperature Range 

I Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

OP-176G ....................... -40°C to +8SoC 'Por supply voltages less than ±22 V, the absolute maximum input voltage is 
equal to the supply voltage. Junction Temperature Range 

P, S Package .................... -65°C to + 150°C 
36JA is specified for the worst case conditions, Le., aJA is specified for device in 
socket for cerdip, P-DIP, and LCC packages; aJA is specified for device 
soldered in circuit board for SOIC package. Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

ORDERING GUIDE 

Model 

OPI76GP 
OPI76GS 
OP176GBC 

Temperature 
Range 

-40°C to +8SoC 
-40°C to +8SoC 
+2SoC 

Package Option* 

8-Pin Plastic DIP 
8-Pin SOIC 
DICE 

*For outline information see Package Information section. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 
• Ultra-Low Offset Voltage 

TA =25°C ........................................................... 10~VMax 
-55°C,,; T A"; 125°C ........................................... 20~V Max 

Outstanding Offset Voltage Drift ....•.....•..... O.l~V/oC Max 
• Excellent Open-Loop Gain and 

Gain Linearity ............................................... 12V I~VTyp 
• CMRR .................................................................. 130dB Min 
• PSRR .................................................................. 120dB Min 
• Low Supply Current ........................................ 2.0 mA Max 
• Fits Industry Standard Precision Op Amp Sockets 

(OP07/0P77) 

ORDERING INFORMATION t 

CERDIP 
8·PIN 

PACKAGE 

PLASTIC LCC 
B-PIN 20·PIN 

OPERATING 
SO TEMPERATURE 

8·PIN RANGE 

OPI77AZ" MIL 
OPI77BZ" OPI77BRC/883 Mil 
OP177EZ XINO 
OPI77FZ OP177FP XINO 
OPI77GZ OPI77GP OPI77GS XI NO 

MIL _ -55OC to + 125'C XIND = -40OC to +85OC 

For devices processed in total compliance to Mll-STD-883, add /883 after part 
number. Consultlactory lor 883 data sheet. 
Burn-In is available on commercial and industrial temperature range parts in 
cerDIP, plastic DIP, and TQ.can packages. ' 

GENERAL DESCRIPTION 

The OP-l77 features the highest precision performance of any 
op amp currently available. Offset voltage of the OP-l77 is only 
10~V MAX at room temperature and 20~V MAX over the full 
military temperature range of -55°C to + 125°C. The ultra-low 
V 0 s of the OP-l77, combines with its exceptional offset voltage 

Ultra-Precision 
Operational Amplifier 

OP-177 I 
PIN CONNECTIONS 

EPOXY MINI-DIP 
(P-Suffix) 

8-PIN HERMETIC DIP 
(Z-Suffix) 

8-PINSO 
(S-Suffix) 

OP-177BRC/883 
LCC 

(RC-Sufflx) 

drift (TCVos) of 0.1 ~V/oC MAX, to eliminate the need for exter
nal Vos adjustment and increases system accuracy over tem
perature. 

The OP-l77's open-loop gain of 12V I~ V is maintained over the 
full ±10Voutput range. CMRR of 130dB MIN, PSRR of 120dB 
MIN, and maximum supply current of 2mA are just a few ex
amples of the excellent performance of this operational ampli
fier. The OP-177's combination of outstanding specifications 
insure accurate performance in high closed-loop gain applica
tions. 

This low noise bipolar input op amp is also a cost effective alter
native to chopper-stabilized amplifiers. The OP-l77 provides 
chopper-type performance without the usual problems of high 
noise, low frequency chopper spikes, large physical size, lim
ited common-mode input voltage range, and bulky external 
storage capacitors. 

Continued 

v+O---~~--------~----------~~-----1--~~----t-----~~----~--t-~r--, 

" Nore, 
R2A AND R28 ARE 
ELECTRONICALLY 
ADJUSTED ON CHIP 
AT FACTORY. 

NON
INVERTING 
INPUT 

INVERTING 
INPUT 
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OP-l77 
GENERAL DESCRIPTION Continued 

TheOP-177 is offered in boththe-5S'Cto+12S'C military, and 

the -40'C to +8S'C extended industrial temperature ranges. 

This product is available in 8-pin ceramic and epoxy DIPs, as 

well as the space saving 8-pin Small-Outline (SO) and the 

Leadless Chip Carrier (LCC) packages. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ................................................................. ±22V 

Differential Input Voltage ................................................. ±30V 

Input Voltage (Note 1) ...................................................... ",22V 

Output Short-Circuit Duration ................................... Indefinite 

Storage Temperature Range 

Z and RC Packages ................................... -6S'C to + 1S0'C 

P Package .................................................. -6S'C to + 12S'C 

Operating Temperature Range 

OP-177A, OP-177B .................. , .............. ,. -5S'C to +12S'C 

OP-177E, OP-177F, OP-177G .................... -40'Cto +8S'C 

Lead Temperature Range (Soldering, 60 sec) .............. 300'C 

Junction Temperature (TI) ............................ -6S'C to +1S0'C 

PACKAGE TYPE alA (NOTE 2) ale UNITS 

8-Pin Hermetic DIP (Z) 148 16 'CiW 

8·Pln Plastic DIP (P! 103 43 'CiW 

20-Contact LCC (RC) 98 38 'CiW 

8-PlnSO (S! 158 43 'CiW 

NOTES: 
1. For supply voltages less than z22V, the absolute maximum Input voltage Is 

equal to the supply voltage. 
2. alA is specified for worst case mounting conditions, I.e., alA Is specified for 

device In socket for CerDIP, P-DIP, and LCC packages; alA Is specified for 
device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS atVs = ±1SV, TA = +2S'C, unless otherwise noted. 

OP·177A OP·177B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 4 10 10 25 jlV 

Long-Term Input Oflset 
tNOs"ime (Note 1) 0.2 0.2 jlV/Mo 

Voltage Stability 

Input Offset Current los 0.3 1.0 0.3 1.5 nA 

Input Bias Current Ie -0.2 1.5 -0.2 2.0 nA 

Input Noise Voltage en fo = 1 Hz to 100Hz (Note 2) 118 150 118 150 nVRMS 

Input Noise Current in fo = 1Hzto 100Hz (Note 2) 3 8 3 8 pARMS 

Input Resistance 
RIN (Note 3) 26 45 26 45 MO 

Diflerential-Mode 

Input Resistance 
RINCM 200 200 GO 

Common-Mode 

Input Voltage Range IVR (Note 4) ±13 ±14 ±13 ±14 V 

Common-Mode 
CMRR VCM =±13V 130 140 130 140 dB 

Rejection Ratio 

Power Supply 
PSRR Vs =±3Vto±18V 120 125 115 125 dB 

Rejection Ratio 

Large-Signal Voltage Gain Ava RL ,,2kO, Va = ±1 OV (Note 5) 5000 12000 5000 12000 VlmV 

RL " 10kO ±13.5 ±14.0 ±13.5 ±14.0 
Output Voltage Swing Va RL ;,2kO ±12.5 ±13.0 ±12.5 ±13.0 V 

RL ,,1kO ±12.0 ±12.5 ±12.0 ±12.5 

Slew Rate SR RL ;, 2kO (Note 2) 0.1 0.3 0.1 0.3 V/jls 

Closed· Loop Bandwidth BW AVCL =+1 (Note2) 0.4 0.6 0.4 0.6 MHz 

Open-Loop Output ReSistance RO 60 60 0 

Power Consumption Pd 
Vs = ±15V, No Load 50 60 50 60 

mW 
Vs = ±3V, No Load 3.5 4.5 3.5 4.5 

Supply Current ISY Vs = ±15V, No Load 1.6 2.0 1.6 2.0 mA 

Oflset Adjustment Range Rp= 20kO ±3 ±3 mV 

NOTES: 2. Sample tested. 
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line of 3. Guaranteed by design. 

Vos vs. Time oyer extended periods after the first 30 days of operation. Ex- 4. Guaranteed by CMRR test condition. 
eluding the initial hour of operation, changes in Vos during the first 30 operat- 5. To insure high open-loop gain throughoutthe ±1 OV output range, AyO is tested 
ing days are typically less than 2.0jlV. at-l0V" Vo "OV, OV" Vo " +10V, and-l0V" Vo " +10V. 
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OP-177 
ELECTRICAL CHARACTERISTICS at V s = ±15V, -55°C :s; T A :s; + 125°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos 

Average Input Offset 
TCVos (Note 1) 

Voltage Drift 

Input Offset Current los 

Average Input Offset 
TClos (Note 2) 

Current Drift 

Input Bias Current IB 

Average Input Bias 
TCle (Note 2) 

Current Drift 

Input Voltage Range IVR (Note 3) 

Common~Mode Rejection Ratio CMRR VCM =±13V 

Power Supply Rejection Ratio PSRR Vs = ±3V to±18V 

Large·Signal Voltage Gain AvO RL 2:2kn, Ve = ±10V (Note 4) 

Output Voltage Swing Vo RL 2: 2kn 

Power Consumption Pd Vs =±15V, No Load 

Supply Current ISY VS =±15V, No Load 

NOTES: 
1. TCVes Is 100% tested. 
2. Guaranteed by end'point limits. 

TYPICAL OFFSET VOLTAGE TEST CIRCUIT 

200kn 

50n 

>----ovo 
vo 

Vos= 4000 

OPTIONAL OFFSET NULLING CIRCUIT 

INPUT 
+ 

REV. A 

~~---------ov+ 

7 6 >..:.....-------0 OUTPUT 

Vas TRIM RANGE IS TYPICALLY:t3.0mV 

OP-1nA OP-1nB 
MIN TYP MAX MIN TYP MAX UNITS 

10 20 25 55 ltV 

0.03 0.1 0.1 0.3 I1V/·C 

0.5 1.5 0.5 2.0 nA 

1.5 25 1.5 25 pA/·C 

-0.2 2.4 4 -0.2 2.4 4 nA 

8 25 25 pN·C 

±13 ±13.5 ±13 ±13.5 V 

120 140 120 140 dB 

120 125 110 120 dB 

2000 6000 2000 6000 V/mV 

±12 ±13.0 ±12 ±13.0 V 

60 75 60 75 mW 

2.0 2.5 2.0 2.5 rnA 

3. Guaranteed by CMRR test condition. 
4. To insure high open·loop gain throughout the±1 OV output range, Ave is tested 

at-l0V"Ve "OV, OV",Ve '" +10V, and -10V '" Ve '" +10V. 

BURN-IN CIRCUIT 

+2OV 

-20V 

PINOUTS SHOWN FOR P AND Z PACKAGES 
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OP-177 
ELECTRICAL CHARACTERISTICS at Vs = ~15V, TA = +25°C, unless otherwise noted. 

OP·177E OP·177F OP·177G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Inpul Oflset Vollage Vas 4 to 10 25 20 60 jlV 

Long-Term Vas 
Vosffime (Note 1) 0.2 0.3 0.4 jlV/Mo 

Siability 

Input Offset Current los 0.3 1.0 0.3 1.5 0.3 2.8 nA 

Input Bias Current 18 -0.2 1.0 1.5 -0.2 1.2 2.0 -0.2 1.2 2.8 nA 

Input Noise Voltage en fo = 1 Hz to 100Hz (Note 2) 118 150 118 150 118 150 nVRMS 

Input Noise Current in fo = 1 Hz to 100Hz (Note 2) 3 8 3 8 3 8 pARMS 

Input Resistance-
RIN (Note 3) 26 45 26 45 18.5 45 Ml1 

Diflerential-Mode 

Input Resistance-
R1NeM 200 200 200 Gl1 

Common-Mode 

Input Voltage Range IVR (Note 4) ±13 ±14 ±13 ±14 ±13 ±14 V 

Common-Mode 
CMRR VeM =±13V 130 140 130 140 115 140 dB 

Rejection Ratio 

i'ower Supply 
PSRR Vs =±3Vto±18V 120 125 115 125 110 120 dB 

Rejection Ratio 

Large-Signal 
Ava 

RL ;'2kl1. 
5000 12000 5000 12000 2000 6000 V/mV 

Voltage Gain Va =±10V (Note 5) 

Output Voltage 
RL ~ 10kl1 ±13.5 ±14.0 ±13.5 ±14.0 ±13.5 ±14.0 

Swing Va RL ;,2kl1 ±12.5 ±13.0 ±12.5 ±13.0 ±12.5 ±13.0 V 

RL ~ lkl1 ±12.0 ±12.5 ±12.0 ±12.5 ±12.0 ±12.5 

Slew Rate SR RL ~ 2kl1 (Nole 2) 0.1 0.3 0.1 0.3 0.1 0.3 V/IlS 

Closed-Loop 
BW AveL = +1 0.4 0.6 0.4 0.6 0.4 0.6 MHz 

Bandwidth (Note 2) 

Open-Loop Output 
Ro 60 60 60 l1 

Resistance 

Power Consumption Pd 
Vs =±15V.NoLoad 50 60 50 60 50 60 

mW 
Vs =±3V. No Load 3.5 4.5 3.5 4.5 3.5 4.5 

Supply Current ISY Vs =±15V. No Load 1.6 2.0 1.6 2.0 1.6 2.0 mA 

Offset Adjustment 
Rp = 20kl1 ±3 ±3 ±3 mV 

Range 

NOTES: 2. Sample tested. 
1. Long-Term Input Oflset Voltage Stability refers to the averaged trend line of 3. Guaranteed by design. 

Vas vs. Time over extended periods after the first 30 days of operation. Exclud- 4. Guaranteed by CMRR test condition. 
ing the initial hour of operation. changes in Vas during the first 30 operating 5. To insure high Open-loop gain throughout the ±1 OV output range. Ava is tested 
days are typically less than 2.0IlV. at-l0V ~Vo :>OV. OV~Vo:> +10V. and-l0V,;;Vo ~ +10V. 
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OP-177 
ELECTRICAL CHARACTERISTICS at Vs = :l:15V, -40·C,. TA ,. :l:85·C, unless otherwise noted. 

OP·177E OP·177F OP·177G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas 10 20 15 40 20 100 ~V 

Average Input Offset 
TCVos (Note 1) 0.03 0.1 0.1 0.3 0.7 1.2 ~V/"C 

Voltage Drift 

Input Offset Current los 0.5 1.5 0.5 2.2 0.5 4.5 nA 

Average Input Offset 
TClos (Note 2) 1.5 25 1.5 40 1.5 85 pAl"C • Current Drift 

Input Bias Current la -0.2 2.4 4.0 -0.2 2.4 4.0 2.4 ±6.0 nA 

Average Input Bias 
TCla (Note 2) 8 25 40 15 60 pAl"C 

Current Drift 

Input Voltage Range IVR (Note 3) ±13.0 ±13.5 ±13.0 ±13.5 ±13.0 ±13.5 V 

Common-Mode 
CMRR VCM = ±13V 120 140 120 140 110 140 dB 

Rejection Ratio 

Power Supply 
PSRR Vs =±3VtO±18V 120 125 110 120 106 115 dB 

Rejection Ratio 

Large-Signal 
Ava 

RL ;,2kO 
2000 6000 2000 6000 1000 4000 V/mV 

Voltage Gain Va =±10V 

Output Voltage 
Va RL ,,2kO ±12.0 ±13.0 ±12.0 ±13.0 ±12.0 ±13.0 V 

Swing 

Power Consumption Pd Vs =±15V, No Load 60 75 60 75 60 75 mW 

Supply Current ISY Vs = ±15V, No Load 2.0 2.5 2.0 2.5 2.0 2.5 rnA 

NOTES: 3. Guaranteed by CMRR test condition. 
1. OP177E and OP177F: TCVos is 100% tested. 4. To insure high open-loop gain throughoutthe ±1 OV output range, Avo is tested 
2. Guaranteed by end-point limits. at-10V $Vo S OV, OV ';Vo '; +10V, and-l0V ';Vo '; +10V. 
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OP-177 
TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-177 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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OP-l77 
APPLICATIONS INFORMATION 
GAIN LINEARITY 
The actual open-loop gain of most monolithic op amps varies at 
different output voltages. This nonlinearity causes errors in high 
closed-loop gain circuits. 

It is important to know that the manufacturer's Avo specification 
is orily a partofthe solution, since all automated testers use end
point testing and therefore only show the average gain. For 
example, Figure 1 shows a typical precision op amp with a re
spectable open-loop gain of 650V/mV. However, the gain is not 
constant through the output voltage range, causing nonlinear 
errors. An ideal op amp would show a horizontal scope trace. 

FIGURE 1: Typical Precision Op-Amp 

Vy 

... 
~-------------r--------------~~ ~ 

-10V ov +1DY 

FIGURE 2: OP-177's Output Gain Linearity Trace 
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Vx 

FIGURE 3: Open-Loop Gain Linearity Test Circuit 

Figure 2 shows the OP-177's output gain linearity trace with its 
truly impressive average Avo of 12000V/mV. The outpultrace is 
virtually horizontal at all points, assuring extremely high gain 
accuracy. PMI also performs additional testing to insure consis
tent high open-loop gain at various output voltages. 

Figure 3 is a Simple open-loop gain test circuit for your own 
evaluation. 

THERMOCOUPLE AMPLIFIER WITH COLD·JUNCTION 
COMPENSATION 
An example of a precision circuit is a thermocouple amplifier that 
must amplify very low level signals accurately without introduc
ing linearity and offset errors to the circuit. In this circuit, an S
type thermocouple, which has a Seebeck coefficient of 10.3!lVI 
DC, produces 10.3mV of output voltage at a temperature of 
1 ,OOO°C. The amplifier gain is set at 973.16. Thus, it will produce 
an output voltage of 1 O.024V. Extended temperature ranges to 
beyond 1 ,500°C can be accomplished by reducing the amplifier 
gain. The circuit uses a low-cost diode to sense the temperature 
at the terminating junctions and in turn compensates for any am
bient temperature change. The OP-177, with its high open-loop 
gain, plus low offset voltage and drift combines to yield a very 
precision temperature sensing circuit. Circuit values for other 
thermocouple types are shown in Table 1. 

TABLE 1 
THERMO- SEEBECK 

COUPLE TYPE COEFFICIENT R, R. R7 R9 

K 39.211V/oC 110f.! 5.76kf.! 102kf.! 269kf.! 
J 50.211V/oC 100f.! 4.02kf.l BO.6kf.! 200kf.! 
S 10.311VI"C 100f.! 20.5kf.l 392kf.l 1.07MQ 
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OP-177 

10.o00V 
+15V 

R, R, 
R. 47"" 392"" 

1% 
1.Q7Mn 

10"r 
0.05% 

I 

+1. +15V 
I O.l"r 
I 
I 

R, I 
20.5"" 
1% 

R. 

TYPES COPPER Vc i.0ka: 
COPPER 0.05% 

ISOTHERMAL 
I Rs 

COLD-JUNCTIONS ISOTHERMAL lOO!l(ZERO 

Y---t---()vour 

I 
I BLOCK ADJUSTMENT) 
I R, 

I COLD-JUNCTION 1000 

L ~O~-:~S~T.!.O!:! ___ 1% R, 
SOO 
1% _ ANALOG 

-15V - GROUND 

_ ANALOG 
- GROUND 

FIGURE 4: Thermocouple Amplifier with Cold-Junction Compensation 

PRECISION HIGH-GAIN DIFFERENTIAL AMPLIFIER 
The high gain, gain linearity, CMRR, and low TCVos of the OP-
177 make it possible to obtain performance not previously avail
able in single stage, very high-gain amplifier applications. See 
Figure 5. 

For best CMR, ~ must equal R3 . In this example, 
R2 R4 

with a 1 OmV differential signal, the maximum errors are as listed 
in Table 2. 

R, 

"0 
R, 

lkn 

R, 

FIGURE 5: Precision High-Gain Differential Amplifier 

REV. A 

TABLE 2: High Gain Differential Amp Performance 

TYPE AMOUNT 

COMMON-MODE VOLTAGE 0.1%N 

GAIN LINEARITY, WORST CASE 0.02% 

ISOLATING LARGE CAPACITIVE LOADS 
The circuit in Figure 6 reduces maximum slew-rate but allows 
driving capacitive loads of any size without instability. Because 
the 1 oon resistor is inside the feedback loop, its effect on output 
impedance is reduced to insignificance by the high open-loop 
gain of the OP-177. 

10pF 

-15V 

FIGURE 6: Isolating Capacitive Loads 
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OP-177 

BASIC CURRENT SOURCE 

'--........ M----<I-_IOUT <I5mA 
990a 

FIGURE 7: Bilateral Current Source 

.15V C, 
30pF 

100mA CURRENT SOURCE 

V IN 0--"1'1'<--..... ., 

'--........ M-----=------IOUT :S:100mA 

lkll lkll 

;>''-----....... ----<)VOUT 

R. 
lOUT =VINRt'R5 

GIVEN R3= R4+ Rs. R1= R2 

OCYOUT < 10V 

V'"o---~ 
2N4393 

-15V 

FIGURE 8: Precision Absolute Value Amplifier 

BILATERAL CURRENT SOURCE 
The current sources shown in Figure 7 will supply both positive 
and negative current into a grounded load. 

Rs(R4+ 1) 
Note that Zo = R2 

Rs+R4 R3 

R2 R1 
and that for Zo to be infinite, 

Rs+R4 R3 
---must=-

R2 R1 

2-800 OPERA TIONALAMPLIFIERS 

PRECISION ABSOLUTE VALUE AMPLIFIER 
The high gain and low TCVos assure accurate operation with 
inputs from microvolts to volts. In this circuit, the signal always 
appears as a common-mode signal to the op amps. The op-
177E CMRR of 140dB assures errors of less than 1ppm. See 
Figure 8. 
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."" 
+15V 

1N4148 

.kG 
V'N 

-15V ICH 

JlR~ 

FIGURE 9: Precision Positive Peak Detector 

PRECISION POSITIVE PEAK DETECTOR 
In Figure 9, the CH must be of polystyrene, Teflon', or polyethyl
ene to minimize dielectric absorption and leakage. The droop 
rate is determined by the size of CH and the bias current of the 
OP-41. 

PRECISION THRESHOLD DETECTOR/AMPLIFIER 
In Figure 10, when VIN < VTH, amplifier output swings negative, 
reverse biasing diode D,. V OUT = VTH if RL = 00. When VIN ~ VTH, 
the loop closes, 

VOUT=V TH +(VIN -VTHI(1+ ::) 

Cc is selected to smooth the response of the loop. 

'kG 

."" 
R, 

+15V 

-15V 

V'N Q--">JVI.--"-j 
2"" 

OP-177 

Your 

Cc 

'00k!> 
+15V 

Y'-----I)I--..... --oVOIIT 

-15V 

FIGURE 10: Precision Threshold Detector/Amplifier 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Low Input Offset Voltage. . . . . . • . • . . . . • . . . . . .. 7Sp.V Max 
• Low Offset Voltage Drift, 

Over -550 CST AS +12S0 C ................ O.Sp.wo C Max 
• Low Supply Current (Per Amplifier) .......... 72Sp.A Max 
• High Open-Loop Gain . . . • . . . . • . • . • . . . . •. SOOOWmV Min 
• Low Input Bias Current ..... . . . . • . . . . . . . . . . . .• 2nA Max 
• Low Noise Voltage Density ••.••.•.••. 11nWVHz at 1kHz 
• Stable With Large Capacitive Loads .. . • . . . . . . .. 10nF Typ 
• Pin Compatible to OP-14, OP-221, LM158, MC145811558, 

and LT1013 With Improved Performance 
• Available In Die Form 

ORDERING INFORMATION t 

PACKAGE 
TA =+2S'C 
Vos MAX CERDIP 

OPERATING 
LCC TEMPERATURE 

(flY) a·PIN PLASTIC 2~NTACT RANGE 

75 
75 

150 
200 
200 

OP200AZ· OP2OOARC· 
OP200EZ 
OP200FZ 

OP20OGP 
OP200GStt 

MIL 
XIND 
XIND 
XIND 
XIND 

F or devices processed in total compliance to MIL ·STD·883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 

CerDIP, plastic DIP, and TO·can packages. 
tt For availability and burn-in information on SO and PLCC packages, contact 

your local sales office. 

SIMPLIFIED SCHEMATIC (One of two amplifiers is shown.) 

REV. A 

Dual Low-Offset, Low-Power 
Operational Amplifier 

OP-200 I 
GENERAL DESCRIPTION 

The OP-200 is the first monolithic dual operational amplifier to 
offer OP-77 type precision performance. Available in the 
industry standard a-pin pinout, the OP-200 combines precision 
performance with the space and cost savings offered by a dual 
amplifier. 

The OP-200 features an extremely low input offset voltage of 
less than 75p.V with a drift below 0.5,.. VIDe, guaranteed over the 

PIN CONNECTIONS 

Lec 
(RC-Suffix) 

16-PIN SOL 
(S-Suffix) 

EPOXY MINI-DIP (P-Sufflx) 
8-PIN HERMETIC DIP 

(Z-Sufflx) 
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OP-200 
full military temperature range. Open-loop gain of the OP-200 
exceeds 5,000,000 into a 10kO load; input bias current is under 
2nA; CMR is over 120dB and PSRR below 1.8p.VN. On-chip 
zener-zap trimming is used to achieve the extremely low input 
offset voltage of the OP-200 and eliminates the need for offset 
nulling. 

Power consumption of the OP-200 is very low, with each 
amplifier drawing less than 725p.A of supply current. The total 
current drawn by the dual OP-200 is less than one-half that of a 
single OP-07, yet the OP-200 offers significant improvements 
over this industry standard op amp. The voltage noise density of 
the OP-200, 11 nVly'RZ at 1 kHz, is half that of most competitive 
devices. 

The OP-200 is pin compatible with the OP-14, OP-221, LM158, 
MC1458/1558, and LT1013 and can be used to upgrade systems 
using these devices. The OP-200 is an ideal choice for 
applications requiring multiple precision op amps and where 
low power consumption is critical. 

For a quad precision op amp, see the OP-400. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±20V 
Differential Input Voltage ................................................. ±30V 
Input Voltage ...............•................•................... Supply Voltage 
Output Short-Circuit Duration ................................ Continuous 
Storage Temperature Range 

P, RC, S, Z-Package .................................. ~5·Cto +150·C 
Lead Temperature Range (Soldering, 60 sec) .............. 300·C 
Junction Temperature (T.J ............................ ~5·C to +150·C 
Operating Temperature Range 

OP-200A .................................................... -55·C to + 125·C 
OP-200E, OP-200F ..................................... -40·C to +85·C 
OP-200G ...................................................... -40·C to +85·C 

PACKAGE TYPE aJA (Note 2) aJc UNITS 

8·Pin Hermetic DIP (Z) 148 16 ·CIW 
8·Pin Plastic DIP (P) 96 37 ·CIW 
20·Contact LCC (RC) 88 33 ·CIW 
IS-Pin SOL (S) 92 27 ·CIW 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. 8. A is specified for worst case mounting conditions, i.e., 8. A is specified for 

dkvice in socket for CerDIP. P·DIP, and LCC packages; alA is specified for 
device soldered to printed circuit board for SOL package. I 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25·C. unless otherwise noted. 

OP-200AlE OP-200F OP-200G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Ollset 
Vos Voltage 25 75 50 150 80 200 /LV 

Long Term Input 0.1 0.1 0.1 /LV/mo Voltage Stability 

Input Offset 
los VCM=OV 0.05 1.0 0.05 2.0 0.05 3.5 nA 

Current 

Input Bias 
la VCM=OV 0.1 2.0 0.1 4.0 0.1 5.0 nA 

Current 

Input Noise 
en p.p 0.1 Hz to 10Hz 0.5 0.5 0.5 /LVp.p Voltage 

Input Noise fo= 10Hz 22 36 22 36 22 nV/y'HZ Voltage Density en to = 1000Hz (Note 1) 11 18 11 18 11 

Input Noise 
in p_p 0.1 Hz to 10Hz 15 15 15 pAp.p Current 

Input NOise 
in to= 10Hz 0.4 0.4 0.4 pA/y'HZ 

Current Density 

Input Resistance 
RIN 10 10 10 Mil Dillerential Mode 

Input Resistance 
R'NCM 125 125 125 Gil 

Common Mode 

Large Signal Vo=±10V 
Avo RL = 10kil 5000 12000 3000 7000 3000 7000 Voltage Gain 

RL = 2kil 2000 3700 1500 3200 1500 3200 V/mV 
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OP-200 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C. unless otherwise noted. (Continued) 

OP-200A/E OP-200F OP-200G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Voltage 
Range 

IVR (Note 3) ±12 ±13 ±12 ±13 ±12 ±13 V 

Common-Mode 
CMR 

Rejection 
VCM ~±12V 120 135 115 135 110 130 dB 

Power Supply 
PSRR Vs ~ ±3V to ±1BV 0.4 1.B 0.4 3.2 0.6 5.6 ~VN • Rejection Ratio 

Output Voltage RL ~ 10kn ±12 ±12.6 ±12 ±12.6 ±12 ±12.6 
V 

Swing 
Va RL ~ 2kn ±11 ±12.2 ±11 ±12.2 ±11 ±12.2 

Supply Current 
ISY Per Amplifier 

No Load 570 725 570 725 570 725 ".A 

Slew Rate SR 0.1 0.15 0.1 0.15 0.1 0.15 VI".s 

Gain Bandwidth 
Product 

GBWP Av~+1 500 500 500 kHz 

Channel 
CS 

Va ~ 20Vp_p 123 145 123 145 123 145 dB 
Separation fa ~ 10Hz (Note 2) 

Input 
Capacitance C'N 3.2 3.2 3.2 pF 

Capacitive Load Av~+1 
10 10 10 nF 

Stability No Oscillations 

NOTES: 
1. Sample tested. 
2. Guaranteed but not 100% tested. 
3. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs = +15V, -55°C :'0 TA:'O 125°C for OP-200A. unless otherwise noted. 

OP-200A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vas 45 125 

Average Input Offset 
TCVos 

Voltage Drift 
0.2 0.5 ~VloC 

Input Offset Current los VCM = OV 0.15 2.5 nA 

Input Bias Current I. VCM =OV 0.9 5.0 nA 

Large Signal 
Ava Voltage Gain 

Vo=±10V 
RL=10n 3000 9000 

RL =2kn 1000 2700 
VlmV 

Input Voltage Range IVR (Note 1) ±12 ±12.5 v 
Common-Mode Rejection CMR VCM = ±12V 115 130 dB 

Power Supply 
PSRR 

Rejection Ratio 
Vs = ±3V to ±1BV 0.2 3.2 ".VN 

Output Voltage Swing Va 
RL = lOkn ±12 ±12.4 
RL ~ 2kn ±11 ±12 

V 

Supply Current 
ISY Per Amplifier 

No Load 600 775 

Capacitive Load Stability 
Av=+1 

B 
No Oscillations 

nF 

NOTES: 
1. Guaranteed by CMR test. 
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OP-200 

ELECTRICAL CHARACTERISTICS at Vs =±15V, -40·C:s; TA:S; +85·C, unless otherwise noted. 

OP-200E OP-200F OP-200G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vos 35 100 80 250 110 300 p.V 

Voltage 

Average Input 
TCVos 0.2 0.5 0.5 1.5 0.6 2.0 p.VI·C 

Offset Voltage Drift 

Input Offset 
los VCM = OV 0.08 2.5 0.08 3.5 0.1 6.0 nA 

Current 

Input Bias 
18 VCM = OV 0.3 5.0 0.3 7.0 0.5 10.0 nA 

Current 

Large-Signal 
Vo =±10V 

Voltage Gai n Avo RL = 10kO 3000 10000 2000 5000 2000 5000 
VlmV 

RL = 2kO 1500 3200 1000 2500 1000 2500 

Input Voltage 
IVR (Note 1) ±12 ±12.5 ±12 ±12.5 ±12 ±12.5 V 

Range 

Common~Mode 
CMR VcM =±12V 115 130 110 130 105 130 dB 

Rejection 

Power Supply 
PSRR Vs = ±3V to ±18V 0.15 3.2 0.15 5.6 0.3 10.0 p.VIV 

Rejection Ratio 

Output Voltage 
Vo 

RL = 10kO ±12 ±12.4 ±12 ±12.4 ±12 ±12.4 
V 

Swing RL = 2kO ±11 ±12 ±11 ±12 ±11 ±12.2 

Supply Current 
ISY No Load 600 775 600 775 600 775 p.A 

Per Amplifier 

Capacitive Load Av=+1 
10 10 10 nF 

Stability No Oscillations 

NOTES: 
1. Guaranteed by CMR test. 

CHANNEL SEPARATION TEST CIRCUIT NOISE TEST SCHEMATIC 

1000 10kll 

>~I---<> V1 2OVp-p @10Hz 

50kIl 

eOUT(nVlviii) a.J2x en(nVl..,jHz) X 101 

CHANNEL SEPARA"ON ::: 20 log ( v;~ ) 
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DICE CHARACTERISTICS 

DIE SIZE 0.120 X 0.106 Inch, 12,720 sq. mils 
(3.OS X 2.69 mm, 8.21 sq. mm) 

1.0UTA 
2. -INA 
3. +INA 
4. V-
5. +IN B 
6. -INB 
7. OUTB 
8. V+ 

WAFER TEST LIMITS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos 

Input Offset Current los VCM=OV 

Input Bias Current 18 VCM=OV 

Large-Signal 
Vo =±10V 

Voltage Gain Avo RL = 10kn 
RL = 2kn 

Input Voltage Range IVR (Note 1) 

Common-Mode Rejection CMR VCM =±12V 

Power Supply 
PSRR Vs = ±3V to ±1BV 

Rejection Ratio 

Output Voltage Swing Vo 
RL = 10kn 
RL = 2kn 

Supply Current 
ISY No Load 

Per Amplifier 

NOTES: 
1. Guaranteed by CMR test. 

OP-200 

OP-200GBC 
LIMIT UNITS 

150 ~VMAX 

nAMAX 

4 nAMAX 

3000 
VlmV MIN 

1500 

±12 VMIN 

115 dB MIN 

3.2 p.VNMAX 

±12 
VMIN 

±11 

725 p.AMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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OP-200 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-200 
TYPICAL PERFORMANCE CHARACTERISTICS 
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APPLICATIONS INFORMATION FIGURE 1: Dual Low-Power Instrumentation Amplifier 

The OP-200 in inherently stable at all gains and is capable of 
driving large capacitive loads without oscillating. Nonetheless, 
good supply decoupling is highly recommended. Proper supply 
decoupling reduces problems caused by supply line noise and 
improves the capacitive load driving capability of the OP-200. 

APPLICATIONS 
DUAL LOW-POWER INSTRUMENTATION AMPLIFIER 
A dual instrumentation amplifier that consumes less than 
33mWof power per channel is shown in Figure 1. The linearity 
of the instrumentation amplifier exceeds 16 bits in gains of 5 to 
200 and is better than 14 bits in gains from 200 to 1000. CMRR is 
above 115dB (Gain = 1000). Offset voltage drift is typically 
0.2p.V/oC over the military temperature range which is com
parable to the best monolithic instrumentation amplifiers. The 
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bandwidth of the low-power instrumentation amplifier is a 
function of gain and is shown below: 

GAIN BANDWIDTH 

5 
10 

100 
1000 

150kHz 
67kHz 
7.5kHz 
500Hz 

The output signal is specified with respect to the reference 
input, which is normally connected to analog ground. The 
reference input can be used to offset the output from -10V to 
+10V if required. 

PRECISION ABSOLUTE VALUE AMPLIFIER 
The circuit of Figure 2 is a precision absolute value amplifier 
with an input impedance of 10MO. The high gain and low 
TCVosof the OP-200 insure accurate operation with microvolt 

FIGURE 2. Precision Absolute Value Amplifier 

+15¥ 

V'N 

FIGURE 4. Dual 12-Bit Voltage Output DAC 
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ov < Your < 10Y 

+15V 

OP-200 
input signals. In this circuit, the input always appears as a 
common-mode signal to the op amps. The CMR of the OP-200 
exceeds 12OdB, yielding an error of less than 2ppm. 

PRECISION CURRENT PUMP 
Maximum output current of the precision current pump shown 
in Figure 3 is ±10mA. Voltage compliance is ±10V with ±15V 
supplies. Output impedance of the current transmitter exceeds 
3MO with linearity better than 16 bits. 

FIGURE 3. Precision Current Pump • 

R3 

VIN 

IOUT=~=1~=10mAN -15V 

DUAL 12-BIT VOLTAGE OUTPUT DAC 
The dual output DAC shown in Figure 4 is capable of providing 
untrimmed 12-bit accurate operation over the entire military 
temperature range. Offset voltage, bias current and gain errors 
ofthe OP-200 contribute less than 1/10 of an LSB error at 12 bits 
over the military temperature range. 
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OP-200 

DUAL PRECISION VOLTAGE REFERENCE 
A dual OP-200 and a REF-43, a 2.5V voltage reference, can be 
used to build a ±2.5V precision voltage reference. Maximum 
output current from each reference is ±10mA with load 
regulation under 25J.l'v/mA. Line regulation is better than 
15J.l.V/V and output voltage drift is under 20J.l.V/oC. Output 
voltage noise from 0.1 Hz to 10Hz is typically 75J.l.Vp_p' R1 and 01 
insure correct start-up. 

PROGRAMMABLE HIGH RESOLUTION WINDOW 
COMPARATOR 
The programmable window comparator shown in Figure 6 is 
easily capable of 12-bit accuracy over the full military tempera
ture range. A dual CMOS 12-bit DAC, the DAC-8212, is used in 
the voltage switching mode to set the upper and lower 
thresholds (DAC A and DAC S, respectively). 

FIGURE 6. Programmable High Resolution Window Comparator 
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FIGURE 5. Dual Precision Voltage Reference 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Low Vos .................................. 100"V Max 
• Offset Voltage Match ...........•.......•... 90"V Max 
• Offset Voltage Match vs. Temp .......... 1.0"VloC Max 
• Common-Mode Rejection Match ........... 103dB Min 
• Bias Current Match ....................... 3.SnA Max 
• Low Noise ..........•................... O.6"Vp-p Max 
• Low Bias Current .......•.........•....... 3.0nA Max 
• High Channel Separation •....... . . . . . . . . •. 126dB Min 

ORDERING INFORMATIONt 
TA ~ 25°C HERMETIC OPERATING 
VosMAX DIP TEMPERATURE 

(/LV) 14·PIN RANGE 

100 OP207AY' MIL 
100 OP207EY COM 
200 OP207FY COM 

* For devices processed in lalal compliance 10 MIl·STD·883, add /883 after part 
number. Cansullfaclary for 883 dala sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO·can packages. 

GENERAL DESCRIPTION 
The OP-207 series of dual matched operational amplifiers 
consists of two independent OP-07 high performance opera
tional amplifiers in a single 14-pin dual-in-line package. 
Exceptionally low offset voltage and tight matching of critical 

SIMPLIFIED SCHEMATIC (1/2 OP-207) 

Dual Ultralow Vos 
Matched Operational Amplifier 

OP-207 I 
parameters is provided between the channels of this dual 
operational amplifier. 

The excellent specifications of the individual amplifiers 
combined with the tight matching and temperature tracking 
between channels provide high performance in instrumen
tation amplifier designs. The individual amplifiers feature 
very low input offset voltage, low offset voltage drift, low 
noise voltage, and low bias current. Each amplifier is fully 
compensated and protected. 

Matching between channels is provided on all critical para
meters including offset voltage, tracking of offset voltage vs. 
temperature, non inverting bias currents, and common
mode rejection. 

PIN CONNECTIONS 

14-PIN HERMETIC DIP' 
(V-Suffix) 

NOTES: 
1. Device may be operated even 

if insertion is reversed; this is 
due to inherent symmetry 
of pin locations of amplifiers 
Aand B. 

2. V-tAl and V-IB) are internally 
connected via substrate 
resistance. 

v+O-----._--------_1~--~~----~------._--._-----4~----~--------~--_1~--

R9 

OUTPUT 

+IN Rl0 

-IN o-Wlr-.... ----< ... ---+--...... -------k 

v-O---------------~------------------------~--~----~--~--------~--_4--~ 
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OP-207 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ................................................................. ,,22V 
Differential Input Voltage ................................................. ,,30V 

Input Voltage (Note 1) ...................................................... ,,22V 
Output Short-Circuit Duration ................................... Indefinite 

Storage Temperature Range .......................... -65·C to 150·C 

Operating Temperature Range 

OP-207 A .................................................... -55·C to + 125·C 

OP-207E, OP-207F ......................................... O·C to +70·C 

Lead Temperature (Soldering, 60 sec) .......................... 300·C 

PACKAGE TYPE alA (Note 2) UNITS 

14·Pin Hermetic DIP (V) loa IS "C/W 
NOTES: 
1. For supply voltages less than ,,22V, the absolute maximum input voltage is 

equal to the supply voltage. 
2. alA Is specified lor worst case mounting conditions, I.e., alA is specified lor 

device in socket for CerDIP package. 

MATCHING CHARACTERISTICS at Vs = ±15V, TA = 25·C, unless otherwise noted. 

OP-207A/E OP-207F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Match I!.vos Rs= loon 30 90 50 2S0 IlV 

Average Noninverting 
la+ ±1.5 ±3.5 ±1.5 ±6.0 nA 

Bias Current 

Noninverting Offset Current 108+ ±0.7 ±3.5 ±1.0 ±6.0 nA 

Inverting Offset Current I os- ±0.7 ±3.5 ±1.0 ±6.0 nA 

Common-Mode Rejection 
~CMRR VcM =±13V 103 120 96 114 dB 

Ratio Match 

Power Supply Rejection 
~PSRR Vs =±3Vto±1SV 7 32 10 51 IlVN Ratio Match 

Channel Separation 126 140 126 140 dB 

MATCHING CHARACTERISTICS at Vs = ±15V, -55·C:'O TA:'O 125·C, unless otherwise noted. 

OP-207A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Match ~Vos Rs= loon 70 ISO IlV 

Input Offset Voltage 
Tracking 

Without External Trim TC~Vos (Note 1) 0.5 1.0 
IlV/'C 

With External Trim TC~VOSn Rp = 20kll (Note 1) 0.3 1.0 

Average Noninverting 
le+ ±2 ±6 nA 

Bias Current 

Average Drift of Non-
TCl a+ 10 pAl'C 

inverting Bias Current 

Noninverting Offset 
10$+ 6.5 nA 

Current 

Average Drift of Non-
inverting Offset TClos+ 12 pA/'C 
Current 

Inverting Offset Current los- 6.5 nA 

Common-Mode Rejection 
~CMRR VcM =±13V 100 117 dB 

Ratio Match 

Power Supply Rejection 
~PSRR Vs= ±3V to ±lSV 10 51 IlVN Ratio Match 

NOTE: 
1. Sample tested. 
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OP-207 
MATCHING CHARACTERISTICS at Vs = ± 15V, a· C :5 TA :5 70· C, unless otherwise noted. 

OP-207E OP-207F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Match !>.Vos Rs= tOOn 60 t50 t20 350 "V 

Input Offset Voltage 

Tracking 
Without External Trim TC!>.Vos (Note 1) 0.5 1.0 0.9 1.5 

"VloC 
With External Trim TC!>.VOsn Rp= 20kn (Note 1) 0.3 1.0 0.4 1.3 

Average Noninverting 
la+ ±2 ±5 ±3 ±10 nA 

Bias Current 

Average Drift of Non-
TCl a+ 10 12 pAloC 

Inverting Bias Current 

Noninverting Offset 
'os+ 2 5 3 10 nA 

Current 

Average Drift of Non-
inverting Offset TClos+ 12 15 pAloC 

Current 

Inverting Offset Current los- 2 3 10 nA 

Common-Mode Rejection 
!>.CMRR VcM =±13V 100 

Ratio Match 
117 94 114 dB 

Power Supply Reiection 
!>.PSRR Vs =±3Vto±18V 10 51 16 100 "VN Ratio Match 

NOTE: 
1. Sample tested. 

BURN-IN CIRCUIT OFFSET NULLING CIRCUIT 

r- v. 

~ 10k!! 

2 1 , . 
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OP-207 

INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

OP-207A1E OP-207F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos Rs=1OO0 35 100 60 200 poV 

Input Offset Voltage 
<1VosfTime (Note 1) 0.3 1.5 0.4 2.0 poVlMo 

Stability 

Input Offset Current los 0.9 2.8 1.5 6.0 nA 

Input Bias Current Ie ±1 ±3 ±2 ±7 nA 

Input Noise Voltage en~-e 0.1Hz to 10Hz (Note 2) 0.35 0.6 0.35 0.6 poV~_p 

Input Noise Voltage 
10= 10Hz (Note 2) 10.3 18.0 10.3 18.0 

Density en 10= 100Hz (Note 2) 10.0 13.0 10.0 13.0 nV/JHZ 
10= 1000Hz (Note 2) 9.6 9.6 

I nput Noise Current Inp-p 0.1Hz to 10Hz (Note 2) 14 30 14 30 pAp_p 

Input Noise Current 
10= 10Hz (Note 2) 0.32 0.60 0.32 0.60 

Density In 10 = 100Hz (Note 2) 0.14 0.23 0.14 0.23 pAlJHZ 
10= 1000Hz (Note 2) 0.12 0.12 

Input Resistance -
RIN (Note 3) 20 60 8 30 MO 

Differential Mode 

Input Resistance -
R1NCM 200 120 GO 

Common-Mode 

Input Voltage Range IVR ±13 ±14 ±13 ±14 V 

Common-Mode 
CMRR VcM =±13V 106 

Rejection Ratio 
123 100 120 dB 

Power Supply Rejection 
PSRR Vs =±3Vto ±18V 5 20 7 32 poVN 

Ratio 

Large-Signal Voltage 
Avo Rl ;;'2kO. Vo =±10V 200 500 150 400 VlmV 

Gain 

Rl ;;' 1OkO ±12.5 ±13.0 ±12.5 ±13.0 
Output Voltage Swing Yo· Rl ;;, 2kO ±12.0 ±12.6 ±12.0 ±12.8 V 

Rl ;;'1kO ±10.0 ±12.0 ±10.0 ±12.0 

Slew Rate SR Rl ;;' 2kO 0.2 0.2 Vlpos 

Closed-Loop Bandwidth BW Avcl =+1 0.6 0.6 MHz 

Open-Loop Output 
Ro Vo=O,lo=O 60 60 0 

Resistance 

Power Consumption Pd No Load. Both Amplifiers 180 240 200 300 mW 

Offset Adjustment Range Rp=20kO ±4 ±4 mV 

I nput Capacitance C1N 8 8 pF 

NOTES: 
1. Long-Term Input Ollset Voltage Stability relers to the averaged trend line 

of Vas VS. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vas during the first 30 
operating days are typically 2.Sp.V. Parameter is sample tested. 

2. Sample tested. 
3. Guaranteed by deSign. 
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OP-207 
INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ± 15V, -55°C :<0 TA:<O 125°C, unless otherwise noted. 

OP-207A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vas Rs~ 10011 75 230 ~V 

Average Input Offset 
Voltage Drift 

Without External Trim TCVos Rp ~ 20kll (Notes 1, 2) 
0.4 1.3 

With External Trim TCVosn 0.4 
~vrc 

Input Offset Current los 1.8 5.6 nA • Average Input Offset 
TClos 10 pArC 

Current Drift 

Input Bias Current I. ±3.0 ±5.6 nA 

Average Input Bias 
TCl e 12 pA/oC 

Current Drift 

Input Voltage Range IVR ±13 ±13.5 V 

Common-Mode 
CMRR VCM~±13V 103 120 dB 

Rejection Ratio 

Power Supply 
PSRR Vs ~ ±3V to ±18V 32 "V/v Rejection Ratio 

Large-Signal Voltage 
Ava RL ,,2kll, Vo=±10V 150 400 V/mV 

Gain 

Output Voltage Swing Va RL ,,2kll ±12.0 ±12.8 V 

INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ±15V, ooe:<o TA:<o 70·e, unless otherwjse noted, 

OP-207E OP-207F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

I nput Offset Voltage Vas Rs= 10011 80 200 90 350 ~V 

Average Input Ofiset 
Voltage Drift 
Without External Trim TCVos 0.4 1.3 0.7 1.8 

p.V/oC 
With External Trim TCVOSn 

Rp ~ 20kll (Notes 1, 2) 
0.4 0.7 

Input Offset Current los 1.4 5 2.5 10 nA 

Average Input Offset 
TClos 10 12 pAloC 

Current Drift 

Input Bias Current Ie ±2 ±5 ±3 ±11 nA 

Average Input Bias 
TCl e 12 18 pAloC 

Current Drift 

I nput Voltage Range IVR ±13 ±13.5 ±13 ±13.5 V 

Common-Mode 
CMRR 

Rejection Ratio 
VcM =±13V 103 120 97 117 dB 

Power Supply 
PSRR Vs =±3Vto±18V 

Rejection Ratio 
32 10 51 "V/v 

Large-Signal Voltage 
Ava RL,,2kll, Vo =±10V 150 400 120 350 V/mV 

Gain 

Output Voltage Swing Va RL> 2kll ±12.0 ±12.8 ±12.0 ±12.8 V 

NOTES: 
1. Exclude first hour of operation to allow for stabilization of external 

circuitry. 

2. Sample tested. 
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OP-207 
APPLICATION OF DUAL MATCHED OPERATIONAL 
AMPLIFIERS 

ADVANTAGES OF DUAL MATCHED OPERATIONAL 
AMPLIFIERS 
Dual matched operational amplifiers provide a powerful tool 
for the solution of some difficult circuit design problems. 
Circuits include true instrumentation amplifiers, extremely 
low drift, high common-mode rejection DC amplifiers, low 
DC drift active filters, dual tracking voltage references, and 
many other demanding applications. These designs all 
require good matching between two operational amplifiers. 

The circuit below, a differential-in, differential-out amplifier, 
shows how errors can be reduced. Assuming the resistors 
used are matched, the gain of each side will be identical; ifthe 
offset voltage of each amplifier is matched, then the net 
differential voltage at the amplifiers output will be zero. Note 
that the output offset errorof this amplifier is not a function of 
the offset voltage of the individual amplifiers, but only a 
function of the difference between the amplifiers' offset 
voltages. Thiserror-cancellation prinCiple holds for a number 
of input-referred error parameters - offset voltage, offset 
voltage drift, inverting and non inverting bias currents, 

"3 

...--
20kn 

~r-<>v+ 

2 1 14 

"' 3 _ ..... :--. 
~ SIDE 13 

4 V 
IN PUT OP-2D7 OUTP UT 

11 

~ 6 

"2 10 V 
* "4 
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common-mode and power supply rejection ratios. Note also 
that the impedances of each input, both common-mode and 
differential-mode, are extremely high, an important feature 
not possible with Single operational amplifier circuits. 
Common-mode rejection can be made exceptionally high; 
this is very important in instrumentation amplifiers where 
errors due to large common-mode voltages can be far greater 
than errors due to noise or drift with temperature. For exam
ple, consider the case of two op amps, each with 80dB 
(100I'VIV) CMRR. If the CMRR of one device is +100I'VIV 
CMRR and the other is -100I'VlV, then the net CMRR will be 
200I'VIV, a 6dB degradation. The matching of CMRR 
increases the effective CMRR when used as an instrumenta
tion input stage. 

POWER SUPPLIES 
The V+ supply terminals are completely independent and 
may be powered by separate supplies if desired. However, 
this approach would sacrifice the advantages of the power
supply-rejection-ratio matching. The V-supply terminals are 
both connected to the common substrate and must be tied to 
the same voltage. 

OFFSET TRIMMING 
Offset voltage trimming is provided for each amplifier. 
Guaranteed performance over temperature is obtained by trim
ming one side (side A) to match the offset of the other. A net 
differential offset of zero results. This procedure is used 
during factory testing of the devices. The same results are 
obtained by trimming side B to match side A or by nulling 
each side individually. 

The OP-207 is designed to provide best drift performance 
when trimmed with a 20kO potentiometer; this value provides 
about ±4mV of adjustment range which is adequate for most 
applications. Trimming resolution can be increased by use of 
the circuit shown below. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• High Slew Rate .......................... lOY! p,s Min 
• Fast Settling Time .................. 0.9p,s to 0.1% Typ 
• Low Input Offset Voltage Drift ........... 10p,V/oC Max 
• Wide Bandwidth ......................... 3.5MHz Min 
• Temperature-Compensated Input Bias Currents 
• Guaranteed Input Bias Current ..... 18nA Max (125°C) 
• Bias Current SpeCified Warmed-Up Over Temperature 
• Low Input Noise Current ........... O.OlpAlv'tiZTyp 
• High Common-Mode Rejection Ratio. . . . . . .. 86dB Min 
• Pin Compatible With Standard Dual Pinouts 
• 125°C Temperature Tested DICE 
• Models With MIL-STD-883 Class B Processing Available 

• Available In Ole Form 

ORDERING INFORMATION' 

PACKAGE OPERATING 
CEROIP PLASTIC Lee TEMPERATURE 

B-PIN B-PlN 2O-CONTACT RANGE 

1.0 0P215AJ' 0P215AZ" 
1.0 OP215EJ OP215EZ 
2.0 0P2158Ji883 0P215BZJ883 
2.0 OP215FJ OP215FZ 
4.0 OP215CJ1883 OP215CZi883 
6.0 OP215GZ 
6.0 

OP215EP 
OP215BRC1883 

0P215FP 

OP215GP 
0P215GS 

MIL 
COM 
MIL 

COM 
MIL 

XIND 
XIND 

For devices processed in 10lal compliance 10 MIL-STD-883. add /883 after part 
number. Consult faclDlY for 883 data sheet. 
Burn-in Is available on commercial and Industrial temperature range parIS in 
CerDIP, plastic DIP, and TO-ceo packages. 

GENERAL DESCRIPTION 

The OP-2l5 offers the proven JFET-input performance ad
vantages of high speed and low input bias current with the 

SIMPLIFIED SCHEMATIC (1/2 OP-215) 

Dual Precision JFET -Input 
Operational Amplifier 

OP-215 I 
tracking and convenience advantages of a dual op-amp 
configuration. 

Low input offset voltages, low input currents, and low drift are 
featured in these high-speed amplifiers. 

On-chip zener-zap trimming is used to achieve low Voswhile 
a bias-current compensation scheme gives a low input bias 
current at elevated temperatures. Thus the OP-2l5 features 
an input bias current of l8nA at 125°C ambient (not junction) 
temperature which greatly extends the application useful
ness of this device. 

Applications include high-speed amplifiers for current output 
DACs, active filters, sample-and-hold buffers, and photocell 

PIN CONNECTIONS .. 
OUTA@8TouTS 

-INA2 8-1MB 

+INA3 5+INB . 
V-

TO-99 
(J-Sufflx) 

a-PIN CERDIP 
(Z-Suffix) 

a-PIN PLASTIC DIP 
(P-Suffix) 

BALA 

N.C. . -
N.C. 

BALB 

· , 
• , 
· 

:!..IL~L!JL2!I~9 

• 10 11 12 13 

g 
#. 
E g ,. 

OUTA 

N.C. 

N.C • 

N.C. 

OUTS 

LCC 20-CONTACT 
(RC-Suffix) 

*V+ A & V+ B INTERNALLY 
CONNECTED 

v.o-------~--------_.~~r_--~--~--_.------_.------~r__, *NOTE: 

REV.B 

'--+-----, 012 

R7. R8 ARE ELECTRONICALLY ADJUSTED 
ON CHIP FOR MINIMUM OFFSET VOLTAGE . 

.-------t-------t-o OUTPUT 

R12 

v-o-----~~~----------~~--~-4~----~~_+------~----~~~------+_--~~ 
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OP-215 
GENERAL DESCRIPTION Continued 
amplifiers. For additional precision JFET op amps, see the 
OP-1s/16/17 data sheet. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage 

OP-21 SA, OP-21sB, OP-21sE, OP-21sF 
(All DICE Except GR) ..................................................... ±22V 
OP-21sC, OP-21SG (GR DICE Only) ............................ ±18V 

Operating Temperature Range 
OP-21 SA, OP-21SB, OP-21SC .................. -5S'C to + 12S'C 
OP-21SE, OP21SF ........................................... O'C to + 70'C 
OP-21SG ....................................................... -40·C to +8S'C 

Maximum Junction Temperature (T.) ........................... +1S0'C 
Differential Input Voltage J 

OP-21 SA, OP-21SB, (All DICE Except GR) ................. ±40V 
OP-21SE, OP-21SF, (All DICE Except GR) .................. ±40V 
OP-21SC, OP-21SG, (GR DICE Only) .......................... ±30V 

Input Voltage 
OP-21 SA, OP-21SB, (All DICE Except GR) ................. ±20V 
OP-21SE, OP-21SF, (All DICE Except GR) .................. ±20V 

OP-21SC, OP-21SG, (GR DICE Only) .......................... ±16V 
(Unless otherwise specified, the absolute maximum nega' 
tive input voltage is equal to one volt more positive than the 
negative power supply voltage.) 

Output Short-Circuit Duration ................................... Indefinite 
Storage Temperature Range ........................ -6S'C to + 1S0'C 
Lead Temperature (Soldering, 60 sec) .......................... 300·C 
Junction Temperature (Ti) .............................. -6S·C to + 1S0·C 

PACKAGE TYPE 81" (NOTE 2) 81e UNITS 

T0-99(J) 145 16 'CIW 
8-Pin Hermetic DIP (Z) 134 12 'CIW 
S-Pin Plastic DIP (P) 96 37 'eIW 
2Q-Contact Lee (RC) 88 33 'eIW 
8·Pinso (s) 150 41 'CIW 

NOTES: 
1. Absolute maximum ratings apply 10 both DICE and packaged parts. unless other· 

wisenoled. 
2. ~A is specified lor worst case mounting conditions, I.e., 8 1A is specified lor device 

in socket for TO, CerDlP, P-DIP, and LCC packages; 8.A is specified for device 
soldered 11> printed circuit board lor SO package. I 

ELECTRICAL CHARACTERISTICS at Vs = ± 1SV, TA = 2S· C, unless otherwise noted. 

OP-21SA/E OP-21SB/F OP-21SC/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Rs=500 0.2 1.0 0.8 2.0 2.0 4.0 Input Offset Voltage Vas mV 
'G'Grade 2.5 6.0 

Tj =25'C (Note I) 50 50 100 
Input Offset Current los Device Operating 100 5 100 200 

pA 

Tj =2S'C (Note I) ±15 ±Ioo ±IS ±200 ±IS ±3oo 
Input Bias Current Ie 

Device Operating ±18 ±300 ±18 ±400 ±18 ±600 pA 

Input Resistance RIN 10" 101• 10" 0 

Large-Signal Voltage 
Ava 

RL<!2kO 150 Gain Vo=±IOV 
500 7S 220 50 200 VlmV 

Output Voltage RL =IOkO ±12 ±13 ±12 ±13 ±12 ±13 
Swing Va RL =2kO ±II ±12.7 ±II ±12.7 ±II ±12.7 v 

6.0 8.5 6.0 8.5 7.0 10.0 Supply Current ISY 'G' Grade 7.0 12.0 rnA 

Slew Rate SR AveL =+1 10 18 7.5 18 IS VI".. 

Gain Bandwidth 
Product GBW (Note 3) 3.5 5.7 3.5 5.7 3.0 5.4 MHz 

Closed-Loop CLBW AveL =+1 13 13 12 MHz Bandwidth 

100.01"" 2.3 2.3 2.4 
Settling Time Is to 0.05"" (Nota 2) 1.1 1.1 1.2 ps 

toO.IO'Ilo 0.9 0.9 1.0 

+10.2 +14.8 +10.2 +14.8 +10.1 +14.8 
Input Voltage Range IVR -10.2 -II.S -10.1 V -10.2 -11.5 -11.5 

Common·Mode Il = ± IVR A. B. C Grades 86 100 86 100 82 96 
Rejection RatiO 

CMRR eM E. F, G Grades 82 100 82 100 80 96 
dB 

. Power Supply VS=±IOVto ±16V 10 51 10 80 PSRR pVN 
Rejection Ratio Vs=±IOVIO±15V 16 100 

Input Noise Voltage fo=looHz 20 20 20 nVl,[HZ 
Density 

en fo=IOOOHz 15 IS 15 

Input Noise Current fo=looHz 0.01 0.01 0.01 pA/,[HZ Density In fo=IOOOHz 0.01 0.01 0.01 

Input Capacitance C1N 3 3 pF 
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OP-215 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, -55°C:O; TA:O; +125°C, unless otherwise noted. 

OP-21SA OP-21SB OP-21SC 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs=500 0.5 2.0 1.5 3.0 3.0 6.0 mV 

Average Input Offset 

Voltage Drift 
Without External Trim TCVos (Nole3) 3 10 3 10 6 
With External Trim TCVoSn Rp= 100kO 3 3 "vrc 

Input Offset Current Tj =+125°C 0.8 0.8 1.0 12 
lOS nA 

(Notel) TA = +125°C, Device Operating 1.2 14 1.2 14 1.5 22 

Input Bias Current Tj =+125°C ±1.5 ±10 ±1.5 ±10 ±1.8 ±15 
I. nA 

(Notel) TA = +125°C, Device Operating ±2.2 ±16 ±2.2 ±16 ±2.7 ±28 

+10.2 +14.6 +10.2 +14.6 +10.1 +14.6 
Input Voltage Range IVR 

-10.2 -11.3 -10.2 -11.3 -10.1 
V 

-11.3 

Common-Mode 
CMRR 

Rejection Ratio 
VCM=±IVR 82 97 B2 97 80 93 dB 

Power Supply Vs = ±10V to ±16V 10 100 15 100 
PSRR "VIV Rejection Ratio Vs = ±10V to ±15V 23 126 

large-Signal 
Avo 

RL2:2kO 
30 

Voltage Gain Vo =±10V 
110 30 110 25 100 VlmV 

Output Voltage 
Vo 

Swing 
RL2: 10kO ±12 ±13 ±12 ±13 ±12 ±13 V 

ELECTRICAL CHARACTERISTICS at Vs = :!:15V, O·C" TA " +70·C for ElF Grades, -40·C" TA " +85·C for G Grade, unless 
otherwise noted. 

OP-21SE OP-21SF OP-21SG 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos RS=500 0.4 1.65 1.4 2.65 3.5 S.O mV 

Average Input Offset 
Voltage Drift 

Without External Trim TCVos (Note 3) 15 15 6 
With External Trim TCVoSn Rp= l00kO 4 

"VloC 

Input Offset CUrrent Tj =+70°C 0.06 0.45 0.06 0.45 0.08 0.65 
los nA 

(Note 1) TA = + 70°C, Device Operating 0.08 0.80 0.08 0.80 0.10 1.2 

Input Bias Current Tj = +70°C ±0.12 ±0.70 ±0.12 ±0.70 ±0.14 ±O.9 
I. nA 

(Note 1) TA = + 70°C, Device Operating ±0.16 ±1.40 ±0.16 ±1.40 ±0.19 ±1.8 

Input Voltage Range 
+10.2 +14.7 +10.2 +14.7 +10.1 +14.7 

IVR V 
-10.2 -11.4 -10.2 -11.4 -10.1 -11.3 

Common-Mode 
CMRR 

Rejection Ratio 
VCM=±IVR 80 98 80 98 76 94 dB 

Power Supply Vs = ±10V to ±16V 13 100 13 100 
PSRR ,.VIV 

Rejection Ratio Vs = ±10V to ±15V 20 159 

Large-Signal 
Avo 

RL2:2kO 
50 180 50 180 35 130 VlmV 

Voltage Gain VO=±10V 

Output Voltage 
Vo RL 2:10kO ±12 ±13 ±12 ±13 ±12 ±13 V 

Swing 

NOTES: 
1. Input bias current Is specified for two different conditions. The TJ = 25° C 2. Settling time is defined here for a unity gain inverter connection using 2kO 

specification is with the junction at ambient temperature; the Device resistors. It is the time required for the error voltage (the voltage at the 
Operating specification is with the device operating in a warmed-up Inverting input pin on the amplifier) to settle to within a specified percent of 
condition at 25°C ambient. The warmed .. up bias current value is corre- Its final value from the time a 10V step inpul is applied to the inverter. See 
lated to the junction temperature value via the curves of IB vs. Tj and I BVs. settling time test circuit. 
T A' PMI has a bias current compensation circuit which gives Improved 3. Semple tested. 
bias current and bias current over temperatura vs. stendard JFET input op 
amps. IBand lOS are measured at VCM = O. 
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OP-215 
DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE) 

1. INVERTING INPUT (A) 8. NULL (8) 
2. NONINVERTING INPUT (A) 9. V+ 
3. NULL (A) 10. Vo (8) 
4. V- 11. V+ 
5. NULL (8) 12. VOlA) 
6. NONINVERTING INPUT (8) 13. V+ 
7. INVERTING INPUT (8) 14. NULL (A) 

All V+ PADS ARE INTERNAllY CONNECTED. 

DIE SIZE 0.110 x 0.075 Inch, 8250 sq. mils 
(2.79 x 1.91 mm, 5.33 sq. mm) 

WAFER TEST LIMITS at Vs = ± 15V, TA = 25° C for OP-215N, OP-215G and OP-215GR devices; TA = 125° C for OP-215NT and 
OP-215GT devices, unless otherwise noted. 

OP-21SNT OP-21SN OP-21SGT OP-21SG OP-21SGR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos Rs= 500 2 3 2 6 mVMAX 

Input Bias Current 18 ±t8 ±18 nAMAX 

Input Offset Current los 14 14 nAMAX 

Large-Signal 
Avo 

Vo =±10V, 
30 150 30 75 50 VlmV MIN 

Voltage Gain Rl = 2kO 

Input Voltage Range IVR ±10.2 ±10.2 ±10.2 ±10.2 ±10.1 VMIN 

Common~Mode 
CMRR VcM=±IVR 82 

Rejection Ratio 
86 82 86 82 dBMIN 

Power Supply 
PSRR 

Vs = ±10 to ±16V 100 51 100 80 
Rejection Ratio Vs = ±10 to ±15V 100 

"VNMAX 

Output Voltage Swing Vo 
Rl = 10kO ±12 ±12 ±12 ±12 ±12 
RL = 2kO ±11 ±11 ±11 

VMIN 

Supply Current ISY 8.5 8.5 12.0 mAMAX 

NOTES: 
For 25°C characteristics of NT & GT devices, see N & G characteristics respectively. 

Electrical tests are performed at wafer probe to the limits shown, Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = +25° C, unless otherwise noted. 

OP-21SNT OP-21SN OP-21SGT OP-21SG OP-21SGR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input 
TCVos 

Un nulled 
2 3 3 4 "VloC 

Offset Voltage Drift Rp= 100kO 

Average Input 
TCVOSn 

Nulled 
0.5 0.5 "VloC 

Offset Voltage Drift Rp= 100kO 

Input Offset Current los 3 3 3 3 pA 

Input Bias Current 18 ±15 ±15 ±15 ±15 ±15 pA 

Slew Rate SR Avel =+1 17 17 16 16 15 VI"s 
to 0.01% 2.2 2.2 2.3 2.3 2.4 

Settling Time ts to 0.05% 1.1 1.1 1.1 1.1 1.2 "s 
to 0.10% 0.9 0.9 0.9 0.9 1.0 

Gain Bandwidth 
GBW 6.0 6.0 5.7 5.7 5.4 MHz 

Product 

Closed-Loop 
CLBW AVCl = +1 14 14 13 13 12 MHz 

Bandwidth 

Input Noise 10= 100Hz 20 20 20 20 20 
nVly'Hz 

Voltage Density en 
10= 1000Hz 15 15 15 15 15 

Input Noise 
in 

10= 100Hz 
0.01 0.01 0.01 0.01 0.01 pAly'Hz 

Current Density 10= 1000Hz 

Input Capacitance C 1N 3 3 3 pF 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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~\ 
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12 

o 
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..... 1' 

1M 

FREQUENCY (Hz) 

Vs = :l:15V 
TA = 25"C 
AV=+l 

10M 

TEMPERATURE (OC) 
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70 
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VS=±15V 

50 
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o 
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OP-215 

SETTLING TIME 
10r----r--~T7---;----~~-, 
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80 

60 
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20 

-20 
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20 

o 
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-
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~ ~!:~~6 '-
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I\. 

" ~ 
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COMMON-MODE REJECTION 
RATIO VB FREQUENCY 

" i\ IV. = 1,5V 
TA = 25"C 

\ 
l\. 

\ 
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OP-215 
TYPICAL PERFORMANCE CHARACTERISTICS 

120 

110 

iij'oo 
"'- 9O 
~ 

8O f' 
:rl 70 OJ 
a: 80 

i 50 

a: 40 

~ 30 
~ 20 

10 

o 

POWER SUPPLY REJECTION 
VI FREQUENCY 

TA • ZSoC 
'1 

r---- '" '" r---- NEGATIVG\.. '" POSlTiVE_ 
SUPPLY " SUPPLY 

I\. " '" 110.. 
I\. " '" 110.. 

'" 10 100 lk 10k lOOk 1M 10M 

FREQUENCY 1Hz) 

BASIC CONNECTIONS 

SETTLING TIME TEST CIRCUIT 

OUTPUT IMPEDANCE 
vs FREQUENCY 

10k lOOk 

FREQUENCY (Hz) 

2knO.l% 

1M 10M 

+15Vo-----+----.---+------, 

140 

flO 
~ 100 
> 
I-

~ 80 

0 
w 
!!l 60 
0 
2 
w 

" 40 

~ g 
20 

o 
1 

VOLTAGE NOISE DENSITY 
VI FREQUENCY 

vs .. '~i~~ 
TA "'25°C 

10 

l/fCORNER 

V-i'liWiliINCT 

11111111 I 
100 

FREQUENCY (Hz) 

1k 

:oy 0-..... 2-'k"''''''0 • .,..,%-+--''I 
5k" 
0.1% 

-15Vo-+--+--:==~---+-t_-'V'VV-~-oVOUT 

SLEW RATE TEST CIRCUIT 

f +5V 

::- -OV 

(pINOUT FOR "J •• ·Z· AND ~p. PACKAQES ONLy) 

AV=-l 
5knO.l% 

}--+_.-..J "'2::.:N=44""6'-___ f-____ -o+15V 

(PINOUT FOR "J,. ·Z" AND .p. PACKAGES ONLy) 

INPUT OFFSET VOLTAGE NULLING 

v+o----.----, 

-IN 

:>--.0 OUT (A) 

NOTE: v-
Vos CAN BE TRIMMED WITH POTENTIOMETERS RANGING FROM 
101en TO 1Mn. FOR MOST UNITS TCVos WILL BE MINIMUM WHEN 
Vas IS ADJUSTED WITH A l00kn POTENTIOMETER. 

(DICEONLV) 

10k 
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BASIC CONNECTIONS 

BURN-IN CIRCUIT 

+15V 

lOOkS"} 

2""" 

lOOk" 

NOTES: 
1. TA = 125°C TO +150°C -15V 
2. RESISTORS ARE TYPE 

RN55D, ±1% 

r J,- ·Z~ AND .p~ PACKAGES ONLY) 

APPLICATIONS INFORMATION 

DYNAMIC OPERATING CONSIDERATIONS 

As with most amplifiers, care should be taken with lead dress 
component placement and supply decoupling in order t~ 
ensure stability" For example, resistors from the output to an 
input should be placed with the body close to the input to 
minimize "pick-up" and maximize the frequency of the 
feedback pole by minimizing the capacitance from the input 
to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capacitance 
from the input of the device (usually the inverting input) to 

REV. B 

OP-215 

100kO 

10ka 

,. 
tOkO 

'Okl\ 

14 
'OkO 

-15V 

("RC" PACKAGE) 

AC ground sets the frequency ofthe pole. In many instances, 
the frequency of this pole is much greater than the expected 
3dB frequency of the closed-loop gain and consequently 
there is negligible effect on stability margin. However, if the 
feedback pole is less than approximately six times the 
expected 3dB frequency, a lead capacitor should be placed 
from the output to the negative input of the op amp. The value 
of the added capacitor should be such that the RC time 
constant of this capacitor and the resistance it parallels is 
greater than, or equal to, the original feedback-pole time 
constant. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Excellent TCVos Match .................. 2p.V/oC Max 
• Low Input Offset Voltage .................. 150p.V Max 
• Low Supply Current ..... . . .. . . . . . . . .. . . . . . . ... 100p.A 
• Single-Supply Operation ................ +5V to +30V 
• Low Input Offset Voltage Drift ............. O.75p.V/oC 
• High Open-Loop Gain.. . .. .. . ... .. .. ...... 2000V/mV 
• High PSRR ................................... 3p.V/V 
• Low Input Bias Current. . . . . . . . . . . . . . . . . . . . . . . .. 12nA 
• Wide Common-Mode Voltage 

Range. . . . . . . . . . . . . . .. . .. . .. V- to within 1.5V of V+ 
• Pin Compatible with 1458, LM158, LM2904 

• Available in Die Form 

GENERAL DESCRIPTION 

The OP-220 is a monolithic dual operational amplifier that 
can be used either in single or dual supply operation. The low 
offset voltage, and input offset voltage tracking as low as 
1.0p.V/oC, make this the first micropower precision dual 
operational amplifier. 

The excellent specifications of the individual amplifiers com
bined with the tight matching and temperature tracking 
between channels provides high performance in instrumen
tation amplifier designs. The individual amplifiers feature 
extremely low input offset voltage, low offset voltage drift, 
low noise voltage, and low bias current. They are fully 
compensated and protected. 

Matching between channels is provided on all critical 
parameters including input offset voltage, tracking of offset 
voltage vs. temperature, non-inverting bias currents, and 
common-mode rejection ratios. 

SIMPLIFIED SCHEMATIC (Each Amplifier) 

Dual Micropower 
Operational Amplifier 

ORDERING INFORMATION t 

T" =+25"C PACKAGE 
os MAX CERDIP 
()LV) T0-99 8-PIN 

150 OP220AJ" OP220AZ 
150 OP220EZ 
300 OP220FZ 
750 OP220CJ" OP220CZ 
750 OP22OGJ OP22OGZ 
750 

OP-220 I 
OPERATING 

PLASTIC TEMPERATURE 
8-PIN RANGE 

MIL 
INO 
INO 
Mil 

OP220GP XINO 
OP220GS XINO 

For devices processed in total compliance to MIL-STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-In is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

PIN CONNECTIONS 

8-PIN HERMETIC DIP 
(Z-Suffix) 

8·PIN PLASTIC DIP 
(P-Suffix) 

.,.Am-..... A 
Y- OUT A 

+IN8 3 I V+ 
+ 

-IN8 • OUTS 

8·PINSO 
(S-Suffix) 

v. 

~:~::. 
.1.Q9'.B . 

Y--

TO-99 
(J-Suffix) 

r------.------~----------~---.----~--~--------._----~~--~--~~w 

-IN OUTPUT 

+IN 0----+-------1----+------+---' 

O---~--~--~--~------~----~~------~--------~----~~----~--~~--~-OV_ 

-ACCESSIBLE IN CHIP FORM ONLY 
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OP-220 
ABSOLUTE MAXIMUM RATINGS (Note 1) PACKAGE TYPE alA (Note 2) alC UNtTS 
Supply Voltage ................................................................. :I: 18V 

Differential Input Voltage ••••.••••••.•.•.••••• 30V or Supply Voltage TO·99 (J) 150 18 ·C/W 

Input Voltage .................................................... Supply Voltage 8-Pin Hermetic DIP (Z) 148 16 ·C/W 

Output Short-Circuit Duration •••••.••••.••••••••••••••••••.••••• Indefinite 8-Pln Plastic DIP (P) 103 43 ·C/W 

Storage Temperature Range .••.••...••..•••••••••.• -65°C to + 150°C 8-Pin SO (S) 158 43 ·C/w 

Operating Temperature Range NOTES: 
OP-220A, C •.•••••••••.••••••••••.••..••••••.•••••.•••••••• -55°C to + 125°C 1. Absolute maximum ratings apply to both DICE and packaged parts. unless 
OP-220E, F .................................................. -25°C to +85°C otherwise noted. 

OP-220G ...................................................... -40°C to +85°C 2. alA Is specified for worst case mounting conditions, i.e., alA Is specified for 

Lead Temperature (Soldering, 60 sec) ........................ +300°C 
device in socket for CerDIP and P-DIP packages; alA Is specified for device 

Junction Temperature (Tj) ............................ -65°C to + 150°C 
soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs = ±2.5V to ± 15V, TA = +25°C, unless otherwise noted. 

OP-220AlE OP-220F OP-220C/G 
PARAMETER SYMBOL CONOITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas Vs = ±2.5V to ± 15V 120 150 250 300 500 750 p.V 

Input Ollset Current los Vct.4=O 0.15 1.5 0.2 2 0.2 3.5 nA 

Input Bias Current 18 VCM=O 12 20 13 25 14 30 nA 

Input Voltage Range IVR 
V+=5V. V-=OV. 0/3.5 0/3.5 0/3.5 

V 
Vs =±15V -15/13.5 -15/13.5 -15/13.5 

V+=5V,V-=OV. 
90 100 85 90 75 85 

Common-Mode 
CMRR OV"VCM " 3.5V dB 

Rejection Ratio Vs =±15V. 
95 100 90 95 80 90 

-15V" VCM " 13.5V 

Power Supply 
PSRR 

Vs = ±2.5V to ± 15V 3 10 10 32 32 100 
Rejection Ratio V-=OV, V+=5Vto30V 6 18 18 57 57 180 

p.VN 

V+=5V. V-= OV, RL = l00kO 
500 1000 500 800 300 500 

Lilrge-Slgnal 
Ava 

tV "Va" 3.5V V/mV 
Voltage Gain Vs = ± 15V, RL = 25kO 

1000 2000 1000 2000 800 1600 
Vo =±10V 

Output Voltage 
V+=5V, V-=OV. 

0.7/4 0.7/4 0.8/4 
Swing Va RL = 10110 V 

Vs = ±15V, RL = 25kO ±14 ±14 ±14 

Slew Rate SR RL = 25kO. (Note 1) 0.05 0.05 0.05 VII's 

Bandwidth BW AVCL = +1, RL = 25kO 200 200 200 kHz 

Supply Current 
ISY 

Vs = ±2.5V, No Load 100 115 115 125 125 135 
(Both Amplifiers) Vs =±15V, No Load 140 170 150 190 205 220 

p.A 

ELECTRICAL CHARACTERISTICS atVs = :l:2.5Vto:l:15V, -55°C ",TA '" +125°Cfor OP-220A and C, -25°C", TA ", +85°Cfor 

OP-220E and F, -40°C '" T A ", +85°C for OP-220G, unless otherwise noted. 

OP-220AlE OP-220F OP-220C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average Input Ollset TCV: 
Voltage Drift (Note 1 ) as 

Vs =±15V 0.75 1.5 1.2 2 2 3 p.V/oC 

Input Ollset Voltage Vas 200 300 400 500 1000 1300 p.V 

Input Offset Current los VCM=O 0.5 2 0.6 2.5 0.8 5 nA 

Input Bias Current 18 VCM=O 12 25 13 30 14 40 nA 

Input Voltage Range IVR 
V+=5V,V-=OV, 0/3.2 0/3.2 0/3.2 

V 
Vs =±15V -15/13.2 -15113.2 -15/13.2 

V+=5V,V-=OV. 
85 90 90 85 70 80 

Common-Mode 
CMRR OV" VCM " 3.2V dB 

Rejection Ratio Vs=±15V 
90 95 85 90 75 85 

-15V" VCM " 13.2V 

Power Supply Vs =±2.5Vto±15V 6 18 18 57 57 180 
p.VN 

Rejection Ratio 
PSRR 

V-=OV. V+=5Vto30V 10 32 32 100 100 320 
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OP-220 
ELECTRICAL CHARACTERISTICS at Vs = :t2.5Vto:t15V. -55"C:$ T A :$ +125"C for OP-220A and C. -25"C:$ T A :$ +85"C for 

OP-220E and F. -40"C :$ T A :$ +85"C for OP-220G. unless otherwise noted. Continued 

OP-220AlE OP-220F OP-220C/G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

large-Signal 
Avo 

Vs=±15V. RL = 50kO 
500 1000 SOO 800 400 500 VlmV 

Voltage Gain Vo =±10V 

Output Voltage 
V+=5V, V-=OV, 

0.9/3.8 0.9/3.8 1/3.8 
Swing Vo RL = 20kO V 

Vs = ± 15V, RL = 50kO ±13.8 ±13.8 ±13.8 

Supply Current 
ISY 

Vs = ±2.5V, No Load 135 170 155 185 170 210 
(Both Amplifiers) Vs = ± 15V, No Load 190 250 200 280 275 330 

p.A 

NOTE: 1. Sample tested. 

MATCHING CHARACTERISTICS at Vs = ± 15V, TA = 25" C, unless otherwise noted. 

OP-220AlE OP·220F OP-220C/G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TYP MAX UNITS 

Input Offset 
avos ISO 300 

Voltage Match 
250 500 300 600 p.V 

Average Noninverting 
18+ 

Bias Current 
VCM=O 10 20 15 25 20 30 nA 

Noninverting 
los+ VCM=O 0.7 1.5 2 1.4 2.5 nA 

Offset Current 

Common-Mode 
Rejection Ratio aCMRR VCM =-15V to +13.5V 92 100 87 95 72 85 dB 
Match (Note 1) 

Power Supply 
Rejection Retio apSRR Vs= ±2.5V to ±15V 6 14 18 44 57 140 p.VIV 
Match (Note 2) 

MATCHING CHARACTERISTICS at V S = ±15V. -55"C S T AS + 125"C for OP-220A and C; -25"C S T AS +85"C for OP-220E and 

F; -40"C S T AS +85"C for OP-220G. unless otherwise noted. Grades E. F are sample tested. 

OP-220AlE OP·220F OP-220C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX MIN TVP MAX UNITS 

Input Offset 
avos 250 500 

Voltage Match 
400 800 800 1800 p.V 

Input Offset 
TCaVos (Note 3) 1.5 1.5 5 /lVrC 

Voltage Tracking 

Average Noninverting 
18+ 

Bias Current 
VCM=O 10 25 15 30 22 40 nA 

Average Drift of 

Noninverting TCI 8+ VCM = 0 (Note 3) 15 25 15 30 30 50 pArC 
Bias Current 

Noninverting 
los+ VCM=O 

Offset Current 
0.7 2.5 2.5 nA 

Average Drift of 
Noninverting TClos+ VCM = 0 (Note 3) 15 12 22.5 15 30 pArC 
Offset Current 

Common-Mode 
Rejection Ratio aCMRR VcM =-15Vto+13V 87 98 82 96 72 80 dB 
Match (Note 1) 

Power Supply 
Rejection Ratio apSRR Vs = ±2.5V to ±15V 10 26 30 78 57 250 p.VIV 
Match (Note 2) 

NOTES: 
. Input-referred differential error 

1. aCMRR is 20 log10 VcM/aCME, where VCM is the voltage applied to both 2. apSRR IS: avs 
noninverting inputs and .ll.CME is the difference in common-mode 
input-referred error. 3. Sample tested. 
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OP-220 
DICE CHARACTERISTICS 

DIE SIZE 0.097 X 0.063 Inch, 6111 sq. mils 
(2.464 X 1.600 mm, 3.94 sq. mm) 

NOTE: All V+ PADS ARE INTERNALLY CONNECTED. 

1. INVERTING INPUT (A) 
2. NON INVERTING INPUT (A) 
3. BALANCE (A) 
4. V-
5. BALANCE (B) 
6. NONINVERTING INPUT (B) 
7. INVERTING INPUT (B) 
8. BALANCE (B) 
9. V+ 

10. OUT (B) 
11. V+ 
12. OUT (A) 
13. V+ 
14. BALANCE (A) 

WAFER TEST LIMITS at Vs = ±2.5V to ±15V, TA = 25°C for OP-220N, OP-220G and OP-220GR devices; TA = 125°C for 
OP-221NT devices, unless otherwise noted. 

OP-220NT OP-220N OP-220G OP-220GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT UNITS 

Input Ollset Voltage Vos 350 200 500 1000 ,..VMAX 

Input Ollset 
avos 500 300 500 600 ,..VMAX 

Voltage Match 

Input Ollset Current los VCM=O 2.5 3.5 5 nAMAX 

Input Bias Current Ie VCM=O 30 25 30 40 nAMAX 

Input Voltage Range IVR Vs =±15V -15/13.5 -15/13.5 -15/13.5 -15/13.5 VMIN 

Common-Mode 
CMRR 

V- = OV. V+ = 5V. OV:S VCM:S 3.5V 83 88 83 75 
dBMIN 

Rejection Ratio -15V:S VCM:S 13.5V. Vs = ±15V 88 93 88 60 

Power Supply Vs = ±2.5V to ±15V 22 12.5 40 100 
Rejection Ratio 

PSRR 
V-=OV. V+=5Vt030V 36 22.5 70 180 

,..VIVMAX 

RL = 25kll. Vs = ±15V 
1000 800 500 

Large-Signal 
Avo 

Vo =±10V 
V/mVMIN Voltage Gain 

Vs = ±15V. RL = 50kO 
500 

Vo=±IOV 

V+ = 5V. V- = OV. RL = 10kO 0.7/4 0.8/4 0.8/3.8 

Output Voltage Swing Vo 
Vs = ±15V. RL = 25kll ±14 ±14 ±13.S 

VMIN 
V+ = 5V. V-= OV. 0.9/3.S 
RL = 20kll 

±13.8 
Vs = ±15V. RL = 50kll 

Supply CUrrent Vs = ±2.5V. No Load 170 125 135 170 
(Both Amplifiers) ISY Vs = ±15V. No Load 250 190 220 300 

p.A MAX 

NOTE: 
Electrical tests are performed at wafer probe 10 the limits shown. Dueto variations in assembly methods and normal yield loss. yield after packaging is not guaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

OP-220NT OP-220N OP-220G OP-220GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input Offset 
TCVos 1.5 1.5 ,..V/GC 

Voltage Drift 

Large-Signal 
Avo RL = 25kO 2000 2000 1600 600 VlmV 

Voltage Gain 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-220 
TYPICAL PERFORMANCE CHARACTERISTICS 
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INSTRUMENTATION AMPLIFIER APPLICATIONS 
OF THE OP-220 

TWO-OP-AMP CONFIGURATION 
The excellent input characteristics of the OP-220 make it 
ideal for use in instrumentation amplifier configurations 
where lOW-level differential signals are to be amplified. The 
low-noise, low inputoffsets, low drift, and high gain combined 
with excellent CMRR provide the characteristics needed for 
high-performance instrumentation amplifiers. In addition, 
the power supply current drain is very low. 

The circuit of Figure 1 is recommended for applications 
where the common-mode input range is relatively low and 
differential gain will be in the range of 10 to 1000. This two
op-amp instrumentation amplifier features independent 
adjustment of common-mode rejection and differential gain. 
Input impedance is very high since both inputs are applied to 
noninverting op amp inputs. 

Al 

AD 

GAIN 

~V'v---4IV\r----<""'" ADJ 

A2 

A3 

VCM + 1/2Vd 0:------------1 

A4 

A4[ 1 (R2 R3) R2+R3] A4 (R3 R2) Vo =R3 1 +2" Ri+'R4 + RO Vd +ii3 R4 - Rl VCM 

IF Rl '" R2 = R3 = R4, THEN Vo = 2 (1 +~) Vd 

Figure 1. Two-Op-Amp Instrumentation Amplifier 
Configuration 

Vo 

The input voltages are represented as a common-mode 
input VCM plus a differential input Vd. The ratio R3/R4 is 
made equal to the ratio R2/R, to reject the common-mode 
input VCM. The differential signal Vd is then amplified accord
ing to: 

Note that gain can be independently varied by adjusting Ro. 
From considerations of dynamic range, resistor tempco 
matching, and matching of amplifier response, it is generally 
best to make R" R2, R3, and R4 approximately equal. Desig
nating R" R2, R3, and R4as RNallows the output equation to 
be further simplified: 

Vo=2(1 + ~~)Vd' where RN= R,= R2= R3= R4 

REV. B 

OP-220 
Dynamic range is limited by A1 as well asA2; the output of A1 
is: 

If the instrumentation amplifier were designed for a gain of 10 
and maximum Vd of ±1V, then RN/Ro would need to be four 
and Vo would be a maximum of ±10V. Amplifier A1 would 
have a maximum output of ±5V plus 2VCM, thus a limit of 
± 10Von the output of A1 would imply a limit of±2.5Von VCM. 

A nominal value of 100kO for RN is suitable for most applica
tions. A range of 2000 to 25kO for Ro will then provide a gain 
range of 10 to 1000. The current through Ro is Vd/Ro, so the 
amplifiers must supply ±10mV/2000 when the gain is at the 
maximum value of 1000 and Vd is at ±10mV. 

Rejecting common-mode inputs is most important in accu
rately amplifying low-level differential signals. Two factors 
determine the CMR of this instrumentation amplifier configu
ration (assuming infinite gain): 

(1) CMRR of the op amps 
(2) Matching of the resistor network (RalR4 = R2/R,) 

In this instrumentation amplifier configuration, error due to 
CMRR effect is directly proportional to the differential CMRR 
of the op amps. For the OP-220AlE, this combined CMRR is a 
minimum of 98dB. A combined CMRR value of 100dB and 
common-mode input range of ±2.5V indicates a peak input
referred error of only ±25I'V. 

Resistor matching is the other factor affecting CMRR. 
Defining Ad as the differential gain of the instrumentation 
amplifier and assuming that R" R2, R3 and R4 are approxi
mately equal (RN will be the nominal value). then CMRR will 
be approximately Ad divided by 4.:1R/RN' CMRR at differen
tial gain of 100 would be 88dB with resistor matching of 0.1%. 
Trimming R, to make the ratio RalR4 equal to R2/R, will 
directly raise the CMRR until it is limited by linearity and 
resistor stability considerations. 

The high open-loop gain of the OP-220 is very important in 
achieving high accuracy in the two-op-amp instrumentation 
amplifier configuration. Gain error can be approximated by: 

Gain Error-~A 2 AdA «(1 
1 +_d_ A01 02 

A02 

where Ad is the instrumentation amplifier differential gain 
and A02 is the open-loop gain of op amp A2. This analysis 
assumes equal values of R" R2, R3, and R4. For example, 
consider an OP-220 with A02 of 700V/mV. If the differential 
gain Ad were setto 700, the gain error would be 111.001 which 
is approximately 0.1 %. 

Another effect of finite op amp gain is undesired feedthrough 
of common-mode input. Defining Ao, as the open-loop gain 
of op amp A1, then the common-mode error (CME) at the 
output due to this effect will be approximately 

CME- 2 Ad V 
1 + Ad A01 CM 

Ao, 
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OP-220 
For AcY' A()." <1, this simplifies to (2 AcY' Ao,) X VCM. Ifthe op amp 
gain is 700VlmV, V CM is 2.5V, and Ad is setto 700, then the error 
at the output due to this effect will be approximately 5mV. 

The OP-220 offers a unique combination of excellent dc 
performance, wide input range, and low supply current drain 
that is particularly attractive for instrumentation amplifier 
design. 

THREE-OP-AMP CONFIGURATION 
A three-op-amp instrumentation amplifier configuration 
using the OP-220 and OP-22 is recommended for applica
tions requiring high accuracy over a wide gain range. This 

R1 

Figure 2. Three-Op-Amp Instrumentation Amplifier 
Using OP-220 and OP-22 
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circuit provides excellent CMR over a wide input range. As 
with the two-op-amp instrumentation amplifier circuits, tight 
matching of the two op amps provides a real boost in per
formance. The OP-22 is a micropower op-amp featuring 
programmable supply current. 

A simplified schematic Is shown in Figure 2. The input stage 
(A1 and A2) serves to amplifythe differential input Vd without 
amplifying the common-mode voltage VCM' The output stage 
then rejects the common-mode input. With ideal op-amps 
and no resistor matching errors, the outputs of each amplifier 
will be: 

The differential gain Ad is 1 + 2R,/Ro and the common-mode 
input VCM is rejected. 

This three-op-amp instrumentation amplifier configuration 
using an OP-220 at the input and an OP-22 at the output 
provides excellent performance over a wide gain range with 
very low power consumption. A gain range of 1 to 2000 is 
practical and CMR of over 120dB is readily achievable. 
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11IIIIIIII ANALOG 
WDEVICES 

Dual Low-Power Operational Amplifier, 
Single or Dual Supply 

FEATURES 

• Excellent TCVos Match. . .. . . . . . . . . . . . . .. 2p.V/o C Max 
• Low Input Offset Voltage .................. 150p.V Max 
• Low Supply Current ... . . . . . . . . . . . . . . . . . .. 550p.A Max 
• Single Supply Operation ................ +5V to +30V 
• Low Input Offset Voltage Drift ............. O.75p.Vlo C 
• High Open-Loop Gain. . . . . . . .. . . . . . . .. 1500V/mV Min 
• High PSRR ................................... 3p.V/V 
• Wide Common-Mode Voltage 

Range. . .. . . . . . . . . . . . . . .. . .. V- to within 1.5V of V+ 
• Pin Compatible with 1458. LM158. LM2904 
• Available in Die Form 

ORDERING INFORMATION t 

TA=+2S0C PACKAGE 
OPERATING 

YosMAX CERDIP PLASTIC TEMPERATURE 
(J.lY) TO-99 8-PIN 8-PIN RANGE 

150 OP-221 AJ/883 OP221 AZ' MIL 
150 OP221EZ INO 
300 OP221BJ MIL 
500 OP221CJ MIL 
500 OP221GJ OP221GZ OP221GP XINO 
500 OP221GS XINO 

Fordevices processed in total compliance to MIL·STO-883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerOIP. plastic DIP, and TO·can packages. 

GENERAL DESCRIPTION 

The OP-221 is a monolithic dual operational amplifier that 
can be used either in single or dual supply operation. The 

SIMPLIFIED SCHEMATIC (Each Amplifier) 

OP-221 I 
wide supply voltage range, wide input voltage range, and low 
supply current drain of the OP-221 make it weI/-suited for 
operation from batteries or unregulated power supplies. 

The excel/ent specifications of the individual amPlif.iers com- • 
bined with the tight matching and temperature tracking 
between channels provide high performance in instrumen-
tation amplifier designs. The individual amplifiers feature 
very low input offset voltage, low offset voltage drift, low 
noise voltage, and low bias current. They are ful/y compen-
sated and protected. 

Matching between channels is provided on al/ critical 
parameters including input offset voltage, tracking of offset 
voltage vs. temperature, non-inverting bias currents, and 
common-mode rejection. 

PIN CONNECTIONS 

V. 

8-PINSO 
(5-Suffix) 

OVTA@B,oura 
A • 

-INA2 6-1N .. 

+INA3 S+INB TO-99 
• (J-Suffix) 
V-

8-PIN 
HERMETIC DIP 

(Z-Sufflx) 

8-PIN 
PLASTIC DIP 

(P-Suffix) 

,-----~~----~~----------~--_.----~--_.--------~------~--~~--~~v+ 

-IN OUTPUT 

"N 0----+------+----+------+----

o----*--~--~----+-------__ ----~--------~~------~~----~------~--~----__ _ov-

"ACCESSIBLE IN CHIP FORM ONLY 
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OP-221 
ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ................................................................. ±18V 

Differential Input Voltage ••••••••••••••••••••• 30V or Supply Voltage 

InpU1 Voltage .................................................... Supply Voltage 

Output Short-Circuit Duration ••••••••••••••••••••••••••••••••••• Indefinite 
Storage Temperature Range ........................ -65·C to + 150·C 

Operating Temperature Range 

OP-221A, B, C .......................................... -55·Cto +125· C 

OP-221 E ...................................................... -25·C to +85·C 

OP-221 G ..•...........••....•............•...•.•.•............ -40·C to +85·C 

Lead Temperature (Soldering, 60 sec) ........................ +300·C 
Junction Temperature (Tj ) •••••••••••••••••••••••••••• -65·C to + 150·C 

PACKAGE TYPE alA (Note 2) a lc UNITS 

TO-99 (J) 150 18 ·C/W 

8-Pin Hermetic DIP (Z) 148 16 ·C/W 

8·Pln Plastic DIP (P) 103 43 ·C/W 

8-PinSO(S) 158 43 ·C/W 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts. unless 

otherwise noted. 
2. alA is specified for worst case mounting conditions, i.e., alA is specified for 

device in socket for TO, CerDIP and P-DIP packages; alA is specified for 
device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs = ±2.5V to ± 15V, TA = 25· C, unless otherwise noted. 

o P-221 AlE OP-221B OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Inpul Offset Vollage Vos 75 150 150 300 250 500 "V 

Input Offset Current los VCM~O 0.5 1.5 nA 

Input Bias Current 18 VCM~O 50 80 60 100 70 120 nA 

V+~5V V-~OV 0/3.5 0/3.5 0/3.5 
Input Voltage Range IVR Vs ~ ±1~V (Note 2) -15/13.5 -15/13.5 -15/13.5 

V 

V+ = 5V, V-= OV 
90 100 85 90 75 85 

Common-Mode 
CMRR 

OV,; VCM '; 3.5V 
dB 

Rejection Ratio Vs =±15V 
95 100 90 95 80 90 

-15V'; VCM ';13.5V 

Power Supply Vs= ±2.5V to ±15V 3 10 10 32 32 100 
Rejection Ratio 

PSRR 
V-=OV, V+=5Vt030V 6 18 18 57 57 180 "VIV 

Large-Signal 
Avo 

Vs = ± 15V, RL = 10kll 
1500 1000 800 V/mV 

Voltage Gain VO= ±10V 

Output Voltage 
V+~5V, V-~OV, 

0.7/4.1 0.7/4.1 0.8/4 
Swing Vo RL ~ 10kll 

V 
Vs = ± 15V, RL = 10kll ±13.8 ±13.8 ±13.5 

Slew Rate SR RL = 10kll, (Note 1) 0.2 0.3 0.2 0.3 0.2 0.3 VI"s 

Bandwidth BW 600 600 600 kHz 

Supply Current Vs = ±2.5V, No Load 450 550 500 600 550 650 
(Both Amplifiers) ISY Vs = ± 15V, No Load 600 800 800 850 850 900 JlA 

NOTES: 
1. Sample tested. 
2. Guaranteed by CMRR test limits. 

ELECTRICAL CHARACTERISTICS at V S = ±2.5V to ±15V, -55·C:5 TA :5 + 125·C for OP-221A, B, and C, -25·C:5 TA :5 +85·C for 

OP-221 E, -40·C :5 TA :5 +85·C for OP-221 G, unless otherwise noted. 

OP-221A/E OP-221B OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average Input Offset TCV 
Voltage Droft (Note 1) as 

0.75 1.5 1.2 2 "vrc 

Input Offset Voltage Vos 150 300 250 450 400 700 "V 

Input Offset Current los VCM=O 5 1.5 10 nA 

Input Bias Current 18 VCM=O 55 100 65 120 80 140 nA 

Input Voltage Range IVR V+ = 5V, V- = OV Note 2) 0/3.2 
Vs = ±15V ( -15/13.2 

0/3.2 
-15/13.2 

0/3.2 
-15/13.2 

V 

V+=5V, V-~OV 
85 90 80 85 70 80 

Common-Mode 
CMRR 

OV,; VCM '; 3.2V 
Rejection Ratio Vs =±15V 

dB 
90 95 85 90 75 85 

-15V'; VCM ';13.2V 
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OP-221 
ELECTRICAL CHARACTERISTICS at V s = ±2.5V to ±15V. -55°C '" TA '" + 125°C for OP-221 A. B. and C. -25°C", TA '" +85°C for 

OP-221 E. -40°C '" TA '" +85°C for OP-221G. unless otherwise noted. (Continued) 

OP-221 AlE OP-221B OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Power Supply Vs ~ ±2.5V to ± 15V 6 18 18 57 57 180 
PSRR pVIV 

Rejection Ratio V-~ OV. V+ ~ 5V to 30V 10 32 32 100 100 320 

Large-Signal 
Avo 

Vs ~ ± 15V. RL ~ 10k!! 
1000 800 600 V/mV 

Voltage Gain Vo~ ±10V 

Output Voltage 
V+ ~ 5V. V-~ OV. 

0.8/3.8 0.8/3.8 0.9/3.7 
Swing Vo RL ~ 10k!! V 

Vs ~ ±15V, RL ~ 10k!! ±13.5 ±14 ±13.5 ±14 ±13.2 

Supply Current 
ISY 

Vs ~ ±2.5V, No Load 500 650 550 700 600 750 
(Both Amplifiers) Vs~ ±15V, No Load 700 900 900 950 950 1000 

pA 

NOTES: 
1. Sample tested. 
2. Guaranteed by CMRR test limits. 

MATCHING CHARACTERISTICS at Vs = ±15V. TA = 25°C, unless otherwise noted. 

OP-221A/E OP-221B OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
t1Vos 50 200 

Voltage Match 
150 400 250 GOO pV 

Average Noninverting 
16+ 80 100 120 nA 

Bias Current 

Noninverting Input 
los+ 5 2 5 4 10 nA 

Offset Current 

Common-Mode 
Rejection Ratio t1CMRR VCM ~ -15V to +13.5V 92 87 72 dB 
Match (Note 1) 

Power Supply 
Rejection Ratio t1PSRR Vs ~ ±2.5V to ±15V 14 44 140 pVIV 
Match (Note 2) 

MATCHING CHARACTERISTICS at Vs = :t15V. -55°C '" TA '" +125°Cfor OP-221A. B. and C. -25°C", TA '" +85°Cfor OP-

221 E. -40°C '" T A '" +85°C for OP-221 G. unless otherwise noted. Grades E and G are sample tested. 

o P-221 AlE 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

Input Offset 

Voltage Match 

Average Noninverting 

Bias Current 

Input Offset 
Voltage Tracking 

Noninverting Input 

Offset Current 

Common-Mode 

Rejection Ratio 
Match (Note 1) 

Power Supply 

Rejection Ratio 
Match (Note 2) 

NOTES: 

t1Vos 

TCt1Vos 

t1CMRR VCM~ -15V to +13.2V 87 

t1PSRR 

1. t1CMRR is 20 log,o VcM/t1CME, where VCM isthe voltage applied to both 
noninverting inputs and .6.CME is the difference in common-mode input
referred error. 

2. .6.PSRR is: Input-Referred Differential Error 
t1Vs 

REV. B 

100 400 

100 

90 

26 

OP-221B OP-221C/G 
MIN TYP MAX MIN TYP MAX UNITS 

250 600 400 800 p.V 

120 140 nA 

3 p'vrc 

3 6 12 nA 

82 85 72 80 dB 

78 250 p.VIV 
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OP-221 
DICE CHARACTERISTICS 

DIE SIZE 0.097 X 0.063 inCh, 6111 sq. mils 
(2.464 X 1.600 mm, 3.94 sq. mm) 

NOTE; All V+ PADS ARE INTERNALLY CONNECTED. 

1. INVERTING INPUT (A) 
2. NONINVERTING INPUT (A) 
3. BALANCE (A) 
4. V-
5. BALANCE (B) 
6. NONINVERTING INPUT (B) 
7. INVERTING INPUT (B) 
8. BALANCE (B) 
9. V+ 

10. OUT (B) 
11. V+ 
12. OUT (A) 
13. V+ 
14. BALANCE (A) 

WAFER TEST LIMITS at Vs= ±2.5V to ± 15V, TA= 25°C, unless otherwise noted. 

OP-221N OP-221G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT 

Input Offset Voltage Vas 200 350 

Input Offset Current los VCM=O 3.5 5.5 

Input Bias Current Ie VCM=O 85 105 

Input Voltage Range IVR 
V+ = 5V. V-= OV 0/3.5 0/3.5 
Vs=±15V -15/13.5 -15/13.5 

Common-Mode 
CMRR 

V-=OV, V+=5V,OV$VCM $3.5V 88 83 
Rejection Ratio Vs =±15V,-15V$VCM $13.5V 93 88 

Power Supply 
PSRR 

Vs = ±2.5V to ± 15V 12.5 40 
Rejection Ratio V-=OV, V+=5Vt030V 22.5 70 

Large-Signal 
Ava 

Vs =±15V 
1500 1000 

Voltage Gain RL = 10kfl 

Output Voltage Swing Va 
V+ =-5V, V- = OV, RL = 10kfl 0.7/4.1 0.7/4.1 
Vs =±15V, RL = 10kfl ±13.8 ±13.8 

Supply Current 
Isv 

Vs =±2.5V, No Load 580 610 
(Both Amplifiers) Vs = ±15V, No Load 810 860 

NOTE: 

OP-221GR 
LIMIT UNITS 

500 p.VMAX 

7 nAMAX 

120 nAMAX 

0/3.5 V MINIMAX 
-15113.5 VMIN 

75 
dB MIN 

80 

100 
p.VNMAX 

180 

800 VlmVMIN 

0.8/4 V MINIMAX 
±13.5 VMIN 

650 
900 

p.AMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-221 
TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-221 
TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-221 
SPECIAL NOTES ON THE APPLICATION OF 
DUAL MATCHED OPERATIONAL AMPLIFIERS 
ADVANTAGES OF DUAL MONOLITHIC 
OPERATIONAL AMPLIFIERS 

Dual matched operational amplifiers provide the engineer 
with a powerful tool for designing instrumentation amplifiers 
and many other differential-input circuits. These designs are 
based on the principle that careful matching between two 
operational amplifiers can minimize the effect of DC errors in 
the Individual amplifiers. 

Reference to the circuit shown in Figure 1, a differential-in, 
differential-out amplifier, shows how the reductions In error 
can be accomplished. Assuming the resistors used are 
ideally matched, the gain of each side will be Identical. If the 
offset voltages of each amplifier are perfectly matched, then 
the net differential voltage at the amplifier's output will be 
zero. Note that the output offset error of this amplifier is not a 
function of the offset voltage of the individual amplifiers, but 
only a function of the difference (degree of matching) 
between the amplifiers' offset voltages. This error-cancel
lation principle holds for a considerable number of input 
referred error parameters - offset voltage, offset voltage 
drift, inverting and noninverting bias currents; common
mode and power supply rejection ratios. Note also that the 
impedances of each input, both common-mode and differ
ential-mode, are high and tightly matched, an important 
feature not practical with single operational amplifierclrcuits. 

03 

INPUT OP·221 
OUTP\IT 

INSTRUMENTATION AMPLIFIER APPLICATIONS 

Two-Op-Amp Configuration 
The two-op-amp circuit (Figure 2), is recommended. where 
the common-mode input voltage range is relatively limited; 
the common-mode and differential voltage both appear at Vl. 

2-842 OPERATIONAL AMPLIFIERS 

The high open-loop gain of the OP,221 Is very important in 
achieving good CMRR in this configuration. Finite open-loop 
gain of Al (A01 ) causes undesired feedthrough of the 
common-mode input. For Ad/Ao1 «1, the common-mode 
error (CME) at the output due to this effect is approximately 
(2 Ad/A01) x YOM. This circuit features independent adjust
ment of CMRR and differential gain. 

Three-Op-Amp Configuration 
The three-op-amp circuit (Figure 3), has increased common
mode voltage range because the common-mode voltage is 
not amplified as it is in Figure 2. The CMR of this amplifier is 
directly proportional to the match ofthe CMR of the input op 
amps. CMRR can be raised even further by trimming the 
output stage resistors. 

00 

Rt R2 

R4 

03 

Vd 

vo=; [1 +t (~+~n + ~]Vd+* (Af-Ri)VCM 

Figure 2 
IF Rt'" R2= R3-R4, THEN VO "2 (t +~)Vd 
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Vo 
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11IIIIIIII ANALOG 
WDEVICES 

Dual, Low-Noise Low-Offset 
Instrumentation Operational Amplifier 

FEATURES 
• Excellent Individual Amplifier Parameters 
• Low Vos ................................... BOILV Max 
• Offset Voltage Match ....................... BOILV Max 
• Offset Voltage Match vs Temperature ..... 1ILVfOC Max 
• Stable Vos vs Time ....•................. 1ILV/Mo Max 
• Low Voltage Noise ................. 3.9nVlv'HZ Max 
• Fast ..................................... 2.BV/ILs Typ 
• High Gain ............................ 1.B Million Typ 
• High Channel Separation .................. 154dB Typ 

ORDERING INFORMATIONt 

TA = 25°C HERMETIC OPERATING 
VosMAX DIP TEMPERATURE 

("V) 14-PIN RANGE 

80 OP227AY' MIL 
80 OP227EY IND 

120 OP227BY/883 MIL 
120 OP227FY IND 
180 OP227GY IND 

• For devices processed in toral compliance to Mll-STIJ.883, add /883 after part 
number. Consult faclOly for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The OP-227 is the first dual amplifier to offer a combination of 
low offset, low noise, high speed and guaranteed amplifier 
matching characteristics in one device. The OP-227 with a 
Vos match of 25ILV typical, a TCVos match of O.3ILV/DC 
typical, and a llf corner of only 2.7Hz is an excellent choice 
for precision low noise deSigns. These D.C. characteristics, 
coupled with a slew rate of 2.SV/ILs typical and a small-signal 
bandwidth of SMHz typical, allow the designer to achieve AC 
performance previously unattainable with op-amp-based 
instrumentation deSigns. 

SIMPLIFIED SCHEMATIC (1/2 OP-227) 

OP-227 I 
When used in a three-op-amp instrumentation amplifier con
figuration, the OP-227 can achieve a CMRR in excess of 
100dB at 10kHz. In addition, this device has an open-loop 
gain of 1.5M typical with a 1 kO load. The OP-227 also features 
an IB of ±10nA typical, an losof 7nA typical, and guaranteed 
matching of input currents between amplifiers. These out
standing input current specifications are realized through the 
use of a unique input current-cancellation-circuit which 
typically holds IB and los to ±20nA and 15nA respectively 
over the full military temperature range. 

Other sources of input-referred errors, such as PSRR and 
CMRR, are reduced by factors in excess of 120dB for the 
individual amplifiers. D.C. stability is assured by a long-term 
drift specification of 1.0ILV/month. 

Matching between channels is provided on all critical para
meters including offset voltage, tracking of offset voltage vs. 
temperature, non inverting bias current, CMRR, and power 
supply rejection ratio. This unique dual amplifier allows the 
elimination of external components for offset nulling and 
frequency compensation. 

The OP-227 is pin compatible with the OP-10 and OP-207. 

PIN CONNECTIONS 

14-PIN CERAMIC DIP 
(V-Suffix) 

, NOTES: 
1. Device may be operated even if 

insertion is reversed; this is 
due to inherent symmetry of 
pin locations of amplifiers A 
and B. 

2. V-(AI and V-(BI are internally 
connected via substrate 
resistance. 

r-------~--------~~--------~--~----~------~------_.--~~~~~v+ 

REV. B 

NON 
INVERTING 

INPUT, 0+;...1 +-+---.-+----10----1: 
INVERTING 

INPUT .,.'-:...1 ...... __ --.+-+--------+---------...l 

OUTPUT 

L---------------~~ __ ~--------~ __________ ~~~~--~~v-
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OP-227 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ................................................................. ±22V 
Input Voltage (Note 1) ...................................................... t22V 
Output Short-Circuit Duration ................................... Indefinite 
Differential Input Voltage (Note 2) .................................. to.7V 
Differential Input Current (Note 2) ................................ ±25mA 
Storage Temperature Range ........................ -65°C to + 150°C 
Operating Temperature Range 

OP-227 A, OP-227B ................................... -55°C to + 125°C 
OP-227E, OP-227F, OP-227G .................... -25°C to +85°C 

Lead Temperature (Soldering 60 sec) ........................... 300°C 

PACKAGE TYPE UNITS 

14·Pin Herme1lc DIP (Y) 108 16 

NOTES: 
I. For supply voltages less 1han ±2.2V, 1he absolute maximum Input voltage is 

equal to the supply voltage. 
2. The OP-22Ts inputs are protected by back·to-back diodes. Current limiting 

resistors are not used in orderto achieve low noise. H differential input voltage 
exceeds ±a.7V, 1he Input current should be limited to 25mA. 

3. 8 iA Is specified for worst case mounting conditions. I.e .• 8 1A is specified for 
device in socket for CerDIP package. 

INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

OP-227A1E OP-227F OP-227G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas (Note 1) 20 BO 40 120 60 lBO "V 

Long-Term Vas 
Vas/Time (Notes 2, 4) 0.2 1.0 0.3 1.5 0.4 2.0 "V/Mo Stability 

Input Offset Current los 35 50 12 75 nA 

Input Bias Current la ±10 ±40 ±12 ±55 ±15 ±BO nA 

Input Noise Voltage 
0.1 Hz to 10Hz 

O.OB 0.20 O.OB 0.20 0.09 0.2B "Vp_p Bnp_p (Notes 3, 5) 

fa = 10Hz (Note 3) 3.5 6.0 3.5 6.0 3.B 9.0 
Input Noise 

fo =30Hz(Note3) 3.1 4.7 3.1 4.7 3.3 5.9 nVlv"Hz en 
Voltage Density 

fa = 1000Hz (Note 3) 3.0 3.9 3.0 3.9 3.2 4.6 

fo= 10Hz (Notes 3, 6) 1.7 4.5 1.7 4.5 1.7 
Input Noise 

in fo=30Hz (Notes 3, 6) 1.0 2.5 1.0 2.5 1.0 pA/v"Hz 
Current Density 

fa = 1000Hz (Notes 3, 6) 0.4 0.7 0.4 0.7 0.4 0.7 

Input Resistance-
R'N I Note 7) 1.3 6 0.94 5 0.7 4 Mil 

Differential-Mode 

Input Resistance -
R 1NCM 3 2.5 Gil 

Common-Mode 

Input Voltage Range IVR ±11.0 ±12.3 ±11.0 ±12.3 ±11.0 ±12.3 V 

Common-Mode 
CMRR VCM = ±11V 114 126 

Rejection Ratio 
106 123 100 120 dB 

Power Supply 
PSRR 

Rejection Ratio 
Vs= ±4V to ±IBV 10 10 2 20 "V/v 

Large-Signal 
Ava 

RL~2kll, Vo =±10V 1000 lBOO 1000 IBOO 700 1500 
VlmV 

Voltage Gain RL ~ BOOIl, Va = ± 10V BOO 1500 BOO 1500 600 1500 

Output Voltage Swing Va 
RL~ 2kll ±12.0 ±13.B ±12.0 ±13.B ±11.5 ±13.5 

V 
RL~6001l ±10.0 ±11.5 ±10.0 ±11.5 ±10.0 ±11.5 

Slew Rate SR RL~2kll(Note4) 1.7 2.B 1.7 2.B 1.7 2.B VI"s 

Gain Bandwidth Prod. GBW (Note 4) 5 MHz 

Open-Loop Output 
Ro Vo=O,lo=O 70 70 70 I! 

Resistance 

Power Consumption Pd Each Amplifier 90 140 90 140 100 170 mW 

Offset Adjustment 
Rp= lOkI! ±4 ±4 ±4 mV 

Range 

NOTES: 
1. Input offset voltage measurements are perform~d by automated test 3. Sample tested. 

equipment approximately 0.5 seconds after application of power. 4. Parameter is guaranteed by deSign. 
AlE grade specifications are guaranteed fully warmed up. 5. See test circuit and frequency response curve for O.1Hz to 10Hz tester. 

2. Long-Term Input Offset Voltage Stability refers to the average trend line of 6. See test circuit for current noise measurement. 
Vos VB. Time over extended periods after the first 30 days of operation. 7. Guaranteed by input bias current. 
Excluding the initial hour of operation, changes in Vas during the first 30 
days are typically 2.51JV - refer to typical performance curve. 
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OP-227 
INDIVIDUAL AMPLIFIER CHARACTERISTICS for Vs = ± 15V. -55° C ~ TA ~ + 125°C. unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Average Input 
Offset Drift 

Input Offset Current 

Input Bias Current 

Input Voltage Range 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Large-Signal 
Voltage Gain 

Output Voltage Swing 

SYMBOL 

Vos 

TCVos 
TCVOSn 

los 

18 

IVR 

CMRR 

PSRR 

Avo 

CONDITIONS 

(Note 1) 

(Notes 2. 3) 

Vs = ±4.5V to ±18V 

RL " 2kll. VO= ±10V 

OP-227A 
MIN TYP MAX UNITS 

60 180 

0.3 1.0 "VI"C 

15 50 nA 

±20 ±60 nA 

±10.0 ±11.5 v 

108 122 dB 

16 "VIV 

600 1200 V 

±11.5 ±13.5 V 

INDIVIDUAL AMPLIFIER CHARACTERISTICS for Vs = ± 15V. -25° C ~ TA ~ 85° C. unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Average Input 
Offset Drift 

Input Offset Current 

Input Bias Current 

Input Voltage Range 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Large-Signal 
Voltage Gain 

Output Voltage Swing 

SYMBOL CONDITIONS 

Vos 

TCVoS 
TCVOSn 

los 

la 

IVR 

CMRR 

PSRR 

Avo 

(Note 1) 

(Note 2) 

Vs = ±4.5V to ±18V 

RL ,,2kl!, Vo =±10V 

OP-227E 
MIN TYP MAX 

40 140 

0.5 1.0 

10 50 

±14 ±60 

±1O.0 ±11.8 

110 124 

15 

750 1500 

±11.7 ±13.6 

OP-227F OP-227G 
MIN TYP MAX MIN TYP MAX UNITS 

60 200 85 280 "v 

0.4 1.5 0.5 1.8 "VI"C 

14 85 20 135 nA 

±18 ±95 ±25 ±150 nA 

±10.0 ±11.8 ±10.0 ±11.8 V 

102 121 96 118 dB 

16 32 "VIV 

700 1300 450 1000 V/mV 

±11.4 ±13.5 ±11.0 ±13.3 v 

MATCHING CHARACTERISTICS for Vs = ±15V. TA = 25°C, unless otherwise noted. 

OP-227A/E OP-227F OP-227G 
PARAMETER 

Input Offset Voltage 
Match 

Average Noninverting 
Bias Current 

Noninverting Offset 
Current 

Inverting Offset Current 

Common-Mode 
Reiection Ratio Match 

Power Supply 
Rejection Ratio Match 

Channel Separation 

NOTES: 

SYMBOL CONDITIONS MIN 

la+ 

los+ 

110 

Il.PSRR Vs = ±4V to ±lSV 

CS (Note 1) 126 

1. Input Offset Voltage measurements Bre performed by automated test 
equipment approximately 0.5 seconds after application of power. 

REV. B 

TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

25 

±10 

±12 

±12 

123 

154 

80 35 150 55 300 

±40 ±12 ±55 ±15 ±90 nA 

±60 ±15 ±80 ±20 ±130 nA 

±60 ±15 ±SO ±20 ±130 nA 

103 120 97 117 dB 

10 10 20 

126 154 126 154 dB 

2. The TCVos performance is within the specifications unnulled or when 
nulled with Rp = 8kn to 20kn, optimum performance is obtained with 
Rp= SkI!. 

3. Sample tested. 
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OP-227 
MATCHING CHARACTERISTICS for Vs = ±15V, TA = -55°C to +125°C, unless otherwise noted. 

OP-227A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage 
AVos 55 180 p.V 

Match 

Input Offset Voltage 
TCAVos 

Nulled or 
Tracking Unnulled (Note 2) 

0.3 1.0 ",V/'C 

I Average Noninvel1ing 
la+ 

I a+A+1a+a 
Bias Current la+=--2-- ±20 ±60 nA 

Average Drift of Non-
TCl a+ 100 pAI"C 

inverting Bias Current 

Noninverting Offset 
los+ los+ = I a+..--Ia+a Current 

±25 ±90 nA 

Average Drift of Non-
TClos+ 130 pAl'C 

inverting Offset Current 

Inverting Offset Current 'os- los- = 'a-A-Ia- s ±25 ±90 nA 

Common-Mode 
ACMRR VcM =±10V 

Rejection Ratio Match 
105 liS dB 

Power Supply 
APSRR 

Rejection Ratio Match 
Vs = ±4.5V to ±1SV 16 p.VIV 

MATCHING CHARACTERISTICS for Vs = ± 15V, TA = -25°C to +85°C, unless otherwise noted. 

OP-227E OP-227F OP-227G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage 
AVos 40 140 65 210 90 400 ",V 

Match 

Input Offset Voltage 
TCAVos 

Nulled or 
0.3 1.0 0.4 1.5 

Tracking Unnulled (Note 1) 
0.5 1.S p.V/'C 

Average Noninverting 
la+ la+ = la+A+la+a ±14 ±60 ±1S ±95 ±25 ±170 nA 

Bias Current 2 

Average Drift of Non-
TCl a+ 80 140 ISO pAl'C 

inverting Bias Current 

Noninverting Offset 
los+ los+ = la+A-la+a ±20 ±90 ±25 ±140 ±35 ±250 nA 

Current 

Average Drift of Non-
TClos+ 130 200 250 pA/'C 

inverting Offset Current 

Inverting Offset Current I os- los-= I "A-Ia-a ±20 ±90 ±25 ±140 ±35 ±250 nA 

Common-Mode 
ACMRR 

Rejection Ratio Match 
VCM= ±10V 106 120 9S 117 90 112 dB 

Power Supply 
APSRR Vs = ±4.5V to ±1SV 2 15 16 3 32 p.VIV 

Rejection Ratio Match 

NOTES: 
I. Sample tested. 
2. Guaranteed by design. 
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OP-227 
TYPICAL PERFORMANCE CHARACTERISTICS 

VOLTAGE NOISE TEST CIRCUIT (O.1Hz-TO-10Hzp_p) LOW-FREQUENCY NOISE 

lon 

VOLTAGE NOISE DENSITY 
V8 FREQUENCY 

19~~~aEE=~~lij~~~8fHE 
ri ~ r--j-t-ttt-tttt-H-t+tt+tt S. TA = 2SOC 

~ : "",..-l-+ttltItt-H++tttlt Vs = ±1SV 

~ 4 \ i' 
z 
i!l I"'--
III 3 

~ Ilf CORNER 
w = 2.7Hz 

~ 2 

g 

'~'~~~~'O~~~~'OOL-~~~,. 
FREQUENCY (Hz) 

TOTAL NOISE V8 

SOURCE RESISTANCE 
100 E=J=FF"E=a=fF=====91 

~~::~~~ ~~-
I---J--,t-t++tttt---~ 
t--t-H+t--H+t-- RS = 2Rl 

100 ,. 10k 
SOURCE RESISTANCE (n) 

REV. B 

BACK·TO·BACK 

47\ 
23.5~F rOPE 

Xl 
RIN= lM,n 

110ldl 

120 

80 

40 

-40 

-80 

-120 

D.1Hz TO 10Hz PEAK-lO-PEAK NOISE 

NOTE: OBSERVATION TIME MUST BE LIMITED TO 10 SECONDS 
TO ENSURE 0.1Hz CUTOFF. 

100 

~ 
1 
III 
510 z 
w 

~ g 

1 

COMPARISON OF OP-AMP 
VOLTAGE NOISE SPECTRA 

-i§;; 741 

, 
...... , -

I/f CORNER 

LOW NOISE 
AUDIO 

Ilf CORNER ~~ OP AMP 
2.7Hz 

Ilf CORNER 

~ ~ OP-227 

I IIIII IIIIII III 
INSTRUMENTATION AUDIO RANGE 

RANGE TO DC TO 20kHz 

10 100 
FREQUENCY (Hz) 

VOLTAGE NOISE DENSITY 
V8 TEMPERATURE 

,. 

~~L--_~25--0~~2~5--~50~~~---100L--J'25 
TEMPERATURE (OCI 

10 

INPUT WIDEBAND NOISE 
V8 BANDWIDTH (O.1HzTO 
FREQUENCY INDICATED) 

O.O~OO"'---'-L...L.J..L.LW.,.--"'--J..u.J..W,J...O.---'-L...L.J..L.LW'00k 
BANDWIDTH (Hz) 

10.0 

CURRENT NOISE DENSITY 
V8 FREQUENCY 

01'-

f--

O. 1 

10 

I/f CORNER r- 140Hz 

11111111 I 
100 lk 

FREQUENCY (Hz) 
10k 
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OP-227 
TYPICAL PERFORMANCE CHARACTERISTICS 

SUPPLY CURRENT 
ys SUPPLY VOLTAGE 

10 

o 

50 

;C 40 
S 
I-

~ 
I 30 
::I 
U 

i~ 
~ 
! 10 

o 

I 

V TA - +26"C, 

r-T A = +12SoC 
I- ):: --;:::. ~ 

/~ ~ ~ 
..,-

.... /-::: ~A=..ssoC 
,I 

2 
5 ro W ~ ~ ~ ~ ~ ~ 

TOTAL SUPPLY VOLTAGE (VOLTS) 

WARM·UP DRIFT 

TA =+25"C 
Va"" ±16Y 

OP-227G 

V OP-227F 

/ , I"-
Ot227A1E 

~ 
V" 

V 
V 
o 3 4 

TIME AFTER POWER ON (MINUTES) 

INPUT OFFSET CURRENT 
VB TEMPERATURE 

VS =±15Y 

',----
-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (Oe) 
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TYPICAL PERFORMANCE CHARACTERISTICS 

GAIN, PHASE SHIFT 
va FREQUENCY 

25 

~ TlJ 2W 20 

80 

100 

~LJ 
Vs .. ±15V 

PHASE~ 
15 120 

~10 
z 

~ 

-5 

-10 
1M 

2. 

o 
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OV 
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=7cr 
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~I\ 

~ 
10M 

FREQUENCY (Hz) 
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180 

1 80 

200 

220 
100M 
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..... 
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TRANSIENT RESPONSE 
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VS" ±15V 
TA =ZSoC 

REV. B 

OPEN-LOOP GAIN 
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2. 
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OP-227 
TYPICAL PERFORMANCE CHARACTERISTICS 

i!! 

COMMON-MODE INPUT RANGE 
VI SUPPLY VOLTAGE 
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BASIC CONNECTIONS 

OFFSET NULLING CIRCUIT 

{-)<>---=+---1 

INPUTS 

1+1 <>---=+---1 

1+1 <>-.:..:11+---1 

INPUTS 

1-1 <>--",10+---1 

V+(A) 

IOkIl 

14 

>-_--+':::.3~OUT(AJ 

12 
'------+"'--0 V-IAI 

OP-227 

,------+=---oV-IBI 

>---l-''---oOUTIBI 

V+(BJ 

APPLICATIONS INFORMATION 
NOISE MEASUREMENTS 

To measure the 80nV peak-to-peak noise specification of the 
OP-227 in the 0.1 Hz to 10Hz range, the following precautions 
must be observed: 

(1) The device has to be warmed-up forat leastfive minutes. 
As shown in the warm-up drift curve, the offset voltage 
typically changes 4p.V due to increasing chip tempera
ture after power-up. In the 10-second measurement 
interval these temperature-induced effects can exceed 
tens-of-nanovolts. 

(2) For similar reasons, the device has to be well-shielded 
from air currents. Shielding minimizes thermocouple 
effects. 

(3) Sudden motion in the vicinity of the device can also 
"feedthrough" to increase the observed noise. 

(4) The test time to measure 0.1 Hz to 10Hz noise should not 
exceed 10 seconds. As shown in the noise-tester fre
quency-response curve, the 0.1 Hz corner is defined by 
only one zero. The test time of 10 seconds acts as an 
additional zero to eliminate noise contributions from the 
frequency band below 0.1 Hz. 

(5) A noise-voltage-density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage-density measurement will correlate well 
with a 0.1 Hz-ta-10Hz peak-to-peak noise reading, since 
both results are determined by the white noise and the 
location of the 1/f corner frequency. 

REV.B 

OP-227 
INSTRUMENTATION AMPLIFIER APPLICATIONS OF THE 
OP-227 
The excellent input characteristics of the OP-227 make it 
ideal for use in instrumentation amplifier configurations 
where low-level differential signals are to be amplified. The 
low-noise, low input offsets, low drift, and high gain com
bined with excellent CMR provides the characteristics 
needed for high-performance instrumentation amplifiers. In 
addition, CMR vs. frequency is very good due to the wide 
gain-bandwidth of these op amps. 

The circuit of Figure 1 is recommended for applications 
where the common-mode input range is relatively low and 
differential gain will be in the range of 10 to 1000. This two
op-amp instrumentation amplifier features independent 
adjustment of common-mode rejection and differential gain. 
Input impedance is very high since both inputs are applied to 
non-inverting op amp inputs. 

FIGURE 1: Two-Op-Amp Instrumentation Amplifier Con
figuration 

"0 

R1 R2 

V1 R4 

VCM - 112vdo-----1 
"3 

Vo 

VCM + 112Vd 0------------1 

The output voltage Va, assuming ideal op amps, is given in 
Fig. 1. The input voltages are represented as a common
mode input VCM plus a differential input V d. The ratio R3/R4 is 
made equal to the ratio R2/R1 to reject the common-mode 
input VCM. The differential signal Vd is then amplified 
according to: 

R4( R3 R2+R3) R3=R2 
Vo= R3 1 + R4 + ~ Vd, where R4 R1 

Note that gain can be independently varied by adjusting Ro. 
From considerations of dynamic range, resistor tempco 
matching, and matching of amplifier response, it is generally 
best to make R1, R2, R3, and R4 approximately equal. Desig
nati ng R 1, R2, R3, and R4 as R N allows the output equation to 
be further simplified: 

Vo= 2(1 + :~) Vd, where RN= R1 = R2= R3= R4 

Dynamic range is limited by A1 as well asA2; the output of A1 
is: 
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OP-227 
If the instrumentation amplifier were designed for a gain of 10 
and maximum Vd of ±lV, then RN/Rowouid need to be four 
and Vo would be a maximum of ±10V. Amplifier Al would 
have a maximum output of ±5V plus 2VCM, thus a limit of 
±10V on the output of Al would imply a Iimitof±2.5Von VCM. 
A nominal value of 10kO for RN is suitable for most applica
tions. A range of 200 to 2.5kO for Ro will then provide a gain 
range of 10 to 1000. The current through Ro is Vd/Ro, so the 
amplifiers must supply ±10mVl200 (or ±0.5mA) when the 
gain is at the maximum value of 1000 and Vd is at ±10mV. 

Rejecting common-mode inputs is important in accurately 
amplifying low-level differential signals. Two factors deter
mine the CMR in this instrumentation amplifierconfiguration 
(assuming infinite gain): 

(1) CMR of the op amps 
(2) Matching of the resistor network ratios (Ra/R4= R2/R1) 

In this instrumentation amplifier configuration, error due to 
CMR effect is directly proportional to the CMR match of the 
opamps. For the OP-227 this ACMR isa minimum of97dBfor 
the "G" and 110dB for the "E" grade. A ACMR value of lOOdB 
and common-mode input range of ±2.5V indicates a peak 
input-referred error of only ±25/tV. Resistor matching is the 
other factor affecting CMR. Defining Ad as the differential 
gain of the instrumentation amplifier and assuming that R1, 
R2, Raand R4are approximately equal (RNWill be the nominal 
value), then CMR for this instrumentation amplifier configu
ration will be approximately Ad divided by 4AR/RN. CMR at 
differential gain of 100 would be 88dB with resistor matching 
of 0.1%. Trimming R1 to make the ratio Ra/R4equal to R2/R1 
will raise the CMR until limited by linearity and resistor 
stability considerations. 

The high open-loop gain of the OP-227 is very important to 
achieving high accuracy in the two op-amp instrumentation 
amplifier configuration. Gain error can be approximated by 

Gain Error-+ 
l+_d_ 

A02 

2 A01 A02 «1 

where Ad is the instrumentation amplifier differential gain 
and A02 is the open-loop gain of op amp A2. This analysis 
assumes equal values of R1, R2, Ra, and R4. For example, 
consider an OP-227 with A02 of 700V/mV. If the differential 
gain Ad were set to 700, then the gain error would be 1/1.001 
which is approximately 0.1%. 

Another effect of finite op amp gain is undesired feedthrough 
of common-mode input. Defining A01 as the open-loop gain 
of op amp Al, then the common-mode error (CME) at the 
output due to this effect will be approximately 

CME-~ 
1+~ 

A01 

1 
A01 VCM 

For AdA01>«l, this simplifies to (2AdA01)XVCM.lftheopamp 
gain is 700VlmV, VCM is 2.5V, and Ad is setto 700, then the error 
at the output due to this effect will be approximately 5mV. 
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A complete instrumentation amplifier designed for a gain of 
100 is shown in Figure 2. It has provision fortrimming of input 
offset voltage, CMR, and gain. Performance is excellent due 
to the high gain, high CMR, and low noise of the individual 
amplifiers combined with the tight matching characteristics 
of the OP-227 dual. 

FIGURE 2: Two-Op-Amp Instrumentation Amplifier Using 
OP-227 Dual 
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A three-op-amp instrumentation amplifier configuration 
using the OP-227 and OP-27 is recommended for applica
tions requiring high accuracy over a wide gain range. This 
circuit provides excellent CMR over a wide frequency range. 
As with the two-op-amp instrumentation amplifier circuits, 
the tight matching of the two op-amps within the OP-227 
package provides a real boost in performance. Also, the low
noise, low offset, and high gain of the individual op-amps 
minimize errors. 

A simplified schematic is shown in Figure 3. The input stage 
(A 1 and A2) serves to amplify the differential input Vd without 
amplifying the common-mode voltage VCM. The output 
stage then rejects the common-mode input. With ideal op
amps and no resistor matching errors, then the outputs of 
each amplifier will be: 
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The differential gain Ad is 1 + 2R l/Ro and the common-mode 
input VCM is rejected. 

While output error due to input offsets and noise are easily 
determined, the effects of finite gain and common-mode 
rejection are more subtle. CMR of the complete instrumenta
tion amplifier is directly proportioned to the match in CMR of 
the input op-amps. This match varies from 97dB to 110dB 
minimum for the OP-227. Using 100dB, then the output 
response to a common-mode input VCM would be: 

[VolcM = Ad VCM X 10-5 

CMRR of the instrumentation amplifier, which is defined as 
20 10gloAd/AcM, issimplyequal to the .6.CMRR of the OP-227. 
While this .6.CMRR is already high, overall CMRR of the com
plete amplifier can be raised by trimming the output stage 
resistor network. 

Finite gain of the input op-amps causes a scale factor error 
and a small degradation in CMR. Designating the open-loop 
gain of op-amp Al as A01, and op-amp A2 as A02, then the 
following equation approximates the output: 

Vo- 1+!!1(~+_1_) (AdVd+ ~Rl/Al - ~ .\VCM\ 
Ro AOl A02 0 \' 01 02) 1 

This can be simplified by defining Ao as the nominal open
loop gain and .6.Ao as the differential open-loop gain. Then 

1 ~ ~~) Vo- 2R AdVd+ VCM 
1 +---1 ...2.... Ro A02 

Ro Ao 

The high open-loop gain of each amplifier within the OP-227 
(700,000 minimum at 25° C into Rl ~ 2k) assures good gain 
accuracy even at high values of Ad. The effect of finite open
loop gain on CMR can be approximated by: 

CMRR_ A02 
.6.Ao 

If .6.Aol Ao were 6% and Ao were 600,000, then the CMRR due 
to finite gain of the input op-amps would be approximately 
140dB. 
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OP-227 
FIGURE 3: Three-Op-Amp Instrumentation Amplifier Using 
OP-227 and OP-27 

Rl 

Vo= (1 +2:0') Vd 

R2 

VCM -l!2Vd 0---11--1 

RO 

Rl Vo 

R2 

The unity-gain output stage contributes negligible error to 
the overall amplifier. However, matching of the four-resistor 
R2-network is critical to achieving high CMR. Consider a 
worst-case situation where each R2 resistor has an error of 
±.6.R2. If the resistor ratio is high on one side and Iowan the 
other, then the common-mode gain will be 2.6.R2/R2. Since 
the output stage gain is unity, CMRR will then be R2/2.6.R2. It 
is common practice to trim the R2 resistor connected to 
ground to maximize overall CMRR for the total instrumenta
tion amplifier circuit. 

This three-op-amp instrumentation amplifier configuration 
provides excellent performance over a wide gain range. A 
gain range of 1 to 2000 is practical and CMR of over l20dB 
is achievable. 
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OP-227 
HIGH SPEED PRECISION RECTIFIER 
The low offsets and excellent load driving capability of the 
OP-27 are key advantages in this precision rectifier circuit. 
The summing impedances can be as low as 1 kO which helps 
to reduce the effects of stray capacitance. 

For positive inputs, 02 conducts and 01 is biased OFF. 
Amplifiers A1 and A2 act as a follower with output-to-input 
feedback and the R1 resistors are no critical. For negative 
inputs, 01 conducts and 02 is biased OFF. A1 acts as a 
follower and A2 serves as a precision inverter. In this mode, 
matching of the two R1 resistors is critical to gain accuracy. 

FIGURE 4: High Speed Precision Rectifier 

V, 0----1 
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C, 
30pF 

A1, A2: OP-27 

Typical component values are 30pF for C1 and 2kO for R3. 
The drop across 01 must be less than the drop across the 
FET diode 02. A 1N914 for 01 and a 2N4393 for the JFET 
were used successfully. 

The circuit provides full-wave rectification for inputs of up to 
±10V and up to 20kHz in frequency. To assure frequency 
stability, be sure to decouple the power supply inputs and 
minimize any capacitive loading. An OP-227, which is two 
OP-27 amplifiers in a single package, can be used to improve 
packaging density. 

1kO 

D, 
1N914 

2N4393 

1kO 

'MATCHED 

>-+--0 Vo 
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r-IIANALOG 
WDEVICES 

Dual, Precision 
JFET High-Speed Operational Amplifier 

FEATURES 
• Fast Slew Rate .................................................. 22V/f,Ls Typ 
• Settling Time (0.01 %) ......................................... 1.2f,Ls Max 
• Offset Voltage .................................................... 300f,LV Max 
• High Open-Loop Gain .................................. 1 OOOV /mV Min 
• Low Total Harmonic Distortion ....................... 0.002% Typ 
• Improved Replacement for AD712, L 11 057, OP-215, 

TL072, and MC34082 
• Available in Ole Form 

APPLICATIONS 
• Output Amplifier for Fast 0/ As 
• Signal Processing 
• Instrumentation Amplifiers 
• Fast Sample/Holds 
• Active Filters 
• Low Distortion Audio Amplifiers 
• Input Buffer for AID Converters 
• Servo Controllers 

GENERAL DESCRIPTION 

The OP-249 is a high-speed, precision dual JFET op amp, simi
lar to the popular single op amp, the OP-42. The OP-249 outper
forms available dual amplifiers by providing superior speed with 
excellent DC performance. Ultra-high open-loop gain (1 kV/mV 
minimum), low offset voltage, and superb gain linearity, makes 
the OP-249 the industry's first true preCision, dual high-speed 
amplifier. 

With a slew rate of 22V/f,Ls typical, and a fast settling time of less 
than 1.2f,Ls maximum to 0.01 %, the OP-249 is an ideal choice for 
high-speed bipolar D/A and AID converter applications. The 
excellent DC performance of the OP-249 allows the full accu
racy of high-resolution CMOS D/As to be realized. 

Ii 

OP-249 I 
Symmetrical slew rate, even when driving large loads, such as 
600n, or 200pF of capacitance, and ultra-low distortion, make 
the OP-249 ideal for professional audio applications, active fil
ters, high-speed integrators, servo systems, and buffer amplifi
ers. 

The OP-249 provides significant performance upgrades to the 
TL072, AD712, OP-215, MC34082 and the LT1057. 

PIN CONNECTIONS 

8-PIN CERDIP 
(Z-Suffix) 

8-PIN EPOXY MINI-DIP 
(P-Sufflx) 

v. 

OUT®AB 70UTB 
A B 

-INA2 - - 6-1NS 

+lNA3 5+IHB 

4 
v-

TO-99 
(J-Sufflx) 

'~ 
I' 

" !; 4 • 4 o z > z 

20-CONTACT LCC 
(RC-Suffix) 

8-PINSO 
(8-Sufflx) 

FAST SETTLING 
(0.01%) 

LOW DISTORTION 
Av = +1, RL = 10kn 

EXCELLENT OUTPUT DRIVE 
RL =600n 
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OP-249 

ORDERING INFORMATION I 

CERDIP 
T().99 8-PIN 

OP249AJ" 0P249AZ* 
0P249EJ 
OP249FJ OP249FZ 

PACKAGE OPERATING 

PLASTIC 
8-PIN 

OP249GP 
OP249GS" 

LCC TEMPERATURE 
200C0NTACT RANGE 

OP249ARC/883 MIL 
XlND 
XlND 
XlND 
XlND 

• For devices processed In total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts In 
CerDIP, plastic DIP, and TO-can packages. 

II For availability and burn-In Information on SO and PLCC packages, contact 
your local sales office. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. :I: 18V 
Input Voltage (Note 2) ...................................................... :I: 18V 
Differential Input Voltage (Note 2) ................... : ................. 36V 
Output Short-Circuit Duration ..................................... Indefinite 
Storage Temperature Range ........................ ...as·C to + 175·C 

Operating Temperature Range 
OP-249A (J, Z, RC) .................................... -55·C to + 125·C 
OP-249E,F (J, Z) .......................................... -40·C to +B5·C 
OP-249G (P, S) ............................................ -40·C to +B5·C 

Junction Temperature 
OP-249 (J, Z, RC) ...................................... -65·C to + 175·C 
OP-249 (P, S) ............................................ -65·Cto +150·C 

Lead Temperature Range (Soldering, 60 sec) .............. 300·C 

PACKAGE TYPE elA (Note 3) elc UNITS 

TO-99 (J) 145 16 ·C/W 

8-Pln Hermetic DIP (Z) 134 12 ·C/w 

8-Pln Plastic DIP (P) 96 37 ·C/W 

2O-Contact LCC (RC) 88 33 ·C/w 

8-PlnSO(S) 150 41 ·C/w 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. For supply voltages less than ~18V, the absolute maximum Input voltage is 

equal to the supply voltage. 
3. elA Is specified fer worst case mounting conditions, I.e., elA Is specified fer 

device in socket fer TO, CerDIP, P-DIP, and LCC packages; elA Is specified 
fer device soldered to printed clrcult'board fer SO packege. 

ELECTRICAL CHARACTERISTICS at V s = :I: 15V, T A = +25·C, unless otherwise noted. 

OP-249A OP-249E OP-249F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vas 0.2 0.5 0.1 0.3 0.2 0.7 mV 

Long Term Offset 
Vas (Note 1) 0.8 0.6 1.0 mV 

Voltage 

Offset Stability 1.5 1.5 1.5 - "V/Month 

Input Bias Current 18 VCM=OV, TI =+25·C 30 75 20 50 30 75 pA 

Input Offset Current los VCM=OV, TI =+25·C 6 25 4 15 6 25 pA 

+12.5 +12.5 
~11 

+12.5 
V Input Voltage Range IVR (NoIe2) ~11 ~11 

-12.5 -12.5 -12.5 

Common-Mode 
CMR VCM=~IIV 80 90 88 95 80 90 dB 

Rejection 

Power-Supply 
PSRR 

Vs=~·5V 
12 31.6 9 31.6 12 50 "VN Rejection Ratio to~l8V 

large-Signal 
Ava 

Va =~IOV 
1000 1400 1000 1400 500 1200 V/mV 

Voltage GaIn RL =2kD 

Output VOHage 
RL=2kQ 

+12.5 
",12.0 

+12.5 
",12.0 

+12.5 
V 

Swing Va ",12.0 
-12.5 -12.5 -12.5 

Short-Clrcuh Output Shorted +36 
",50 dO 

+36 
",50 dO 

+36 ..so mA 
CUrrentUmR lac to Ground 

",20 
-33 -33 -33 

Supply Current Isv 
No Load 

5.6 7.0 5.6 7.0 5.6 7.0 mA 
Vo=OV 

Slew Rate SR RL = 21<0. CL = 50pF 18 22 18 22 18 22 V/JIB 

Gain-Bandwidth 
OBW (NoIe4) 3.5 4.7 3.5 4.7 3.5 4.7 MHz 

Product 

SettilngTlme t. 
IOV Step 0.01% 

0.9 1.2 0.9 1.2 0.9 1.2 JIB (NoIe3) 

Phase Margin eg DelBOain 55 55 55 Deg 
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OP-249 
ELECTRICAL CHARACTERISTICS at V s = :I: 1SV, T A = +2SoC, unless otherwise noted. Continued 

OP·249A OP·249E OP·249F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Dillerentlallnput 
Z'N - to' 2116 - 10'2116 

Impedance 
_ 10'2116 DllpF 

Open-Loop 
Ro 35 35 

Output Resistance 
35 D 

Voltage Noise en p.p 0.1Hzto 10Hz 2 2 2 INp•p 

'0 = 10Hz 75 75 75 
Voltage Noise '0 = 100Hz 26 26 

Density en 
fo = 1kHz 17 17 

26 
nV/.JHz 

17 

'0 = 10kHz 16 16 16 

Current Noise 
In fO = 1kHz 0.003 0.003 

Density 
0.003 - pNv'Hz 

Voltage Supply 
Vs ,.4.5 ,.15 ,.18 :4.5 

Range 
,.15 ,.18 :4.5 ,.15 ,.18 V 

NOTES: 2. Guaranteed by CMR tesl. 
3. Settling-time Is statistically t"llted. 1 Long term ollset voltage Is guaranteed by a 1000 HR life test performed on 3 

Independent wafer lots at + 125°C with a LTPD of 3. 4. Guaranteed by design and by inference from Ihe slew rate measurement. 

ELECTRICAL CHARACTERISTICS at V s = :I: 1SV, T A = +2Soc, unless otherwise noted. 

PARAMETER SYMBOL CONDI110NS 

0ffsaI Voltage Vos 

Input Bias Current Ie VcM =OV,TI =+25°C 

Input 0ffsaI Current los VCM=OV, TI =+25°C 

Input VoHage Range IVR (Nota 1) 

Common-Mode 
CMR VcM =,.11V 

Rejaciion 

Power-Supply 
PSRR 

Vs =:4.5V 
Rejection Rallo to,.18V 

large-Signal 
Avo 

Vo =,.10V 
VoHage Gain RL =2kD 

Output Voltage 
Vo RL =2kA Swing 

Short-ClreuH 
Isc 

Output Shorted 
CurrentUmH to Ground 

Supply Currant lav 
No Load 

Vo=OV 

SI_Rate SR RL = 2kD, CL = 50pF 

Gain-Bandwidth 
GBW 

Product 

SeWing Time t. 10V Step 0.01% 

Phase Margin 8 0 OdBGain 

NOTES: 
1. Guaranteed by CMR test. 

REV. A 

MIN 

,.11 

76 

500 

,.12.0 

,.20 

18 

OP·249G 
TVP 

0.4 

40 

10 

+12.5 
-12.0 

90 

12 

1100 

+12.5 
-12.5 

+36 
-33 

5.8 

22 

4.7 

0.9 

55 

MAX UNITS 

2.0 mV 

75 pA 

25 pA 

V 

dB 

50 ",V/V 

V/mV 

V 

mA 

7.0 mA 

V/1/oS 

MHz 

". 
Dag 
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OP-249 
ELECTRICAL CHARACTERISTICS atVs = :i:15V, TA = +25·C, unless otherwise noted. Continued 

OP-249G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Dlfferentlallnpul 
Z'N Impedance 

1012116 OllpF 

Open·Loop 
Ro Output Realalance 

35 0 

Voltage Noise en p.p 0.lHztol0Hz 2 jlVp•p 

fo = 10Hz 75 
Voltage Noise 

en Denslly 
fa = 100Hz 26 

fa = 1kHz 17 
nV/v'Hz 

fa = 10kHz 16 

Current Noise 
in Denslly 

fa = 1kHz 0.003 pA/v'Hz 

Voltage Supply 
Va Range 

",4.5 ",15 ",16 V 

ELECTRICAL CHARACTERISTICS atVs = :i:15V, -40·C:s TA:s +85·Cfor ElF grades, and-55·C:s TA:s +125·Cfor A grade, 
unless otherwise noted. 

OP-249A OP-249E OP-249F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vas 0.12 1.0 0.1 0.5 0.5 1.1 mV 

Offset Voltage 
Temperatura TCVos 5 3 1.2 6 jlV/oC 
Coefficient 

Input Bias Currant Ie (Note 1) 4 20 0.25 3.0 0.3 4.0 nA 

Input Offaet Current los (Note 1) 0.04 4 0.01 0.7 0.02 1.2 nA 

Input Voltage Range IVR (Note 2) .,11 
+12.5 

.,11 
+12.5 

.,11 
+12.5 

V 
-12.5 -12.5 -12.5 

Common·Mode 
CMR VcM =.,l1V 76 110 86 100 76 95 dB 

Rejection 

Power·Supply 
PSRR 

Vs =:4.5V 
5 50 5 50 7 100 jlVN 

Rejection Ratio to.,l8V 

Large·Slgnal 
Ava 

RL =2kO 
500 1400 750 1400 250 1200 V/mV 

Voltage Gain Vo =.,10V 

Output Voltage 
Vo RL =2kO .,12.0 

+12.5 
"12.0 

+12.5 
.,12.0 

+12.5 
V 

Swing -12.5 -12.5 -12.5 

Short·ClrcuH 
Ise 

Output Shorted 
.,10 .,60 .,18 .,60 .,18 ",60 mA 

CurrentUmH to Ground 

Supply Currant ISY 
No Load 

5.6 7.0 5.6 7.0 5.6 7.0 mA 
Vo=OV 

NOTES; 

1. TI = 85°C for ElF Grades; TI = 125"C for A Grade. 

2. Guaranteed by CIIR test. 
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OP-249 
ELECTRICAL CHARACTERISTICS at V s '" :I: 15V, -40·C s T A S +85·C, unless otherwise noted. 

OP·249G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

Offset Voltege Vos 1.0 3.6 mV 

Offset Voltage 
Temperature TCVos 6 25 IIvrc 
Coefficient 

Input Bias Current Ie (Note 1) 0.5 4.5 nA • Input Offset Currant los (Notal) 0.04 1.5 nA 

Input Voltage Range IVR (Note 2) ,.11.0 
+12.5 

V 
-12.5 

Common-Mode 
CMR VCM =,.l1V 76 95 dB 

Rejection 

Power-Supply 
PSRR 

Vs =,.4.5V 
10.0 100 INN 

Rejection Ratio to,.18V 

Large-Signal 
Avo 

RL =2kD 
250 1200 V/mV 

Voltage Gain Vo =,.10V 

Output Voltega 
Vo RL =2kD ,.12.0 

+12.5 
V 

Swing -12.5 

Short-Circuit 
Isc 

Output Shorted 
,.18 ,.60 mA 

CurrantUmlt to Ground 

Supply Current Isv 
No Load 

5.6 7.0 mA 
Vo=OV 

NOTES: 
1. TJ = 85"C. 

2. Guaranteed by CMR test. 
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OP-249 
DICE CHARACTERISTICS 

DIE SIZE 0.072 x 0.112 Inch, 8,064 sq. mils 
(1.83 x 2.84 mm, 5.2 sq. mm) 

WAFER TEST LIMITS atVs = :l:15V, TJ = +25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Offset Voltage Vos 

Offset VoHage 
TCVos -40·C "TI " 85·C Tempereture Coefficient 

Input Bias Current la VCM=ov 

Input Offset Current los VCM=OV 

Input Voltage Range IVR (Note I) 

Common·Mode Rejection CMR VCM=~IIV 

Power·Supply 
PSRR VB =,04.5Vto~18V 

Rejection Ratio 

Large·Slgnai 
Avo RL =2kD 

VoHage Gain 

Output VoHage Swing Vo RL =2kD 

Short·Circuit 
IBC 

Output Shorted 
CurrentUmn to Ground 

Supply Current IBy 
No Load 

Vo=OV 

Slew Rate SR RL = 2kD. CL = 50pF 

NOTES: 
I. Guaranteed by CMR test. 

1. OUT (A) 
2. -IN (A) 
3. +IN(A) 
4. V-
5. +IN(8) 
6. -IN (8) 
7. OUT(8) 
8. V+ 

OP-249GBC 
Ll'MITS 

0.5 

6.0 

225 

75 

~II 

76 

100 

250 

~12.0 

~20/~60 

7.0 

16.5 

UNITS 

mVMAX 

"VrcMAX 

pAMAX 

pAMAX 

VMIN 

dB MIN 

",VNMAX 

V/mVMIN 

VMIN 

mAMIN/MAX 

mAMAX 

V/IJ>SMIN 

Electrical tests are performed at water probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging Is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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OP-249 
SIMPLIFIED SCHEMATIC (1/2 OP-249) 

r------~~-~--1_--o~ 

+'" 0-----+------, 

-IN 

~-_+-+_----4~-+_--~-_o~ 

BURN-IN CIRCUIT 

+3V 0-----''-1 
.0" 

+3V 0-----''-1 
.0" 

-'IV 

APPLICATIONS INFORMATION 

The OP-249 represents a reliable JFET amplifier design, featur
ing an excellent combination of DC precision and high speed. A 
rugged output stage provides the ability to drive a 600n load and 
still maintain a clean AC response. The OP-249features a large
signal response.that is more iinear and symmetric than previ
ously available JFET input amplifiers - compare the OP-249's 
large-signal reponse, as illustrated in Figure 1 , to other industry 
standard dual JFET amplifiers. 

Typically, JFET amplifier's slewing performance is simply speci
fied as just a number of volts/l1S. There is no discussion on the 
quality, i.e., linearity, symmetry, etc. of the slewing response. 

REV. A 

a) 
OP-249 

b) 
LT1057 

FIGURE 1: Large-Signal Transient Response, Av = + 1, 
V/N=20Vp.p'ZL =2knI1200pF, Vs =z15V 
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OP-249 

The OP-249 was carefully designed to provide symmetrically 
matched slew characteristics in both the negative and positive 
directions, even when driving a large output load. 

An amplifier's slewing limitation determines the maximum fre
quency at which a sinusoidal output can be obtained without 
Significant distortion. It is, however, important to note that the 
nonsymmetric slewing typical of previously available JFET am
plifiers adds a higher series of harmonic energy content to the 
resulting response - and an additional DC output component. 
Examples of potential problems of nonsymmetric slewing be
haviour could be in audio amplifier applications, where a natu
ral,low-distortion sound quality is desired, and in servo or signal 
processing systems where a net DC offset cannot be tolerated. 
The linear and symmetric slewing feature of the OP-249 makes 
it an ideal choice for applications that will exceed the full-power
bandwidth range of the amplifier. 

FIGURE 2: Small-Signal Transient Response, Av '" + 1, 
ZL '" 2k01l100pF, No Compensation, Vs '" :t15V 

As with most JFET-input amplifiers, the output of the OP-249 
may undergo phase inversion if either input exceeds the speci
fied input voltage range. Phase inversion will not damage the 
amplifier, nor will it cause an internal latch-up condition. 

Supply decoupling should be used to overcome inductance and 
resistance associated with supply lines to the amplifier. A 0.1 J.lF 
and a 1 OJ.lF capacitor should be placed between each supply pin 
and ground. 

OPEN-LOOP GAIN LINEARITY 
The OP-249 has both an extremely high open-loop gain of 
1 kV/mV minimum and constant gain linearity. This feature of the 
OP-249 enhances its DC preciSion, and provides superb accu
racy in high closed-loop gain applications. Figure 3 illustrates 
the typical open-loop gain linearity - high gain accuracy is as
sured, even when driving a 6000 load. 

OFFSET VOLTAGE ADJUSTMENT 
The inherent low offset voltage of the OP-249 will make offset 
adjustments unnecessary in most applications. However, 
where a lower offset error is required, balancing can be per
formed with simple external circuitry, as illustrated in Figures 4 
and 5. 

2-866 OPERA TlONALAMPLlFIERS 

HORIZONTAL SV/DIV 
OUTPUT CHANGE 

VERnCAL 5OpV/DIV 
INPUT VARIATION 

FIGURE 3: Open-Loop Gain Linearity. Variation in Open-Loop 
Gain Results in Errors in High Closed-Loop Gain Circuits. 
RL '" 8000, Vs '" :t15V 

+v 

RsI V, • 

.. ka! 
-v vos ADJUST RANIlE •• v (~) 

1 

FIGURE 4: Offset Adjust for Inverting Amplifier Configuration 

-v 
Vos ADJUST RANGE = .v (~) 

!ma ....!!L 1 

GAlN:a1v1N 1_1+ A.+A, 

~1+~IFAI«A4 . 
V .. 0-----....1 

FIGURE 5: Offset Adjust for Noninverting Amplifier 
Configuration 

In Figure 4, the offset adjustment is made by supplying a small 
voltage at the noninverting input of the amplifier. Resistors R, 
and R2 attenuates the pot voltage, providing a :t2.5mV (with V s 
'" :t15V) adjustment range, referred to the input. Figure 5 illus
trates offset adjust for the noninverting amplifier corifiguration, 
also providing a :t2.5mV adjustment range. As indicated in the 
equations in Figure 5, if R4 is not much greater than R2, there will 
be a resulting closed-loop gain error that must be accounted for. 

REV. A 



Settling time is the time between when the input signal begins to 
change and when the output permanently enters a prescribed 
error band. The error bands on the output are 5mV and 0.5mV, 
respectively, for 0.1 % and 0.01 % accuracy. 

Figure 6 illustrates the OP-249's typical settling time of 870ns. 
Moreover, problems in settling response, such as thermal tails 
and long-term ringing are nonexistent. 

DAC OUTPUT AMPLIFIER 

FIGURE 6: Settling Characteristics of the OP-249 to 0.01%. 

a) UNIPOLAR OPERATION 

REFERENCE 
OR YIN cHhlllII'-'''-l 

DATA INPUT 

b) BIPOLAR OPERATION 

75<l 

OP-249 
Unity-gain stability, a low offset voltage of 300~V typical, and a 
fast settling time of 870ns to 0.01 %, makes the OP-249 an ideal 
amplifier for fast digital-to-analog converters. 

For CMOS DAC applications, the low offset voltage of the OP-
249 results in excellent linearity performance. CMOS DACs, such 
as the PM-7545, will typically have a code-dependent output 
resistance variation between 11 kQ and 33kQ. The change in 
output resistance, in conjunction with the 11 kQ feedback resistor, 
will result in a noise gain change. This causes variations in the 2 
offset error, increasing linearity errors. The OP-249 features low 
offset voltage error, minimizing this effect and maintaining 12-
bit linearity performance overthe full scale range ofthe converter. 

Since the DAC's output capacitance appears at the operational 
amplifiers inputs, it is essential that the amplifier is adequately 
compensated. Compensation will increase the phase margin, and 
ensure an optimal overall settling response. The required lead 
compensation is achieved with capacitor C in Figure 7. 

FIGURE 7: Fast Settling and Low Offset Error of the OP-249 Enhances CMOS DAC Performance 
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OP-249 
Figure 8 illustrates the effect of altering the compensation on the 
output response of the circuit in Figure 6a. Compensation is 
required to address the combined effect of the DAC's output 
capacitance, the op amp's input capacitance, and any stray 
capacitance. Slight adjustments to the compensation capacitor 
may be required to optimize settling response for any given 
application. 

The settling time of the combination of the current output DAC 
and the op amp can be approximated by: 

ts TOTAL = V (ts DAd2 +(ts AMP)2 

The actual overall settling time is affected by the noise gain of 
the amplifier, the applied compensation, and the equivalent in
put capacitance at the amplifier's input. 

DISCUSSION ON DRIVING AID CONVERTERS 
Settling characteristics of operational amplifiers also include an 
amplifier's ability to recover, i.e., settle, from a transient current 
output load condition. An example of this includes an op amp 
driving the input from a SAR type AID converter. Although the 
comparison point of the converter is usually diode clamped, the 
input swing of plus-and-minus a diode drop still gives rise to a 
significant modulation of input current. If the closed-loop output 
impedance is low enough and bandwidth of the amplifier is suf
ficiently large, the output will settle before the converter makes 
a comparison decision which will prevent linearity errors or 
missing codes. 

Figure 9 shows a settling measurement circuit for evaluating 
recovery from an output current transient. An output disturbing 

+15V 

300pF 

TTL INPUT l 
+15Vo--"""lII'---' 

Uk" 

• NOTE: DECOUPLE CLOSE 
TOGElHER ON GROUND PLANE 
WITH SHORT LEAD LENGTHS 

FIGURE 9: Transient Output Impedance Test Fixture 
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220ll 

a) 

C=5pF 
Response Is Grossly Underdamped, and Exhibits Ringing 

b) 

C=15pF 
Fast Rise Time Characteristics, but at Expense 

of Slight Peaking in Response 

FIGURE 8: Effect of Altering Compensation from Circuit in 
Figure 7a - PM-7545 CMOS DAC with 1120P-249, Unipolar 
Operation. Critically Damped Response Will Be Obtained with 
C~33pF 

f+ 7A13 PLUG·IN 

! AI OUT "" I VREF I 
11<ll 
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FIGURE 10: OP-249's Transient Recovery Time from a 1mA 
Load Transient to 0.01% 

ANALOG INPUTo-----"-j 

+15Y 

o.'t1 
IN 

OUTI"·'--.....=.t 
AEF.Q2 

GND 

+'5V 

OP-249 

current generator provides the transient change in output load 
current of 1 mAo As seen in Figure1 0, the OP-249 has extremely 
fast recovery of 274ns (to 0.01%), fora 1mAload transient. The 
performance makes it an ideal amplifier for data acquisition 
systems. 

The combination of high speed and excellent DC performance 
of the OP-249 makes it an ideal amplifier for 12-bit data acquisi
tion systems. Examining the circuit in Figure 11 , one amplifier in 
the OP-249 provides a stable -5V reference voltage for the V REF 2 
input of the ADC-912. The other amplifier in the OP-249 per-
forms high-speed buffering of the ND's input. 

Examining the worst case transient voltage error (Figure 12) at 
the Analog In node ofthe ND converter: the OP-249 recovers in 
less than 1 OOns. The fast recovery is due to both the OP-249's 
wide bandwidth and low DC output impedance. 

+5V -15V 

-r"-: 'o,.FlIO.',' L-_________________ ~+~ -"-

FIGURE 11 : OP-249 Dual Amplifiers Provide Both Stable -5V Reference Input. and Buffers Input to ADC-912 

FIGURE 12: Worst Case Transient Voltage. at Analog In. 
Occurs at the Haff-Sca/e Point of the AID. OP-249 Buffers the 
AID Input from Figure 11. and Recovers in Less than 1 DOns 

REV. A 

OP·249 SPICE MACRO·MODEL 
Figures 13 and 14 show the node and net listfor a SPICE macro
model ofthe OP-249. The model is a simplified version ofthe ac
tual device and simulates important DC parameters such as 
Vos' 10s.IB' Avo. CMR. V 0 and ISY' AC parameters such as slew 
rate. gain and phase reponse and CMR change with frequency 
are also simulated by the model. 

The model uses typical parameters for the OP-249. The poles 
and zeros in the model were determined from the actual open 
and closed-loop gain and phase reponse of the OP-249. In this 
way the model presents an accurate AC representation of the 
actual device. The model assumes an ambient temperature of 
25°C. 
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FIGURE 13: OP-249 Macro-Model 
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OP-249 MACRO-MODEL ©PM11989 

o subckt OP-249 1 2 30 99 50 

INPUT STAGE & POLE AT 100MHz · r1 2 3 
r2 1 3 
r3 5 50 
r4 6 50 
cin 1 2 
c2 5 6 
i1 99 4 
ios 1 2 
eos 7 1 
'1 5 2 4 
t2 6 7 4 

5E11 
5E11 
652.3 
652.3 
5E-12 
1.22E-12 
1E-3 
3.1E-12 
poly(1) 2024 150E-6 1 
lX 
JX 

• SECOND STAGE & POLE AT 12.2Hz 

r5 9 99 
r6 9 50 
c3 9 99 
c4 9 50 
g1 99 9 
g2 9 50 
v2 99 8 
v3 10 50 
d1 9 8 
d2 10 9 · 

326.1E6 
326.1E6 
40E-12 
40E-12 
poly(1) 5 6 4.25E-3 1.533E-3 
poly(1) 6 5 4.25E-3 1.533E-3 
2.9 
2.9 
dx 
dx 

• POLE-ZERO PAIR AT 2MHzl4.0MHz · r7 11 99 
r8 11 50 
r9 11 12 
r10 11 13 
c5 12 99 
c6 13 50 
g3 99 11 
~4 11 50 

1E6 
1E6 
1E6 
1E6 
37.79E-15 
37.79E-15 
9 24 1E-6 
249 1E-6 

• ZERO-POLE PAIR AT 4MHzl8MHz · r11 99 15 
r12 14 15 
r13 14 16 
r14 50 16 
11 99 15 
12 50 16 
g5 99 14 
p6 14 50 

: POLE AT 20MHz 

r15 17 99 
r16 17 50 
c9 17 99 
c10 17 50 
g7 99 17 
~8 17 50 

• POLE AT 50MHz 

r17 18 99 
r18 18 50 
c11 18 99 
c12 18 50 
g9 99 18 
g10 18 50 

1E6 
1E6 
1E6 
1E6 
19.89E-3 
19.89E-3 
11 241E-6 
2411 1E-6 

1E6 
1E6 
7.96E-15 
7.96E-15 
14 24 1E-6 
24 14 1E-6 

1E6 
1E6 
3.18E-15 
3.18E-15 
1724 1E-6 
24 17 1E-6 

FIGURE 14: OP-249 SPICE Net List 

" PSpice is a registered trademark of MicroSim Corporation . 
•• HSPICE Is a tradename of Meta-Software, Inc. 

REV. A 

• POLE AT 50MHz 

r19 19 99 
r20 19 50 
c13 19 99 
c14 19 50 
g11 99 19 
~12 19 50 

1E6 
1E6 
3.18E-15 
3.18E-15 
18 24 1E-6 
2418 1E-6 

OP-249 

• COMMON-MODE GAIN NETWORK WITH ZERO AT 60kHz 

r21 20 21 
r22 20 22 
13 21 99 
14 22 50 
g13 99 20 
~14 20 50 

• POLE AT 50MHz 

r23 23 99 
r24 23 50 
c15 23 99 
c16 23 50 
g15 99 23 
~16 23 50 

• OUTPUT STAGE · r25 24 99 
r26 24 50 
r27 29 99 
r28 29 50 
15 29 30 
g17 27 50 
918 28 50 
g19 29 99 
g20 50 29 
v4 25 29 
v5 29 26 
d3 23 25 
d4 26 23 
d5 99 27 
d6 99 28 
d7 50 27 
d8 50 28 

• MODELS USED · 

1E6 
1E6 
2.65 
2.65 
3 24 1.78E-11 
24 3 1.78E-11 

1E6 
1E6 
3.18E-15 
3.18E-15 
19241E-6 
24 19 1E-6 

135E3 
135E3 
70 
70 
4E-7 
23 29 14.3E-3 
29 23 14.3E-3 
99 23 14.3E-3 
23 50 14.3E-3 
.4 
.4 
dx 
dx 
dx 
dx 
dy 
dy 

o model jx PJF(BETA=1.175E-3 VTO-2.000 IS=21 E-12) 
o model dx D(IS=1E-15) 
o model dy D(IS=1E-15 BV=50) 
o ends OP-249 
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1IIIIIIII ANALOG 
WDEVICES 

Dual, High-Speed, Current Feedback 
Operational Amplifier 

FEATURES 
• Very High Slew Rate .......................................... 550V/!1S Typ 
• -3dB Bandwidth (Av=+ 10) ................................... 40MHz Typ 
• Bandwidth Independent of Gain 
• Unity-Gain Stable 
• Low Supply Current ............................... 4.5mA per amp Typ 

ORDERING INFORMATIONt 

TA =25°C PACKAGE OPERATING 
V,osMAX TO-99 LCC TEMPERATURE 

(mV) B-PIN PLASTIC 20-CONTACT RANGE 

3.5 OP260AJ· OP260ARC/883 MIL 
3.5 OP260EJ XIND 
5.0 OP260FJ XIND 
7.0 OP260GP XIND 
7.0 OP26OGSlt XIND 

For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consullfactory for 883 data sheet. 
Bum-in is available on commercial and industrial temperature range parts in 
cerDIP, plastic DIP, and To-can packages. 

tt For availability and bum-in information on SO packages, contact your local sales 
office. 

GENERAL DESCRIPTION 

The dual OP-260 represents a new concept in monolithic operational 
amplifiers. Built on PMI's high-speed bipolar process, the OP-260 

continued 

SIMPLIFIED SCHEMATIC (One of Two Amplifiers) 

PIN CONNECTIONS 

v+ 

OUTAO· 70UTB 
-INA 2 6-INB 

+INA 3 5 +INB 

• 
V-(CASE) 

TO-99 
(J-Suffix) 

16-PINSOL 
(S-5uffix) 

r-----~----~------~------~----~----~------~-ov+ 

+IN 

L-----+-----~----~------~----~-----*----~~~V-

OP-260 I 

EPOXY MINI-DIP 
(P-Suffix) 
CERDIP 

(Z-Suffix) 

2O-CONTACT 
HERMETIC LCC 

(RC-Suffix) 
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OP-260 

GENERAL DESCRIPTION Continued 
employs current feedback to provide consistently wideband opera
tion regardless of gain. The OP-260's -adB bandwidth of9OMHz at 
Av=+ 1 combines with a slew rate of 1 OOOVlf.lS for extremely high
speed operation. For its high-speed bandwidth, theOP-260requires 
onIy4.5mAofsupplycurrentperamplifier,aconsiderabiepowersavings 
over other high-speed operational amplifiers. 

TheOP-260 is easy to design with, since most of the circuitassump
tions for voltage feedback amplifiers can also be used for current 
feedback amplifiers. The two independent amplifiers of the OP-260 
allow two channel amplification with matched AC performance. It is 
also ideal for high-speed instrumentation amplifiers. Other applica
tions for the OP~260 include ultrasound and sonar systems, video 
amplifiers and high-speed data acquisition systems. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage .................................................................. :t: 18V 
Input Voltage .................................................... Supply Voltage 
Differential Input Voltage ................................................... :t:1V 
Inverting Input Current ................................ :t:7mA Continuous 

........................................ :t:20mAPeak 

Output Short-Circuit Duration ........................................ 10 sec 
Operating Temperature Range 

OP-260A, (J, RC, Z) .................................... -55°C to + 125°C 
OP-260EIF (J, Z) ......•.................•.............•... -40°C to +85°C 
OP-260G (P, S) ............................................ -40°Cto +85°C 

Storage Temperature Range ......................... -65°C to + 175°C 
Junction Temperature Range (J, RC) ... : ..•.•... -65°C to + 175°C 
Junction Temperature Range (P, S) ....•.••.••.• -65°Cto +150°C 
Lead Temperature (Soldering, 10 sec) ......................•.• +300°C 

PACKAGE TYPE alA (Note 2) a lC UNITS 

TO-99(J) 145 16 "CIW 
8-Pin Hermetic DIP (Z) 134 12 "CIW 
8-Pin Plastic DIP (P) 96 :r7 "CIW 
2O-Contact LCC (RC) 88 33 "CIW 
16·Pin SOl. (S) 92 'Z1 'C!W 

NOTES: 
1_ Absolute maximum ratings apply 1D both DICE and packaged parts, unless other

wise noted. 
2_ aiA is specified lor worst case mounting conditions,l_e., a'A is specified lor device 

in socket for TO, P-DIP, and LCC packeges; a'A is specifi.ld lor device soldered to 
printed circuit board lor SOl. package. I 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, VCM = OV, RF = 2.5kn, TA = +25°C, unless otherwise noted. 

OP-260AlE OP-260F OP-260G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
VIOS 3.5 2 5 3 7 mV Voltage 

Input Bias lB. Noninverting Input 0.2 1 0.3 2 0.5 3 
IlA Current IB_ Inverting Input 3 8 4 10 5 15 

Input Bias 
Current Common· CMRRIB_ Inverting Input 0.04 0.1 0.06 0.2 0.1 0.5 IlAIV Mode Rejection VCM =±11V 
Ratio 

Input Bias Inverting Input 0.02 0.1 0.04 0.2 0.05 0.5 Current Power PSRRIB_ Nonlnverting Input 0.002 0.02 0.004 0.04 0.01 0.1 IlAJV 
Supply Rejection PSRRIB• Vs • ±9V to ±18V Ratio 

Common-Mode CMR VCM =±11V 56 62 50 60 50 60 dB 
Rejection 

Power Supply PSR Vs ·±9V1D±18V 66 72 60 66 60 66 dB Rejection 

Open-Loop 
RT 

RL = 1kn 5 7 4 5 4 5 MO Transimpedance Vo =±10V 

Input Voltage IVR ±11 ±11 ±11 V Range 

Output Voltage 
Vo 

RL = 1kO ±12 ±12.6 ±12 ±12.6 ±12 ±12.6 V Swing IOUT=±2omA ±11 ±11.5 ±11 ±11.5 ±11 ±11.5 

Supply 
ISY 

No Load, 
9 10.5 9 10.5 9 10.5 mA Current Both Amplifiers 

Av=+1,Vo ·±10V, 1000 1000 1000 RL _1kn, TestatVo =±5V 

Av=+10, Vo =±10V, 375 550 300 550 300 550 RL =1kn,TestatVo =±5V 
Slew Rate SR Ay = +10, Vo _±10V, V/J!S 

RL =1kn,TestatVo ·±5V 300 300 8-pin Hermetic DIP (Z) 
Package 
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OP-260 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, VCM = OV, RF = 2.5kn, TA = 25°C, unless otherwise noted. Continued 

OP-260A/E OP-260F OP-260G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

-3dB -3dB point 
Av =-1 55 55 55 

Bandwidlh 
BW 

RL = SOOO 
Av = +1 90 90 90 MHz 

Av = +10 40 40 40 

Settling Time ts 
Av=-I, 

250 250 250 ns 
10V slep, 0.1% 

Input 
C'N 

Noninverting 
4.5 4.5 4.5 pF • Capacitance and Inverting Inputs 

Channel 
'0 = 100kHz, 

Separation 
CS Vo = 10Vp·p, 100 100 100 dB 

RL =1000 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, VCM = OV, RF = 2.5kn, -55°C::; TA ::; + 125°C, for the OP-260A, unless other-
wise noted. 

OP-260A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage V,OS 1.8 6 mV 

Average Input Offset 
TCV,OS Ilvrc 

Voltage Drift 

Input Bias Current IB+ Noninverting Input 0.3 2 
IlA IB_ Inverting Input 4 12 

Input Bias 

Current Common 
CMRRIB_ 

Inverting Input 
0.05 0.2 IlAfV Mode Rejection VCM =±11V 

Ratio 

Input Bias 
Inverting Input 

Current Power PSRRIB_ 
Noninverting Input 

0.03 0.2 
IlAfV Supply Rejection PSRRIB+ 

Vs =±9Vto±18V 
0.003 0.05 

Ratio 

Common Mode 
CMR VCM =±I1V 52 58 dB 

Rejection 

Power Supply 
PSR Vs =±9Vto±18V 62 70 dB 

Rejection 

Open-Loop 
Rr 

RL = lkO, 
3 4.8 MO 

Transimpedance Vo=±IOV 

Input Voltage 
IVR ±II V 

Range 

Output Voltage 
Vo 

RL=lkO ±11.5 ±12.4 
V 

Swing lOUT = ±20mA ±10.5 ±II.I 

Supply Current ISY 
No load, 

9 11.5 rnA 
Both Amplifiers 
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OP-260 
ELECTRICAL CHARACTERISTICS at Vs =±15V, VCM = OV, RF = 2.5k!l, -40°C ~ TA ,.. +85°C forthe OP-260E/F/G, unless other-
wise noted. 

OP-260E Op·260F OP·260G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
VI OS 1.4 6 2.5 8 3.7 10 mV 

Voltage 

Average Input 
Offset Voltage TCVIOS 6 8 10 IlV/oC 

Drift 

Input Bias IB+ Noninverting Input 0.3 2 0.4 3 0.6 5 
IlA 

Current IB_ Inverting Input 4 12 5 15 20 

Input Bias 
Current Common 

CMRRIB_ 
Inverting Input 

0.05 0.2 0.7 0.4 0.15 1.0 J1.NV 
Mode Rejection VCM =±I1V 
Ratio 

Input Bias 
Current Power PSRRIB_ Inverting Input 0.03 0.2 0.05 0.4 0.1 1.0 

J1.NV 
Supply Rejection PSRRIB+ NOninverting Inpul - 0.003 0.05 0.005 0.1 0.01 0.2 

Ratio 

Common Mode 
CMR VcM =±11V 52 60 50 58 50 58 dB 

Rejection 

Power Supply 
PSR Vs =±9Vto±15V 62 70 60 64 60 64 dB 

Rejection 

Open-Loop 
RT 

RL = lkn, 
3 5 2 4 2 4 MQ 

Transimpedance Vo =±10V 

Input Voltage 
IVR ±11 ±11 ±11 V 

Range 

Output Voltage 
Vo 

RL=lkQ ±11.5 ±12.5 ±11.5 ±12.5 ±11.5 ±12.5 
V 

Swing IOUT=±20mA ±10.5 ±11.1 ±10.5 ±11.1 ±10.5 ±11.1 

Supply 
ISY 

No Load, 
9 11.5 9 11.5 9 11.5 rnA 

Current Both Amplifiers 

CHANNEL SEPARATION TEST CIRCUIT BURN·IN CIRCUIT 

2.SIcn +18Y 

10kn 

V1 10Vp-p @1ookHz 

10kn 

CHANNEL SEPARATION = 20 log (v2 ~100 ) -lBY 
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DICE CHARACTERISTICS 

DIE SIZE 0.089 x 0.086 inch, 7,654 sq. mils 
(2.26 x 2.18 mm, 4.93 sq. mm) 

OP-260 

1. OUT A 
2. -IN A 
3. +IN A 
4. V-
5. +IN B 
6. -IN B 
7. OUT B 
8. V+ 

WAFER TEST LIMITS at Vs = ±15V, VCM = OV, RF = 2.5kQ, TA = 25°C, unless otherwise noted. 

OP-260GBC 
PARAMETER SYMBOL CONDITIONS LIMITS UNITS 

Input Offset Voltage V,OS 5 mVMAX 

Input Bias Current IB+ Noninverting Input 2 
IIAMAX IB_ Inverting Input 10 

Input Bias 
Current Common 

CMRRIB 
Inverting Input 

0.2 IJANMAX 
Mode Rejection VCM=+I1V 
Ratio 

Input Bias 
Inverting Input 

Current Power PSRRIB_ 
Noninverting Input 

0.2 
IJANMAX 

Supply Rejection PSRRIB+ Vs -±9Vto±18V 
0.04 

Ratio 

Common Mode 
CMR VcM =±I1V 50 dBMIN 

Rejection 

Power Supply 
PSR Vs =±9Vto±18V 60 dBMIN 

Rejection 

Open·Loop 
Rr 

RL =lkn, 
4 MflMIN 

Transimpedance Vo =±10V 

Input Voltage 
IVR ±11 VMIN 

Range 

Output Voltage 
Vo 

RL=lkn ±12 
VMIN 

Swing lOUT = ±20mA ±11 

Supply Current ISY 
No Load, 

10.5 mAMAX 
Both Amplifiers 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for standard 
product dice. Consult factory to negotiate specifications based on dice lot qualificalion through sample lot assembly and testing. 
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OP-260 
TYPICAL ELECTRICAL CHARACTERISTICS 
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TYPICAL ELECTRICAL CHARACTERISTICS Continued 
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OP-260 
TYPICAL ELECTRICAL CHARACTERISTICS Continued 
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OP-260 
TYPICAL ELECTRICAL CHARACTERISTICS Continued 
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APPLICATIONS INFORMATION 
CURRENT VERSUS VOLTAGE FEEDBACK AMPLIFIERS 
The dual OP-260 employs a unique circuit topology that sets it 
apart from conventional op amps. By using a transimpedance 
amplifier configuration, the OP-260 provides substantial im
provements in bandwidth and slew rate over voltage feedback 
op amps. Figure 1 compares models of these two different 
amplifier configurations. 

A voltage feedback op amp multiplies the differential voltage at 
its inputs by its open-loop gain. The feedback loop forces the 
output to a voltage that, when divided by R; and R2 , equalizes 
the input voltages. Unlike a voltage feedback op amp, which has 
high impedance inputs, the current feedback amplifier has a 
high and a low impedance input. The current feedback 
amplifier's input stage consists of a unity-gain voltage buffer 

(s) 

CONVENTIONAL OP AMP 

", 
Av=1. "ii;'" 

VOLTAGE CONTROLLED 
VOLTAGE SOURCE 

FREQUENCY (Hz) FREQUENCY (Hz) 

between the noninverting and inverting inputs. The inverting 
"input" is in reality a low impedance output. Current can flow into 
or out of the inverting input. A transimpedance stage follows the 
input buffer that converts the buffer output current into a linearly 
proportional amplifier output voltage. 

The current feedback amplifier loop works in the following fash
ion (Figure 1 b). As the noninverting input voltage rises, the 
inverting input follows and the buffer sources current through 
R,. This current, multiplied by the transimpedance stage, 
causes the amplifier's output voltage to rise until the current 
flowing into R2 from the amplifier's output equalizes the current 
through R" replacing the buffer's output current. At steady 
state, only a very small buffer output current must flow to sustain 
the proper output voltage. The ratio (1 + R.tR,) determines the 

(b) 

CURRENT FEEDBACK OP AMP 

", 
A y = 1 + 'ii;'" 

CURRENT CONTROLLED 
VOLTAGE SOURCE 

FIGURE 1: The conventional op amp (a) can be modelled as a voltage-controlled voltage source. In contrast, the current feedback 
op amp (b), resembles a current-controlled voltage source. 
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OP-260 
closed-loop gain of the circuit. The result is that when designing 
with current feedback amplifiers the familiar op amp assump
tions can still be used for circuit analysis: 

1. The voltage across the inputs equals zero. 
2. The current into the inputs equals zero. 

BANDWIDTH VERSUS GAIN 
A unique feature of the current feedback amplifier design is that 
the closed-loop bandwidth remains relatively constant as a 
function of closed-loop gain. Voltage feedback op amps suffer 
from a bandwidth reduction as closed-loop gain increases, as 
quantified by the gain-bandwidth product (GBWP). This is illus
trated in Figure 2 which shows the frequency response of the 
OP-260 for various closed-loop gains and the frequency re
sponse of a voltage feedback op amp with a gain-bandwidth 
product of 30M Hz. The bandwidth of the OP-260 is much less 
dependent upon closed-loop gain than the voltage feedback op 
amp. 

FREQUENCY (Hz) 

FIGURE 2: Frequency response of the OP-260 when con
nected in various closed-loop gains with RF = 2.5kQ and RL = 
1000. Note that the frequency response of the OP-260 does 
not follow the asymptotic roll~off characteristic of a voltage 
feedback op-amp. 

FEEDBACK RESISTANCE AND BANDWIDTH 

The closed-loop frequency response of the OP-260 shown in Figure 
2 applies for a fixed feedback resistor of 2:5kQ. The frequency re
sponse of acurrentfeedback amplifier is primarily dependent on the 
value of the feedback resistor. The design of the OP-260 has been 
optimized for a feedback resistance of 2.5kQ. By holding the feed
back resistor value constant, the-3dBfrequencypointwill also remain 
constant within a moderate range of closed-loop gain. 
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RT = SMALL SIGNAL TRANSIMPEDANCE 
Cc = INTERNAL COMPENSATION CAPACITANCE 
RItIV' = INPUT BUFFER OUTPUT RESISTANCE 

FIGURE 3: Simple frequency response model of the current 
feedback amplifier. 

The model shown in Figure 3 can be used to determine the fre
quency response of a current feedback amplifier. With this 
model, the frequency response dependency on the value of the 
feedback resistance is easily seen. 

From the model of Figure 3, nodal equations may be written for 
V1 and V2. 

VIN(~)+ValT 
V1- RINV 

1+R2+.BL 
R1 RINV 

V2= RT i1 
1 +SRTCc 

where 11 = VIN - V1 = V1 (..1. + ..1.)_ ValT , and VOUT = V2. 
RINV R1 R2 R2 

Combining these equations yields: 

VOUT=[(VI~:;;::T)(~l + ~2)- v~T11 +sR;TCC 

Rl RINV J 
If the transimpedance olthe amplifier, RT, is » R2 and RINV' then 
the transfer function may be simplified to: 

1 +R2 
VOUT _ R1 

VIN 1 +s[R2+(1 +~)RINV]Cc 
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The transfer function shows that the dominant closed-loop pole 
is mainly dependent on the value of the feedback resistance, R2 , 

and the internal compensation capacitor, Ce . For example, at 
unity gain, where R, is infinite, R2 determines the -3dB fre
quency. 

VOOT ~ _----'::,---:-_ 
VIN 1 + SR2CC 

f.3dB~_-1-
21t R2CC 

where R2 » RINV' 

(a) 
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OP-260 

For higher gains, the -3dB frequency is determined by R2 plus 
the output resistance of the buffer, RINV (typically 100n), which 
is multiplied by the closed-loop gain. As the closed-loop gain in
creases, the multiplying effect on R INV becomes dominant, 
causing the bandwidth to decrease. However, the closed-loop 
bandwidth of a current feedback amplifier still far exceeds that 
of a voltage feedback op amp for moderate values of gain. 

Figure 4 shows the effect of the feedback resistance on the 
bandwidth of the OP-260 for various closed-loop gains . 
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FIGURE 4: Bandwidth will vary with feedback resistance. Peaking increases as the feedback resistance is decreased. RF = 2.5kn 
is the recommended value. All graphs are normalized to OdB. 
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.IN 

INPUT STAGE TRANSIIiPEDANCE 
STAGE 

OUTPUT 
STAGE 

FIGURE 5: Simplified schematic of the OP-260 showing the three stages of the amplifier. 

SLEW RATE AND GAIN 
The simplified schematic in Figure 5 shows the three stages of 
the OP-260. The input stage consists of a unity-gain emitler
follower amplifier. 0 5 and as form a class AB output stage at the 
inverting input which can source or sink current. The current 
flowing through the inverting input is sensed by the top current 
mirror, formed by 0 7 , a •• and 010' or the bottom current mirror, 
formed by as, all' and 0 12, When the buffer sources current to 
a load, current flows out of the inverting input, increasing as's 
collector current and causing more current to flow through a. 
and 0 15, This increases the base drive to the output transistor 
0 17, Simultaneously, the increased current in a. drives 0 13 

which reduces base drive to the complementary output transis
tor 0lS. This push-pull action produces a very fast output slew 
rate. For a small voltage step, the OP-260's slew rate is depend
ent on the available current from the two current sources (IA and 
Ie) that drive as and as. 

To increase the slew rate, transistors 0 1 and O2 have been 
added to boost the base drive to as and as, In closed-loop gains 
below 10, a large input step will turn on 0 1 or O2 increasing the 
slew rate dramatically as illustrated in Figure 6. 

AMPLIFIER NOISE PERFORMANCE 
Simplified noise models of the OP-260 in the noninverting and 
inverting amplifier configurations are shown in Figure 7. All re
sistors are assumed to be noiseless. 
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1200 

SLEW RATE vs GAIN 

RF= 2.5",-+tttttt--+-+-Hf+ftH 
Vo=01OV -+++++H---+-+-HH-f++l 
Vs =:t15V 

_ 1000 ......... ,----+-+++++i-lt---+-+--I-H1-ttH 

~ " 
~ aoo ~_+-F"Iod:-f::I-l-l:!:::,--H+t-HtH 5 aoo 1--1-H--R'",:;,L=m""'=--+-++f+j+H 

400 1--1-H-+++Ht-...... ---1'''''''=+f+j+H 

2OOt----t--I-++++Ht---t--t-t-l-HffR 

.~_L-~~LW_~~~~UU 

, 10 100 

GAIN (ABSOLUTE) 

FIGURE 6: Slew rate of the OP-260 is highest in gains 
below±10. 

For the noninverting amplifier, the equivalent input voltage 
noise, referred to the input, is: 

E (R ')2 2 (R2 ini)2 
n = S Inn + en + (AVLC)2 
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(a) (b) 

FIGURE 7: Simplified noise models for the OP-260 in noninverting (a) and inverting (b) gain. 

where: 
EN = total input referred noise 
en = amplifier voltage noise 
inn = noninverting input current noise 
ini = inverting input current noise 
Rs = source resistance 
AvCL = closed loop gain = 1 + R/R1 

For the inverting amplifier, the equivalent input voltage noise, 
referred to the input, is: 

En = en2 (1 + IAVLci)2 + (R2 ini)2 
IAvLCI (lAvLCIl2 

assuming Rs « R1· AVCL = closed loop gain = -R/R1· 

Typical values @ 1 kHz for the noise parameters of the OP-260 
are: 

en = 5.0nV/YHZ 
inn = 3.0pAlYHZ 
ini = 20.0pAlYHZ 

SHORT CIRCUIT PERFORMANCE 
To avoid sacrificing bandwidth and slew rate performance the 
OP-260's output is not short circuit protected. Do not short the 
amplifier's output to ground or to the supplies. Also, the buffer 
output current should not exceed a value of ±20mA peak or 
±7mA continuous. 

POWER SUPPLY BYPASSING AND LAYOUT 
CONSIDERATIONS 
Proper power supply bypassing is critical in all high-frequency 
circuit applications. For stable operation of the OP-260, the 
power supplies must maintain a low impedance-to-ground over 
an extremely wide bandwidth. This is most critical when driving 
a low resistance or large capacitance, since the current required 
to drive the load comes from the power supplies. A 10l1F and 

REV.C 

O.1I1F bypass capacitor are recommended for each supply, as 
shown in Figure 8, and will provide adequate high-frequency 
bypassing in most applications. The bypass capacitors should 
be placed at the supply pins of the OP-260. As with all high fre
quency amplifiers, circuit layout is a critical factor in obtaining 
optimum performance from the OP-260. Proper high frequency 
layout reduces unwanted signal coupling in the circuit. When 
breadboarding a high frequency circuit, use direct point-to-point 
wiring, keeping all lead lengths as short as possible. Do not use 
wire-wrap boards or "plug-in" prototyping boards. 

During PC board layout, keep all lead lengths and traces as 
short as possible to minimize inductance. The feedback and 
gain-setting resistors should be as close as possible to the in
verting input to reduce stray capacitance at that point. To fur
ther reduce stray capacitance, remove the ground plane from 
the area around the inputs olthe OP-260. Elsewhere, the use of 
a solid unbroken ground plane will insure a good high-frequency 
ground. 

Y. 

Y-

FIGURE 8: Proper power supplying bypassing is required to 
obtain optimum performance with the OP-260. 
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OP-260 
APPLICATIONS 
NONINVERTING AMPLIFIER 
The OP-260 can be used as a voltage-follower or noninverting 
amplifier as shown in Figure 9. A current feedback amplifier in this 
configuration yields the same transfer function as a voltage feed
backopamp: 

VOUT = 1 + R:! . 
VIN R1 

Remember to use a 2.5k.Q feedback resistor in voltage-follower 
application. 

In non inverting applications, stray capacitance at the inverting in
put of a current feedback amplifier will cause peaking which will in
crease as the closed-loop gain decreases. The gain setting resis-

" SEE TEXT 

YOUT R2 
-=1.
V.. R,' 

.15V 

>'--<p---o VOUT 

-1SY 

FIGURE 9: The OP-260 as a voltage follower or noninverting 
amplifier. 

.15V 

-15V 

AGURE 10: The OP-260 as an inverting amplifier. 
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tor, R, ' is in parallel with this stray capacitance creating a zero in the 
closed-loop response. For large noninverting gains, R, is small, 
creating a very high frequency open-loop pole which has limited ef
fect on the closed-loop response. As the non inverting gain is de
creased, R, becomes larger and the stray zero becomes lower in 
frequency,havingamuch greatereifectontheclosed-loopresponse. 
To reduce peaking at low noninverting gains, place a series resis
tor, Re, in series with the non inverting input as shown in Figure 9. 
This resistor combines with the stray capacitance atthe noninverting 
inputto form a low-pass filter that will reduce the peaking. The value 
of Re should be determined experimentally in the actual PCB lay
out. Less peaking will occur in inverting gain configurations since 
the inverting input is a virtual ground which forces a constant volt
age across the stray capacitance. 

A common practice to stabilize voltage feedback op amps is to use 
a capacitor across the feedback resistance. This creates a zero in 
the voltage feedback amplifier response to offset the loss of phase 
margin due to a parasitic pole. In current feedback amplifiers, this 
technique will cause the amplifier to become unstable because the 
closed-loop bandwidth will increase beyond the stable operating 
frequency. For the same reason, current feedback amplifiers will 
not be stable in integrator applications. 

INVERTING AMPLIFIER 
The OP-260 is also capable of operation as an inverting amplifier 
(see Figure 10). The transfer function of this circuit is identical to 
that using a voltage feedback op amp: 

VOUT = _ R:! . 
VIN R1 

An optional offset voltage trim is shown in Figure 11. 

AUTOMATIC GAIN CONTROL AMPLIFIER 
One of the shortcomings of using voltage feedback op amps in an 
Automatic-Gain-Control amplifier is that its bandwidth drops off rapidly 
as gain increases, limiting the useful bandwidth. However, for cur
rentfeedbackamplifiers, bandwidth is relatively independent of gain, 

.15V 

10k"~"""'/IN'-f-'''' 

-lOY 

FIGURE 11: Optional offset voltage trim circuit for the OP-260. 
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D, 
5082-2810 

OP-260 

-15V 

FIGURE 12: The OP-260 eliminates the problem of variable bandwidth in AGC amplifiers using voltage feedback op amps. 

eliminating this problem. Figure 12 shows a simple AGC amplifier 
design using the OP-2S0. Amplifier A, a is used as the gain stage. 
Its output is rectified by the second amplifier A, b. If the output volt
age swings more negative, diode D2 forward biases and D, reverse 
biases, closing the loop on amplifier A, b. A positive voltage appears 
on the anedeof D2; but, ffthe output voltage swings positive, D2 reverse 
biases and D, forward biases, keeping the loop closed on A, b. This 
prevents the amplifier from saturating to the negative rail. The re
sult is an accurate positive rectification of the output signal. 

The output olthe rectifier is then compared with a reference current 
set up by the S04kn resistor which is biased to -15V. The output of 
the error amplifier A2 will drive the FET (Q,) to the proper voltage 
necessary to achieve a zero voltage at the inverting input of A2. If 
there is insufficient signal, the error amplifier will detect an imbal
ance. This causes the error amp to drive more positive, turning FET 

(a) 

(b) 

FIGURE 13: Pulse response of the AGC amplifier at (a) low level 
input signal, and (b) large input signal. 
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Q, on harder, reducing the channel resistance and increasing the 
gain. Figure 13 shows the pulse response of the AGC amplifier. 
TheAGC 100pmaintainsaconstantpeakoutputampiHudeforasquare 
wave input signal range of ±20mV p.p to ±6.0V pop. 

LOW PHASE ERROR AMPLIFIER 
The simple amplifier depicted in Figure 14 utilizes the monolithic 
dual OP-2S0 and a few resistors to substantially reduce phase error 
over a wide frequency range compared to conventional amplifier 

+15V 

2.SkO. 25n 

V'NQ------"l 

'---------oVOUT 

-'5V 

FIGURE 14: Active feedback allows cancellation of the dominant 
pole, thereforfJ reducing the phase shift significantly. 
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OP-260 
designs. This technique relies on the matched frequency charac
teristics ofthe two current feedback amplifiers in the OP-260. Re
ferring to the circuit, notice that each amplifier has the same feed
back resistor networl<, corresponding to a gain of 100. Since these 
two amplifiers are set at equal gain and are matched due to the 
monolithic construction of the OP-260, they will have an identical 
frequency response. A pole in"the feedback loop of an amplifier 
becomes a zero in the closed loop response. With one amplifier in 
the feedback loop of the other, the pole and zero are at the same 
frequency, thus cancelling and reducing low phase error. Figure 15 
shows that the low phase error amplifier at a gain of 100 exhibits 10 

of phase error up to a frequency of 1 MHz. For a Single voltage 
feedback op amp to match this performance, it would require again
bandwidth product exceeding 10GHzI 

II 
I--- ........... 

r""-- I~lrl''''''' ~ AMP!. 

rN.. _\ 
l_r·'\. \ 

'\. \ 

... 
~ -1. 
" i!l -1. 
L: 
~ .... 

voltage of the instrumentation amplifier is determined by the VIOS 
matching of the OP-260, which is typically under 0.5mV. 

Figure 17 shows the relationship between gain and bandwidth for 
the instrumentation amplifier. Reducing resistors Rl to R4 to 2.5kn 
increases the bandwidth but makes circuit performance more de
pendent on board layout. 

+ISV 

>'--1>--0 Your 

I"-
f.... ~ 

VIN 10kn -=-+. 
Your Ro .... 

-45 
lOOk 1M 

FREQU£NCV(Hz) " 
FIGURE 15: Phase response of the ultra-low phase error ampli
fier compared to that of a single current feedback amplifier. Note 
that there is only one degree of phase error over a 1 MHz band
width at a gain of 100. 

HIGH-SPEED INSTRUMENTATION AMPLIFIER 
The circuit of Figure 16 is a high-speed instrumentation amplifier 
constructed with a single OP-260. Gain of the amplifier is set by 
resistor RG according to the following formula: 

VOUT = 10kO +2. 
VIN RG 

The advantages of the two op amp instrumentation amplifier is that 
the errors in the individual amplifiers tend to cancel one another. 
Common-mode rejection is limited by the matching of resistors Rl 
to R4• For the best CMR performance, these resistors should be 
matched to o.ot % or a CMR trim can be performed on Rl . A CMRR 
of gOdS (measured at 60Hz) is achievable at all gains. Input offset 

• PSplce fa a registored trademark of MlcroSlm Corporation • 
.. HSpiceis a tradename of Meta-Softwars.lnc. 
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FIGURE 16: High Speed Instrumentation Amplifier 

10 

--....... 
I .... 

I' 

10 100 
GAIN ,d., 

FIGURE 17: Bandwidth versus gain for the high speed instrumen
tation amplifier. 
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OP-260 SPICE MACRO-MODEL 

Figure 18 shows the SPICE macro-model for the OP-2S0 dual, 
high-speed, current feedback operational amplifier. This model 
was tested with, and is compatible with PSpice* and HSpice**. 
The schematic and net-list are included here so that the model 
can easily be used. This model uses a unique current feedback 
topology to accurately model both the AC and DC characteris
tics of the OP-2S0.ln addition, this model can accommodate any 
number of poles and zeros to further shape the AC response. 

This model consists of one of the op amps in the dual OP-2S0 
package. To use this model as a dual, just call upthe modeltwice 
and specify the same power supplies for each op amp. The OP-
260 SPICE macro-model uses four BJTtransistors to create the 
input buffer just as the actual device does. However, the rest of 
the model contains only ideal linear elements and ideal diodes 
to model the OP-260's behavior. Using only four transistors 
reduces simulation time and simplifies model development. h 
simulates important DC parameters such as Vos' IB' CMR, Vo 
and ISY. AC parameters such as slew rate, open-loop transim
pedance and phase response and CMR changes with fre
quency are also simulated by the model. In addition, the model 
includes the change in input bias current with varying common
mode and power supply voltages. Both output swing and supply 
current are accurately modelled . 

• PSpice is a registered trademark of MlcroSlm Corporation • 
.. HSplce Is a tradename of Meta-8oftware. Inc, 
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To keep the OP-2S0 model as simple as possible and thus save 
computer and development time, not all features of the op amp 
were modelled as listed below: 

-PSR 
-Crosstalk 
- Varying slew rate with closed-loop gain 
- No limits on power supply voltages 
- Maximum input voltage range 
- Temperature effects (I.e., model parameters are assumed 

at 25°C) 
-Input noise voltage and current sources 
- Parameter variations for Monte Carlo analysis (I.e., all 

parameters are typical only) 
These parameters are considered second-order effects and are 
not considered necessary for circuit simulation under normal 
operating conditions. However, users can easily add these func
tions as needed. 
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FIGURE 18: OP-260 Macro-Model Schematic 
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?P-260 MACRO-MODEL CPMI1989 

: SUBCKT OP-260 1 2249950 

'INPUT STAGE , 
Rl 99 8 4K 
R2 10 50 4K 
Vl 99 9 1.1 
Dl 9 8 DX 
V2 11 50 1.1 
D2 10 11 DX 
11 99 5 150U 
12 4 50 150U 
01 50 3 5 OP 
02 99 3 4 ON 
03 8 6 2 ON 
04 10 7 2 OP 
R3 5 6 14.3K 
R4 4 7 14.3K 
Cl 99 6 0.133P 
C2 50 7 0.133P 

, INPUT ERROR SOURCES , 
GBl 99 2 POLY(l) 1 18 3E-6 4E-8 
IBl 99 1 2E-7 
vas 3 1 lE-3 
CSl 99 2 0.8E-12 
CS2 50 2 0.8E-12 , 
: GAIN STAGE & DOMINANT POLE 

R5 12 99 
R6 12 50 
C3 12 99 
C4 12 50 
Gl 99 12 
G2 12 50 
V3 99 13 
V4 14 50 
D3 12 13 
D4 14 12 , 
: POLE AT 64 MHz 

R7 15 99 
R8 15 50 
C5 15 99 
C6 15 50 
G3 99 15 
G4 15 50 , 
'POLE AT 72 MHz , 
R9 16 99 
Rl0 16 50 
C7 16 99 
C8 16 50 
G5 99 16 
G6 16 50 , 
'POLE AT 80 MHz , 
Rll 17 99 
R12 17 50 
C9 17 99 
Cl0 17 50 
G7 99 17 
G8 17 50 , 

10E6 
10E6 
0.6P 
0.6P 
POLY (1) 
POLY (1) 
2.2 
2.2 
DX 
DX 

lE6 
lE6 
2.5E-15 
2.5E-15 
12 18 
18 12 

lE6 
lE6 
2.2E-15 
2.2E-15 
15 18 
18 15 

lE6 
lE6 
2E-15 
2E-15 
16 18 
18 16 

99 8 
10 50 

lE-6 
lE-6 

lE-6 
lE-6 

lE-6 
lE-6 

FIGURE 19: OP-260 SPICE Net-List 
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OP-260 

'OUTPUT STAGE , 
R13 18 99 3.333E3 
R14 18 50 3.333E3 
R15 23 99 150 
R16 23 50 150 
11 23 24 1.5E-8 
CFl 24 2 1.8P 
G9 21 50 17 23 6.66667E-3 
Gl0 22 50 23 17 6.66667E-3 
Gll 23 99 99 17 6.66667E-3 • G12 50 23 17 50 6.66667E-3 
V5 19 23 1.55 
V6 23 20 1.55 
D5 17 19 DX 
D6 20 17 DX 
D7 99 21 OX 
D8 99 22 OX 
D9 50 21 OY 
Dl0 50 22 DY , 
'MODELS USED , 
.MODEL ON NPN [BF = 1 E9 IS= lE-15 VAF = 150l 
.MODEL OP PNP BF = 1 E9 IS= lE-15 VAF = 150 
.MODEL DX D (IS = lE-15) 
.MODEL DY D (IS = lE-15 BV =50) 
.ENDS OP-260 

0.25E-3 
0.25E-3 

OPERA TIONALAMPLIFIERS 2-891 



2-892 OPERATIONALAMPLIFIERS 



r.ANALOG 
WDEVICES 

FEATURES 
• Very Low Noise ............... 5nVlV'HZ @ 1kHz Max 
• Excellent Input Offset Voltage ............... 75p,V Max 
• Low Offset Voltage Drift ................... 1p,V/oC Max 
• Very High Gain ......................... 1500V/mV Min 
• Outstanding CMR .......................... 106dB Min 
• Slew Rate ................................ . 2.4V/p,s Typ 
• Gain-Bandwidth Product .................... 5MHz Typ 
• Industry Standard S-Pin Dual Pinout 

• Available In Ole Form 

ORDERING INFORMATION t 

TA =+25"C PACKAGE OPERATING 
VosMAX CERDIP LCC TEMPERATURE 

lilY) 8-PIN PLASTIC 20.cONTACT RANGE 

75 OP27OAZ" OP270ARC/883 MIL 
75 OP270EZ XIND 

150 OP270FZ XIND 
250 OP270GP XIND 
250 OP2iOGStt XIND 

• Fordevlces processed In IOtal compliance 10 MIL-STD-883, add /883 after part 
number. Consult factory lor 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-In information on SO and PLCC packages, contact 
you local sales office. 

GENERAL DESCRIPTION 
The OP-270 is a high-performance monolithic dual opera
tional amplifier with exceptionally low voltage noise, 

Dual Very Low-Noise Precision 
Operational Amplifier 

OP-270 I 
5nV/y'HZ at 1kHz Max, offering comparable performance 
to PMl's industry standard OP-27. 

The OP-270 features an input offset voltage below 75p,V and 2 
an offset drift under 1p.V/oC, guaranteed over the full mil-
itary temperature range. Open-loop gain of the OP-270 is 
over 1,500,000 into a 10kH load insuring excellent gain accu-
racy and linearity, even in high-gain applications. Input bias 
current is under 20nA which reduces errors due to signal 
source resistance. The OP-270's CMR of over 106dB and 
PSRR of less than 3.2p,VIV significantly reduce errors due to 

PIN CONNECTIONS 

N.c. .. 11 H.C. 

-INA III 17 OUTS 

N.c. • tI N.C. 

+INA T 15 -IN8 

N.C. t"Ur:-~I"'1!lli""::'1, r::,~'r.,:1.' ']14 H.C. 

~ :L ~ ; ~ 

LCC 
(RC-Suffix) 

+INA 

"NO 

N.C. N.c. 

16-PIN SOL 
(S-Suffix) 

EPOXY MINI-DIP (P-Sufflx) 
B-PIN HERMETIC DIP 

(Z-Sufflx) 

SIMPLIFIED SCHEMATIC (One of two amplifiers is shown.) 

r-~------~----~----~~~r-------------------------t---1f-----t--O~ 

OUT 

-IN 0---1;:::-" 

L-______________ ~--+_--------+_--------+_--+_--+_~--~_Q~ 

REV. B OPERA TlONALAMPLlFIERS 2-893 



OP-270 
ground noise and power supply fluctuations. Power con
sumption of the dual OP~270 is one-third less than two 
OP-27s, a significant advantage for power conscious appli
cations. The OP-270 is unity-gain stable with a gain
bandwidth product of 5MHz and a slew rate of 2.4V/p.s. 

The OP-270 offers excellent amplifier matching which is 
important for applications such as multiple gain blocks, low
noise instrumentation amplifiers, dual buffers, and low-noise 
active fi Iters. 

The OP-270 conforms to the industry standard 8-pin DIP 
pinout. It is pin' compatible with the MC1458/1558, 
SE5532/A, RM4558 and HA5102 dual op amps and can be 
used to upgrade systems using these devices. 

For higher speed applications the OP-271, with a slew rate of 
8V/p.s, is recommended. For a quad op amp, seethe OP-470. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ................................................................. ±18V 

Differential Input Voltage (Note 2) .................................. ±1.0V 

Differential Input Current (Note 2) ................................ ±25mA 

Input Voltage .................................................... Supply Voltage 

Output Short-Circuit Duration •••••••••••••••••••••••••••••••• Continuous 

Storage Temperature Range 
P, RC, S, Z-Package ••••••• : •••••••••••••••••••••••••• -65·Cto+150·C 

Lead Temperature Range (Soldering, 60 sec) .............. 300·C 

Junction Temperature (T) ............................ -65·C to + 150·C 

Operating Temperature Range 

OP-270A ..................................................... -55·C to + 125·C 

OP-270E, OP-270F, OP-27OG •••••••••••••••••••• -40·C to +85·C 

PACKAGE TYPE e lA (Note 3) e le UNITS 

a·Pin Hermetic DIP (Z) 134 12 'CIW 

8-Pin Plastic DIP (P) 96 37 "CIW 

2O-Cont8ct LCC (RC) 88 33 "CIW 

18-Pln SOl. (S) 92 27 "CIW 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. The Op·270·s inputs are protected by back-to-back diodes. Current limiting 

resistors are not used In order to achieve low noise performance. If differential 
voltage exceeds ±1 OV. the input current should be limited to ±25mA_ 

3. e.A·ls specified for worst case mounting conditions, I.e., e." Is specified for 
d~ce in socket for CerDlP, P-DIP, and LCC packages; e jA ~s specified lor de
vice soldered to printed circuit board lor SOL packege. 

ELECTRICAL CHARACTERISTICS at Vs =±15V, TA =+25·C, unless otherwise noted. 

OP-270A/E OP-270F OP-270G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 10 75 20 150 50 250 J1V 

Input Oflset Current los VCM=OV 10 3 15 5 20 nA 

Input Bias Current 18 VCM=OV 5 20 10 40 15 60 nA 

Input Noise Voltage 
O.IHz to 10Hz 

80 200 80 200 nVp-p en p_p (Note 1) 
80 

10 • 10Hz 3.6 6.5 3.6 6.5 3.6 
Input Noise 10= 100Hz 3.2 5.5 32 5.5 3.2 - nVIv'HZ 

Voltage Density e. fo = 1kHz 3.2 5.0 3.2 5.0 3.2 
(Note 2) 

Input Noise fo= 10Hz 1.1 1.1 1.1 

Current Density I. 10= 100Hz 0.7 0.7 0.7 - pAlv'RZ 
10= 1kHz 0.6 0.6 0.6 

Large-Signal 
Vo =±10V 

Avo RL = 101<0 1500 2300 1000 1700 750 1500 
Voltage Gain 

RL =21<0 750 1200 500 900 350 700 
VlmV 

Input Voltage Range IVR (Note 3) ±12 ±12.5 ±12 ±12.5 ±12 ±12.S V 

Output Voltage Swing Vo RL:a21<O ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 V 

Common-Mode 
CMR VCM =±I1V 106 125 

Rejection 
100 120 90 110 dB 

Power Supply 
PSRR Vs .±4.5V to±18V 0.56 32 1.0 5.6 1.5 6 J1VN Rejection Ratio 

Slew Rate SR 1.7 2.4 1.7 2.4 1.7 2.4 V/j1S 
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OP-270 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C, unless otherwise noted. Continued 

OP·270A/E OP·270F OP·270G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Supply Current 
Isy No Load 4 6.5 4 6.5 4 6.5 mA 

(All Amplifiers) 

Gain Bandwidth Product GBW 5 5 5 MHz 

Channel Separation CS 
Va ~ 20Vp.p 

125 175 125 175 175 dB 
fo~ 10Hz (Note 1) 

Input Capacitance CIN 3 pF 

Input Resistance 
RIN 0.4 0.4 0.4 MQ 

Differential-Mode 

Input Resistance 
RINCM 20 20 20 GQ 

Common·Mode 

SetllingTime ts 
Av ~ +1, 10V Step 
to 0.01% 

5 5 5 ~s 

NOTES: 
1. Guaranteed by not 100% tested. 
2. Sample tested. 
3. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, -55°C::; TA::; + 125°C for OP-270A, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos 

Average Input 
TCVos 

Offset Voltage Drift 

Input Offset Current los VCM~ OV 

Input Bias Current 16 VCM~ OV 

Large·Signal 
Avo 

Voltage Gain 

Vo~±10V 

RL ~ 10kQ 
RL~2kQ 

Input Voltage Range IVR (Note 1) 

Output Voltage Swing Vo RL,,2kn 

Common·Mode 
CMR 

Rejection 
VCM~±IIV 

Power Supply 
PSRR 

Rejection Ration 
Vs~±4.5Vto±18V 

Supply Current 
Isy 

(All Amplifiers) 
No Load 

NOTE: 
1. Guaranteed by CMR test. 
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MIN 

750 
400 

±12 

±12 

100 

Op·270A 
TYP 

30 

0.2 

2 

6 

1600 

800 

±12.5 

±13 

120 

1.0 

4.5 

MAX UNITS 

175 

"V/CC 

30 nA 

60 nA 

V/mV 

V 

V 

dB 

5.6 ~VN 

7.5 mA 
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OP-270 
ELECTRICAL CHARACTERISTICS at Vs = :l:15V, -40·C s TA s +85·C, unless otherwise noted. 

OP·270E OP·270F OP·270G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos 25 150 45 275 100 400 .. V 

Average Input 
TCVos 0.2 0.4 2 0.7 3 .. vrc 

Offset Voltage Drift 

Input Offset Current los VCM=OV 1.5 30 5 40 15 50 nA 

Input Bias Current 19 VCM=OV 6 60 15 70 19 80 nA 

Large-Signal 
Vo =",IOV 

Voltage Gain Avo RL = 10kQ 1000 1800 800 1400 400 1250 V/mV 

RL =2kO 500 900 300 700 225 670 

Input Voltage Range IVR (Note 1) ",12 ",12.5 ",12 ",12.5 ",12 ",12.5 V 

Output Voltage Swing Vo RL,,2kD ",12 ",13 ",12 ",13 ",12 ",13 V 

Common-Mode 
CMR VCM = ",11V 100 120 94 115 90 100 dB 

Rejection 

Power Supply 
PSRR Vs =",4.5VIo",I8V 0.7 5.6 1.8 10 2.0 15 .. VN 

Rejection Ration 

Supply Current 
ISY No Load 4.4 7.2 4.4 7.2 4.4 7.2 mA 

(All AmplHlers) 

NOTE: 
1. Guarenteed by CMR test. 

2-896 OPERATIONAL AMPLIFIERS REV.S 



DICE CHARACTERISTICS 

DIE SIZE 0.094 X 0.092 inch, 8,648 sq. mils 
(2.39 x 2.34 mm, 5.60 sq. mm) 

OP-270 

1. OUT A 
2. -INA 
3. +INA 
4. y-
5. +IN B 
6. -INB 
7. OUT B 
8. y+ 

Subslrate is inlernally connected to Y-. 

WAFER TEST LIMITS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

OP·270G 
PARAMETER SYMBOL CONDITIONS LIMIT TYP 

Input Offset Voltage Yos 150 "V MAX 

Input Offset Current los VCM=OV 15 nAMAX 

Input Bias Current Ie VCM=OV 40 nAMAX 

large-Signal 
Ava 

Va = ",10V 
500 V/mVMIN 

Voltage Gain RL=2kn 

Input Voltage Range IVR (Note 1) ",12 VMIN 

Output Voltage Swing Va RL ",2kD ",12 VMIN 

Common-Mode Rejection CMR VCM =",I2V 100 dB MIN 

Power Supply 
PSRR Vs ==4·5Vto",18V 5.6 "VNMAX 

Rejection Ratio 

Supply Current 
ISY No Load 6.5 mAMAX 

(All Amplifiers) 

NOTE: 
1. Guaranteed by CMR test. 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yields loss, yield alter packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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OP-270 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-270 
TYPICAL PERFORMANCE CHARACTERISTICS 
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CHANNEL SEPARATION TEST CIRCUIT 

BURN-IN CIRCUIT 
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APPLICATIONS INFORMATION 

VOLTAGE AND CURRENT NOISE 
The OP-270 is a very low-noise dual op amp, exhibiting a typical 
voRage noise of only 3.2nV/v'liz@ 1 kHz. The exceptionally low 
noise characteristics of the OP-270 is in part achieved by oper
ating the input transistors at high collector currents since the 
voRage noise is inversely proportional to the square root of the 

REV.B 

OP-270 
collector current. Current noise, however, is directly propor
tional to the square root of the collector current. As a result, the 
outstanding voltage noise performance of the OP-270 is gained 
at the expense of current noise performance, which is normal 
for low noise amplifiers. 

To obtain the best noise performance in a Circuit it is vital to 
understand the relationship between voltage noise (en), cur
rent noise (i n), and resistor noise (et). 

TOTAL NOISE AND SOURCE RESISTANCE 
The total noise of an op amp can be calculated by: 

where: 

En = vi (en)2 + (in RS)2 + (et)2 

En = total input referred noise 

en = op amp voltage noise 

in = op amp current noise 

et= source resistance thermal noise 

Rs = source resistance 

Thetotal noise is referred tothe input and atthe output would 
be amplified by the circuit gain. 

Figure 1 shows the relationship between total noise at 1 kHz 
and source resistance. For Rs< 1kO the total noise is domi
nated by the voltage noise of the OP-270. As Rs rises above 
1 kO, total noise increases and is dominated by resistor noise 
rather than by voltage or current noise of the OP-270. When 
Rs exceeds 20kO, current noise of the OP-270 becomes the 
major contributor to total noise. 

FIGURE 1: Total Noise vs Source Resistance (Including 
Resistor Noise) at 1kHz 
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OP-270 
Figure 2 also shows the relationship between total noise,and 
source resistance, but at 10Hz. Total noise increases more 
quickly than shown in Figure 1 because current noise is 
inversely proportional to the square root of frequency. In 
Figure 2, current noise of the OP-270 dominates the total 
noise when Rs > 5kO. 

From Figures 1 and 2 it can be seen that to reduce total noise, 
source resistance must be kept to a minimum. In applications 
with a high source resistance, the OP-200, with lower current 
noise than the OP-270, will provide lower total noise. . , 

FIGURE 2: Total Noise vs Source Resistance (Including 
Resistor Noise) at 10Hz 
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FIGURE 3: Peak-To-Peak Noise (0.1 Hz To 10Hz) vs Source 
Resistance (Includes Resistor Noise) 
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Figure 3 shows peak-to-peak noise versus source resistance 
overthe 0.1 Hz to 10Hz range. Once again, at low values of Rs, 
the voltage noise of the OP-270 is the major contributor to 
peak-to-peak noise with current noise the major contributor 
as Rs increases. The crossover point between the OP-270 
and the OP-200 for peak-to-peak noise is at Rs = 17kO. 

The OP-271 is a higher speed version of the OP-270, with a 
slew rate of 8V/p.s. Noise of the OP-271 is slightly higher than 
the OP-270. Like the OP-270, the OP-271 is unity-gain stable. 

For reference, typical source resistances of some signal 
sources are listed in Table 1. 

TABLE 1 

SOURCE 
DEVICE IMPEDANCE COMMENTS 

Strain gauge <soon Typically used in low-frequency 
applications. 

Magnetic <1S00n Low 18 very important to reduce 
tapehead, self-magnetization problems when 
microphone direct coupling is used, OP-270 18 

can be neg.lected. 

Magnetic <1S00n Similar need for low 18 in direct 
phonograph coupled applications. OP-270 will not 
cartridge introduce any self-magnetization 

problem, 

Linear variable <1S00n Used in rugged servo-feedback 
differential applications. Bandwidth of interest is 
transformer 400Hz to 5kHz. 

For further information regarding noise calculations, see 
"Minimization of Noise in Op-Amp Applications", Applica
tion Note AN-15. 

NOISE MEASUREMENTS -
PEAK-TO-PEAK VOLTAGE NOISE 
The circuit of Figure 4 is a test setup for measuring peak-to
peak voltage noise. To measure the 200nV peak-to-peak 
noise specification of the OP-270 in the 0.1 Hz to 10Hz range, 
the following precautions must be observed: 

1. The device has to be warmed-up for at least five minutes. 
As shown in the warm-up drift curve, the offset voltage 
typically changes 2p.V due to increasing chip temperature 
after power-up. In the 10-second measurement interval, 
these temperature-induced effects can exceed tens
of-nanovolts . 

2. For similar reasons, the device has to 'be well·shielded 
from air currents. Shielding also minimizes thermocouple 
effects. 

3. Sudden motion in the viCinity of the device can also "feed
through" to increase the observed noise. 

4. The test time to measure 0.1 Hz-to-10Hz noise should not 
exceed 10 seconds. As shown in the nOise-te,ster fre
quency-response curve of Figure 5, the 0.1 Hz corner is 
defined by only one pole. The test time of 10 seconds acts 
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OP-270 
FIGURE 4: Peak-To-Peak Voltage Noise Test Circuit (0.1Hz To 10Hz) 
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FIGURE 5: 0.1Hz To 10Hz Peak-To-Peak Voltage Noise 
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as an additional pole to eliminate noise contribution from 
the frequency band below 0.1 Hz. 

5. A noise-voltage-density test is recommended when mea
suring noise on a large number of units. A 10Hz noise
voltage-density measurement will correlate well with a 
0.1 Hz-to-10Hz peak-to-peak noise reading, since both 
results are determined by the white noise and the location 
of the 1ff corner frequency. 

6. Power should be supplied to the test circuit by well 
bypassed low-noise supplies, e.g. batteries. These will 
minimize output noise introduced via the amplifier supply 
pins. 
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NOISE MEASUREMENT - NOISE VOLTAGE DENSITY 
The circuit of Figure 6 shows a quick and reliable method of 
measuring the noise voltage density of dual op amps. The 
first amplifier is in unity-gain, with the final amplifier in a 
noninverting gain of 101. Since the ac noise voltages of each 
amplifier are uncorrelated, they add in rms fashion to yield: 

eOUT = 101 ( VenA2 + enB2 ) 

The OP-270 is a monolithic device with two identical amplifi
ers. The noise voltage density of each individual amplifier will 
match, giving: 

eOUT= 101 ( ~ ) = 101 ( "j2en) 

FIGURE 6: Noise Voltage Density Test Circuit 
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OP-270 
FIGURE 7: Current Noise Density Test Circuit 

R3 

NOISE MEASUREMENT - CURRENT NOISE DENSITY 
The test circuit shown in Figure 7 can be used to measure 
current noise density. The formula relating the voltage output 
to current noise density is: 

where: 

G = gain of 10000 
Rs = 100kO source resistance 

CAPACITIVE LOAD DRIVING AND POWER 
SUPPLY CONSIDERATIONS 
The OP-270 is unity-gain stable and is capable of driving 
large capacitive loads without oscillating. Nonetheless, good 
supply bypassing is highly recommended. Proper supply 
bypassing reduces problems caused by supply line noise and 
improves the capacitive load driving capability of the OP-270. 

In the standard feedback amplifier, the op amp's output res
istance combines with the load capacitance to form a low
pass filter that adds phase shift in the feedback network and 
reduces stability. A simple circuit to eliminate this effect is 
shown in Figure 8. The added components, C1 and R3, 
decouple the amplifier from the load capacitance and provide 
additional stability. The values of C1 and R3 shown in Figure 
8 are for a load capacitance of up to 1000pF when used with 
the OP-270. 
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FIGURE 8: Driving Large Capacitive Loads 
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UNITY-GAIN BUFFER APPLICATIONS 
When RI:5 100n and the input is driven with a fast, large
signal pulse (>1V), the output waveform will look as shown in 
Figure 9. 

During the fast feedthrough-like portion of the output, the 
input protection diodes effectively short the output to the 
input, and a current, limited only by the output short-circuit 
protection, will be drawn by the signal generator. With RI~ 
soon, the output is capable of handling the current require
ments (IL:5 20mA at 10V); the amplifier will stay in its active 
mode and a smooth transition will occur. 

When Rj> 3kn, a pole created by Rland the amplifier's input 
capacitance (3pF) creates additional phase shift and reduces 
phase margin. A small capacitor (20 to 50pF) in parallel with 
RI helps eliminate this problem. 

FIGURE 9: Pulsed Operation 

APPLICATIONS 

LOW PHASE ERROR AMPLIFIER 
The simple amplifier depicted in Figure 10 utilizes a monoli
thic dual operational amplifier and a few resistors to sub
stantially reduce phase error compared to conventional 
amplifier designs. At a given gain, the frequency range for a 
specified phase accuracy is over a decade greater than for a 
standard single op amp amplifier. 

The low phase error amplifier performs second-order fre
quency compensation through the response of op amp A2 in 
the feedback loop of A1. Both op amps must be extremely 
well matched in frequency response. At low frequencies, the 
A1 feedback loop forces V2/(K1 + 1) = VIN. The A2 feedback 
loop forces Vo/(K1 + 1) = V2/(K1 + 1) yielding an overall 
transfer function of VO/VIN = K1 + 1. The DC gain is deter
mined by the resistor divider at the output, Vo, and is not 
directly affected by the resistor divider around A2. Note, that 
like a conventional single op amp amplifier, the DC gain is set 
by resistor ratios only. Minimum gain for the low phase error 
amplifier is 10. 
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OP-270 
FIGURE 10: Low Phase Error Amplifier 
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Figure 11 compares the phase error performance of the low 
phase error amplifier with a conventional single op amp 
amplifier and a cascaded two-stage amplifier. The low phase 
error amplifier shows a much lower phase error, particularly 
for frequencies where wlfJwT< 0.1. For example, phase error 
of -0.1 0 occurs at 0.002 wi fJwTfor the single op amp amplifier, 
but at 0.11 wlfJwT for the low phase error amplifier. 

For more detailed information on the low phase error ampli
fier, see Application Note AN-107. 

FIGURE 11: Phase Error Comparison 

-1 ~ ~ 
~~:;:N~~O~ 1\ 

8."limi" CASCADED 
(TWO STAGES) I 

VV hol~~mERR~R 
AMPLIFIER 1\ , 

-. 
-3 

-4 

-5 

-6 

1\ ~ -7 
0.001 I 0.01 I 0.1 

0.005 0.05 
FREQUENCY RATIO (1/1J)(w/wT) 

I 1.0 
0.5 

OPERATIONAL AMPLIFIERS 2-905 

• 



OP-270 
FIGURE 12: 5-Band Low Noise Graphic Equalizer 
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FIVE-BAND LOW NOISE STEREO GRAPHIC EQUALIZER 
The graphic equalizer circuit shown in Figure 12 provides 
15dB of boost or cut over a 5-band range. Signal-to-noise 
ratio over a 20kHz bandwidth is better than 100dB referred to 
a 3V rms input. Larger inductors can be replaced by active 
inductors but this reduces the signal-to-noise ratio. 

DIGITAL PANNING CONTROL 
Figure 13 uses a DAC-8221, a dual 12-bit CMOS DAC, to pan a 
signal between two channels. One channel is formed by the 
current output of DAC A driving one-half of an OP-270 in a 
current-to-voltage converter configuration. The other chan
nel is formed by the complementary output cu rrent of DAC A 
which normally flows to ground though the AGND pin. This 
complementary current is converted to a voltage by the other 
half of the OP-270 which also holds AGND at virtual ground. 

Gain error due to mismatching between the internal DAC 
ladder resistors and the current-to-voltage feedback resistors 
is eliminated by using feedback resistors internal to the DAC-
8221. Only DAC A passes a signal; DAC B provides the 
second feedback resistor. With VREFB unconnected, the 
current-to-voltage converter, using R FBB, is accurate and not 
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influenced by digital data reaching DAC B. Distortion of the 
digital panning control is less than 0.002% over the 20Hz-
20kHz audio range. Figure 14 shows the complementary out
puts for a 1 kHz input signal and a digital ramp applied to the 
DAC data input. 

DUAL PROGRAMMABLE GAIN AMPLIFIER 
The dual OP-270 and the DAC-8221, a dual 12-bit CMOS 
DAC, can be combined to form a space-saving dual pro
grammable amplifier. The digital code present at the DAC, 
which is easily set by a microprocessor, determines the ratio 
between the internal feedback resistor and the resistance the 
DAC ladder presents to the op amp feedback loop. Gain of 
each amplifier is: 

VOUT = _ 4096 

VIN n 
where n equals the decimal equivalent of the 12-bit digital 
code present at the DAC. If the digital code present at the 
DAC consists of all zeros, the feedback loop will open 
causing the op amp output to saturate. A 20MO resistor 
placed in parallel with the CAC feedback loop eliminates this 
problem with only a very small reduction in gain accuracy. 
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FIGURE 13: Digital Panning Control 
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OP-270 
FIGURE 15: Dual Programmable Gain Amplifier 
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~ANALOG 
WDEVICES 

FEATURES 

• Excellent Speed ............................................. a.5VlJ.ts Typ 
• Fast Settling (0.01%) ............................................ 2!1S Typ 
• Unity·Gain Stable 
• High Gain·Bandwidth ....................................... 5MHz Typ 
• Low Input Offset Voltage ................................ 200llV Max 
• Low Offset Voltage Drift ................................ 21lV/oC Max 
• High Gain ..................................................... 400V/mV Min 
• Outstanding CMR ........................................... 106 dB Min 
• Industry Standard a·Pin Dual Pinout 
• Available in Die Form 

ORDERING INFORMATION t 

TA=+25°C 
PACKAGE OPERATING 

VosMAX CERDIP LCC TEMPERATURE 
(IIV) 8-PIN PLASTIC 20·CONTACT RANGE 

200 OP271AZ' OP271ARC/883 MIL 
200 OP271EZ XND 
300 OP271FZ XND 
400 OP271GP XND 
400 OP271 GStt XND 

Fordevices processed in total compliance to MIL·STD·883, add 1883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastiC DIP, and TO·can packages. 

It For availability and burn·in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 

The OP-271 is a unity-gain stable monolithic dual op amp featur
ing excellent speed, 8.5V/IlS typical, and fast settling time, 21ls 
typical to O. 01 %. The OP-271 has a gain-bandwidth of 5MHzwith 
a high phase margin of 620 • 

SIMPLIFIED SCHEMATIC (One of the two amplifiers is shown.) 

High Speed Dual 
Operational Amplifier 

OP-271 I 
Input offset voltage olthe OP-271 is under 200ll V with input offset 
voltage drift below 21l V laC, guaranteed over the full military tem
perature range. Open-loop gain exceeds 400,000 into a 1 OkO load 
ensuring outstanding gain accuracy and linearity. The input bias • 
current is under 20nA limiting errors due to source resistance. 
The OP-271 's outstanding CMR, over 106dS, and low PSRR, 
under 5.6IlVIV, reduce errors caused byground noise and power 
supply fluctuations. In addition, the OP-271 exhibits high CMR 
and PSRR over a wide frequency range, further improving system 
accuracy. Continued 

PIN CONNECTIONS 

< 
~ ~ q + q 
zoz>z 

LCC 
(RC·Sufflx) 

OUTB 
N.C. 

OUTA 
-INA 
+INA 

v- 4 

7 OUTB 

16·PINSOL 
(S·Suffix) 

EPOXY MINI·DIP 
(P·Suffix) 

a·PIN HERMETIC DIP 
(Z·Suffix) 

r-~------~------~----~--~--------------------------~--~----~-ov+ 

OUT 

-IN 0--..... -1::-...... 

L-----------------~--~--------~--------~~~~--+-~--..... -ov_ 

REV. B OPERATIONALAMPLIFIERS 2-909 



OP-271 
The OP-271 offers outstanding DC and AC matching between 
channels. This is especially valuable for applications such as 
multiple gain blocks, high-speed instrumentation and ampli
fiers, buffers and active fi Iters. 

The OP-271 conforms to the industry standard 8-pin dual op 
amp pinout. It is pin compatible with the TL072, TL082, 
LF412, and 1458/1558 dual op amps and can be used to 
significantly improve systems using these devices. 

For applications requiring lower voltage noise, see the OP-
270. For a quad version of the OP-271, see the OP-471. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±18V 
Differential Input Voltage (Note 2) ................................... ±1.0V 
Differential Input Current (Note 2) ................................. ±25mA 
Input Voltage .................................................... Supply Voltage 
Output Short-Circuit Duration ................................ Continuous 
Storage Temperature Range ........................ -65°C to + 150°C 

Lead Temperature (Soldering, 60 sec) ........................ +300·C 

Junction Temperature (T1) .............................. -.Q5°C to + 150C 
Operating Temperature Range 

OP-271A ................................................... -55°C to +125°C 
OP-271 E, OP-271 F, OP-271 G ................... -40°C to +85°C 

PACKAGE TYPE 8 1A (Note 3) 8 1C UNITS 

8·Pin HermeticDIP (Z) 134 12 'CIW 

8-Pin Plastic DIP (P) 96 37 'CIW 

20-Contact LCC (RC) 88 33 'CIW 

8-PinSO(S) 92 27 'CIW 

NOTES: 
1. Absolute maximum ratings apply to bath DICE and packaged parts, unless 

otherwise noted. 
2. The OP-271's inputs are protected by back·to-back diodes. Current limiting 

resistors are nat used in order to achieve law noise performance. If differential 
voltage exceeds ±1.0V, the input current should be limited to ±25mA. 

3. 8'A is specified for worst case mounting conditions, I.e., 8'A is specified for 
dl.vice in socket for CerDIP, P-DIP, and LCC packages; ~A is specified 'or 
device soldered to printed circuit board for SOL package. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA= +25·C, unless otherwise noted. 

OP·271A/E OP·271F Op·271G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vos 75 200 150 300 Voltage 200 "V 400 

Input Offset 
los VCM=OV 10 4 15 Current 7 20 nA 

Input Bias 
Ie VCM =OV 4 20 6 40 Current 12 nA 60 

Input Noise 
Voltage en '0 = 1kHz 7.6 7.6 
Density 

7.6 - nV! Hz 

Large·Signal Vo =,,10V 
Voltage Ayo RL = 10kll 400 650 300 500 250 400 V/mV 

Gain RL = 2kll 300 500 200 300 175 250 

Inpul Voltage 
IVR (Nate 1) ,,12 ,,12.5 ,,12 ,,12.5 Range ,,12 ,,12.5 V 

Output VoUage 
Vo RL ",2k1l ,,12 ,,13 ,,12 ,,13 Swing ,,12 ,,13 V 

Common-Made 
CMR VCM =,,12V 106 120 100 115 Rejection 90 105 dB 

Power Supply 
Rejection PSRR Vs =,,4.5Vlo,,18V 0.6 3.2 1.8 5.6 
Ratio 

2.4 7.0 "VN 

Slew Rale SR 5.5 8.5 5.5 8.5 5.5 8.5 

Phase Margin "m Ay=+1 62 62 62 deg 

Supply Currenl 
ISY No Load 4.5 6.5 4.5 6.5 (All Amplifiers) 4.5 6.5 mA 

Gain Bandwidth 
GBW 5 5 Product 5 MHz 

Channel 
CS 

Vo =20Vp•p 125 
Separation '0 = 10Hz (Note 2) 

175 125 175 175 dB 

Input CapaCitance C, N 3 3 3 pF 

In6~~:r:~:!~~':de R'N 0.4 0.4 0.4 Mil 

Inpul Resistance 
R'NCM 20 20 Cammon-Made 20 GD 

SeUlingTime t. 
Ay = +1, 10V Step 

2 2 
to 0.01% 

2 

NOTES: 
1. Guaranteed by CMR test. 
2. Guaranleed but nol1 00% lested. 
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OP-271 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, -55°C ~ TA ~ 125°C for OP-271A, unless otherwise noted. 

OP-271A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vas 115 400 ~V 

Average Input 
TCVas 0.4 ~VI'C 

Offset Voltage Drift 

Input Offset Current los VCM=OV 1.5 30 nA 

Input Bias Current 18 VCM = OV 60 nA 

II Large-Signal 
Va=±IOV 

Ava RL = 10kU 300 600 VlmV 
Voltage Gain 

RL = 2kU 200 500 

Input Voltage Range IVR (Note I) ±12 ±12.5 V 

Output Voltage Swing Va RL 2': 2kU ±12 ±13 V 

Common-Mode 
CMR VCM = ±12V 100 120 dB 

Rejection 

Power Supply 
PSRR Vs = ±4.5V to ±18V 1.0 5.6 ~VIV 

Rejection Ratio 

Supply Current 
ISY No Load 5.3 7.5 mA 

(All Amplifiers) 

NOTE: 
I. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs = :t15V, -40°C '" T A", +85°C, unless otherwise noted. 

OP·271 AlE OP·271F OP·271G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

InputOffsel 
Vas 100 330 215 560 300 700 ~V 

Voltage 

Average Input 

Offset Voltage TCVos 0.4 2 4 2.0 5 ~vrc 

Drift 

Input Offset 
los VCM =OV 30 40 15 50 nA 

Current 

Input Bias 
Ie VCM =OV 6 60 10 70 15 BO nA 

Current 

Large-Signal Va =.IOV 
Voltage Ava RL = 10kll 300 600 200 500 150 400 V/mV 
Gain AL = 2kll 200 500 100 400 90 300 

Input Voltage 
IVA (Note 1) ,.12 :12.5 ,.12 ,.12.5 ,.12 :12.5 V 

Range 

Output Voltage 
Va AL 22kll ,.12 ,.13 .12 ,.13 ,.12 .13 V 

Swing 

Common-Mode 
CMR 

Rejection 
VCM =.12V 100 120 94 115 90 100 dB 

Power Supply 

Rejection PSRR Vs =·4.5Vto,.IBV 0.7 5.6 51.8 10 2.0 15 .. V/V 
Ratio 

Supply Current 
ISY No Load 5.2 7.2 5.2 7.2 5.2 7.2 mA 

(All Amplifiers) 

NOTE: 
1. Guaranteed by CMR test. 
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OP-271 
DICE CHARACTERISTICS 

DIE SIZE 0.094 x 0.092 Inch, 8,648 sq. mils 
(2.39 x 2.34 mm, 5.60 sq. mm) 

1. OUT A 
2. -INA 
3. +INA 
4. V-
5. +IN B 
6. -INB 
7.0UTB 
8. V+ 

WAFER TEST LIMITS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Ollset Voltage Vos 

Input Offset Current los VCM= OV 

Input Bias Current Ie VCM=OV 

Large-Signal 
Vo =±10V 

Voltage Gain Avo RL = 10kll 
RL =2kll 

Input Voltage Range IVR (Note 1) 

Output Voltage Swing Vo RL",2kll 

Common-Mode Rejection CMR VCM=±12V 

Power Supply 
PSRR Vs = ±4.5V to ±18V 

Rejection Ratio 

Supply Current 
ISY No Load 

(All Amplifiers) 

NOTES: 
1. Guaranteed by CMR test. 

OP·271GBC 
LIMIT 

300 

15 

40 

300 
200 

±12 

±12 

100 

5.6 

6.5 

UNITS 

p.VMAX 

nAMAX 

nAMAX 

VlmVMIN 

VMIN 

VMIN 

dBMIN 

p.VNMAX 

mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging is not guaran
teed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-271 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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OP-271 

TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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OP-271 
APPLICATIONS INFORMATION 

CAPACITIVE LOAD DRIVING AND POWER 
SUPPLY CONSIDERATIONS 
The OP-271 is unity-gain stable and is capable of driving large 
capacitive loads without oscillating. Nonetheless, good supply 
bypassing is highly recommended. Proper supply bypassing 
reduces problems caused by supply line noise and improves 
the capacitive load driving capability of the OP-271. 

In the standard feedback amplifier, the op amp's output 
resistance combines with the load capacitance to form a low
pass filter that adds phase shift in the feedback network and 
reduces stability. Asimple circuit to eliminate this effect is shown 
in Figure 1. The added components, C1 and R3, decouple the 
amplifier from the load capacitance and provide additional 
stability. The values of C1 and R3 shown in Figure 8 are for a load 
capacitance of up to 1000pF when used with the OP-271. 

FIGURE 1: Driving Large Capacitive Loads 
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UNITY-GAIN BUFFER APPLICATIONS 
When RI $1000 and the input is driven with a fast, large-signal 
pulse (>1V), the output waveform will look as shown in Figure 2. 

During thefaslfeedthrough-like portion oflheoutput, the input 
protection diodes effectively short the outpUtio the input, and a 
current, limited only by the output short~ircuit protection, will 
be drawn by the signal generator. With RI;::: SOOO, the output is 
capable of handling the current requirements (lL $ 20mA at 
1OV); the amplifier will stay in its 'active mode and a smooth 
transition will occur. . 

FIGURE 2: Pulsed Operation 

A, 
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When RI > 3kO, a pole created by RI and the amplifier's input 
capacitance (3pF) creates additional phase shift and reduces 
phase margin. A small capacitor in parallel with RI helps 
eliminate this problem. 

COMPUTER SIMULATIONS 
Many electronic design and analysis programs include models 
for op amps which calculate AC performance from the location 
of poles and zeros. As an aid to designers utilizing such a 
program, major poles and zeros of the OP-271 are listed below. 
Their location will vary slightly between production lots. 
Typically, they will be within ±15% of the frequency listed. Use 
of this data will enable the designer to evaluate gross circuit 
performance quickly, but should not supplant rigorous charac
terization of a breadboarded circuit. 

POLES 

15 Hz 
1.2 MHz 

2x32 MHz 
8X40 MHz 

APPLICATIONS 

LOW PHASE ERROR AMPLIFIER 

ZEROS 

2.5 MHz 
4X23 MHz 

The simple amplifier depicted in Figure 3 utilizes a monolithic 
dual operational amplifier and a few resistors to substantially 
reduce phase error compared to conventional amplifier designs. 
At a given gain, the frequency range for a specified phase 
accuracy is over a decade greater than for a standard single op 
amp amplifier. 

The low phase error amplifier performs second-order frequency 
compensation through the response of op amp A2 in the 
feedback loop of A1. Both op amps must be extremely well 
matched in frequency response. At low frequencies, the A1 
feedback loop forces V2/(K1 + 1) = VIN. The A2 feedback loop 
forces Vo/(K1 + 1) = V2/(K1 + 1) yielding an overall transfer 
function of VONIN = K1 + 1. The DC gain is determined by the 
resistor divider at the output, Vo, and is not directly affected by 
the resistor divider around A2. Notethat, like a conventional 
single op amp amplifier, the DC gain is set by resistor ratios 
only. Minimum gain for the low phase error amplifier is 10. 

FIGURE 3: Low Phase Error Amplifier 
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FIGURE 4: Phase Error Comparison 
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Figure 4 compares the phase error performance of the low 
phase error amplifier with a conventional single op amp 
amplifier and a cascaded two-stage amplifier. The low phase 
error amplifier shows a much lower phase error, particularly for 
frequencies where w/,BwT<0.1. For example, phase error of 
-0.1 0 occurs at 0.002 W/,BwT forthe single op amp amplifier, but 
at 0.11 w/,Bwr for the low phase error amplifier. 

For more detailed information on the low phase error amplifier, 
see Application Note AN-107. 

FIGURE 5: Dual 12-Bit Voltage Output DAC 
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OP-271 
DUAL 12-81T VOLTAGE OUTPUT DAC 
The dual voltage output DAC shown in Figure 5 will settle to 
12-bit accuracy from zero to full scale in 2"s typically. The 
CMOS DAC-8222 utilizes a 12-bit, double-buffered input struc
ture allowing faster digital throughput and minimizing digital 
feedthrough. 

FAST CURRENT PUMP 
Maximum output current of the fast current pump shown in 
Figure 6 is ±11mA. Voltage compliance exceeds ±10V with 2 
±15V supplies. The current pump has an output resistance of 
over 3M!} and maintains 12-bit linearity over its entire output 
range. 

FIGURE 6: Fast Current Pump 
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~ANALOG 
WDEVICES 

FEATURES 
Excellent Sonic Characteristics 
Low Noise: 6 nV/YHz 
Low Distortion: 0.0006% 
High Slew Rate: 22 V/",s 
Wide Bandwidth: 9 MHz 
Low Supply Current: 5 rnA 
Low Offset Voltage: 1 mV 
Low Offset Current: 2 nA 
Unity Gain Stable 
SOIC-8 Package 

APPLICATIONS 
High Performance Audio 
Active Filters 
Fast Amplifiers 
Integrators 

GENERAL DESCRIPTION 

The OP-275 is the first amplifier to feature the Butler Amplifier 
front-end. This new front-end design combines both bipolar and 
JFET transistors to attain amplifiers with the accuracy and low 
noise performance of bipolar transistors, and the speed and 
sound quality of JFETs. Total Harmonic Distortion plus Noise 
equals previous audio amplifiers, but at much lower supply 
currents. 

A very low IIf corner of below 6 Hz maintains a flat noise den
sity response. Whether noise is measured at either 30 Hz or 
I kHz, it is only 6 nV/y'Hz. The JFET portion of the input 
stage gives the OP-275 its high slew rates to keep distortion low, 
even when large output swings are required, and the 22 V/jJ-s 
slew rate of the OP-275 is the fastest of any standard audio 
amplifier. Best of all, this low noise and high speed are accom
plished using less than 5 mA of supply current, lower than any 
standard audio amplifier. 

'Patent pending. 

REV. 0 

Dual Bipolar/JFET, Audio 
Operational Amplifier 

OP-275* I 
PIN CONNECTIONS 

8-Lead Narrow Body SOIC 
(S Suftix) 

8-Lead Epoxy DIP 
(P SuffIX) 

Improved dc performance is also provided with bias and offset 
currents greatly reduced over purely bipolar designs. Input off
set voltage is guaranteed at I m V and is typically less than 
200 jJ-V. This allows the OP-275 to be used in many dc coupled 
or summing applications without the need for special selections 
or the added noise of additioual offset adjustment circuitry. 

The output is capable of driving 600 n loads to 10 V rms while 
maintaining low distortion. THD + Noise at 3 V rms is a low 
0.0006%. 

The OP-275 is specified over the extended industrial (-40°C to 
+ 85°C) temperature range. OP-275s are available in both plastic 
DIP and SOIC-8 packages. SOIC-8 packages are available in 
2500 piece reels. Many audio amplifiers are not offered in 
SOIC-8 surface mount packages for a variety of reasons, how
ever the OP-275 was designed so that it would offer full perfor
mance in surface mount packaging. 
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OP-275 -SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@ Ys = ±15.0 Y, TA = +25°C unless otherwise specified) 

Parameter Symbol Conditions Min Typ Max Units 

AUDIO PERFORMANCE 
THD + Noise VIN = 3 V rms, RL = 2 kO, f = I kHz 0.0006 % 
Voltage Noise Density en f = 30 Hz 7 nV/v'Hz 

f=lkHz 6 nV/v'Hz 
Current Noise Density in f=lkHz 1.5 pAl\IHz 
Headroom THD + Noise:5 0.01%, 

RL = 2kO, Vs = ±ISV >12.9 dBu 

INPUT CHARACTERISTICS 
Offset Voltage Vos I mV 

-40°C:5TA:5+S5°C 1.25 mV 
Input Bias Current IB VCM = OV 100 350 nA 

VCM = 0 V, -40°C:5TA:5+S5°C 100 400 nA 
Input Offset Current los VCM = 0 V 2 ±50 nA 

VCM = 0 V, -40°C:5TA:5+S5°C 2 ±100 nA 
Input Voltage Range VCM -10.5 +10.5 V 
Common-Mode Rejection CMR VCM = ±10.5 V, 

-40°C:5TA:5+ S5°C SO 106 dB 
Large Signal Voltage Gain Avo RL=2kO 250 V/mV 

RL = 2 kO, -40°C:5TA:5+S5°C 175 V/mV 
RL = 6000 200 V/mV 

Offset Voltage Drift t:.voslt:..T 5 fJ-vrc 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo RL = 2kO -13.5 ±13.9 +13.5 V 

RL = 2 kO, -40°C:5TA:5+S5°C -13 ±13.9 +13 V 
RL = 6000, Vs = ±ISV ±16 V 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs = ±4.5 V to ±IS V S5 111 dB 

Vs = ±4.5 V to ±IS V, 
-40°C:5TA:5+S5°C SO dB 

Supply Current Isv Vs = ±4.5 V to ±IS V, Vo = 0 V, 
RL = 00, -40°C:5TA:5+S5°C 4 5 rnA 
Vs = ±22 V, Vo = 0 V, RL = 00, 

-40°C:5TA:5+S5°C 5.5 mA 
Supply Voltage Range Vs ±4.5 ±22 V 

DYNAMIC PERFORMANCE 
Slew Rate SR RL=2kO 15 22 V/fJ-s 
Full-Power Bandwidth BWp kHz 
Gain Bandwidth Product GBP 9 MHz 
Phase Margin 00 62 Degrees 
Overshoot Factor VrN = 100 mY, Av = +1, 

RL = 600 0, CL = 100 pF 10 % 

Specifications subject to change without notice. 
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OP-275 

WAFER TEST LIMITS (@ Ys = ±15.0 Y, TA = +25°C unless otherwise specified) 

Parameter Symbol Conditions Limit Units 

Offset Voltage Vos I mVmax 
Input Bias Current IB VCM = 0 V 350 nAmax 
Input Offset Current los VCM = 0 V ±50 nAmax 
Input Voltage Rangel ±10.5 V min 
Common-Mode Rejection CMRR VCM = ±10.5 V 80 dB min 
Power Supply Rejection Ratio PSRR V = ±4.5 V to ± 18 V 85 dB min 
Large Signal Voltage Gain Avo RL = 2kO 250 V/mVmin 
Output Voltage Range Vo RL = 10 kO ±13.5 V min 
Supply Current ISY Vo = 0 V, RL = 00 5 mAmax 

NOTES 
Electrical t .. ts and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 

'Guaranteed by CMR t .. t. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS l 

Supply Voltage ........................... ±22 V 
Input Voltage' ........................... ±18 V 
Differential Input Voltage' ................... ±7.S V 
Output Short-Circuit Duration to GND3 •••••••• Indefinite 
Storage Temperature Range 

(P, S) Package ................... -65°C to + 150°C 
Operating Temperature Range 

OP-275G ....................... -40°C to +85°C 
Junction Temperature Range 

(P, S) Package ................... -65°C to + ISO"C 
Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

Model 

OP27SGP 
OP275GS 
OP27SGSR 
OP275GBC 

ORDERING GUIDE 

Temperature 
Range 

-40°C to +8SoC 
-40°C to +8SoC 
-40°C to +85°C 
+2SoC 

Package Option* 

8-Pin Plastic DIP 
8-Pin SOlC 
SOlC-8 Reel, 2500 pes. 
DICE 

*For oudine information see Package Information section. 

REV. 0 

Package Type OJA 
4 

°JC Units 

8-Pin Plastic DIP (P) 103 43 0c/w 
8-Pin SOlC (S) 158 43 0c/w 

NOTES 
'Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2Por supply voltageS less than ±22 V, the absolute maximum input voltage is 
equal to the supply voltage. 

'Shorts to either supply may d .. troy the device. See data sheet for full details. 
49JA is specified for the worst case conditions, i.e., 8JA is specified for device in 
socket for cerdip, P-DIP, and LCC packag .. ; alA is specified for device 
soldered in circuit board for SOlC package. 

DICE CHARACTERISTICS 

OUTA v+ 

-INA OUTB 

+INA 

-INB 

v- +INB 

OP-275 Die Size 0.070 x 0_108 in. (7,560 sq. mils) 
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OP-275 
APPLICATIONS 

Short Circuit Protection 
The OP-27S has been designed with inherent output short 
circuit protection to ground. 

However shorts to either supply may destroy the device when 
excessive voltages or currents are applied. For safe operation 
the output current of the OP-27S should be design limited to 
±30mA. 

Total Harmonic Distortion 
Total Harmonic Distortion + Noise (THD + N) of the OP-27S 
is well below 0.001% with any load down to 600 O. However, 
this is dependent upon the peak output swing. In Figure 1 it is 
seen that the THD + Noise with 3 V rms output is below 
0.001 %. In the following Figure 2, THD + Noise is below 
0.00 1 % for the 10 kO and 2 kG loads but increases to above 
0.1 % for the 600 0 load condition. This is a result of the output 
swing capability of the OP-27S. Notice the results in Figure 3, 
showing THD vs. VIN (V rms). This figure shows that the 
THD + Noise remains very low until the output reaches 
9.5 volts rms. This performance is similar to competitive 
products. 

The output of the OP-27S is designed to maintain low harmonic 
distortion while driving 600 0 loads. However, driving 600 0 
loads with very high output swings results in higher distortion if 
clipping occurs. A common example of this is in attempting to 
drive 10 V rms into any load with ± 15 volt supplies. Clipping 
will occur and distortion will be very high. 

RR .... NN .... M.N •• N 'M" M'M ::: :~::::=: RL = ,6000, 2k, 10k : ..... 

.................... Vs =±15V 
.............. _..... .. ..................... V,N = 3V rms 

. Av=+l 

.. •• ... ... 
FREQUENCY - Hz 

Figure 1. THO + Noise vs. Frequency vs. RLOAD 

.,. 0.1 
I 

! 
+ 
c 
j!: 

FREQUENCY - Hz 

Figure 2. THO + Noise vs. RLOAD; V/N = 10 V rms, ±18 V 
Supplies 
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Figure 3. Headroom, THO + Noise vs. Output Amplitude 
(V rms); RWAD = 600 n, Vsup = ± 18 V 

To attain low harmonic distortion with large output swings, sup
ply voltages may be increased. Figure 4 shows the performance 
of the OP-27S driving 600 0 loads with supply voltages varying 
from ± 18 to ±20 volts. Notice that with ± 18 volt supplies the 
distortion is fairly high, while with ±20 volt supplies it is a very 
low 0.0007%. 
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Figure 4. THO + Noise vs. Supply Voltage 

Noise 

>22 

The voltage noise density of the OP-27S is below 7 nV/v'Hz 
from 30 Hz. This enables low noise designs to have good perfor
mance throughout the full audio range. Figure 5 shows a typical 
OP-27S with a lIf corner at 5.2 Hz . 

Figure 5. 11f Noise Corner, V. = ±15 V, Av = 1000 
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Noise Testing 
For audio applications the noise density is usually the most 
important noise parameter. For characterization the OP-27S is 
tested using an Audio Precision, System One. The input signal 
to the Audio Precision must be amplified enough to measure 
accurately. For the OP-27S the noise is gained by approximately 
1020 using the circuit shown in Figure 6. Any readings on the 
Audio Precision must then be divided by the gain. In imple
menting this test fixture, good supply bypassing is essential. 

OUTPUT 

100Q 

Figure 6. Noise Test Fixture 

Driving Capacitive Loads 
The OP-27S was designed to drive both resistive loads to 600 n 
and capacitive loads of over 1000 pF and maintain stability. 
While there is a degradation in bandwidth when driving capaci
tive loads, the designer need not worry about device stability. 
The graph in Figure 7 shows the 0 dB bandwidth of the OP-27S 
with capacitive loads from 10 pF to 1000 pF. 
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OP-275-Typical Performance 
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~ANALOG 
WDEVICES 

FEATURES 
High Slew Rate: 9 V/,..s 
Wide Bandwidth: 4 MHz 
Low Supply Current: 250 p.A/Amplifier 
Low Offset Voltage: 3 mV 
Low Bias Current: 100 pA 
Fast Settling TIme 
Common-Mode Range Includes V+ 
Unity Gain Stable 

APPUCAll0NS 
Active Filters 
Fast Amplifiers 
Integrators 
Supply Current Monitoring 

GENERAL DESCRIPTION 
The OP-282/0P-482 dual and quad operational amplifiers fea
ture excellent speed at exceptionally low supply currents. Slew 
rate exceeds 7 V/.,.s with supply current under 250 .,.A per 
amplifier. These unity gain stable amplifiers have a typical gain
bandwidth of 4 MHz. 

The JFET input stage of the OP-28210P-482 insures bias cur
rent is typically a few picoamps and below 500 pA over the full 
temperature range. Offset voltage is under 3 m V for the dual 
and under 4 mV for the quad. 

With a wide output swing, within 1.5 volts of each supply, low 
power consumption and high slew rate, the OP-282/0P-482 are 
ideal for battery-powered systems or power restricted applica
tions. An input common-mode range that includes the positive 
supply makes the OP-28210P-482 an excellent choice for high
side signal conditioning. 

The OP-282/0P-482 are specified over the extended industrial 
temperature range. Both dual and quad amplifiers are available 
in plastic and ceramic DIP plus SOle surface mount packages. 

Contact your local sales office for MIL-STD-883 data sheet and 
availability. 

REV. 0 

DuaVQuad Low Power, High Speed 
JFET Operational Amplifier 

OP-282/0P-482 I 
PIN CONNECTIONS 

8-Lead Narrow-Body SOIC 
(S SuffIX) 

8-Lead Epoxy DIP 
(P SuffIX) 

14-Lead Epoxy DIP 
(P Suffix) 

14-Lead Narrow-Body SOIC 
(S Suffix) 

OUTA 

-INA 

+INA 

v+ 
+INB 

-INB 

OUTB 

20-Position Chip Carrier 
(RC Suffix) 

+INA 

NC 

v+ 
NC 

+INB 

,; 
5 

~ 
i 

311211111201119 

OP-482 
TOP VIEW 

(Not to ScOlo) 

91110111111121113 
m III U U U 
Z ... Z ... z 
T 6 6 7 

NC = NO CONNECT 

~ 
¥ 
~ 
~ 14 

+INO 

NC 

v
NC 

+INC 

OUTS 

-IND 

+IND 

v-
+INC 

-INC 

OUTC 
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OP-282/0P-482-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@ Vs = ±15.0 v, TA = +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ 

INPUT CHARACTERISTICS 
Offset Voltage Vas OP-282 0.2 

OP-282, -40 :5TA :5 +85°C 
Offset Voltage Vas OP-482 0.2 

OP-482, -40 :5T A :5 +85°C 
Input Bias Current IB VCM = 0 V 3 

VCM = 0 V, Note I 
Input Offset Current los VCM = 0 V I 

VCM = OV, Note I 
Input Voltage Range -11 
Common-Mode Rejection CMR -lIV:5VcM :5+15 V, -40 :5TA :5 +85°C 70 90 
Large Signal Voltage Gain Ava RL = 10 kG 20 

RL = 10 kG, -40 :5TA :5 +85°C 15 
Offset Voltage Drift I1Vosll1T 10 
Bias Current Drift I1IJI1T 8 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Va RL = 10 kG -13.5 ±13.9 
Short Circuit Limit Isc Source 3 10 

Sink -8 -12 
Open-Loop Output Impedance ZOUT f= 1 MHz 200 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs = ±4.5 V to ±18 V, 

-40 :5TA :5 +85°C 25 
Supply Current! Amplifier ISY Va = 0 V, 40 :5TA :5 +85°C 210 
Supply Voltage Range Vs ±4.5 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = 10 kG 7 9 
Full-Power Bandwidth BWp I % Distortion 125 
Settling Time ts To 0.01% 1.6 
Gain Bandwidth Product GBP 4 
Phase Margin 00 55 

NOISE PERFORMANCE 
Voltage Noise en p-p 0.1 Hz to 10 Hz 1.3 
Voltage Noise Density en f=lkHz 36 
Current Noise Density in 0.01 

NOTE 
IThe input bias and offset currents are tested at TA = TJ = +85DC. Bias and offset currents are guaranteed but not tested at -40°C. 

Specifications subject to change without notice. 

WAFER TEST LIMITS (@ Vs = ±15.0 v, TA = +25°C unless otherwise noted) 

Parameter Symbol Conditions Limit 

Offset Voltage Vas OP-282 3 
Offset Voltage Vas OP-482 4 
Input Bias Current IB VCM = 0 V 100 
Input Offset Current los VCM = 0 V 50 
Input Voltage Rangel -11, +15 
Common-Mode Rejection CMRR -lIV:5VcM :5 +15 V 70 
Power Supply Rejection Ratio PSRR V = ±4.5 V to ± 18 V 316 
Large Signal Voltage Gain Ava RL = 10 kG 20 
Output Voltage Range Va RL = 10 kG ±13.5 
Supply Current!Amplifier Isy Va = OV, RL = 00 250 

NOTES 

Max Units 

3 mV 
4.5 mV 
4 mV 
6 mV 
100 pA 
500 pA 
50 pA 
250 pA 
+15 V 

dB 
V/mV 
V/mV 
JlVFC 
pArC 

13.5 V 
rnA 
rnA 
G 

316 JlVN 
250 JlA 
±IS V 

V/Jls 
kHz 
JlS 
MHz 
Degrees 

JlVp-p 
nV/y'Hz 
pAly'Hz 

Units 

mVmax 
mVmax 
pAmax 
pAmax 
V minimax 
dB min 
JlVN 
V/mVmin 
V min 
JlA max 

Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
'Guaranteed by CMR test. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS1 

Supply voltage ........................... ±18 V 
Input Voltage2 ••••••••••••••••••••••••••• ±18 V 
Differential Input Voltage2 ••••••••••••••••••••• 36 V 
Output Short-circuit Duration ............... Indefinite 
Storage Temperature Range 

Y, Z, RC Package ................ -65"C to + 175"C 
P, S Package ..................•. -65"C to + 150°C 

Operating Temperature Range 
OP-282A, OP-482A ............... -55°C to + 125°C 
OP-282G,OP-482G ................ -40°C to +85°C 

Junction Tempemture Range 
Y, Z, RC Package ................ -65°C to + 125°C 
P, S Package .•.................. -65°C to + 125°C 

Lead Temperature Range (Soldering, 60 Sec) ....... +300°C 

Package Type DJA3 DJC Units 

8-Pin Cerdip (Z) 148 16 °CJW 
8-Pin Plastic DIP (P) 103 43 °CJW 
8-Pin SOIC (S) 158 43 0c/w 
14-Pin Cerdip (Y) 108 16 °CJW 
14-Pin Plastic DIP (P) 83 39 0c/w 
14-Pin SOIC (S) 120 36 DCfW 
20-Contact LCC (RC) 98 38 DCfW 

NOTES 
1 Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

'For supply voltages less than ±18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

38JA is specified for the worst case conditions, i.e., aJA is specified for device 
in socket for cerdip, P·DIP, and LCC packages; aJA is specified for device 
soldered in circuit board for SOIC package. 

Model 

OP282AZ/883 
OP482A Y 1883 
OP482ARCl883 
OP282GP 
OP282GS 
OP482GP 
OP482GS 
OP282GBC 
OP482GBC 

ORDERING GUIDE 

Temperature 
Range 

- 55°C to + 125°C 
-55°C to + 125°C 
- 55°C to + 125°C 
-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 
+25°C 
+25°C 

Package Option* 

14-Pin Cerdip 
14-Pin Cerdip 
20-Contact LCC 
8-Pin Plastic DIP 
8-Pin SOIC 
14-Pin Plastic DIP 
14-Pin SOIC 
DICE 
DICE 

*For outline information see Package Infonnation section. 

REV. 0 

OP-28210P-482 
DICE CHARACTERISTICS 

• 
OP-282 Oie Size 0.063 x 0.060 Inch, 3,780 Sq. Mils 

VOUT A VOUT D. 

+INA +IND 

Vee 

+INB +INC 

-INB -INC 

VOUTB VOUTC 

OP-482 Die Size 0.070 x 0.098 Inch, 6,860 Sq. Mils 
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OP-28210P-482 
APPLICATIONS INFORMATION 
The OP-282 and OP-482 are single and dual JFET op amps 
that have been optimized for high speed at low power. This 
combination makes these amplifiers excellent choices for battery 
powered or low power applications requiring above average 
performance. Applications benefiting from this performance 
combination include telecom, geophysical exploration, portable 
medical equipment and navigational instrumentation. 

HIGH SIDE SIGNAL CONDITIONING 
There are many applications that require the sensing of signals 
near the positive rail. OP-282s and OP-482s have been tested 
and guaranteed over a common-mode range (-11 V :5VCM :5 
+ 15 V) that includes the positive supply. 

One application where this is commonly used is in the sensing 
of power supply currents. This enables it to be used in current 
sensing applications such as the partial circuit shown in Fig-
ure 1. In this circuit, the voltage drop across a low value resis
tor, such as the 0.1 !1 shown here, is amplified and compared to 
7.5 volts. The output can then be used for current limiting. 

+15V 0.1Q 

100k 

100k 

100k 

Figure 1. Phase Inversion 

PHASE INVERSION 
Most JFET -input amplifiers will invert the phase of the input 
signal if either input exceeds the input common-mode range. 
For the OP-282 and OP-482 negative signals in excess of 
approximately 14 volts will cause phase inversion. The cause of 
this effect is saturation of the input stage leading to the forward
biasing of a drain-gate diode. A simple fix for this in non
inverting applications is to place a resistor in series with the 
noninverting input. This limits the amount of current through 
the forward-biased diode and prevents the shutting down' of the 
output stage. For the OP-282/0P-482, a value of 200 k!1 has 
been found to work. However, this adds a significant amount 
of noise. 

15 

10 

-!o 

·5 

·10 

·15 
·15 

1/ v 
·10 

/ 
/ 

/ 
~ 

10 15 

Figure 2. OP-282 Phase Reversal 

ACTIVE FILTERS 
The OP-282 and OP·482's wide bandwidth and high slew rates 
make either an excellent choice for many filter applications. 

There are many types of active filter configurations, but the four 
most popular configurations are Butterworth, elliptical, Bessel, 
and Chebyshev. Each type has a response that is optimized for a 
given characteristic as shown in Table I. 

Table I. 

Amplitude Amplitude 
Type Selectivity Overshoot Phase (Pass Band) (Stop Band) 

Butterworth Moderate Good Max Flat 
Chebyshev Good Moderate Nonlinear Equal Ripple 
Elliptical Best Poor Equal Ripple Equal Ripple 
Bessel (Thompson) Poor Best Linear 
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PROGRAMMABLE STATE-VARIABLE FILTER 
The circuit shown in Figure 3 can be used to accurately pro
gram the "Q," the cutoff frequency fe, and the gain of a two
pole state-variable ftIter. OP-482s have been used in this design 
because of their high bandwidths, low power and low noise. 
This circuit takes only three packages to build because of the 
quad configuration of the op amps and DACs. 

The DACs shown are all used in the voltage mode so all values 
are dependent only on the accuracy of the DAC and not on the 
absolute values of the DAC's resistive ladders. This make this 
circuit unusually accurate for a programmable ftIter. 

Adjusting DAC I changes the signal amplitude across Rl; there
fore, the DAC attenuation times RI determines the amount of 
signal current that charges the integrating capacitor, C 1. This 
cutoff frequency can now be expressed as: 

V!N 

1/4 
DAC-8408 

R6 
2K 

R4 

HIGH PASS 

o P-28210P-482 

fc = 21T~lCl (~~) 
where D J is the digital code for the DAC. 

Gain of this circuit is set by adjusting D3. The gain equation is: 

Gain = ~: (~~) 
DAC 2 is used to set the "Q" of the circuit. Adjusting this DAC • 
controls the amount of feedback from the bandpass node to the 
input summing node. Note that the digital value of the DAC is 
in the numerator, therefore zero code is not a valid operating 
point. 

R7 
2k 

1/4 
DAC-8408 

BANDPASS 

Figure 3. 
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OP-28210P-482 
OP·28210P-482 SPICE MACRO MODEL 
Figure 4 shows the OP·282 SPICE macro model. The model for 
the OP-482 is similar to that of the OP·282, but there are some 

50 

minor changes in the circuit values. Contact ADI for a copy of 
the latest SPICE model diskette for both listings. 

Figure 4. 
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OP·282 SPICE MACRO MODEL 

* Node assignments 
* noninvening input 
* 
* 
* 
* 
* 
.SUBCKT OP282 

* 

invening input 
positive supply 

I negative supply 

I YUtput 

2 99 SO 30 

* INPlIT STAGE & POLE AT 15 MHZ 

* 
R1 1 3 SEll 
R2 2 3 SEll 
R3 5 50 3871.3 
R4 6 SO 3871.3 
CIN 1 2 SE-12 
C2 5 6 1.37E-12 
11 99 4 0.lE-3 
lOS 1 2 5E-13 
EOS 7 1 POLY(l) 2124 200E-6 1 
11 5 2 4 JX 
J2 6 7 4 ]X 

* 
£REF 98 0 24 01 

* 
* GAIN STAGE & POLE AT 124 HZ 
* 
R5 9 98 1.16E8 
C3 9 98 1. 11E-11 
Gl 98 9 56 2.58E-4 
V2 99 8 1.2 
V3 10 50 1.2 
D1 9 8 DX 
D2 10 9 DX 

* 
* NEGATIVE ZERO AT 4 MHZ 
* 
R6 11 12 1E6 
R7 12 98 1 
C4 11 12 39.8E-15 
E2 11 98 9 241E6 

* 
* POLE AT 15 MHZ 

* 
R8 13 98 1E6 
C5 13 98 10.6E-15 
G2 98 13 12 241E-6 

* 
* POLE AT 15 MHZ 
* 
R9 14 98 1E6 
C6 14 98 10.6E-15 
G3 98 14 13 241E-6 

* 
* POLE AT 15 MHZ 
* 
R19 19 98 1E6 
C13 19 98 10.6E-15 
Gll 98 19 14 241E-6 

REV. 0 

OP-2821OP-482 
* 
* COMMON·MODE GAIN NETWORK 
WITH ZERO AT 11 KHZ 

* 
R21 20 21 1E6 
R22 21 98 1 
C14 20 21 14.38E·12 
E13 98 20 3 2431.62 

* 
* POLE AT 15 MHZ • * 
R23 23 98 1E6 
CIS 23 98 10.6E·15 
Gl5 98 23 19 241E·6 

* 
* OlITPUT STAGE 
* 
R25 24 99 5E6 
R26 24 SO 5E6 
ISY 99 SO 107E·6 
R27 29 99 700 
R28 29 SO 700 
L5 29 30 1E·8 
Gl7 27 SO 23 291.43E-3 
Gl8 28 SO 29 23 1.43E-3 
Gl9 29 99 99 231.43E-3 
G20 SO 29 23 SO 1.43E-3 
V4 25 29 2.8 
V5 29 26 3.5 
D3 23 25 DX 
D4 26 23 DX 
D5 99 27 DX 
D6 99 28 DX 
D7 SO 27 DY 
D8 SO 28 DY 

* 
* MODELS USED 

* 
.MODEL JX PJF(BETA = 3.34E-4 
VTO = -2.000 IS = 3E-12) 
.MODEL DX D(IS = IE-IS) 
.MODEL DY D(IS = IE-IS BV = 50) 
.ENDS OP282 
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OP-28210P-482 
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Figure 5. Open-Loop Gain, Phase vs. Frequency 
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Figure 9. OP-28210P-482 Slew Rate vs. Temperature 
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Figure 11. Small Signal Overshoot vs. Load Capacitance 
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Figure 12. OP-282 Input Bias Current vs. Temperature 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Low Offset Voltage: 250 IJ,V 
Wide Bandwidth: 8 MHz 
High Slew Rate: 20 V/lJ,s 
Low Noise: 6 nV/VHz 
Low Distortion: 0.001% 
Low Supply Current: 5 mA 
Low Offset Current: 2 nA 
Unity-Gain Stable 

APPLICATIONS 
Active Filters 
Fast Amplifiers 
Integrators 

GENERAL DESCRIPTION 
The OP-285 is a precision high speed amplifier featuring the 
Butler Amplifier front-end. This new front-end design combines 
the accuracy and low noise performance of bipolar transistors 
with the speed of JFETs. This yields an amplifier with high 
slew rates, low offset and good noise performance at low supply 
currents. Bias currents are also low compared to bipolar designs. 

The OP-285 is specified over the extended industrial (-40°C to 
+85°C) temperature range. OP-285s are available in plastic DIP 
plus SO-8 surface mount packages. 

'Patents pending. 

Dual Bipolar/JFET, Precision 
Operational Amplifier 

OP-285* I 
PIN CONNECTIONS 

8-Lead Narrow-Body SOIC 
(S SuffIX) 

8-Lead Epoxy DIP 
(P SuffIX) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-285-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@ Vs = ±15.0 V. TA = +25°C unless otherwise specified.) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vas 125 250 .. V 
Input Bias Current IB VCM = 0 V ISO nA 
Input Offset Current los VCM = 0 V 2 nA 
Input Voltage Range VCM -10.5 +10.5 V 
Common-Mode Rejection CMR VCM = ±10.5 V 86 dB 
Large Signal Voltage Gain Avo RL = 600 G 200 V/mV 
Offset Voltage Drift t:,vos/!!.T 5 .. VloC 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo RL = 10 kG -13 ±14.1 +13 V 
Open Loop Output Resistance ROUT n 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR 80 dB 
Supply Current Isy 4 rnA 
Supply Voltage Range Vs ±18 V 

DYNAMIC PERFORMANCE 
Slew Rate SR 20 VlfLS 
Full-Power Bandwidth BWp kHz 
Settling Time ts fLS 
Gain Bandwidth Product GBP 8 MHz 
Total Harmonic Distortion THD 0.002 % 

0.0006 % 
Phase Margin eo 62 Degrees 

NOISE PERFORMANCE 
Voltage Noise en P-P 0.1 Hz to 10 Hz 1.1 fLV p-p 
Voltage Noise Density en f=lkHz 6 nVlyHz 
Current Noise Density in f=lkHz 1.5 pNy'Hz 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-285 

WAFER TEST LIMITS @ Vs = ±15.0 v, TA = +25°C unless otherwise specified.) 

Parameter Symbol 

Offset Voltage Vas 
Input Bias Current IB 
Input Offset Current los 
Input Voltage Rangel 
Common-Mode Rejection CMRR 
Power Supply Rejection Ratio PSRR 
Large Signal Voltage Gain Ava 
Output Voltage Range Va 
Supply Current ISY 

NOTE 
Electrical tests and wafer probe to the limits shown. Due to variations in assem 
standard product dice. Consult factory to negotiate specifications based 0 . 

'Guaranteed by CMR test. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ..................... . 
Input Voltage2 •••••••••••••.••••••••••••• ± I 
Differential Input Voltage2 ••••••••••••••••••• ±7.5 
Output Short-Circuit Duration ................ Limited 
Storage Temperature Range 

P, S Package .................... -65°C to + 150°C 
Operating Temperature Range 

OP-285E, F ..................... -40°C to +85°C 
Junction Temperature Range 

P, S Package .................... -65°C to + 150°C 
Lead Temperature Range (Soldering, 60 Sec) ....... +300°C 

Package Type 0JA' °JC Units 

8-Pin Plastic DIP (P) 103 43 0c/w 
8-Pin SOIC (S) 158 43 0c/w 

NOTES 
1 Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

'Por supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

30JA is specified for the worst case conditions, i.e., aJA is specified for device 
in socket for cerdip, P-DIP, and LCC packages; alA is specified for device 
soldered in circuit board for SOlC package. 

Conditions Limit Units 

250 mVmax 
VCM = 0 V 200 nAmax 
VCM = 0 V 50 nAmax 

±10.5 V min 
VCM = ±10.5 V 86 dB min 
V = ±4.5 V to ± 15 V 80 dB min 
RL = 10 kO 
RL = 10 kO 
Va = OV, RL = 

100 V/mVrnin 
±13 Vrnin 
5 mAmax 

d loss, yield after packaging is not guaranteed for 
pie lot assembly and testing. 

ORDERING GUIDE 

Temperature Range 

-40°C to +85°C 
-40°C to +85OC 
-40°C to +85°C 
-40°C to +85°C 
+25°C 

Package Option* 

8-Pin Plastic DIP 
8-Pin SOIC 
8-Pin Plastic DIP 
8-Pin SOIC 
DICE 

*For outline information see Package Infonnation section. 

DICE CHARACTERISTICS 

v+ OUTB -IN B +INB 

OP-285 Die Size 0.070 in. x 0.108 in. (7,560 sq. mils) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Single/Dual Supply Operation ......... " +1.6V to +36V 

........... ±O.8V to ±18V 
• True Single-Supply Operation; Input and Output Voltage 

Ranges Include Ground 
• Low Supply Current (per amplifier) .......... 20"A Max 
• High Output Drive ........................... SmA Min 
• Low Input Offset Voltage ................... 200"V Max 
• High Open-Loop Gain ................... 700Y/mV Min 
• Outstanding PSRR ....................... S.6"Y/V Max 
• Industry Standard 8-Pin Dual Pinout 
• Available in Die Form 

ORDERING INFORMATION t 

TA =+25°C PACKAGE OPERATING 
VosMAX CERDIP LCC TEMPERATURE 

(mY) 8-PIN PLASTIC 20-CONTACT RANGE 

200 OP290AZ* OP290ARC/883 MIL 
200 OP290EZ XIND 
300 OP290FZ XIND 
500 OP290GP XIND 
500 OP290GStt XIND 
For devices processed in total compliance to MIL -STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

It For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 
The OP-290 is a high performance micropower dual op amp 
that operates from a single supply of +1.6V to +36V or from 

Precision Low-Power Micropower 
Dual Operational Amplifier 

OP-290 I 
dual supplies of ±0.8V to ±18V. Input voltage range includes 
the negative rail allowing the OP-290 to accommodate input 
signals down to ground in Single supply operation. The 
OP-290's output swing also includes ground when operating. 
from a single supply, enabling "zero-in, zero-out" operation. 

The OP-290 draws less than 20"A of quiescent supply cur-
rent per amplifier, while able to deliver over 5mA of output 
currentto a load. I nput offset voltage is below 200"V eliminat-
ing the need for external nulling. Gain exceeds 700,000 and 
common-mode rejection is better than 100dB. The power 

PIN CONNECTIONS 

.. 
~ g ~ ~ ~ 

LCC 
(RC-Suffix) 

16-PIN SOL 
(S-Sufflx) 

Continued 

EPOXY MINI-DIP 
(P-Suffix) 

8-PIN HERMETIC DIP 
(Z-Sufflx) 

SIMPLIFIED SCHEMATIC (One of two amplifiers is shown.) 

r---~--~----~--~--~---'---4r---~------~--~--------~-----ov+ 

+---+----\ t----+--~ OUTPUT 

-IN C>-_'�i"l'v-----!----+----' 

NULL 

REV. B 

~--~----------+---~------~~--~--~--~---4--~~------~---ov-
·ELECTRONICALLY ADJUSTED ON CHIP 
FOR MINIMUM OFFSET VOLTAGE 
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OP-290 
GENERAL DESCRIPTION Continued 

supply rejection ratio of under 5.6p.VIV minimizes offset vol
tage changes experienced in battery powered systems. 
The low offset voltage and high gain offered by the OP-290 
bring precision performance to micropower applications. 
The minimal voltage and current requirements ofthe OP-290 
suit it for battery and solar powered applications, such as 
portable instruments, remote sensors, and satellites. For a 
single op amp, see the OP-90; for a quad, see the OP-490. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±18V 
Differential Input Voltage .............. [(V-) - 20V] to [(V+) + 20V] 
Common-Mode Input Voltage 
...................................................... [(V-) - 20V] to [(V+) + 20V] 

Output Short-Circuit Duration ................................... Indefinite 
Storage Temperature Range 

p, RC, S, Z Package .................................. -65·C to + 150·C 

Operating Temperature Range 
OP-290A .................................................... -55·e to + 125·e 
OP-290E, OP-290F, OP-290G .................... -4o·e to +85·e 

Junction Temperature (Tj) ............................ -65·e to + 150·e 
Lead Temperature Range (Soldering, 60 sec) .............. 300·e 

PACKAGE TYPE alA (Note 2) UNITS 

Il-Pln Hermetic DIP (Z) 134 12 "C/W 
Il-Pln Plastic DIP (p) 96 37 "C/W 
20.contact LCC (RC) 88 33 

1 &oPln SOL (S) 92 

NOTES: 
1. Absolute maximum retings apply to both DICE and packaged parts. unless other· 

wise noted. 
2. alA is specified lor worst case mounting oondiUOO8.I.e •• alA Is specified for devioe 

in socket for CerOIP. P·DIP. and LCC packages; alA Is specified for devioe sol· 
dered to printed circuK board for SOL package. 

ELECTRIC.AL CHARACTERISTICS at Vs = ±1.5V to ±15V. TA = +25°e. unless otherwise noted. 

OP-290AlE OP-290F OP-290G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Large Signal 

Voltage Gai n 

Input Voltage Range 

Vos 

los 

18 

Avo 

IVR 

Vo 

Output Voltage Swing VOH 

Common-Mode 
Rejection 

Power Supply 
Rejection Ratio 

Supply Current 
(All Amplifiers) 

Capacitive Load 
Stability 

Input Noise Voltage 

VOL 

CMR 

PSRR 

Isy 

50 200 

Vs =±15V. Vo =±10V 
RL = 100kO 
RL = 10kO 
RL = 2kO 

V+ = 5V. V-= OV. 
lV<Vo<4V 

RL = 100kO 
RL = 10kO 

0.1 

4.0 

700 1200 
350 600 
125 250 

200 400 
100 180 

V+=5V. V-=OV 0/4 
Vs = ±15V (Note 1) -15/13.5 

VS =±15V 
RL = 10kO 
RL =2kO 

V+=5V. V-=OV 
RL =2kO 

V+ = 5V. V-= OV 
RL = 10kO 

V+=5V. V-=OV. 
OV<VCM<4V 
Vs=±15V. 
-15V < VCM < 13.5V 

Vs=±1.5V 
Vs =±15V 

Av=+l 
No Oscillations 

10= O.lHz to 10Hz 
Vs =±15V 

±13.5 ±14.2 
±10.5 ±11.5 

4.0 

90 

100 

4.2 

10 

115 

120 

1.0 

19 

25 

650 

3 

3 

15 

50 

5.6 

30 
40 
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75 300 

0.1 

4.0 

500 1000 
250 500 
100 200 

125 300 
75 140 

0/4 
-15/13.5 

±13.5 ±14.2 
±10.5 ±11.5 

4.0 

80 

90 

4.2 

10 

100 

120 

1.0 

19 
25 

650 

3 

5 

20 

50 

5.6 

30 
40 

125 500 

0.1 

4.0 

400 BOO 
200 400 
100 200 

100 250 
70 140 

0/4 
-15113.5 

±13.5 ±14.2 
±10.5 ±11.5 

4.0 

80 

90 

4.2 

10 

100 

120 

3.2 

19 

25 

650 

3 

25 

50 

10 

30 
40 

pV 

nA 

nA 

V/mV 

v 

v 

V 

pV 

dB 

pVN 

pA 

pF 
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OP-290 
ELECTRICAL CHARACTERISTICS at Vs = ±1.5V to ±15V. TA = +25°C. unless otherwise noted. Continued 

OP-290A/E OP-290F OP-290G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Resistance 
R'N Vs =±15V 30 30 30 MO 

Differential-Mode 

Input Resistance 
R 1NCM Vs =±15V 20 20 20 GO 

Common-Mode 

Slew Rate SR 
Av=+1 

5 12 12 5 12 V/ms 
Vs =±15V • Gain Bandwidth 

GBWP 
Av=+1 

20 20 
Product Vs =±15V 

20 kHz 

to= 10Hz 
Channel Separation CS Vo= 20Vp_p 120 150 120 150 120 150 dB 

Vs = ± 15V (Note 2) 

NOTES: 
1. Guaranteed by CMR test. 
2. Guaranteed but not 100% tested. 

ELECTRICAL CHARACTERISTICS at Vs = ±1.5V to ±15V. -55°C :5 TA:5 125°C. unless otherwise noted. 

OP-290A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 80 500 !LV 

Average Input Offset 
TCVos Vs=±15V 0.3 3 

Voltage Drift 
p.V/'C 

Input Offset Current los Vep,,= OV 0.1 nA 

Input Bias Current Ie VCM=OV 4.2 20 nA 

Vs = ±15V. Va = ±10V 
RL = 100kO 225 400 

RL = 10kO 125 240 
Large Signal 

Ava 
RL = 2kO 50 110 

Voltage Gain 
V+ = 5V. V-= OV. 

VlmV 

1V< Vo<4V 
RL = 100kO 100 200 

RL = 10kO 50 110 

Input Voltage Range IVR V+=5V.V-=OV (N t 1) 0/3.5 
Vs =±15V 0 e -15/13.5 

V 

Vs =±15V 

Va RL = 10kO ±13 ±14.1 V 
RL = 2kO ±10 ±11 

Output Voltage Swing 
V+=5V. V-=OV 

VOH 
RL =2kO 

3.9 4.1 V 

VOL 
V+=5V. V-=OV 

10 100 
RL = 10kO 

p.V 

Common-Mode Rejection CMR 
V+ = 5V. V- = OV. OV < VCM < 3.5V 80 105 

Vs = ±15V. -15V < VCM < 13.5V 90 115 
dB 

Power Supply 
PSRR 3.2 10 

Rejection Ratio 
p.VN 

Supply Current 
ISY 

Vs =±1.5V 30 50 
(All Amplifiers) Vs=±15V 38 80 

p.A 

NOTE: 
1. Guaranteed by CMR test. 
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OP-290 
ELECTRICAL CHARACTERISTICS at Vs = ±1.5V to ±15V, -40°C::;; TA::;; 85°C for OP-290E/F/G, unless otherwise noted. 

OP-290E OP-290F OP-290G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 70 400 115 600 200 750 "V 

Average Input Offset 
TCVos Vs =±15V 0.3 

Voltage Drift 
0.6 5 1.2 "V/oC 

Input Offset CUrrent los VCM=OV 0.1 3 0.1 0.1 nA 

Input Bias Current 18 VCM=OV 4.2 15 4.2 20 4.2 25 nA 

Vs = ±15V, Vo = ±10V 
RL = 100kO 500 800 350 700 300 600 

RL = 10kO 250 400 175 350 150 250 
Large Signal 

Avo 
RL =2kO 100 200 75 150 75 125 

V/mV 
Voltage Gain 

V+ = 5V. V- = OV. 
1V < Vo < 4V 

RL = 100kO 150 280 100 220 80 160 

RL = 10kO 75 140 50 110 40 90 

V+=5V. V-=OV 0/3.5 0/3.5 0/3.5 
Input Voltage Range IVR 

Vs =±15V (Note 1) -15/13.5 -15/13.5 -15/13.5 
V 

Vs=±15V 

Vo RL = 10kO ±13 ±14 ±13 ±14 ±13 ±14 V 

RL = 2kO ±10 ±11 ±10 ±11 ±10 ±11 

Output Voltage Swing VOH 
V+=5V. V-=OV 

3.9 4.1 
RL =2kO 

3.9 4.1 3.9 4.1 V 

VOL 
V+ = 5V. V- = OV 

RL = 10kO 
10 100 10 100 10 100 "V 

V+ = 5V, V- = OV, 
85 105 80 100 80 100 

Common~Mode 
CMR 

OV < VCM < 3.5V 
dB 

Rejection Vs =±15V. 
95 115 90 110 90 110 

-15V < VCM < 13.5V 

Power Supply 
PSRR 3.2 7.5 5.6 10 5.6 15 "VIV Rejection Ratio 

Supply Current Vs =±1.5V 24 50 24 50 24 50 
(All Amplifiers) ISY Vs= ±15V 31 60 31 60 31 60 "A 

NOTE: 
1. Guaranteed by CMR test. 
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DICE CHARACTERISTICS 

DIE SIZE 0.109 X 0.104 Inch, 11,336 sq. mil. 
(2.77 X 1.70mm, 4.71 sq. mm) 

1. OUT A 
2. -INA 
3. +INA 
4. V-
5. +INB 
6. -INB 
7.0UTB 
8. V+ B 
9. V+A 

WAFER TEST LIMITS at Vs = ±1.5V to ±15V, TA = 25°C, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Large Signal 
Voltage Gain 

Input Voltage Range 

Output Voltage Swing 

Common-Mode Rejection 

Power Supply 
Rejection Ratio 

Supply Current 
(All Amplifiers) 

NOTES: 
1. Guaranteed by CMR test. 

SYMBOL 

Vos 

lOS 

Ie 

Avo 

IVR 

CMR 

PSRR 

ISY 

CONDITIONS 

VCM=OV 

VCM=OV 

Vs = ±15V. Vo = ±10V 
RL = l00kfl 
RL = 10kfl 

V+=5V. V-=OV. 

1V<Vo<4V 
RL = 100kfl 

V+=5V. V-=OV 
(Note 1) 

Vs=±15V 

Vs =±15V 
RL = 10kfl 

RL = 2kfl 

V+=5V. V-=OV 

RL =2kfl 

V+=5V. V-=OV 

RL = 10kfl 

V+ =5V. V-=OV. OV <VcM<4V 
Vs = ±15V. -15V < VCM < 13.5V 

Vs=±15V 

OP-290 

OP-290GBC 
LIMIT UNITS 

300 "V MAX 

nAMAX 

20 nAMAX 

500 V/mVMIN 
250 

125 V/mVMIN 

0/4 
VMIN 

-15/13.5 

±13.5 VMIN 
±10.5 

4.0 VMIN 

50 "V MAX 

80 
90 

dB MIN 

5.6 "VIVMAX 

40 "A MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through .sample lot assembly and testing. 
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OP-290 
TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-290 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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OP-290 
APPLICATIONS INFORMATION 

BATTERY-POWERED APPLICATIONS 
The OP-290 can be operated on a minimum supply voltage of 
+1.6V, or with dual supplies of ±O.SV, and draws only 19,.A of 
supply current. In many battery-powered .circuits, the OP-290 
can be continuously operated for thousands of hours before 
requiring battery replacement, reducing equipment down
time and operating cost. 

High-performance portable equipment and instruments fre
quently use lithium cells because of their long shelf-life, light 
weight, and high energy density relative to older primary 
cells. Most lithium cells have a nominal output voltage of 3V 
and are noted for a flat discharge characteristic. The low 
supply voltage requirement of the OP-290, combined with the 
flat discharge characteristic of the lithium cell, indicates that 
the OP-290 can be operated over the entire useful life of the 
cell. Figure 1 shows the typical discharge characteristic of a 
1Ah lithium cell powering an OP-290 with each amplifier, in 
turn, driving full output swing into a 100kO load. 

INPUT VOLTAGE PROTECTION 
The OP-290 uses a PNP input stage with protection resistors in 
series with the inverting and noninverting inputs. The high 
breakdown of the PNP transistors coupled with the protec
tion resistors provides a large amount of input protection, 
allowing the inputs to be taken 20V beyond either supply 
without damaging the amplifier. 

SINGLE-SUPPLY OUTPUT VOLTAGE RANGE 
In single-supply operation the OP-290's input and output 
ranges include ground. This allows true "zero-in, zero-out" 
operation. The output stage provides an active pull-down to 
around O.SV above ground. Belowthis level, a load resistance 
of up to 1 MO to ground is required to pull the output down to 
zero. 

In the region from ground to O.SV the OP-290 has voltage gain 
equal to the data sheet specification. Output current source 
capability is maintained over the entire voltage range includ
ing ground. 

APPLICATIONS 

TEMPERATURE TO 4-20mA TRANSMITTER 
A simpletemperatureto 4-20mA transmitter is shown in Figure 
2. After calibration, the transmitter is accurate to ±O.5°C 
overthe -50°C to +150°C temperature range. The transmitter 
operates from +SV to +40V with supply rejection better than 
3ppmIV. One half of the OP-290 is used to buffer the VTEMP 
pin, while the other half regulates the output current to satisfy 
the current summation at its noninverting input: 

VTEMp(Re+R7l (R2+Re+ R7) 
IOUT= - VSET 

R2Rro R2 Rro 
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FIGURE 1: Lithium Sulphur Dioxide Cell Discharge 
Characteristic With OP-290 and 100kO Loads 

The change in output current with temperature is the deriva
tive of the transfer function: 

IlVTEMP (Re + R7l 
III OUT = .......:1l::.T.:..-___ _ 

IlT R2R10 

From the formulas, it can be seen that if the span trim is 
adjusted before the zero trim, the two trims are not interactive, 
which greatly simplifies the calibration procedure. 

Calibration of the transmitter is simple. First, the slope of the 
output current versus temperature is calibrated by adjusting 
the span trim, R7. A couple of iterations may be required to be 
sure the slope is correct. 

Once the span trim has been completed, the zero trim can be 
made. Remember, that adjusting the offset trim will not affect 
the gain. 

The offset trim can be set at any known temperature by 
adjusting Rs until the output current equals: 

Table 1 shows the values of Re required for ~f .. ous tem
perature ranges. 

TABLE 1 
~~~------------------------~-----TEMP 

RANGE Rs 
O°C to +70°C 10k 

-40°C to +S5°C 6.2k 

-55°C to +150°C 3k 
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FIGURE 2: Temperature to 4-20mA Transmitter 

VARIABLE SLEW RATE FILTER 

The circuit shown in Figure 3 can be used to remove pulse noise 
from an input signal without limiting the response rate to a genu
ine signal. The non-linear filter has use in applications where the 
input signal of interest is known to have physical limitations. An 
example of this is a transducer output where a change of tem
perature or pressure cannot exceed a certain rate due to physi
cal limitations of the environment. The filter consists of a com
parator which drives an integrator. The comparator compares 
the input voltage to the output voltage and forces the integrator 
output to equal the input voltage. AI acts as a comparator with 
its output high or low. Diodes 0 1 and O2 clamp the voltage 
across R3 forcing a constant currenttoflow in or out of C2· R 3 , C2 
and ~ form an integrator with ~'s output slewing at a maximum 
rate of: 

M · I Vo O.SV 
aXlmum s ew rate = -- ow -

R3C2 R3C2 

For an input voltage slewing at a rate under this maximum slew 
rate, the output simply follows the input with AI operating in its 
linear region. 
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FIGURE 3: Variable Slew Rate Filter 
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OP-290 
LOW OVERHEAD VOLTAGE REFERENCE 
Figure 4 shows a voltage reference which requires only 0.1V 
of overhead voltage. As shown, the reference provides a 
stable +4.SV output with a +4.6V to +36V supply. Output 
voltage drift is only 12ppm/oC. Line regulation of the ref
erence is under Sp.V/v with load regulation better than 
10p.V/mA with up to SOmA of output current. 

The REF-43 provides a stable 2.SV which is multiplied by the 
OP-290. The PNP output transistor enables the output 
voltage to approach the supply voltage. 

Resistors R 1 and R2 determine the output voltage: 

VOUT = 2.SV ( 1 + :~ ) 

The 2000 variable resistor is used to trim the output voltage. 
For the lowest temperature drift, parallel resistors can be 
used in place of the variable resistor and taken out of the 
circuit as required to adjust the output voltage. 
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1IIIIIIII ANALOG 
WOEVICES 

FEATURES 
Rail-to-Rail Output Swing 
Single Supply Operation. +3 V to 36 V 
Low Offset Voltage: 200 ".V 
Gain Bandwidth Product: 80 kHz 
High Open-Loop Gain: 1000 V/mV 
Unity Gain Stable 
Low Power 

APPLICATIONS 
Battery Operated Instrumentation 
Servo Amplifiers 
Actuator Drives 
Sensor Conditioners 
Power Supply Control 

GENERAL DESCRIPTION 
Rail-to-rail output swing is the key feature of the OP-Z95 
BiCMOS dual operational amplifier. A quad version, the 
OP-495, is also available. A bipolar front end gives improved 
noise performance over CMOS designs. Both input and output 
ranges include the negative supply providing the user "zero-in! 
zero-out" capability. For users of 3 volt systems such as lithium 
batteries, the OP-Z95/0P-495 is specified for three volt 
operation. 

Maximum offset voltage is specified at ZOO fL V for + 5 volt oper
ation, and the open-loop gain is a minimum of 500 V/mV, giv
ing the user performance that can be used to implement high 
accuracy systems even in single supply designs. 

The ability to swing rail-to-rail and supply ± 15 mA to the load 
makes the OP-Z95 an ideal driver for power transistors and "H" 
bridges. This allows designs to achieve higher efficiencies and 
transfer more power to the load than previously possible without 
the use of discrete components. For applications that require 
driving inductive loads, such as transformers, increases in effi
ciency are also possible. Stability while driving capacitive 
loads is another benefit of this design over CMOS rail-to-rail 
amplifiers. 

Rail-to-Rail 
Operational Amplifier 

OP-295/0P-495 I 

PIN CONNECTIONS 

8-Lead Narrow-Body SOIC 
(S Suffix) 

8-Lead Epoxy DIP 
(P SUtTlX) 

14-Lead Narrow-Body SOIC 
(S SuffIX) 

The OP-Z95/0P-495 is specified over the extended industrial 
(-40'C to +85'C) temperature range. OP-Z95s are available in 
8-pin plastic and ceramic DIP plus SOIC-8 surface mount pack
ages, and the OP-495 is available in similar l4-piu packages. 
Contact your local sales office for MIL-STD-883 data sheet. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-295/0P-495 - SPEC IFICATIONS 
ELECTRICAL CHARACTERISTICS (@ Ys = ±15.0 Y, TA = +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vas 300 500 ",V 
Input Bias Current IB VCM = OV 6 15 nA 
Input Offset Current los VCM = OV I 2 nA 
Input Voltage Range VCM -15 +13.5 V 
Common-Mode Rejection CMR -15 V:5 VCM :5 13.5 V 86 100 dB 
Large Signal Voltage Gain AV0 RL = 2 kG 500 1000 V/mV 
Offset Voltage Drift AVos/AT <10 ",vrc 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Va RL = oc 15 V 
Output Voltage Swing Va RL = 100 kG 14.95 V 
Output Voltage Swing Va RL = 10 kG 14.85 V 
Output Current lOUT ±23 +15 rnA 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR 100 dB 
Supply Current/Amplifier ISY 125 175 ,..,A 
Supply Voltage Range Vs +36 V 

DYNAMIC PERFORMANCE 
Slew Rate SR 0.04 VI",s 
Full-Power Bandwidth FPBW kHz 
Gain Bandwidth Product GBP 80 kHz 
Phase Margin 60 70 Degrees 

ELECTRICAL CHARACTERISTICS (@ Ys = +5.0 Y, TA = +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vas 50 200 ",V 
Input Bias Current IB VCM = 0 V 7 15 nA 
Input Offset Current los VCM = 0 V 0.7 2 nA 
Input Voltage Range VCM 0 +4 V 
Common-Mode Rejection CMR o V:5 VCM:5 3.5 V 86 dB 
Large Signal Voltage Gain Ava RL = 10 kG 5000 V/mV 
Offset Voltage Drift AVos/AT ",vrc 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Va RL = co -0 5 V 
Output Voltage Swing Va RL = 100 kG -0 5.0 4.98 V 
Output Voltage Swing Va RL = 10 kG -0 4.95 4.85 V 
Output Current lOUT -10 + 15/-18 +10 rnA 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs = +5 V:5 Vs:5 +30 V 86 100 dB 
Supply Current/Amplifier ISY Va = 0 V, RL = co 100 ISO ",A 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = 10 kG 0.03 V/",s 
Full-Power Bandwidth FPBW kHz 
Gain Bandwidth Product GBP 85 kHz 
Phase Margin 60 Degrees 

NOISE PERFORMANCE 
Voltage Noise eN P-P 0.1 Hz to 10 Hz ",Vp-p 
Voltage Noise Density eN f=lkHz nVl\IHz 
Current Noise Density iN f=lkHz pAl\IHz 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-295/0P-495 
ELECTRICAL CHARACTERISTICS (@ Ys = +3.0 Y, TA =+25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos 200 500 fLV 
Input Bias Current IB VCM = 0 V 10 nA 
Input Offset Current los VCM = 0 V 2 nA 
Input Voltage Range VCM 0 +2 V 
Common-Mode Rejection CMR OV:sVCM :S1.5V 86 dB 
Large Signal Voltage Gain Avo RL = 10 kG 2000 V/mV 
Offset Voltage Drift f"vos/llT fLVrC 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo -0 3 V 
Output Voltage Swing Vo -0 2.98 V 
Output Voltage Swing Vo -0 2.85 V 
Output Current lOUT -10 +10 rnA 

POWER SUPPLY 
Power Supply Rejection Ratio 100 dB 
Supply Current/Amplifier 400 fLA 

DYNAMIC PERFORMANCE 
Slew Rate 0.03 V/fLS 
Full-Power Bandwidth kHz 
Gain Bandwidth Product 85 kHz 
Phase Margin 60 Degrees 

NOISE PERFORMANCE 
Voltage Noise eN P-P 0.1 Hz to 10 Hz fLV p-p 
Voltage Noise Density eN f=lkHz nV/yHz 
Current Noise Density iN f=lkHz pA/\lHz 

WAFER TEST LIMITS (@ Ys = ±5.0 Y, TA = +25°C unless otherwise noted) 

Parameter Symbol Conditions Limit Units 

Offset Voltage Vos 250 fLV max 
Input Bias Current IB VCM = 0 V IS nAmax 
Input Offset Current los VCM = 0 V 2 nAmax 
Input Voltage Rangel o to +4 V min 
Common-Mode Rejection CMRR VCM = ±11 V 86 dB min 
Power Supply Rejection Ratio PSRR V = ±3 to ±15 V 86 fLVIV 
Large Signal Voltage Gain Avo RL = 10 kG 500 VlmVmin 
Output Voltage Range Vo RL=lOkG 4.85 V min 
Supply Current/Amplifier ISY Vo = 0 V, RL = 00 150 fLA max 

NOTES 
Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
IGuaranteed by CMR test. 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-295/0P-495 
ABSOLUTE MAXIMUM RATiNGS l 

Supply Voltage ........................... ±18 V 
Input Voltage' ........................... ± 18 V 
Differential Input Voltage' ..................... 36 V 
Output Short-Circuit Duration ............... Indefinite 
Storage Temperature Range 

Y Package ..................... -65°C to +175°C 
P, S Package .................... -65°C to +150°C 

Operating Temperature Range 
OP-295A ...................... -55°C to +125°C 
OP-295G ....................... -40°C to +85°C 

Junction Temperature Range 
Z Package ..................... -65°C to + 175°C 
P, S Package .................... -65°C to + 150°C 

Lead Temperature Range (Soldering, 60 Sec) ....... +300°C 

Package Type 0JA3 °Je 
8-Pin Cerdip (Z) 148 16 
8-Pin Plastic DIP (P) 103 43 
8-Pin SOle (S) 158 43 
14-Pin Cerdip (Y) 108 , 
14-Pin Plastic DIP (P) 83 
14-Pin SOlC (S) 120 36 

NOTES 
1 Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

'For supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

30JA is specified for the worst case conditions, i.e., aJA is specified for device in 
socket for cerdip, P·DIP, and LCC packages; aJA is specified for device 
soldered in circuit board for sOle package. 

DICE CHARACTERISTICS 

5511¥ 1ft 

OP-295 Die Size 0.066 x 0.080 inch, 5,280 sq. mils 

ORDERING GUIDE 

Model Temperature Range Package Option* 

OP295AZl883 - 55°e to + 125°e 8-Pin Cerdip 
OP295GP -40oe to +85°C 8-Pin Plastic DIP 
OP295GS -40°C to +85°C 8-Pin SOlC 
OP295GBe + 25°e DICE 
OP495AZ/883 - 55°C to + 125°e 14-Pin Cerdip 
OP495GP -40°C to +85°C 14-Pin Plastic DIP 
OP495GS -40°C to +85°C 14-Pin SOle 
OP495GBC +25°C DICE 

*For outline information see Package Information section. 

e 
to gain up a 2.5 V or other low voltage 

s for use with high resolution AID convert-
rate from + 5 volt only supplies. The circuit in 

+5V 

ly up to 10 mAo Its no-load drop-out voltage 
·s circuit will supply over 3.5 mA with a 

16k 

10.0 VOUT = 4.5V 

+ 
1T010~F * 

Figure 1. 4.5 V Low Drop-Out Reference 

Low Noise, Single Supply Preamplifier 
The characteristics of low noise and single supply are not easily 
available together in a monolithic op amp. If a device has single 
supply operation, its noise is typically on the order of 30 to 
60 nV/VHz. On the other hand, if the part has noise on the 
order of 5 nV/y'Hz or less, then its input voltage range and out
put voltage range are typically at least a few volts from the nega
tive supply. The circuit in Figure 2 uses a single supply op amp 
(OP-295) and a discrete PNP matched transistor pair (MAT-03) 
to achieve true zero-inlzero-out single supply operation with an 
input voltage noise of 3.1 nVly'Hz at 100 Hz. R5 and R6 yield 
a gain of 1000, making this circuit ideal for maximizing dynamic 
range when amplifying low level signals in single supply. The 
OP-295 provides rail-to-rail output swings allowing this circuit 
to operate with 0 V to 5 V outputs. Only half of the OP-295 is 
used leaving an additional op amp to be used elsewhere. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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The input noise is controlled by the MAT -03 transistor pair 
and its collector current level. Increasing the collector current 
reduces the voltage noise. This particular circuit was tested with 
loSS rnA and 0.5 rnA of current. Under these two cases, the 
input voltage noise was 3.1 nV/y'Hz and 10 nVly'Hz, respec
tively. The high collector currents do lead to a trade-off in sup
ply current, bias current, and current noise. All of these 
parameters will increase with increasing collector current. For 
example, typically the MAT-03 has an hFE = 165. This leads to 
bias current of 11 fl-A and 3 fl-A, respectively. Based on high 
bias currents, this circuit is best suited for applications with low 
source impedances such as magnetic pickups or low impedance 
strain gages. Furthermore, a high source impedance will degrade 
the noise performance. For example, a I kO resistor generates 4 
nV/y'Hz of broadband noise, which is already greater than the 
preamp. 

The collector current is set by RI in combination with the LED 
and Q2. The LED is a 1.6 V "Zener" that has temperature 
coefficient close to that of Q2's base-emitter junction, which 
provides a constant 1.0 V drop across R1. With RI equal to 270 
0, the tail current is 3.7 rnA, and the collector current is half 
that or loSS rnA. The value of RI can be altered to adjust the 
collector current. Whenever RI is changed, R3 and R4 should 
also be adjusted. To maintain a common-mode input range that 
includes ground, the collectors of the QI and Q2 should not go 

OP-295/0P-495 

above 0.5 V, otherwise they could saturate. Thus, R3 and R4 
must be small enough to prevent this condition. Their values 
and the overall performance for two different values of RI are 
summarized in Table I. Lastly, the potentiometer, RS, is needed 
to adjust the offset voltage to null it to zero. Similar perfor
mance can be obtained using an OP-90 as the output amplifier 
with a savings of about ISS fl-A of supply current. However, the 
output swing will not include the positive rail, and the band
width will reduce to approximately 250 Hz. 

Table I. Preamplifier Performance 

RI 
R3, R4 
eN 100 Hz 
eN 10 Hz 
IS4 

IB 
BW 
ACL 

I.SS rnA 

2700 
2000 
3.15 nV/y'Hz 
4.2 nV/y'Hz 
4.0 rnA 
11 fl-A 
I kHz 
1000 

0.5 rnA 

1.0kO 
9100 
S.6 nV/y'Hz 
10.2 nV/y'Hz 
1.3 rnA 
3 fl-A 
I kHz 
1000 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Precision Performance In Standard SO-8 Pinout 
• Low Offset Voltage ............................................. 50J.LV Max 
• Low Offset Voltage Drift .............................. O.6J.LV/oC Max 
• Very Low Bias Current 

+25°C ................................................................. 100pAMax 
-55°C to + 125°C ............................................... 450pA Max 

• Very High Open-Loop Gain ....................... 2000V/mV Min 
• Low Supply Current (Per Amplifier) •••••••••••••.• 625J.LA Max 
• Operates From ±2V to ±20V Supplies 
• High Common-Mode Rejection •••••••••••••••••••...• 120dB Min 
• Pin Compatible to LT1013, AD706, AD708, OP-221, 

LM158, and MC145811558 with Improved Performance 

APPLICATIONS 

• Strain Guage and Bridge Amplifiers 
• High Stability Thermocouple Amplifiers 
• Instrumentation Amplifiers 
• Photo-Current Monitors 
• High-Gain Linearity Amplifiers 
• Long-Term Integrators/Filters 
• Sample-and-Hold Amplifiers 
• Peak Detectors 
• Logarithmic Amplifiers 
• Battery-Powered Systems 

GENERAL DESCRIPTION 

The OP-297 is the first dual op amp to pack precision performance 
into the space-saving, industry standard S-pin SO package. Its 
combination of precision with low power and extremely low input 
bias current makes tM dual OP-297 useful in a wide variety of 
applications. 

LOW BIAS CURRENT OVER TEMPERATURE 
60 

,'\ le- Vs=±15V 
~ VCM=OV _ 

'\ 18+ ~ 
"~ f'. "-° ~ ~ I".... "- los -r- .... 

40 

! 20 

I 
~ -20 

-40 

-Ql 
-75 -50 -25 ° 25 50 75 100 125 

TEMPERATURE ('C) 

REV. B 

Dual Low Bias Current 
Precision Operational Amplifier 

OP-297 I 
Precision performance of the OP-297 includes very low offset, 
under S0J.LV, and low drift, below O.6J.LVI"C. Open-loop gain ex
ceeds 2000V/mV insuring high linearity in every application. 
Errors due to common-mode signals are eliminated by the II 
OP-297's common-mode rejection of over 120dB. The OP-297's 
power supply rejection of over 120dB minimizes offset voltage 
changes experienced in battery powered systems. Supply current 
of the OP-297 is under 625J.LA per amplifier and it can operate 
with supply voltages as low as ±2V. Continued 

PIN CONNECTIONS 

PLASTIC MINI-DIP 
(P-Suffix) 

S-PIN CERDIP 
(Z-Sufflx) 

8-PINSO 
(5-Suffix) 

LCC 
(RC-Suffix) 

VERY LOW OFFSET 

~ 
~ 

TA= +25'C 
Vs=±15V 

300 1-+-+-+-hro:t-+-rVC:::M;,=",:0-tV_-I 

~ 200~~r1~~4+-+~~~ a: 

Zl ::: 
1001-+-+1-~':~"~"~+-+1-~ 

~k.hd:~ ~j~ttl~h. 
° -100-80 -Ql-40 -20 ° 20 40 60 80 100 

INPUT OFFSET VOLTAGE IILV) 
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OP-297 
GENERAL DESCRIPTION Continued 
The OP-297 utilizes a super-beta input stage with bias current 
cancellation to maintain picoampbias currents at all temperatures. 
This is in contrast to FET input op amps whose bias currents start 
in the picoamp range at 25·C, but double for every 10·C rise in 
temperature, to reach the nanoamp range above 85·C. Input bias 
current of the OP-297 is under 1 OOpA at 25·C and is under 450pA 
over the military temperature range. 

Combining precision, low power and low bias current, the OP-
297 is ideal for a number of applications including instrumenta
tion amplifiers,log amplifiers, photo-diode preamplifiers and long
term integrators. For a single device, see the OP-97; for a quad, 
see the OP-497. . 

ORDERING INFORMATIONt 

TA=+2S'C PACKAGE OPERATING 
VOSMAX CERDIP PLASTIC LCC TEMPERATURE 

("V) a·PIN a·PIN 2Cl-CONTACT RANGE 

50 OP297AZl883' OP297 A RC/883' MIL 
50 OP297AZ MIL 
50 OP297EZ MIL 

100 OP297FZ OP297FP XIND 
200 OP297GP XIND 
200 OP297GSt1 XIND 

For devices processed in lolal compliance to MIL·STD-883. add/883 after part 
number. Consult factory for 883 data sheet. 
Burn~in is available on extended industrial temperature range parts in CerDIP. 
and plastic DIP packages. 

tt For availability and burn·in information on SO packages. conlact your local 
sales office. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±20V 
Input Voltage (Note 2) ....................................................... ±20V 
Differential Input Voltage (Note 2) ...................................... 40V 
Output Short-Circuit Duration .................................... Indefinite 
Storage Temperature Range 

Z, RC-Package ............................................ -65·C to + 175·C 
P, S-Package ................................................. -65·Cto 150·C 

Operating Temperature Range 
OP-297 A (Z, RC) ......................................... -55·C to + 125·C 
OP-297E, F (Z) .............................................. -40·C to +85·C 
OP-297F, G (P, S) ......................................... -40·C to +85·C 

Junction Temperature 
Z, RC-Package ........................................... -65·C to + 175·C 
P, S-Package .............................................. -65·C to + 150·C 

Lead Temperature Range (Soldering, 60 sec) ............... 300·C 

PACKAGE TYPE el,,(Note3) elc UNITS 

a·Pin CerDIP (Z) 134 12 'CIW 

8-Pin Plastic DIP (P) 96 37 'CIW 

20·Contact LCC (RC) 88 33 'CIW 

8-Pin 50(5) 150 41 'CIW 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. For supply voltages less than ±20V, the absolute maximum input vollage is 

equal to the supply voltage. 
3. elA is specified for worst case mounting conditions, i.e., ~ is specified for 

device in socket for CerDIP, P·DIP, and LCC packages; ajA is specified for 
device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs - ±15V, TA - +25·C, unless otherwise noted. 

OP-297A/E OP-297F OP-297G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vos 25 50 50 100 80 200 "V Voltage 

Long·Term Input 
0.1 0.1 0.1 "Vlmo Voltage Stability 

Input Offset 
los VCM =OV 20 100 35 150 50 200 pA 

Current 

Input Bias 
Ie VCM=OV 20 ±loo 35 ±15O 50 ±200 pA 

Current 

Input Noise 
enp-p O.lHzto 10Hz 0.5 0.5 0.5 "Vp.p Voltage 

Input Noise fo = 10Hz 20 20 20 
nVIII'Hz 

Voltage Density 
e. 

fo= 1000Hz 17 17 17 

Input Noise 
i. fo= 10Hz 20 20 20 fAtv'HZ 

Current Density 

Input Resistance 
R'N 30 30 30 MO 

Differential Mode 

fnput Resistance 
R'NCM 500 

Common·Mode 
500 500 GO 

Large·Signal 
Vo-±10V 

Voltage Gain 
Avo RL=2kn 2000 4000 1500 3200 1200 3200 VlmV 
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OP-297 

ELECTRICAL CHARACTERISTICS at Vs - ±1SV. T A - +2SoC. unless otherwise noted. Continued 

OP-297A1E OP-297F OP-297G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Voltage 
IVR (Note 1) ±13 ±14 ±13 ±14 ±13 ±14 V 

Range 

Common·Mode 
CMR VcM =±13V 120 140 114 135 114 135 dB • Rejection 

Power Supply 
Rejection 

PSR Vs ~±2V 1O±20V 120 130 114 125 114 125 dB 

Output Voltage 
Vo 

RL=10kn ±13 ±14 ±13 ±14 ±13 ±14 
V 

Swing RL=2kn ±13 ±13.7 ±13 ±13.7 ±13 ±13.7 

Supply Current 
Isy No Load 525 625 525 625 525 625 II-' Per Amplifier 

Supply Voltage Vs Operating Range ±2 ±20 ±2 ±20 ±2 ±20 V 

Slew Rate SR 0.05 0.15 0.05 0.15 0.05 0.15 VIi'S 

Gain Bandwith 
GBWP Av=+1 500 500 500 kHz 

Product 

Channel 
CS 

Vo=20Vp-p 
150 150 150 dB 

Separation fo= 10Hz 

Input 
C'N 3 3 3 pF 

Capacitance 

NOTE: 
1. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs = ±1SV. -5SoC:s T A:S + 12SoC for OP-297A. unless otherwise noted. 

OP-297A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 45 100 flV 

Average Input Offset 
TCVos 0.2 0.6 flvre 

Voltage Drift 

Input Offset Current los VCM=OV 60 450 pA 

Input Bias Current Ie VCM=OV 60 ±450 pA 

Large·Signal 
Avo Vo-±10V. RL-2kn 1200 2700 V/mV 

Voltage Gain 

Input Voltage Range IVR (Note 1) ±13 ±13.5 V 

Common·Mode Rejection CMR VCM-±13 114 130 dB 

Power Supply 
PSR Vs =±2.5V 1O±20V 114 125 dB 

Rejection 

OUlput Voltage Swing Vo RL~ 10kn ±13 ±13.4 V 

Supply Current 
Isy No Load 575 750 II-' Per Amplifier 

Supply Voltage Vs Operating Range ±2.5 ±20 V 

NOTE: 
1. Guaranteed by CMR test. 
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OP-297 
ELECTRICAL CHARACTERISTICS at Vs - ±15V. -40·C S TA S +85·C for OP-297E1F/G. unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset 
V08 

Voltage 

Average Input 
TCV08 

Offset Voltage Drift 

Input OfIset 
los VCM-OV 

Current 

Input Bias 
la VCM-OV 

Current 

large-Signal 
Avo Vo-:tl0V. RL-2kn 

Voltage Gain 

Input Voltage 
IVR (Note 1) 

Range 

Common-Mode 
CMR VCM=:t13V 

Rejection 

Power Supply 
PSR Vs-:I:2·5Vto:l:2OV 

Rejection 

Output Voltage 
Vo RL-l0kn 

Swing 

Supply Current 
Isy No load 

Per Amplifier 

Supply Voltage Vs Operating Range 

NOTE: 
1. Guaranteed by CMR test. 

CHANNEL SEPARATION TEST CIRCUIT 

> .......... 0 V,2OVp-p@10Hz 

2Icn 

> ..... -ov. 

CHANNEL SEPARATION = 20 log (v."VSooo) 
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MIN 

1200 

:1:13 

114 

114 

:1:13 

:1:2.5 

OP-297E OP-297F OP-297G 
TYP MAX MIN TYP MAX MIN TYP MAX 

35 100 SO 300 110 400 

0.2 0.6 0.5 2.0 0.6 2.0 

50 450 SO 750 SO 750 

50 :10450 80 :t750 SO :t750 

3200 1000 2500 800 2500 

:1:13.5 :1:13 :1:13.5 :1:13 :1:13.5 

130 108 130 108 130 

0.15 108 0.15 108 0.3 

:1:13.4 :1:13 :1:13.4 :1:13 :1:13.4 

550 750 550 750 550 750 

:1:20 :1:2.5 :1:20 :1:2.5 :1:20 

UNITS 

"V 

"VFC 

pA 

pA 

VlmV 

V 

dB 

dB 

V 

p.A 

V 
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DICE CHARACTERISTICS 

DIE SIZE 0.071 x 0.114 Inch, 8,094 sq. mils 
(1.80 X 2.90 mm, 5.22 sq. mm) 

1. OUTA 
2. -INA 
3. +INA 
4. V-
5. +INB 
6. -INB 
7. OUTB 
8. V+ 

WAFER TEST LIMITS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Ollset Voltage Vas 

Input Ollset Current los VCM=OV 

Input Bias Current 18 VCM=OV 

Large·Signal 
Ava Vo=±10V. RL=2kC 

Voltage Gain 

Input Voltage Range IVR (Note 1) 

Common·Mode Rejection CMR VCM=±13V 

Power Supply 
PSR Vs = ±2V to ±18V 

Rejection 

Output Voltage Swing Va 
RL=10kn 
RL=2kC 

Supply Current 
Isy No Load 

Per Amplifier 

NOTES: 
1. Guaranteed by CMR test. 

OP-297GBC 
LIMIT 

200 

200 

±200 

1200 

±13 

114 

114 

±13 
t13 

625 

OP-297 

UNITS 

I1VMAX 

pAMAX 

pAMAX 

VlmVMIN 

VMIN 

dB MIN 

dB MIN 

VMIN 

tJ.AMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging is not guaranteed for 
standard product dice. Consult lactory to negotiate specilications based on dice lot qualifications through sample lot assembly and testing. 
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OP-297 
TYPICAL PERFORMANCE CHARACTERISTICS 

TYPICAL DISTRIBUTION 
OF INPUT OFFSET VOLTAGE 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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OP-297 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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APPLICATIONS INFORMATION 

Extremely low bias current over the full military temperature range 
makes the OP-297 attractive for use in sample-and-hold amplifi
ers, peak detectors, and log amplifiers that must operate over a 
wide temperature range. Balancing input resistances is not nec
essary with the OP-297. Offset voltage and TCVos are degraded 
only minimally by high source resistance, even when unbalanced. 

The input pins of the OP-297 are protected against large differ
ential voltage by back-to-back diodes and current-limiting resis
tors. Common-mode voltages at the inputs are not restricted, and 
may vary over the full range of the supply voltages used. 

The OP-297 requires very little operating headroom about the 
supply rails, and is specified for operation with supplies as low as 
±2V. Typically, the common-mode range extends to within one 
volt of either rail. The output typically swings to within one volt of 
the rails when using a 10kQ load. 

AC PERFORMANCE 
The OP-297'S AC characteristics are highly stable over its full 
operating temperature range. Unity-gain small-signal response 
is shown in Figure 1. Extremely tolerant of capacitive loading on 
the output, the OP-297 displays excellent response even with 
1 OOOpF loads (Figure 2). 

FIGURE 1: Small-Signal Transient Response 
(CLOAD = 100pF, AVGL = +1) 

REV. B 

FIGURE 2: Small-Signal Transient Response 
(CLOAO= 1000pF, AVGL = +1) 

OP-297 

FIGURE 3: Large-Signal Transient Response (AVGL = + 1) 

GUARDING AND SHIELDING 
To maintain the extremely high input impedances of the OP-297, 
care must be taken in circuit board layout and manufacturing. 
Board surfaces must be kept scrupulously clean and free of 
moisture. Conformal coating is recommended to provide a 
humidity barrier. Even a clean PC board can have 1 ~OpA of leak
age currents between adjacent traces, so guard rings should be 
used around the inputs. Guard traces are operated at a voltage 
close to that on the inputs, as shown in Figure 4, so that leakage 
currents become minimal. In noninverting applications, the guard 
ring should be connected to the common-mode voltage at the in
verting input. In inverting applications, both inputs remain at 
ground, so the guard trace should be grounded. Guard traces 
should be on both sides of the circuit board. 
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OP-297 

I 
I 
I 
\ 

UNITY·GAIN FOLLOWER 

INVERTING AMPLIFIER 

FIGURE 4: Guard Ring Layout and Connections 

OPEN·LOOP GAIN LINEARITY 
The OP-297 has both an extremely high gain of 2000V/mV mini
mum and constant gain linearity. This enhances the precision of 
the OP-297 and provides for very high accuracy in high closed
loop gain applications. Figure 5 illustrates the typical open-loop 
gain linearity of the OP-297 over the military temperature range. 
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RL = 101dl 
Vs=±15V 

TA= ~125°C VCM=OV 

TA=1:'50 C 

........ 
TA=~5OC 

-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (VOLTS) 

FIGURE 5: Open-Loop Linearity of the OP-297 
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NONINVERTING AMPLIFIER 

MINI·DIP 
BOTTOM VIEW 

sO 
o 

B(;J 

APPLICATIONS 
PRECISION ABSOLUTE VALUE AMPLIFIER 
The circuit of Figure 6 is a precision absolute value amplifier with 
an input impedance of 30MO. The high gain and low TCVos of 
the OP-297 insure accurate operation with microvolt input sig
nals. In this circuit. the input always appears as a common-mode 
signal to the op amps. The CMR of the OP-297 exceeds 12OdB. 
yielding an error of less than 2ppm. 

+15V 

FIGURE 6: Precision Absolute Value Amplifier 
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PRECISION CURRENT PUMP 
Maximum output current of the precision current pump shown in 
Figure 7 is ±1 OmA. Voltage compliance is ±1 OV with ±15V sup
plies. Output impedance of the current transmitter exceeds 3MO 
with linearity better than 16 bits. 

PRECISION POSITIVE PEAK DETECTOR 
In Figure 8, the CH must be of polystyrene, Teflon', or poly
ethylene to minimize dielectric absorption and leakage. The droop 
rate is determined by the size of CH and the bias current of the 
OP-297. 

10kel 
R2 

10kel 

R3 

IOUT='!:!!!!=~ = lOmAN 
Rs 100el -lSV 

FIGURE 7: Precision Current Pump 

lkel 

lN4l48 

__ JlR~ 

FIGURE 8: Precision Positive Peak Detector 

*Teflon is a registered trademark of the Dupont Company 
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SIMPLE BRIDGE CONDITIONING AMPLIFIER 
Figure 9 shows a simple bridge conditioning amplifier using the 
OP-297. The transfer function is: 

VOUT = VREF (~) RF 
R+AR R 

The REF-43 provides an accurate and stable reference voltage 
forthe bridge. To maintain the highest circuit accuracy, RF should 
be 0.1 % or better with a low temperature coefficient. 

+5V 

REF·43 

VOUT 

+SV 

( 6R ) RF 
VOUT '" VREF R + 6.R R 

FIGURE 9: A simple bridge conditioning amplifier using the 
OP-297. 

+1SV 

lkCl >'----_--<l VOUT 

-lSV 
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NONLINEAR CIRCUITS 
Due to its low input bias currents, the OP-297 is an ideal log 
amplifier in nonlinear circuits such as the square and square-root 
circuits shown in Figures 10 and 11. Using the squaring circuit of 
Figure 1 0 as an example, the analysis begins by writing a voltage 
loop equation across transistors 01, 02, 03 and 04. 

VTl In U~~) + VT2 In U~~) = VT3 In C~) + VT4 In ('~s~~ 
All the transistors of the MAT-04 are precisely matched and at 
the same temperature, so the Is and VT terms cancel, giving: 

21n liN = In 10 + In IREF = In (10 x IREF) 

r-----------I 

c, 

100pF 
v+ 

Exponentiating both sides of the equation leads to: 

10= (lIN)2 
IREF 

Op amp A2 forms a current-to-voltage converter which gives 
VOUT = R2 x '0. Substituting (VIN/Rl) for liN and the above 
equation for 10 yields: 

VOUT = (§.) (VIN)2 
IREF Rl 

A similar analysis made for the square-root circuit of Figure 11 
leads to its transfer function: 

100pF 

33kr1 

10 
Y---4...-0 VOUT 

MAT·04E 

~'V~ ____ -4~I~RE~F-.~~~~l 
.; 12 

10 
1 __ 

50kQ 

v-

FIGURE 10: Squaring Amplifier 

2-970 OPERATIONAL AMPLIFIERS 

~ 
50kQ 

-15V 

REV. B 



R, 

33k!l 

v-

FIGURE 11: Square-Root Amplifier 

In these circuits, IREF is a function of the negative power supply. 
To maintain accuracy, the negative supply should be well regu
lated. For applications where very high accuracy is required, a 
voltage reference may be used to set IREF. An important con
sideration for the squaring circuit is that a sufficiently large input 
voltage can force the output beyond the operating range of the 
output op amp. Resistor R4 can be changed to scale IREF' or R, 
and R2 can be varied to keep the output voltage within the usable 
range. 

Unadjusted accuracy olthe square-root circuit is better than 0.1 % 
over an input voltage range of 1 OOmV to 1 OV. For a similar input 
voltage range, the accuracy of the squaring circuit is better than 
0.5%. 

REV. B 

OP-297 

33k!l 
C2 

100pF 

>'-_>---0 VOUT 

10 

-15V 

OP·297 SPICE MACRO-MODEL 
Figures 12 and 13 show the node and net listfor a SPICE macro
model of the OP-297. The model is a simplified version of the 
actual device and simulates important DC parameters such as 
Vas, los, IB' Ava, CMR, Va and ISY. AC parameters such as slew 
rate, gain and phase response and CMR change with frequency 
are also simulated by the model. 

The model uses typical parameters for the OP-297. The poles 
and zeros in the model were determined from the actual open 
and closed-loop gain and phase response of the OP-297.ln this 
way, the model presents an accurate AC representation of the 
actual device. The model assumes an ambient temperature of 
25°C. 
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OP-297 
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26 
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06 Vs 

27 
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Rn R,. 

D. G. GS G7 

50 

FIGURE 12: OP-297 Macro-Model 
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'OP-297 SPICE MACRO-MODEL 0 PMll990 , 
'NODE ASSIGNMENTS 
, NONINVERTING INPUT 

I 
INVERTING INPUT 

I OUTPUT 

I POSITIVESUPPLY I ~EGATIVESUPPLY 

, SUBCKT OP-297 1 2 30 99 50 , 
: INPUT STAGE & POLE AT6 MHZ 

RINl 1 7 
RIN2 2 8 
Rl 8 3 
R2 7 3 
R3 5 99 
R4 6 99 
CIN 7 8 
C2 5 6 
11 4 50 
lOS 7 8 
EOS 9 7 
01 5 8 
02 6 9 
R5 10 4 
R6 11 4 
Dl 8 9 
D2 9 8 

EREF 98 0 

2500 
2500 
5Ell 
5Ell 
612 
612 
3E-12 
21.67E-12 
0.lE-3 
20E-12 
POLY(1) 1923 25E-6 1 

10 OX 
11 OX 

96 
96 
DX 
DX 

230 1 

'GAIN STAGE & DOMINANT POLE ATO.13 HZ , 
R7 12 98 
C3 12 98 
Gl 98 12 
V2 99 13 
V3 14 50 
D3 12 13 
D4 14 12 

2.45E9 
500E-12 
5 6 1.634E-3 
1.5 
1.5 
DX 
DX 

:NEGATIVE ZEROAT -1.8 MHZ 

RS 15 16 
C4 15 16 
R9 16 98 
El 15 98 

lE6 
-88.4E-15 
1 
12 23 lE6 

FIGURE 13: OP-297 SPICE Net-List 

REV. B 

'POLE AT 1.8 MHZ , 
Rl0 17 98 
C5 17 98 
G2 98 17 , 

lE6 
88.4E-15 
16 23 lE-6 

OP-297 

'COMMON-MODE GAIN NETWORK WITH ZERO AT 50 HZ , 
Rll 18 19 
C6 18 19 
R12 19 98 
E2 18 98 , 
:POLEAT6MHZ 

R15 22 98 
C8 22 98 
G3 98 22 

'OUTPUT STAGE 

R16 23 99 
R17 23 50 
ISY 99 50 
R18 25 99 
R19 25 50 
L1 25 30 
G4 28 50 
G5 29 50 
G6 25 99 
G7 50 25 
V4 26 25 
V5 25 27 
D5 22 26 
D6 27 22 
D7 99 28 
D8 99 29 
D9 50 28 
Dl0 50 29 , 
'MODELS USED , 

lE6 
3. 183E-9 
1 
3 23 l00E-3 

lE6 
26.53E-15 
1723 lE-6 

160K 
160K 
331E-6 
200 
200 
lE-7 
22 255E-3 
25225E-3 
99225E-3 
22505E-3 
1.8 
1.3 
DX 
DX 
DX 
DX 
DY 
DY 

,MODEL DX D IS=lE-15) 
,MODEL OX NPN !BF=2.5E6) 

'MODELDY D IS=lE-15BV=50) 
'ENDS OP-297 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Low Input Offset Voltage .................................. 15011 V Max 
• Low Offset Voltage Drift, 

Over-55°C to +125°C ................................... 1.2I1V/oC Max 
• Low Supply Current (Per Amplifier) ................ 72511A Max 
• High Open-Loop Gain ................................. 5000V/mV Min 
• Input Bias Current ............. , .................................. 3nA Max 
• Low Noise Voltage Density ................ 11 nV/y'HZ at 1kHz 
• Stable With Large Capacitive Loads .................. 1 OnF Typ 
• Pin Compatible to OP-11, LM148, HA4741, RM4156, and 

L 11 014 With Improved Performance 
• Available in Die Form 

ORDERING INFORMATION t 

TA =+25"C 
PACKAGE OPERATING 

VosMAX CERDIP LCC TEMPERATURE 
(mY) 14-PIN PLASTIC 28-CONTACT RANGE 

150 OP400AY" OP400ATC/883 MIL 
150 OP400EY INO 
230 OP400FY INO 
300 OP400GP COM 
300 OP400GStt COM 
300 OP400HP XIND 
300 OP400HStt XINO 

• For devices processed in total compliance to MtL-5TD-883. add/883 after part 
number. Consult factory for 883 data sheet. 
Burn·in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availablity and burn-in information on SO and PLCC packages. contact 
your local sales office. 

Quad Low-Offset, Low-Power 
Operational Amplifier 

OP-400 I 
GENERAL DESCRIPTION 

The OP-400 is the first monolithic quad operational amplifier 
that features OP-77 type performance_ Precision perfor- 2 
mance no longer has to be sacrificed to obtain the space and 
cost savings offered by quad amplifiers. 

The OP-400 features an extremely low input offset voltage of 
less than 150/LV with a drift of under 1.2/LV/oC, guaranteed 

PIN CONNECTIONS 

16-PIN SOL 
(S-Suffix) 

14-PIN HERMETIC DIP 
(V-Suffix) 

14-PIN PLASTIC DIP 
(P-Suffix) 

.. ~ <l ~ " <l ~lfoza~z 

28-LEADLCC 
(TC-Suffix) 

SIMPLIFIED SCHEMATIC (One of four amplifiers is shown.) 
v+ 

¢ <D <D 
..... ........ .... l.. <D "" "" 

BIAS 

Iv 4 
~ 

-r--
v K ...... 

() I) 

~ 
VOLTAGE } ........ ~ v ..... 

~ LIMITING ...... ....... NETWORK 
OUT 

J ~ -IN r """ "f~ 
....... 

0 ~~ f 0 

+IN 

v-
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OP400 
over the full military temperature range. Open-loop gain of 
theOP-400 is over 5,000,000 into a 10kn load; input bias 
current is under 3nA; CMR is above 120dB and PSRR below 
1.8p.VlV. On-chip zener-zap trimming is used to achieve the 
low input offset voltage of the OP-400 and eliminates the 
need for offset nulling. (The OP-400 conforms to the in
dustry-standard quad pinout which does not have null 
terminals.) 

The OP-400 features low power consumption, drawing less 
than 725p.A per amplifier. The total current drawn by this 
quad amplifier is less than that of a single OP-07, yet the 
OP-400 offers significant improvements over this industry
standard op amp. Voltage noise density of the OP-400 is a low 
11 nVlv'HZ at 10Hz which is half that of most competitive 
devices. 

The OP-400 is pin compatible with the OP-11, LM148, HA4741, 
RM4156, and LT1014 operational amplifiers and can be used 
to upgrade systems using these devices. The OP-400 is an 
ideal choice for applications requiring multiple precision 
operational amplifiers and where low power consumption is 
critical. 

ABSOLUTE MAXIMUM RATINGS (Note 2) 
Supply Voltage ................................................................. ±20V 
Differential Input Voltage ................................................. ±30V 
Input Voltage .................................................... Supply Voltage 
Output Short-Circuit Duration ................................ Continuous 
Storage Temperature Range 

P, TC, V-Package ...................................... -65°C to + 150°C 

Lead Temperature Range (Soldering 60 sec) ............... 300°C 
Junction Temperature (Tl ............................ -65°C to + 150°C 
Operating Temperature Range 

OP-400A .................................................... -55°C to + 125°C 
OP-400E, OP-400F ..................................... -25°C to +85°C 
OP-400G .......................................................... O°C to + 70°C 
OP-400H ...................................................... -40°C to +85°( 

PACKAGE TYPE a JA (Note 1) ale UNITS 

14-Pin Hermetic DIP M 94 10 "C/W 

14·Pin Plastic DIP (P) 76 33 "C/W 

28-Contacl LCC (TC) 70 28 "C/W 

16-Pin 501. (5) 88 23 "C/W 

NOTES: 
1. a'A Is specified for worst case mounting conditions, I.e., a'A is specified for 

dl.vice in socket for TO, CerDIP, P·DIP, and LCC package.!; a'A is specified 
for device soldered to printed circuit board lor SO package. J 

2. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

PARAMETER 

Input Offset 

Voltage 

long Term Input 

Voltage Stability 

Input Offset 
Current 

Input Bias 

Current 

Input Noise 

Voltage 

Input Noise 

Voltage Density 

Input Noise 

Current 

Input Noise 

Current Density 

Input Resistance 

Differential Mode 

Input Resistance 

Common Mode 

large Signal 

Voltage Gain 

SYMBOL CONDITIONS 

lOS 

R1NCM 

Avo 

0.1 Hz to 10Hz 

fo= 10Hz 
f 0 = 1000Hz (Note 1) 

O.IHz to 10Hz 

fo= 10Hz 

Vo = ±10V RL = 10kll 

RL = 2kll 
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OP-40Q~/E 
MIN TYP MAX MIN 

40 150 

0.1 

0.1 1.0 

0.75 3.0 

0.5 

22 36 
11 18 

15 

0.6 

10 

200 

5000 12000 3000 
2000 3500 1500 

OP-400F OP·400G/H 
TYP MAX MIN TYP MAX UNITS 

60 230 80 300 "v 

0.1 0.1 "V/mo 

0.1 2.0 0.1 3.5 nA 

0.75 6.0 0.75 7.0 nA 

0.5 0.5 "Vp,p 

22 36 22 
nVlyt:iZ 

11 18 11 

15 15 pAp.p 

0.6 0.6 pA/yt:iZ 

10 10 Mll 

200 200 Gll 

7000 3000 7000 
3000 1500 3000 

VlmV 
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OP-400 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C, unless otherwise noted. (Continued) 

OP-400AlE OP-400F OP-400G/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Voltage 
IVR Note 3 ±12 ±13 ±12 ±13 ±12 ±13 V 

Range 

Common Mode 
CMR VCM = ±12V 120 140 

Rejection 
115 140 110 135 dB 

Power Supply 
PSRR Vs = ±3V to ±18V 0.1 1.8 0.1 3.2 0.2 5.6 p.VIV 

Rejection Ratio • Output Voltage RL = 10kll ±12 ±12.6 ±12 ±12.6 ±12 ±12.6 
Swing Vo 

RL = 2kll ±11 ±12.2 ±11 ±12.2 ±11 ±12.2 
V 

Supply Current 
ISY No Load 600 725 600 725 600 725 p.A 

Per Amplifier 

Slew Rate SR 0.1 0.15 0.1 0.15 0.1 0.15 Vlp.s 

Gain Bandwidth 
GBWP Av=+1 

Product 
500 500 500 kHz 

Channel 
CS 

Vo = 20Vp•p 123 135 123 
Separation 10= 10Hz (Note 2) 

123 135 135 dB 

Input 
C 'N 3.2 3.2 3.2 pF 

Capacitance 

Capacitive Load Av=+1 
10 10 10 nF 

Stability No Oscillations 

NOTES: 
1. Sample tested. 
2. Guaranteed but not 100% tested. 
3. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, -55°C:o; TA:O; 125°C for OP-400A, unless otherwise noted. 

OP-400A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 70 270 p.V 

Average Input Offset 
TeVos 0.3 1.2 p.V/'C 

Voltage Drilt 

Input Offset "Current los VCM = OV 0.1 2.5 nA 

Input Bias Current 18 VCM=OV 1.3 5.0 nA 

Large Signal Vo = ±IOV RL = lOkI! 3000 9000 
Voltage Gain Avo RL = 2kll 1000 2300 

V/mV 

Input Voltage Range IVR Note 1 ±12 ±12.5 V 

Common Mode Rejection CMR VcM =±12V 115 130 dB 

Power Supply 
PSRR Vs = ±3V to ±18V 0.2 3.2 p.VIV 

Rejection Ratio 

Output Voltage Swing Vo 
RL = lOkI! ±12 ±12.4 

RL = 2kl! ±11 ±12 
V 

Supply Current 
ISY No load 600 775 p.A 

Per Amplifier 

Capacitive Load Stability 
Av=+1 

8 nF 
No Oscillations 

NOTE: 
1. Guaranteed by CMR test. 
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OP-400 
ELECTRICAL CHARACTERISTICS at V S • ±1SV, -2S·C S T AS ±8S·C for OP-400EIF, O·C S T AS +70·C for OP-40OG, -40·C 
S T AS +SS·C for OP-400H, unless otherwise noted. 

OP-400E OP-400F OP-400G/H 
PARAMETER SYMBOL CONomoNS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vos 60 220 60 350 110 400 IlV 

Voltage 

Average Input 
TCVos 0.3 1.2 0.3 2.0 0.& 2.5 IlV/'C 

Offset Voltage Drift 

Input Offset VCM-OV 

Current los E,F,GGrades 0.1 2.5 0.1 3.5 0.2 6.0 
nA 

HGrade 0.2 12.0 

Input Bias VCM=OV 

Current 18 E, F, G Grades 0.9 5.0 0.9 10.0 1.0 12.0 
nA 

HGrade 1.0 20.0 

Large-Signal Vo=:tl0V 

Voltage Gain Ava RL = 10kD 3000 10000 2000 5000 2000 5000 
VlmV 

RL=2kn 1500 2700 1000 2000 1000 2000 

Input Voltage 
IVR (Note 1) :t12 :t12.5 :t12 :t12.5 :t12 :t12.5 V Range 

Common-Mode 
CMR VCM-:tI2V 115 135 110 135 105 130 dB 

Rejection 

Power Supply 
PSRR Vs =:t3VIII:t18V 0.15 3.2 0.15 5.& 0.3 10.0 IlVN Rejection Ratio 

Output Voltage 
Va 

RL -10kn :t12 :t12.4 :t12 :t12.4 :t12 :t12.& 
V 

Swing RL=2kn :tIl :t12 :tIl :t12 :tIl :t12.2 

Supply Current 
Isv No Load 600 775 &00 775 &00 775 I1A Per Amplifier 

Capacitive Load Ay=+1 
10 10 10 nF 

Stability No Oscillations 

NOTE: 
1. Guaranteed by CMR test. 
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DICE CHARACTERISTICS 

DIE SIZE 0.181 X 0.123 Inch, 22,263 sq. mils 
(4.60 X 3.12 mm, 14.35 sq. mm) 

WAFER TEST LIMITS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vas 

Input Offset Current los VCM = OV 

Input Bias Current Ie VCM = OV 

Large Signal Va = ±10V RL = 10kO 
Voltage Gain Ava RL = 2kO 

Input Voltage Range IVR Note 1 

Common Mode Rejection CMR VcM =±12V 

Power Supply 
PSRR Vs = ±3V to ±18V 

Rejection Ratio 

Output Voltage Swing 
RL = 10kll 

Va RL = 2kll 

Supply Current 
ISY No Load 

Per Amplifier 

NOTES: 
1. Guaranteed by CMR test. 

1. OUT A 
2. -INA 
3. +INA 
4. y+ 
5. +IN B 
6. -IN B 
7.0UTB 

8.0UTC 
9. -INC 

10. +IN C 
11. y-
12. +IN D 
13. -IN D 
14. OUT D 

OP-400GBC 
LIMIT 

230 

3000 
1500 

±12 

115 

3.2 

±12 
±11 

725 

OP-400 

UNITS 

/lVMAX 

nAMAX 

nAMAX 

VlmV MIN 

VMIN 

dBMIN 

/lVIVMAX 

VMIN 

/lAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaran
teed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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OP-400 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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POWER SUPPLY REJECTION 
vs FREQUENCY 
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OP-400 
TYPICAL PERFORMANCE CHARACTERISTICS 
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130 

120 

110 

, 100 

CHANNEL SEPARATION 
VI FREQUENCY 

r-. 
IT~"= 25"C I III 

Vs" ±15V 

r- ..... VIN == 2OVp-p 

i' 
P 

r-

r-

90 
10 100 lk 10k 

FREQUENCY (Hz) 

SMALL-SIGNAL 
TRANSIENT RESPONSE 

CLOAD= 1nF 

100. 
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BURN-IN CIRCUIT 

-18V 

12 11 10 

V-

V+ 

GNO 

+18V 

APPLICATIONS INFORMATION 

The OP-400 is inherently stable at all gains and is capable of 
driving large capacitive loads without oscillating. Nonethe
less, good supply decoupling is highly recommended. Proper 
supply decoupling reduces problems caused by supply 
line noise and improves the capacitive load driving capability 
of the OP-400. 

Total supply current can be reduced by connecting the inputs 
of an unused amplifier to V-. This turns the amplifier off, 
lowering the total supply current. 

APPLICATIONS 

DUAL LOW-POWER INSTRUMENTATION AMPLIFIER 

A dual instrumentation amplifier that consumes less than 
33mW of power per channel is shown in Figure 1. The linear
ity of the instrumentation amplifier exceeds 16 bits in gains of 
5 to 200 and is better than 14 bits in gains from 200 to 1000. 
CMRR is above 115dB (Gain = 1000). Offset voltage drift is 
typically O.4/LV/oC over the military temperature range 

REV.C 

OP-400 
which is comparable to the best monolithic instrumentation 
amplifiers. The bandwidth of the low-power instrumentation 
amplifier is a function of gain and is shown below: 

GAIN 

5 
10 

100 
1000 

liANDWIDTH 

150kHz 
67kHz 
7.5kHz 
500Hz 

The output signal is specified with respect to the reference • 
input, which is normally connected to analog ground. The 
reference input can be used to offset the output from -10Vto 
+10V if required. 

FIGURE 1: Dual Low-Power Instrumentation Amplifier 

+o-----------------------~ 
V,N 

REFERENCE 5kll .. II 21lkll 

20kn 

+o-------------------------~ 
V,N 

REFERENCE .. II 5kll 20kn 

20k.ll 
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OP-400 
FIGURE 2: Bipolar Current Transmitter 

25k1l 

25kll 

25k1l 

25kn 

+o-------i 

I = ~ (1 + 50,000) 
OUT 200n RO 

BIPOLAR CURRENT TRANSMITTER 

In the circuit of Figure 2, which is an extension of the stan
dard three op-amp instrumentation amplifier, the output cur
rent is proportional to the differential input voltage. Maxi
mum output current is ±5mA with voltage compliance equal 
to ± 10V when using ± 15V supplies. Output impedance of the 
current transmitter exceeds 3MO and linearity is better than 
16 bits with gain set for a full scale input of ±100!'V. 

DIFFERENTIAL OUTPUT INSTRUMENTATION AMPLIFIER 

The output voltage swing of a single-ended instrumentation 
amplifier is limited by the supplies, normally at ±15V, to a 
maximum of 24Vp_p.The differential output instrumentation 
amplifier of Figure 3 can provide an output voltage swing of 
48Vp_p when operated with ± 15V supplies. The extended out
put swing is due to the opposite polarity of the outputs. Both 
outputs will swing 24Vp_p but with opposite polarity, for a total 
output voltage swing of 48Vp_p. The reference input can be 
used to set a common-mode output voltage over the range 
±10V. PSRR of the amplifier is less than 1!'V/v with CMRR 
(Gain = 1000) better than 115dB. Offset voltage drift is typi
cally O.4!'V/oC over the military temperature range. 
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25k1l 

25k1l 

FIGURE 3: Differential Output Instrumentation Amplifier 

22pF 

+ 
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MULTIPLE OUTPUT TRACKING VOLTAGE REFERENCE 

Figure 4 shows a circuit that provides outputs of 10V, 7.SV, 
SV, and 2.SV for use as a system voltage reference. Maximum 
output current from each reference is SmA with load regula
tion under 2S/J.v/mA. Line regulation is better than 1Sf./.VIV 

FIGURE 4: Multiple-Output Tracking Voltage Reference 

OP-400 
and output voltage drift is under 20f./.V;ae. Output voltage 
noise from 0.1 Hz to 10Hz is typically 7Sf./.Vp_p from the 10V 
output and proportionately less from the 7.SV, SV, and 2.SV 
outputs. 

+15V ,------t-t---------o +10V 

10kil 
22kn 

lN4002 

+7.5V 

10kn 

+5V 
10k,\"! 

10kfl 

>-.---+---------0 +2.5V 

'p' 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• low Supply Current . . . . . . . . . .. 200!-,A Max @ Vs = + SV 
• Single-Supply Operation ................ +SV to +30V 
• Dual-Supply Operation. . . . . . . .. . . . . . .. ±2.SV to ± 1SV 
• low Input Offset Voltage .................. SOO"V Typ 
• Low Input Offset Voltage Drift ............ S!-'VloC Typ 
• High Common-Mode Input Range ... V - to (V + - 1.SV) 
• High CMRR .•............................ 100dB Typ 
• High Open-Loop Gain. . . . . . . . . . .. . . . .. 1100VlmV Typ 
• LM 148 Pinout 
• Available in Ole Form 

ORDERING INFORMATION t 
PACKAGE 

OPERATING TA=+25°C 
VosMAX CERDIP LCC TEMPERATURE 

(mY) 14-PIN 20-CONTACT PLASTIC RANGE 

2.5 OP420BY MIL 
2.5 OP420FY IND 
4.0 OP42OCY OP42OCRC1883 MIL 
4.0 OP42OGY OP42OGP XIND 
4.0 OP42OGS XIND 
6.0 OP420HY OP420HP XIND 
6.0 OP420HS XIND 

For devices processed in total compliance to MIL-STD·883, add 1883 alter part 
number. Consult factory lor 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO·can packages. 

GENERAL DESCRIPTION 
The OP-420 quad micropower operational amplifier is a 
Single-chip quad patterned after the OP-20 precision micro
power Single operational amplifier. A Darlington PNP input 
stage allows the input common-mode voltage to include V-. 
The wide input range combined with low power-supply drain 

SIMPLIFIED SCHEMATIC (1/4 Shown) 

-IN 

+IN ~~+-~~t--~~+-~~~-+~----J 

REV. B 

Quad Micropower 
Operational Amplifier 

OP-420 I 
(-40!-,A/section at 5V), provides a unique solution for designs 
requiring high functional density and portable operation. 
Applications include two-wire transmitters for process 
control loops, battery-operated remote-line filters, signal II 
preconditioning amplifiers, and a variety of multiple-gain 
block arrays. 

For micropower applications requiring offset nulling, see the 
OP-20, OP-21 and OP-22 data sheets. 

PIN CONNECTIONS 

14-PIN HERMETIC DIP 
(V-Suffix) 

14-PIN EPOXV DIP 
(P-Suffix) 

OP-420CRC/883 
20-lEAD lCC 

(RC-Suffix) 

16-PINSOL 
(S-Suffix) 

v+ 
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OP-420 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±18V 
Differential Input Voltage .................................................. ±30V 
Input Voltage .................................................... Supply Voltage 
Output Short-Circuit Duration ................................ Continuous 

(One Amplifier Only) 
Storage Temperature Range ......................... -6S·C to + 1S0·C 
Lead Temperature Range (Soldering, 60 sec) ............... 300·C 
Operating Temperature Range 

OP-420BY, OP-420CY, OP-420CRC ......... -5S·C to + 12S·C 
OP-420FY ..................................................... -2S·C to +8S·C 
OP-4200, OP-420H ...................................... -40·C to +8S·C 

Junction Temperature(TJ) •••••••••••••••••••••••••••••• -6S·C to + 1S0·C 

PACKAGE TYPE aJA (Note2) UNITS 

14-Pin Hermetic DIP (Y) 99 12 ·CIW 

14-Pin Plastic DIP (P) 76 33 ·CIW 

16-Pin SOL (S) 92 27 ·CIW 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged psrts, unless 

otherwise noted. 
2. a'A is specified for worst case mounting conditions, i.e., a'A is specified for 

dkvice in socket for CerDIP and P-DIP psckages; a'A is s~ecified for device 
soldered to printed circuit board for SOL package. J 

ELECTRICAL CHARACTERISTICS at Vs = ±1SV, TA = +2S· C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos 

Input Offset Current 
(Note 1) 

Input Bias Current 

(Note 1) 

Input Noise Voltage 
Density 

Input Noise Current 
Density 

Input Voltage Range 

Common-Mode 

Rejection Ratio 

Power Supply 
Rejection Ratio 

Large-Signal 
Voltage Gain 

Slew Rate 

Closed-Loop 
Bandwidth 

Output Voltage 

Swing 

Supply Current 
(Four Amplifiers) 

NOTE: 

los 

IVR 

CMRR 

PSRR 

AvO 

SR 

BW 

ISY 

Vs ~ ±2.SV to ± ISV 

Vs ~ ±2.SV to ± ISV 

Vs ~ ±2.5V to ± 15V 

fo~ 10Hz 
fo~ 100Hz 

fo~ 10Hz 
fo~ 100Hz 

V+~+5V, V-~OV 

Vs~±ISV 

V+~+5V, V-~OV 

OV"VcM ,,3.5V 
Vs~±15V 

-15V" VCM ,,13.5V 

Vs ~ ±2.5V to ±15V; & 
V-~OV, V+~ 5Vt030V 

RL ~ 25k!!, 
Vo~±10V 

AVCL ~+1.0 
RL ~ 10k!! 

V+~SV, V-~OV, 

RL ~ 10k!! 

Vs~±ISV, 

RL ~ 25k!! 

Vs ~ ±2.5V, No Load 

Vs~ ±15V, No Load 

1. 'Band los are measured at VCM=O. 
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OP-420B 
OP-420F 

MIN TYP MAX 

0/3.S 
-15113.5 

83 

83 

O.S 

O.S 

9 

50 

0.12 

100 

100 

10 

2.S 

I.S 

20 

30 

600 1100 

0.05 

150 

0.714.1 

±14.0 

140 200 

330 360 

OP-420C 
OP-420G 

MIN TVP MAX 

0/3.S 
-ISI13.5 

80 

80 

0.8 

12 

so 

0.12 

96 

96 

20 

4 

2.S 

30 

50 

400 900 

0.05 

150 

0.BI4.0 

±14.0 

170 300 

360 460 

OP-420H 
MIN TYP MAX 

0/3.5 
-15113.5 

76 

76 

2 

1.2 

18 

50 

0.12 

90 

90 

30 

6 

6 

40 

BO 

200 BOO 

O.OS 

150 

0.9/3.B 

±13.B 

200 400 
390 800 

UNITS 

mV 

nA 

nA 

nVl.,fHZ 

V 

dB 

p.VlV 

VlmV 

VII'S 

kHz 

V 

p.A 
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OP-420 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, -55°C:<; +125°C for OP-420B and OP-420C, -25°C:<; T A:<; +85°C for OP-

420F, -40°C:<; TA :<; +85°C for OP-420G and OP-420H, unless otherwise noted. 

OP-420B OP-420C 
OP-420F OP-420G OP-420H 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average Input Offset TC'" 
Voltage Drift (Note 1 ) as 

Unnulled 5 10 8 15 15 25 1'V1"C 

Input Offset Voltage Vas Vs = ±2.5V to ± 15V 3.5 5.5 7.5 mV 

Input Offset CUrrent 
los Vs = ±2.5V to ± 15V 3 4 8 nA • (Note 2) 

Input Bias Current 
(Note 2) Ie Vs = ±2.5V to ± 15V 30 40 60 nA 

V+=+5V, V-=OV 0/3.2 0/3.2 0/3.2 
V Input Voltage Range IVR 

Vs =±15V -15/13.2 -15/13.2 -15/13.2 

V+=+5V,V-=OV, 
76 96 73 92 73 86 

Common-Mode 
CMRR 

OVSVcM S3.2V 
dB 

Rejection Ratio Vs =±15V, 
76 96 73 92 73 86 

-15V S VCM S 13.2V 

Power Supply 
Vs = ±2.5V to ± 15V 

PSRR and V-= OV. V+= 5V 15 50 25 80 40 100 I'VIV 
Rejection Ratio 

t030V 

Large-Signal 
Ava 

Vs = ±15V, RL = 50kO, 
300 

Voltage Gain Va = ±10V 
800 200 650 100 400 V/mV 

V+= 5V, V-=OV, 
0.9/3.9 1.0/3.8 1.1/3.6 

Output Voltage 
Va 

RL = 2OkO 
V 

Swing Vs =±15V, 
±13.8 ±13.8 ±13.6 

RL =50kO 

Supply Current 
ISY 

Vs = ±2.5V, No Losd 170 300 210 400 250 600 
I'A 

(Four Amplifiers) Vs = ±15V, No Load 390 500 420 640 500 800 

NOTES: 
1. Sample tested. 
2. leand los are measured at VCM = O. 
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OP-420 
DICE CHARACTERISTICS 

DIE SIZE 0.093 x 0.087 inch, 8091 sq. mils 
(2.36 x 2.21 mm, 5.22 sq. mm) 

1. OUTPUT 1 
2. INVERTING INPUT 1 
3. NONINVERTING INPUT 1 
4. V+ 
5. NONINVERTING INPUT 2 
6. INVERTING INPUT 2 
7. OUTPUT 2 
8. OUTPUT 3 
9. INVERTING INPUT 3 

10. NONINVERTING INPUT 3 
11. V-
12. NONINVERTING INPUT 4 
13. INVERTING INPUT 4 
14. OUTPUT 4 

WAFER TEST LIMITS at Vs= ±15V, TA = 25°C, unless otherwise noted. 

OP-420N OP-420G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT 

Input Offset Voltage Vos Vs =±2.5Vto±15V 2.5 4 

Input Offset Current los Vs= ±2.5V to ±15V. (Note 1) 1.5 2.5 

Input Bias Current Ie Vs= ±2.5V to ±15V. (Note 1) 20 30 

Input Voltage Range IVR -15/13.5 -15/13.5 

V+=+5V. V-=OV 
83 80 

Common-Mode Rejection Ratio CMRR OV " VCM " 3.5V 83 80 
Vs =±15V.-15V"VcM " 13.5V 

Power Supply Rejection Ratio PSRR 
Vs = ±2.5V to ±15V 
V- = av, V+ = +5V to +30V 

30 50 

Large-Signal Voltage Gain Avo RL = 25k!l, Vo= ±10V 600 400 

V+=+5V, V-=OV 
0.7/4.1 0.8/4.0 

Output Voltage Swing Vo 
RL = 10k!l 
Vs =±15V 

±14.0 ±14.0 
RL = 25k!l 

Supply Current ISY No Load. (Four Amplifiers) 360 460 

NOTES: 
1. 'e and los are measured at VCM = O. 

OP-420GR 
LIMIT UNITS 

6 mVMAX 

6 nAMAX 

40 nAMAX 

-15/13.5 VMIN 

76 
76 

dBMIN 

80 I'ViV MAX 

200 VlmVMIN 

0.9/3.8 VMAX 

±13.8 VMIN 

600 I'AMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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OP-420 
TYPICAL PERFORMANCE CHARACTERISTICS 
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r.ANALOG 
WDEVICES 

Quad Low-Power Operational Amplifier, 
Single or Dual Supply 

FEATURES 
• Low Supply Current ........................ lmA Max 
• Slew Rate .............................. O.25V/ I's Min 
• Single Supply Operation ................ +5V to +30V 
• Low Input Offset Voltage .................. 500l'V Typ 
• Low Input Offset Voltage Drift .......... lOI'V/oC Max 
• High Common-Mode Input Range ... V-to V+ (-1.5V) 
• High CMRR .............................. 100dB Typ 
• High Open-Loop Gain .. . . . . . . . . . . . . . . .. 400V/mV Typ 
• Single-Chip Monolithic Construction 
• Pin Compatible With LM124, LM324, LM148, and OP-11 
• Available In Ole Form 

ORDERING INFORMATION t 

TA = +25"C 
PACKAGE OPERATING 

VosMAX CERDIP TEMPERATURE 
(mV) 14-PIN PLASTIC SO RANGE 

2.5 OP421BY* MIL 
2.5 OP421FY INO 
4.0 OP421CY* MIL 
4.0 OP421GY OP421GP OP421GS XINO 
6.0 OP421HY OP421HP OP421HS XINO 

-. For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult lactory lor 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 

CerDIP, plastic DIP, and TO·can packages. 

SIMPLIFIED SCHEMATIC (1/4 Shown) 

-IN 

+IN o--f---+---t-----!I--...J 

REV.S 

OP-421 I 
GENERAL DESCRIPTION 
The OP-421 quad low-power operational amplifier isa single-
chip quad patterned after the OP-21 single operational 
amplifier. The PNP input stage allows the input common- • 
mode voltage to include V-. Featuring a low power-supply 
current (150I'A/section typical at 5V), the OP-421 offers a 
unique solution for designs requiring a combination of high 
function density, wide bandwidth, and low-power operation. 
Applications for the OP-421 include low-power active filters, 
battery-operated remote line filters, and signal precondition-
ing amplifiers. In addition, the ever-present problem of 
crossover distortion in low-power devices is eliminated by a 
unique double-buffered output section. 

PIN CONNECTIONS 

l6-PlNSOL 
(S-Sufflx) 

l4-PIN HERMETIC DIP 
(V-Suffix) 

l4·PIN PLASTIC DIP 
(P·Sufflx) 

V+ 
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OP-421 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ..............•.................................................. ±18V Junction Temperature (Tj) ••••••••••••••••.•.••••••••• -65°C to + 150°C 

Differential Input Voltage ................................................. ±30V 
PACKAGE TYPE 9 IA (Note2) 9 1e UNITS 

Input Voltage .................................................... Supply Voltage 
Output Short-Circuit Duration ................................ Continuous 14-Pin Hermetic DIP (V) 99 12 ·CIW 

(One Amplifier Only) 14-Pin Plastic DIP (P) 76 33 ·CIW 
Storage"Temperature Range .......................• -65°C to + 150°C 16-Pin SOL (S) 92 27 ·CIW 
Lead Temperature Range (Soldering, 60 sec) .........•.... 300°C NOTES: 
Operating Temperature Range 1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

OP-421 BY, OP-421CY .............................. -55°C to +125°C otherwise noted. 
2. 9·A is specified for worst case mounting conditions, i.e .• 9.A is specified for 

OP-421 FY .....................•.............................. -25°C to +85°C d~vice in socket for CerDIP and P-DIP packages; 9'A is splecified for device 
OP-421G, OP421 H ...................................... -40°C to +85°C soldered to printed circuit board for SOL package. I 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = +25°C, unless otherwise noted. 

OP-421B OP-421C 
OP-421F OP-421G OP-421H 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas Vs =±2.5Vto±15V 0.5 2.5 4 6 mV 

Input Offset Current los Vs = ±2.5V to ±15V 0.6 5.0 2.0 10 5.0 20 nA 

Input Bias Current la Vs = ±2.5V to ±15V 20 50 50 80 100 150 nA 

Input Noise Voltage 10 = 10Hz (Note 1) 20 40 20 40 20 40 
nV/.,fHZ 

Density en 10= 100Hz (Note 1) 15 30 15 30 15 30 

Input Noise Current 
in 

fa = 10Hz (Note 1) 0.3 0.6 0.3 0.6 0.3 0.6 
pA/.,fHZ 

Density fo= 100Hz (Note 1) 0.2 0.4 0.2 0.4 0.2 0.4 

Input Voltage Range IVR 
V+=+5V, V-=OV 0/3.5 0/3.5 0/3.5 
Vs =±15V -15/13.5 -15/13.5 -15/13.5 

V 

V+ = +5V, V- = OV, 
83 100 80 96 76 90 

Common~Mode OV:5 VCM :5 +3.5V 
CMRR dB 

Rejection Ratio Vs =±15V, 
83 100 BO 96 76 90 

-15V:5 VCM :5 +13.5V 

Power Supply 
PSRR 

Vs =±2.5Vto±15V; & 
10 30 20 50 30 80 "VIV Rejection Ratio V-= OV, V+= 5V t030V 

Large-Signal 
Ava 

Vo =±10V 
200 

Voltage Gain RL = 10kU 
400 100 200 100 200 V/mV 

V+=5V, V-=OV 
0.7/4.0 0.8/3.9 0.9/3.B 

Output Voltage 
Va 

RL = SkU 
V 

Swing Vs= ±15V, 
±14 ±13.9 ±13.B 

RL = 10kU 

Closed-Loop 
BW 

AVCL =+1.0, 1.0 
Bandwidth (Note 2) RL = 10kU 

1.9 1.0 1.9 1.0 1.9 MHz 

Supply Current Vs = ±2.5V, No Load 0.6 1.0 0.7 1.5 0.9 2.0 
mA 

(Four Amplifiers) ISY Vs = ± 15V, No Load 1.2 1.8 1.4 2.3 1.8 3.0 

Slew Rate SR (Note 1) 0.25 0.5 0.25 0.5 0.25 0.5 V/"s 

Channel Separation CS (Note 1) 100 120 100 120 100 120 dB 

NOTES: 
1. Sample tested. 
2. Guaranteed by design. 
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OP-421 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, -55°C ~ TA ~ +125°Cfor OP-421B and OP-421C, -25°C ~ TA ~ +85°C for 

OP-421 F, and -40°C ~ T A ~ +85°C for OP-421 G and OP-421 H, unless otherwise noted. 

OP-421B OP-421C 
OP-421F OP-421G OP-421H 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average Input Offset 
TCVos 5 10 8 15 10 15 "VloC 

Voltage Drift (Note 1 ) 

Input Offset Voltage Vos Vs =±2.5Vto±15V 3.5 1.8 5.5 3 7.5 mV 

Input Offset Current los Vs= ±2.5V to ±15V 1.6 8 3.0 15 6.0 30 nA • Input Bias Current I. Vs =±2.5Vto±15V 25 70 60 125 140 230 nA 

Input Voltage Range IVR 
V+=+5V, V-=OV 0/3.2 0/3.2 0/3.2 

V 
Vs =±15V -15113.2 -15/13.2 -15/13.2 

V+=+5V, V-=OV, 
78 96 74 94 73 86 

Common-Mode 
CMRR 

OV:5 VCM :5 +3.2V 
dB 

Rejection Ratio Vs =±15V, 
78 96 74 94 73 86 

-15V:5VcM :5+13.2V 

Power Supply 
PSRR 

Vs= ±2.5Vto ±15V; & 15 50 25 80 40 100 
"VN Rejection Ratio V-=OV, V+= 5V to 30V 15 50 25 80 40 100 

Large-Signal 
Avo 

Vo= 10V 
100 200 50 100 50 100 VlmV 

Voltage Gain RL = 20kO 

V+=5V, V-=OV 
0.8/3.9 0.9/3.8 1.0/3.7 

Output Voltage 
Vo 

RL = 10kO 
V 

Swing Vs =±15V, 
±13.8 ±13.7 ±13.7 

RL = 20kO 

Supply Current 
ISY 

Vs = ±2.5V, No Load 1.2 1.5 1.5 2.0 2.0 3.0 
mA 

(Four Amplifiers) Vs = ± 15V, No Load 0.68 2.0 2.5 0.68 2.5 3.2 0.68 3.2 4.0 

NOTE: 
1. Sample tested. 

BURN-IN CIRCUIT 

-18V 

13 12 11 10 

v-

v+ 

GND 

+18 V 
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OP-421 

DICE CHARACTERISTICS 

DIE SIZE 0.093 X 0.087 inch, S091 sq. mils 
(2.36 X 2.21 mm, 5.22 sq. mm) 

1. OUTPUT 1 
2. INVERTING INPUT 1 
3. NON INVERTING INPUT 1 
4. V+ 
5. NON INVERTING INPUT 2 
6. INVERTING INPUT 2 
7. OUTPUT 2 
S.OUTPUT3 
II. INVERTING INPUT 3 

10. NONINVERTING INPUT 3 
11. V-
12. NON INVERTING INPUT 4 
13. INVERTING INPUT 4 
14. OUTPUT 4 

WAFER TEST LIMITS at Vs= ±15V, TA= 25°C, unless otherwise noted. 

OP-421N OP-421G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT 

Input Offset Voltage Vos Vs =±2.5Vto±15V 2.5 4 

Input Offset Current los Vs = ±2.5V to ±15V 5 10 

Input Bias Current 18 Vs = ±2.5V to ±15V 50 60 

Input Voltage Range IVR -15113.5 -15/13.5 

V+ = +5V, V-= OV 
Common-Mode 

CMRR 
OVSVcM S+3.5V 

83 60 
Rejection Ratio Vs =±15V. 

-15VS VCMS + 13.5V 

Power Supply 
PSRR 

Vs =±2.5Vto ±15V; and 
30 50 

Rejection Ratio V-=Ov, V+=+5Vt03OV 

Large-Signal 
Avo 

Vo=±10V 
200 200 

Voltage Gain RL =20kO 

Output Voltage Swing 
V+ = +5V. V- = OV. RL = 5kO 0.7/4.0 0.6/3.9 

Vo 
Vs = ± 15V. RL = 10kO ±14 ±13.9 

Supply Current Vs = ±2.5V. No Load 1.0 1.5 
(Four Amplifiers) ISY Vs = ± 15V. No Load 1.8 2.3 

NOTE: 

OP-421GR 
LIMIT UNITS 

6 mVMAX 

20 nAMAX 

150 nAMAX 

-15/13.5 VMIN 

76 dBMIN 

60 p.VlVMAX 

100 VlmVMIN 

0.9/3.8 
VMIN 

±13.8 

2.0 
mAMAX 

3.0 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss. yield altar packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and tasting. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

OP-421N OP-421G OP-421GR 
PARAMETER SYMBOL CONDInONS TYPICAL TYPICAL TYPICAL UNITS 

Input Noise Voltage fo= 10Hz 20 20 20 
nVl,fHZ Density 

en 
fo= 100Hz 15 15 15 

Closed-Loop 
BW 

AVCL =+1.0 
1.9 1.9 1.9 MHz 

Bandwidth RL = lDkO 

Slew Rate SR 0.5 0.5 0.5 VII's 

Channel Separation CS 120 120 120 dB 
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OP-421 
TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-421 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT 

INPUT 

VOLTAGE FOLLOWER 
SMALL-SIGNAL RESPONSE 

Vs" nv, +15V 
RL = lOkn 
TA '" 2SoC 

CL = 60pf 

NOISE CHARACTERISTICS 

INPUT NOISE VOLTAGE 
DENSITY vs FREQUENCY 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
High Slew Rate - 170 V/fJ.s 
Wide Bandwidth - 30 MHz 
Fast Settling Time - <170 ns to 0.01% 
Low Offset Voltage - 200 fJ.V 
Unity-Gain Stable 
Low Voltage Operation ±5 V to ±15 V 
Low Supply Current - <8 mA 
Drives Capacitive Loads 

APPLICATIONS 
High Speed Image Display Drivers 
Active Filters 
Fast Amplifiers 
Integrators 
Photo Diode Preamps 

GENERAL DESCRIPTION 
The OP-467 is a quad, high speed, precision operational ampli
fier. It offers the performance of a high speed op amp combined 
with the advantages of a precision operational amplifier all in a 
single package. OP-467 is an ideal choice for applications where, 
traditionally, more than one op amp was used to achieve high 
performance. 

OP-467 internal compensation ensures stable unity-gain opera
tion and can drive large capacitive loads without oscillations. 
With a gain bandwidth product of 30 MHz driving a 30 pF 
load, output slew rate in excess of 170 V/fJ.s and settling time to 
0.01% in less than 170 ns, provides excellent dynamic accuracy 
in high speed data-acquisition systems. The channel-to-channel 
separation is typically 60 dB at 10 MHz. 

The dc performance of OP-467 includes less than 1 mV of off
set, voltage noise density below 6 n VlVHz and total supply cur
rent under 8 rnA. Common-mode rejection and power supply 
rejection ratios are typically 80 dB. PSRR is maintained to bet
ter than 40 dB with input frequencies as high as 1 MHz. The 
low offset and drift plus high speed and low noise, make the 
OP-467 usable in applications such as high speed detectors and 
instrumentation. 

Quad Precision, High Speed 
Operational Amplifier 

PIN CONNECTIONS 

14-Lead Ceramic DIP 
(Y Suffix) 

14-Lead Epoxy DIP 
(P SuffIX) 

OP-467 I 

20-Position Chip Carrier 
(RC SuffIX) 

The OP-467 is specified for operation from ± 5 V to ± 15 V over 
the extended industrial temperature range (-40°C to + 85°C) 
and is available in plastic and ceramic DIP, plus SOL and LCC 
surface mount packages. 

Contact your local sales office for MIL-STD-883 data sheet and 
availability. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-467 -SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@ Vs = ±15.D V. TA = +25°C unless otherwise specified.) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos 0.2 mV 

-40°C:s TA :S +85°C mV 
Input Bias Current IB VCM = 0 V 100 nA 

VCM = 0 V nA 
Input Offset Current los VCM = 0 V nA 

VCM = 0 V nA 
Common-Mode Rejection CMR VCM = ±II V, -40°C:s TA:s +85°C 76 80 dB 
Large Signal Voltage Gain Avo RL = 2kO 83 80 dB 

RL = 2 kO, -40OC :S TA :S +85°C dB 
Offset Voltage Drift t:..Vos!t:..T 3.5 ILVfC 
Bias Current Drift t:..IB/t:..T pAre 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo -13.0 ±13.5 13 V 
Open-Loop Output Impedance ZOUT 0 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR 76 

100 dB 
Supply Current Isy 8 mA 
Supply Voltage Range Vs ±4.5 ±18 V 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = 10kO 150 170 V/lLs 
Full-Power Bandwidth BWp I % Distortion 2.7 MHz 
Settling Time t. To 0.01% 170 ns 
Gain Bandwidth Product GBP 25 MHz 
Phase Margin 80 45 Degrees 

NOISE PERFORMANCE 
Voltage Noise en p-p 0.1 Hz to 10 Hz ILVP-P 
Voltage Noise Density en f=lkHz 6 nV/v'Hz 
Current Noise Density i" pAlyHz 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-467 
ELECTRICAL CHARACTERISTICS (@ Vs = ±5 v, TA = +25°C unless otherwise specified.) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos mV 

-40°C :5 TA :5 +S5°C mV 
Input Bias Current IB VCM = 0 V 100 nA 

VCM = 0 V nA 
Input Offset Current los VCM = 0 V nA 

VCM = OV nA 
Common-Mode Rejection CMR VCM = ±2.5 V, -40°C:5 TA :5 +S5°C SO dB 
Large Signal Voltage Gain Avo RL = 2 kO SO dB 

RL = 2 kO, -40°C :5 TA :5 +S5°~ dB 
Offset Voltage Drift AVos/AT ",vrc 
Bias Current Drift AlB/AT pArC 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo ±3.5 V 
Open-Loop Output Impedance ZOUT 0 

POWER SUPPLY 
Power Supply Rejection Ratio 

100 dB 
Supply Current S rnA 
Supply Voltage Range ±4.5 ±IS V 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = 10kO 170 V/",s 
Full-Power Bandwidth BWp I % Distortion 2.5 MHz 
Settling Time t, To 0.01% 200 ns 
Gain Bandwidth Product GBP 25 MHz 
Phase Margin 60 45 Degrees 

NOISE PERFORMANCE 
Voltage Noise en P-P 0.1 Hz to 10 Hz ",Vp-p 
Voltage Noise Density en f=lkHz 6 nV/yHz 
Current Noise Density in pAlyHz 

;pecifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 OPERATIONALAMPLIFIERS 2-1001 

• 



OP-4S7 

WAFER TEST LIMITS (@ Ys = ±15.0 Y, TA = +25°C unless otherwise specified.) 

Parameter 

Offset Voltage 
Input Bias Current 
Input Offset Current 
Input Voltage Rangel 
Common-Mode Rejection 
Power Supply Rejection Ratio 
Large Signal Voltage Gain 
Output Voltage Range 
Supply Current 

NOTES 

Symbol 

CMRR 
PSRR 

Conditions 

VCM = 0 V 
VCM = 0 V 

VCM = ±B V 
V = ±4.5 V to ±18 V 
RL =2kO 
RL = 2 kO 
Vo = 0 V, RL = 00 

Limit Units 

±250 fLV typ 
60 nA typ 
10 nA typ 

V minimax 
90 dB typ 
100 dB typ 
20 VlmV typ 
±13 Vtyp 
8 mA typ 

Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifica 

yield after packaging is not guaranteed for 
lot assembly and testing. 

'Guaranteed by CMR test. 

ABSOLUTE MAXIMUM RATINGS i 

Supply Voltage .................. . 
Input Voltage2 ••••.••••••••••••••• 

Differential Input Voltage2 ••••••••••••• 

Output Short-Circuit Duration .............. . 
Storage Temperature Range 

Y, RC Package .................. -65°C to + 175°C 
P, S Package .................... -65°C to + 150°C 

Operating Temperature Range 
OP-467A ...................... -55°C to +125oC 
OP-467G ...................... -40°C to +85oC 

Junction Temperature Range 
Y, RC Package ................... -65oC to +125oC 
P, S Package .................... -65°C to + 125°C 

Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

Package Type OJA3 °Je Units 

14-Pin Cerdip (Y) 94 10 °CfW 
14-Pin Plastic DIP (P) 76 33 °CfW 
16-Pin SOL (S) 88 23 °CfW 
20-Contact LCC (RC) 78 33 °CfW 

NOTES 
1 Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

'For supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

30JA is specified for the worst case conditions, i.e., aJA is specified for device 
in socket for cerdip, P-DIP, and LCC packages; alA is specified for device 
soldered in circuit board for sorc package. 

3 
67ARC/883 

P467GP 
OP467GS 
OP467GBC 

Temperature 
Range 

-55°C to + 125°C 
- 55°C to + 125°C 
-40°C to +8SoC 
-40°C to +85oC 
+25oC 

Package Option* 

14-Pin Cerdip 
20-Contact LCC 
14-Pin Plastic DIP 
16-Pin SOL 
DICE 

*For outline information see Package Information section. 

-INA 2 

+INA 3 

+INB 5 

DICE CHARACTERISTICS 

iIF-wi 

VooTA VOUT D 
1 14 

7 8 

VOUT B VOUT C 

13 -IND 

12 +IND 

11 V-

10 +INC 

1lIIIaI1III1I!m!='EIIII9 -INC 

OP-467 Die Size 0.111 X 0.100 inch, 11,100 sq. mils 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-467 

ELECTRICAL CHARACTERISTICS (@ Vs = ±15 v, TA = +25°C unless otherwise specified.) 
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This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-467 

ELECTRICAL CHARACTERISTICS (@ Vs = ±15 v, TA = +25°C unless othelWise specified.) 
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This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Very Low Noise. . . . . . . . . . . . . .. 5nV/VHZ @ 1kHz Max 
• Excellent Input Offset Voltage .............. O.4mV Max 
• Low Offset Voltage Drift _ ........ _ ........ _ 2/J.V/oC Max 
• Very High Gain ................ _ ........ 1000V/mV Min 
• Outstanding CMR .......................... 110dB Min 
• Slew Rate .................................. 2V//J.s Typ 
• Gain-Bandwidth Product ............ _ ...... _ 6MHz Typ 
• Industry Standard Quad Pinouts 
• Available in Die Form 

ORDERING INFORMATION t 

TA =+25'C PACKAGE OPERATING 
VosMAX CERDIP TEMPERATURE 

1I1v) 14-PIN PLASTIC LCC" RANGE 

400 OP470ARCi883 MIL 
400 OP470AY' OP470ATC1883 MIL 
400 OP470EY INO 
800 OP470FY INO 
1000 OP47OGP XIND 
1000 OP47OGS" XIND 

For devices processed in total compliance to MIL-STD-883, add 1883 after part 
number. Consult faclllry for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO·can packages. 

It For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 
The OP-470 is a high-performance monolithic quad opera
tional amplifier with exceptionally low voltage noise, 
5nV/VHZ at 1 kHz Max, offering comparable performance to 
PMl's industry standard OP-27. 

The OP-470 features an input offset voltage below O.4mV, 
excellent for a quad op amp, and an offset drift under 2/J.V/oC, 
guaranteed over the full military temperature range. Open
loop gain of the OP-470 is over 1,000,000 into a 10kO load 

SIMPLIFIED SCHEMATIC 

REV. B 

Very Low-Noise Quad 
Operational Amplifier 

OP-470 I 
insuring excellent gain accuracy and linearity, even in high
gain applications. Input bias current is under 25nA which 
reduces errors due to signal source resistance. The OP-470's 
CMR of over 110dB and PSRR of less than 1.8/J.VIV signifi
cantly reduce errors due to ground noise and power supply 
fluctuations. Power consumption of the quad OP-470 is half 
that of four OP-27s, a significant advantage for power con-

PIN CONNECTIONS 

14-PIN HERMETIC DIP 
(V-Suffix) 

14-PIN PLASTIC MINI-DIP 
(P-Suffix) 

16-PIN SOL 
(S-Suffix) 

20-LEADLCC 
(RC-SUfflx) 

28-LEAD LCC 
(TC-Suffix) 

OPERATIONAL AMPLIFIERS 2-1005 
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OP-470 
scious applications. The OP-470 is unity-gain stable with a 
gain-bandwidth product of 6MHz and a slew rate of 2V/,..s. 

The OP-470 offers excellent amplifier matching which is 
important for applications such as multiple gain blocks, low
I]oise instrumentation amplifiers, quad buffers, and low-noise 
active fi Iters. 

The OP-470 conforms to the industry standard 14-pin DIP 
pinout. It is pin compatible with the OP-11, LM148/149, 
HA4741, HA5104, and RM4156 quad op amps and can be used 
to upgrade systems using these devices. 

For higher speed applications the OP-471, with a slew rate of 
8V/,..s, is recommended. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±18V 
Differential Input Voltage (Note 2) .................................. ±1.0V 
Differential Input Current (Note 2) ..............•...........•...... ±25mA 
Input Voltage .................................................... Supply Voltage 
Output Short-Circuit Duration ..............•..•.....•..•..... Continuous 
Storage Temperature Range 

P, TC, V-Package ....................................... -65°C to +150°C 

Lead Temperature Range (Soldering, 60 sec) •••••••••••••• 300°C 

Junction Temperature (T) •.•••••••••••••••••.•••••••• -65°C to +150°C 
Operating Temperature Range 

OP-470A .................................................... -55°C to +125°C 
OP-470E, OP-470F .••.......••••••.......•••••..••••••• -25°C to +85°C 
OP-470G •••.•..•.••••••••..•••••••.••.•.•••.•.••.••.•••••...•• -40°C to +85°C 

PACKAGE TYPE e lA (Note 3) e lc UNITS 

14-Pin Hermetic DIP (V) 94 10 'CIW 
14-Pin Plastic DIP (P) 76 33 'CIW 
20-Contact LCC (RC) 78 30 'CIW 
2a-Contact LCC (TC) 70 28 'CIW 

16-Pin SOL (S) 88 23 'CIW 
NOTES: 
I. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. The OP-470's inputs are protected by back· to-back diodes. Current limiting 

resistors are not used in order to achieve low noise performance. If differential 
voltage exceeds ±t.OV, the input current should be limited to ±25mA. 

3. eiA is specilied for worst case mounting conditions, I.e., e'A is specilied lor 
device in socket for TO, CerDIP, P-DIP, and LCC packageA; e'A is specilied 
for device soldered to printed circuit board for SO and PLCC p~ckages. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

OP-470A/E OP-470F OP-470G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.1 0.4 0.2 0.8 0.4 t.O mV 

Input Ollset Current los VCM=OV 3 to 6 20 12 30 nA 

Input Bias Current 18 VCM = OV 6 25 15 50 25 60 nA 

I nput Noise Voltage 
O.tHz to 10Hz 

80 200 9 np_p 
(Note 1) 

80 200 80 200 nVp_p 

10 = 10Hz 3.8 6.5 3.8 6.5 3.8 6.5 
Input Noise 10= 100Hz 3.3 5.5 3.3 5.5 3.3 5.5 

nV/VHZ 
Voltage Density en 10= tkHz 3.2 5.0 3.2 5.0 3.2 5.0 

(Note 2) 

10= 10Hz 1.7 1.7 1.7 
Input Noise 

in 10= 100Hz 0.7 0.7 0.7 pAlVHZ 
Current Density 

10= 1kHz 0.4 0.4 0.4 

Large-Signal 
Vo =±10V 

Voltage Gain Avo RL = 10kll 1000 2300 800 1700 800 1700 V/mV 
RL = 2kll 500 1200 400 900 400 900 

I nput Voltage Range IVR (Note 3) ±11 ±12 ±11 ±12 ±11 ±12 V 

Output Voltage Swing Vo RL2:2kll ±12 ±13 ±12 ±13 ±12 ±13 V 

Common-Mode Rejection CMR VCM = ±11V 110 125 100 120 100 120 dB 

Power Supply 
PSRR Vs = ±4.5V to ±18V 0.56 1.8 

Rejection Ratio 
1.0 5.6 1.0 5.6 p.V/v 

Slew Rate SR 1.4 1.4 1.4 V/p.s 
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OP-470 
ELECTRICAL CHARACTERISTICS at Vs = ±15V. TA = 25°C. unless otherwise noted. (Continued) 

OP-470A/E OP-470F OP-470G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Supply Current 
ISY (All Amplifiers) 

No Load 11 9 11 9 11 mA 

Gain Bandwidth Product GBW Av= +10 6 MHz 

Channel Separation CS 
Vo= 20Vp.p 125 155 
fo= 10Hz (Note 1) 

125 155 125 155 dB 

Input Capacitance C'N pF • Input Resistance 
R'N 0.4 0.4 0.4 Mil 

Differential-Mode 

Input Resistance 
R 1NCM 11 

Common-Mode 
11 11 Gil 

Av=+l 
Settling Time ts to 0.1% 5.5 5.5 5.5 ~s 

to 0.01% 6.0 6.0 6.0 

NOTES: 
1. Guaranteed but not 100% tested. 
2. Sample tested. 
3. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V. -55°C $ TA $ 125°C for OP-470A. unless otherwise noted. 

OP-470A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.14 0.6 mV 

Average Input 
TCVos 0.4 ~V/oC 

Offset Voltage Drift 

Input Offset Current los VCM=OV 20 nA 

Input Bias Current Ie VCM = OV 15 50 nA 

Large-Signal 
Vo =±10V 

Voltage Gain Avo RL = 10kll 750 1600 V/mV 
RL = 2kll 400 800 

Input Voltage Range IVR (Note 1) ±11 ±12 V 

Output Voltage Swing Vo RL<:2kll ±12 ±13 V 

Common-Mode 
CMR VCM = ±11V 

Rejection 
100 120 dB 

Power Supply 
PSRR Vs = ±4.5V to ±18V 1.0 5.6 ~VIV 

Rejection Ratio 

Supply Current 
ISY No Load 9.2 11 mA 

(All Amplifiers) 

NOTE: 
1. Guaranteed by CMR test. 
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OP-470 
ELECTRICAL CHARACTERISTICS at V S = ±15V. -25°C::; TA ::; +85°C for OP-470ElF. -40°C::; T A::; +85°C for OP-470G. unless 
otherwise noted. 

OP-470E OP-470F OP-470G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.12 0.5 0.24 1.0 0.5 1.5 mV 

Average Input 
TCVos 0.4 

Offset Voltage Drift 
2 0.6 4 I'V/oC 

Input Offset Current los VCM = OV 4 20 40 20 50 nA 

Input Bias Current. 18 VCM = OV 11 50 20 70 40 75 nA 

Large-Signal 
Vo =±10V 

Voltage Gain Avo RL = 10kll 800 1800 600 1400 600 1500 V/mV 

RL = 2kll 400 900 300 700 300 SOO 

Input Voltage Range IVR (Note 1) ±11 ±12 ±11 ±12 ±11 ±12 V 

Output Voltage Swing Vo RL~2kll ±12 ±13 ±12 ±13 ±12 ±13 V 

Common-Mode 
CMR VCM =±l1V 100 120 90 115 90 110 dB 

Rejection 

Power Supply 
PSRR Vs = ±4.5V to ±ISV 0.7 5.6 I.S 10 I.S 10 I'VIV 

Rejection Ratio 

Supply Current 
ISY No Load 9.2 11 9.2 11 9.3 11 mA 

(All Amplifiers) 

NOTE: 
1. Guaranteed by CM R test. 
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DICE CHARACTERISTICS 

DIE SIZE 0.163 X 0.106 inch, 17,278 sq. mil. 
(4.14 X 2.69 mm, 11.14 sq. mm) 

WAFER TEST LIMITS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vas 

Input Offset Current los VCM = OV 

Input Bias Current Is VCM = OV 

Large-Signal 
Va = ±10V 

Ava RL = 10kll 
Voltage Gain 

RL = 2kll 

Input Voltage Range IVR (Note 1) 

Output Voltage Swing Va RL~ 2kll 

Common Mode Rejection CMR VCM = ±11V 

Power Supply 
PSRR Vs = ±4.5V to ±1BV 

Rejection Ratio 

Slew Rate SR 

Supply Current 
ISY No Load 

(All Amplifiers) 

NOTE: 
1. Guaranteed by CMR test. 

1. OUT A 
2. -INA 
3. +INA 
4. v+ 
5. +IN B 
6. -IN B 
7.0UTB 
8.0UTC 
9. -IN C 

10. +IN C 
11. v-
12. +IN 0 
13. -IN 0 
14.0UTO 

OP-470GBC 
LIMIT 

O.B 

20 

50 

BOO 
400 

±11 

±12 

100 

5.6 

1.4 

11 

OP-470 

UNITS 

mVMAX 

nAMAX 

nAMAX 

V/mV MIN 

VMIN 

VMIN 

dBMIN 

p.VIV MAX 

VII's MIN 

mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaran
teed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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OP-470 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-470 
TYPICAL PERFORMANCE CHARACTERISTICS 
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CHANNEL SEPARATION TEST CIRCUIT 

Skn 

50kfl 

>-'--0 v, 

CHANNEL SEPARATION == 20 IOg( V2/~~OO) 

BURN-IN CIRCUIT 

~ B 7 

+1V 5 + 

-18V 

~_ ~3_ C 8 0 W 

-1V 10+ -=- -1V 12+ -=-

APPLICATIONS INFORMATION 

VOLTAGE AND CURRENT NOISE 
The OP-470 is a very low-noise quad op amp, exhibiting a 
typical voltage noise of only 3.2nVl.jHZ @ 1kHz. The 
exceptionally low noise characteristics of the OP-470 is in 
part achieved by operating the input transistors at high col
lector currents since the voltage noise is inversely propor
tional to the square root of the collector current. Current 
noise, however, is directly proportional to the square root of 
the collector current. As a result, the outstanding voltage 
noise performance of the OP-470 is gained at the expense of 
current noise performance, which is typical for low noise 
amplifiers. 

To obtain the best noise performance in a circuit it is vital to 
understand the relationship between voltage noise (en)' cur
rent noise (in), and resistor noise (e,). 

REV.B 

OP-470 
TOTAL NOISE AND SOURCE RESISTANCE 
The total noise of an op amp can be calulated by: 

where: 

En =.J (en)2 + (in RS)2 + (e,)2 

En = total input referred noise 

en = op amp voltage noise 

in = op amp current noise 

e, = source resistance thermal noise 

Rs = source resistance 

The total noise is referred to the input and atthe output would 
be amplified by the circuit gain. 

Figure 1 shows the relationship between total noise at 1 kHz 
and source resistance. For Rs < 1 kO the total noise is domi
nated by the voltage noise of the OP-470. As Rs rises above 

FIGURE 1: Total Noise vs Source Resistance (Including 
Resistor Noise) at 1 kHz 

100 

~ 
~ lop 
w 
!! 10 
o z .... 
I! e 
~ 

Vi 
1 
100 

~1IIl! 
~ 

Imlit~gh 
1k 10k lOOk 

Rs - SOURCE RESISTANCE (0) 
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~ 
" =-w .. 
0 z .... 
I! 
0 ... 

100 

.Ai 
OP-11 ~ 
op!..oo ~ 

10 
OP-471 

01'-470 

J,. 

/ RESISTOR 

NO'S~~,NLY 
1 
100 1k 10k 

Rs - SOURCE RESISTANCE (n) 

lOOk 

OPERATlONALAMPLlFIERS 2-1013 



OP-470 
1 kO, total noise increases and is dominated by resistor noise 
rather than by voltage or current noise of the OP-470. When 
Rs exceeds 20kO. current noise of the OP-470 becomes the 
major contributor to total noise. 

Figure 2 also shows the relationship between total noise and 
source resistance, but at 10Hz. Total noise increases more 
quickly than shown in Figure 1 because current noise is 
inversely proportional to the square root of frequency. In 
Figure 2, current noise of the OP-470 dominates the total 
noise when Rs > 5kO. 

From Figures 1 and 2 it can be seen that to reduce total noise, 
source resistance must be kept to a minimum. In applications 
with a high source resistance. the OP-400, with lower current 
noise than the OP-470. will provide lower total noise. 

Figure 3 shows peak-to-peak noise versus source resistance 
over the 0.1 Hz to 10Hz range. Once again, at low values of Rs. 

FIGURE 3: Peak-To-Peak Noise (0.1 Hz To 10Hz) vs Source 
Resistance (Includes Resistor Noise) 
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the voltage noise of the OP-470 is the major contributor to 
peak-to-peak noise with current noise the major contributor 
as Rs increases. The crossover pOint between the OP-470 
and the OP-400 for peak-to-peak noise is at Rs = 17kO. 

The OP-471 is a higher speed version of the OP-470, with a 
slew rate of 8V/p.s. Noise of the OP-471 is only slightly higher 
than the OP-470. Like the OP-470, the OP-471 is unity-gain 
stable. 

For reference, typical source resistances of some signal 
sources are listed in Table I. 

TABLE I 
SOURCE 

DEVICE IMPEDANCE COMMENTS 

Strain gauge <50011 Typically used in low-frequency 
applications, 

Magnetic <150011 Low Ie very important to reduce 
tapehead self-magnetization problems when 

direct coupling Is used. OP-470 Ie 
can be neglected. 

Magnetic <150011 Similar need for low Ie in direct 
phonograph coupled applications. OP-470 will not 
cartridges introduce any self-magnetization 

problem. 

Linear variable <150011 Used in rugged servo-feedback 
differential applications. Bandwidth of interest is 
transformer 400Hz to 5kHz. 

For further information regarding noise calculations, see 
"Minimization of Noise in Op-Amp Applications," Applica
tion Note AN-15. 

NOISE MEASUREMENTS -
PEAK-TO-PEAK VOLTAGE NOISE 
The circuit of Figure 4 is a test setup for measuring peak-to
peak voltage noise. To measure the 200nV peak-to-peak 

FIGURE 4: Peak-To-Peak Voltage Noise Test Circuit (0.1 Hz To 10Hz) 
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noise specification of the OP-470 in theO.1 Hz to 10Hz range, 
the following precautions must be observed: 

1. The device has to be warmed-up for at least five minutes. 
As shown in the warm-up drift curve, the offset voltage 
typically changes 5p.V due to increasing chip temperature 
after power-up. In the 10-second measurement interval 
these temperature-induced effects can exceed tens~ 
of-nanovolts. 

2. For similar reasons, the device has to be well-shielded 
from air currents. Shielding also minimizes thermocouple 
effects. 

3. Sudden motion in the vicinity of the device can also "feed
through" to increase the observed noise. 

FIGURE 5: 0.1Hz To 10Hz Peak-To-Peak Voltage Noise 
Test Circuit Frequency Response 
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FI'GURE 6: Noise Voltage Density Test Circuit 

REV. B 

100 

OP-470 
4. The test time to measure 0.1 Hz-to-10Hz noise should not 

exceed 10 seconds. As shown in the noise-tester fre
quency-response curve of Figure 5, the 0.1 Hz corner is 
defined by only one pole. The test time of 10 seconds acts 
as an additional pole to eliminate noise contribution from 
the frequency band below 0.1Hz. 

5. A noise-voltage-density test is recommended when mea
suring noise on a large number of units. A 10Hz noise
voltage-density measurement will correlate well with a 
0.1Hz-to-10Hz peak-to-peak noise reading, since both 
results are determined by the white noise and the location 
of the 1/f corner frequency. 

6. Power should be supplied to the test circuit by well 
bypassed low-noise supplies, e.g. batteries. These will 
minimize output noise introduced via the amplifier supply 
pins. 

NOISE MEASUREMENT - NOISE VOLTAGE DENSITY 
The circuit of Figure 6 shows a quick and reliable method of 
measuring the noise voltage density of quad op amps. Each 
individual amplifier is series-connected and is in unity-gain, 
save the final amplifier which is in a noninverting gain of 10t 
Since the ac noise voltages of each amplifier are uncorre
lated, they add in rms fashion to yield: 

eOUT = 101 (,j enA2 + enB2 + enc2 + eno2 ) 

The OP-470 is a monolithic device with four identical amplifi
ers. The noise voltage density of each individual amplifier will 
match, giving: 

eOUT = 101 (Q) = 101 (2enl 

R1 R. 

1DOIl 10kll 

eOUT (nVlv'iiZ);a 101(2en) 
Vs=±15V 
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OP-470 
FIGURE 7: Current Noise Density Test Circuit 

R3 

NOISE MEASUREMENT - CURRENT NOISE DENSITY 
The test circuit shown in Figure 7 can be used to measure 
current noise density. The formula relating the voltage output 
to current noise density is: 

j(~r -(40nV/yHzJ 

Rs 

where: 

G = gain of 10000 
Rs = 100k.o source resistance 

CAPACITIVE LOAD DRIVING AND POWER 
SUPPLY CONSIDERATIONS 
The OP-470 is unity-gain stable and is capable of driving 
large capacitive loads without OSCillating. Nonetheless, good 
supply bypassing is highly recommended. Proper supply 
bypassing reduces problems caused by supply line noise and 
improves the capacitive load driving capability of the OP-470. 

In the standard feedback amplifier, the op amp's output res
istance combines with the load capacitance to form a low
pass filter that adds phase shift in the feedback network and 
reduces stability. A simple circuit to eliminate this effect is 
shown in Figure 8. The added components, C1 and R3, 
decouple the amplifier from the load capacitance and provide 
additional stability. The values of C1 and R3 shown in Figure 
8 are for a load capacitance of up to 1000pF when used with 
the OP-470. 

In applications where the OP-470's inverting or noninverting 
inputs are driven by a low source impedance (under 100.0) or 
connected to ground, if V+ is applied before V-, or when V
is disconnected, excessive parasitic currents will flow. Most 

2-1016 OPERATIONAL AMPLIFIERS 
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applications use dual tracking supplies and with the device 
supply pins properly bypassed, power-up will not present a 
problem. Asource resistance of at least 1000 in series with all 
inputs (Figure 8) will limit the parasitic currents to a safe level 
if V- is disconnected. It should be noted that any source 
resistance, even 1000, adds noise to the circuit. Where noise 
is required to be kept at a minimum, a germanium or Schottky 
diode can be used to clamp the V- pin and eliminate the 
parasitic current flow instead of using series limiting resistors. 
For most applications, only one diode clamp is required per 
board or system. 

UNITY-GAIN BUFFER APPLICATIONS 
When R,:5 1000 and the input is driven with a fast, large
signal pulse (>1V), the output waveform will look as shown in 
Figure 9. 

During the fast feedthrough-like portion of the output, the 
input protection diodes effectively short the output to the 
input, and a current, limited only by the output short-circuit 
protection, will be drawn by the signal generator. With R,;::: 
5000, the output is capable of handling the current require
ments (lL:5 20mA at 10V); the amplifier will stay in its active 
mode and a smooth transition will occur. 

When R, > 3kO, a pole created by R, and the amplifier's input 
capacitance (2pF) creates additional phase shift and reduces 
phase margin. A small capacitor (20 to 50pF) in parallel with 
R, helps eliminate this problem. 

APPLICATIONS 

LOW NOISE AMPLIFIER 
A simple method of reducing amplifier noise by paralleling 
amplifiers is shown in Figure 10. Amplifier noise, depicted in 
Figure 11, is around 2nV/y'HZ @1kHz(R.T.I.).Gainforeach 
paralleled amplifier and the entire circuit is 1000. The 2000 
resistors limit circulating currents and provide an effective 
output resistance of 500. The amplifier is stable with a 10nF 
capacitive load and can supply up to 30mA of output drive. 

DIGITAL PANNING CONTROL 
Figure 12 uses a DAC-8408, a quad 8-bit DAC, to pan a signal 
between two channels. The complementary DAC current 
outputs of two of the DAC-8408's four DACs drive current-to
voltage converters built from a single quad OP-470. The 
amplifiers have complementary outputs with the amplitudes 
dependent upon the digital code applied to the DAC. Figure 
13 shows the complementary outputs for a 1 kHz input signal 
and digital ramp applied to the DAC data inputs. Distortion of 
the digital panning control is less than 0.01%. 
Gain error due to the mismatching between the internal DAC 
ladder resistors and the current-to-voltage feedback res is-

REV. B 

OP-470 
tors is eliminated by using feedback resistors internal to the 
DAC. Of the four DACs available in the DAC-8408, only two, 
DACs A and C, actually pass a signal. DACs Band D are used 
to provide the additional feedback resistors needed in the 
circuit. If the VREFB and VREFD inputs remain unconnected 
the currrent-to-voitage converters using RFSB and RFSD are 
unaffected by digital data reaching DACs Band D. 

FIGURE 10: Low Noise Amplifier 

+15V 

V,N 0-.,....-----''-1 R3 

200n 

R6 

200n 

VOUT = 10DOVIN 

RD 

200n 

R12 

2000 

SOlIn 

FIGURE 11: Noise Density of Low Noise Amplifier, G = 1000 
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FIGURE 12: Digital Panning Control Circuit 
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FIGURE 13: Digital Panning Control Output FIGURE 14: Squelch Amplifier 

A OUT 

SQUELCH AMPLIFIER 
The circuit of Figure 14 is aSimple squelch amplifier that uses 
a FET switch to cut off the output when the input signal falls 
below a preset limit. 

The input signal is sampled by a peak detector with a time 
constant set by C1 and R6. When the output of the peak 
detector, Vp, falls below the threshold voltage, VTH, set by R8, 
the comparator formed by op amp C switches from V-to V+. 
This drives the gate of the N-channel FET high, turning it ON, 
reducing the gain olthe inverting amplifier formed by op amp 
A to zero. 
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OP-470 
FIVE-BAND LOW NOISE STEREO GRAPHIC EQUALIZER 
The graphic equalizer circuit shown in Figure 15 provides 
15dB of boost or cut over a 5-band range. Signal-to-noise 

ratio over a 20kHz bandwidth is better than 100dB referred to 
a 3V rms input. Larger inductors can be replaced by active 
inductors but this reduces the signal-to-noise ratio. 

FIGURE 15: 5-Band Low Noise Graphic Equalizer 

REV.B 

C1 
V,. o---J 1-..... ---; 

R2 
O.47~F 

R1 
47kn 

R3 C2 

~~F 
-=- TANTALUM 

3.3kn 

R4 
1kn 

60Hz 

R6 
1kO 

RS C3 L2 200Hz 
~ ~60n.mnH~~-~ 

..L 680n 1~F 
-=- TANTALUM RS 

R7 C4 L3 

~8.n 180mH .1 6DUII 0.22",F 

100 

800Hz 

R1. 
100 

R9 C5 L4 3kHz 
,---'VI/Ir----- "---~....r6n.mnHn....-'--~ * 6800 0.047",F R12 

100 

R11 C6 L5 10kHz 

~2L2.-F- -....r,n.mnHn...~~ 

R14 
>---.~M_O Your 

100n 

3.3kll 

OPERATIONALAMPLIFIERS 2-1019 



2-1020 OPERA TlONALAMPLIFIERS 



~ANALOG 
WDEVICES 

FEATURES 

• Excellent Speed ............................ Bv/lJ.s Typ 
• Low Noise ................... 11nV/VHz @ 1kHz Max 
• Unity-Gain Stable 
• High Gain-Bandwidth ...................... 6.5MHz 1\tp 
• Low Input Offset Voltage ................... O.BmV Max 
• Low Offset Voltage Drift ................... 41J.V/oC Max 
• High Gain ............................... 500V/mV Min 
• Outstanding CMR .•....................... 105 dB Min 
• Industry Standard Quad Pinouts 
• Avaliable in Die Form 

ORDERING INFORMATION t 

TA =+2SoC PACKAGE OPERATING 
VosMAX TEMPERATURE 

(IN) CERDIP PLASTIC LCe" RANGE 

800 OP471AY" OP471ATC/883 MIL 
800 OP471ARC/883 MIL 
800 OP471EY IND 
1500 OP471FY IND 
1800 OP471GP XIND 
1800 OP471GStt XIND 

For devices processed in total compliance to MIL-STD-883,.add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

It For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 

The OP-471 is a monolithic quad op amp featuring low noise, 
11nV/VHZ Max @ 1kHz, excellent speed, SV/IJ.S typical, a 
gain-bandwidth of 6.5MHz, and unity-gain stability. 

High Speed, Low Noise Quad 
Operational Amplifier 

OP-471 I 
The OP-471 has an input offset voltage under O.SmV and an 
input offset voltage drift below 4IJ.V 1°C, guaranteed over the 
full military temperature range. Open loop gain of the OP-471 
is over 500,000 into a 10kO load insuring outstanding gain 
accuracy and linearity. The input bias current is under 25nA 

PIN CONNECTIONS 

14-PIN HERMETIC DIP 
(V-Suffix) 

14-PIN PLASTIC DIP 
(P-Sufflx) 

• 10 11 2 13 

~ ~ ~ ~ ~ 
i ~ 0 i 

20-LEADLCC 
(RC-Sufflx) 

16-PIN SOL 
(S-Suffix) 

28-LEADLCC 
(TC-Suffix) 

SIMPLIFIED SCHEMATIC (One of four amplifiers is shown.) 

r-~------~----~----~--~----------------------~--~----~-o~ 

OUT 

-IN 0-""'+"'" 

~---------------1--~--------~---------1--~~~~~-1 __ 0~ 
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limiting errors due to signal source resistance. The OP-471's 
CMR of over 105dB and PSRR of under 5.6pV/V significantly 
reduce errors caused by ground noise and power supply 
fluctuations. 

The OP-471 offers excellent amplifier matching which is 
important for applications such as multiple gain blocks, low
noise instrumentation amplifiers, quad buffers and low-noise 
active fi Iters. 

The OP-471 conforms to the industry standard 14-pin DIP 
pinout. It is pin compatible with the OP-11, LM148/149, 
HA4741, RM4156, MC33074, TL084 and TL074 quad op amps 
and can be used to upgrade systems using these devices. 

For applications requiring even lower voltage noise the OP-
470, with a: voltage density of 5nV/y'"HZ Max @ 1kHz, is 
recommended. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±18V 
Differential Input Voltage (Note 3) .................................. ±1.0V 
Differential Input Current (Note 3) ............................... ±25mW 
Input Voltage .................................................... Supply Voltage 
Output Short-Circuit Duration •......••••...•.•••••••.......•• Continuous 
Storage Temperature Range 

P, RC, TC, V-Package ............................... -65°Cto+150°C 

Lead Temperature Range (Soldering, 60 sec) .............. 300°C 
Junction Temperature (T) ............................ -65°C to'+ 150°C 
Operating Temperature Range 

OP-471 A .................................................... -55°C to + 125°C 
OP-471 E, OP-471 F ..................................... -25°C to +85°C 
OP-471 G ...................................................... -40°C to +85°C 

PACKAGE TYPE 8 lA (Note 2) 8 lC UNITS 

14·Pin Hermetic DIP (Y) 94 10 'CNoi 
14-Pin Plastic DIP (P) 76 33 'CNoi 
20-Contact LCC (RC) 78 30 'CNoi 
28-Contact LCC (TC) 70 28 'CNoi 
16-Pin SOL (S) 88 23 'CNoi 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. 8. is specified lor worst case mounting conditions, i.e., 8'A is specified for 

d~~ice in socket lor CerDIP, P·DIP, and LCC packages; 8;A is specified for 
device soldered to printed circuit board for SOL package. 

3. The OP-471 's inputs are protected by back·to·back diodes. Current limiting 
resistors are not used in order to achieve low noise performance. If differential 
voltage exceeds ±1 .OV, the input current should be limited to ±25mA. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

OP-4nA/E OP-4nF OP-471G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.25 0.8 0.5 1.5 1.0 1.8 mV 

Input Offset Current los VCM=OV 4 10 7 20 12 30 nA 

Input Bias Current Ie VCM=OV 7 25 15 50 25 60 nA 

Input Noise Voltage 0.1Hz to 10Hz 250 500 250 500 250 500 nVp•p enp_p (Note I) 

fo= 10Hz 9 16 9 16 9 16 
Input Noise 10= 100Hz 12 12 12 

nV/,J"HZ 
Voltage Density en 10= 1kHz 6.5 11 6.5 11 6.5 11 

(Note 2) 

Input NOise 10= 10Hz 1.7 1.7 1.7 
in 10= 100Hz 0.7 0.7 0.7 pA/,J"HZ 

Current Density 
10= 1kHz 0.4 0.4 0.4 

Large-Signal Vo=±10V 

Voltage Gain Avo RL = 10kO 500 700 300 500 300 500 V/mV 
RL = 2kO 350 550 175 275 175 275 

Input Voltage Range IVR (Note 3) ±11 ±12 ±11 ±12 ±11 ±12 V 

Output Voltage Swing Vo RL2:2kO ±12 ±13 ±12 ±13 ±12 ±13 V 

Common·Mode Rejection CMR VcM =±11V 105 120 95 lIS 95 115 dB 

Power Supply 
PSRR Vs = ±4.5V to ±18V 5.6 5.6 17.8 5.6 17.8 pVN 

Rejection Ratio 

Slew Rate SR 6.5 8 6.5 8 6.5 8 VIps 
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OP-471 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25°C, unless otherwise noted. (Continued) 

OP-471A/E OP-471F OP-471G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Supply Current 
ISY No Load 9.2 11 9.2 11 9.2 11 mA 

(All Amplifiers) 

Gain-Bandwidth Product GBW Av=+10 6.5 6.5 6.5 MHz 

Channel Separation CS 
Vo= 20Vp•p 125 150 125 150 125 150 dB 
fo= 10Hz (Note 1) 

II Input Capacitance CrN 2.6 2.6 2.6 pF 

Input Resistance 
RrN 1.1 1.1 1.1 MO 

Differential-Mode 

I ~put Resistance 

Common-Mode 
RrNCM 11 11 11 GO 

Av=+1 
Settling Time ts to 0.1% 4.5 4.5 4.5 !'5 

to 0.01% 7.5 7.5 7.5 

NOTES: 
1. Guaranteed but not 100% tested. 
2. Sample tested. 
3. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, -55°C:S TA:S 125°C for OP-471A, unless otherwise noted. 

OP-471 A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vas 0.4 1.2 mV 

Average Input 
TCVos 4 ~V1°C Offset Voltage Drift 

Input Offset Current los VCM=OV 20 nA 

Input Bias Current 18 VCM = OV 16 50 nA 

Large-Signal 
Va = ±10V 

Voltage Gain Ava RL = 10kO 375 500 V/mV 
RL = 2kO 250 350 

Input Voltage Range IVR (Note 1) ±11 ±12 V 

Output Voltage Swing Va RL" 2kO ±12 ±13 V 

Common-Mode 
CMR VCM =±1W 100 115 dB 

Rejection 

Power Supply 
PSRR Vs = ±4.5V to ±18V 5.6 10 ~VIV Rejection Ratio 

Supply Current 
ISY No Load 9.3 11 mA 

(All Amplifiers) 

NOTE: 
1. Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS at V s = ±15V, -25°C S T AS +85°C for OP-471 ElF, -40°C S T AS +85°C for OP-471 G, unless 
otherwise noted. 

OP-471E OP-471F OP-471G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Ollset Voltage Vas 0.3 1.1 0.6 2.0 1.2 2.5 mV 

Average Input 
TCVos 4 2 4 I'V/oC 

Ollset Voltage Drift 

Input Ollset Current los VCM~OV 5 20 8 40 20 50 nA 

Input Bias Current 18 VCM~OV 13 50 25 70 40 75 nA 

Large-Signal 
Vo =±10V 

Ava Rl ~ 10kn 375 600 200 400 200 400 V/mV 
Voltage Gai n 

Rl =2kn 250 400 125 200 125 200 

Input Voltage Range IVR (Note 1) ±11 ±12 ±11 ±12 ±11 ±12 V 

Output Voltage Swing Va Rl ", 2kn ±12 ±13 ±12 ±13 ±12 ±13 V 

Common-Mode 
CMR VCM~±l1V 100 115 90 110 90 110 dB 

Rejection 

Power Supply 
PSRR Vs ~ ±4.5V to ± 18V 3.2 10 18 31.6 18 31.6 I'VN 

Rejection Ratio 

Supply Current 
ISY No Load 9.3 11 9.3 11 9.3 11 mA 

(All Amplifiers) 

NOTE: 
1. Guaranteed by CMR test. 
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DICE CHARACTERISTICS 

DIE SIZE 0.163 X 0.106 inch, 17,278 sq. mils 
(4.14 X 2.69 mm, 11.14 sq. mm) 

WAFER TEST LIMITS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Inpul Offsel Voltage Vas 

Input Offset Current los VCM = OV 

Input Bias Current 18 VCM=OV 

Large-Signal 
Vo =±10V 

Vollage Gain Ava RL = 10kO 
RL = 2kll 

Inpul Vollage Range IVR Nole 1 

Oulpul Vollage Swing Va RL ", 2kll 

Common-Mode Rejection CMR VCM = ±11V 

Power Supply 
PSRR Vs = ±4.5V 10 ±18V 

Rejection Ratio 

Slew Rale SR 

Supply Currenl 
ISY No Load 

(All Amplifiers) 

NOTES: 
1. Guaranleed by CMR lesl. 

1. OUT A 
2. -INA 
3. +INA 
4. v+ 
5. +INB 
6. -IN B 
7.0UTB 
8.0UTC 
9. -IN C 

10. +IN C 
11. V-
12. +IN 0 
13. -IN 0 
14. OUT 0 

OP-471GBC 
LIMIT 

1.5 

20 

50 

300 

175 

±11 

±12 

95 

17.8 

6.5 

11 

OP-471 

UNITS 

mVMAX 

nAMAX 

nAMAX 

V/mV MIN 

VMIN 

VMIN 

dB MIN 

"VIVMAX 

V/"s MIN 

mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaran
teed for standard product dice. Consult factory to negotiate specifications based on dice Jot qualification through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 

28 

iii' 24 
~ o 
~ 20 .. 
Q 

~ 18 

~ 12 

~ 
6 8 

~ 
~ 4 

o 
1k 

9.0 

8.5 

6.5 

6.0 

MAXIMUM OUTPUT SWING 
vs FREQUENCY 

TA = 25~gl 
f- Vs= ±15V 

THD=1% 

111111\ 

\ 

~ 
10k lOOk 1M 

FREQUENCY (Hz) 

SLEW RATE 
vs TEMPERATURE 

-SR ..... =-

10M 

~R """'IIiIIII: , 
'f 

~ 
4 _ _ ~ ~ ~ ~ m 

TEMPERATURE (etC) 

20 

18 

16 
in 

MAXIMUM OUTPUT 
VOLTAGEvs 

LOAD RESISTANCE 

TA = 25°C I IIII 
V.=±15V U III 

t:i 14 

~ 
r--r- P~S!T\JJ 

~ 12 

:!: 10 

is 
:Ii 8 
:> 
i! 6 

i 

0 
100 

170 

160 

150 

~ 140 

~ 130 

fi 120 a: 
~ 110 

~ 100 .. z 90 z .. 
:c 80 
U 

70 

60 

50 
10 

SWI NG ~ 

NEGATIVE 
SWING 

1k 

LOAD RESISTANCE (n) 

CHANNEL SEPARATION 
vs FREQUENCY 

TA == 25"C 
VS ==±15V 

VO=2 OVp_p TO 100kHz 

100 1k 10k 100k 1M 

FREQUENCY (Hz) 

S .. 
U 
Z .. 
Q 

~ 
!!! .. 
:> .. .. 
:> 
0 

10k 

l 
Z 
0 
j:: 
a: 
0 .. 
!!! 
Q 

U 
Z 
0 
:Ii 
a: .. :c .. 
~ 
0 .. 

10M 

360 

300 

240 

180 

120 

60 

o 
100 

CLOSED-LOOP 
OUTPUT IMPEDANCE 

vs FREQUENCY 

TAI~II~ac 
VS =±15V 

Ay =100 Ay=1 

1111111·1.11 11111111 
JJllt"II 11111111 

1k 10k lOOk 1M 10M 100M 

FREQUENCY (Hz) 

TOTAL HARMONIC 
DISTORTION vs FREQUENCY 

TA - 25"C 
Vs -±15V 
YO -10Yp_p 

RL =2kO 

0.1 

0.01 

0.00 1-10 

Av- 1O 

,.,.. Ay ""1 

I IIIII 
100 1k 

FREQUENCY (Hz) 

10k 

LARGE-SIGNAL 
TRANSIENT RESPONSE 

SMALL-SIGNAL 
TRANSIENT RESPONSE 

TA =25"C 
VS =±15V 
AV=+1 

2-1028 OPERATIONAL AMPLIFIERS 

TA = 2S"C 
Vs=±15V 
Ay=+1 

REV.B 



CHANNEL SEPARATION TEST CIRCUIT 

Skn 

50kn 

>---<~--o v, 

CHANNEL SEPARATION == 20 IOg( V2/~~OO) 

BURN-IN CIRCUIT 

~ • 7 

+1V S + -=-

~_ ~3_ C 8 D M 

-1V 10 + -=- -1V 12 + -=-

APPLICATIONS INFORMATION 

VOLTAGE AND CURRENT NOISE 
The OP-471 is a very low-noise quad op amp, exhibiting a 
typical voltage noise of only 6.5nVly'"HZ @ 1kHz. The low 
noise characteristic of the OP-471 is in part achieved by 
operating the input transistors at high collector currents 
since the voltage noise is inversely proportional to the square 
root of the collector current. Current noise, however, is 
directly proportional to the square root of the collector 
current. As a result, the outstanding voltage noise perfor
mance of the OP-471 is gained at the expense of current noise 
performance which is typical for low noise amplifiers. 

To obtain the best noise performance in -a circuit it is vital to 
understand the relationship between voltage noise (en), cur
rent noise (in), and resistor noise (et). 

REV. B 

OP-471 
TOTAL NOISE AND SOURCE RESISTANCE 
The total noise of an op amp can be calulated by: 

where: 

En = V(e n)2 + (in RS)2 + (et)2 

En = total input referred noise 

en = op amp voltage noise 

in = op amp current noise 

et = source resistance thermal noise 

Rs = source resistance 

The total noise is referred to the input and at the output would 
be amplified by the circuit gain. 

Figure 1 shows the relationship between total noise at 1 kHz 
and source resistance. For Rs < 1 kO the total noise is domi-

FIGURE 1: Total Noise vs Source Resistance (Including 
Resistor Noise) at 1 kHz 
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FIGURE 2: Total Noise vs Source Resistance (Including 
Resistor Noise) at 10Hz 
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nated by the voltage noise of the OP-471. As Rs rises above 
1 kO, total noise increases and is dominated by resistor noise 
rather than by voltage or current noise of the OP-471. When 
Rs exceeds 20kO, current noise of the OP-471 becomes the 
major contributor to total noise. 

Figure 2 also shows the relationship between total noise and 
source resistance, but at 10Hz. Total noise increases more 
quickly than shown in Figure 1 because current noise is 
inversely proportional to the square root of frequency. In 
Figure 2, current noise of the OP-471 dominates the total 
noise when Rs > 5kO. 

From Figures 1 and 2 itcan be seen that to reduce total noise, 
source resistance must be kept to a minimum. In applications 
with a high source resistance, the OP-400, with lower current 
noise than the OP-471, will provide lower total noise. 

Figure 3 shows peak-to-peak noise versus source resistance 
overthe 0.1 Hz to 10Hz range. Once again, at low values of Rs, 

FIGURE 3: Peak-To-Peak Noise (0.1 Hz To 10Hz) vs Source 
Resistance (Includes Resistor Noise) 
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the voltage noise of the OP-471 is the major contributor to 
peak-to-peak noise. Current noise becomes the major contri
butor as Rs increases. The crossover point between the OP-
471 and the OP-400 for peak"to-peak noise is at Rs = 17kO. 

The OP-470 is a lower noise version of the OP-471, with a 
typical noise voltage density of 3.2nV/y'HZ @ 1 kHz. The 
OP-470 offers lower offset voltage and higher gain than the 
OP-471, but is a slower speed device, with a slew rate of 2V I,.s 
compared to a slew rate of 8V/,.s for the OP-471. 

For reference, typical source resistances of some signal 
sources are listed in Table I. 

TABLE I 

SOURCE 
DEVICE IMPEDANCE COMMENTS 

Strain gauge <500n Typically used in low-frequency 
applications. 

Magnetic <1500n Low 18 very important to reduce 
tapehead self-magnetization problems when 

direct coupling is used. OP-471 18 
can be neglected. 

Magnetic <1500n Similar need for low Ie in direct 
phonograph coupled applications. OP-471 will not 
cartridges introduce any self-magnetization 

problem. 

Linear variable <1500n Used in rugged servo-feedback 
differential applications. Bandwidth of interest is 
transformer 400Hz to 5kHz. 

For further information regarding noise calculations, see 
"Minimization of Noise in Op-Amp Applications", Applica
tion Note AN-15. 

NOISE MEASUREMENTS -
PEAK-TO-PEAK VOLTAGE NOISE 
The circuit of Figure 4 is a test setup for measuring peak-to
peak voltage noise. To measure the 500nV peak-to-peak 

FIGURE 4: Peak-To-Peak Voltage Noise Test Circuit (0.1 Hz To 10Hz) 
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noise specification of the OP-471 in the 0.1 Hz to 10Hz range, 
the following precautions must be observed: 

1. The device has to be warmed-up for at least five minutes. 
As shown in the warm-up drift curve, the offset voltage 
typically changes 13!'V due to increasing chip temperature 
after power-up. In the 10-second measurement interval, 
these temperature-induced effects can exceed tens
of-nanovolts. 

2. For similar reasons, the device has to be well-shielded 
from air currents. Shielding also minimizes thermocouple 
effects. 

3. Sudden motion in the vicinity of the device can also "feed
through" to increase the observed noise. 

FIGURE 5: 0.1Hz To 10Hz Peak-To-Peak Voltage Noise 
Test Circuit Frequency Response 
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FIGURE 6: Noise Voltage Density Test Circuit 
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4. The test time to measure 0.1 Hz-to-10Hz noise should not 

exceed 10 seconds. As shown in the noise-tester fre
quency-response curve of Figure 5, the 0.1 Hz corner is 
defined by only one pole. The test time of 10 seconds acts 
as an additional pole to eliminate noise contribution from 
the frequency band below 0.1Hz. 

5. A noise-voltage-density test is recommended when mea
suring noise on a large number of units. A 10Hz noise
voltage-density measurement will correlate well with a 
0.1 Hz-to-10Hz peak-to-peak noise reading, since both 
results are determined by the white noise and the location • 
of the 1/f corner frequency. 

6. Power should be supplied to the test circuit by well 
bypassed low-noise supplies, e.g. batteries. These will 
minimize output noise introduced through the amplifier 
supply pins. 

NOISE MEASUREMENT - NOISE VOLTAGE DENSITY 
The circuit of Figure 6 shows a quick and reliable method of 
measuring the noise voltage density of quad op amps. Each 
individual amplifier is series-connected and is in unity-gain, 
save the final amplifier which is in a noninverting gain of 101. 
Since the ac noise voltages of each amplifier are uncorre
lated, they add in rms fashion to yield: 

eOUT= 101 (.Jenl + enB2 + enc2 + eno2) 

The OP-471 is a monolithic device with four identical amplifi
ers. The noise voltage density of each individual amplifier will 
match, giving: 

eOUT = 101 (Q) = 101 (2en) 

Rl R2 

1000 10kO 

eOUT (nV/\l'iiZ) ao 101(2en) 
Vs =±15Y 
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FIGURE 7: Current Noise Density Test Circuit 

A3 

NOISE MEASUREMENT - CURRENT NOISE DENSITY 
The test circuit shown in Figure 7 can be used to measure 
current noise density. The formula relating the voltage output 
to current noise density is: 

(T)2 -(40nV/vHzf 

Rs 

where: 

G = gain of 10000 
Rs = 100k.o source resistance 

CAPACITIVE LOAD DRIVING AND POWER 
SUPPLY CONSIDERATIONS 
The OP-471 is unity-gain stable and is capable of driving 
large capacitive loads without oscillating. Nonetheless, good 
supply bypassing is highly recommended. Proper supply 
bypassing reduces problems caused by supply line noise and 
improves the capacitive load driving capability of the OP-471. 

In the standard feedback amplifier, the op amp's output res
istance combines with the load capacitance to form a low
pass filter that adds phase shift in the feedback network and 
reduces stability. A simple circuit to eliminate this effect is 
shown in Figure 8. The added components, C1 and R3, 
decouple the amplifier from the load capacitance and provide 
additional stability. The values of C1 and R3 shown in Figure 
8 are for load capacitances of up to 1000pF when used with 
the OP-471. 

In applications where the OP-471's inverting or noninverting 
inputs are driven by a low source impedance (under 100.0) or 
connected to ground, if V+ is applied before V-, or when V- is 
disconnected, excessive paraSitic currents will flow. Most 
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applications use dual tracking supplies and with the device 
supply pins properly bypassed, power-up will not present a 
problem. A source resistance of at least 1000 in series with all 
inputs (Figure 8) will limit the parasitic currents to a safe level 
if V- is disconnected. It should be noted that any source 
resistance, even 1000, adds noise to the circuit. Where noise 
is required to be kept at a minimum, a germanium or Schottky 
diode can be used to clamp the V-' pin and eliminate the 
parasitic current flow instead of using series limiting resistors. 
For most .applications, only one diode clamp is required per 
board or system. 

UNITY-GAIN BUFFER APPLICATIONS 
When Rf ::; 1000 and the input is driven with a fast, large
signal pulse (>1V), the output waveform will look as shown in 
Figure 9. 

During the fast feedthrough-like portion of the output, the 
input protection diodes effectively short the output to the 
input, and a current, limited only by the output short-circuit 
protection, will be drawn by the signal generator. With Rf;;:: 
5000, the output is capable of handling the current require
ments (IL::; 20mA at 10V); the amplifier will stay in its active 
mode and a smooth transition will occur. 

When Rf > 3kO, a pole created by Rfand the amplifier's input 
capacitance (2.6pF) creates additional phase shift and reduces 
phase margin. A small capacitor (20 to 50pF) in parallel with 
Rf helps eliminate this problem. 

APPLICATIONS 

LOW NOISE AMPLIFIER 
A simple method of reducing amplifier noise by paralleling 
amplifiers is shown in Figure 10. Amplifier noise, depicted in 
Figure 11, isaround 5nV/.j"HZ @1kHz(R.T.L).Gainforeach 
paralleled amplifier and the entire circuit is 100. The 2000 
resistors limit circulating currents and provide an effective 
output resistance of 500. The amplifier is stable with a 10nF 
capacitive load and can supply up to 30mA of output drive. 

HIGH-SPEED DIFFERENTIAL LINE DRIVER 
The circuit of Figure 12 is a unique line driver widely used in 
professional audio applications. With ±18V supplies the line 
driver can deliver a differential signal of 30Vp_p into a 1.5kO 
load. The output of the differential line driver looks exactly 
like a transformer. Either output can be shorted to ground 
without changing the circuit gain of 5, so the amplifier can 
easily be set for inverting, noninverting, or differential opera
tion. The line driver can drive unbalanced loads, like a true 
transformer. 
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HIGH OUTPUT AMPLIFIER 
The amplifier shown in Figure 13 is capable of driving 20Vp_p 

into a floating 4000 load. Design of the amplifier is based on a 
bridge configuration. A 1 amplifies the input signal and drives 
the load with the help of A2. Amplifier A3 is a unity-gain 
inverter which drives the load with help from A4. Gain of the 
high output amplifier with the component values shown is 10, 
but can easily be changed by varying R1 or R2. 

FIGURE 10: Low Noise Amplifier 
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FIGURE 11: Noise Density of Low Noise Amplifier, G = 100 
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FIGURE 12: High-Speed Differential Line Driver 
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FIGURE 13: High Output Amplifier 

+15Y 

C1 p.: 
c. 

R5 

J 0.L. 
son 

R. R6 

.on ..n 

R' R7 

V,N 
son son 

-=-
R, R, R8 

c, son son 

J ~t. 
-15Y 

2-1034 OPERATIONAL AMPLIFIERS REV. B 



QUAD PROGRAMMABLE GAIN AMPLIFIER 
The combination of the quad OP-471 and the DAC-8408, a 
quad 8-bit CMOS DAC, creates a space-saving quad pro
grammable gain amplifier. The digital code present at the 
DAC, which is easily set by a microprocessor, determines the 
ratio between the fixed DAC feedback resistor and the impe
dance the DAC ladder presents to the op amp feedback loop. 
Gain of each amplifier is: 

VOUT =_ 256 
VIN n 

FIGURE 14: Quad Programmable Gain Amplifier 
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221 RFBD 

I 
I 
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OP-471 
where n equals the decimal equivalent of the 8-bit digital 
code present at the DAC. If the digital code present at the 
DAC consists of all zeros, the feedback loop will be open 
causing the op amp output to saturate. The 20MO resistors 
placed in parallel with the DAC feedback loop eliminates this 
problem with a very small reduction in gain accuracy. 
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LOW PHASE ERROR AMPLIFIER 
The simple amplifier depicted in Figure 15 utilizes monolithic 
matched operational amplifiers and a few resistors to sub
stantially reduce phase error compared to conventional 
amplifier designs. At a given gain, the frequency range for a 
specified phase accuracy is over a decade greater than for a 
standard single op amp amplifier. 

The low phase error amplifier performs second-order fre
quency compensation through the response of op amp A2 in 
the feedback loop of A1. 80th op amps must be extremely 
well matched in frequency response. At low frequencies, the 
A 1 feedback loop forces V2/(K1 + 1) = VIN. The A2 feedback 
loop forces Vo/(K1 + 1) = V2/(K1 + 1) yielding an overall 
transfer function of VONIN = K1 + 1. The DC gain is deter-

FIGURE 15: Low Phase Error Amplifier 
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mined by the resistor divider at the output, Yo, and is not 
directly affected by the resistor divider around A2. Note, that 
like a conventional single op amp amplifier, the DC gain is set 
by resistor ratios only. Minimum gain for the low phase error 
amplifier is 10. 

Figure 16 compares the phase error performance of the low 
phase error amplifier with a conventional single op amp 
amplifier and a cascaded two-stage amplifier. The low phase 
error amplifier shows a much lower phase error, particularly 
for frequencies where w//JwT < 0.1. For example, phase error 
of -0.1 0 occurs at 0.002 W//JWT for the single op amp amplifier, 
but at 0.11 W//JwT for the low phase error amplifier. 

For more detailed information on the low phase error ampli
fier, see Application Note AN-107. 

FIGURE 16: Phase Error Comparison 
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r'IIII ANALOG 
WDEVICES 

FEATURES 

• Single/Dual Supply Operation .................... + 1.6V to +36V 
.................... ±O.SV to ±1SV 

• True Slngle·Supply Operation; Input and Output Voltage 
Ranges Include Ground 

• Low Supply Current ............................................ SOIlA Max 
• High Output Drive ................................................. 5mA Min 
• Low Offset Voltage ........................................... O.5mA Max 
• High Open·Loop Gain ................................... 700V/mV Min 
• Outstanding PSRR .......................................... 5.6IlVN Min 
• Industry Standard Quad Pinouts 
• Available in Ole Form 

ORDERING INFORMATION t 

TA=+25'C 
PACKAGE 

OPERATING 
VosMAX CERDIP LCC TEMPERATURE 

(mV) 14-PIN PLASTIC 28·CONTACT RANGE 

0.5 OP490AY' OP490ATC/883 MIL 
0.5 OP490EY IND 

0.75 OP490FY IND 
1.0 OP490GP XIND 
1.0 OP490GStt XIND 

Fordevices processed In total compliance to MIL-STD-883. add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

It For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

Low-Voltage Micropower 
Quad Operational Amplifier 

OP-490 I 
GENERAL DESCRIPTION 

The OP-490 is a high-performance micropower quad op amp that 
operates from a single supply of + 1.6V to +36V or from dual 
supplies of ±O.8V to ±18V. Input voltage range includes the 
negative rail allowing the OP-490 to accommodate input signals 
down to ground in single-supply operation. The OP-490's output 
swing also includes ground when operating from a single supply, 
enabling "zero-in, zero-out" operation. 

PIN CONNECTIONS 

OUTA 1 

v+ 4 

+INB 
-IN B .-.-JJ'...c;.&",..L:;.I;;UCCil 

OUTB 7 

16-PINSOL 
(S-Suffix) 

14·PIN HERMETIC DIP 
(Y·Sufflx) 

14-PIN PLASTIC DIP 
(P-Suffix) 

2S-PIN LCC 
(TC-Suffix) 

Continued 

SIMPLIFIED SCHEMATIC (One of four amplifiers is shown.) 

.---~--~----.---~--~~--~--~--~~------~----.-------~~----ov+ 

+IN o-__.lVV'---£ 

-IN o-__.lW----+-----+---' 
~---1----lI----t------oOUTPUT 

L---~----------+---~------~~--+---~--~---4~--~------~----~~ 
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OP-490 

The quad OP-490 draws less than 20p,A of quiescent supply 
current per amplifier, but each amplifier is able to deliver over 
SmA of output current to a load. Input offset voltage is under 
O.SmV with offset drift below Sp,V/oC overthe military temper
ature range. Gain exceeds 700,000 and CMR is better than 
100dB. A PSRR of under S.6p,VIV minimizes offset voltage 
changes experienced in battery powered systems. 

The quad OP-490 combines high performance with the space 
and cost savings of quad amplifiers. The minimal voltage and 
current requirements of the OP-490 makes it ideal for battery 
and solar powered applications, such as portable instruments 
and remote sensors. 

ABSOLUTE MAXIMUM RATINGS (Note 2) 
Supply Voltage ................................................................. :!: 18V 
Differential Input Voltage .............. [(V-) - 20V] to [(V+) + 20V] 
Common-Mode Input Voltage ...... [(V-) - 20V] to [(V+) + 20V] 
Output Short-Circuit Duration ................................. Continuous 
Storage Temperature Range 

TC, Y, P Package ....................................... -65°C to +150·C 

Operating Temperature Range 
OP-490A .................................................... -55°Cto +125°C 
OP-490E, OP-490F ...................................... -25°C to +85°C 
OP-490G ...................................................... -40°C to +85°C 

Junction Temperature (Ti) ............................ -65°C to + 150°C 
Lead Temperature Range (Soldering, 60 sec) .............. 300°C 

PACKAGE TYPE elA (Nom 1) ele UNITS 

14-Pln Hermetic DIP (Y) 99 12 'CIW 

14-Pln Plastic DIP (p) 76 33 'CIW 

26-Contact LCC (TC) 78 30 'CIW 

16-Pin SOL (5) 92 27 'CIW 
NOTE: 
1. e .... is specified for worst case mounting conditions, i.e., e'A is specified for 

d~vice in socket for CerDIP, P-DIP, and LCC packages; e)A is specified for 
device soldered 10 prlnmd circuit board for SOL package. 

2. Absolute maximum ratings apply to both packaged parIS and DICE, unless 
otherwise nomd. 

ELECTRICAL CHARACTERISTICS at Vs = ±1.SV to ±1SV, TA = +2S·C, unless otherwise noted. 

OP-490A/E OP-490F OP-490G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas 0.2 0.5 0.4 0.75 0.6 to mV 

Input Offset Current los VCM = OV 0.4 0.4 0.4 nA 

Input Bias Current I. VCM = OV 4.2 15 4.2 20 4.2 25 nA 

Vs = ±15V. Va = ±10V 
RL = 100kl! 700 1200 500 1000 400 800 
RL = lOkI! 350 600 250 500 200 400 

Large Signal 
Ava 

RL = 2kl! 125 250 100 200 100 200 V/mV 
Voltage Gain V+ = 5V. V-= OV. 

IV < Vo < 4V 
RL = 100kl! 200 400 125 300 100 250 
RL = lOkI! 100 180 75 140 70 140 

V+ = 5V. V-= OV 0/4 0/4 0/4 
Input Voltage Range IVR 

-15/13.5 -15/13.5 -15/13.5 
V 

Vs = ±15V (Note 1) 

Vs= ±15V 
Va RL = lOkI! ±13.5 ±14.2 ±13.5 ±14.2 ±13.5 ±14.2 V 

RL = 2kl! ±10.5 ±11.5 ±10.5 ±11.5 ±10.5 ±11.5 

Output Voltage Swing VOH 
V+=5V. V-=OV 

V 
RL = 2kl! 4.0 4.2 4.0 4.2 4.0 4.2 

VOL 
V+ = 5V, V-= OV 

"V RL = lOkI! 100 500 100 500 100 500 

V+ = 5V, V-= OV, 
90 110 80 100 80 100 

Common Mode 
CMR 

OV < VCM < 4V 
dB 

Rejection Vs=±15V, 
100 130 90 120 90 120 

-15V < VCM < 13.5V 

Power Supply 
PSRR 1.0 5.6 3.2 10 3.2 10 "V/v Rejection Ratio 

Slew Rate SR Vs= ±15V 12 12 12 V/ms 

Supply Current Vs = ±1.5V N L ad 40 60 40 60 40 60 
"A (All Amplifiers) ISY Vs=±15V 0 0 60 80 60 80 60 80 

Capacitive Load 
Av=+1 650 650 650 pF Stability 

Input Noise Voltage enp~p 
fo =0.1Hzto10Hz 
Vs= ±15V 

3 3 3 "VP'P 
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OP-490 
ELECTRICAL CHARACTERISTICS at Vs = ±1.5V to ±15V, TA = +25°C, unless otherwise noted. (Continued) 

OP-490AlE OP-490F OP-490G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Resistance 
R'N Vs= ±15V 

Differential Mode 
30 30 30 Mil 

Input Resistance 
R1NCM Vs= ±15V 20 20 20 Gil 

Common Mode 

Gain Bandwidth 
GBWP 20 20 20 kHz • Product 

Av=+1 

fo= 10Hz 
Channel Separation CS Vo =20Vp_p 120 150 120 150 120 150 dB 

Vs = ±15V (Note 2) 

NOTES: 
1. Guaranteed by CMR test. 
2. Guaranteed but not 100% tested. 

ELECTRICAL CHARACTERISTICS at Vs = ±1.5V to ±15V, -55°C:5 TA:5 125°C, unless otherwise noted. 

OP-490A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.4 1.0 mV 

Average Input Offset 
TCVos Vs =±15V 

Voltage Drift 
I'vrc 

Input OIfset Current los VCM=OV 1.5 5 nA 

Input Bias Current 18 VCM = OV 4.4 20 nA 

Vs = ±15V. Vo = ±10V 
RL = 100kll 225 400 
RL = 10kll 125 240 

Large Signal RL = 2kll 50 110 
Voltage Gain Avo 

V+ = 5V. V- = OV. 
VlmV 

1V < Vo<4V 

RL = 100k!! 100 200 
RL = 10k!! 50 110 

Input Voltage Range IVR 
V+ = 5V, V-= OV 0/3.5 

Vs = ±15V (Note 1) -15/13.5 
V 

Vs =±15V 

Vo RL = 10kll ±13 ±13.7 V 
RL = 2k!! ±10 ±11 

Output Voltage Swing 
V+=5V. V-=OV 

VOH 
RL = 2kll 3.9 4.1 

V 

VOL 
V+ = 5V. V- = OV 

RL = 10kll 100 500 
I'V 

Common Mode Rejection CMR 
V+ = 5V. V- = OV. OV < VCM < 3.5V 85 105 
Vs = ±15V. -15V < VCM < 13.5V 95 115 

dB 

Power Supply 
PSRR 3.2 10 

Rejection Ratio 
I'VIV 

Supply Current 
Isv 

Vs =±1.5V N L d 70 100 
(All Amplifiers) Vs =±15V 0 oa 90 120 

NOTE: 
1. Guaranteed by CMR test. 
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OP-490 
ELECTRICAL CHARACTERISTICS at V s = ±1.5V to ±15V, -25'C S T AS +85'C forOP-490E/F, -40'C S T AS +85'C forOP490G, 
unless otherwise noted. 

Op·490E OP·490F Op·490G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.32 0.8 0.6 1.35 0.8 1.5 mV 

Average Input Offset 
TCVos Vs=±15V 5 4 4 "VloC 

Voltage Drift 

Input Offset Current los VCM=OV 0.8 3 1.0 5 1.3 nA 

Input Bias Current 18 VCM = OV 4.4 15 4.4 20 4.4 25 nA 

Vs = ±15V, Vo = ±10V 

RL = l00kD 500 800 350 700 300 600 

RL = 10kD 250 400 175 350 150 250 

Large Signal 
Avo 

RL = 2kD 100 200 75 150 75 125 VlmV 
Voltage Gain V+ = 5V, V- = OV, 

1V <Vo<4V 

RL = 100kD 150 280 100 220 80 160 

RL = 10kD 75 140 50 110 40 90 

Input Voltage Range IVR 
V+ = 5V, V- = OV 0/3.5 0/3.5 0/3.5 

V 
Vs = ±15V (Note 1) -15113.5 -15/13.5 -15/13.5 

Vs= ±15V 

Vo RL = 10kD ±13 ±14 ±13 ±14 ±13 ±14 V 

RL = 2kD ±10 ±11 ±10 ±11 ±10 ±11 

Output Voltage Swing VOH 
V+ = 5V, V-= OV 

V 
RL =2kD 3.9 4.1 3.9 4.1 3.9 4.1 

VOL 
V+ = 5V, V-= OV 

"V RL = 10kD 100 500 100 500 100 500 

V+=5V, V-=OV, 
90 110 80 100 80 100 

Common Mode 
CMR 

OV < VCM < 3.5V 
dB 

Rejection Vs= ±15V, 
100 120 90 110 90 110 

-15V < VCM < 13.5V 

Power Supply 
PSRR 1.0 5.6 3.2 10 5.6 17.8 "VN Rejection Ratio 

Supply Currenl Vs=±1.5V 65 100 65 100 60 100 
(All Amplifiers) ISY Vs = ±15V No Load 80 120 80 120 75 120 "A 

NOTE: 
1. Guaranleed by CMR lest. 
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DICE CHARACTERISTICS 

DIE SIZE 0.139 X 0.121 Inch, 16,819 sq. mils 
(3.53 X 3.07 mm, 10.84 sq. mm) 

1.0UTA 
2. -INA 
3. +INA 
4. v+ 
5. +INB 
6. -INB 
7.0UTB 

WAFER TEST LIMITS at Vs = ±1.5V to ±15V, TA = 25°C, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Input Offsel Current 

Input Bias Current 

Large Signal 
Voltage Gain 

Input Voltage Range 

Output Voltage Swing 

Common Mode Rejection 

Power Supply 

Rejection Ratio 

Supply Current 
(All Amplifiers) 

NOTES: 
1. Guaranteed by CMR test. 

SYMBOL 

Vos 

los 

18 

Avo 

IVR 

Vo 

VOH 

VOL 

CMR 

PSRR 

ISY 

CONDITIONS 

VCM=OV 

VCM=OV 

Vs = ±ISV. Vo = ±10V 
RL = 100kO 
RL = 10kO 

V+ = 5V. V-= OV. 

lV< Vo<4V. RL = 100kO 

V+=5V. V-=OV 

Vs = ±15V (Nole 1) 

Vs= ±1SV 

RL = 10kO 
RL = 2kO 

V+ = SV. V- = OV 
RL = 2kO 

V+=SV, V-=OV 

RL = 10kO 

V+ = SV, V- = OV, OV < VCM < 4V 
Vs = ±1SV. -15V < VCM < 13.SV 

Vs = ±1SV, No Load 

OP·490GBC 
LIMIT 

0.75 

5 

20 

500 
250 

125 

0/4 
-15/13.5 

±13.S 

±10.S 

4.0 

500 

80 
90 

10 

80 

OP-490 

8.0UTC 
9. -INC 

10. +IN C 
11. V-
12. +IN D 
13. -IN D 
14.0UTD 

UNITS 

mVMAX 

nAMAX 

nAMAX 

V/mV MIN 

V/mV MIN 

VMIN 

VMIN 

VMIN 

"V MAX 

dB MIN 

"VlV MAX 

"A MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging is not guaran~ 
teed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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OP-490 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-490 
CHANNEL SEPARATION TEST CIRCUIT 

+15V 

>-.-0.2 

.,.0--,....--1 -15V 

>-...-00 Vi 20Vp•p @ 10Hz 

CHANNEL SEPARATION"" 20 LOG v2~1oD 

APPLICATIONS INFORMATION 

BATTERY-POWERED APPLICATIONS 
The OP-490 can be operated on a minimum supply voltage of 
+1.SV, or with dual supplies ±O.BV, and draws only SOpA of 
supply current. In many battery-powered circuits, the OP-490 
can be continuously operated for hundreds of hours before 
requiring battery replacement, reducing equipment down
time and operating cost. 

High-performance portable equipment and instruments fre
quently use lithium cells because of their long shelf-life, light 
weight, and high energy density relative to older primary 
cells. Most lithium cells have a nominal output voltage of 3V 
and are noted for a flat discharge characteristic. The low 
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FIGURE 1: Lithium-Sulphur Dioxide Cell Discharge 
Characteristic With OP-490 and 100kO Loads 
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supply voltage requirement of the OP-490, combined with 
the flat discharge characteristic of the lithium cell, indicates 
that the OP-490 can be operated over the entire useful life of 
the cell. Figure 1 shows the typical discharge characteristic 
of a 1Ah lithium cell powering an OP-490 with each amplifier, 
in turn, driving full output swing into a 100kO load. 

SINGLE-SUPPLY OUTPUT VOLTAGE RANGE 
In single-supply operation the OP-490's input and output 
ranges inc.lude ground. This allows true "zero-in, zero-out" 
operation. The output stage provides an active pull-down to 
around.O.BV above ground. Belowthis level, a load resistance 
of up to 1 MO to ground is required to pull the output down to 
zero. 

In the region from ground to O.BV the OP-490 has voltage gain 
equal to the data sheet specification. Output current source 
capability is maintained over the entire voltage range includ
ing ground. 

INPUT VOLTAGE PROTECTION 
The OP-490 uses a PNP input stage with protection resistors in 
series with the inverting and noninverting inputs. The high 
breakdown of the PNP transistors coupled with the protec
tion resistors provides a large amount of input protection, 
allowing the inputs to be taken 20V beyond either supply 
without damaging the amplifier. 
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MICRO POWER VOLTAGE-CONTROLLED OSCILLATOR 
An OP-490 in combination with an inexpensive quad CMOS 
switch comprise the precision VCO of Figure 2. This circuit 
provides triangle and square wave outputs and draws only 
75/lA from a single 5V supply. A acts as an integrator; S1 
switches the charging current symmetrically to yield positive 
and negative ramps. The integrator is bounded by B which 
acts as a Schmitt trigger with a precise hysteresis of 1.67 
volts, set by resistors R5, R6, and R7, and associated CMOS 

FIGURE 2: Micropower Voltage Controlled Oscillator 

VCONTROL 

01 

200kn 

02 

200kO 

0" 
100kO 

C1 

OP-490 
switches. The resulting output of A is a triangle wave with 
upper and lower levels of 3.33 and 1.67 volts. The output of B 
is a square wave with almost rail-to-rail swing. With the com
ponents shown, frequency of operation is given by the 
equation: 

lOUT = VCONTROL (Volts) X 10HzIV 

but this is easily changed by varying C1. The circuit operates 
well up to a few hundred hertz. 

+5V 

08 

rl--;::==::;;;;:;;;:==:::;~--r~t.:;---o +5V 200kO 
CD4066 

¥DD 14 +sv 

CONT 13 

8 CONT .--_....:O:.;:U..:.;T/:;;IN+9=--O +5V 

7 V .. IN/OUT 8 
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OP-490 
MICROPOWER SINGLE-SUPPLY 
QUAD VOLTAGE-OUTPUT a-BIT DAC 
The circuit of Figure 3 uses the DAC-8408 CMOS quad 8-bit 
DAC. and the OP-490 to form a single-supply quad voltage
output DAC with a supply drain of only 140/lA. The DAC-8408 

is used in the voltage switching mode and each DAC has an 
output resistance ("'10kO) independent of the digital input 
code. The output amplifiers act as buffers to avoid loading 
the DACs. The 100kO resistors insure that the OP-490 out
puts will swing below O.8V when required. 

FIGURE 3: Micropower Single-Supply Quad Voltage-Output 8-Bit DAC 

REFERENCE 
VOLTAGE O-----...---+---=.:c..:.:.'---f 

1.SV 

I 
DAC DATA BUS I 
PINS OllSB)_,8IM!sa)

,7
1 Ala I 

-:1 - I 
DIGITAL ~ R/W 

CONTROL __ I DAC-8408ET I 
SIGNALS ~ OSl 

..E.J DS2 I 
L DGND J ----I2a'----.l8 

-= 
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FIGURE 4: High Output Amplifier 

+15Y 
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HIGH OUTPUT AMPLIFIER 
The amplifier shown in Figure 4 is capable of driving 25Vp_p 
into a 1 kO load. Design of the amplifier is based on a bridge 
configuration. A amplifies the input signal and drives the load 
with the help of B. Amplifier C is a unity-gain inverter which 
drives the load with help from D. Gain of the high output 
amplifier with the component values shown is 10, but can 
easily be changed by varying R1 or R2. 

SINGLE-SUPPLY MICROPOWER QUAD 
PROGRAMMABLE GAIN AMPLIFIER 
The combination of the quad OP-490 and the DAC-8408 
quad 8-bit CMOS DAC, creates a quad programmable gain 
amplifier with a quiescent supply drain of only 140"A. The 
digital code present at the DAC, which is easily set by a 

REV. B 

A. 
son 

OP-490 

AS 

skn 

A. 
skn 

A7 

son 

AL A. 
son 

microprocessor, determines the ratio between the fixed DAC 
feedback resistor and the resistance the DAC ladder presents 
to the op amp feedback loop. Gain of each amplifier is: 

VOUT =_ 256 
VIN n 

where n equals the decimal equivalent of the 8-bit digital 
code present at the DAC. If the digital code present at the 
DAC consists of all zeros, the feedback loop will be open 
causing the op amp output to saturate. The 10MO resistors 
placed in parallel with the DAC feedback loop eliminates this 
problem with a very small reduction in gain accuracy. The 
2.5V reference biases the amplifiers tothe center of the linear 
region providing maximum output swing. 
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OP-490 
FIGURE 5: Single-Supply Micropower Quad Programmable-Gain Amplifier 
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r-IIANALOG 
WDEVICES 

Precision Picoampere Input Current 
Quad Operational Amplifier 

FEATURES 
Low Offset Voltage: 50 fJ.V max 
Low Offset Voltage Drift: 0.5 fJ.V/oC max 
Very Low Bias Current 

+25°C: 100 pA max 
-55°C to +125°C: 450 pA max 

Very High Open-Loop Gain: 2000 V/mV min 
Low Supply Current (per Amplifier): 625 fJ.A max 
Operates from ±2 V to ±20 V Supplies 
High Common-Mode Rejection: 120 dB min 

APPLICATIONS 
Strain Gage and Bridge Amplifiers 
High Stability Thermocouple Amplifiers 
Instrumentation Amplifiers 
Photo-Current Monitors 
High-Gain Linearity Amplifiers 
Long-Term Integrators/Filters 
Sample-and-Hold Amplifiers 
Peak Detectors 
Logarithmic Amplifiers 
Battery-Powered Systems 

GENERAL DESCRIPTION 
The OP-497 is a quad op amp with precision perfonnance in 
the space saving, industry standard 16-pin SOIC package. Its 
combination of exceptional precision with low power and ex
tremely low input bias current makes the quad OP-497 useful in 
a wide variety of applications. 

Precision perfonnance of the OP-497 includes very low offset, 
under 50 fLV, and low drift, below 0.5 fLVrC. Open-loop gain 
exceeds 2000 V 1m V insuring high linearity in every application. 
Errors due to common-mode signals are eliminated by the OP-
497's common-mode rejection of over 120 dB. The OP-497's 
power supply rejection of over 120 dB minimizes offset voltage 
changes experienced in battery powered systems. Supply current 
of the OP-497 is under 625 !LA per amplifier, and it can operate 
with supply voltages as low as ± 2 V. 

The OP-497 utilizes a superbeta input stage with bias current 
cancellation to maintain picoamp bias currents at all tempera
tures. This is in contrast to FET input op amps whose bias cur
rents start in the picoamp range at 25°C, but double for every 
100C rise in temperature, to reach the nanoamp range above 
85°C. Input bias current of the OP-497 is under 100 pA at 25°C 
and is under 450 pA over the military temperature range. 

Combining precision, low power and low bias current, the OP-
497 is ideal for a number of applications including instrumenta
tion amplifiers, log amplifiers, photo-diode preamplifiers and 
long tenn integrators. For a single device see the OP-97, for a 
dual see the OP-297. 
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OP-497 I 
PIN CONNECTIONS 
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OP-497 -SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@ Vs = ±15 v, TA = +25°C unless otherwise specified) 

A BIF C/G 
Parameter Symbol Condition Min Typ Max Min Typ Max Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vo, 20 50 40 75 80 150 I1V 

-4O"C s TA S +85"C 70 150 120 250 
-55"C s TA S + 125"C 40 100 80 150 140 300 

Average Input Offset Voltage Drift TCVo, Tmin-Tmax 0.2 0.5 0.4 1.0 0.6 1.5 I1vrC 
Long Tenn Input Offset Voltage Stability 0.1 0.1 0.1 I1V1Mo 

Input Bias Current 18 VCM = OV 30 100 40 150 60 200 pA 
-4O"C S TA S +S5"C 60 200 SO 300 
-55"C '" TA S + 125"C 80 450 110 600 130 600 

Average Input Bias Current Drift TC'8 -40DC:-:::: TA :5 +85°C 0.3 0.3 
-55"C S TA S +125"C 0.5 0.7 0.7 pArC 

Input Offset Current 10 , VCM = OV 15 100 30 150 50 200 pA 
-4O"C s TA S +85"C 50 200 80 300 
-55"C '" TA S + 125"C 35 400 60 600 90 600 

Average Input Offset Current Drift Tclos 0.2 0.3 0.4 pArC 

Input Voltage Range' IVR ±13 ±14 ±13 ±14 ±13 ±14 V 

Tmill-Tmax ±13 ±13.5 ±13 ±13.5 ±13 ±13.5 
Common-Mode Rejection CMR VCM = ±13V 120 140 114 135 114 135 dB 

Tmin-Tmax 114 130 108 120 108 120 

Large Signal Voltage Gain Avo Vo = ±IO V RL = 2 kO 2000 6000 1500 4000 1200 4000 VlmV 
-40"C s TA S +S5"C 1200 4000 800 2000 800 2000 
-S5"C '" TA S +12S"C 1000 3000 800 3000 

Input Resistance Differential Mode R'N 30 30 30 MO 
Input Resistance Common Mode R1NCM 500 500 500 GO 
Input Capacitance CIN 3 3 3 pF 

OUTPUT CHARACTERISTICS 
Output Voltage SWing Vo RL = 2 kO ±13 ±13.7 ±13 ±13.7 ±13 ±13.7 V 

RL = IOkO ±13 ±14 ±13 ±14 ±13 ±14 

Tmin-T=x,RL= 10kn ±13 ±13.5 ±13 ±13.5 ±13 ±13.5 
Short Circuit I,c ±25 ±25 ±25 rnA 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR V,=±2Vto±20V 120 140 114 135 114 135 dB 

V, = ±2.5 V to ±20 V 

Tm,n-Tmox 114 130 108 120 108 120 
Supply Current (per Amplifier) I,y No Load 525 625 525 625 525 625 ~ 

Trnin-Tmax 580 750 580 750 580 750 
Supply Voltage Range V, Operating Range ±2 ±20 ±2 ±20 ±2 ±20 V 

Trnin-Tmax ±2.5 ±20 ±2.5 ±20 ±2.5 ±20 

DYNAMIC PERFORMANCE 
Slew Rate SR 0.05 0.15 0.05 0.15 0.05 0.15 Vll1s 
Gain Bandwidth Product GBW 500 500 500 kHz 
Channel Separation CS Vo = 20Vp-pfo = 10Hz ISO 150 150 dB 

NOISE PERFORMANCE 
Voltage Noise en p-p 0.1 Hz to 10 Hz 0.3 0.3 0.3 I1V P-P 
Voltage Noise Density en =IOHz 17 17 17 nVl\lHz 

en=lkHz 15 IS IS nVl\lHz 
Current Noise Density in=lOHz 20 20 20 fN\lHz 

NOTE 
'Guaranteed by CMR Test. 

Specifications subject to change without notice. 
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OP-497 

WAFER TEST LIMITS (@ Vs = ±15 v, TA = +25°C, unless otherwise noted) 

OP-497GBC 
Parameter Symbol Condition Limit Units 

Input Offset Voltage Vos ISO fLV max 
Input Offset Current los VCM = 0 V ISO pAmax 
Input Bias Current IB VCM = 0 V ISO pAmax 
Input Voltage Rangel IVR ±13 V min 
Large Signal Voltage Gain Avo Vo = ±IOV, RL:s 10kO 1500 VlmVmin 
Common-Mode Rejection CMR VCM=±13V 114 dB min 
Power Supply Rejection PSR Vs = ±2 V to ±20 V 114 dB min 
Output Voltage Swing Vo RL:s 10 kO ±13 V min 

RL:s 2 kO ±13 V min 
Supply Current per Amplifier ISY No Load 625 fLA max 

NOTE 
IGuaranteed by CMR test. Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield 
after packaging is not guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot 
assembly and testing. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ............................ ±20 V 
Input Voltage2 ••••••••••••••••••••••••••• ±20 V 
Differential Input Voltage2 ••••••••••••••••••••• 40 V 
Output Short-Circuit Duration ............... Indefinite 
Storage Temperature Range 

Y, RC Package .................. -65°C to +175°C 
P, S Package .................... - 65°C to + 150°C 

Operating Temperature Range 
OP-497 A, B, C (Y) ................ - 55°C to + 125°C 
OP-497F, G (Y) .................. -40°C to +85°C 
OP-497F, G (P, S) ................. -40°C to +85°C 

Junction Temperature 
Y, RC Package .................. -65°C to + l75°C 
P, S Package .................... -65°C to + 150°C 

Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

Package Type 8JA 8JA Units 

14-Pin Cerdip (Y) 94 10 0c/w 
14-Pin Plastic DIP (P) 76 33 0c/w 
20-Contact LCC (RC) 78 33 0c/w 
16-Pin SOIC (S) 92 23 0c/w 

NOTES 
I Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2For supply voltages less than ±20 V, the absolute maximum input voltage is 
equal to the supply voltage. 

36JA is specified for worst case mounting conditions, i.e., aJA is specified for 
device in socket for cerdip, P-DIP, and LCC packages; aJA is specified for 
device soldered to printed circuit board for SOIC package. 

SOkQ 

CHANNEL SEPARATION = 20 log (V2 ~:.aoo) 

Channel Separation Test Circuit 
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ORDERING GUIDE 

Temperature 
Model Range Package Option· 

OP497AY - 55°C to + 125°C 14-Pin Cerdip 
OP497BY - 55°C to + 125°C 14-Pin Cerdip 
OP497CY -55°C to + 125°C 14-Pin Cerdip 
OP497BRCJ883 -55°C to + 125°C 20-Contact LCC 
OP497FY -40°C to +85°C 14-Pin Cerdip 
OP497FP -40°C to +85°C 14-Pin Plastic DIP 
OP497FS -40°C to +85°C 16-Pin SOIC 
OP497GY -40°C to +85°C 14-Pin Cerdip 
OP497GP -40°C to +85°C 14-Pin Plastic DIP 
OP497GS -40°C to +85°C 16-Pin SOIC 

*For outline information see Package Information section. 

-INA 2 

+INA 3 

V+ 4 

+IN B 5 

-IN B 6 

DICE CHARACTERISTICS 

1 8 
OUTB OUTC 

13 -IN D 

12 +IND 

11 V-

10 +INC 

9 -INC 

Die Size 0.112 x 0.129 inch, 14,448 sq. mils 
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OP-497 - Typical Characteristics (@ +25OC. Vs = ±15 V. unless othelWise noted) 
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Figure 1. Typical Distribution of 
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Typical Characteristics (@ +25"1:, Vs = ±15V, unless otherwise noted)-OP-497 
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Figure 10. Voltage Noise Density 
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OP-497-:-Typical Characteristics (@.+2S"C,Vs = ±lSV, unlessothe.rwis8 noted) 
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Amplifier) vs. Supply Voltage 
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APPLICATIONS INFORMATION 
Extremely low bias current over the full military temperature 
range makes the OP-497 attractive for use in sample-and-hold 
amplifiers, peak detectors, and log amplifiers that must operate 
over a wide temperature range. Balancing input resistances is 
not necessary with the OP-497. Offset voltage and TCVos are 
degraded only minimally by high source resistance, even when 
unbalanced. 

The input pins of the OP-497 are protected against large differ
ential voltage by back-to-back diodes and current-limiting resis
tors. Common-mode voltages at the inputs are not restricted, 
and may vary over the full range of the supply voltages used. 

The OP-497 requires very little operating headroom about the 
supply rails, and is specified for operation with supplies as low 
as ±2 V. Typically, the common-mode range extends to within 
one volt of either rail. The output typically swings to within one 
volt of the rails when using a 10 kG load. 

AC PERFORMANCE 
The OP-497's ac characteristics are highly stable over its full 
operating temperature range. Unity-gain small-signal response is 
shown in Figure 27. Extremely tolerant of capacitive loading on 
the output, the OP-497 displays excellent response even with 
1000 pF loads (Figure 28). 

REV.S 

Figure 27. Small Signal Transient Response 
(CLOAD = 100 pF, AveL = + 1) 

Figure 28. Small Signal Transient Response 
(CLDAD = 1000 pF, AveL = + 1) 

OP-497 

Figure 29. Large Signal Transient Response (AveL = + 1) 

GUARDING AND SHIELDING 
To maintain the extremely high input impedances of the OP-
497, care must be taken in ckcuit board layout and manufactur
ing. Board surfaces must be kept scrupulously clean and free of 
moisture. Conformal coating 1S recommended to provide a hu
midity barrier. Even a clean PC board can have 100 pA of leak
age currents between adjacent traces, so guard rings should be 
used around the inputs. Guard traces are operated at a voltage 
close to that on the inputs, as shown in Figure 30, so that leak
age currents become minimal. In noninverting applications, the 
guard ring should be connected to the common-mode voltage at 
the inverting input. In inverting applications, both inputs re
main at ground, so the guard trace should be grounded. Guard 
traces should be on both sides of the circuit board. 

UNITY GAIN FOLLOWER NONINVERTING AMPLIFIER 

~~~ 
~ ~ 

INVERTING AMPLIFIER 

~114 
OP-487 

+ 
.... 

MIN~DIP 

BOTTOM VIEW 

Figure 30. Guard Ring Layout and Connections 
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OP-497 
OPEN-LOOP GAIN LINEARITY 
The OP-497 has both an extremely high gain of 2000 V/mv min
imum and constant gain linearity. This-enhances the precision of 
the OP-497 and provides for very high accuracy in high closed
loop gain applications. Figure 31 illustrates the typical open-loop 
gain linearity of the OP-497 over the military temperature range. 
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I 
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o 
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10 
OUTPUTVOLTAGE-Volts 

15 

Figure 31. Open-Loop Linearity of the OP-497 

APPLICATIONS 
Precision Absolute Value Amplifier 
The circuit of Figure 32 is a precision absolute value amplifier 
with an input impedance of 30 MO. The high gain and low 
TCVos of the OP-497 insure accurate operation with microvolt 
input signals. In this circuit, the input always appears as a 
common-mode signal to the op amps. The CMR of the OP-497 
exceeds 120 dB, yielding an error of less than 2 ppm. 

V,N 

-15V 

Figure 32. Precision Absolute Value Amplifier 
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PRECISION CURRENT PUMP 
Maximum output current of the precision current pump shown 
in Figure 33 is ± 10 mAo Voltage compliance is ± 10 V with 
± 15 V supplies. Output impedance of the current transmitter 
exceeds 3 MO with linearity better than 16 bits. 

R3 

Rl 

V,N 10ke 
R2 

'>'-+--'I/II\r-... -o I OUT 
:t10mA 

10ke 

IOUT=~: =1~"c=10mA/V 

Figure 33. Precision Current Pump 

PRECISION POSITIVE PEAK DETECTOR 
In Figure 34, the CH must be of polystyrene, Teflon*, or poly
ethylene to minimize dielectric absorption and leakage. The 
droop rate is determined by the size of CH and the bias current 
of the OP-497. 

Ike 

V,N 

Figure 34. Precision Positive Peak Detector 

SIMPLE BRIDGE CONDITIONING AMPLIFIER 
Figure 35 shows a simple bridge conditioning amplifier using 
the OP-497. The transfer function is: 

VOUT = V REF (R ~ ~) ~ 
The REF-43 provides an accurate and stable reference voltage 
for the bridge. To maintain the highest circuit accuracy, Rp 
should be 0.1% or better with a low temperature coefficient. 

*Teflon is a registered trademark of the Dupont Company. 
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+5V 

VOUT 

VOUT= VREF (R ~:R) if 
-sv 

Figure 35. A Simple Bridge Conditioning Amplifier Using 
the OP-497 

NONLINEAR CIRCUITS 
Due to its low input bias currents, the OP-497 is an ideal log 
amplifier in nonlinear circuits such as the square and square
root circuits shown in Figures 36 and 37. Using the squaring 
circuit of Figure 36 as an example, the analysis begins by writ
ing a voltage loop equation across transistors Q" Q2' Q3 and 
Q •. 

Vn In (%~) + Vn In (%:) = Vn In (I::) + VT4 In (I;;:) 
All the transistors of the MAT -04 are precisely matched and at 
the same temperature, so the Is and V T terms cancel, giving: 

2 In lIN = In 10 + In lREF =In 110 x l REF ) 

Exponentiating both sides of the equation leads to: 

10 = IIIN)2 
lREF 

Op amp A2 forms a current-to-voltage converter which gives 
VOUT = R2 x 10 , Substituting (VINIRI) for lIN and the above 
equation for 10 yields: 

( R2 ) (VIN) 2 

VOUT = lREF RI 

C2 

v- -15V 

Figure 36. Squaring Amplifier 
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OP-497 
A similar analysis made for the square-root circuit of Figure 37 
leads to its transfer function: 

v = R2 /WIN) IIREF ) 
OUT Y RI 

In these circuits, IREF is a function of the negative power sup
ply. To maintain accuracy, the negative supply should be well 
regulated. For applications where very high accuracy is re
quired, a voltage reference may be used to set IREF. An impor
tant consideration for the squaring circuit is that a sufficiently 
large input voltage can force the output beyond the operating 
range of the output op amp. Resistor R4 can be changed to scale 
IREF, or RI and R2 can be varied to keep the output voltage 
within the usable range. 

R2 

I'N 

Cl 

Rl 
V'N 

33kR 

v- -15V 

Figure 37. Square Root Amplifier 

Unadjusted accuracy of the square-root circuit is better than 
0.1% over an input voltage range of 100 mV to 10 V. For a sim
ilar input voltage range, the accuracy of the squaring circuit is 
better than 0.5%. 
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OP-497 
OP-497 SPICE MACRO-MODEL 
Figure 38 and Table I show the node and net list for a SPICE 
macro-model of the OP-497. The model is a simplified version 
of the actual device and simulates important dc parameters such 
as Vos, los, IB , Avo, CMR, Vo and ISY' AC parameters such 
as slew rate, gain and phase response and CMR change with 
frequency are also simulated by the model. 

-IN 
2 RIN2 

R1 

01 02 

R2 

+IN 

Eos 

CCM CNZ 

98 

R16 

.. ISY 

21 
20 

R17 
09 

The model uses typical parameters for the OP-497. The poles 
and zeros in the model were determined from the actual open 
and closed-loop gain and phase response of the OP-497. In this 
way, the model presents an accurate ac representation of the 
actual device. The model assumes an ambient temperature of 
25'C. 

V1 ± 

13 

12 03 

t C3 

D. ,. 
V2 ± 

C8 

99 

R18 

L1 Vo 

R19 

50 

Figure 38. OP-497 Macro-Model 
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OP-497 
Table I. OP-497 SPICE Net-List 

*NODE ASSIGNMENTS *NEGATIVE ZERO AT 1.8 MHz 
NONINVERTING INPUT 

INVERTING INPUT E1 17 98 12 21 1E6 
POSITIVE SUPPLY R8 17 18 1E6 

NEGATIVE SUPPLY C4 17 18 -88.419E-15 
OUTPUT R9 18 98 1 

*POLE AT 6 MHz 
*SUBCKT OP-497 2 99 50 27 

II * G2 98 19 18 21 1E-6 
*INPUT STAGE 8. POLE AT 6 MHz R10 19 98 1E6 

C5 19 98 26.526E-15 
RIN1 1 7 2500 
RIN2 2 8 2500 *POLE AT 1.8 MHz 
R1 8 3 6.782E8 
R2 7 3 6.782E8 G3 98 20 19 21 1E-6 
R3 5 99 542.57 R15 20 98 1E6 
R4 6 99 542.57 C8 20 98 88.419E-15 
CIN 7 8 3E-12 
C2 5 6 24.445E-12 *OUTPUT STAGE 
11 4 50 0.1E-3 
lOS 7 8 15E-12 R16 99 21 160k 
EOS 9 7 POLY(1) 16 21 40E-6 R17 21 50 160k 
Q1 5 8 10 ax ISY 99 50 331E-6 
Q2 6 9 11 ax V3 23 22 1.9 
R5 10 4 25.374 D5 20 23 DX 
R6 11 4 25.374 V4 22 24 1.9 
D1 8 9 DX D6 24 20 DX 
D2 9 8 DX D7 99 25 DX 

G4 25 50 20 22 5E-3 
EREF 98 0 21 0 D9 50 25 DY 

D8 99 26 DX 
*GAIN STAGE 8. DOMINANT POLE AT 0.11 Hz G5 26 50 22 20 5E-3 

D10 50 26 DY 
R7 12 98 2.1703E9 G6 22 99 99 20 5E-3 
C3 12 98 666.67E-12 R18 99 22 200 
G1 98 12 5 6 1.8431E-3 G7 50 22 20 50 5E-3 
V1 99 13 1.275 R19 22 50 200 
V2 14 50 1.275 L1 22 27 0.1E-6 
D3 12 13 DX 
D4 14 12 DX *MODELS USED 

* 
*COMMON-MODE GAIN NETWORK WITH ZERO AT 50 Hz .MODEL QX NPN (BF = 1.25E6) 

.MODEL DX D (IS = 1E-15) 
RCM1 15 16 1E6 .MODEL DY D (IS = 1E-15 BV = 50) 
CCM 15 16 3.183E-9 .ENDS OP-497 
RCM2 16 98 1 
ECM 15 98 3 21 177.83E-3 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Low Offset Current ...................... 200pA Max 
• Low Bias Current ........................... 2nA Max 
• Low Power Consumption .......... 1BmW Max @ ± 15V 
• Wide Supply Range ......•..........•.•. ±3V to ±20V 
• High Power-Supply Rejection Ratio ......... 96dB Min 
• Low Offset Voltage Drift ................. 5p.V/oC Max 
• High Common-Mode Input Range ........ ±13.5V Min 
• High Common-Mode Rejection Ratio ...... " 96dB Min 
• MIL-STD-883 Processing Models Available 
• Silicon-Nitride Passivation 

ORDERING INFORMATION t 

Low-Input-Current 
Operational Amplifiers 

PM-l0S/PM-20S/PM-30S I 
GENERAL DESCRIPTION 
The PM-108A series of precision operational amplifiers 
feature very low input offset and bias currents. Although 
directly interchangeable with industry-standard types, • 
Precision Monolithics' advanced processing provides the 
PM-108A series with a significant improvement in input noise 
voltage. Low supply current drain over a wide power-supply 
range makes the PM-108A attractive in battery operated and 
other low-power applications. The low bias current provides 
excellent performance with piezoelectric and capacitive 
transducers and in such high-impedance circuits as long-
period intergrators and sample-and-holds. For improved per
formance see OP-08, OP-12, OP-20, OP-21 , OP-22, and PM-
1008. 

T" =+25"C 
PACKAGE OPERATING 

os MAX CEROIP LCC 
(mY) 1'0-99 a·PIN 2O-CONTACT 

0.5 PM108AJJ883 PM108AZ* PM10BARC1B83 
0.5 PM30SAJ 
2.0 PM108J1883 PM108Z* 
2.0 PM208J PM208Z 
7.5 PM308Z 

For devices processed in total compliance to Mll·STD-883, add 1883 after part 
number. Consult factory for 883 data sheet 
Burn·in Is available on commercial and Industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

SIMPLIFIED SCHEMATIC 

(1) (8) 

PLASTIC 
S-PIN 

PM308AP 

COMP COMP 

TEMPERATURE 
RANGE 

MIL 
COM 
MIL 
INO 

COM 

..-------..... -_~-I----I--_--_--------_--o 171 

REV. B 

131 
+ 

121 

v+ 

R5 

'---+-.... -o~~TPUT 

R6 

'--------....... -_~ _________ --_-_-_~-__O141 
v-
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PM-l08/PM-208/PM-308 
ABSOLUTE MAXIMUM RATINGS (Note 3) 

Supply Voltage 
PM-10BA, PM-10B, PM-20B, PM-1 OBARC ••.••••.••••.•••••.. ±20V 

PM-30BA, PM-30a ........................................................ ±1BV 
Differential Input Current (Note 2) ................................ ±10mA 
Input Voltage (Note 3) ...................................................... ±15V 
Output Short-Circuit Duration ••..••...•.•••••••••••....••..•.••. Indefinite 

Operating Temperature Range 
PM-10BA, PM-10B, PM-10BARC ••......•..... -55°Cto+125°C 

PM-20B ......................................................... -25°C to +B5°C 

PM-30BA, PM-30B ........................................... O°Cto +700 C 

Storage Temperature Range 
(0-, J-, Z- or ARC~Package) •••••.•••••.•.•••••••• -65°Cto +150°C 

(P-Package) ••••••••••••••••••••••••.••••••..•••....••••••• -65°C to +125°C 

Lead Temperature (Soldering, 60 sec) .•••••••.••••.••.•.••..• +300°C 

PACKAGE TVPE 8 1A (Note 1) 8 1e UNITS 

TO-99(J) 150 18 'cm 
8-Pin Hermetic DIP (Z) 148 16 'cm 
8-Pin Plastic DIP (P) 103 43 'cm 
20-Contact LCC (RC) 98 38 'cm 

NOTES: 
1. 8 iA is specified for worst case mounting conditions. i.e .• 8 iA is specified for de

vice In socket for TO, CerDIP, P-DIP, and LCC packages. 
2. The inputs are shunted with back-to-back diodes for oven/oltage protection. 

Therefore, if a differential input voltage in excess of 1V Is applied between the 
Inputs, excessive current will flow, unless some limiting resistance Is provided. 

3. For supply voltages less tihan ±15V, tihe absolute maximum input voltage is 
equal to the supply voltage. 

ELECTRICAL CHARACTERISTICS at ±5V:S; VS:S; ±20V and TA = 25°C, unless otherwise noted. 

PM-10BA 
PM-10B. 
PM-20B 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset VOltage Ves 0.3 0.5 0.7 2.0 mV 

Input Offset Current los 0.05 0.2 0.05 0.2 nA 

Input Bias Current 18 0.8 2.0 0.8 2.0 nA 

Input Resistance R'N (Note 1) 30 70 30 70 MO 

Large-Signal Voltage Gain Avo 
Vs =±15V, VOUT =±10V, 

80 300 50 300 VlmV 
RL",10kO 

Supply Current ISY 
lOUT = 0, VOUT = 0, 0.3 0.6 0.3 0.6 rnA 
Each Amplifier 

ELECTRICAL CHARACTERISTICS at ±5V S V S S ±20V, -55°C S T AS + 125°C for PM-1 OBA, PM-1 OB, 

-25°C S T AS +B5°C for PM-20B, unless otherwise noted. 

PM-108A 
PM-10B 
PM-20B 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage Ves 0.4 1.0 1.0 3.0 mV 

Average Input Offset 
TCVos (Note 2) 5 3 15 "V/'C Voltage Drift 

Input Offset Current los 0.1 0.4 0.1 0.4 nA 

Average Input Offset 
TClos (Note 2) 0.5 2.5 0.5 2.5 pAl'C 

Current Drift 

Input Bias Current I. 3 3 nA 

large-Signal VOltage Gain Avo 
Vs =±15V, VOUT =±10V, 

40 200 25 200 VlmV 
RL",10kO 

Output VOltage Swing Vo Vo = ±15V, RL = 10kO ±13 ±14 ±13 ±14 V 

Input Voltage Range IVR Vs =±15V ±13.5 ±13.5 V 

Common-Mode 
CMRR Vs = ±15V, VCM = ±13.5V 96 110 65 100 dB 

Rejection Ratio 

Power-Supply 
PSRR Vs = ±5V to ±20V 3 15 15 100 "VN Rejection Ratio 

Supply Current lOY 
VOUT=O, TA=MAX, 0.15 0.4 0.15 0.4 rnA 
Each Amplifier 

NOTES: 
1. Guaranteed by input bias current. 2. Sample tested. 
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PM-l08/PM-208/PM-308 
ELECTRICAL CHARACTERISTICS at ±5V ~ Vs ~ ± 15V and TA = 25°C, unless otherwise noted. 

PM-30BA PM-30B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.3 0.5 2.0 7.5 mV 

Input Offset Current los 0.2 1.0 0.2 1.0 nA 

Input Bias Current 18 1.5 7.0 1.5 7.0 nA 

Input Resistance R'N (Note 1) 10 40 10 40 MO 

Large-Signal Voltage Gain Avo 
Vs =±15V, VouT =±10V, 

BO 300 25 300 VlmV 
RL" 10kO 

Supply Current ISY 
10UT= 0, VOUT= 0, 

0.3 0.8 0.3 O.B mA 
Each Amplifier 

ELECTRICAL CHARACTERISTICS at ±5V ~ Vs ~ ± 15V and O· C ~ TA ~ + 70· C, unless otherwise noted. 

PARAMETER SYMBOL 

Input Offset Voltage Vos 

Average Input Offset 
TCVos 

Voltage Drift 

Input Offset Current los 

Average Input Offset 
TClos 

Current Drift 

Input Bias Current 18 

Large-Signal Voltage Gain Avo 

Output Voltage Swing Vo 

Input Voltage Range IVR 

Common-Mode 
CMRR 

Rejection Ratio 

Power-Supply 
PSRR 

Rejection Ratio 

Supply Current ISY 

NOTE: 
1. Guaranteed by input bias current. 

PIN CONNECTIONS 

REV.B 

EPOXY MINI-DIP 
(P-Sufflx) 

AND 
B-PIN HERMETIC DIP 

(Z-Sufflx) 

CONDITIONS 

(Note 1) 

(Note 1) 

Vs =±15V, VOUT = ±10V, 
RL",10kO 

Vs =±15V, RL = 10ka 

Vs =±15V 

VcM =±13.5V 

Vs= ±5V to ±15V 

VOUT=O, TA=MAX, 
Each Amplifier 

COMP 
8 

MIN 

60 

±13 

±14 

96 

COMPe7V+ 
-IN 2 6 OUT 

+IN 3 - 5 N.C . 

• v- (CASE) 

TO-99 
(J-Suffix) 

PM-30BA 
TYP MAX 

0.4 0.73 

0.3 1.5 

10 

10 

200 

±14 

110 

3 15 

0.23 

PM-30B 
MIN TYP 

3.0 

6 

0.3 

2 

15 100 

±13 ±14 

±13 

BO 100 

15 

0.23 

PM-108ARC/883 

LCC PACKAGE 
(RC-Suffix) 

MAX UNITS 

10.0 mV 

30 /ioV/'C 

1.5 nA 

10 pArC 

10 nA 

V/mV 

V 

V 

dB 

100 /ioVN 

mA 
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PM-l0SIPM-20S/PM-30S 

BURN-IN CIRCUIT 

+20Y 

1DkO 

.oon 
+.vo----.IW~"I 

10kO 

-20Y 

APPLICATIONS INFORMATION 
The PM-108A series has very low input offset and bias 
currents; the user is cautioned that printed circuit board 
leakages can produce significant errors, especially at high 
board temperatures. Careful attention to board layout and 
cleaning procedure is required to achieve the PM-108A's 
rated performance. It is suggested that board leakage be 
minimized by encircling the input pins with a guard ring 
maintained at a potential close to that of the inputs. The 
guard ring should be driven by a low impedance source such 
as an amplifier's output or ground. 
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COMPENSATION CIRCUITS 

STANDARD 

R2 

R1 

R3 ">-'-...... -<l OUTPUT 

R1 
Cf> R1 + R2 Co 

Co' 30pF 

ALTERNATE 

R2 

R1 

R3 
->"-~--o OUTPUT 

Cs - 100pF 

(IMPROVES REJECTION OF POWER SUPPLY NOISE BY A FACTOR OF TEN) 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
AIIDevlces 
• Low Input Bla. and Off.et Current. 
• Low Input Off .. t Voltage ...................... 1.0mV 
• Low Input Off .. t Voltage Drift .............. 3.0p.Vlo C 
• Low Input Nol .. Current ............... O.01pAly'"iii"" 
• High Common-Mode Rejection Ratio . . . . . . . . . .. 100dB 

PM-155 (Only) ................... LF155 Replacement 
• Low Supply Current . ............................ 2mA 

PM-156 (Only) ................... LF156 Replace.,..ent 
• High Slew Rate ............................ 12V1p."c 
• Fa.t Settling to ±O.01% •.....•••.•..•.•......• 4.0p.18C 

PM-157 (Only) ................... LF157 Replacement 
• Wide-Bandwidth Decompen18ted (AvCL = 5 Min) ... 20MHz 
• High Slew Rate ............................ 45V1 p."c 
• Fa.t Settling to ±O.01% •...........••..•••.... 4.0p."c 

SIMPLIFIED SCHEMATIC 

REV. A 

Monolithic JFET -Input 
Operational Amplifiers 

PM-155A/PM-156A1PM-157 A I 
GENERAL DESCRIPTION 
The PM JFET-input series provides low input current, high 
slew rate, and direct interchangeability with LF155, 156, and 
157 types. These operational amplifiers use a new process 
which allows fabrication of matched JFET transistors and 
standard bipolar transistors on the same chip. High accuracy 
and low cost make the PM JFET-input series useful in new 
designs and as replacements for modular and hybrid types. 
Unlike many designs, nulling the input offset voltage does 
not degrade common-mode rejection ratio or input offset 
voltage drift. Low input voltage noise and current noise plus a 
low 1/f noise corner frequency allow these amplifiers to be 
used in a variety of low noise, wide-bandwidth applications. 

DynamiC specifications for the PM-155 Include a slew rate of 
5V1 P.s, a 2.5MHz gain bandwidth product, and settling time to 
within ±O.01% of final value in 5.0p.s. The PM-156 has a slew 
rate of 12V1p.s and a settling time of 4.0p.s to ±O.01% of final 
value. 

The PM-157 is a very fast decompensated device. This results 
in a 45V1 p.s slew rate, a 20MHz gain bandwidth product, and a 
settling time of 4.0p.s., Decompensation requires a minimum 
closed-loop gain of five because of stability considerations. 

For improved performance, seethe OP-15/0P-16iOP-17 data 
sheet. For duals, see the OP-215 data sheet. 
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PM-155A/PM-156A1PM-157 A 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

PM-155A, PM-156A, PM-157A, PM-155, PM-156, PM-157, 
PM-355A, PM-356A, PM-357A •..........•....• ±22V 

Operating Temperature Range 
PM-155A, PM-156A, PM-157A, PM-155, PM-156, 

PM-157 ..•..•.••......•.•.•...••. -55°C to +125°C 
PM-355A, PM-356A, PM-357 A .•.••...... 0° C to + 70° C 

Maximum Junction Temperature (Tj) 
PM-155A, PM-t56A, PM-157A, PM-155, PM-156, 

PM-157 •....•.•..........• .'..'. •........•... +150°C 
P~-355A, PM-356A, PM-357A ...••.•...•....•• +100°C 

Differential Input Voltage . 
PM-155A, PM-156A, PM-157A, PM-155, PM-156, PM-157, 

PM-355A, PM-356A, PM-357A •.......•......•. ±40V 
Input Voltage 

PM-155A, PM-156A, PM-157A, PM-155, PM-156, PM-157, 
PM-355A, PM-356A, PM-357A ................. ±20V 

Output Short-Circuit Duration •................ Indefinite 
Storage Temperature Range ........... -65°C to +1500 C 
Lead Temperature Range (Soldering, 60 sec) +300°C 

PACKAGE TYPE e lA (NOTE 2) UNITS 

TO·99 (J) 150 18 ·C/W 

8·Pin Hermetic DIP (Z) 148 16 ·C/W 

20·Contacl LCC (RC) 98 38 ·C/W 

NOTES: 
1. The absolute maximum negative Input voltage is equal to the negative power 

supply voltage. 
2. e lA is speCified for worst case mounting conditions, i.e., e lA is specified for 

device in socketforTO, CerDIP. and LCC packages. 

ELECTRICAL CHARACTERISTICS at ±15V S; Vs S; ±20V, -55°C S; TA S; +125°C and THIGH = +125°C for PM-155A, 
PM-156Aand PM-157A, O°CS; TAS;+70°C and THIGH=+70°C for PM-355A, PM-356A and PM-357A, unless otherwise noted. 

PM-155A1 PM-355A1 
PM-158A1 PM-358A1 
PM-157A PM-357A 

PARAMITER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs=500 1.4 2.5 1.2 2.3 mV 

Input Offset Voltage Drift TCVos Rs=500 3 5 3 5 "vrc 
Change In Input Offset (ATCVos ) Rs=500 0.5 0.5 "vrc per mV 
Drift with Vas Adjust AVos 

Input Offset Current los T j S THIGH (Note 1) 4.0 10 0.4 1.0 nA 

Input Bias Current I. Tj S THIGH (Note 1) ±1O ±25 ±2 ±5 nA 

Large,Signal Voltage Gain Avo 
Vs=±15V. Vo =±10V. 
RL =2kO 

25 75 25 75 V/mV 

Output Voltage Swing Va 
Vs =±15V. RL = 10kO ±12 ±13 ±12 ±13 

V 
Vs =±15V, RL =2kO ±10 ±12 ±10 ±12 

Input Voltage Range IVR Vs =±15V +104 +15.1 
- . -12.0 

+104 +15.1 
- . -12.0 V 

Common-Mode Rejection 
CMRR VcM=±IVR 85 100 85 100 dB 

Ratio 

Power Supply Rejection 
PSRR (Note 2) 10 57 10 57 "VN Retlo 

NOTIS: 
1. PMI has a bias current compensation circuit which gives improved bias 

current over the standard JFET Input op amps. IBand losare measured at 
VCM=O. 

2. Power supply rejection ratio Is m888U,red lor both supply magnitudes 
increasing or decreasing simultaneously, In accordance with common 
practice. 
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PM-155A/PM-156A/PM-157A 
ELECTRICAL CHARACTERISTICS at ±15V S; Vs S; ±20V, TA = 25° C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos Rs~500 

Input Oflset Current los TI~25°C(Notel) 

Input Bias Current Ie Tj ~ 25°C (Note 1) 

Input Resistance R'N 

Large-Signal Voltage Gain Avo 
Vs~±15V, Vo~±10V, 

RL ~ 2kO 

Supply Current Isv Vs =±15V 
PM-155 
PM-156/PM-157 

AVCL ~+1, Vs~±15V 
PM-155 

Slew Rate SR PM-156 
AVCL ~+5, Vs~±15V PM-157 

AVCL ~+1, Vs~±15V 
PM-155 

Gain Bandwidth Product GBW PM-156 

AVCL ~ +5, Vs ~ ± 15V PM-157 

PM-l55 
Settling Time (to ±0.01%) ts 

Vs~±15V(Note2) 
PM-l56 

Vs~±15V (Note 3) PM-157 

Rs ~ 1000, I ~ 100Hz 
PM-l55 

I nput Noise Voltage 
Rs = 1000, I ~ 1000Hz 

en Rs ~ 1000, I ~ 100Hz 
Rs ~ 1000, I ~ 1000Hz 

PM-1561PM-157 

Input Noise Current 
I ~ 100Hz, Vs ~ ± 15V 

in I ~ 1000Hz, Vs = ± 15V 

Input Capacitance C'N 

NOTES: 
1. PMI has a bias current compansation circuit which gives improved bias 

current over the standard JFET input opamps.leand losare measured at 
VCM=O. 

2. Settling time is deli ned here lor a unity gain inverter connection using 2kO 
resistors. It Is the time required lor the error voltage (the voltage at the 
inverting input pin on the amplilier) to sallie to within 0.01% 01 itslinal 
value from the time a 10V step Input is applied to the inverter. See settling 
time test circuit. 

3. Settling time is delined here for a Av= -5 connection with RF= 2kO.lt Is 
the time required lor the error voltage (the voltage at the Inverting input 
pin on the amplifier) to settle to within 0.01 % olltsllnal value from the time 
a 2V step input is applied to the inverter. See settling time test circuit. 

REV. A 

PM-155A1 PM-355A1 
PM-158A1 PM-358A1 
PM-157A PM-357A 

MIN TYP MAX MIN TYP MAX UNITS 

2 2 mV 

3 10 3 10 pA 

±30 ±50 ±30 ±50 pA 

10'2 10'2 0 

50 200 50 200 VlmV 

2 4 2 4 
mA 

5 7 5 7 

3 5 3 5 
10 12 10 12 VljAS 
40 45 40 45 

2.5 2.5 
4.0 4.5 4.0 4.5 MHz 
15 20 15 20 

5.0 4.0 
4.0 1.5 lAS 
4.0 1.5 

25 25 
20 20 

nVl.,fHZ 
15 15 
12 12 

0.01 0.01 
pAl.,fHZ 

0.01 0.01 

3 3 pF 
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PM-155A/PM-156A/PM-157 A 
ELECTRICAL CHARACTERISTICS atTA=+25° C,±15V5Vs5±20VforPM-155,PM-156andPM-157,unlessotherwisenoted. 

PARAMETER SYMBOL CONDITIONS 

Input Oflset Voltage Vos Rs=500 

Input Offset Current los Tj =25"C (Note I) 

Input Bias Current Is Tj = 25"C (Note I) 

I nput Resistance R'N 

Large-Signal Voltage Gain Avo 
Vs =±15V. Vo =±10V. 

RL =2kO 

Supply Currant ISY Vs =±15V 

Slew Rate SR 
AVCL =+1. Vs =±15V 

AVCL =+5, Vs =±15V 

Gain Bandwidth Product GBW 
AVCL = +1, Vs = ±15V 

AVCL =+5, Vs =±15V 

Settling Time (to ±O.OI%) ts 
Vs =±15V (Note 2) 

Vs =±15V (Note 3) 

Rs = 1000, I = 100Hz 
Rs = 1000, I = 1000Hz 

Input Noise Voltage en Rs = 1000. I = 100Hz 
Rs = 1000. I = 1000Hz 

Input Noise Current in 
I = 100Hz. Vs = ± 15V 
I = 1000Hz. Vs = ± 15V 

Input capacitance C 'N 

NOTES: 
1. PMI has a bias current compensation circuit which gives improved bias 

current over the standard JFET Input opamps.lsand 'osare measured at 
VCM=O. 

2. Settling time is deli ned here lor a unity gain inverter connection using 2kO 
raslstors. It is the time raqulred lor the error voltage (the voltage at the 
inverting Input pin on the ampliller) to settle to within 0.01% 01 its Iinal 
value Irom the time a 10V step input is applied to the inverter. See settling 
time test circuit. 

3. Settling time Is dellned here lor a Av= -5 connection with R F= 2kO. It is the 
time required lor the error voltage (the voltage althe inverting input pin on 
the ampliller) to settle to within 0.01% ollis IInal value Irom the time a 2V 
step Input Is applied to the Inverter. See settling time test circuit. 
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PM-155 
PM-156 
PM-157 

MIN TYP MAX UNITS 

3 mV 

3 20 pA 

±30 ±IOO pA 

10'2 0 

50 200 VlmV 

PM-155 2 4 
PM-156/PM-157 5 7 

mA 

PM-I 55 5 
PM-156 7.5 12 VI"s 
PM-157 30 40 

PM-I 55 2.5, 
PM-156 5 MHz 
PM-157 20 

PM-155 5 
PM-I56 4 "s 
PM-157 4 

PM-155 
25 
20 

nVl.,JTiZ 
15 

PM-156/PM-157 
12 

0.01 pAl.,JTiZ 

3 pF 
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PM-155AIPM-156A/PM-157 A 
ELECTRICAL CHARACTERISTICS at± 15V:5 VsS±20Vand-55°C:5TA:5+12 5°CandTHIGH=+125°CforPM-155,PM-156 
and PM-157, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos Rs=500 

Input OIlset Voltage 
TCVos Rs=SOO 

Drift 

Change In Input Offset ( 4TCVos) Rs=500 
Drift With Vos Adjust. 4Vos 

Input Ollset Current los Tr" THIGH (Note I) 

Input Bias Current Ie TI" THIGH (Note I) 

large-Signal Voltage 
Ava 

Vs -±15V, Vo-±10V 
Gain RL =2kO 

Output Voltage Swing Va 
Vs =±15V, RL = 10kO 
Vs= ±15V, RL = 2kO 

Input Voltage Range IVR Vs =±15V 

Common-Mode 
CMRR VcM=±IVR 

Rejection Ratio 

Power Supply 
PSRR (Note 2) 

Rejection Ratio 

NOTES: 
1. PMI has a bias current compensation circuit which gives Improved bias 

current over the standard JFET Input op amps. I sand los are measured at 
VCM=O, T1=+I25°C. 

ORDERING INFORMATIONt 

PACKAGE 

TA=25°C a-PIN OPERATING 
Vas MAX TO-99 HERMETIC TEMPERATURE 

(mV) a-PIN DIP LCC RANGE 

PM155AJ' PMI55AZ/883 PM155ARC/883 
2.0 PM156AJ' PM156AZ' PM156ARC/883 MIL 

PM157 AJ/883 PM157AZ' 

PM355AJ PM355AZ 
2.0 PM356AJ PM356AZ COM 

PM357AJ PM357AZ 

PM155J' PM155Z' 
5.0 PM156J' PM156Z' MIL 

PM157J' PM157Z' 

• For devices processed in total compliance 10 MIL-STD-883, add /883 alter part 
number. Consull factory for 883 data sheet. 
Burn·in Is available on commercial and industrial temperalure range parts In 
CerDIP, plastic DIP, and TO-can packages. 

REV. A 

PM-155 
PM-156 
PM-157 

MIN TYP MAX UNITS 

4 7 mV 

5 ".VloC 

0.5 
".VloC 

permV 

8 20 nA 

±2 ±50 nA 

25 75 VlmV 

±12 ±13 
±10 ±12 

V 

±10.4 
+15.1 

V 
-12.0 

85 100 dB 

10 57 ".VIV 

2. Power supply rejection ratio Is measured for both supply magnitudes 
increasing or decreasing simultaneously, In accordance with common 
practice. 

PIN CONNECTIONS 

8-PIN HERMETIC DIP 
(Z-SuHlx) 

N.C. 

• BALe7V+ 
-IN 2 : 6 OUT 

+IN 3 5 BAL 

4 
v- (CASE) 

TO-99 (J-8ufflx) 

PM-155ARC/883. 
PM-156ARC/883 
20-LEAD LCC 

eRC-Sufflx) 
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PM-155A/PM-156A/PM-157 A 
BASIC CONNECTIONS 

SETTLlNG·TIME TEST CIRCUIT 

2kUO.1% 

+15V 

:oy 0-_'2 .... ",..0",.'_"-,-,'-1 

5k" 
0.1% 

-15V 

NODE 
5kOO.l% 

INPUT OFFSET VOLTAGE NULLING 

NOTE: 

Your 

A'Y=-l 

+15V 

·4000 to.l% FOR PM·157A -= •• lkn ±O.1% FOR PM-157A 

FOR POTENTIOMETERS WITH A TEMPERATURE COEFFICIENT';;;; 100ppmf'C. 
THE ADDED TCVos WITH NULLING IS"" O.5pVrC/mV OF ADJUSTMENT. 

BURN·IN CIRCUIT 

+20Y 

10kO 

+3V o----IoN---!.I 
10k" 

-lOY 

J AND Z PACKAGES 
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APPLICATIONS INFORMATION 

INPUT VOLTAGE CONSIDERATIONS 
The PM series JFET input stages can accommodate large 
input differential voltages without external clamping as long 
as neither input exceeds the negative power supply. An input 
voltage which is more negative than V- can result in a 
destroyed unit. 

If both inputs exceed the negative common-mode voltage 
limit, the amplifier will be forced to a high positive output. If 
only one input exceeds the negative common-mode voltage 
limit, a phase reversal takes place forCing the output to the 
corresponding high or low state. In either of the above 
conditions, normal operation will return when both inputs are 
returned to within the specified common-mode voltage range. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output. However, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

POWER SUPPLY CONSIDERATIONS 
Power supply polarity reversal can result in a destroyed unit. 

DYNAMIC OPERATING CONSIDERATIONS 
As with most amplifiers, care should be taken with lead 
dress, component placement, and supply decoupllng in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close to the 
input. This minimizes "pick-up" and increases the frequency 
of the feedback pole by minimizing the capacitance from 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capacitance 
from the input of the device to AC ground sets the frequency 
of the pole. In many instances, the frequency of this pole is 
much greater than the expected 3dS frequency of the 
closed-loop gain. Consequently, the pole has negligible 
effect on stability margin. However, if the feedback pole is 
less than approximately six times the expected 3dS fre
quency, a lead capacitor should be placed from the output to 
the inverting input ofthe op amp. The capacitor value should 
be such that the RC time constant of the capacitor and 
feedback resistor is greater than, or equal to, the original 
feedback-pole time constant. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Low Supply Current ....................... 600pA Max 
• Very Low Offset ............................ 3SpV Max 
• Low Drift .......................•...•.... 1.SpV/oC Max 
• Very Low Bias Current 

2SoC •....•.•..••.......................... 100pA Max 
-SsoC to +12SoC •.........•...••........•. 2S0pA Max 

• Low Noise ...•...•....................... O.SpVp_p Typ 
• High Common-Mode Rejection .•••....•..... 114dB Min 
• Available In Die Form 

ORDERING INFORMATION t 
PACKAGE OPERATING 

v~ CERDIP PLASTIC TEMPERATURE 
(I' TO-99 8-PIN II-PIN RANGE 

35 PM1012AJ' PM1012AZ' MIL 
50 PM1012GJ PM1012GZ COM 
50 PM1012GP XIND 
50 PM1012GS XIND 

For devices processed in total compliance to MIL-STD·883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP. plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The PM-1012 is a general-purpose, precIsion operational 
amplifier. Offering several performance enhancements over 

SIMPLIFIED SCHEMATIC 

NULL (1) NULL 18) 

Low-Power Precision 
Operational Amplifier 

PM-l012 I 
industry-standard precision op amps such as the OP-07, the 
PM-1012 requires less than 116 the supply current. These 
enhancements include exceptionally low bias currents of only 
±80pA, typical, over the full military temperature range and • 
132dB of common-mode rejection and power-supply rejec-
tion. The PM-1012's low offset voltage of 35p.V maximum frees 
the user from external nulling in most circuits. 
An open-loop gain of two million into a 10kO load ensures that 
excellent linearity is maintained even in high-gain configura
tions, and 5mA of output current allows 2kO loads to be driven 

PIN CONNECTIONS 

EPOXY MINI-DIP 
(P-Sufflx) 

8-PIN HERMETIC DIP 
(Z-Suffix) 

EPOXY SO 
(S-Suffix) 

OVEACOMP 

NULL 
8 

_:U:?~\V.+ OUT 
+lN~OVER 

4 COMP 

V-(eASE) 

TO-99 
(J-Suffix) 

r---~~--~----~----------~--------+-~~~--~-oV+ 

VCUT 

+IN o-......... ---t===1:==~::i::t==:a 

L-____ ~~------~ .... --~----------~------..... --~_o~ 
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PM-1012 
with an open-loop gain of one million. The PM-1012 offers low 
noise, especially for a low-power amplifier - only 17nV 1y'HZ 
at 10Hz. Exceptionally low current-noise minimizes noise 
contributions when high source impedances are used. The 
PM-1012 may be overcompensated using pin 5 to limit the 
amplifier's bandwidth, further reducing system noise and 
increasing stability with large capacitive loads. 

The PM-1012 conforms to the OP-07 pinout with nulling 
through pins 1 and a to the positive supply. It offers an 
upgrade to the OP-07 in sockets where reduced power dissi
pation or low bias currents are attractive. It may also be used 
as an upgrade from the OP-12, OP-05 and 725 type op amps. 
The PM-1012 may replace 741 type op amps by removing the 
nulling potentiometer, if used. Foran externally compensated 
amplifier sharing many of the PM-1012's precision specifica
tions, see the PM-100a data sheet. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±20V 
Input Voltage (Note 3) ...................................................... ±20V 
Differential Input Voltage (Note 4) ..................................... ±1 V 
Differential Input Current (Note 4) ................................ ±10mA 
Output Short-Circuit Duration ..................................... Indefinite 

Operating Temperature Range 
PM-1012A (J,Z) .......................................... -55°Cto +125·C 
PM-1012G (J,Z) ............................................... O·Cto +70·C 
PM-1012G (P,S) .......................................... -40°Cto +85°C 

Storage Temperature Range .......................... -65° to + 150°C 
Junction Temperature Range ....................... -65·Cto +150·C 
Lead Temperature (Soldering, 10 sec) ........................ +300~C 

PACKAGE TYPE 8 JA (Note 2) 8Jc UNITS 

TO·99 (J) 150 18 'CIW 

8-Pin Hermetic DIP (Z) 148 16 'CIW 

8-Pin Plastic DIP (P) 103 43 'e1W 
8-PinSO(S) 158 43 'e1W 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. 8. A is specified for worst case mounting conditions. i.e .• 8 jA is specified for 

d~vice in socket for TO, CerDIP and P-DIP packages; 8 jA is specified for 
device soldered to printed circuit board for SO package. 

3. For supply voltages less than ±20V. the absolute maximum input voltage Is 
equal to the supply voltaga. 

4. The PM·tOI2·s inputsare protected by back-to-backdlodes. Current-limiting 
resistors are not used in order to achieve low noise. Differentlal input voltages 
greater than I V will ceuse excessive current to flow through the input proteo
tion'diodes unless limiting resistance is used. 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, VCM = OV, TA = 25°C unless otherwise noted. 

PM-1012A PM-1012G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 
35 10 50 

p.V (Note I) 20 90 25 120 

Long-Term aVos/Time 0.3 0.3 p.V/month 
Vos Stability 

Input Offset CUrrent los 
15 100 20 150 

pA (Note I) 25 150 30 200 

Input Bias Current 
±25 ±100 ±30 ±150 

pA I. (Note I) ±35 ±150 ±40 ±200 

Input Noise Voltage enp~p 0.1 Hz to 10Hz 0.5 0.5 p.Vp,p 

Input NOise fa = 10Hz (Note 3) 17 30 17 30 
nV/VHZ Voltage Density en fa = 1000Hz (Note 4) 14 22 14 22 

Input Noise 
iN fa = 10Hz 20 20 fAlVHZ Current Density 

Large-Signal 
Ava 

Vo = ±12V; RL = 10k!! 300 2000 200 2000 
V/mV Voltage Gain Va = ±IOV; RL = 2k!! 200 1000 120 1000 

Common-Mode Rejection CMR VCM = ±13.5V 114 132 110 132 dB 

Power-Supply Rejection PSR Vs = ±2V to ±20V 114 132 110 132 dB 

Input Voltage Range IVR (Note 2) ±13.5 ±14.0 ±13.5 ±14.0 V 

Output Voltage Swing Va RL = 10k!! ±13 ±14 ±13 ±14 V 

Slew Rate SR 0.1 0.2 0.1 0.2 ViI'S 

Full-Power Bandwidth BWp 3 3 kHz 

Gain-Bandwidth Product GBW Av= 100 0.5 0.5 MHz 

Supply Current ISY (Note 1) 380 600 380 600 !loA 
Supply Voltage Vs Operating Range ±2 ±15 ±20 ±2 ±15 ±20 V 

NOTES: 
I. These specifications apply for ±2V ,; Vs ,; ±20Vand 3. 10Hz noise voltage density is sample tested. Oevices 100% tested for noise 

-13.5V ,; VCM ,; +13.5V (for Vs = ±15V). are available on request. 
2. Guaranteed by CMR test. 4. Sample Tested. 
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PM-l012 
ELECTRICAL CHARACTERISTICS atVs =± 15V. V CM = ov.o·es TA s+ 70·e for PM-1012GJ and GZ.-40·esTA s+85·e 

for PM1012GP. GS and -55· e s TA s +125·e for PM-1012A. unless otherwise noted. 

PM-1012A PM-1012G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

30 180 20 120 
Input Offset Voltage Vos (Note 1) 40 250 30 200 "V 

Average Temperature 
TCVos 0.2 1.5 0.2 1.5 "V/oC Coefficient of Vas 

30 250 20 230 • Input Offset Current los (Note 1) 70 350 40 300 pA 

Average Temperature 
TClos 0.3 2.5 0.3 2.5 pArC 

Coefficient of los 

Input Bias Current 
±50 ±250 ±35 ±230 

18 (Note 1) ±80 ±350 ±50 ±300 pA 

Average Temperature 
TCI 8 0.3 

Coefficient of 18 
2.5 0.3 2.5 pA/oC 

Large-Signal 
Avo 

Vo = ± 12V; RL = 10kn 150 1000 150 1500 
V/mV Voltage Gain Vo =±10V; RL =2kn 100 600 100 800 

Common~Mode Rejection CMR VCM = ±13.5V 108 128 108 130 dB 

Power-Supply Rejection PSR Vs = ±2.5V to ±20V 108 126 108 128 dB 

Input Voltage Range IVR (Note 2) ±13.5 ±14.0 ±13.5 ±14.0 V 

Output Voltage Swing Vo RL = 10kn ±13 ±14 ±13 ±14 V 

Slew Rate SR 0.05 0.15 0.05 0.15 V/"s 

Supply Current ISY (Note 1) 400 800 400 800 "A 

Supply Voltage Vs Operating Range ±2.5 ±15 ±20 ±2.5 ±15 ±20 V 

NOTES: 
1. These specifications apply for ±2.5V " Vs " ±20V and 

-13.5V " VCM ,,+13.5V (forVs =±15V). 
2. Guaranteed by CMR test. 

BURN-IN CIRCUIT 

+20V 

10kO 

3000 
+3V 0---"""'_o_-"1 

10kO 

-20Y 
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PM-10l2 
CICE CHARACTERISTICS 

DIE SIZE 0.063 X 0.074 inch, 4662 sq. mils 
(1.60 X 1.88 mm, 3.01 sq. mm) 

1. NULL 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. OVERCOMPENSATION 
6. OUTPUT 
7. V+ 
8. NULL 

WAFER TEST LIMITS at Vs = ±15V, VCM = av, TA = 25°C, unless otherwise noted. 

PM·1012N 
PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage 
(Note 1) 

Vas (Note 2) 

Input Offset Current los (Note 2) 

Input Bias Current 18 (Note 2) 

Large-Signal VOUT = ±12V, RL = 10kll 
Voltage Gain Ava VOUT = ±10V. RL = 2kll 

Common-Mode Rejection CMR VCM = ±13.5V 

Power-Supply Rejection PSR Vs = ±2V to ±20V 

Input Voltage Range IVR (Note 3) 

Output Voltage Swing Va RL = 10kll 

Slew Rate SR 

Supply Current ISY No Load 

NOTES: 
1. Final offset trims are not performed on dice. These trims are typically 

performed after packaging. Precision Monolithics Inc. assumes no res
ponsibility for improper trimming by the customer. Contact factory fortrim 
methods. 

2. These specifications apply for ±2V ::; Vs ::; ±20Vand 

-13.5V '" VCM '" +13.5V (for Vs = ±15V). 
3. Guaranteed by CMR test. 

LIMIT 

250 
300 

150 
200 

±150 
±200 

200 
120 

110 

110 

±13.5 

±13 

0.1 

600 

UNITS 

~V MAX 

pAMAX 

pA MAX 

VlmV MIN 

dBMIN 

dBMIN 

VMIN 

VMIN 

VI"s MIN 

~AMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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PM-l012 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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PM-l012 
APPLICATIONS INFORMATION 
The PM-1012 is an ideal amplifier for general-purpose appli
cations where precision is critical and power dissipation 
must be minimized. Excellent input specifications and a wide 
supply-voltage range allows the PM-1012 to be stocked as a 
standard amplifier for a wide variety of circuits. Overall per
formance of the PM-1012 is similar to, and in many respects 
better than traditional amplifiers such as the OP-07, and the 
PM-1012 will directly upgrade these sockets. 

Extremely low bias current over the full military temperature 
range makes the PM-1012 attractive for use in sample-and
hold amplifiers, peak detectors, and log amplifiers that must 
operate over a wide temperature range. Balancing input res
istances is not necessary with the PM-1012. Offset voltage 
and TCVos are degraded only minimally by high source res
istance, even when unbalanced. 

The input pins of the PM-1012 are protected against large 
differential voltages by back-to-back diodes. Current-limiting 
resistors are not used so that low-noise performance is main
tained. If differential voltages above ±1V are expected at the 
inputs, series resistors must be used to limit the current flow 
to a maximum of 10mA. Common-mode voltages at the 
inputs are not restricted, and may vary over the full range of 
the supply voltages used. 

The PM-1012 requires very little operating headroom about 
the supply rails, and is specified for operation with supplies 
as low as ±2V. Typically, the common-mode range extends 
to within one volt of either rail. The output typically swings to 
within one volt of the rails when using a 10kO load. 

Offset nulling is achieved utilizing the same circuitry as an 
OP-07. A potentiometer between 5kO and 100kO is con
nected between pins 1 and 8 with the wiper connected to the 
positive supply. The trim range is between 300l'V and 850I'V, 
depending upon the internal trimming of the device. 

FIGURE 1: Optional Input Offset Voltage Nulling and Over
compensation Circuits 

...-_---00+ 

RpOT"" 5kO TO 100kO 
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FIGURE 2: Small Signal Transient Response 
(CLOAD = 100pF, AVCL = +1) 

AC PERFORMANCE 
The PM-1012's AC characteristics are highly stable over its 
full operating temperature range. Unity-gain small signal 
response is shown in Figure 2. Extremely tolerant of capaci
tive loading on the output, the PM-1012 displays excellent 
response even with 1000pF loads (Figure 3). In large-signal 
applications, the input protection diodes effectively short the 
input to the output during the transients if the amplifier is 
connected in the usual unity-gain configuration. The output 
enters short-circuit current limit, with the flow going through 
the protection diodes. Improved large-signal transient re
sponse is obtained by using a feedback resistor between the 
output and the inverting input. Figure 4 shows the large
signal response of the PM-1012 in unity-gain with a 10kO 
feedback resistor. The unity-gain follower circuit is shown in 
Figure 5. 

FIGURE 3: Small-Signal Transient Response 
(CLOAD = 1000pF, AVCL = +1) 
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FIGURE 4: Large Signal Transient Response (AVCL = +1) 

FIGURE 5: Unity-Gain Follower 

10kO 

>'----oVOUT 
V,N 

USING OVERCOMPENSATION 
The overcompensation pin provides flexibility for shaping AC 
response to an application's requirements. This pin may be 
used to increase the stability of circuits with large capacitive 
loads or gain in the feedback loop, or for feedforward com
pensation to improve slew rate. 

Figure 6 shows feedforward compensation for a unity-gain 
follower. Slew rate is increased to close to 10V//Ls in this 
circuit. Load driving ability is adversely affected by this com
pensation, and gain errors are incurred even with 10kO loads. 
Feedforward compensation should be used with care to 
ensure that significant errors are not introduced. 

Capacitive load driving ability is improved by using over
compensation in the circuit of Figure 1. The signal response 
in Figure 8 was made under the same conditions as Figure 3, 
except for the addition of a 220pF capacitor placed between 
pin 5 and ground. Overcompensation in this manner in
creases phase margin and decreases the gain-bandwidth 
product of the amplifier. 

REV.B 

PM-10l2 
FIGURE 6: Follower Feedforward Compensation 

50pF 

10kn 

5kO 
>=---0 VOUT 

V,N o--'lNV-.,--"-I 

FIGURE 7: Feedforward Compensation Transient Response 

FIGURE 8: Small Signal Transient Response with Overcom
pensation (CLOAD = 1000pF, AVCL = +1, Cac = 
220pF) 
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PM·1012 
GUARDING AND SHIELDING 
To maintain the extremely high input impedances of the 
PM-1012, care must be taken in circuit board layout and 
manufacturing. Board surfaces must be kept scrupulously 
clean and free of moisture. Conformal coating is recom
mended to provide a humidity barrier. Even a clean PC board 
can have 100pA of leakage currents between adjacent traces, 
so that guard rings should be used around the inputs. Guard 
traces are operated at a voltage close to that on the inputs, so 
that leakage currents become minimal. In noninverting 
applications, the guard ring should be connected to the 
common-mode voltage atthe inverting input (pin 2).ln invert
ing applications, both inputs remain at ground, so that the 
guard trace should be grounded. Guard traces should be 
made on both sides of the circuit board. 

High impedance circuitry is extremely susceptible to RF 
pickup, line-frequency hum, and radiated noise from switching 

FIGURE 9: Guard Ring Layout and Connections 

UNITY-GAIN FOLLOWER 

INVERTING AMPLIFIER 

FIGURE 10: Precision Absolute-Value Current-to-Voltage 
Converter 

"N 
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power-supplies. Enclosing sensitive analog sections within 
grounded shields is generally necessary to prevent excessive 
noise pickup. Twisted-pair cable will aid in rejection of line
frequency hum. 

A precision absolute-value current-to-voltage converter that 
operates over a wide temperature range is'shown in Figure 
10. The PM-1012's low bias current over its full common
mode and temperature ranges ensures a 'high degree of 
linearity in this circuit. The PM-1012 acts as an inverting or 
noninverting current-to-voltage converter, depending upon 
the polarity of the input. While the input is sinking current, 
the voltage is developed across the resistor at the noninvert
ing input, hence sources must have reasonable compliance. 
While the input is sourcing current, it remains at one diode 
drop below ground; compliance of a current sink at the input 
is less critical. If 1 MO resistors are used, the circuit will output 
1V/p.A of input current. 

NONINYERTING AMPLIFIER 

TO-99 MINI-DIP 
BOTTOM VIEW BOTTOM VIEW 

1 .' ·oo~ •• • (;) o 0 • 
000 • • 

FIGURE 11: DAC Output Amplifier 
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The PM-1012 is an excellent amplifier for CMOS and bipolar 
DACs where high linearity is critical. Its low bias current and 
offset voltage ensures that linearity errors are negligible, 
even when operating with high resolution DACs and low 
reference voltages. A capacitor should be placed in the feed
back loop of the amplifier to cancel the pole formed by the 
additional input capacitance from the DAC. Twenty to forty 
picofarads is usually adequate for compensation with CMOS 
or bipolar DACs. 

The logarithmic amplifier in Figure 12 eliminates thermal drift 
caused by temperature dependencies of the logging transis
tors by maintaining a monolithic quad matched transistor at a 
predetermined temperature. The MAT -04 has four transistors 
laid-out at the corners of a square die. Two transistors across 
a diagonal are used for logging elements. One of the remain
ing transistors is used as a heater to maintain a constant chip 

PM-1012 
temperature, and the remaining transistor, diagonally oppo
site to the heater, is used as a temperature sensor. 

The OP-90 servo amplifier uses thermal feedback to set the 
temperature of the die. The base-to-emitter voltage of 02 is 
maintained at the level set by the resistive divider from the 
REF-01, by controlling the current flowing through 04. 
Although 04 may operate at higher than the MAT-04's rated 
levels, this does not degrade operation since the characteris-
tics of the heater transistor are non-critical. For best thermal 2 
regulation, the MAT -04 package should be encased in insula-
tion. Urethane foam used for housing insulation is excellent 
for this purpose. 

Gain is trimmed using the 2kO potentiometer. The zero
crossing point is adjusted by changing the value of RREF' 
Input scaling may be changed by varying resistor R1N. 

FIGURE 12: Logarithmic Amplifier with Heated Logging Transistors 
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Selection Guide 
Comparators 

Prop 
Delay Vos 
ns Dispersion mV Package Temp 

Model max ps Logic max Options' Range2 Page3 Comments 

AD1317 2.5 250 ECL 10 12 C SL 6-15 Dedicated Window Comparator with Wide CM Range 
AD96685 3.5 50 ECL 2 3,4,5,6,7 I,M 3-21 Ultrafast 
AD96687 3.5 50 ECL 2 3,4,5,6 I,M 3-21 Dual AD96685 
AD9696 7.0 100 TTL 2 2,3,6,7, 12 C,M 3-13 Single Comparator 
AD9698 7.0 100 TTL 2 3,6,7,12 C,M 3-13 Dual Comparator 
AD790 45 TTL 0.25-1 2,3,6 C,I,M 3-5 Fast, Precise Single or Dual Supply 
CMP-05 55 TTL 0.6 2,3,6,7 I,M 3-51 High Speed Precision Comparator 
PM-1ll/211 180 TTL 3.0 1, 2, 4, 6, 7 I,M 3-59 Fast, Wide Input Range, General Purpose 
CMP-Ol 180 TTL 0.8 2,3,7 C,M 3-27 Fast Precision Comparator 
CMP-02 270 TTL 0.8 2,3,7 C,M 3-35 Low Input Current Precision Comparator 
CMP-04 300 typ TTL 1.0 2,3,6 I,M 3-43 Quad Low Power Precision Comparator 
PM-139/239 1300 TTL 2 1,2,4 I,M 3-65 Low Power, Single or Dual Supply 

lPackage Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "sole" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack, 11 = Single-in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramicl 
Glass DIP; 14 = J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

2Temperature Ranges: C = Commercial, O°C to +70°C; I = Industrial, -40°C to +8SoC (Some older products -25°C to + 85°C); M = Military, -55°C to + 125°C. 
3SL = Special Linear Reference Manual. 
Boldface Type: Product recommended for new design. 
*New product. 
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Orientation 
Comparators 
A comparator is a special category of op amp specifically 
designed to compare the voltages between its two inputs. The 
comparator operates in the open-loop condition, providing either 
a positive or a negative output voltage. These two states repre
sent the sign of the net difference between the two inputs. 
Therefore, the comparator's output will be a logic "I" if the 
voltage at its +input is greater than that at its -input and a 
logic "0" for the opposite case. 

A comparator is normally used in applications where some 
varying level is compared to a fixed level (usually a voltage ref
erence). Since it is, in effect, a I-bit AID converter, the compar
ator is a basic element in all AID converters. A comparator may 
be used for time measurement if one of its inputs is driven by a 
ramp. The steadily increasing (or decreasing) ramp is applied to 
the comparator; its output will change state when its reference 
level is crossed. The comparator is also an important element of 
pulse-width modulators, peak detectors, delay generators, and 
switch drivers. 

A comparator is essentially a fast, high-gain amplifier whose out
put is always at an upper or lower limit, except when switching. 
The simplest comparator would be an open-loop-connected, 
uncompensated, high-gain, high-slew-mte op amp with excellent 
offset & drift characteristics, fast recovery from overdrive and 
an overdrive-protected input. 

3-4 COMPARATORS 

In addition, practical comparators have a small amount of hys
teresis (internal or external) to help keep noise from causing the 
output to bounce around, and most have a latch, which makes it 
possible to freeze the output at the state it has at a given instant 
of time, in response to a logic signal. Since the comparator is 
producing a digital decision, its outputs are generally compatible 
with either TTL or EeL. 

Aside from its op amp related specifications, such as bias cur
rent, offset & drift and the various logic-related timing and 
interface specs, the key comparator spec is propagation delay: the 
time required for the output to reach the 50% point of a transi
tion, after the net input has crossed the offset voltage-when 
driven by a square wave to a prescribed value of input over
drive, usually 5 mVor 10 mY. Dispersion is the typical uncer
tainty (or "jitter") in the propagation delay. 

The Selection Guide classifies Analog Devices comparators by 
propagation delay, presence or absence of a latch and interface 
logic compatibility. It also indicates the presence of dual com
parators, each comprising two independent comparators on a 
single monolithic chip. Pairs of comparators may be used 
for window measurements, as well as for simple two-in-one 
space-saving. 
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FEATURES 
45 ns max Propagation Delay 
Single +5 V or Dual ±15 V Supply Operation 
CMOS or TTL Compatible Output 
250 p.V max Input Offset Voltage 
500 p.V max Input Hysteresis Voltage 
15 V max Differential Input Voltage 
On-Board Latch 
60 mW Power Dissipation 
Available in a-Pin Plastic and Hermetic Cerdip 

Packages 
MIL-STD-883B Processing Available 

Available in Tape and Reel in Accordance with 
EIA-481A Standard 

APPUCATIONS 
Zero-Crossing Detectors 
Overvoltage Detectors 
Pulse-Width Modulators 
Precision Rectifiers 
Discrete AID Converters 
Delta-Sigma Modulator AIDs 

PRODUCT DESCRIPTION 
The AD790 is a fast (45 ns), precise voltage comparator, with a 
number of features that make it exceptionally versatile and easy 
to use. The AD790 may operate from either a single + 5 V sup
ply or a dual ±I5 V supply. In the single-supply mode, the 
AD790's inputs may be referred to ground, a feature not found 
in other comparators. In die dual-supply mode it has the unique 
ability of handling a maximum differential voltage of IS V across 
its input terminals, easing their interfacing to large amplitude 
and dynamic signals. 

This device is fabricated using Analog Devices' Complementary 
Bipolar (CB) process - which gives the AD790's combination of 
fast response time and outstanding input voltage resolution 
(I mV max). To preserve its speed and accuracy, the AD790 
incorporates a "low glitch" output stage that does not exhibit 
the large current spikes normally found in TTL or CMOS out
put stages. Its controlled switching reduces power supply distur
bances that can feed back to the input and cause undesired 
oscillations. The AD790 also has a latching function which 
makes it suitable for applications rl:9uiring synchronous 
operation. 

The AD790 is available in five performance grades. The 
AD790J and the AD790K are rated over the commercial 
temperature range of 0 to +70°C. The AD790A and AD790B 
are rated over the industrial temperature range of - 40°C to 
+ 85°C. The AD790S is rated over the military temperature 
range of -55°C to + 125°C and is available processed to MIL
STD-883B, Rev. C. 

REV. A 

Fast, Precision 
Comparator 

AD790 I 
CONNECTION DIAGRAMS 

S-Pin Plastic Mini-DIP (N) 
and Cerdip (Q) Packages 

S-Pin SOIC (R) Package 

PRODUCT mGHLIGHTS 
I. The AD790's combination of speed, precision, versatility and 

low cost makes it suitable as a general purpose comparator in 
analog signal processing and data acquisition systems. 

2. Built-in hysteresis and a low-glitch output stage minimize the 
chance of unwanted oscillations, making the AD790 easier to 
use than standard open-loop comparators. 

3. The hysteresis combined with a wide input voltage range 
enables the AD790 to respond to both slow, low level (e.g., 
10 mY) signals and fast, large amplitude (e.g., 10 V) signals. 

4. A wide variety of supply voltages are acceptable for operation 
of the AD790, ranging from single +5 V to dual +5 VI -12 V, 
±5 V, or +5 V/±I5 V supplies. 

5. The AD790's power dissipation is the lowest of any compara
tor in its speed range. 

6. The AD790's output swing is symmetric between V LOGIC 

and ground, thus providing a predictable output under a 
wide range of input and output conditions. 

COMPARA TORS 3-5 

• 



AD790-SPECIFICATIONS 
DUAL SUPPLY (Operation @ +25°C and +Vs = + 15 V. -Vs = -15 V. VLOG1C = +5 V unless otherwise noted) 

AD790]/A AD790K/B AD790S 
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max 

RESPONSE CHARACTERISTIC lOOmV Step 
Propagation Delay, tpD 5 m V Overdrive 40 45 40 45 40 45 

Tmin to Tmax 45/50 45/50 60 

OUTPUT CHARACTERISTICS 
Output HIGH Voltage, VOH 1.6 rnA Source 4.65 4.65 4.65 

6.4 rnA Source 4.3 4.45 4.3 4.45 4.3 4.45 
Tmin to Tmax 4.3/4.3 4.3 4.3 

Output LOW Voltage, VOL 1.6mA Sink 0.35 0.35 0.35 
6.4 mA Sink 0.44 0.5 0.44 0.5 0.44 0.5 
Tmin to TlllIUC 0.5/0.5 0.5 0.5 

INPUT CHARACTERISTICS 
Offset Voltage I 0.2 1.0 0.05 0.25 0.2 1.0 

Tmin to Tmax 1.5 0.5 1.5 
Hysteresis2 Tmin to Tmax 0.3 0.4 0.6 0.3 0.4 0.5 0.3 0.4 0.65 
Bias Current Either Input 2.5 5 1.8 3.5 2.5 5 

Two to Tmax 6.5 4.5 7 
Offset Current 0.04 0.25 0.02 0.15 0.04 0.25 

Tmin to Tmax 0.3 0.2 0.4 
Power Supply 

Rejection Ratio dc Vs ±200/0 80 90 88 100 80 90 
Tmin to Tmax 76 88 85 93 76 85 

Input Voltage Range 
Differential Voltage Vss±15 V ±Vs ±Vs ±Vs 
Common Mode -Vs +Vs-2V -Vs +Vs-2 V -Vs +Vs-2 V 

Common Mode 
Rejection Ratio -IOV<VcM 80 95 88 105 80 95 

<+IOV 
Troin to Tmax 76 90 85 100 76 88 

Input Impedance 20112 20112 20112 

LATCH CHARACTERISTICS 
Latch Hold Time, tH 25 35 25 35 25 35 
Latch Setup Time, ts 5 10 5 10 5 10 
LOW Input Level,VlL Tmin to Tmax: 0.8 0.8 0.8 
HIGH Input Level, VIH Tmin to Tmax 1.6 1.6 1.6 
Latch Input Current 2.3 5 2.3 3.5 2.3 5 

Tmin to Tmax 7 5 8 

SUPPLY CHARACTERISTICS 
Diff Supply Voltage' VLOGIC = 5 V 

Tmin to Tmax 4.5 33 4.5 33 4.7 33 
Logic Supply Tmin to Tmax 4.0 7 4.0 7 4.2 7 
Quiescent Current 

+Vs +Vs = IS V 8 10 8 10 8 10 
-Vs -Vs =-15V 4 5 4 5 4 5 
VLOGIC VLQGIC = 5 V 2 3.3 2 3.3 2 3.3 

Power Dissipation 242 242 242 

TEMPERATURE RANGE 
Rated Performance Tmin to Tmax o to +70/-40 to +85 o to +70/-40 to +85 -55 to +125 

NOTES 
lDefined as the average of the input voltages at the low to high and high to low transition points. Refer to Figure 14. 
'Defmed as half the magnitude between the input voltages at the low to high and high to low transition points. Refer to Fignre 14. 
'+Vs must be no lower than (VLOGIC -0.5 V) in any supply operating conditions, except during power up. 
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final test. 

Specifications subject to change without notice. 
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AD790 
SINGLE SUPPLY (Operation @ +25°C and +Vs = VLOG1C = +5 V, -Vs = 0 unless otherwise noted)! 

AD790J/A AD790KIB AD790S Units 
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max 

RESPONSE CHARACTERISTIC lOOmV Step 
Propsgation Delay, tpD 5 m V Overdrive 45 50 45 50 45 50 ns 

Tmin to Tmax 50160 50/60 65 ns 

OUTPUT CHARACTERISTICS 
Output HIGH Voltage, V OH 1.6mA Source 4.65 4.65 4.65 

6.4 mA Source 4.3 4.45 4.3 4.45 4.3 4.45 V 
Tmin to Tmax 4.3 4.3 4.3 V 

Output LOW Voltage, VOL 1.6 rna Sink 0.35 0.35 0.35 V 
6.4 mA Sink 0.44 0.5 0.44 0.5 0.44 0.5 V 

Tmin to Tmax 0.5 0.5 0.5 V 

INPUT CHARACTERISTICS 
Offset Voltage' 0.45 1.5 0.35 0.6 0.45 1.5 mV 

Tmin to Tmax 2.0 0.85 2.0 mV 
Hysteresis' TOlin to Tmax 0.3 0.5 0.75 0.3 0.5 0.65 0.3 0.7 1.0 mV 
Bias Current Either Input 2.7 5 2.0 3.5 2.7 5 ..,A 

Tmio to Tmax 7 5 8 ..,A 
Offset Current 0.04 0.25 0.02 0.15 0.04 0.25 ..,A 

Tmin to Tmax 0.3 0.2 0.4 ..,A 
Power Supply 

Rejection Ratio de 4.5 VsVss5.5 V 80 90 86 100 80 90 dB 
Tmio to Tmax 76176 88 82 93 76 85 dB 

Input Voltage Range 
Differential Voltage ±V. ±V. :!:V. V 
Common Mode 0 +Vs -2 V 0 +Vs-2 V 0 +Vs-2V V 

Input Impedance 20112 20112 20112 MflllpF 

LATCH CHARACTERISTICS 
Latch Hold Time, tH 25 35 25 35 25 35 ns 
Latch Setup Time, ts 5 10 5 10 5 10 ns 
LOW Input LeVel,V'L Tmin to Tmax 0.8 0.8 0.8 V 
HIGH Input Level, V'H Tmin to Tmax 1.6 1.6 1.6 V 
Latch Input Current 2.3 5 2.3 3.5 2.3 5 ..,A 

Tmin to Tmax 7 5 8 ",A 

SUPPLY CHARACTERISTICS 
Supply Voltage' Tmin to Tmax 4.5 7 4.5 7 4.7 7 V 
Quiescent Current 10 12 10 12 10 12 mA 
Power Dissipation 60 60 60 mW 

TEMPERATURE RANGE 
Rated Performance Tmin to Tmax o to +70/-40 to +85 o to +701-40 to +85 -55 to + 125 'C 

NOTES 
'Pin 1 tied to Pin 8, and Pin 4 tied to Pin 6. 
'Defined as the average of the input voltages at the low to high and high to low transition points. Refer to Figure 14. 
'Defmed as half the magnitude between the input voltages at the loW to high and high to low transition points. Refer to Figure 14. 
• - V s must not be connected above ground. 
Speciftcations subject to change without notice. 

All min and max speciftcations are guaranteed. Speciftcations shown in boldface are tested on aU production units at fmal test. 
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AD790 
ABSOLUTE MAXIMUM RATINGS1, 2 

Supply Voltage ........................... ±lS V 
Internal Power Dissipation2 •••••••••••••••••• 500 mW 
Differential Input Voltage ................... ± 16.5 V 
Output Short Circuit Duration ............... Indefinite 
Storage Temperature Range 

(N, R) ........................ -65°C to + 125°C 
(Q) .......................... -WC to + 150°C 

Lead Temperature Range (Soldering 60 sec) ....... + 300°C 
Logic Supply Voltage ......................... 7 V 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 
Call factory for chip specifications. 

~---------------~~~-----------------'~I 

+IN 

-IN 

Figure 1. Basic Dual Supply 
Configuration (N, Q Package Pinout) 

PULSE 
GENERATOR 

NOTES 
IStresses above those listed under "Absolute Maximu~ Ratings" may cause 
permanent damage to the device. This is a stress rating only and functionalop
eration of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Thermal characteristics: plastic N-8 package: aJA = 90°C/watt; ceramic Q-8 
package: alA ~ llO'C/watt, a lC ~ 30'C/watt. 
SOIC (R·S) package: alA ~ l60'C/watt; a lC ~ 42'C/watt. 

ORDERING GUIDE 

Temperature Package 
Model Range Description 

AD790}N O°C to +70°C Plastic DIP 
AD790JR O°C to +70°C SOIC 
AD790JR-REEL O°C to +70°C Reel 
AD790KN O°C to +70°C Plastic DIP 
AD790AQ -40°C to + 85°C Cerdip 
AD790BQ -40°C to +S5°C Cerdip 
AD790SQ -55°C to + 125°C Cerdip 
AD790SQ/SS3B - 55°C to + 125°C Cerdip 
AD790S Chips -55°C to + 125°C Die 

*For outline information see Package Information section. 

650n 

+IN 

-IN 

Figure 2. Basic Single Supply 
Configuration (N, Q Package Pinout) 

+15V +5V 

10kQ 

TEK 
7904 
SCOPE 

-5mV .... "VV'Y-f 

Ion 

Package 
Option* 

N-S 
R-S 

N-S 
Q-8 
Q-S 
Q-S 
Q-S 

Figure 3. Response Time Test Circuit (N, Q Package Pinout) 
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AD790 
CIRCUIT DESCRIPTION 
The AD790 possesses the overall characteristics of a standard 
monolithic comparator: differential inputs, high gain and a logic 
output. However, its function is implemented with an architec
ture which offers several advantages over previous comparator 
designs. Specifically, the output stage alleviates some of the lim
itations of classic "TIL" comparators and provides a symmetric 
output. A simplified representation of the AD790 circuitry is 
shown in Figure 13. 

_IN 

-IN 

I 

GAIN STAGE I 

VLOG1C 

Figure 13. AD790 Block Diagram 

OUTPUT 

The output stage takes the amplified differential input signal 
and converts it to a single-ended logic output. The output swing 
is defined by the pull-up PNP and the pull-down NPN. These 
produce inherent rail-to-rail output levels, compatible with 
CMOS logic, as well as TTL, without the need for clamping to 
internal bias levels. Furthermore, the pull-up and pull-down 
levels are symmetric about the center of the supply range and 
are referenced off the V LOGIC supply and ground. The output 
stage has nearly symmetric dynamic drive capability, yielding 
equal rise and fall times into subsequent logic gates. 

Unlike classic TTL or CMOS output stages, the AD790 circuit 
does not exhibit large current spikes due to unwanted current 
flow between the output transistors. The AD790 output stage 
has a controlled switching scheme in which amplifiers Al and 
A2 drive the output transistors in a manner designed to reduce 
the current flow between Ql and Q2. This also helps minimize 
the disturbances feeding back to the input which can cause 
troublesome oscillations. 

The output high and low levels are well controlled values 
dermed by VLOGIC (+5 V), ground and the transistor equivalent 
"Schottky" clamps and are compatible with TTL and CMOS 
logic requirements. The fanout of the output stage is shown in 
Figure 6 for standard LSTTL or HCMOS gates. Output drive 
behavior vs. capacitive load is shown in Figure 5. 

HYSTERESIS 
The AD790 uses internal feedback to develop hysteresis about 
the input reference voltage. Figure 14 shows how the input off
set voltage and hysteresis terms are dermed. Input offset voltage 
(Vas) 'is the difference between the center of the hysteresis 
range and the ground level. This can be either positive or nega
tive. The hrsteresis voltage (V H) is one-half the width of the 

~10 COMPARATORS 

VOL : 

~=~::;j:::====;:::!:=~-- _IN 
o 4--Vos-': 

VH = HYSTERESIS VOLTAGE 

Vos = INPUT OFFSET VOLTAGE 

, 

Figure 14. Hysteresis Definitions 
(N, Q Package Pinout) 

YOUT 

hysteresis range. This built-in hysteresis allows the AD790 to 
avoid oscillation when an input signal slowly crosses the ground 
level. 

SUPPLY VOLTAGE CONNECTIONS 
The AD790 may be operated from either single or dual supply 
voltages. Internally, the V LOGIC circuitry and the aualog front
end of the AD790 are connected to separate supply pins. If dual 
supplies are used, any combination of voltages in which + V s 2: 

VLOGIC - 0.5 V and -Vs :5 0 may be chosen. For single sup
ply operation (i.e. +Vs = VLOGld, the supply voltage can be 
operated between 4.5 V and 7 V. Figure 15 shows some other 
examples of typical supply connections possible with the 
AD790. 

BYPASSING AND GROUNDING 
Although the AD790 is designed to be stable and free from 
oscillations, it is important to properly bypass and ground the 
power supplies. Ceramic 0.1 .... F capacitors are recommended 
and should be connected directly at the AD790's supply pins. 
These capacitors provide transient currents to the device during 
comparator switching. The AD790 has three supply voltage 
pins, + V s, -V s and V LOGIC. It is important to have a common 
ground lead on the board for the supply grounds and the GND 
pin of the AD790 to provide the proper return path for the 
supply current. 

LATCH OPERATION 
The AD790 has a latch function for retaining input information 
at the output. The comparator decision is "latched" and the 
output state is held when Pin 5 is brought low. As long as Pin 5 
is kept low, the output remains in the high or low state , and 
does not respond to changing inputs. Proper capture of the 
input signal requires that the timing relationships shown in Fig
ure 12 are followed. Pin 5 should be driven with CMOS or TTL 
logic levels. 

The output of the AD790 will respond to the input when Pin 5 
is at a high logic level. When not in use, Pin 5 should be con
nected to the positive logic supply. When using dual supplies, it 
is recommended that a 510 n resistor be placed in series with 
Pin 5 and the driving logic gate to limit input currents during 
power up. 
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+VS=+12V,-VS=OV 
YlOGlC "'+5V 

-IN 

+Ys= +5V,-Vs" -5Y, VlOGlC= +5V 

-15V 

+Vs" +5V,-Vs= -15V 
YLOG1c ,,+5V 

OUT 

OUT 

Figure 15. Typical Power Supply Connections 
(N, Q Package Pinout) 

Window Comparator for Over-Voltage Detection 
The wide differential input range of the AD790 makes it suit
able for monitoring large amplitude signals. The simple over
voltage detection circuit shown in Figure 16 illustrates direct 
connection of the input signal to the high impedance inputs of 
the comparator without the need for special clamp diodes to 
limit the differential input voltage across the inputs. 

SIGN 1 = HIGH 
O=LOW 

OVERRANGE = 1 

Figure 16. Dvervoltage Detector 
(N, Q Package Pinout) 

Single Supply Ground Referred Overload Detector 
The AD790 is useful as an overload detector for sensitive loads 
that must be powered from a single supply. A simple ground 
referenced overload detector is shown in Figure 16. The com
parator senses a voltage across a PC board trace and compares 
that to a reference (trip) voltage established by the comparator's 
minus supply current through a 2.7 n resistor. This sets up a 
10 mV reference level that is compared to the sense voltage. The 
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Applying the AD790 
minus supply current is proportional to absolute temperature 
and compensates for the change in the sense resistance with 
temperature. The width and length of the PC board trace deter
mine the resistance of the trace and consequently the trip cur
rent level. 

ILIMIT = 10 mVlRsENsE 

RSENSE = rho (trace length/trace width) 

rho = resistance of a unit square of trace 

OUTPUT 

Figure 17. Ground Referred Overload Detector Circuit 
(N, Q Package Pinout) 

Precision Full-Wave Rectifier 
The high speed and precision of the AD790 make it suitable for 
use in the wide dynamic range full-wave rectifier shown in Fig
ure 18. This circuit is capable of rectifying low level signaJs as 
small as a few mV or as high as 10 V. Input resolution, propa
gation delay and op amp settling will ultimately limit the maxi
mum input frequency for a given accuracy level. Total compara
tor plus switch delay is approximately 100 ns, which limits the 
maximum input frequency to I MHz for clean rectification. 

10kn 

+15V 

10kn 

tV 
~N ..... -----t 

20kn 
+15V 

-15V 

FET SWITCHES THE GAIN 
FROM +1 TO-1 

NMOS 
FET 
(RON < 200) 

Figure 18. Precision Full-Wave Rectifier 
(N, Q Package Pinout) 

• 

N\ 
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AD790 

-SV 
BIPOLAR 

--U SIGNAL 
INPUT· 

+S,V 

TTL 
LEVEL 
OUTPUT 

'A RESISTOR UP TO lOkI! MAVBE USED TO 
REDUCE THE SOURCE AND SINK CURRENT OF 
THE DRIVER. HOWEVER, THIS WILL SLIGHTL V 
LOWER THE MAXIMUM USABLE CLOCK RATE. 

Figure 19. A Bipolar to CMOS TTL Line Receiver 
(N, Q Package Pinout) 
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Bipolar to CMOSfl'TL 
It is sometimes desirable to translate a bipolar signal (e.g., 
±5 V) coming from a communications cable or another section 
of the system to CMOSrrTL logic levels; such an application is 
referred to as a line receiver. Previously, the interface to the bi
polar signal required either a dual (±) power supply or a refer
ence voltage level about which the line receiver would switch. 
The AD790 may be used in a simple circuit to provide a unique 
capability: the ability to receive a bipolar signal while powered 
from a single +5 V supply. Other comparators cannot perform 
this task. Figure 19 shows a I kn resistor in series with the in
put signal which is then clamped by a Schottky diode, holding 
the input of the comparator at 0.4 V below ground. Although 
the comparator is specified for a common mode range down to 
- V s, (in this case ground)it is permissible to bring one of the 
inputs a few hundred mV below ground. The comparator 
switches around this level and produces a CMOSrrTL compati
ble swing. The circuit will operate to switching frequencies of 
20 MHz. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
4.5 ns Propagation Delay 
200 ps Maximum Propagation Delay Dispersion 
Single +5 V or :t:5 V Supply Operation 
Complementary Matched TTL Outputs 

APPLICATIONS 
High Speed Line Receivers 
Peak Detectors 
Window Comparators 
High Speed Triggers 
Ultrafast Pulse Width Discriminators 

GENERAL DESCRIPTION 
The AD9696 and AD9698 are ultrafast TTL-compatible voltage 
comparators able to achieve propagation delays previously possi
ble only in high performance ECL devices. The AD9696 is a 
single comparator providing 4.5 ns propagation delay, 200 ps 
maximum delay dispersion and 1.7 ns setup time. The AD9698 
is a dual comparator with equally high performance; both de
vices are ideal for critical timing circuits in such applications as 
ATE, communications receivers and test instruments. 

Ultrafast 
TTL Comparators 

AD9696/AD9698 I 
Both devices allow the use of either a single + 5 V supply or 
±5 V supplies. The choice of supplies detennines the common 
mode input voltage range available: -2.2 V to +3.7 V for ±5 V 
operation, + 1.4 V to + 3. 7 V for single + 5 V supply operation. 

The differential input stage features high precision, with'offset 
voltages which are less than 2 m V and offset currents less than 
I IJoA. A latch enable input is provided to allow operation in ei
ther sample-and-hold or track-and-hold applications. 

The AD9696 and AD9698 are both available as commercial tem
perature range devices operating from ambient temperatures of 
ooe to + 70°C, and as extended temperature range devices for 
ambient temperatures from - 55°e to + 125OC. Both versions are 
available qualified to MIL-STD-883 class B. 

Package options for the AD9696 include a lO-pin TO-IOO metal 
can, an 8-pin ceramic DIP, an 8-pin plastic DIP, and an 8-lead 
small outline plastic package. The AD9698 is available in a 
16-pin ceramic DIP, a 16-lead ceramic gullwing, a 16-pin plastic 
DIP, and a 16-lead small outline plastic package. Military quali
fied versions of the AD9696 come in the TO-IOO can and 
ceramic DIP; the dual AD9698 comes in ceramic DIP. 

FUNCTIONAL BLOCK DIAGRAM 
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AD9696! AD9698 Architecture 

AD9698 

AD9696 

NONINVERTING ~QOUTPUT 
INPUT 

INVERTING - Q OUTPUT 
INPUT 

LATCH 
ENABLE 

NONINVERTING ~ QoiiiPiji 
INPUT #1 

INVERTING - Q OUTPUT 
INPUT 

QoiiiPiji ~ NONINVERTING 
1/2 INPUT 

Q OUTPUT - INVERTING 
INPUT 

LATCH 
ENABLE 

LATCH 
ENABLE 
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AD9696/AD9698 -SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS' Operating Temperature Range2 

Supply Voltage (+Vs/-Vs) ................ +7 V/-7 V AD9696/AD9698KHIKN/KQ/KR3 ........ O°C to +70°C 
Input Voltage Range ........................ ±5 V AD9696/AD9698THlTQ3 ........... -55°C to + 125°C 
Differential Input Voltage ..................... 5.4 V Storage Temperature Range ........... -65°C to + 150°C 
Latch Enable Voltage ................. -0.5 V to +Vs Junction Temperature 
Output Current (Continuous) .................. 20 rnA KHlKQITHlTQ Suffixes .................. + 175°C 
Power Dissipation ........................ 600 m W KN/KR Suffixes ........................ + 150°C 

Lead Soldering Temperature (10 sec) ............ +300°C 

ELECTRICAL CHARACTERISTICS ~~~::!YO~~~t~i:! ~di~~~~)V and +5.0 V; load as specified in Note 4, 

O°C to +70°C -55°C to +125°C 
AD9696/AD9698 AD96961AD9698 

Test KHlKNIKQIKR3 THlTQ3 
Parameter Temp Level Min Typ Max Min Typ Max Units 

INPUT CHARACTERISTICS 
Input Offset VoltageS +25°C I 1.0 2.0 1.0 2.0 mV 

Full VI 3.0 3.0 mV 
Input Offset Voltage Drift Full V 10 10 .,.vrc 
Input Bias Current +25°C I 16 55 16 55 .,.A 

Full VI llO llO .,.A 
Input Offset Current +25°C I 0.4 1.0 0.4 1.0 .,.A 

Full VI 1.3 1.3 fLA 
Input Capacitance +25°C V 3 3 pF 
Input Voltage Range 

±5.0 V Full VI -2.2 +3.7 -2.2 +3.7 V 
+5.0 V Full VI +1.4 +3.7 +1.4 +3.7 V 

Common Mode Rejection Ratio 
±5.0 V Full VI 80 85 80 85 dB 
+5.0 V Full VI 57 63 57 63 dB 

LATCH ENABLE INPUT 
Logic "I" Voltage Threshold Full VI 2.0 2.0 V 
Logic "0" Voltage Threshold Full VI 0.8 0.8 V 
Logic "I" Current Full VI 10 10 .,.A 
Logic "0" Current Full VI I I ~ 

DIGITAL OUTPUTS 
Logic "I" Voltage (Source 4 rnA) Full VI 2.7 3.5 2.7 3.5 V 
Logic "0" Voltage (Sink 10 rnA) Full VI 0.4 0.5 0.4 0.5 V 

SWITCHING PERFORMANCE 
Propagation Delay (tPD)6 

Input to Output HIGH Full IV 4.5 7.0 4.5 7.0 ns 
Input to Output LOW Full IV 4.5 7.0 4.5 7.0 ns 
Latch Enable to Output HIGH +25°C IV 6.5 8.5 6.5 8.5 ns 
Latch Enable to Output LOW +25°C IV 6.5 8.5 6.5 8.5 ns 
Delta Delay Between Outputs +25°C IV 0.5 1.5 0.5 1.5 ns 

Propagation Delay Dispersion 
20 mV to 100 mV Overdrive +25°C V 100 100 ps 
100 mV to 1.0 V Overdrive +25°C IV 100 200 100 200 ps 

Rise Time" +25°C V 1.85 1.85 ns 
Fall Time" +25°C V 1.35 1.35 ns 
Latch Enable 

Pulse Width [tpw(E)l +25°C IV 3.5 2.5 3.5 2.5 ns 
Setup Time (ts) +25°C IV 3 1.7 3 1.7 ns 
Hold Time (tH ) +25°C IV 3 1.9 3 1.9 ns 

3-14 COMPARATORS REV. A 



AD9696/AD9698 
O"C to + 7O"C -55°C to +l2S"C 

AD9696/AD9698 AD9696/AD9698 
Test KHlKNIKQIKR3 THfI'~ 

Parameter Temp Level 

POWER SUPPLy7 
Positive Supply Current" 

AD9696 Full VI 
AD9698 Full VI 

Negative Supply Current" 
AD9696 Full VI 
AD9698 Full VI 

Power Dissipation 
AD9696 +5.0 V Full V 
AD9696 ±5.0 V Full V 
AD9698 +5.0 V Full V 
AD9698 ±5.0 V Full V 

Power Supply Rejection Ratio lO +25°C VI 
Full VI 

NOTES 
IAbsolute maximum ratings are limiting values, to be applied individually, 
and beyond which the serviceability of the circuit may be impaired. 
Functional operability is not necessarily implied. Exposure to absolute 
maximum rating conditions for an extended period of time may affect 
device reliability. 

'Typical thermal impedances: 
AD9696 Metal Can 0IA = l70"C1W 
AD9696 Ceramic DIP 0IA = 1l0"ClW 
AD9696 Plastic DIP O'A = l6O"ClW 
AD9696 Plastic SOIC 0IA = l80"C1W 
AD9698 Ceramic DIP 0IA = 9O"CIW 
AD9698 Plastic DIP 0IA = lOO"CIW 
AD9698 Plastic SOIC 0IA = 120"CIW 

O'C = SO"CIW 
0IC = 20"CIW 
0IC = 30"C1W 
0JC = 30"CIW 
O,c = 2S"CIW 
O,c = 20"C1W 
O,c = 20"CIW 

EXPLANATION OF TEST LEVELS 
Test Level 
I - 100% production tested. 
II - 100% production tested at + 25°C, and sample tested 

at specified temperatures. 
III - Sample tested only. 

Min 

70 
65 

IV - Parameter is guaranteed by design and characterization 
testing. 

V - Parameter is a typical value only. 
VI - All devices are 100% production tested at + 25OC. 100% 

production tested at temperature extremes for extended 
temperature devices; sample tested at temperature ex
remes for commercial/industrial devices. 
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Typ Max Min Typ Max Units 

(+5.0 V) 
26 32 26 32 rnA 
52 64 52 64 rnA 

(-5.2 V) 
2.5 4.0 2.5 4.0 rnA 
5.0 8.0 5.0 8.0 rnA 

130 130 mW 
146 146 mW 
260 260 mW 
292 292 mW 

70 dB 
65 dB 

'Suffixes KH and TH apply only to model AD9696; AD9698 not available 
in metal can. 

'Load circuit has 420 0 from + V s to output; 460 0 from output to ground. 
'Rs ,,;1000. 
"Propagation delays measured with 100 mV pulse; IO mV overdrive. 
7Supply voltages should remain stable within ± S% for normal operation. 
'Specification applies to both + S V and ± S V supply operation. 
'Specification applies to only ± S V supply operation. 

I·Measured with nnmina1 values ±S% of +Vs and -Vs .. 
11 Although fall time is faster than rise time, the complementary outputs cross 

at midpoint of logic swing because of delay on start of fallins edge. 

Specifications subject to cbange without notice. 

ORDERING GUIDE 

Package 
Model Package Temperature Optionl 

AD9696KH TO-IOO Can O°C to +70OC H-IO 
AD9696KN Plastic DIP O°C to +70°C N-8 
AD9696KR SOIC O°C to +70°C R-8 
AD9696KQ Cerdip OOC to +70OC Q-8 
AD9696TH TO-lOO Can - 55°C to + 125°C H-LO 
AD9696TQ Cerdip -55°C to + 125°C Q-8 
AD9696TZl883B2 Gullwing - 55°C to + 125°C Z-8 
AD9698KN Plastic DIP O°C to +70°C N-16 
AD9698KR SOIC O°C to +70°C R-I6A 
AD9698KQ Cerdip O°C to +70OC Q-16 
AD9698TQ Cerdip - 55°C to + 125°C Q-16 
AD9698TZ/883B3 Gullwing - 550C to + 125°C Z-16 

IH = Hermetic Metal Can, N = Plastic DIP, Q = Cerdip, R = Small Out
line (SOIC), z = Ceramic Leaded Chip Carrier. For outline information see 
Package Information section. 

'Refer to AD9696TZl883B military data sheet. 
'Refer to AD9698TZl883B military data sheet. 
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AD9696/AD9698 
PIN CONFIGURATIONS 

Q10UT (-v.) 2 

GROUNO (-IN,) 3 

16 Q20UT (LATCH ENABLE 1) 

15 Q2 OUT (GROUND) 

14 GROUND (Q10UT) 

LATCH 
ENABLE 

LATCH ENABLE 1 (+IN,) 4 13 LATCH ENABLE 2 (Q1 OUT) 

NlC (+IN.) 5 6 GROUND -IN 

11 +VO (Q2 OUT) 5 LATCH 
-, ____ ..- ENABLE 

10 -IN. (GROUND) +IN 

9 +IN 2 (LATCH ENABLE 2) 

AD9696KN/KR/KQ/TQ 

AD9698KN/KQ/TQ 
[AD9698KR PINOUTS SHOWN IN ( )] AD9696KH/TH 

Name 

QIOUT 

GROUND 

LATCH 
ENABLE I 

N/C 

-Vs 

-IN) 

+IN) 

+lN2 

-IN2 

+Vs 

LATCH 
ENABLE 2 

Q20UT 

PIN DESCRIPTIONS 

Function 

One of two complementary outputs. QlouT will be at logic HIGH if voltage at + IN) is greater than voltage at -IN) 
and LATCH ENABLE I is at logic LOW. 

One of two complementary outputs. QlouT will be at logic HIGH if voltage at -IN) is greater than voltage at +IN) 
and LATCH ENABLE I is at logic LOW. 

Analog and digital ground return. All GROUND pins should be connected together and to a low impedance ground 
plane near the comparator. 

Output at QloUT will track differential changes at the inputs when LATCH ENABLE 1 is at logic LOW. 
When LATCH ENABLE I is at logic HIGH, the output at QlouT will reflect the input state at the application of the 
latch command, delayed by the Latch Enable Setup Time (ts). Since the architecture of the input stage (see block 
diagram) is faster than the logic of the latch stage, data will typically be latched if applied to the comparator(s) within 
1. 7 ns after the latch. This is the Setup Time (ts); for guaranteed performance, ts must be 3 ns. 

No internal connectionio comparator. 

Negative power supply connection; nominally -5.2 V. 

Inverting input of differential input stage for Comparator # I, 

Noninverting input of differential input stage for Comparator # 1. 

Noninverting input of differential input stage for Comparator #2. 

Inverting input of differential input stage for Comparator #2. 

Positive power supply coimection; nominally +5 V. 

Output at Q20UT will track differential changes at the inputs when LATCH ENABLE 2 is at logic LOW. 
When LATCH ENABLE 2 is at logic HIGH, the output at Q20UT will reflect the input state at the application of the 
latch command, delayed by the Latch Enable Setup Time (ts). Since the architecture of the input stage (see block 
diagram) is faster than the logic of the latch stage, data will typically be latched if applied to the comparator(s) within 
1. 7 ns after the latch. This is the Setup Time (ts); for guaranteed performance, ts must be 3 ns. 

One of two complementary outputs. Q20UT will be at logic HIGH if voltage at -IN2 is greater than voltage at +IN2 

and LATCH ENABLE 2 is at logic LOW. 

One of two complementary outputs. Q20UT will be at logic HIGH if voltage at + IN 2 is greater than voltage at - IN 2 

and LATCH ENABLE 2 is at logic LOW. 
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LATCH 
ENABLE 

DIFFERENTIAL 
INPUT VOLTAGE 

Q 

LATCH 
- COMPARE-

50% - -

50%--------

's - MINIMUM SETUP TIME (Typically 1.7n5) 
'H - MINIMUM HOLD TIME (Typically 1.9ns) 

'PO -IN~UT TO OUTPUT DELAY 
'PO IE) - LATCH ENABLE TO OUTPUT DELAY 

AD9696/AD9698 

'PW IE) - MINIMUM LATCH ENABLE PULSE WIDTH (Typically 2.5n5) 
Vos -INPUTOFFSETVOLTAGE 
VOO -OVERORIVE VOLTAGE 

AD96961AD9698 Timing Diagram 

DIE LAYOUT AND MECHANICAL INFORMATION 
Die Dimensions AD9696 .......... 59 x 71 x IS (±2) mils 

AD9698 .......... 79x l09x IS (±2) mils 
Pad Dimensions ......................... 4x4 mils 
Metalization ......................... , Aluminum 
Backing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. None 
Substrate Potential . . . . . . . . . . . . . . . . . . . . . . . . . . -v s 
Passivation . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Nitride 
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LATCH 
ENABLE 1 

THEORY OF OPERATION 
Refer to the block diagram of the AD9696/AD9698 compara
tors. The AD9696 and AD9698 TTL voltage comparator archi
tecture consists of five basic stages: input, latch, gain, level shift 
and output. Each stage is designed to provide optimal perfor
mance and make it easy to use the comparators. 

The input stage operates with either a single + S-volt supply, or 
with a +S-volt supply and a -S.2-volt supply. For optimum 
power efficiency, the remaining stages operate with only a single 
+S-volt supply. The input stage is an input differential pair 
without the customary emitter follower buffers. This configura
tion increases input bias currents but maximizes the input volt
age range. 

A latch stage allows the most recent output state to be retained 
as long as the latch input is held high. In this way, the input to 
the comparator can be changed without any change in the out
put state. As soon as the latch enable input is switched to 
LOW, the output changes to the new value dictated by the sig
nal applied to the input stage. 

The gain stage assures that even with smaIl values of input volt
age, there will be sufficient'levels applied to the following stages 
to cause the output to switch TTL states as required. A level 
shift stage between the gain stage and the TTL output stage 
guarantees that appropriate voltage levels are applied from the 
gain stage to the TTL output stage. 

Only the output stage uses TTL logic levels; this minimum use 
of TTL circuits maximizes speed and minimizes power con
sumption. The outputs are clamped with Schottky diodes to 
assure that the rising and falling edges of the output signal are 
closely matched. 

The AD9696 and AD9698 represent the state of the art in high 
speed TTL voltage comparators. Great care has been taken to 
optimize the propagation delay dispersion performance. This 
assures that the output delays will remain constant despite vary
ing levels of input overdrive. This characteristic, along with 
closely matched rising and falling outputs, provides extremely 
consistent results at previously unattainable speeds. 
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AD9696/AD9698 
APPLICATIONS 
General 
Two characteristics of the AD9696 and AD9698 should be con
sidered for any application. First is the fact that all TTL com
parators are prone to oscillate if the inputs are close to equal for 
any appreciable period of time. One instance of this happening 
would be slow changes in the unknown signal; ,the probability of 
oscillation is reduced when the unknown signal passes through 
the threshold at a high slew rate. Another instance is if the un
known signal does not overdrive the comparator logic. Unless 
they are overdriven, TTL comparators have undershoot when 
switching logic states. The smaller the overdrive, the greater the 
undershoot; when small enough, the comparator will oscillate, 
not being able to determine a valid logic state. For the AD9696 
and AD9698, 20 m V is the smallest overdrive which will assure 
crisp switching of logic states without significant undershoot. 

The second characteristic to keep in mind when designing 
threshold circuits for these comparators is twofold: (1) bias cur
rents change when the threshold is exceeded; and (2) ac input 
impedance decreases when the comparator is in its linear region. 

During the time both transistors in the differential pair are con
ducting, the ac input impedance drops by orders of magnitude. 
Additionally, the input bias current switches from one input to 
the other, depending upon whether or not the threshold is ex
ceeded. As a result, the input currents follow approximately the 
characteristic curves shown below. 

UNEA"{~ 
SIGNAL _____ "_E_O'_ON __ ' 

VOLTAGE ' 
AT.INPUT 

---'~-.INPUT I~ 
CURRENT 

-INPUT --------l CURRENT ----
Threshold Input Currents 

This characteristic will not cause problems unless a high imped
ance threshold circuit or drive circuit is employed. A circuit 
similar to that shown in the window comparator application can 
eliminate ,this possible problem. 

Window Comparator 
Many applications require determining when a signal's voltage 
falls within, above, or below a particular voltage range. A simple 
tracking window comparator can provide this data. Figure 1 
shows such a window comparator featuring high speed, TTL 
compatibility, and' ease of implementation. 

Two comparators are required to establish a "window" with up
per and lower threshold voltages. The circuit shown uses the 
AD9698 dual ultrafast TTL comparator. In addition to the cost 
and space savings over a design using two single comparators, 
the dual comparator on a single die produces better matching of 
both dc and dynamic characteristics. 
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Figure 1. AD9698 Used as Window Detector 

Q10UT 
+Q2011T 

When configured as shown, the op amps generate reference lev
els for the comparators that are equally spaced above and below 
the applied V,N. The width of the window is established by the 
ratio of Rl and R2. For a given ratio of Rl and R2, + V REF and 
-VREF will be fixed percentages above and below V,N. As an 
example, using 2.2 k!l for Rl and 10 k!l for R2 creates a ± 10% 
window. When VIN equals +3 V, +VREF will be +3.3 V and -
VREF will be +2.7 V. Likewise, for a -2 V input, the thresh
olds will be -1.8 V and -2.2 V. Windows of differing percent
age width can be calculated with the equation: 

(l-X)llX = R21RI 

where: 
X = % window 

Additionally, the low impedance of the op amp outputs assures 
that the threshold voltages will remain constant when the input 
currents change as the signal passes through the threshold volt
age levels. 

The output of the AND gate will be high while the signal is in
side the window. QlouT will be high when the signal is above 
+VREF' and Q20UT will be high when the signal is below 
-VREF· 

Crystal OsciUator 
Oscillators, are used in a wide variety of applications from audio 
circuits to waveform generators, from ATE triggers and tele
communications transceivers to radar. Figure 2 shows a versatile 
and inexpensive oscillator. The circuit uses the AD9696, in a 
positive feedback mode, and is capable of generating accurate 
and stable oscil1ations with frequencies ranging from 1 MHz to 
more than 40 MHz. 

To generate oscillations from 1 to 25 MHz, a fundamental mode 
crystal is used without the dc blocking capacitor and choke. The 
parallel capacitor on the inverting input is selected for stability 
(0.1 ILF for 1-10 MHz; 220 pF for frequencies above 10 MHz). 
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~
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AD9696 

~f~:;) 
FOR USE WITH 

OVERTONE 

,-_CR_Y_S_TA_L_-, 2kn 

o.'~FT 
(220pF for Freq. > 'OMHz) '\l 

2kll 

Figure 2. AD9696 Oscillator Circuit 
(Based on DIP Pinouts) 

When generating frequencies using a nonfundamental mode 
crystal, a choke and dc blocking capacitor are added. As an 
example, a 36 MHz oscillator can be achieved by using a 
12 MHz crystal operating on its third overtone. To suppress 
oscillation at the 12 MHz fundamental, the value of the choke is 
chosen to provide a low reactive impedance at the fundamental 
frequency while maintaining a high reactive impedance at the 
desired output frequency (for 36 MHz operation, L = 1.8 f.tH). 
The shunt capacitor at the inverting input has a value of 220 pF 
for a stable 36 MHz frequency. 
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AD9696/AD9698 
LAYOUT CONSIDERATIONS 
When working with high speed circuits, proper layout is critical. 
Analog signal paths should be kept as short as possible and be 
properly terminated to avoid reflections. In addition, digital sig
nal paths should be kept short, and run lengths should be 
matched to avoid propagation delay mismatch. All analog signals 
should be kept as far away from digital signal paths as possible; 
this reduces the amount of digital switching noise that might be 
capacitively coupled into the analog section of the circuit. 

In high speed circuits, layout of the ground circuit is the most 
important factor. A single, low impedance ground plane, on the 
component side of the board, will reduce noise in the circuit 
ground. It is especially important to maintain continuity of the 
ground plane under and around the AD9696 or AD9698. 

Sockets limit the dynamic performance of the device and should 
be used only for prototypes or evaluation. 

-V. 

AD. >--'VVIr-< 

AD2 >---"''''''rl 

GND>--~~------------~ 

RESISTORS ARE. kllt5% 

-G.9V --, II II II 
AD. LJ LJ LJ L -'.7V ~ 

-G.9V~ AD2 
-'.7V 

Burn-In Circuit 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Fast: 2.5ns Propagation Delay 
Low Power: 118mW per Comparator 
Packages: DIP, TO-100, SOIC, PlCC 
Power Supplies: +5V, -5.2V 
logic Compatibility: ECl 
Mll-STD-883 Versions Available 
50ps Delay Dispersion 

APPUCATIONS 
High Speed Triggers 
High Speed line Receivers 
Threshold Detectors 
Window Comparators 
Peak Detectors 

GENERAL DESCRIPTION 
The AD96685 and AD96687 are ultrafast voltage comparators. 
The AD96685 is a single comparator with 2.5ns propagation 
delay; the AD96687 is an equally fast dual comparator. Both 
devices feature SOps propagation delay dispersion which is a 
particularly important characteristic of high speed comparators. 
It is a measure of the difference in propagation delay under 
differing overdrive conditions. 

A fast, high precision differential input stage permits consistent 
propagation delay with a wide variety of signals in the common
mode range from - 2.5V to + 5V. Outputs are complementary 
digital signals fully compatible with ECL 10K and 10KH logic 
families. The outputs provide sufficient drive current to directly 
drive transmission lines terminated in son to - 2V. A level
sensitive latch input is included which permits tracking, track
hold, or sample-hold modes of operation. 

T"'~l: 0 I D A.1Sc.O't.. (, ~ltl I-C( 

'1t%>-2,'2-S"4-S ~r U8 /I.n ... 
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INVERTING 
INPUT 

Ultrafast Comparators 
AD96685/AD96687 I 

AD96685 FUNCTIONAL BLOCK DIAGRAM 

NONINVERTlNGWiiOUTPUT INPUT 

IN~::J~NG - QOUTPUT 

R, ... 

LATCH ENABlE VT 

AD96687FUNCTIONAL BLOCK DIAGRAM 

'--v--' 
LATCHENABLE 

v, [E LE 

'--v--' 
LATCH ENABLE 

THE OUTPUTS ARE OPEN EMlnERS, REQUIRING EXTERNAL 
PULL-DOWN RESISTORS. THESE RESISTORS MAY BE IN THE 
RANGE OF 50n - 200n CONNECTED TO -2.0V, OR 200U - 2000n 

The AD96685 and AD96687 are available in both industrial, 
- 25"<: to + 85°C, and military temperature ranges. Industrial 
range devices are available in 16-pin DIP, SOIC, and 20-lead 
PLCC; additionally, the AD96685 is available in a 100pin, TO-IOO 
metal can. Both devices are available qualified to MIL-STD-883, 
Class B in 16-pin ceramic DIP and 20-lead ceramic LCC; the 
TO-IOO version of the AD96685 is also mil-qualified. 

'.1...i 7.1'2.. 
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AD96685/AD96687 -SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS! 

Positive Supply Voltage ( + V s'J • 
Negative Supply Voltage ( - V s) • 
Input Voltage RBuaeZ . . . 
Differential Input Voltage . 
Latch Enable Voltage 
Output Current • • • . . . 

+6.SV 
-6.SV 
· ±SV 
• S.SV 

-VstoOV 
••. 30mA 

Operating Temperature Rangel 
AD9668S/87IBHJBQIBPIBR 
AD9668S/871TE1TH1TQ • 

Storqe Temperature Range • • 
Junction Temperature . • • • . 
Lead Soldering Temperature (10sec) 

- 2S"C to + 8S"C 
- S5"C to + 125"C 
- SS·C to + ISO"<: 

+ 17S"C 
. • • .• +300"<: 

ELECTRICAL CHARACTERISTICS (Posilin Supply VoIIa&& = +5.IiV; NepIiva Su. VoIIa&& = -5.2V, unless oIheIwise sIaIIId) 

Industrial Temp. Raaae - 25"C 10 + SS"C JlzteacIod Temp. Raaae - 55"C 10 + 125"C 

Tnt AD96685BHIBQIBPIBR 

Parameter Temp Level MiD Tn> Mas 

INPUTCHARACTERISTICS 
Input 0fIset Voltage' +25"<: I I 2 

Full VI 3 
Input Offset Drift Full V 20 
Input Bia. Current +25"<: I 7 10 

Full VI 13 
Input Offset Current +25"<: I 0.1 1.0 

Full VI 1.2 
Input Resistance +25"<: V 200 
Input Capacitance +25"<: V 2 
Input Voltage Range' Full VI -2.5 +5.0 
Cmnmon-Mode Rejection Ratio Full VI 80 90 

ENABLE INPUT 
Logic "I" Voltage Full VI -1.1 
Logic ''0'' Voltage Full VI -1.5 
Logic "I" Current Full VI 40 
Logic ''0'' Current Full VI 5 

DIGITAL OUTPUTS' 
Logicul"Volrage Full VI -1.1 
Logic "0" Voltage Full VI -1.5 

SWITCHING PERFORMANCE' 
Propagation Delays' 

Input to Output IDGH +25"<: IV 2.5 3.5 
Input to Output LOW +25"<: IV 2.5 3.5 
LatchEnsbletoOutputIDGH +25"<: IV 2.5 3.5 
Latch Ensble to Output WW +25"<: IV 2.5 3.5 

Dispersion' +25"<: V 50 
LatchEnsble 

Minimum Pulse Width +25"<: IV 2.0 3.0 
Minimum Setup Time +25"<: IV 0.5 1.0 
Minimum Hold Time +25"<: IV 0.5 1.0 

POWER SUPPLY" 
Positive Supply Current ( + 5.0V) Full VI 8 9 
Nesative Supply Current ( - 5.2V) Full VI 15 18 
PowerSupply~ectionRatiol0 Full ,VI 60 70 .. 

, . . 
NOTES 
IAbsoIute ~Wjl ra~ are limitioa values, to I?e applied individually, 
and beyond whiCh semc..bility of the <:ir<uit I""¥ be impaired. Fuocti<oIal 
operation under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect cIevice reliability. 

'Under no circumstances sbouId the input voltage. exceed the supply 
voltages. 

'Typical thermal impedances ... 
AD96685 Metal Can 
AD9668S Cenmic 
AD9668SLCC 
AD9668S SOIC 
AD9668S PLCC 
AD96687 Ceromic 
AD96687LCC 
AD96687 sOle 
AD96687 PLCC 

"Rs =10011. 

8JA = 172"C/W; 81C = S20C1W 
8JA = 11SOC/W;8Jc =S7OC/W 
OJA ~ 172"CIW;OJc=6S"CIW 
8JA = 11O"C'W;8Jc =6O"CIW 
8JA = 88"CIW; 9JC = 4SOCJ\V 
8JA = 11SOCJWj8Jc=S'rCJW 
8JA = 8raw; 9Jc = 31"CIW 
8JA = ?2"CIW; 0Je = 4rc/W 
8JA = 81"CIW; 8JC= 4S"CIW 

'Input Voltage Ranse can be exteuded to -3.3V if - Vs~ -6.0V. 
'Outputs terminated throush son to - 2.0V. 
'Propaption delays measured with 1000V pulae (11ImV overdrive), to 
SO% transition point of the output. 

'Change in _lion Delay from 1000V to IV input overdrive. 
'Supply voltages should remain stsble within ± 5% for normoI operation. 

loMeasured at ±S% of +Vs and -Vs. 
SpecifICations subject to change without notice. 
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AD96687BQJBPIBR AD96685TEfI111TQ AD96687TEfl'Q 

MiD Tn> Mas MiD Tn> Mas MiD Tn> Mas UDits 

I 2 I 2 I 2 mV 
3 3 3 mV 

20 20 20 p.vrc 
7 10 7 10 7 10 p.A 

13 16 16 p.A 
0.1 1.0 0.1 1.0 0.1 1.0 p.A 

1.2 1.2 1.2 p.A 
200 200 200 kfl 
2 2 2 pF 

-2.5 +5.0 -2.5 +5.0 -2.5 +5.0 V 
80 90 80 90 80 90 dB 

-1.1 -1.1 -1.1 V 
-1.5 -1.5 -1.5 V 
40 40 40 p.A 
5 5 5 p.A 

-1.1 -1.1 -1.1 V 
-1.5 -1.5 -1.5 V 

2.5 3.5 2.5 3.5 2.5 3.5 ns 
2.5 3.5 2.5 3.5 2.5 3.5 ns 
2.5 3.5 2.5 3.5 2.5 3.5 ns 
2.5 3.5 2.5 3.5 2.5 3.5 ns 
50 50 50 ps 

2.0 3.0 2.0 3.0 2.0 3.0 ns 
0.5 1.0 0.5 1.0 0.5 1.0 ns 
0.5 1.0 0.5 1.0 0.5 1.0 ns 

15 18 8 9 15 18 mA 
31 36 15 18 31 36 mA 

60 70 60 ..ao 60 70 dB . . 
" 

, 

.~'.. t' 

EXPLANATION OF TEST LEVELS 
Test Level 

I 
II 

III 
1V 

V 
V1 

- 100% production tested. 
- 100% production tested at + 2S"C, and sample tested 

at specified temperatures. 
- Sample tested only. 
- Parameter is guaranteed by design and characterization 

testing. 
- Parameter is a typical value only. 
- All devices are 100% production tested at + 25"C; 

100% production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commerciallindustrial 
devices. 
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Pin Name 

+Vs 
NONINVERTING INPUT 

INVERTING INPUT 

LATCH ENABLE 

LATCH ENABLE 

-Vs 
Q 

GROUND I 

GROUND 2 

FUNCTIONAL DESCRIPTION 

Description 

-Positive supply terminal, nominally +S.OV. 

AD96685/AD96687 

- Noninverting analog input of the differential input stage. The NONINVERTING INPUT must 
be driven in conjunction with the INVERTING INPUT. 

- Inverting analog input of the differential input stage. The INVERTING INPUT must be driven 
in conjunction with the NONINVERTING INPUT. 

- In the "compare" mode (logic HIGH), the output will track changes at the input of the comparator. 
In the "latch" mode (logic LOW), the output will reflect the input state just prior to the comparator 
being placed in the "latch" mode. LATCH ENABLE must be driven in conjunction with LATCH 
ENABLE for the AD96687. 

- In the "compare" mode (logic LOW), the output will track changes at the input of the comparator. 
In the "latch" mode (logic HIGH), the output will reflect the input state just prior to the comparator 
being placed in the "latch" mode. LATCH ENABLE must be driven in conjunction with 
LATCH ENABLE for the AD96687. 

- Negative supply terminal, nominally - S.2V. 
- One of two complementary outputs. Q will be at logic HIGH if the analog voltage at the NON· 

INVERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided 
the comparator is in the "compare" mode). See LATCH ENABLE and LATCH ENABLE (AD96687 
only) for additional information. 

- One of two complementary outputs. Q will be at logic LOW if the analog voltage at the NONIN· 
VERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided the 
comparator is in the "compare" mode). See LATCH ENABLE and LATCH ENABLE (AD96687 
only) for additional information. 

- One of two grounds, but primarily associated with the digital ground. Both grounds should be 
connected together near the comparator. 

- One of two grounds, but primarily associated with the analog ground. Both grounds should be 
connected together near the comparator. 

PIN DESIGNATIONS 

AD966858QITQIBR AD96687BQJTQJ8R 

GROUND 1 GRQUNe2 QOUTPUT QOUTPUT 

NONINV~~~ .. 

REV. A 

NONINVERTING 
INPUT 

AD96685TElBP 

AD98685 
TOP VIEW 

(Not toSCllIe, 

I 1D " 12 13 

NC QOUTPUT 2 

NC GROUND 3 

NC 
LATCH 

ENABLE 

QOUTPUT LATCH 
ENABLE 

5 

NC INVERTING 7 INPUT 

NONINVERTING 8 
INPUT 

AD96685BHJTH 

GROUND 1 

'l"'---(:7;) QOU1PUT 

Y.-
(PIN 5 CONNECTED TO CASEI 

QOUTPUT 

GROUND 

LATCH 
ENABLE 

LATCH 
ENABLE 

" Y.+ 

INVERnNG 
INPUT 

• NONlNVERnNG 
INPUT 

v.- • 

AD96687TElBP 

II II 
loa~OIO 
321201' 

AIIIIA7 
TOP VIEW 

(Not to"'" 

I '0 11 12 13 
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AD96685/AD96687 
SYSTEM TIMING DIAGRAM 

ts ' I I 

:--1"'1- ~ 
EfPJ:::TIAL_ - ----"""'-f+IN""'- : ~ _ -- _____________ Vas 

Q ______ r-t~=in ___ t~:I:}:=:_-
I I' I I 

o-----t ----1---- t ---F--

ts 
tH 

tPD 
tpo(E) 
tmE) 
Vos 
Von 

- Minimum Setup Time 
Minimum Hold Time 

- InputtoOutputDe1ay 
- LATCH ENABLE to Output Delay 
- Minimum LATCH ENABLE Pulse Width 
- Input Offset Voltage 
- Overdrive Voltage 

DIE LAYOUT AND MECHANICAL INFORMATION 

NONINVERTING 
INPUT 

INVERTING_ 
INPUT 

-v&-

INVERnNG_ 
INPUT 

NONINVERTING 
INPUT 

NONINVERnNG 
INPUT 

INVERTING 
INPUT 

+Vs-

+Vs 

\ 

I 

I~ 

LATCH ENABLE -Va 

LATCH ENABLE LATCH ENABLE 

\ / 

/ \ 
LATCH ENABLE LATCH ENABLE 
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GROUND 2 

/ 

-0 

Die Dimensions 
Pad Dimensions 
Metalization 
Backing 
Substrate Potential 
Passivation 
Die Attach 
Bond Wire 

Die Dimensions 
Pad Dimensions 
Metalization 
Backing 
Substrate Potential 
Passivation 
Die Attach 
Bond Wire 

AD96685 44x50x l5(±2)mils 
4x4mils 

Aluminum 
None 
-Vs 

Oxynitride 
Gold Eutectic 

1.25 mil, Aluminum; Ultrasonic Bonding 
or lmil, Gold, Gold Ball Bonding 

AD96687 77x60x 15(±2)mils 
4x4mils 

Aluminum 
None 
-Vs 

Oxynitride 
Gold Eutectic 

1.25 mil, Aluminum; Ultrasonic Bonding 
or Imil, Gold, Gold Ball Bonding 
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AD96685/AD96687 
ORDERING GUIDE 

Device Type Temperature RIIIIgC 

AD96685BH Single - 250C to + 85°C 
AD96685BP Single - 250C to + 85°C 
AD%685BQ Single -25°C to +85OC 
AD96685BR Single -25°Cto + 85°C 
AD96685TE Single - 55°C to + 1250C 
AD%685TH Single - 55°C to + 1250C 
AD%685TQ Single -55°Cto + 125°C 
AD96687BP Dual - 25°C to + 850C 
AD%687BQ Dual - 250C to + 85°C 
AD%687BR Dual - 250C to + 850C 
AD%687TE Dual - 55°C to + 125°C 
AD96687TQ Dual - 550C to + 1250C 

"For outline information see Package Information section. 

APPLICATIONS INFORMATION 
The AD96685/87 comparators are very high speed devices. 
Consequently, high speed design techniques must be employed 
to achieve the best performance. The most critical aspect of any 
AD%685/87 design is the use ofa low impedance ground plane. 

Another area of particular importance is power supply decoupling. 
Normally, both power supply connections should be separately 
deooupled to ground through O.IIJ.F ceramic and O.OOIIJ.F mica 
capacitors. The basic design of comparator circuits makes the 
negative supply somewhat more sensitive to variations. As a 
result more attention should be placed on insuring a "clean" 
negative supply. 

The LATCH ENABLE input is active LOW (latched). If the 
latching function is not used, the LATCH ENABLE input 
should be grounded (ground is an ECL logic HIGH). The 
LATCH ENABLE input of the AD96687 should be tied to 
- 2.0V or left "floating," to disable the latching function. An 
alternate use of the LATCH ENABLE input is as a hysteresis 
control input. By varying the voltage at the LATCH ENABLE 
input for the AD96685 and the differential voltage between both 
latch inputs for the AD96687, small variations in the hysteresis 
can be achieved. 

REV. A 

Package 
Description Options* 

100PinCan, Industrial H-IOA 
20-Pin PLCC, Industrial P-20A 
16-Pin DIP, Industrial Q-16 
16-Pin SOIC, Industrial R-16 
20-Pm LCC, Extended Temperature E-20A 
10-Pin Can, Extended Temperature H-lOA 
16-Pin DIP, Extended Temperature Q-16 
20-Pin PLCC, Industrial P-20A 
16-Pin DIP, Industrial Q-16 
16-Pin SOIC, Industrial R-16 
20-Pin LCC, Extended Temperature E-20A 
16-Pin DIP, Extended Temperature Q-16 

Occasionally, one of the two comparator stages within the AD96687 
will not be used. The inputs of the unused comparator should 
not be allowed to "float." The high internal gain may cause the 
output to oscillate (possibly affecting the other comparator which 
is being used) unless the output is forced into a fixed state. This 
is easily accomplished by insuring that the two inputs are at 
least one diode drop apart, while also grounding the LATCH 
ENABLE input. 

The best performance will be achieved with the use of proper 
ECL terminations. The open-emitter outputs of the AD%685/87 
are designed to be terminated through son resistors to - 2.0V, 
or any other equivalent ECL termination. If high speed ECL 
signals must be routed more than a few centimeters, MicroStrip 
or StripLine techniques may be required to insure proper transition 
times and prevent output ringing. 

The AD96685/87 have been specifically designed to reduce 
propagation delay dispersion over an input overdrive range of 
IOOmV to IV. Propagation delay dispersion is the change in 
propagation delay which results from a change in the degree of 
overdrive (how far the switching point is exceeded by the input). 
The overall result is a higher degree of timing accuracy since 
the AD96685/87 is far less sensitive to input variations than 
most comparator designs. 
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AD96685/AD96687 - Typical Applications 

HIGH SPEED SAMPUNG CIRCUIT HIGH SPEED WINDOW COMPARATOR 

AD96685187 

OUTPUTS 
v ... 0-....--1-1 

v" 
son 

OUTPUT 

LATCH ENABLE -V.Efo-...... ---! 
INPUT 0------' 

-2.0V son son son 

-2.0V 

~26 COMPARATORS REV. A 



r.ANALOG 
WDEVICES 

FEATURES 

• Fast Response Time •..................... 180ns Max 
• High Input Slew Rate .......................... 92v/p.s 
• Low Offset Voltage ........• 0.3mV ~pical, 0.8mV Max 
• Low Offset Current .•......... 4nA ~pical, 2SnA Max 
• Low Offset Drift ..................... 1p.V/oC, 30pA/oC 
• Standard Power Supplies ......... +SV or ±SV to ±18V 
• Guaranteed Operation from Single +SV Supply 
• No Pull-Up Resistor Required for TTL Drive 
• Wired OR Capability 
• Fits 111, 106, 710 Sockets 
• Easy Offset Nulling ......... Single 2kO Potentiometer 
• Easy to Use ................... Free from Oscillations 
• Available In Ole Form 

ORDERING INFORMATION t 

T" =+25OC 
PACKAGE 

OPERATING 
os MAX CERDIP PLASTIC TEMPERATURE 
(mY) TO-99 8-PIN 8-PIN RANGE 

0.8 CMP01J· CMP01Z1883 MIL 
0.8 CMP01EJ CMP01EZ CMP01EP COM 
2.8 CMP01CJ CMP01CZ CMP01CP COM 

For devices processed In IOtal compliance 10 Mll-STD-883, add /883 after part 
number. Consult laCIDry lor 883 data sheet. 
Burn-in Is available on commercial and industrial temperature range parts In 
CerDIP, plastic DIP, and TO-can packages. 

SIMPLIFIED SCHEMATIC 

GENERAL DESCRIPTION 

Fast Precision 
Comparator 

CMP-Ol I 

The CMP-01 is a monolithic fast precision voltage compara
tor using an advanced NPN-Schottky Barrier Diode process. 
It features fast response time to both large and small input 
Signals, while maintaining excellent input characteristics. 
The CMP-01 is capable of operating over a wide range of 
supply voltages including single ended 5 volt supply. The 
large output current sinking and high output voltage capa
bility assure good application flexibility, while the combina
tion of fast response, high accuracy, and freedom from 
oscillation assure performance in precision level detectors 
and 12 and 13-bit AID converters. The CMP-01 is pin
compatible to earlier 111,106, and 710 types. For applications 
requiring lower input offset and bias currents, refer to the 
CMP-02 data sheet. 

PIN CONNECTIONS 

8-PIN HERMETIC MINI-DIP 
(Z-Sufflx) 

EPOXY MINI-DIP 
(P-Sufflx) 

V+ 

"::.~~~, 
_'NV,BAL 

4 
v- (CASEI 

TO-99 
(J-Sufflx) 

W~----~----~ ____ ~~ ____ ~ ____ ~~ ____ .-____ -+ ______ ~ ____ ~ ______ ~ 

R2A R2B 

(EXT) 
_2k!l 

POT 
INPUT R1A R1B 

S02 

INVERTING 

aDO 

v-~ ____ ~ ____ ~~ __ ~ 
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CMP-Ol 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Total Supply Voltage, V+ to V- .......................................... 36V 
Output to Ground .................................................. -5V to +32V 
Output to Negative Supply Voltage ................................... 50V 
Ground to Negative Supply Voltage .................................. 30V 
Positive Supply Voltage to Ground •....................••••......••. +30V 
Positive Supply Voltage to Offset Null ........................... 0 to 2V 
Differential Input Voltage ................................................. ±11 V 
Input Voltage (Vs -±15V) ................................................ ±15V 
Output Sink Current (Continuous Operation) ................. 75mA 
Operating Temperature Range 

CMP-01 ...................................................... -55°Cto+125°C 
CMP-01 E, CMP-01 C ........................................ O°C to +70°C 

Junction Temperature (TJ) ............................ -65°Cto +150°C 
Storage Temperature Range ........................ -65°C to + 150°C 

P-Suffix ...................................................... -65°C to + 125°C 

Lead Temperature (Soldering, 60 sec) .......................... 300°C 
Output Short-Circuit Duration 

To Ground .............................................................. Indefinite 
To V+ .......••......•....................................................... 1 Minute 

PACKAGE TYPE 8 IA (Note2) 8 1C UNITS 

T0-99(J) 150 18 aC/W 

8·Pin Plastic DIP (P) 148 16 "CIW 

8-PlnSO(S) 103 43 aC/W 

NOTES: 
1. Absolute ratings apply to balh DICE and packagad parts, unless olhBtWise 

noted. 
2. 8 jA is specified lor worst case mounting conditions, I.e., 8. A Is specifl8d lor 

dilllice in socket lor TO and P-DIP packages. I 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25° C, unless otherwise noted. 

CMP-01 
CMP-D1E CMP-D1C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs:5 SkO, (Note I) 0.3 0.8 0.4 2.8 mV 

Input Offset Current los (Note I) 4 2S S 80 nA 

Input Bias Current 18 3S0 600 400 900 nA 

Differenlial Input 
R'N (Nole2) ISO 300 100 200 kO 

Resistance 

Voltage Gain Ay Vo = 0.4V to 2.4V, (Noles I, 2) 200 SOO 100 SOO VlmV 

loomV slep, SmV Overdrive 
No Load (No Pull~Up) 110 180 110 180 
SkO to Sy (Pull-Up) 110 110 

Response Time TTL Fan-Oul = 4, No Pull-Up 110 110 
I, ns 

(Note 3) SV Step SmV Overdrive 
No Load (No Pull-Up) 160 180 
SkO 10 Sv (Pull-Up) 180 160 
TTL Fan-Oul = 4, No Pull-Up 160 180 

Inpul Slew Rale 92 92 VI,..s 

Input Voltage Range CMVR ±12.S ±13 ±12.S ±13 V 

Common-Mode 
CMRR 94 110 80 110 dB 

Rejeclion Rallo 

Power Supply 
PSRR 

5V :5 Vs+:5 18V, 
80 100 74 98 dB 

Rejection Ralio -18V:5 Vs_:5 OV 

Positive Output 
V,N 2:3mV,l o =320,..A 2.4 3.2 

Vollage 
VOH V,N 2:3mV, 10= 240,..A 2.4 3.4 V 

V,N 2:3mV,1 0 =OmA 2.4 4.8 2.4 4.8 

V,N:5-IOmV,I.ink=OmA 0.16 0.4 0.16 0.4 
Saturation Voltage VOL V,N :5 -IOmV, 1.'nk:5 6.4mA 0.3 0.45 0.31 0.45 V 

V,N:5-IOmV,I.ink:5 12mA (CMP-OI only) 0.36 O.S 

Output Leakage Currenl ILEAK Y,N 2: 10mV, Vo = +30V 0.03 2 0.05 8 ,..A 

Positive Supply Current 1+ V,N :5-IOmV S.6 8 5.8 8.S mA 

Negative Supply Currenl 1- V,N :5-IOmV 1.3 2.2 1.3 2.2 mA 

Power DiSSipation Pd V,N :5-IOmV 103 153 103 181 mW 

Offset Voltage 
Nulling Pot 2: 2kO ±5 ±S mV 

Adjustment Range 

NOTES: 
I. These parameters are specified as the maximum values required to drive account the worst case effects 01 voltage gain and Input Impadance. 

the output between the logic levels 010.4V and 2.4V with a I kO load tied to 2. Guarantead by design. 
+SV; thus, these parameters define an error band which takes into 3. Sample testad. 
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ELECTRICAL CHARACTERISTICS at Vs+ = 5V, Vs- = OV, TA = 25° C, unless otherwise noted. 

CMP-01 
CMP-G1E CMP-01C 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP 

Inpul Offset Voltage Vas Rs:S 5kfl, (Note 1) 0.4 1.5 0.5 

Input Offset Current los (Note 1) 3 21 4 

Input Bias Current Ie 250 500 300 

Voltage Gain Av VO=0.4Vto 2.4V, (Notes 1, 2) 50 50 

l00mV Step. 5mV Overdrive 

Response Time 
5kfl to 5V (Pull-Up) 150 150 

t, 
TTL Fan-Out = 4. 5kfl to 5V 150 150 
(Pull-Up) 

Input Voltage Range CMVR 1.8 1.7-3.8 3.5 1.8 1.7-3.8 

Saturation Voltage VOL V,N:S -10mV. 1.'nk:S 6.4mA 0.3 0.45 0.3 

Positive Supply Current 1+ V,N :S-l0mV 2.3 3.2 2.4 

Power Dissipation Pd V,N :S-l0mV 11.5 16 12 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, -55°C $ TA$ 125°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos 
Rs:S 5kfl. (Nole 1) 
Vs+= 5V. Vs_=OV. (Note 1) 

Average Input Offset 
Voltage Drift 
Without External Trim TCVos 

Rs=50fl 
With External Trim TCVoSn 

Input Offset Current los 
TA = +125°C. (Note 1) 
TA=-55D C. (Note 1) 

Average Input Offset 
TClos 

+25°C:STA:S+125°C 
Current Drift -55°C:STA:S+25°C 

Input Bias Current Ie 
TA=+125°C 
TA=-55D C 

Voltage Gain Av Vo=O.4Vto 2.4V. (Notes 1. 2) 

l00mV Step. 5mV Overdrive. (Note 2) 
Response Time t, TA=+l25°C. No Load 

TA =-55°C. No Load 

Input Voltage Range CMVR 

Common-Mode 
CMRR 

Rejection Ratio 

Power Supply 
PSRR 5V:S Vs+:S 15V. -15V:S Vs_:S OV 

Rejection Ratio 

Positive Output Voltage VOH V,N "'4mV.lo =200"A 

Ssturation Voltage VOL 
VIN :S-l0mV.I.'nk=OmA 
V,N :S-l0mV.lsink= 6.4mA 

NOTES: 
1. These parameters are specified as the maximum values required to drive 

the output between the logic levels ofO.4Vand 2.4V with a 1 kfl load tied to 
+5V; thus. these parameters define an error band which takes into 
account the worst case effects of voltage gain and input impedance. 

2. Guaranteed by deSign. 

CMP-01 
MIN TVP MAX 

100 

±12 

88 

75 

2.4 

0.5 1.6 
0.6 2.8 

1.5 

4 
5 

12 
35 

330 
550 

500 

220 

100 

±13 

106 

96 

3 

0.20 
0.32 

25 
45 

600 
1400 

0.4 
0.5 

eMP-Ol 

MAX UNITS 

3.5 mV 

65 nA 

720 nA 

VlmV 

ns 

3.5 V 

0.45 V 

3.8 mA 

19 mW 

UNITS 

mV 

"VlDC 

nA 

pN°C 

nA 

VlmV 

ns 

V 

dB 

dB 

V 

V 

REV. A COMPARA TORS 3-29 

• 



CMP-Ol 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, O· C $; TA $; 70· C, unless otherwise noted. 

CMP-G1E CMP-01C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas 
Rs" SkO, (Note 1) 0.4 1.4 0.5 3.5 
Vs+=SV, Vs-=OV, (Note 1) 0.5 2.4 0.6 4.3 

mV 

Average Input Offset 
Voltage Drift 
Without External Trim TCVos 

Rs=500 
1.5 1.8 p'vrc 

With External Trim TCVOSn 1.0 1.2 

Input Offaet Current los 
TA=+70·C, (Note 1) 4 25 5 80 

nA 
TA=O"C, (Note 1) 5 45 6 120 

Average Input Offset 
TClos 

+2S·C"T",,+70"C 12 1"2 
pArC 

Current Drift O"C"TA,,+25·C 35 40 

Input Bias Current Is 
TA=+70·C 330 600 340 900 
T,,=O"C 400 950 450 1200 

nA 

Voltage Gain Av Vo= 0.4V to 2.4V, (Notes 1, 2) 100 500 70 500 VlmV 

100mV Step, SmV Overdrive 
Responae Time tr TA=+70·C, No Load 150 150 

TA=O·C, No Load 100 100 
ns 

Input Voltage Range CMVR ±12.0 ±13.3 ±·12.0 ±13.3 V 

Common-Mode 
CMRR 90 108 86 108 dB 

Rejection Ratio 

Power Supply 
PSRR SV" Vs+" 1SV, -15V" Vs-" OV n 86 70 88 dB 

Rejection Ratio 

Positive Output Voltage VOH VIN ;;'4mV,lo =200p.A 2.4 3.2 2.4 3.2 V 

Saturation Voltage VOL 
VIN ,,-10mV,I.lnk=0 0.17 0.4 0.17 0.4 

V 
VIN " -10mV, 1.lnk = 6.4mA 0.3 0.5 0.31 0.5 

NOTES: 
1. Theae parameters ara specified as the maximum values required to drive 

the output between the logic levels ofO.4V and 2.4V with a1 kO load tied to 
+5V; thus, these parameters define an error band which takes into 
account the worst caae effects of voltege gain and input impedanca. 

2. Guaranteed by design. 
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DICE CHARACTERISTICS 

DIE SIZE 0.065 X 0.043 Inch, 2730 sq. mils 
(1.651 X 1.092 mm, 1.803 sq. mm) 

WAFER TEST LIMITS at Vs= ±15V, TA= 25°C. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos RsS5kO, (Note 1) 

Input Offset Current los (Note 1) 

Input Bias Current Is 

Differential Input Resistance RIN (Note 2) 

Input Voltage Range CMVR 

Common-Mode Rejection Ratio CMRR VCM=±CMVR 

Power Supply Rejection Ratio PSRR 
5VS Vs+S 18V 
-18V S Vs-S OV 

Positive Output Voltage VOH 
V,N ;;, 3mV, 10 = 320!IA 
V,N ;;,3mV, 10 = 24O"A 

Saturation Voltage VOL 'slnk=6.4mA 

Output Leakage Current 'LEAK Y,N;;' 10mV, Vo=3tJV 

Positive Supply Current 1+ V,N S-l0mV 

Negative Supply Current 1- V,NS-l0mV 

Power Consumption Pd V,NS-l0mV 

NOTES: 
1. These parameters are specified as the maximum values required to drive 

the output between the logic levels ofO.4V and 2.4V with a 1 kO load tied to 

WAFER TEST LIMITS at V s + =5Vand VS- =OV, T A =25·C. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos Rs S 5kO, (Note 1) 

Input Offset Current lOS 

NOTE: 

1. GROUND 
2. NONINVERTING INPUT 
3. INVERTING INPUT 
4. NEGATIVE SUPPLY (SUBSTRATE) 
5. BALANCE 
8. BALANCE 
7. OUTPUT 
8. POSITIVE SUPPLY 

CMP-01N 
LIMIT 

0.8 

25 

600 

150 

±12.5 

94 

80 

2.4 

0.45 

2 

8.0 

2.2 

153 

CMP-01GR 
LIMIT 

2.8 

80 

900 

100 

±12.5 

90 

74 

2.4 

0.45 

8 

8.5 

2.2 

161 

CMP-Ol 

UNITS 

mVMAX 

nAMAX 

nAMAX 

kOMIN 

VMIN 

dBMIN 

dBMIN 

VMIN 

V MAX 

"A MAX 

rnA MAX 

mAMAX 

mWMAX 

+ 5V; thus, these parameter. define an error band which takes into account 
the worst case effects of voltage gain and input Impedance. 

2. Guaranteed by design. 

CMP-01N 
LIMIT 

1.5 

21 

CMP-01GR 
LIMIT 

3.5 

65 

UNITS 

mVMAX 

nAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after peckaglng is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, and 25' C. 

CMP-01N CMP-G1GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Average Input Offset 
TCVes Rs=500 1.5 1.8 "Vloe 

Voltage Drift 

Average Input Offset 
TClos 35 40 pArC 

Current Drift 

Response Time t, 
l00mV Step, 5mV Overdrive 

110 110 ns 
No Load (No Pull-Up), TA= 25°C 
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CMP-Ol 
TYPICAL PERFORMANCE CHARACTERISTICS 

RESPONSE TIME, 
100mV STEP, SmV OVERDRIVE, VARIOUS LOADS 

VS = ±15V 4~ 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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eMP-Ol 
APPLICATIONS INFORMATION 
The CMP-01 provides fast resp!>nse times even with small 
overdrives; to achieve this performance requires very high 
gain at high frequencies. The CMP-01 is completely free of 
oscillations; however, small values of stray capacitance from 
output to input when combined with high-source resistances 
can cause an unstable condition. DC characteristics are not 
affected, but when the input is within a few microvolts of the 
transition level, certain conditions can create an oscillation 
region. The width of this oscillatory region and the size of 
source resistance where oscillations begin Is a strong func
tion of the stray coupling present. The following suggestions 
are offered as a guide towards minimizing the conditions for 
oscillation: matched source resistors, minimized stray capac
itances (e.g., a ground plane between output and input), or 
capacitive output loading (Cd. The capacitive loading tech
niques will eliminate the oscillations, but result in slower 
response time. Matched bypass capacitors across the input 
resistors also can eliminate the instability, 

and if C ;;:: 20 F (m~XimUm step s~ze) 
s P mmimum overdrive 

the response time will approximate the response time for low 
values of Rs. It should be noted that the offset nulling 
terminals do not require bypassing for stability. As with all 

a-BIT TRACKING AID CONVERTER 

3 C • C 

1/27474 U/D 8284 ~~ 'f'.' : Q 
TYPE "0" 5 • UP!DOWN 
FLlp·FLOP COUNTER 

'0 9 5 

240n 
*1/47400 

.". -,sv 
OUT 

C 

wideband circuits, it is recommended that the supplies be 
bypassed near the socket of the device. 

MINIMIZING OSCILLATION 

BURN-IN CIRCUIT 

V-leASE) 
MIL-STD-883, METHOD t015, CONDITION B 

C 
MAXIMUM CLOCK RATE 

LOCK IN 
=3.OMHz 

~ • c + , 
~ 

.284 
~ UP!DOWN 

OUT COUNTER 

5V TRACK 

Z CARRY 3 

• '0 9 5 • .' 

2" 

jDIGITAL 
OUTPUT 

.... v ~ 
'3 12 11 10 • • 7 • 5 • fOR CLOCK RATE ~ 3.OMHz 

}/ MSB LSB + 
C == 470pF 

1N914 

DAC-100cCQ3 ::s ~ ::S~ J: lN9'4::s \ 
10·BIT D/A CONVERTER 

4.88Il 
,. 

~ 
VIN = 0 TO +1OV ,. 

1'" l' RIN a! 4.8kO 200n 
ANALOG 

,sv 

INPUT I MAXIMUM FULL SCALE FULL SCALE' t' 
SINE WAVE INPUT ADJUST ,ov 
IS 4000Hz. 

1. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Low Offset Voltage ......•••••. 0.3mV Typ, 0.8mV Max 
• Low Offset Current •••..••...•... 0.3nA Typ, 3nA Max 
• Low Bias Current ....•..•..••••. 28nA Typ, 50nA Max 
• Low Off Nt Drift •.....•.•.••.••.....•. 11'V/oC,4pAloC 
• High Gain •.••...••.•••..•...•.•...••.•.• 200,000 Min 
• High CMRR ..••....•.•••••..••• 110dB Typ, 94dB Min 
• High Input Impedance ••••...••...•••••.••••.• 16MO 
• Fast ResponN TIme •.••..•••.• 190ns Typ, 270ns Max 
• Standard Power Supplies ••..•••.. +5V or ±5V to ±18V 
• Guaranteed Operetlon from Single + 5V 
• No Pull-Up Resistor Required for TTL Drive 
• Wired OR Capability 
• Fits 111, 106, 710 Sockets 
• Easy Offset Nulling ...••••.• Single 2kO Potentiometer 
• Easy to UN .•.............•.•. Free from Oscillations 
• Available In Ole Form 

ORDERING INFORMATION t 
PACKAGE 

TA =+25"C OPERAllNG 
VosMAX PLAS11C SO TEMPERATURE 

(mY) T0-99 8-PIN 8-PlN RANGE 

0.8 CMP02EP COM 
2.8 CMP02CJ CMP02CP CMP02CS XIND 

Burn-in Is available on commercial and Industrial temperature range parts in 
CerDIP, plastic DIP, and TQ.can packages. 

SIMPLIFIED SCHEMATIC 

Low Input Current 
Precision Comparator 

CMP-02 I 
GENERAL DESCRIPTION 
The CMP-02 is a monolithic low input current comparator 
using an advanced NPN-Schottky Barrier Diode process. It 
features superior input characteristics with extremely low 
offset voltage, offset current, bias current and temperature 
drift. High common-mode and power supply rejection plus 
good response time contribute to excellent performance in 
the most demanding applications. The balanced offset 
nulling, large output drive, and wired-OR capability com
bined with internal pull-up maximize application conven
ience. The CMP-02 is capable of operating over a wide range 
of supply voltages, including single plus 5 volt supply 
operation, and is pin-compatible to earlier 111, 106, and 710 
types. For applications requiring faster response time, please 
refer to the CMP-Ol fast precision comparator data sheet 

PIN CONNECTIONS 

V+ GNDB8 

70UT 

+IN 2: 6 BALANCE 

-IN 3 5 BALANCE 

4 
v- (CASe) 

TO-99 
(J-Sufflx) 

EPOXY MINI-DIP 
(P-Sufflx) 

8-PINSO 
(5-Suftlx) 

W~----~----~--~r-----r-----~----~----~----~----~----, 

INPUT 

INVERTING 

V-~ ____ ~ ____ ~ __ ~ 
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CMP .. 02 
ABSOLUTE MAXIMUM RATINGS (Npte 1) 
Total Supply Voltage, V+ to V- .......................................... 36V 
Output to Ground .................................... ; ............. -SV to +32V 
Output to Negative Supply Voltage ................................... SOV 
Ground to Negative Supply Voltage •.................................. 30V 
Positive Supply Voltage to Ground ..................................... 30V 
Positive Supply Voltage to Offset Null ........................... 0 to 2V 
Differential Input Voltage ............................................ , .... ±11 V 
Input Voltage (Vs =±1SV) ................................................ ±1SV 
Output Sink Current (Continuous Operation) •..............•. 7SmA 
Operating Temperature Range . 

CMP-02E .......................................................... O·Cto +70·C 
CMP-02C ..................................................... -40·C to +SS·C 

Junction Temperature (Tj) •••••••••••••••••••••••••••• -ss·Cto +1S0·C 
Storage Temperature Range ........................ -6S·C to + 1S0·C 

P-Suffix .......................................... , .••....•... -6S·C to + 12S·C 

Lead Temperature (Soldering. 60 sec) ....••••. : ................ 300·C 
Output Short-Circuit Duration 

To Ground .............................................................. Indefinite 
To V+ ....................................................................... 1 Minute 

PACKAGE TYPE 8 JA (Note2) UNITS 

T()'99 (J) ISO 18 

II-Pin Plastic DIP (P) 103 43 

8·PinSO(S) 158 43 'C/W 

NOTEIS: 
1. Absolute radngs apply 10 both DICE and packaged parts, unless oth_ise 

noted. 
2. 8 jA i8 specified lor worst case mounting conditions, I.e., 8. A Is specified lor 

device in socket lor TO and P-DIP packages; 8 jA Is speci!il.d lor device 8O~ 
dered 10 printed circuit board lor SO package. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25° C, unless otherwise noted. 

CMP-02E· CMP-02C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs" 5kO, (Note 1) 0.3 0.8 0.4 2.8 mV 

Input Offset Voltage Vos Rs" 50kO, (Note 1) 0.3 0.9 0.4 3 mV 

Input Offset Current los (Note 1) 0.3 3.0 0.4 15 nA 

Input Bias Current Ie 28 50 35 100 nA 

Differential Input 
R'N (Note 2) 1.7 3 0.9 2 MO Resistance 

Voltage Gain Av Vo = 1 to 3V, (Note 2) 200 500 100 500 VlmV 

l00mV step, 5mV Overdrive 
Response Time No Load (No Pull-Up) 190 270 190 270 
(Note 3) 

t, 
5kO to 5V (Pull-Up) 190 190 ns 
TTL Fan-Out = 4, No Pull-Up 190 190 

I nput Slew Rate 15 15 Vlp.a 

I nput Voltage Range CMVR ±12.5 ±13.0 ±12.5 ±13.0 V 

Common-Mode 
CMRR 94 110 90 110 dB 

Rejection Ratio 

Power Supply 
PSRR 5V " Vs+" 18V, 80 100 74 98 dB 

Rejection Ratio -18V" Vs-" OV 

Positive Output 
V,N 2:3mV,l o =320"A 2.4 3.2 

Voltage 
VOH V,N 2: 3mV, 10 = 240pA 2.4 3.4 V 

V'N2:3mV,10=OmA 2.4 4.8 2.4 4.8 

V,N ,,-10mV,lslnk=OmA 0.16 0.40 0.16 0.40 

Saturation Voltage VOL V,N " -10mV, lolnk" 6.4mA 0.3 0.45 0.31 0.45 V 

V,N " -10mV, 1.lnk" 12mA (CMP-02 only) 0.36 0.5 

Output Leakage Current ILEAK Y,N 2: 10mV, Vo'= +30V 0.03 2.0 0.05 8.0 "A 

Positive Supply Current 1+ VIN ,,-10mV 5.5 8.0 5.6 8.5 rnA 

Negative Supply Current 1- VIN ,,-10mV 1.1 2.2 1.2 2.2 rnA 

Power Dissipation Pd VIN ,,-10mV 99 153 102 161 mW 

Offset Voltage 
Nulling Pot 2: 2kO ±5 ±5 mV 

Adjustment Range 

NOTES: 
1. These Parameters are specified as the maximum values required to drive account the worst case effects of voltage gain and Input impedance. 

the output between the logic levels of 0.4V and 2.4V with a I kO load tied to 2. Guaranteed by design. 
+5V; thus. these parametera define an error band which takes Into 3. Sample tested. 
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CMP-02 
ELECTRICAL CHARACTERISTICS at Vs = 5V, Vs- = OV, TA = 25° C, unless otherwise noted. 

CMp·02E CMp·02C 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN lYP MAX UNITS 

Input Offset Voltage Vas RsS 5kn. (Note 1) 0.4 1.5 0.5 3.5 mV 

Input Offset Current los (Note 1) 0.25 3 0.35 14 nA 

Input Bias Current Ie 24 45 30 90 nA 

Voltage Gain Av Vo=1 t03V 50 50 V/mV 

100mV Step. 5mV Overdrive 
250 250 

Response Ti me t, 5kn 10 5V (Pull-Up) ns 
TTL Fan-Out = 4. 5kn 10 5V 250 250 

Input Voltage Range CMVR 1.8-3.5 1.7-3.8 1.8-3.5 1.7-3.8 V 

Saturation Voltage VOL V'N S -3.5mV. Isink S 6.4mA 0.3 0.45 0.3 0.45 V • Positive Supply Current 1+ V'NS-l0mV 2.2 3 2.3 3.6 mA 

Power Dissipation Pd V'NS-l0mV 11 15 11.5 18 mW 

NOTE: 
1. These Parameters are specified as the maximum values required to drive 

the output between the logic levels of O.4V and 2.4V with a 1 kn load tied to 
+5V; thus. these parameters define an error band which takes into 
account the worst case effects of voltage gain and input impedance. 

ELECTRICAL CHARACTERISTICS V S - ±15V. O°C:s; T A :s; +70'C for E Grade, -40'C S T AS +85°Cfor C Grade, unless otherwise 
noted. 

CMP·02E CMp·02C 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas 
RsS 5kn. (Note 1) 0.4 1.4 0.5 3.5 

mV 
Vs+ = 5V. Vs- = OV. (Note 1) 0.5 2.4 0.6 4.3 

Average Input Offset 

Voltage Drift 
Without External Trim TCVos Rs =50n 1.5 1.8 
With External Trim TCVOSn Rs =50n 1.2 

I'v/·C 

Input Offset Current 
TA=+70·C. (Note 1) 0.3 3 0.4 15 

nA los TA=O·C. (Note 1) 0.4 6 0.5 25 

Average Input Offset 
TClos 

+25·CSTAS+70·C 2 3 
pA/·C 

Current Drift O°C:5TAS+25°C 4 

Input Bias Current 
TA=+70·C 26 50 33 100 

nA Ie 
TA = O·C 34 80 42 160 

Voltage Gain Av Va = 1 to 3V. (Note 2) 100 500 70 500 V/mV 

l00mV Step. 5mV Overdrive 
Response Time t, TA = +70·C. No Load 225 225 

TA = O·C. No Load 180 180 
ns 

Input Voltage Range CMVR ±12.0 ±13 ±12 ±13 V 

Common-Mode 
Rejection Ratio 

CMRR 90 108 86 108 dB 

Power Supply 
PSRR 

Rejection Ratio 
5V S Vs+S 15V. -15V S Vs_SOV 77 98 70 88 dB 

Positive Output Voltage VOH V'N'" 4mV. 10 = 2OOl'A 2.4 3.2 2.4 3.2 V 

Saturation Voltage V'N S -10mV. 'sink = 0 0.17 0.4 0.17 0.4 
V VOL 

V'N S -10mV. 'sink = 6.4mA 0.30 0.5 0.31 0.5 

NOTES: 
1. These Parameters are specified as the maximum values required to drive 

the output between the logic levels of 0.4V and 2.4V with a 1 kn load tied to 
+5V; thus, these parameters define an error band which takes into 
account the worst case effects of voltage gain and input impedance. 

2. Guaranteed by design. 
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CMP-02 
DICE CHAFlACTERISTICS 

DIE SIZE 0.065 X 0.043 Inch, 2730 sq. mils 
(1.851 X 1.094 mm, 1.806 sq. mm) 

WAFER TEST LIMITS at Vs = ±15V, TA = 25°C. 

PARAMETER 

Input Offsst Voltage 

Input Offset Current 

Input Bias Current 

Dillerentlal Input Resistance 

Input Voltage Range 

Common-Mode Rejection Ratio 

Power Supply Rejection Ratio 

Positive Output Voltage 

Saturation Voltage 

Output Leakage Current 

Positive Supply Current 

Negative Supply Current 

Power Consumption 

SYMBOL 

Vos 

los. 

18 

RIN 

CMVR 

CMRR 

PSRR 

VOH 

VOL 

I LEAK 

1+ 

1-

Pd 

CONDITIONS 

RSS5kO 
Rs S50kO 

5VSVS+S18V 
-18VSVs-SOV 

VIN~3mV,lo=320"" 
VIN~3mV,10=240,.A 

1.lnk = 6.4mA 

WAFER TEST LIMITS at Vs+ = 5V and Vs- = OV, TA = 25°C. 

PARAMETER SYMBOL CONDITIONS 

Input Offsst Voltage Vos RSS5kO 

.1. GROUND 
2. NONINVERTING INPUT 
3. INVERTING INPUT 
4. NEGATIVE SUPPLY (SUBSTRATE) 
5. BALANCE 
8.IIALANCE 
7. OUTPUT 
8. POSITIVE SUPPLY 

CMP-02N CMP-02GR 
LIMIT LIMIT 

0.8 2.8 
0.9 3 

3 15 

50 100 

1.7 0.9 

±12.5 ±12.5 

94 90 

80 74 

2.4 
2.4 

0.45 0.45 

2 8 

8 8.5 

2.2 2.2 

153 161 

CMP-02N CMP-02GR 
LIMIT LIMIT 

1.5 3.5 

UNITS 

mVMAX 

nAMAX 

nAMAXI 

MOMIN 

VMIN 

dB MIN 

dBMIN 

VMIN 

V MAX 

,.AMAX 

mAMAX 

mAMAX 

mWMAX 

UNITS 

mVMAX 

Input Offset Currant los 3 14 nA MAX 

NOTE: 
Electrical tests are parformed at wafer probe 10 the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging is not 
guarantaed for standard .product dice. Consult factory to negotiata speclflcaijons baaed on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V. 

CMp·02N CMP·02GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Average Input Offset 
TCVos Rs",·500 1.5 1.8 ,.vrc Voltage Drift 

Average Input Offsst 
TClos 4 5 pArC Current Drift 

Responss Time t, 
lOOmV Step, 5mV Overdrive 

190 190 
No Load (No Pull-Up), TA = 25°C ns 
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TYPICAL PERFORMANCE CHARACTERISTICS 

RESPONSE TIME, 
100mV STEP, 5mV OVERDRIVE, VARIOUS LOADS 
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CMP-02 
TYPICAL PERFORMANCE CHARACTERISTICS 

1.0 

o 
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APPLICATIONS INFORMATION 
The CMP-02 provides fast response times even with small 
overdrives; to achieve this performance requires very high 
gain at high frequencies. The CMP-02 is completely free of 
oscillations; however, small values of stray capacitance from 
output to input when combined with high-source resistances 
can cause an unstable condition. DC characteristics are not 
affected, but when the input is within a few microvolts of the 
transition level, certain conditions can create an oscillation 
region. The width of this oscillatory region and the size of 
source resistance where oscillations begin is a strong func
tion ofthe stray coupling present. The following suggestions 
are offered as a guide towards minimizing the conditions for 
oscillation: matched source resistors, minimized stray capac
itances (e.g., a ground plane between output and input), or 
capacitive output loading (CLl. The capacitive loading tech
niques will eliminate the oscillations, but result in slower 

MINIMIZING OSCILLATION 

REV.B 

CMP-02 

response time. Matched bypass capacitors across the input 
resistors also can eliminate the instability, 

and if C ~ 20 F (m~~imUm step s~ze) 
s P minimum overdnve 

the response time will approximate the response time for low 
values of Rs. It should be noted that the offset nulling 
terminals do not require bypassing for stability. As with all 
wideband circuits, it is recommended that the supplies be 
bypassed near the socket of the device. 

PRECISION, DUAL LIMIT, GO/NO GO TESTER 

+15V 

~::~: 0-----''-1 

INPUT -15V 

-15V 
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~ANALOG 
WDEVICES 

FEATURES 
• High Gain ............................. 200V/mV Typ 
• Single or Dual Supply Operation 
• Input Voltage Range Includes Ground 
• low Power Consumption (1.5mW/Comparator) 
• low Input Bias Current .................... 100nA Max 
• low Input Offset Current ................... 10nA Max 
• low Offset Voltage ......................... 1mV Max 
• low Output Saturation Voltage ....••.. 250mV @ 4mA 
• logic Output Compatible with TTL, DTl, ECl, MOS and 

CMOS 
• Directly Replaces lM139/239/339 Comparators 
• Available In Die Form 

ORDERING INFORMATION I 

TA = +2SDC PACKAGE OPERATING 
Vas CERDIP PLASTIC SO TEMPERATURE 
(mV) 14-PIN 14-PIN 14·PIN RANGE 

CMP04BY* MIL 
CMP04FY CMP04FP CMP04FS XIND 

• For devices processed in lotal compliance to MIL·STD-883. add /883 alter part 
number. Consull factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts In 
CerDIP, plastiC DIP. and TO-can packages. 

SIMPLIFIED SCHEMATIC (1/4 CMP-04) 

v+ 

* SUBSTRATE DIODES 

REV. A 

Quad Low-Power 
Precision Comparator 

CMP-04 I 
GENERAL DESCRIPTION 
Four precision independent comparators comprise the CMp· 
04. Performance highlights include a very low offset voltage, 
low output saturation voltage and high gain in a single supply 
deSign. The input voltage range includes ground for single 
supply operation and V- for split supplies. A low power 
supply current of 2mA. which is independent of supply 
voltage. makes this the preferred comparator for precision • 
applications requiring minimal power consumption. Maxi· 
mum logic interface flexibility is offered by the open-collector 
TTL output. 

PIN CONNECTIONS 

TYPICAL INTERFACE 

14-PIN HERMETlC DIP 
(V-SUffix) 

14-PIN EPOXV DIP 
(P-Sufflx) 

14-PINSO 
(S-Sufflx) 

Driving CMOS 

5.0 

10OkO 

Driving TTL 
5.0 
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CMP-04 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ..................................................... 36V or ±18V 
Differential Input Voltage ............................................... 36Voc 
Input Voltage ..................................................... -o.3V to +36V 
Operating Temperature Range 

CMP-04FY ................................................... -40·C to +SS·C 
CMP-04BY ................................................. -'-5S·Cto +12~·C 
CMP-04FP. FS ............................................. -40·Cto +8S·C 

Junction Temperature (TJ) ............................ -ss·C to + 1S0·C 
Storage Temperature Range ... , .......•...........• -6S·C to + 1S0·C 

P-Suffix) .............................. ~ ...................... -6S·C to + 12S·C 
Input Current (VIN < -3.0V) ............................................. SOmA 

Output Short-Circuit to GND .................................. Continuous 
Lead Temperature (Soldering. 60 sec) .......................... 300·C 

PACKAGE TYPE e JA (Note 2) UNITS 

1 .... Pin Hermelfc DIP (Z) 110 26 

l .... Pin Plastic DIP (P) 83 39 

l .... Pin so (S) 1l!O 36 OCIW 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parIS, unless 

o1herwlse noted. 
2. e jA is specified for worst case mounting conditions, i.e.,-e'A Is specified for 

device in socket for CerDlfI and P·DIP packages; e JA is I~ec:ified for device 
soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS atV+ = +5V. TA = 2S·C. unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vas 
Rs=OO, RL =5.1kO 
Vo= 1.4V, (Nota 1) 

IIN(+) -IINH 
Input Offset Current los RL =5.1kO 

Vo=1.4V 

Input Bias Current Ie IIN(+) or IINH 

Voltage Gain Av RL;;, 15kO, V+ = 15V, (Note 5) 

VIN = TTL Logic Swing 
Large-Signal Responae Time t, VREF = 1.4V, (Note 4) 

VRL = 5V, RL = 5.1kO 

VIN = 100mV Step, (Nota 4) 
Small-Signal Responae Time t, 5mV Overdrive 

VRL =5V, RL =5.1kO 

Input Voltage Range CMVR (Note 2) 

Common-Mode Rejection Ratio CMRR (Notes 3, 5) 

Power Supply Rejection RatiO PSRR V+ = +5V to 18V, (Note 5) 

Saturation Voltage VOL 
VIN(-) ;;, W, VIN(+) = 0, 

ISINKS4mA 

Output Sink Current ISINK 
VIN(-) ;;,W, 
VIN(+) = 0, VoS 1.5V 

Output Leak.g~ Current ILEAK 
VIN(+);;' W, 
VIN(-) = 0, Vo = 30V 

Supply Current 1+ 
RL = G, All Comps 
V+=30V 

NOTES: 
1. At output Iwltch point, Vo= 1.4V, Rs= 00 with V+ from 5V; and over the 

full input common-mode range (OVto V+ -1.5V). 
2. The input common-mode voltage oreither input signal voltage should not 

be allowed to go negative by more than 0.3V. The upper end of the 
common-mode voltage range is V +-1.5V, but either or both Inputs can go 
to +30V without damage. 

3. RL;;, 15kO, V+ = 15V, VCM = 1.5V to 13.5V. 
4. Sample tested. 
'5. Guaranteed by deSign. 

3-44 COMPARA TORS 

CMP-G4B/F 
MIN TVP MAX UNITS 

0.4 mV 

2 10 nA 

25 100 nA 

80 200 VlmV 

300 ns 

1.3 ,.1 

o V+-1.5 V 

80 100 dB 

80 100 dB 

250 400 mV 

6 16 mA 

0.1 100 nA 

0.8 2.0 mA 

REV,A 



CMP-04 
ELECTRICAL CHARACTERISTICS at V+ = +5V, -55·C "TA ,,+125·C for CMP-04BY, -40·C" T A" +85·C for CMP-04FY/FP/ 

FS, unless otherwise noted. . 

CMP-04B/F 
(Not. 3) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset VOllege Vos 
Rs=OO, RL =5.lkO .- 2 mV 
Vo= 1.4V, (Note I) 

I,N(+) -I'N(-) 
Input Offset Current los RL =5.lkO 4 20 nA 

Vo= 1.4V 

Input Bias Current Ie I,N(+) or I'N(-) 40 200 nA 

VOltage Gain Av RL2: 15kO, V+= 15V, (Note 5) 70 125 VlmV 

Y,N = TTL Logie Swing 
large-Signal Response Time t, VREF = 1.4V, (Note 4) 300 ns 

VRL = 5V, RL = 5.lkO 

Y,N = lOOmV Step, (Note 4) 
Smail-Signal Response Time t, 5mV Overdrive 1.3 tJ$ 

VRL = 5V, RL = 5.lkO 

Input VOllege Range CMVR (Note 2) 0 V+-I.5 V 

Common-Mode Rejection Ratio CMRR (Notes 3, 5) 60 100 dB 

Power Supply Rejection Retia PSRR V+ = +5V to IBV 60 100 dB 

Saturation VOltage VOL 
V,N(-) 2: IV, V,N(+) = 0, 

250 700 mV 
IsINK $4mA 

Output Sink Current ISINK 
V,N(-) 2: IV, 

5 16 mA 
V,N(+) = 0, Va $ 1.5V 

Output Leakage Current ILEAK 
V,N(+) 2: IV, 

0.1 200 nA 
V,N(-) = 0, Va = 30V 

Supply Current 1+ 
RL = m, All Camps 

1.2 3.0 mA 
V+=30V 

NOTES: 
I. At output switch point, Vo=I.4V, Rs=OOwlth V+from 5V; and over the full 

Input common-mode range (OV to V+ -1.5V). 
3. RL 2: 15kO, V+ = 15V, VCM = 1.5V to 13.5V. 

2. The Input common-mode voltage oreltherinputslgnal vollege should not 
be allowed to go negative by more than 0.3V. The upper end of the 
common-mode vollege range Is V+ -1.5V, but either or both Inputs can go 
to +30V without damage. 

BURN-IN CIRCUIT 

-18V 0--..... ------.......... --..... -----1'""-00 -18V 

+18V C>-,/'t--+--..... -4-...... --+---+-....,r--<l +1ay 

MIL-sTD-883. METHOD 1016, CONDITION B 

REV. A 

4. Sample tested. 
5. Guaranteed by design. 
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CMP-04 
DICE CHARACTERISTICS 

1. OUTPUT (2) 
2. OUTPUT (1) 
3. POSITIVE SUPPLY 
4. INVERTING INPUT (1) 
5. NON INVERTING INPUT (1) 
8. INVERTING INPUT (2) 
7. NONINVERTING INPUT (2) 

WAFER TEST LIMITS at V+ = +5V, TA=25°C, unless otherwise noted. 

PARAMETER' SYMBOL CONDITIONS 

Input Ollset Voltage Vas 
Rs=OO, RL =5.1~O 
Vo= 1.4V, (Note 1) 
I'N(+) -I'NH 

Input 0IIset Current los RL=5.1kO 
Vo= 1.4V 

Input Bias Current 18 
I'N(+)or 
I'NH, (Note 1) 

Voltage Gain Av RL", 15kO. V+= 15V, (Note 3) 

Input Voltage Range CMVR (lIIote8 2, 3) 

Common-Mode Rejection Ratio CMRR (Note 4) 

Power Supply Rejection Ratio PSRR V+=5Vto+18V 

Saturation Voltage VOL 
V'N(-)"' lV, V'N(+) = 0, 
IS'NKS4mA 

Output Sink Current IS'NK 
V'N(-)"' lV, 
V'N(+) =0, VoS 1.5V 

Output Leakage Current ILEAK 
V'N(+)"' lV, 
V'N(-) = 0, Vo = 30V 

Supply Current 1+ 
RL = ", All Comps 
V+=30V 

NOTES: 

8. INVERTING INPUT (3) 
9. NONINVERTING INPUT (3) 

10. INVERTING INPUT (4) 
11. NONINVERTING INPUT (4) 
12. GROUND (SUBSTRATE) 
13. OUTPUT (4) 
14. OUTPUT (3) 

CMP-04N 
LIMIT 

CMP-04G 
LIMIT 

2 

10 25 

100 100 

80 50 

V+-l.5 V+-l.5 

80 sO 
80 80 

400 400 

6 6 

100 100 

2 2 

UNITS 

mVMAX 

nAMAX 

nAMAX 

VlmVMIN 

V MAX 

dBMIN 

dB MIN 

mVMAX 

mAMIN 

nAMAX 

mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due 10 variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard prod.uct dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+ = +5V, unless otherwise noted. 

CMP-04N CMP-04G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

V'N = TTL Logic Swing 
Large-Signal Response Time t, VREF = 1.4V, (Note 5) 600 600 ns 

VRL = 5V, RL = 5.1 kO 

V'N = l00mV Step, (Note 5) 
Small-8ignal Response Time t, 5mV Overdrive 

VRL = 5V, RL = 5.1kO 

NOTES: 
'1. At output switch point, Vo= 1.4V, Rs = on with V+ from 5V; and overthe 

full Input common-mode range (OV to V+ -1.5V). 
2. The input common-mode voltage oreither Input Signal voltage should not 

be allowed to go negative by more than q.3V. The upper end of the 
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1.3 1.3 p.S 

common-mode voltage range Is V+-l:5V, but either or both inputscan"go 
to +30V without damage. 

3. Guaranteed by deSign. 
4. RL", 15kO. VCM= 1.5Vto 13.5V. 
5. " Sample testad. 
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CMP-04 
TYPICAL PERFORMANCE CHARACTERISTICS 
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CMP-04 
TYPICAL APPLICATIONS 

OUTPUT STROBING 

v+ 

>-+-_---ovo 

·OR LOGIC WITHOUT 
PULLUP RESISTOR 

LIMIT COMPARATOR 

+VREF HI 0---,/111/'---1 

+VREF LOW 0---,/1111'---1 

STROBE 
INPUT 

LED 

NONINVERTING COMPARATOR WITH HYSTERESIS 

v+ 

+VREF 0------1 

10kIl 

Vo 
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INVERTING COMPARATOR WITH HYSTERESIS 

V+ 

+VIN 0-------1 
OkO 
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Vo 

IMO 

SQUAREWAVE OSCILLATOR 

V+ 
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100kn 

V:J"l..I 
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ONE-SHOT MULTIVIBRATOR 
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PULSE GENERATOR 
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CMP-04 
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CMP-04 
TYPICAL APPLICATIONS 

TIME DELAY GENERATOR 
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r-IIANALOG 
WDEVICES 

FEATURES 
• Precision Input Stage 

Input Offset Voltage ......................... 150l-'V 
Input Offset Current ....................... " 15nA 

• Fast Response Time (5mV Overdrive) ............ 38ns 
• High Voltage Gain ......................... 16,OOOV/V 
• Latch Function with TTL Compatible Input 
• TTL Compatible Output 
• Available In Hermetic Mini-DIP Package 
• Available In Ole Form 

ORDERING INFORMATION t 
PACKAGE OPERATING 

CEROIP PLASTIC SO TEMPERATURE 

CMPOSBJl883 
CMP05FJ 
CMP05CJI883 

I-PIN I-PIN 

CMP058ZI883 
C~FZ 

CMPOSCZ" 

8-PIN RANGE 

600 
600 

1000 
1000 CMPOSGZ CMPOSGP CMPOSGS 

MIL 
INO 
Mil. 

XIND 

For devices processed In 1I>tal compliance 11> MIL -STD·883, add /883 after part 
number. Consult faCIDry for 883 data sheet. 

t Bum-in is available on commercial and industrial temperature range perts in 
CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The CMP-05's very high speed and precision input specifica
tions make it the ideal comparator in systems needing 12-bit 

SIMPLIFIED SCHEMATIC 

High Speed Precision 
Comparator 

CMP-05 I 
accuracy along with high speed. An exceptionally fast 
response time of 60nsec is possible with only 1/2 LSB 
overdrive (12-bit, 1D-volt system). 

The CMP-05 design makes it the ideal component in systems 
requiring high speed with excellent low-level analog signal 
resolution. High-speed 12-bit successive approximation AID 
co.nverters, zero crossing detectors and logic threshold • 
detectors are typical system applications. 

PIN CONNECTIONS 

DIGITAL 
GROUND 

+IN 

a-PIN HERMETIC MINI-DIP 
(Z-Sufflx) 

EPOXY MINI-DIP 
(P-Suffix) 

S-PINSO 
(5-Sufflx) 

LOGIC TABLE 

vs+ 
• 

DIGITALe' OUT GROUND 
+ 

+IN 2 - 6 ~li~E 

-IN 3, ,5 N.C. 

• Vs- (CASE) 

TO-99 
(J-Sufflx) 

LATCH ENABLE OUT 
OorNC Comparing 

Latched 

r-~------~~~r-~----------,j--~------------"'NmTE~RN"A'LB~IM~-WINTITE~RN"A~LB"'A~S~-J~V~ 
3.5V 2.4V 

R1 R2 R14 R15 
soon soon 1.4Ir.n soon 

~Q39 
E~~~~ 061 

<I) 1.1kO t---J::..037 t-00UT 
R17 

~ ::rPi-
+-_-1:05 iI:>I--iK" ~ 0B2 0B3 003 <L14 - ~ 040 

~ ~ lr-\1O -,j.~-R'----'-R8--+----+--'57~--'=-olI-KIE:--"'''-T-Q--''--+--+-OGNO 
,,03 +-1IOI<l ________ -+"""" ____ -+ _____ 05-t' __ -t'::L1:':03� J Q32 i 

,~ • ~ :::- -_ -,_ Lr" 

-IN Q1... Q2 ~9000 ~Q29 I .~ ~~5 .~dQ58 
L--.V 021 022 053 054 

GAIN ~ 

- °:5 ~-l-,"'NT"'E .. RN""AL,.t::==v':j:::_==:...J LVn 
lkn ,:~ BIAS ,..." 051 r ""'l Q52 BOon 

I.SmA (j),"mA <~ ~mA ~~A <P'.'mA L ..... ~11-.'-mA-+-(D-,.9m-A--.J 
81190 

Vs-
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CMP-05 
ABSOLUTE MAXIMUM RATINGS (Note 1) 

Positive Supply Voltage ..................................................... +6V 

Negative Supply Voltage •••••••••••••••••••••••••••••••••.••••••••••••••• -18V 

Differential Input Voltage ................................................... ±SV 

Latch Enable Input Voltage •••••.•.••..•.•.•.••••• -O.SV to V+ Supply 

Operating Temperature Range 

CMP-OSBfC (J, Z) (Note 2) ........................ -5S·C to +12S·C 

CMP-OSFfG (J, P, S, Z) ................................ --40·C to +8S·C 

Junction Temperature (TI) ..•••••••••••••••••••••••••• -6S·C to +1S0·C 

Storage Temperature Range ........................ -6S·C to + 1S0·V 

P-Suffix ...................................................... -65·C to + 12S·C 

Lead Temperature (Soldering, 60 sec) .......................... 300·C 

Output Short-Circuit Duration 

To Ground ••••.••••••••••••••••••••••••••••••••••••••••••••••••••••••••• Indefinite 

To V+ = S.OV ••••••••••••••..••••••••••••.•..•.••••.••.•••••••••••.•..•.. 1 Minute 

PACKAGE TYPE 81" (Note S) 81C UNITS 

TO-99(J) 150 18 'CIW 

B-Pin Hermetic DIP (Z) 148 16 'CIW 
B-Pin Plastic DIP (P) 103 43 'CIW 

B-PlnSO(S) 158 43 'CIW 
NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. Latch is functional for -55'C S T A S +85OC. 
S. 8 iA is specified for worst case mounting conditions, I.e., 8 iA is specified for 

device In socket for TO, CerDlP and P-DIP packages; 8'A is specified for de
vice soldered to printed circuit board for SO package. J 

ELECTRICAL CHARACTERISTICS at vs+ = S.OV, Vs- = -S.OV, TA = 2S· C and Latch Enable grounded, unless otherwise 

noted. 

CMP-05B/F CMP-05C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs =50n 150 600 400 1000 ,.V 

Input Offset Current los 15 80 30 150 nA 

Input Bias Current Ie 0.6 1.2 0.8 1.8 ,.A 

Voltage Gain Avo (Note 1) 8 16 14 VlmV 

Input Voltage Range CMVR (Note 1) ±3.0 ±3.3 ±3.0 ±3.3 V 

Common-Mode Rejection 
CMRR VOM = ±3.0V, (Note 1) 86 91 64 89 dB 

Ratio 

Vs = ±4.75V to Vs = ±5.25V 51 126 64 126 
Power Supply Rejection 

PSRR 
P Package 120 360 

,.VN 
Ratio Vs+ = 5V. Vs- = -5V to -15V 15 51 18 63 

P Package 36 180 

V,N '" 10mV, 10 = O,.A 2.4 2.9 2.4 2.9 
Output High Voltage VOH V,N '" 10mV, 10 = 320,.A 2.4 2.9 V 

Y,N '" 10mV, 10 = 200,.A 2.4 2.9 

V,N :5 -10mV, ISINK = OmA 0.13 0.40 0.13 0.40 
Saturation Voltage VSAT V,N :5 -10mV, ISINK = 8mA 0.28 0.40 V 

V,N :5 -10mV, ISINK = 12.8mA 0.32 0.40 

Positive Supply Current 
Vo:5 2.4V, (Note 1) 7.5 11 8.0 12 

Is+ 
Vo:50.4V 10 15 11 16 

mA 

Negative Supply Current Is- Vo:5 O.4V 11 16 12 18 mA 

Power Dissipation Pd Vo:50.4V 105 155 115 170 mW 

Latch Input Voltage 
Logic 1 

VLH 
Over Operating Temp. Range 

2.0 2.0 
Latch Enabled, (Note 1) 

Logic 0 Over Operating Temp. Range 
V 

VLL 0.8 0.8 
Latch Disabled, (Note 1) 

Latch Input Current 
LogiC 1 iLH VLH = 3.0V, (Note 1) 10 45 10 45 
Logic 0 ILL VLL = 0.8V, (Note 1 ) 6 25 6 25 

,.A 

Input to Output High Voo = 1.2mV, (Note 2) 60 60 
Response Ti me tpd+ Voo= 5.0mV, (Note 2) 41 55 41 55 

ns 

Input to Output Low Voo = 1.2mV, (Note 2) 60 60 
Response Ti me tpd- Voo = 5.0mV, (Note 2) 37 55 37 55 

ns 

Latch Disable Time tLPD (Note 3) 50 65 50 65 ns 

NOTES: 
1. Guaranteed by deSign. 3. See switching time waveforms. 
2. Times are for 100mV step inputs. See switching time waveforms. 
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eMP-05 
ELECTRICAL CHARACTERISTICS at V s+ = S.OV, V s- = -5.0V, and Latch Enable grounded, -5S'C:s T A:S + 12S'C for CMP-OSB/ 

C, -2S'C:s TA :s +8S'C for CMP-OSF, -40'C:s T A:S +8S'C for CMP-OSG, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Input Offset Voltage Drift 

Input Offset Current 

Input Bias Current 

Voltage Gain 

Input Voltage Range 

Common-Mode Rejection 

Ratio 

Power Supply Rejection 
Ratio 

Output High Voltage 

Saturation Voltage 

Positive Supply Current 

Negative Supply Current 

Power Dissipation 

Latch Input Current 
Logic t 
Logic 0 

Input to Output High 

Response Time 

Input to Output Low 
Response Time 

Latch Disable Time 

NOTES: 
1. Guaranteed by design. 

SYMBOL 

Vos 

TCVos 

los 

18 

Avo 

CMVR 

CMRR 

PSRR 

VOH 

VSAT 

Is+ 

Is-

Pd 

ILH 

ILL 

t pd+ 

t pd-

t LPO+ 
t LPD-

CONDITIONS 

Rs =50n 

(Note 1) 

(Note 1) 

VCM = ±2.9V. (Note 1) 

±4.75V:5 Vs:5 ±5.25V 
P Package 

V,N '" 10mV. 10 = O"A 
V,N '" 10mV. 10 = 240"A 
V,N '" 10mV. 10= 160llA 

V,N :5 -10mV. ISINK = OmA 
V,N :5 -10mV. ISINK = 9.6mA 
V,N :5 -10mV. ISINK = 6.4mA 

Vo :50.4V 

Vo:50.4V 

VLH = 3V. (Notes 1. 4) 

VLL = 0.8V. (Notes 1. 4) 

Voo = 1.2mV. (Note 2) 

Voo = 5.0mV. (Note 2) 

Voo= 1.2mV. (Note 2) 
Voo=5.0mV. (Note 2) 

(Notes 2. 4) 

2. Times are for 100mV step inputs. See switching time waveforms. 
3. A high on the latch enable input will cause the latch to assume the state 

SWITCHING TIME WAVEFORMS 

3V 
LATCH 

E~:Cl~ 1.4V - - - - - - - - - - - - -

,t::lr ~~ 
.~;r"' :~~---+------

IN Voo !.--'LPO-==\I 

OUTPUT ~:: ____ 'Pd~ -1- ________ \1 __ 
V~T-----------J· --~ 

REV. A 

CMP-05B/F 
MIN TYP MAX 

0.3 

1.5 

40 

1.1 

6 11 

±2.9 ±3.2 

83 90 

83 

2.4 
2.4 

0.18 

0.2 

11 

12 

115 

18 
10 

125 

92 

115 
88 

56 
30 

1.5 

7.5 

250 

2.5 

178 

0.40 
0.40 

16 

17 

165 

90 
50 

CMP-05C/G 
MIN TYP MAX 

0.55 

2.5 

70 

1.5 

10 

±2.9 ±3.2 

80 88 

80 
150 

2.4 

2.4 

0.20 

0.30 

12 

13 

125 

18 
10 

125 
92 

115 
88 

56 
30 

2.0 

15 

400 

3.8 

252 
400 

0.40 

0.40 

17 

19 

180 

90 
50 

of the comparator and not follow subsequent inputs. 
4. Latch is functional for -55'C:5 TA:5 +85'C. 

Minimum Input Timing Requlrements* 

Parameter 

ts Setup Time 

th Hold Time 

tw Latch Pulse Width 

Minimum 
Limit 

3S 
10 

2S 

"t •• tho tw are tested with Y,N = 100mV and Voo = 5mV. 

UNITS 

mV 

"VI'C 

nA 

"A 

VlmV 

V 

dB 

"VN 

V 

V 

mA 

mA 

mW 

,.A 

ns 

ns 

ns 

Units 

ns 
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CMP-05 
DICE CHARACTERISTICS 

1. DIGITAL GROUND 
2. NON INVERTING INPUT 
3. INVERTING INPUT 
4. NEGATIVE SUPPLY (SUBSTRATE) 

DIE SIZE 0.052 X 0.048 inch, 2392 sq. mils 
(1.321 X 1.168mm, 1.543 sq. mm) 

6. LATCH ENABLE 
7. OUTPUT 
8. POSITIVE SUPPLY 

WAFER TEST LIMITS at Vs = ±5V, TA = 25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Oflset Voltage Vas Rs=500 

Input Oflset Current los 

Input Bias Current I. 

Voltage Gain Avo (Note 1) 

,Input Voltage Range CMVR (Note 1) 

Common-Mode Rejection 
CMRR 

VCM = ±2.9V 
Ratio (Note 1) 

Power Supply Rejection Ratio PSRR ±4.75" Vs " ±5.25 
Vs+ = 5V, Vs- = -5V to -15V 

Positive Output Voltage VOH VIN'" 10mV,lo =OpA 

Saturation Voltage VSAT VIN " 10mV, 10 = OpA 

Positive Supply Current 1+ Vo "O.4V 

Negative Supply Current 1- Vo" O.4V 

Negative Supply Current 1- V-=-15V, Vo ,,0.4V 

Latch I nput Voltage 
Logic 1 VLH Latch Enabled 
Logic 0 VLL Latch Disabled 

Latch Input Current 
Logic 1 ILH VLH = 3.0V, (Notes 1, 4) 
Logic 0 ILL VLL = 0.8V, (Notes 1, 4) 

Input to Output High 
tpd+ Voo = 5.0mV, (Notes 1, 2) 

Response Time 

Input to Output Low 
tpd- Voo = 5.0mV, (Notes 1, 2) 

Response Time 

NOTE: 

CMP-05G 
LIMIT 

1000 

150 

1.8 

7 

±3.0 

80 

178 
63 

2.4 

0.4 

16 

18 

20 

2.0 
0.8 

45 
25 

60 

80 

UNITS 

".VMAX 

nAMAX 

".AMAX 

VlmV MIN 

VMIN 

dBMIN 

".VNMAX 

VMIN 

V MAX 

mAMAX 

mAMAX 

mAMAX 

VMIN 
V MAX 

pAMAX 

nsMAX 

nsMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging Is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sam pie iot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±5V, TA = 25° C. unless otherwise noted. 

PARAMETER SYMBOL 

Input to Output High 
tpd+ Response Time 

Input to Output Low 
tpd-Response Time 

Latch Disable Time tLPD 

NOTES: 
1. Guaranteed by design. 
2. Times are for 100mV step inputs. 
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CONDITIONS 

Voo = 1.2mV, (Note 2) 

Voo = 1.2mV, (Note 2) 

(Notes 3, 4) 

CMP-05G 
TYPICAL 

41 

37 

50 

3. Sae switching time waveforms. 
4. Latch is functional for -550 C " T A " 85°C. 

UNITS 

ns 

no 

ns 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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CMP-05 
TYPICAL PERFORMANCE CHARACTERISTICS 
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APPLICATION INFORMATION 
The CMP-05 is a very accurate device providing fast response 
time even with small-Microvolt level-overdrives. To achieve 
this performance requires high gain at high frequencies. As 
shown in the voltage gain versus frequency curve, the gain
bandwidth product of the CMP-05 is 1.5 x 1011 Hz. It main
tains its full gain to approximately 8MHz and rolls off at a very 
fast rate beyond that frequency due to the fact thatfive poles 
occur in the 30 to 60MHz range. At 30MHz the gain of the 
comparator is still 2000. Therefore, in the transition region 
small values of source lead inductance and stray feedback 
capacitance can cause an oscillatory condition. 

Forexample (in the figure below) with L=0.1j.1H, Cs=0.15pF, 
the closed-loop gain of the circuit at 30MHz is: 

1 1 
Av= LCscu2 = 10-7 X 0.15 X 10-12 X (2". X 30 X 106)2 1880 

POTENTIAL FEEDBACK SOURCES 

Cs 

Your 

With the open-loop gain at 2000 oscillation will occur since 
the phase shift exceeds 1800 C. To minimize these problems 
power supplies should be decoupled, lead lengths should be 
kept as short as possible, and a ground plane should be used 
to reduce the stray feedback capacitance. In addition, a 
ground plane substantially diminishes the possibility of the 
output current spike coupling back to the inputs through the 
ground lead. Keeping a separate digital ground (pin 1) and 
analog ground (to which the inputs are referenced) also 
reduces the magnitude of the problem. 

12-BIT FAST AID CONVERTER 

REV. A 

CLOCK 

+15V 

REF-G1 

NOTE: 

SERIAL 
DATA OUT 

LSB 

DEVICE IS) CONNECTED TO ANALOG INPUT MUST BE CAPABLE OF SOURCING 4.OmA. 
A BUFFER feg. aUF·03) MAY BE REQUIRED. 

eMP-05 
Fortunately, in high-speed circuitry the comparator inputs 
will be driven at a fast rate, in which case no transition region 
oscillations will occur. As the minimum slew rate versus 
source resistance curve indicates, if the input is driven at a 
rate exceeding 6mV/j.lsec, no oscillations will occur with 
sou rce resisto rs of less than 1 kO. Exam pies of "clean" transi
tions can be observed in the photographs of the response 
time with 5mV and 1.2mVoverdrives, and the response to the 
10 and 25MHz input Signals. 

In orderto not degrade its speed the CMP-05's inputs are not 
internally clamped. If large differential voltages are present it 
is recommended that the inputs be clamped with high speed, 
low capacitance diodes such as the H.P. 5082-2835, which is 
a Schottky Diode. 

As in all high-speed devices, it is to the user's advantage to 
keep the source impedances low and matched. 

LATCH 
The CMP-05 has a latch feature which functions over -550 C 
to +850 C. When the latch is enabled, the output stays in its 
existing logic state regardless of the input signal. The input 
timing requirements of the latch are presented in the Switch
ing Time Waveforms. The latch opens up a broader applica
tions area at no sacrifice in total system speed. Effectively, 
the latch allows high speed sampling of comparison deci
sions. This is important in automatic test equipment limit 
comparators, in measuring pods used in logic analyzers and 
other similar synchronous measurement circuitry needing 
fast clocking frequencies. The latch pulse width tw allows 
sampling of input signals to take place in 25nsec. 

The latch prevents self oscillation (due to positive feedback) 
from taking place when slowly-moving high-source
impedance signals pass thru the linear amplification region 
of the comparator. This is successfully accomplished by 
rapidly strobing the comparator near its minimum tw time 
which prevents self oscillation from making a complete cycle 
since tw is shorter than the total response time tpd through 
the comparator. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• High Output Drive ••.....•...•....•.•..•.••.•. SOmA 
• Low Input Bias Current .••.••.••••••....... SOnA Max 
• Low Offset Voltage •..•..•.....•..•..•.••.• 3mV Max 
• Differential Input Voltage Range. • • . • • . • . • • . • . . •. ±30V 
• Logic Outputs Compatible with Bipolar and CMOS 
• Fully-Specified at All Temperatures 
• Available In Die Form 

ORDERING INFORMATION t 
PACKAGE OPERATING 
PLASTIC 

CERDIP a.f'IN 
so LCC TEMPERATURE 

&-PIN 2O-CONTACT RANGE 

3.0 PMlllJ· PMllW· PMll1RC1883 MIL 
3.0 PM111Z" MIL 
3.0 PM211J PM211Y IND 
3.0 PM211Z IND 
3.0 PM211P PM211S XIND 

For devices processed in toral compliance to MIL-STD-883. add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP. plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 

The PM-111/PM-211 are voltage comparators featuring low 
input bias and offset currents, high-differential voltage ranges, 
and wide-supply voltage ranges. The inputs and outputs can be 
isolated from system ground, and the output can drive loads 
referred to ground or either supply voltage. Strobing and offset 
balanCing are available and the outputs can be wire OR'ed. 

SIMPLIFIED SCHEMATIC 

BALANCE! 
STROBE BALANCE 

R3 R4 
300n 3000 

REV.B 

PIN CONNECTIONS 

HERMETIC MINI-DIP 
(Z-Suffix) 
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(P-Sufflx) 

B-PINSO 
(5-Sufflx) 

v+ 

Precision Voltage 
Comparators 

PM-lllIPM-211 I 
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~:~:~, 
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4 
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TO-99 
(J-Suffix) 

PM-111 RC/883 
LCC 

(RC-Suffix) 

::I--+-,...oOUTPUT 

R13 
411 

L-----+-OGROUND 
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PM-lll/PM-211 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Total Supply Voltage, V+ to V- .......................................... 36V 
Output to Negative Supply Voltage ................................... 50V 
Ground to Negative Supply Voltage .................................. 30V 
Strobe Pin Voltage ......................................................... V+-f'JV 
Differential Input Voltage ................................................. ±30V 
Input Voltage (Note 2) ...................................................... ±15V 
Output Short-Circuit Duration ............................................. 10s 
Operating Temperature Range 

PM-111 ...................................................... -o5·Cto+125·C 
PM-211 (J, y, Z) ........................................... -25°C to +85°C 
PM-211 SIPM-211 P ...................................... -40·C to +85°C 

Junction Temperature (TI) ............................ -65°C to + 150°C 
Storage Temperature Range ........................ -65°Cto +150°C 
Lead Temperature (Soldering, 10 sec) .......................... 300°C 

PACKAGE TYPE S.,,(Note3) 8 1C UNITS 

TQ..99(J) 150 18 'elW 
14-Pin Hermetic DIP (y) 108 16 'CIW 
S-Pin Hermetic DIP (Z) 14B 16 'CIW 

B·Pln Plutlc DIP (P) 103 43 'CIW 
2o.contacllCC (AC) 98 38 'CIW 
B-PlnSO(5) 158 43 'CIW 

NOTES: 
I_ Absotul8 maximum ratings apply to both DICE and packaged parts. unless 

oth8IWise nol8d. 
2. Rating applies to V s = ±15V. The positive Input-\IOIrage limit is 30V above the 

nagetive supply. The negative input-voltage romltls equal to the nagative sup
ply or 30V below the positive supply. whichever is less. 

3. 8 iA is specilied lor worst cue mounting conditions, I.e., 8 1" Is specified lor 
dilYlca In socket for TO, CerDIP, P-DIP, and lCC packages; 81" Is specified 
for devica soldered to printed circuit board lor SO package. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, ground pin at ground and TA = 25°C, unless otherwise noted. 

PM-111/PM-211 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

InpulOffsel 
Vas (Nolel) 

Voltage 
0.75 3.0 mV 

InputOffsel 
los (Note 1) 

Current 
0.3 5.0 nA 

Inpul Bias 
la (Nole 1) 

Current 
25 50 nA 

Vollage Gain 
AVE (Nole2) 

(Emitter) 
75 VlmV 

Voltage Gain 
Avc (Collector) 

200 VlmV 

Response Time I, 
RL = 500n (lied to V+) 
Voo = 5mV (Note 3) 

180 ns 

Saturation 
VOL 

V'N5-5mV 
Voltage IOUT=50mA 

0.68 1.0 V 

Oulput Leakage 
ICEX 

V,N,,+5mV 
Current VOUT=50V 

5 15 nA 

Positive Supply 
ISY+ Current 

3.3 mA 

Negative Supply 
ISY-

Current 
2.4 4 mA 

Input Vollage 
IVR 

Range 

-14.5 -14.8 

+13 +14 
V 

NOTES: 
1. The offset voltage, offset current, and bias current given are the maximum values required to drive the collector output to within 1V of the supplies with a 

7.SkO load. These parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 
2. Average of Av+ and Av- over a ±10V output range measured at the emitter. 
3. The response time specified is for a 100mV input step with a SmV overdrive and is the time required for the slowest edge. The slowest response occurs at 

Ihe highest lemperature of operalion. 
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PM-lll/PM-211 
ELECTRICAL CHARACTERISTICS at Vs m ±15V, ground pin at ground and -25'C S TA S +85°C for PM-211J, Z and V, 
-40'C S T AS +85°C for PM-211 P and S, unless otherwise noted. 

PM-211 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset 
Vas (Note 1) 0.8 3.0 mV 

Voltage 

Input Offset 
los Current 

(Note 1) 0.3 nA 

Input Bias 
Ie (Note 1) 

Current 
25 100 nA 

Voltage Gai n 
AVE (Emitter) 

(Note 2) 35 VlmV 

Response Ti me t, 
RL = 500n (tied to V+) 

240 ns 
Voo = 5mV (Note 3) 

Saturation VIN~-5mV 
VOL Voltage IOUT=50mA 

0.8 1.5 V 

Output Leakage 
ICEX 

V'N2: +5mV 
Current VOUT= 50V 

10 100 nA 

Positive Supply 
Isv+ 

Current 
4 6 mA 

Negative Supply 
ISY-

Current 
2.8 mA 

Input Voltage -14.5 -14.8 
V 

Range 
IVR 

13 14 

ELECTRICAL CHARACTERISTICS at Vs = ±15\f, ground pin at ground and -55°C:;:; TA:;:; +125°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset 
Vas (Note 1) 

Voltage 

Input Offset 
los (Note 1) 

Current 

Input Bias 
Ie (Note 1) 

Current 

Voltage Gai n 
AVE (Note 2) 

(Emiller) 

Response Time t, 
RL = 500n (tied to V+) 
Voo = 5mV (Note 3) 

Saturation 
VOL 

V'N,,-5mV 
Voltage IOUT=50mA 

Output Leakage 
ICEX 

V'N2: +5mV 
Current VouT =50V 

Positive Supply 
'sy+ Current 

Negative Supply 
Isv· 

Current 

Input Voltage 
IVR 

Range 

NOTES: 

MIN 

-14.5 

+13 

PM-111 
TYP 

0.8 

0.3 

25 

20 

420 

0.62 

145 

4.2 

3 

-14.8 

+14 

MAX UNITS 

3.0 mV 

10 nA 

100 nA 

VlmV 

ns 

1.5 V 

500 nA 

6 mA 

5 mA 

V 

"1. The offset voltage, offset current, and bias current given are the maximum values required to drive the collector output to within 1V of the supplies with a 7.SkO 
load. These parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

2. Average of Av+ and Av- over a ±10V output range measured at the emitter. 
3. The response time specified is for a 100mV input step with a SmV overdrive and is the time required for the slowest edge. The slowest response occurs at the 

highest temperature of operation. 
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PM-ll1IPM-211 
DICE CHARACTERISTICS 

1. GROUND 
2. +IN 
3. -IN 
4. V-
5. BALANCE 
6. BALANCE/STROBE 
7. OUTPUT 
8. V+ 

DIE SIZE 0.066 X 0.050 Inch, 3300 sq. mils 
(1.68 X 1.27mm, 2.13 sq. mm) 

WAFER TEST LIMITS at Vs = ±15\1, TA = 25°C and ground pin at ground for PM-111 GBC, TA = 125°C for PM-111 GTBC. unless 
otherwise noted. 

PM-111GTBC PM-111GBC 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT UNITS 

Input Offset Voltage Vos (Note 1) 3 3 mVMAX 

Input Offset Current los (Note 1) 10 5 nAMAX 

Input Bias Current Is (Note 1) 100 50 nAMAX 

Satu'ration Voltage VOL 1.5 1.0 V MAX 

Output Leakage Current ICEX 
V,N,,+5mV 

VOUT= SOV 
500 15 nAMAX 

Input Voltage Range IVA ±13 VMIN 

Positive Supply Current IsV+ 5 mAMAX 

Negative Supply Current Isy- 4 mAMAX 

NOTE: 
Electrical tests afB performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15\1, TA = 25°C and ground pin at ground for PM-111 GBC. TA = 125°C 
for PM-111GTBC. unless otherwise noted. 

PARAMETER 

Voltage Gain 
(Emitter) 

Response Time 

NOTES: 

SYMBOL 

AVE 

t, 

CONDITIONS 

(Note 2) 

(Note 3) 

1. The offset voltage, offset current, and bias current given are the maximum 
values required to drive the coliector output to within 1V of the supplies 
with a 7.5kO load. These parameters define an error band and take into 
account the worst case effects of voltage gain and input impedance. 

3-62 COMPARA TORS 

PM-111GTBC PM-111GBC 
TYPICAL TYPICAL UNITS 

20 75 VlmV 

420 180 ns 

2. Average of Av+ and AV- over a ±10V output range measured at the emitter, 
3. The response time specified is for a 100mV input step with a 5mVoverdrive 

and is the time required forthe slowest edge. The slowest response occurs 
at the highest temperature of operation. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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PM-lllIPM-211 
TYPICAL PERFORMANCE CHARACTERISTICS 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Single or Dual Supply Operation 
• Input Voltage Range Includes Ground 
• Low Power Consumption (2mW/Comparator) 
• Low Input Bias Current ............................................. 25nA 
• Low Input Offset Current .......................................... ±5nA 
• Low Offset Voltage ................................................... ±2mV 
• Low Output Saturation Voltage (250mV @ 4mA) 
• Logic Outputs Compatible with TIL, DTL, ECL, MOS, and 

CMOS 
• Directly Replaces LM139 and LM139A Comparators 
• Available in Die Form 

ORDERING INFORMATION t 
PACKAGE 

OPERATING 
TEMPERATURE 

RANGE 
DIP LCC 

14·PIN 2O·CONTACT 

±2' 
±S· 
±5 

PM139AY' 
PM139Y" 
PM239P 

PM139ARC/883 MIL 
MIL 

XI NO 
Fordevices processed in total compliance to MIL-STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

JAN ORDERING INFORMATION 

JAN PART NUMBER 

JM38510/11201BCA 
JM38510111201BCB 
JM38510/11201SCN 

DESCRIPTION 

PM139YS/38S10 LEVEL B 
PM139Y2/38510 LEVEL B 
PM139Y5/38510 LEVELS 

Table above is for MIL-M-38StO processing. Refer to 11201 slash sheet for elec· 
trical processing parameters. 
• Undergoing Part I qualification. Consult ADI for availability. 

SIMPLIFIED SCHEMATIC (ONE COMPARATOR) 

v+ 

OUTPUT 

-:r---+--..--<>-INPUT , , , 
I 

~* , 
...J.. 
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Quad Low-Power 
Voltage Comparators 

PM-139/PM-139A1PM-239 I 
GENERAL DESCRIPTION 

The PM·139 has four independent voltage comparators, each 
with precision DC specifications. Low offset voltage, bias cur· 
rent, power consumption and output saturation voltage are of· 
fered in a design that features single power supply operation. 
The input voltage range includes ground for convenient single 
supply operation. The 2mA power supply current, independent 
of supply voltage - coupled with the single supply operation, 
makes this comparator ideal for low power applications. Open • 
collector outputs allow maximum applications flexibility. 

PIN CONNECTIONS 

14·PIN HERMETIC DIP 
(V·Suffix) 

14·PIN PLASTIC DIP 
(P·Suffix) 

PM·139ARC/883 
LCCPACKAGE 

(RC·Suffix) 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, V+ ............................................... 36V or ±18V 
Differential Input Voltage ................................................... 36V 
Input Voltage ..................................................... -0.3V to +36V 
Derate Above 1 OO°C ................................................. 10mW/oC 
Output Short-Circuit to Ground .............................. Continuous 
Input Current (VIN < -o.3V) ............................................. SOmA 
Operating Temperature Range 

PM·139A1139/139ARC .............................. -S5°C to +125°C 
PM·239P ...................................................... -40°C to +85°C 

Storage Temperature Range ........................ -65°C to + 150°C 
Lead Temperature (Soldering, 60 sec) .......................... 300°C 
Junction Temperature .................................................. +150°C 

PACKAGE TYPE 8 1A (Note 1) 8 1C UNITS 

14-Pin Hermetic DIP (V) 110 26 ·CIW 

14-Pin Plastic DIP (P) 90 47 ·CIW 

NOTE: 
1. 8 iA is specified for worst case mounting conditions, i.e., 8·A is specified for 

device in socket for CerDIP and P-DIP packages. I 

COMPARA TORS 3-65 



PM-139IPM-139A1PM-239 
ELECTRICAL CHARACTERISTICS at V+ = +5V, TA = 25°C, unless otherwise noted. 

PM-139A PM-139/239 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAx UNITS 

Input Ollset Voltage Vos (Note 1) 2 2 5 mV 

Input Bias Current 18 
I'N(+) or I'N(-) with 

25 100 25 100 nA 
Output in Linear Range 

Input Offset Current los I'N(+) or I'N(-) 3 25 3 25 nA 

Input .Common-Mode 
CMVR (Notes 2, 5, 6) 0 3.5 0 3.5 V 

Voltage Ra nge 

Supply Current Is 
RL = GO on all Comparators 

0.8 2 0.8 2 mA 
V+=30V 

RL'" lSkll, V+ = 15V 
Voltage Gain Avo (To support large 50 200 50 200 VlmV 

Vo swing) (Note 5) 

Large-Signal 
V'N = TIL Logic Swing, 

Response Time 
t, VAEF = 1.4V, VAL = 5V, 300 300 ns 

RL = 5.1kll, (Note 4) 

Response Ti me t, 
VAL = 5V, RL = 5.1kll 

1.3 1.3 ~s 
(Notes 3,4) 

Output Sink Current ISINK 
V'N(-) '" IV, V'N(+) = 0, 6 
VoS 1.5V 

16 6 16 mA 

Saturation Voltage VOL 
V'N(-) '" IV, V'N(+) = O. 
IS,NK s 4mA 

250 400 250 400 mV 

Output Leakage 
'LEAK 

V'N(+) '" IV, V'N(-) = 0, 0.1 0.1 nA 
Current Vo=30V 

ELECTRICAL CHARACTERISTICS at V+ = +5V, -55°C S TA S +125°C for PM-139A and PM-139, -40°C S TA S +85°C for 
PM-239, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Ollset Voltage Vos (Note 1) 

Input Ollset Current los I'N(+) or I'N(-) 

Input Bias Current 18 
I'N(+) OR I'N(-) with 
Output in Linear Range 

Input Common-Mode 
CMVR (Notes 3, 5) 

Voltage Range 

Saturation Voltage VOL 
V'N(-) '" IV, V'N(+) = 0, 

IS'NKs4mA 

Output Leakage 
ILEAK 

V'N(+) '" IV, V'N(-) = 0, 
Current Vo=30V 

Differential Input 
Keep All V'N'S '" OV Voltage 

NOTES: 
1. At output switch point, Vo= 1.4V, RS=OIl with V+ from 5V,and over the full 

input common-mode range (OV to V+ -1.5V). 
2. The input common-mode voltage oreither input voltage signal should not 

be allowed to go negative by more than O.3V. The upper end of the 
common-mode voltage range is V+-l.5V, but either or both Inputs can go 
to +30V without damage. 

:J-66 COMPARA TORS 

PM-139A PM-139/239 
MIN TYP MAX MIN TYP MAX UNITS 

4 9 mV 

100 100 nA 

300 300 nA 

0 V+-2 0 V+-2 V 

700 700 mV 

~A 

36 36 V 

3. The response time specified isfor a 100mV input step with 5mVoverdrive. 
For larger overdrive signals 300ns can be obtained. See characteristics 
section. 

4. Sample tested. 
5. Guaranteed by design. 
6. Positive CMVR limit equals V+ -1.5V for supply voltages other than 5V. 

REV.C 



PM-139/PM-139A1PM-239 
DICE CHARACTERISTICS 

DIE SIZE 0.051 X 0.048 inch, 2448 sq. mils 
(1.295 X 1.220 mm, 1.58 sq. mm) 

1. OUTPUT (2) 
2. OUTPUT (1) 
3. POSITIVE SUPPLY 
4. INVERTING INPUT (1) 
5. NONINVERTING INPUT (1) 
6. INVERTING INPUT (2) 
7. NONINVERTING INPUT (2) 

8. INVERTING INPUT (3) 
9. NONINVERTING INPUT (3) 

10. INVERTING INPUT (4) 
11. NONINVERTING INPUT (4) 
12. GROUND (SUBSTRATE) 
13. OUTPUT (4) 
14. OUTPUT (3) 

~----------------~. 
WAFER TEST LIMITS at V+ = +5V, TA = 25° C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vas 
Rs ~ all, RL ~ S.lkll 
Va ~ lAV, (Note 1) 

I'N(+}-I'N(-} 
Input Offset Current los RL ~ S.lkll 

Vo~ 1.4V 

Input Bias Current 18 
I'N(+} or 
I'N(-}' (Note I) 

Voltage Gain Av RL~ ISkll, V+ ~ ISV, (Note 3) 

Input Voltage Range CMVR (Notes 2, 3) 

Common-Mode Rejection Ratio CMRR (Note 4) 

Power Supply Rejection Ratio PSRR V+ ~ SV to +18V 

Saturation Voltage VOL 
V'N(-} ~ IV, V'N(+} ~ 0, 
I SINK :S;4mA 

Output Sink Current ISINK 
V'N(-} 2 tv, 
V'N(+) ~ 0, Va'; I.SV 

Output Leakage Current I LEAK 
V'N(+} ~ tv, 
V'N(-} ~ 0, Va ~ 30V 

Supply Current 1+ 
RL = ~, All Comps 
V+~ 30V 

NOTES: 

PM-139N 
LIMIT 

2S 

100 

so 

V+-l.S 

60.S 

60.S 

400 

sao 

2 

UNITS 

mVMAX 

nAMAX 

nAMAX 

VlmV MIN 

V MAX 

dBMIN 

dB MIN 

mVMAX 

mAMIN 

nAMAX 

mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+ = +5V, unless otherwise noted. 

PM-139N 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

V'N ~ TTL Logic Swing 
Large-Signal Response Time tr VAEF~ lAV, (Note S) 600 ns 

VAL ~ SV, RL ~ S.1 kll 

V'N ~ 100mV Step, (Note 5) 
Small-Signal Response Time tr 5mV Overdrive 

VAL ~ SV, RL ~ S.1 kll 

NOTES: 
1. At output switch pOint, Va ~ lAV, Rs ~ on with V+ from SV; and over the 

full input common-mode range (OV to V+ -1.SVI. 
2. The input common-mode voltage or either input signal voltage should not 

be allowed to go negative by more than O.3V. The upper end of the 

REV.C 

1.3 1'5 

common-mode voltage range is V+-1.5V, but either or both inputs can go 
to +30V without damage. 

3. Guaranteed by design. 
4. RL ~ ISkll. VCM ~ 1.5V to 13.SV, V+ ~ ISV. 
5. Sample tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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PM-139IPM-139A1PM-239 
TYPICAL APPLICATIONS 

OR GATE AND GATE 

V+ V+ 
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TYPICAL APPLICATIONS 

ONE·SHOT MULTIVIBRATOR WITH INPUT LOCK·OUT 
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Selection Guide 
Instrumentation Amplifiers 

Gain Gain Error Gain TC BW MHz Package Temp 
Model Ranges % max ppm/°C max typi Options2 Range' Page' Comments 

AD526 1,2,4,8, 16 0.01-{l.15 2-5 4.0 1,2 C, I, M 4-39 Software Programmable, fLP Interface 
AD624 1, 100, 200, 500, 1000 0.02-1.0 5-25 1.0 1 I,M 4-71 Pin Programmable 
AD524 1, 10, 100, 1000 0.02-2.0 5-100 1.0 1,4 I,M 4·27 Pin Programmable, Input Protection 
AD625 1-10,000 0.02-{l.05 5 0.65 1,2 C, I, M 4·83 Resistor Programmable, Low Cost 
AMP-02 1-10,000 0.02 50 1.20 2,3,6 I,M 4·137 High Accuracy, 8·Pin Package Single Resistor Gain Set 

*AD620 1-1,000 O.02-{l.10 50 1.0 2,3,6 I,M 4-51 Low Cost in an 8-Pin SOIC 
AD36S I, 10, 100, SOO O.OS-{l.1 S-IO 0.8 8 I 4-9 Digitally Programmable with T/H 

*AD621 10, 100 0.05-{l.1 5-10 0.8 2,3,6 I,M 4·67 Low Cost, Precision, 8·Pin SOIC 
ADS22 1-10,000 0.OS-1.0 2-S0 0.3 I I,M 4-23 Resistor Programmable 
AMP·Ol 0.1-1000 0.6 10 0.57 3,4,6 C, I, M 4·115 Low Noise, Precision 
AMP-OS 0.1-2000 O.S 20 3.0 3 I,M 4-16S JFET Input, Fast Settling 

*AD626 10, 100 0.2 150 0.1 2,3,6 I,M 4·95 Single Supply, High CMV 
AD521 0.1-1000 0.25-3.0 3-S0 2 I C,M 4-17 Resistor Programmable 
AMP-03 1 0.008 3.0 1.7 I, M 4·149 Precision Unity·Gain Differential Amplifier 

*AMP·04 1-1,000 0.5% 0.3 2,6 I,M 4-159 Precision, Single Supply 
SSM-2016 1-1,000 0.3 (dB) 2 C 4-18S Ultralow Noise Differential Amplifier 
SSM-20l7 1-1,000 0.1 (dB) 4 2,3,6 I 4-193 Self-Contained Audio Preamplifier 
SSM-2141 I 0.01 3 2,6 4-201, AV High Common-Mode Rejection Differential Line Receiver 
SSM-2142 2 2 2,6 4-207, AV Balanced Line Driver 

*SSM·2143 112, 2 0.1 7.0 2,6 4-213, AV Gain of 0.5 for Unity Gain System When Used with SSM-2142 

lUnity gain small signal bandwidth. 
2Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "sore" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack, 11 = Single-in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic! 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

3Tempcrature Ranges: C = Commercial, DoC to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C);.M = Military, -55°C to +125°C, 
4A V = AudioNideo Reference Manual. 
Boldface Type: Product recommended for new design. 
*New product. 
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Orientation 
Instrumentation Amplifiers 
What Is an Instrumentation Amplifier? 
An instrumentation amplifier is a closed-loop gain blqck which 
has a differential input and an output which is singled-ended 
with respect to a reference terminal. Most commonly, the 
impedances of the two input terminals are balanced and have 
high values, typically 10· 0 or greater. As with op amps, output 
impedance is very low, nominally only a few milliohms. Unlike 
an op amp, which has its closed-loop gain determined by exter
nal resistors connected between its inverting input and its out
put, an in amp employs an internal feedback resistor network 
which is isolated from its signal input terminals. With the input 
signal applied across the two differential inputs, gain is either 
preset internally or is user-set by an internal (via pins) or exter
nal gain resistor, which is also isolated from the signal inputs. 
Figure 1 contrasts the differences between op-amp and in-amp 
input characteristics. 

Common-mode rejection, the property of cancelling out any sig
nals which are common (the same potential on both inputs) 
while amplifying any signals which are differential (a potential 
difference between the inputs), is the most important function 
an instrumentation amplifier provides. Common-mode gain 
(AcM) is the ratio of change in output voltage to a change in 
common-mode input voltage. This is the net gain (or attenua
tion) from input to output for voltages common to both inputs. 
For example, an in amp with a common-mode gain of 111,000 
and a 10 volt common-mode voltage at its inputs will exhibit a 
10 mV output change. The differential or "normal mode" gain 
(AD) is the gain between input and output for voltages applied 
differentially (or across) the two inputs. The common-mode 
rejection ratio (CMRR) is simply the ratio of the differential 
gain (AD) to the common-mode gain (AcM)' 

Common-mode rejection is usually specified for a full-range 
common-mode voltage (CMV) change at a given frequency, and 

4-4 INSTRUMENTATION AMPLIFIERS 

a specified imbalance of source impedance (e.g., 1 kO source 
unbalance, at 60 Hz). The term CMR is a logarithmic expres
sion of the common-mode rejection ratio (CMRR). 

That is: CMR = 20 Log1o CMRR. 

In order to be effective, an in amp needs to be able to amplify 
microvolt-level signals while simultaneously rejecting volts of 
common-mode at its inputs. 

This requires that instrumentation amplifiers have very high 
common-mode rejection-typical values of CMR are 70 dB to 
over 100 dB, with CMR usually improving at higher gains. 
While it is true that operational amplifiers, connected as sub
tractors, also provide common-mode rejection, the user must 
provide closely matched external resistors. On the other hand, 
monolithic in amps with their pretrimmed resistor nerworks, are 
far easier to apply. 

For a comprehensive discussion of in amp theory and applica
tions, refer to the Instrumentation Amplifier Application Guide, 
available FREE from Analog Devices. 

INSTRUMENTATION AMPLIFIER SPECIFICATIONS 
To successfully apply any electronic component, a full under
standing of its specifications is required. That is to say, the 
numbers contained in a spec sheet are of little value if the user 
doesn't have a clear picture of what each spec means. A typical 
monolithic instrumentation amplifier specification sheet will be 
reviewed along with some of its more important specifications. 
These will be discussed in terms of how they are measured and 
what errors they might contribute to the overall performance of 
the circuit. ' 

The following table shows a portion of the specification sheet for 
the Analog Devices AD620 instrumentation amplifier. 



A -'> AD620 -SPECIFICATIONS (typical @ +25°C, Vs = ±15 V, and RL = 2 kG unless otherwise specified) 
AD620A AD620B AD620S 

Model Conditions Min Typ Max Min Typ Max Min Typ Max Units 

B-'> GAIN G - 1 + (49.4 kIRo) 
C-'> Gain Range 1 10,000 1 10,000 I 10,000 

D-'> Gain Error l VOUT = ±10 V 
G=I 0.03 0.10 0.01 0.02 0.03 0.10 % 
G=IO 0.15 0.30 0.10 0.15 0.15 0.30 % 
G = 100 0.15 0.30 0.10 0.15 0.15 0.30 % 
G = 1000 0.40 0.70 0.35 0.50 0.40 0.70 % 

E-'> Nonlinearity, VOUT = -10 V to +10 V, 
G = 1-1000 RL = 10k!l. 10 40 10 40 10 40 ppm 
G = 1-100 RL = 2kn 10 95 10 95 10 95 ppm 

F-'> Gain vs. Temperature Gain <1000 -50 -50 -50 ppmf'C 

G -'> VOLTAGE OFFSET (Total RTI Error - VaS!' + VosdG) 
Input Offset, V OSI Vs= ±SVto±15V 30 125 IS 50 30 125 fLY 

over Temperature Vs= ±5Vto±15V 185 85 225 fLY • AverageTC Vs= ±SVto±lSV 0.3 1.0 0.1 0.6 0.3 1.0 fLVrC 
Output Offset, V 050 Vs = ±15 V 400 1000 200 500 400 1000 fLY 

Vs = ±5 V 1500 750 1500 fLY 
over Temperature Vs= ±5Vto±15V 2000 1000 2000 fLY 
AverageTC Vs= ±5Vto±15V 5.0 15 2.5 7.0 5.0 15 fLVrC 

Off.et Referred to the 
Inputvs. 
Supply (PSR) Vs= ±2Vto±18V 

G=I 80 100 80 100 80 100 dB 
G = 10 95 120 100 120 95 120 dB 
G = 100 110 140 120 140 110 140 dB 
G = 1000 110 140 120 140 110 140 dB 

H -'> INPUT CURRENT 
Input Bias Current 0.5 2.0 0.5 1.0 0.5 2 nA 

over Temperature 2.5 1.5 4 nA 
Average TC 3.0 3.0 8.0 pArC 

Input Offset Current 0.3 1.0 0.3 0.5 0.3 1.0 nA 
over Temperature 1.5 0.75 2.0 nA 
AverageTC 1.5 1.5 8.0 pAre 

INPUT 
Input Impedance 

Differential 10112 10112 10112 G!l.lIpF 
Common-Mode 10112 10112 10112 G!l.lIpF 

Input Voltage Range Vs= ±2.3Vto±5V -Vs + 1.9 +Vs - 1.2 -Vs + 1.9 +Vs - 1.2 -Vs + 1.9 +Vs - 1.2 V 
over Temperature -Vs + 2.1 +VS - 1.3 -Vs + 2.1 +Vs - 1.3 -Vs + 2.1 +Vs - 1.3 V 

Vs= ±5Vto±18V -Vs + 1.9 +Vs - 1.4 -Vs + 1.9 +VS - 1.4 -Vs + 1.9 +Vs -I.4 V 
over Temperature -Vs + 2.1 +VS - 1.4 -Vs + 2.1 +VS - 1.4 -Vs + 2.3 +Vs -I.4V 

1-'> Common-Mode Rejection 
Ratio DC to 60 Hz with 
1 ill Source Imbalance VcM=OV,o:dOV 

G=I 73 90 80 90 73 90 dB 
G=lO 93 110 100 110 93 110 dB 
G = 100 110 130 120 130 110 130 dB 
G = 1000 110 130 120 130 110 130 dB 

OUTPUT 
Output Swing RL = IOkn, 

V s = ±2.3 V to ±5 V -Vs + l.l +VS - 1.2 -Vs + l.l +Vs - 1.2 -Vs + 1.1 +Vs - 1.2 V 
over Temperature -Vs + 1.4 +VS - 1.3 -Vs + 1.4 +VS - 1.3 -Vs + 1.6 +Vs - 1.3 V 

Vs = ±5 V to ±18 V -Vs + 1.2 +VS - 1.4 -Vs + 1.2 +VS - 1.4 -Vs + 1.2 +VS - 1.4 V 
over Temperature -Vs + 1.6 +Vs - 1.5 -Vs + 1.6 +Vs - 1.5 -Vs + 2.3 +Vs - 1.5 V 

Short Current Circuit ±18 ±18 ±18 rnA 

DYNAMIC RESPONSE 
Small Signal - 3 dB Bandwidth 

G=1 1000 1000 1000 kHz 
G= 10 800 800 800 kHz 
G = 100 120 120 120 kHz 
G = 1000 12 12 12 kHz 

Slew Rate 0.75 1.2 0.75 1.2 0.75 1.2 V/fLS 

J-'> Settling Time to 0.01 % 10 V Step 
G = 1-100 15 15 IS fLS 
G = 1000 150 150 150 fL' 
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(A) Conditions 
At the top of the spec sheet is the statement that the listed specs 
are typical @ Vs = ±15 V, RL = 2 kO and TA = +25°C 
unless otherwise specified. This tells the user that these are the 
normal operating conditions under which the device is tested. 
Deviations from these conditions might degrade (or improve) 
performance. When deviations from the "normal" conditions are 
likely (such as a change in temperature) the significant effects 
are usually indicated within the specs. This statement also tells 
us that all numbers are typical unless noted; "typical" means 
that the manufacturers characterization process has shown this 
number to be average, but individual devices may vary. 

Specifications not discussed in detail are self-explanatory and re
quire only a basic knowledge of electronic measurements. Those 
specs do not apply uniquely to instrumentation amplifiers. 

(B) Gain 
These specifications relate to the transfer function of the device. 
The gain equation of the AD620 is: 

. 49.4kO 
Gam=l+~ 

To select an RG for a given gain, solve the equation for Ro: 
49,4000 

RG = GAIN-l 

For example, the calculated resistance and the closest standard 
value for some common gains: 

G = 1: RG = 00 (Open Circuit) 
G = 10: RG = 5.49 kO 
G = 100: RG = 499 0 
G = 1000: RG = 49.5 (cal) or 49.9 0 

Note that there will be a gain error if the standard resistance 
values are different from those calculated. In addition, the toler
ance of the resistors used (normally 1 % metal film) will also 
affect accuracy. Of course the user must provide a very clean 
(low leakage) circuit board to realize an accurate gain of 1, since 
even a 200 MO leakage resistance will cause a gain error of 
0.1%! 

Note that resistor tolerance must be taken into consideration. 
Normal metal film resistors are within 1% of their stated value 
which means that any two resistors could be as much as 2% dif
ferent in value from one another. Thin-film resistors in mono
lithic integrated circuits have an absolute tolerance of only 
±20%, however the matching between resistors·on the same 
chip can be excellent: typically better than 0.1%. 

(C) Gain Range 
Often specified as having a gain range of 1 to 1000, or 1 to 
10,000, many instrumentation amplifiers may (and in fact will) 
work at higher gains, but the manufacturer will not promise a 
specific level of performance. In practice, as the gain resistor 
becomes increasingly smaller, any errors due to the resistance of 
the metal runs and bond wires become significant. These errors, 
along with an increase in noise and drift, may make higher gains 
impractical. 

(D) Gain Error 
The number given by this specification describes maximum 
deviation from the gain equation. Monolithic in-amps such as 
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the AD620 have very low factory trimmed gain errors with its 
maximum error of ±0.02% at unity gain and ±0.50% at a gain 
of 1000 being typical for a high quality in-amp. Although exter
nally connected gain networks allow the user to set the gain 
exactly, the temperature coefficients of the external resistors and 
the temperature differences between individual resistors within 
the network, all contribute to the overall gain error. 

If the data is eventually digitized and fed to an "intelligent sys
tem" (such as a microprocessor), it may be possible to correct 
for gain errors by measuring a known reference voltage and then 
multiplying by a constant. 

(E) Nonlinearity 
Nonlinearity is defined as the deviation from a straight line on 
the plot of output versus input. Figure 1 shows the transfer 
function of a device with exaggerated nonlinearity. The magni
tude of this error can be calculated by: 

onl . . Actual Output - Calculated Output 
N meanly = --;:;:----;-;;;-';:;-;:;--;-::::----;:;---'--

Rated Full-Scale Output Range 

To confuse matters, this deviation can be specified relative to 
any straight line or to a specific straight line. There are two 
commonly used methods of specifying this ideal straight line 
relative to the performance of a precision measurement device. 

IDEAL (STRAIGHT LINE) 

ACTUAL RESPONSE 

-+------#-",.-----i~V,N 
+VIN FULL SCALE 

le+ MAXI> le- MAXI 

le+ MAXI + Ie-MAXI = K 

Figure 1. Transfer Function Illustrating Exaggerated 
Nonlinearity 

The "Best Straight Line" method of nonlinearity specification 
consists of measuring the peak positive and peak negative devia
tions and then adjusting the slope of the device transfer function 
(by adjusting the gain and offset) so that these maximum posi
tive and negative errors are equal. This method yields the best 
specifications but is difficult to implement because it requires 
that the user examine the entire output signal range to deter
mine these maximum positive and negative deviations. The 
results of a best-straight-line calibration is shown by the transfer 
function of Figure 2. 

The "End-Point" method of specifying nonlinearity requires 
that the user perform his offset and/or gain calibrations at the 
extremes of the output range. This is much easier to implement 
but may result in nonlinearity errors of up to twice those 
attained with best-straight-line techniques. This worst case error 
will occur when the transfer function is "bowed" in one direc
tion only. Figure 3 shows the results of end-point calibration. 



le+ MAXI = Ie-MAXI = + 
le+ MAXI + le- MAXI = K 

Figure 2. The Transfer Function of Figure 1 After Cali
bration by Best-Straight-Line Method 

VOI1T 
GAIN e+MAX 

-f-----7J' .. -----t- V'N 
+VIN FULL SCALE 

Ie + MAXI> Ie - MAXI 

le+ MAXI + le- MAXI = K 

Figure 3. The Transfer Function of Figure 1 After 
Calibration by End-Point Method 

Most linear devices, such as instrumentation amplifiers, are spe
cified for best-straight-line linearity. This needs to be considered 
when evaluating the error budget for a particular application. 

Regardless of tbe method used to specify nonlinearity, tbe errors 
tbus created are irreducible. That is to say: these are neither 
fixed errors nor are they proportional to input or output voltage 
and, therefore, cannot be reduced by adjustment. 

(F) Gain vs. Temperature 
These numbers give botb maximum and typical deviations from 
the gain equation as a function of temperature. An intelligent 
system can correct for this witb an "auto-gain" cycle (measure a 
reference and renorma1ize). 

(G) Voltage Offset 
Voltage offset specifications are often considered a figure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature vari
ations will cause errors. Intelligent systems can often correct for 
this factor witb an auto-zero cycle, but tbere are many sma11-
signal high-gain applications that don't have tbis capability. 

Voltage offset and drift comprise two components each; input 
and output offset and offset drift referred to both input and out
put. Input offset is that component of offset that is directly pro
portional to gain, i.e., input offset as measured at tbe output at 
G = 100 is 100 times greater that at G = 1. Output offset is 
independent of gain. At low gains, output offset drift is domi
nant, while at high gains input offset drift dominates. There
fore, tbe output offset voltage drift is normally specified as drift 
at G = 1 (where input effects are insignificant), while input off-

set voltage drift is given by drift specification at a high gain 
(where output offset effects are negligible). All input-related 
numbers are referred to tbe input (RTI) which is to say that tbe 
effect on the output is "G" times larger. Voltage offset vs. 
power supply is also specified at one or more gain settings and is 
also RTI. 

(H) Input Current 
Input bias currents are those currents necessary to bias the input 
transistors of a dc amplifier. FET input devices have lower bias 
currents, but those currents increase dramatically witb tempera
ture, doubling approximately every 11°C. Since bias currents 
can be considered as a source of voltage offset (when multiplied 
by source resistance), the change in bias currents is of more con
cern than tbe magnitude of tbe bias currents. Input offset cur
rent is tbe difference between tbe two input bias currents. 

Although instrumentation amplifiers have differential inputs, 
there must be a return path for tbe bias currents. If this is not 
provided, tbose currents will charge stray capacitances, which 
will cause the output to drift uncontrollably or to saturate. 
Therefore, when amplifying "floating" input sources such as 
transformers and thermocouples, as well as ac-coupled sources, 
tbere must still be a dc patb from each input to ground. 

(I) Common-Mode Rejection 
Common-mode rejection is a measure of tbe change in output 
voltage when botb inputs are changed equal amounts. These 
specifications are usually given for both a full-range input volt
age change and for a specified source imbalance. Common-mode 
rejection ratio (CMRR) is a ratio expression while common
mode rejection (CMR) is tbe logaritbm of that ratio. For exam
ple, a CMRR of 10,000 corresponds to a CMR of 80 dB. 

In most lAs, tbe CMRR increases witb gain. This is because 
most designs have a front -end configuration that does not 
amplify common-mode signals. Since tbe standard for CMRR 
specifications is referred to tbe output (RTO), a gain for differ
ential signals in tbe total absence of gain for common-mode 
input signals will yield a 1-to-l improvement of CMRR with 
gain. For example, if an instrumentation amplifier provides a 
CMR of 60 dB at unity gain, tben increasing tbe amplifier's gain 
to 10 will increase tbe differential gain 10 times. But, (ideally) 
tbe common-mode gain will remain at unity. ·Therefore, the 
CMR is now 80 dB-a direct improvement with gain. 

This means that tbe common-mode output error signal will not 
increase witb gain, it does not mean tbat it decreases witb gain! 
At higher gains, however, amplifier bandwidtb does decrease. 
Since differences in phase shift through tbe differential input 
stage will show up as a common-mode error, CMRR becomes 
more frequency dependent at high gains. 

m Settling Time 
Settling time is defined as that lengtb of time reqnired for the 
output voltage to approach and remain within a certain tolerance 
of its [mal value. It is usually specified for a fast full-scale input 
step and includes output slewing time. Since several factors con
tribute to tbe overall setting time, fast settling to 0.1% doesn't 
necessarily mean proportionally fast settling to 0.01 %. In addi
tion, settling time is not necessarily a function of gain. Some of 
tbe contributing factors include slew rate limiting, under
damping (ringing) and tbermal gradients (long tails). 
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~ANALOG 
WDEVICES 

FEATURES 
Software Programmable Gain (1, 10, 100, 500) 
Low Input Noise (0.2JLV p-p) 
Low Gain Error (0.05% max) 
Low Nonlinearity (0.005% max) 
Low Gain Drift (10ppmI"C max) 
Low 0ffHt Drift (2JLVI"C RTI max) 
Fast Settling (15JLs @ Gain 100) 
Small 16-Pln Metal DIP 

APPUCAT10NS 
Digitally Controlled Gain Amplifier 
Auto-Gain Ranging Amplifier 
Wide Dynamic Range Measurement System 
Gain Selection/Channel Amplifier 
TrensducerlBridge Amplif" .... 
Test Equipment 

HIGHLIGHTS 
The AD36S is a two stage data acquisition system (DAS) front 
end consisting of a digitally selectable gain amplifier followed by 
an independent tracklhold amplifier. The programmable gain 
amplifier features differential inputs for excellent common-mode 
rejection, high open loop gain for superior linearity, and fast 
settling for use in multiplexed high speed systems. The tracklhold 
amplifier features high open loop gain for 12-bit compatible 
linearity, internal hold capacitor for high reliability, and fast 
acquisition time for use with multichannel systems. Both amplifiers 
are capable of being used separately and are specified as inde
pendent function blocks. 

GENERAL DESCRIPTION 
The AD36S is comprised of the AD62S monolithic precision 
instrumentation amplifier to provid$: a precision differential 
input, the AD7S02 monolithic CMOS multiplexer to handle 
gain switching, a precision thin-film resistor network, and the 
AD585 monolithic track and hold amplifier with internal hold 
capacitor. 

REV. A 

Programmable Gain & TIH 
DAS Amplifier 

AD365 I 
FUNCTIONAL BLOCK DIAGRAM 

The input stage provides high common-mode rejection, low 
noise, fast settling at all gains, and low drift over temperature. 
The gains of I, 10, 100, and 500 are digitally selected with the 
two gain control lines which are 5V CMOS compatible. 

The track and hold amplifier section is ideally suited for high 
speed 12-bit applications where fast settling, low noise, and low 
sample-ta-hold offset are critical. The TlHmode is controlled 
with a single input line which can be tied to the status output 
line of the accompanying AID converter. 
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AD365-SPECIFICATIONS (typical @ Ys = ±15Y. RL = 2kO and TA = +25OC unless otherwise specified). 

AD365AM Min Typ Mu: Vails 

PGAGAIN 
IIUlCCUI'8C)'I 

@G=I,IO,IOO 0.02 0.05 % 
@G=SOO 0.04 0.1 % 

Nonlinearity 
@G=I,IO,IOO 0.005 % 
@G=SOO 0.01 % 

Drift 
@G=I I 5 ppmI"C 
@G= 10, 100, 500 3 10 ppmf'C 

PGA OFFSET (May be Nulled at Input and Output) 
Input Offset Voltage(RTI) 25 200 jl.V 

vs. Temperature 0.1 2 jl.vrc 
vs. Common-Mode Voltage 0.5 3.2 jl.VN 
vs. Supply Voltage I 10 jl.VN 

Output Offset Voltage (RTO) I 5 mV 
vs. Temperature 30 150 jl.vrc 
vs. Common-Mode Voltage 60 316 jl.VN 
vs. Supply Voltage 60 316 jl.VN 

PGAINPUT 
Common- Mode and Differential Impedance 10'15 OllpF 
Differential Input Voltage, Linear 10 12 V 
Common-Mode Voltage, Linear 12 - VmFF x G/2 V 
InputStageNoiseO.1 to 10Hz 0.2 jl.Vp-p 
Input Stage Noise Density@ 1kHz 4 nVrVHi 
Bias Current 5 50 nA 

VS. Temperature 50 pAre 
Offset Current 2 20 nA 

vs. Temperature 20 pAre 
Noise Current (0.1 to 10Hz) 60 pAp-p 

PGAOUTPUT 
Voitage2kOLoad 10 12 V 
Output Impedance 0.2 0 
Short Circuit Current 25 rnA 
Capacitive Load 500 pF 
Output StageNoiseO.1 to 10Hz 10 jl.Vp-p 
Output Stage Noise Density@ 1kHz 75 nV/v'Hi 
Guard Voltage (V +IN + V -1N)/2 V 
Guard Offset -550 mV 

PGA DYNAMIC RESPONSE 
Small Signal - 3dB 

G=I 800 kHz 
G=IO 400 kHz 
G=IOO ISO kHz 
G=500 40 kHz 

Full Power Bandwidth G = I @ Vo = 20V Pop 60 kHz 
Slew Rate 4 V/jl.s 
SettlingTimetoO.01%@Vo =20Vp-p 

G=I,10 8 10 jI.S 

G=I00 12 IS jI.S 

G=500 40 50 jl.S 
Gain Switching Time 1.5 jI.S 

Overdrive Recovery Time VIN = ISV @G= I 7 jl.8 

PGA DIGITAL INPUTS 
Logic Low 0 0.8 V 
Logic High 3.0 +Vs V 
Current, IINH0r IJNL 0.01 I jI.A 
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AD36SAM 

TRACK AND HOLD AMPLIFIER SECTION 

TRANSFER CHARACTERISTICS 
Open Loop Gain V,,= lOY, RI. = 2k 
Nonlinearity Co G = + I 
Output Voltage RI. = 2kll 
Capacitive Load 
Short Circuit Current 

TRACK MODE DYNAMICS 
AcquisitionTimetoO.OI% IOV Step 

20VStep 
Small Signal Bandwidth - 3dB 
Full Power Bandwidth (20V p-p) 
Slew Rate 

TRACK/HOLD SWITCHING 
Aperture Time 
Aperture Uncertainty 
Switching Transient 
Settling Time to 2m V 

HOLD MODE 
Droop Rate Co + 25·C 

from T AMBIENT to T MAX 

Feedthrough 
Pedestal, Offset Co + 25·C 

Over Temperature 

T/HANALOGINPUT 
Bias Current 

Over Temperature 
Offset Voltage 

Over Temperature 
vs. Common Mode 
vs. Supplies 

Input Impedance 
NoiseDensity(t1 1kHz 
NoiseO. 1Hz to 10Hz 

T/H DIGITAL INPUT CHARACTERISTICS 
Logic Low (Hold Mode) 
Logic High (Track Mode) 
Input Current 

AD365 POWER REQUIREMENTS 
Positive Supply Range 
Negative Supply Range 
Quiescent Current 
Power Dissipation 
Warm-Up Time to Specification 
Ambient Operating Temperature 
Package Thermal Resistance (9 j.) 

AD365 ABSOLUTE MAXIMUM RATINGS 
Positive Supply + V s 
Negative Supply - V s 
Analog Input Voltage 
Analog Input Current 
Digital Input Voltage 
T IH Differential V IN 

Storage Temperature 
Lead Soldering, 10 Sec 
Short Circuit Duration 

PACKAGE OPTION2 

DH-16B 

NOTES 
IGain = 10, 100 and SOOare trimmed and tested ratiometric to G = 1. 
2Forout1ine information see Package Information section. 
Specifications subject to change without notice. 

REV. A 

Min 

lOOk 

10 

0 
2.0 

+11 
-II 

-25 

-0.3 
+0.3 
-Vs 
-10 
-0.3 

-65 

AD365 
Typ Max Units 

200k VIV 
0.005 %FSR 

12 V 
100 pF 
25 rnA 

2 3 .,.S 
4 5 .,.S 
2 MHz 
120 kHz 
10 V/.,.s 

35 ns 
0.5 ns 
40 mV 
0.5 .,.S II 
0.3 I V/sec 
Doublesll O·C V/sec 

25 .,.VIV 
2 3 mV 
3 mV 

0.1 2 nA 
0.2 5 nA 

2 mV 
3 mV 

25 100 .,.VIV 
100 316 .,.VIV 
10121110 {lllpF 
50 nV/vHz 
10 .,.Vp-p 

0.8 V 
+Vs V 

10 50 .,.A 

+17 V 
-17 V 

12 16 rnA 

360 550 mW 
5 Minutes 

+85 ·C 
60 ·c/W 

+17 Vdc 
-17 Vdc 
+Vs V 
+10 rnA 
+Vs V 
±30 V 
+150 ·C 
300 ·C 

Indefinite 
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AD365-Typical Characteristics (@ +25"1: unless otherwise noted) 
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Current vs. Supply Voltage 

-140 
G=500 

-120 
G_100 

20 

~ 
G_10 

....... " ~ !f!I -100 
, 
~ -80 

G-l 

.......... "' ~~ ~ 13 
-60 

-4' 

-20 

o • 

i'... "' r--...~ 

10 100 1k 10k 100k 10M 

FREQUENCY - Hz 

Figure 4. PGA CMRR vs. 
. Frequency RTI, Zero to 1kn 
Source Imbalance 

./ 
".... 

/ 
/ 

'( 

/ 
I 

7 • u ~ ~ ~ ~ ~ u ~ 

WARM-UP TIME - Minutes 

Figure 7. PGA Offset Voltage, 
RTI, Turn On Drift 
40 

30 

20 -, 10 

~ -
~ 0 

!; -10 

!!; 
- -20 

-30 

-40 
75 - 25 25 75 

TEMPERATURE - "C 

Figure 10. PGA Input Bias 
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Figure 2. PGA RTI Noise 
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The AD365 PGA section uses the AD625 monolithic instrumen
tation amplifier based on a modification of the classic three-op-amp 
approach. Monolithic construction and Iaser-wafer-trimming 
allow the tight matching and tracking of circuit components. 
This insures the high level of performance inherent in this circuit 
architecture. 

A preamp stage (QI-Q4) provides additional gain to Al and A2. 
Feedback from the outputs of Al and A2 forces the collector 
currents of Q I-Q4 to be constant, thereby, impressing the input 
voltage across Ro. This creates a differential voltage at the outputs 
of Al and A2 which is given by the gain (2RpIRa + I) times 
the differential portion of the input voltage. The unity gain 
subtractor, A3, removes any common-mode signal from the 
output voltage yielding a single ended output, VOUT, referred to 
the potential at the reference pin. 

Digital gain control is provided using the DO and Dl inputs 
(pins 14 and IS) which are decoded internally in the gain switching 
AD7502 as shown in Figure IS below. The switch selects the 
resistance Ro from the laser trimmed resistor network according 
to the following gain select table. 

Dl DO PGAGAIN 

0 0 I 
0 I 10 
I 0 100 
I I 500 

+v, 

GAIN 

5011 
~::WE 
I 
I ". 

L-+----GA~,N~G~~~N---.~ 

-IN C>-'WIr ... -I 
5011 

SENSE SENSE 

-v. 

Figure 13. Simplified Circuit of the PGA 

INPUT PROTECTION 
Differential input amplifiers frequently encounter input voltages 
outside of their 1inear range of operation. There are two consid
erations when applying input protection for the PGA; I) that 
continuous input current must be limited to less than 10mA and 

Theory of Operation -AD365 
+v. 

FD333 FD333 

1.211:0 1.2kn 
+IN 

1.211:0 1.2kn VOUT 

-IN 

FD333 FD333 

-v. 

Figure 14. Input Protection Circuit for PGA 

necessary to protect the PGA under all overload conditions at 
any gain. The diodes to the supplies are only necessary if input 
voltages outside of the range of the supplies are encountered. 

REFEllENCE TERMINAL 
The reference terminal may be used to offset the output by up 
to ± 2V. This is useful when the load is "floating" or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. It must be remembered, 
however, that the total output swing, to be shared between 
signal and reference offset, should be ± 10 volts (from ground). 

The PGA section reference terminal must be presented with 
nearly zero impedance. Any significant resistance, including 
those caused by PC layouts or other connection techniques, will 
increase the gain of the noninverting signal path, thereby, upsetting 
the common-mode rejection of the In-Amp. Inadvertent ther
mocouple connections created in the sense and reference lines 
should also be avoided as they will directly affect the output 
offset voltage and output offset voltage drift. 

In the AD625, a reference source resistance will unbalance the 
CMR trim by the ratio of 10kOiRRBF• For example, if the reference 
source impedance is 10, CMR will be reduced to 80dB (lOkOllO 
= SOdB). An operational amplifier may be used to provide the 
low impedance reference point as shown in Figure IS. The 
input offset voltage characteristics of that amplifier will add 
directly to the output offset voltage performance of the in
strumentation amplifier. 

2) that input voltages must not exceed either supply by more -v.".:..,I1'<-1>:--....... -,,-----------, 

than one diode drop (approximately 0.6V @ 25"C). 

Under differential overload conditions there is (Ro + 300)0 in 
series with two diode drops (approximately 1.2V) between the 
plus and minus inputs, ih either direction. With no external 
protection and Ro very small (i.e., son @ G = 500), the maximum WR 

overload voltage the PGA can withstlind, continuously, is ap
proximately ±5V. Figure 14 shows the external components 

REV. A 

Figure 15. Software Controllable Offset 
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AD365 
The circuit of Figure 15 also shows a CMOS DAC operating in 
the bipolar mode and connnected to the reference terminal to 
provide software controllable offset adjustments. The total offset 
range is equal to ± (V~2 x Rs~). To be symmetrical about 
OV, R3 must be equal to 2 x Ro.. 
The offset per bit is equal to the total offset range divided by 
2N, where N = number of bits of the DAC. The range of offset 
for Figure 15 is ± 12OmV, and the offset is incremented in steps 
of O.9375mV/LSB. 

INPUT AND OUTPUT OFFSET VOLTAGE 
Offset voltage specifications are often considered a flgure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors. Intelligent systems can often correct 
for this factor with an auto-zero cycle, but this requires extra 
circuitry. 

Offset voltage and offset voltage drift each have two components: 
input and output. Input offset is that component of offset that 
is generated at the input stage. Measured at the output it is 
directly proportional to gain, i.e., input offset as measured at 
the output at G = 100 is 100 times greater than that measured 
at G = 1. Output offset is generated at the output and is constant 
for all gains. Input errors dominate at high gains and output 
errors dominate at low gains. 

By separating these errors, one can evaluate the total error inde
pendent of the gain. For a given gain, both errors can be combined 
to give a total error referred to the input (RT!) or output (RTO) 
by the following formula: 

Total Error RTI = input error + (output error/gain) 

Total Error RTO = (Gain x input error) + output error 

The AD365 provides for input offset voltage adjustment (see 
Figure 16). This simplifies nulling in very high precision appli
cations and minimizes offset voltage effects in switched gain 
applications. In such applications the input offset is adjusted 
flrst at the highest programmed gain, then the output offset is 
adjusted at G = 1. If only a single null is desired, the input 
offset null should be used. The most additional drift when using 
only the input offset null is O.9IloVrC, RTO. 

Output offset adjustment is normally provided by the AID con
verter offset adjustment which will compensate for the output 
offset of the PGA, offset of the TIH amplifler, and offset of the 
AID. 

~ ~'~ 
Figure 16. Input Voltage Offset Adjustment 

COMMON-MODE REJECTION 
In an instrumentation amplifier, degradation of common-mode 
rejection is caused by a differential phase shift due to differences 
in distributed stray capacitances. In many applications shielded 

". 

Figure 17. Common-Mode Shield Driver 
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cables are used to minimize noise. This technique can create 
common-mode rejection errors unless the shield is properly 
driven. Figure 17 shows active data guards which are conflgured 
to improve ac common-mode rejection by "bootstrapping" the 
capacitances of the input cabling, thus minimizing differential 
phase shift. 

GROUNDING 
In order to isolate low level analog signa1s from a noisy digital 
environment, many data-acquisition components have two or 
more ground pins. These grounds must eventually be tied together 
at one point. It would be convenient to use a single ground line, 
however, current through groUnd wires and pc runs of the circuit 
card can cause hundreds of millivolts of error. Therefore, separate 
ground returns should be provided to minimize the current flow 
from the sensitive points to the system ground (see Figure 18). 
Since the AD365 output voltage is developed with respect to the 
potential on the reference terminal, it can solve many grounding 
problems. 

Figure 18. Basic Grounding Practice 

GROUND RETURNS FOR BIAS CURRENTS 
Input bias currents are those currents necessary to bias the 
input transistors of a de amplifler. There must be a direct return 
path for these currents, otherwise they will charge external 
capacitances, causing the output to drift uncontrollably or satUrate. 
Therefore, when amplifying "floating" input sources such' as 
transformers, or ac-coupled sources, there must be a dc path 
from each input to ground as shown in Figure 19. 

.y. 

Figure 19a. Ground Returns for Bias Currents with 
Transformer Coupled Inputs 

+yo 

Figure 19b. Ground Returns for Bias Currents with ac 
Coupled Inputs 
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AUTO-ZERO CIRCUITS 
In many applications it is necessary to maintain high accuracy. 
At room temperature, offset effects can be nulled by the use of 
offset trimpots. Over the operating temperature range, however, 
offset nulling becomes a problem. For these applications the 
auto-zero circuit of Figure 20 provides a hardware solution. 

+v, 

Figure 20. Auto-Zero Circuit 

OTHER CONSIDERATIONS 
One of the more overlooked problems in designing ultra-Iow-drift 
dc amplifiers is thermocouple induced offset. In a circuit comprised 
of two dissimilar conductors (i.e., copper, kovar), a current 
flows when the two junctions are at different temperatures. 
When this circuit is broken, a voltage known as the "Seebeck" 
or thermocouple emf can be measured. Standard IC lead material 
(kovar) and copper form a thermocouple with a high thermoelectric 
potential (about 35"" VOC). This means that care must be taken 
to insure that all connections (especia11y those in the input circuit 
of the AD365) remain isothermal. This includes the input leads 
(1, 2). In addition, the user should also avoid air currents over 
the circuitry since slowly fluctuating thermocouple voltages will 
appear as "flicker" noise. 

The base emitter junction of an input transistor can rectify out
of-hand signals (i.e., RF interference). When amplifying small 
signals, these rectified voltages act as small dc offset errors. In 
the case of a resistive transducer, a capacitor across the input 
working against the internal resistance of the transducer may 
suffice to provide an RC filter. These capacitances may also be 
incorporated as part of the external input protection circuit (see 
section on input protection). As a genera1 practice every effort 
should be made to match the extraneous capacitance at pins I 
and 2, to preserve high ac CMR. 

THEORY OF OPERATION - TIH SECTION 
In sampled data systems there are a number of limiting factors 
in digitizing high frequency signals accurately. Figure 21 shows 
pictoria11y the track-and-hold errors that are the limiting factors. 
In the following discussions of error sources the errors will be 
divided into the following groups: 1. Track-to-Hold Transition, 
2. Hold Mode and 3. Hold-to-Track Transition. 

REV. A 
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Figure 21. Pictorial Showing Various TIH Characteristics 

TRACK-TO-HOLD TRANSmON 
The aperture delay time is the time required for the track-and-hold 
amplifier to switch from track to hold. Since this is effectively a 
constant, it may be tuned out. If however, the aperture delay 
time is not accounted for then errors of the magnitude as shown 
in Figure 22 will result. 

% 

@ 1/2 BIT 
• BITS 

•• 1 " 
112 BIT 
10Bns ~ .. 

1I2BIT@ 
12 BITS i\o 

0.01% 

@ 11281T 
1481T8 

0.001 ~ ... 

, .. 
V 

;' 

v 
v 

V 

~ERTURE DELAY 

V 
(35ns) 

,. 10k lOOk 
SIGNAL FREQUENCY - Hz 

Figure 22. Aperture Delay Error vs. Frequency 

To eliminate the aperture delay as an error source the track-to-hold 
command may be advanced with respect to the input signal. 

Once the aperture delay time has been eliminated as an error 
source then T /H trigger uncertainty/jitter and internal aperture 
jitter which are the variations in aperture delay time from sample
to-sample remain. The aperture jitter is a true error source and 
must be considered. The aperture jitter is a result of noise within 
the switching network which modulates the phase of the hold 
command and is manifested in the variations in the value of the 
analog input that has been held. The aperture error which results 
from this jitter is directly related to the dV/dt of the analog 
input. 

The error due to aperture jitter is easily calculated as shown 
below. The error calculation takes into account the desired 
accuracy corresponding to the resolution of the N -bit AID 
converter. 

2-(N+l) 

F..... = -'II'-(T.Arperture"'-:::-'J"'ittC"e---r) 
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AD365 
For an application with a 12-bit AID converter with a lOY full 
scale to a 1/2LSB error maximum: 

2-(12+1) 
F..,.,. = = 77.7kHz 

1T (0.5 x 10-,) 

Track-to-hold offset is caused by the transfer of charge to the 
holding capacitor via the gate capacitance of the switch when 
switching into hold. Since the gate capacitance couples the 
switch-control voltage applied to the gate on to the hold capacitor, 
the resulting track-to-hold offset is a function of the logic level 
applied to the gate and the change in the gate capacitance over 
temperature. 

HOLD MODE 
In the hold mode there are two important specifications that 
must be considered; feedthrough and the droop rate. Feedthrough 
errors appear as an attenuated version of the input at the output 
while in the hold mode. Hold-Mode feedthrough varies with 
frequency, increasing at higher frequencies. Feedthrough is an 
important specification when a track and hold follows an analog 
multiplexer that switches among many different 
channels. 

Hold-mode droop rate is the change in output voltage per unit 
of time while in the hold mode. Hold mode droop originates as 
leakage from the hold capacitor, of which the major leakage 
current contributors are switch leakage current and bias current. 
The rate of voltage change on the capacitor dV Idt is the ratio of 
the total1eakage current IL to the hold capacitance CH' 

dVoUT IL(PA) 
Droop Rate = ~ (Volts/Sec) = -

CffipF) 

For the AD365 in particular; 

Droop Rate = :~~ = IV/sec maximum 

Additionally the leakage current doubles for every 1O"C increase 
in temperature above 25"<:; therefore, the hold-mode droop rate 
characteristic will also double in the same fashion. 

Since a track and hold is used typically in combination with an 
AID converter, then the total droop in the output voltage has to 
be less than 1I2LSB during the period of a conversion. The 
maximum allowable signal change on the input of an AID converter 
is: 

/:;.V max = Full Scale Voltage 
2(N+1) 

Once the maximum /:;. V is determined then the conversion time 
of the AID converter (tcoNV) is required to calculate the maximum 
allowable dV/dt. 

dV max /:;.V max 
~= tcoNV 

The maximum dV d~ as shown by the previous equation is 

the limit not only at 25"<: but at the maximum expected operating 
temperature range. Therefore, over the operating temperature 
range the following criteria must be met (TOPBRATION -25"<:) 
= /:;'T. 

(.1T"C) 

dV 25°C x 2""""iii'C s dV max 
dt dt 
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HOLD-TO-TRACK TRANSITION 
The Nyquist theorem states that a band-limited signal which is 
sampled at a rate at least twice the maximum signal frequency 
can be reconstructed without loss of information. This means 
that a sampled data system must sample, convert and acquire 
the next point at a rate at least twice the signal frequency. Thus 
the maximum input frequency is equal to 

f I 
MAX 2(TACQ + TCONV + TAP) 

Where T ACQ is the acquisition time of the sample-to-hold 
amplifier, TAP is the maximum aperture time (stnall enough to 
be ignored) and T CONY is the conversion time of the AID 
converter. 

DATA ACQUlSmON SYSTEMS 
The fast acquisition time of the AD365 when used with a high 
speed AID converter allows accurate digitization of high frequency 
signals and high throughput rates in multichannel data acquisition 
systems. The AD365 can be used with a number of different 
AID converters to achieve high throughput rates. Figures 23 
and 24 show the use of an AD365 with the AD578 and 
AD574A. 

-..,..--.... --------t-+ .. V 

.. 
GUARD 

~~o-----~-------~ 
Figure 23. AID Conversion System, 117.6kHz Throughput 
58.8kHz Max Signal Input 

ANALOG 
INPUT 

OTO =1OV 

GAIN 
SELECT 

DO 

01 

- ..... ---.... ------__ ...... ,....+15V 

Figure 24. 12-8it AID Conversion System, 26.3kHz 
Throughput Rate, 13. 1kHz Max Signal Input 
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1IIIIIIII ANALOG 
WDEVICES 

Integrated Circuit 
Precision Instrumentation Amplifier 

FEATURES 

Programmable Gains from 0.1 to 1000 
Differential Inputs 
High CMRR: 110dB min 
Low Drift: 2p.Vfc max ILl 
Complete Input Protection, Po_r ON and Po_r OFF 
Functionally Complete with the Addition of Two Resistors 
Internally Compensated 
Gain Bandwidth Product: 40MHz 
Output Current Limited: 2SmA 
Very Low Noise: O.s,.cV P-tJ, 0.1Hz to 10Hz, RTI @G = 1000 
Chips are Available 

PRODUCT DESCRIPTION 
The ADS21 is a second generation, low cost, monolithic IC 
instrumentation amplifier developed by Analog Devices. As a 
true instrumentation amplifier, the ADS21 is a gain block with 
differential inputs and an accurately programmable input! 
output gain relationship. 

The ADS21 IC instrumentation amplifier should not be con· 
fused with an operational amplifier, although several manu
facrurers (including Analog Devices) offer op amps which can 
be used as building blocks in variable gain instrumentation 
amplifier circuits. Op amps are general-purpose components 
which, when used with precision-matched external resistors, 
can perform the instrumentation amplifier function. 

An instrumentation amplifier is a precision differential volt
age gain device optimized for operation in a real world envi
ronment, and is intended to be used wherever acquisition of a 
useful signal is difficult. It is characterized by high input im
pedance, balanced differential inputs, low bias currents and 
high CMR. 

As a complete instrumentation amplifier, the ADS21 requires 
only two resistors to set its gain to any value between 0.1 and 
1000. The ratio matching of these resistors does not affect the 
high CMRR (up to 120dB) or the high input impedance (3 X 
109 0) of the ADS21. Furthermore, unlike most operational 
amplifier-based instrumentation amplifiers, the inputs are 
protected against overvoltages up to ±lS volts beyond the 
supplies. 

The ADS21 IC instrumentation amplifier is available in four 
different versions of accuraey and operating temperarure range. 
The economical "J" grade, the low drift "K" grade, and the 
lower drift, higher linearity "L" grade are specified from 0 to 
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AD521 I 
PIN CONFIGURATION 

+ INPUT ri",l====:;--T1.il ~IN 

OU~UT~7~ _____ ~~ 

R 
SCALE 

SENSE 

REF 

R 
SCALE 

+700 C. The "S" grade guarantees performance to specification 
over the extended temperarure range: _SSoC to +12SoC. 

PRODUCT HIGHUGHTS 
1. The ADS 21 is a true instrumentation amplifier in integrated 

circuit form, offering the user performance comparable to 
many modular instrumentation amplifiers at a fraction of 
the cost. 

2. The ADS21 has low guaranteed input offset voltage drift 
(2p.V f C for L grade) and low noise for precision, high gain 
applications. 

3. The ADS21 is functionally complete with the addition of 
two resistors. Gain can be preset from 0.1 to more than 
1000. 

4. The ADS21 is fully protected for input levels up to 1 SV 
beyond the supply voltages and 30V differential at the 
inputs. 

S. Internally compensated for all gains, the ADS21 also offers 
the user the provision for limiting bandwidth. 

6. Offset nulling can be achieved with an optional trim pot. 
7. The ADS21 offers superior dynamic perforD1ance with a 

gain-bandwidth product of 40MHz, full peak response of 
100kHz (independent of gain) and a settling time of Sp.s 
to 0.1% of a 10V step. 
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AD521-SPECIFICATIONS (typical @ Vs = ±lSV, RL = 2kfl and TA = +2SoC unless otherwise specified) 

MODEL 

GAIN 
Ranae (For Specified Operation, Note 1) 
Equation 
Error from Equation 
Nonlinearity (Note 2) 

I';CXIOOO 
Gain Temperature Coefficient 

OVTPlTf CHARACTERISTICS 
Rated Output 
Output at Maximum Operating Temperature 
Impedance 

DVNAMlC RESPONSE 
Small Signal Bandwidth (±3dB) 

G=I 
G= 10 
G= 100 
G- 1000 

Small Signal, ±1.0% Flatness 
G-I 
G= 10 
G= 100 
G-looo 

fuR Peak Response (Note :5) 
Slew Rate. l<G< 1000 
Settling Time (any IOV step to within lOmV of Final Value) 

G=I 
G= 10 
G= 100 
G= 1000 

Differential Overload Recovery (f30V Input to within 
lOmV of Final Value) (Note 4) 

G= 1000 
Common Mode Step Recovery (30V Input to within 
lOmVof Final Value) (Note 5) 

G= 1000 

VOLTAGE OFFSET (may be nulled) 
Input Offset Voltage (VOS I) 

¥s. Temperature 
¥s. Supply 

Output Offset Voltage (VOSo) 
vs. Temperature 
vs. Supply (Note 6) 

INPUT CURRENTS 
Input Bias Current (either input) 

vs. Temperature 
vs. Supply 

Input Offset CUrrent 
V5. Temperature 

INPUT 
Differential Input Impedance (Note 7) 
Common Mode Input Impedance (Note 8) 
Input Voltage Range for Specified Performance 

(with respect to Bround) 
Maximum VoltaIC without Damage to Unit, Power ON 

or OFF Differential Mode (Note 9) 
Voltage at either input (Note 9) 

Common Mode Rejection Ratio, DC to 60Hz with lkO 
sourc::e unbalance 

G=l 
G= 10 
G=lOO 
G - 1000 

NOISE 
Voltage RTO (p-p)@O.lHzto 10Hz (Note 10) 

RMS RTO, 10Hz to 10kHz 
Input Current, tm5, 10Hz to 10kHz 

REFERENCE TERMINAL 
Bias Current 
Input Resistance 
Voltag. Range 
Gain to Output 

POWER SUPPLY 
Openting Voltage Range 
Quiescent Supply CUrrent 

TEMPERATURE RANGE 
Specified Performance 
Operating 
Stor. 

-Spec:ifieatloas aIM .. AD521JD • 
.... SpedficatioDI_ .. ADS21KD. 

Spedf"acatioDI subject to etwwe wiEbout DOtic:Ie. 
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AD521jD 

1 to 1000 
G=RsIRGVlV 
('0.25--o.004G)'16 

O.Z%max 
'(J ±O.05G)ppmtc 

±IOV, ±10mA min 
:tIOV@ SmA min 
0.10 

>ZMHz 
300kHz 
200kHz 
40kHz 

75kHz 
26kHz 
24kHz 
6kHz 
100kHz 
IOV/ps 

7", 
5", 
lOps 
3Slls 

so,..s 

10", 

3mV max (2mV typ) 
1S~VtC max (7~VtC typ) 
J~V'" 

::::t~-:'!!~~~0E~ typ) 

O.OOSVOSO'" 

80nAmax 
lnAfCmax 
2'16/V 
20nAmax 
2,opAfCmax 

3 x IO'OU1.8pF 
6 x lO IO OU3.0pF 

±IOV 

JOV 
Vs ±UV 

70dB min (74dB typ) 
90dB min (94dB typ) 
100dB min (104dB typ) 
IOOdD min (110dD typ) 

v'l0.5G)2 +(2Z5)2~V 
(1.ZG) + (SO) pV 

15pA(nns) 

3pA 
10M{} 
±IOV 
I 

±5Vco ±lSV 
5mAmax 

Oto +70oC 
_25°C to +SSoC 
-6,oC to +150°C 

AD521KD 

l.SmV max (O.SmV typ) 
!~vfc max (l.5pVfC typ) 

200mV max (30mV typ) 
!SOIlVfC max ('OIlVrC typ) 

40nAmax 
!oopAfcmax 

IOnAmax 
lZ5pAfcmax 

74dB min (SOdB typ) 
94dB min (lOOdB typ) 
104dB min (114dB typ) 
1 IOdB min (120dD typ) 

AD521LD 

0.1% max . 

l.OmV max (0.5mV 'fP) 
~v~cmax 

lOOmVmax 
75~VtCmax 

AD521SD 
(AD521SD188JB) 

'(IS ±O.4GlppmtC 

_SSOc to +USOC 
-SSOCto +USoC 
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NOTES: 
1. Gains below 1 and above 1000 are obtained by simply ad
justing the gain setting resistors. (Input voltage should be re
stricted to ±lOV for gains equal to or less than 1.) 

2. Nonlinearity is defined as the ratio of the deviation from 
the "best straight line" through a full scale output range of 
±9 volts. With a combination of high gain and ±10 volt output 
swing, distortion may increase to as much as 0.3%. 

3. Full Peak Response is the frequency below which a typical 
amplifier will produce full output swing. 

4. Differential Overload Recovety is the time it takes the ampli
fier to recover from a pulsed 30V differential input with lSV 
of common mode voltage, to within 10mV of final value. The 
test input is a 30V, lOllS pulse at a 1kHz rate. (When a differ· 
ential signal of greater than 11 V is applied between the inputs, 
transistor clamps are activated which drop the excess input 
voltage across internal input resistors. If a continuous overload 
is maintained, power dissipated in these resistors causes temper
ature gradients and a corresponding change in offset voltage, 
as well as added thermal time constant, but will not damage 
the device.) 

S. Common Mode Step Recovery is the time it takes the amp
lifier to recover from a 30V common mode input with zero 
volts of differential signal to within 10mV of final value. The 
test input is 30V, lOllS pulse at a 1kHz rate. (When a com-

ORDERING GUIDE 

Temperature 
Model Range Description 

AD521JD O°C to +70°C l4-Pin Ceramic DIP 
AD521KD O°C to +70°C l4-Pin Ceramic DIP 
AD521LD O°C to +70°C l4-Pin Ceramic DIP 
AD52ISD - 55°C to + 125°C 14-Pin Ceramic DIP 
AD521SD/883B2 -55°C to + 125°C 14-Pin Ceramic DIP 
AD52IJ Chips O°C to +70°C Die 
AD52IK Chips O°C to +70°C Die 
AD521S Chips - 55°C to + 125°C Die 

NOTES 
IPor outline information see Package Information section. 
'Standard military drawing available. 

REV. A 

Package 
Optionl 

D-14 
D-14 
D-14 
D-14 
D-14 

Applying the AD521 
mon mode signal greater than Vs -Q.SV is applied to the 
inputs, transistor clamps are activated which drop the excessive 
input voltage across internal input resistors. Power dissipated 
in these resistors causes temperature gradients and a correspon
ding change in offset voltage, as well as an added thermal time 
constant, but will not damage the device.) 

6. Output Offset Voltage versus Power Supply includes a 
constant 0.005 times the unnulled output offset per percent 
change in either power supply. If the output offset is nulled, 
the output offset change versus supply change is substantially 
reduced. 

7. Differential Input Impedance is the impedance between the 
two inputs. 

8. Common Mode Input Impedance is the impedance from 
either input to the power supplies. 

9. Maximum Input Voltage (differential or at either input) is 4 
30V when using ±lSV supplies. A more general specification is 
that neither input may exceed either supply (even when 
Vs = 0) by more than lSVand that the difference between the 
two inputs must not exceed 30V. (See also Notes 4 and 5.) 

10. O.lHz to 10Hz Peak-to-Peak Voltage Noise is defined as 
the maximum peak-to-peak voltage noise ovserved during 2 
of 3 separate 10 second periods with the test circuit of Fig-
ure 8. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

Contact factory for latest dimensions. 

SENSE R SCALE 
12 10 
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AD521 
DESIGN PRINCIPLE 
Figure 1 is a simplified schematic of the ADS21. A differential 
input voltage, VIN, appears across RG causing an imbalance in 
the currents through Qland <12, tol=VIN/RG. That imbalance 
is forced to flow in Rs because the collector currents of <13 
and <4 are constrained to be equal by their biasing (current 
mirror). These conditions can only be satisfied if the differen
tial voltage across Rs (and hence the output voltage of the 
ADS21) is equal to tol X Rs. The feedback amplifier, ApB 

performs that function. Therefore, VOUT = V;: X RS or 

VOUT Rs 
VIN = RG 

+y 

r-----+-+------qSENSE 

OUT 

L-+-+-....:....----qREF 

y. 

Figure 1. Simplified AD521 Schematic 

APPLICATION NOTES FOR THE ADS21 
These notes ensure the ADS21 will achieve the high level of 
performance necessary for many diversified IA applications. 

1. Gains below 1 are realized by adjusting the gain setting 
resistorS as shown in Figure 2 (the resistor, Rs between 
pins 10 and 13 should remain 100kO :I;1S%, see application 
note 3). For best results, the input voltage should be re
stricted to ±10V even though the gain may be less than 1. 
See Figure 6 for gains above 1000. 

2. Provide a return path to ground for input bias currents. The 
ADS21 is an instrumentation amplifier, not an isolation 
amplifier. When using a thermocouple or other "floating" 
source, this return path may be provided directly to ground 
or indirectly through a resistor to ground from pins 1 andl 
or 3, as shown in Figure 3. If the return path is not pro
vided, bias currents will cause the output to saturate. The 
value of the resistor may be determined by dividing the 
maximum allowable common mode voltage for the appli
cation by the bias current of the instrumentation amplifier. 

3. The resistors between pins 10 and 13, (RSCALE) must equal 
l00kO ±IS% (Figure 2). If RSCALE is too low (below 8Skn) 
the output swing of the ADS21 is reduced. At values below 
80kO and above 120kO .the stability of the ADS21 may be 
impaired. 
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4. Do not exceed the allowable input signal range. The line
arity of the ADS21 decreases if the inputs are driven within 
S volts of the supply rails, particularly when the device is 
used at a gain less than 1. To avoid this possibility, atten
uate the input signal through a resistive divider network and 
use the ADS21 as a buffer, as shown in Figure 4. The resis
tor R/2 matches the impedance seen by both ADS21 in
puts so that the voltage offset caused by bias currents will 
be minimized. 

S. Use the compensation pin (pin 9) and the applicable com
pensation circuit when the amplifier is required to drive a 
capacitive load. It is worth mentioning that coaxial cables 
can ",invisibly" provide such capacitance since many popu
lar coaxial cables display capacitance in the vicinity of 30pF 
per foot. 

This compensation (bandwidth control) feature permits the 
user to fit the response of the ADS21 to the particular appli
cation as illustrated by Figure S. In cases of extremely high 
load capacitance the compensation circuit may be changed 
as follows: 

1. Reduce 6800 to 240 
2. Reduce 3300 to 7.S0 
3. Increase 1000pF toO.lpF 
4. Set Cx to 1000pF if no compensation was originally 

used. Otherwise, do not alter the original value. 

This allows stable operation for load capacitances up to 
3000pF, but limits the slew rate to approximately 0.16V/ps. 

6. Signals having frequency components above the Instrumen
tation Amplifier's output amplifier closed-loop bandwidth 
will be transmitted from V- to the output with litde or no 
attenuation. Therefore, it is advisable to decouple the V
supply line to the output common or to pin 11.1 

y+ 

+IN 

OUTPUT 

-IN OUTPUT 

y-

SIGNAL 
COMMON GAIN VALUE OF Ro 

0.' ,MIl 
1 ,00kI} 

'0 '1IkIl 
100 ,IrQ 
'000 1000 

Figure 2. Operating Connections for AD521 

I Por further details, refer to "An I.C. User's Guide to Oecoupling, 
Grounding, and Making Things Go Right for a Change," by A. 
Paul Brokaw. This application note is available from Analog Devices 
without charge upon request. 
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RS 

a). Transformer Coupled, Direct Return 

Rs 

b). Thermocouple, Direct Return 

RS 

c). AC Coupled, Indirect Return 

Figure 3. Ground Returns for "Floating" Transducers 

1. INCREASE RG TO PICK UP GAIN LOST BY R 
DIVIDER NETWORK 

2. INPUT SIGNAL MUST BE REDUCED IN 
PROPORTION TO POWER SUPPLY VOLTAGE LEVEL 

Figure 4. Operating Conditions for VIN""VS= 10V 
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v+ 

+0-----'-1 GAIN'~ 

V,N RG 

V· 

Cx = 1~rrft when ft is the desired bandwidth. 

(ft in kHz, ex in f.lF) 

Figure 5. Optional Compensation Circuit 

AD521 
INPUT OFFSET AND OUTPUT OFFSET 
When specifying offsets and other errors in an operational 
amplifier, it is often convenient to refer these errors to the 
inputs. This enables the user to calculate the maximum error 
he would see at the output with any gain or circuit configura
tion. An op amp with ImV of input offset voltage, for 
example, would produce 1 V of offset at the output in a gain 
of 1000 configuration. 

In the case of an instrumentation amplifier, where the gain is 
controlled in the amplifier, it is more convenient to separate 
errors into two categories. Those errors which simply add to 
the output signal and are unaffected by the gain can be classi
fied as output errors. Those which act as if they are associated 
with the input signal, such that their effect at the output is 
proportional to the gain, can be classified as input errors. 

As an illustration, a typical AD521 might have a +30mV output 
offset and a -o.7mV input offset. In a unity gain configuration, 4 
the total output offset would be +29.3mV or the sum of the 
two. At a gain of 100, the output offset would be -40mV or: 
30mV + 100(-o.7mV) = -40mV. 

By separating these errors, one can evaluate the total error 
independent of the gain settings used, similar to the situation 
with the input offset specifications on an op amp. In a given 
gain configuration, both errors can be combined to give a total 
error referred to the input (R.T.I.) or output (R.T.O.) by the 
following formula: 

Total Error R.T.1. = input error + (output error/gain) 

Total Error R.T.O. = (Gain x input error) + output error 

The offset trim adjustment (pins 4 and 6, Figure 2) is associ
ated primatily with the output offset. At any gain it can be 
used to introduce an output offset equal and opposite to the 
input offset voltage multiplied by the gain. As a result, the 
total output offset can be reduced to zero. 

As shown in Figure 6, the gain range on the AD521 can be 
extended considerably by adding an attenuator in the sense 
terminal feedback path (as well as adjusting the ratio, Rs IRe). 
Since the sense terminal is the inverting input to the output 
amplifier, the additional gain to the output is controlled by 
Rl and R2. This gain factor is 1 + R2/Rl. 

RS 

V, 

VOUT 

V, 

--< ..... -------< ..... -0 OUTPUT COMMON 

Figure 6. Circuit for utilizing some of the unique features of the 
AD521. Note that gain changes introduced by changing R 1 and 
R2 will have a minimum effect on output offset if the offset is 
carefully nulled at the highest: gain setting. 
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AD521 
Where offset errors are critical, a resistor equal to the parallel 
combination of Rl and R2 should be placed between pin 11 
and VREF. This minimizes the offset errors resulting from the 
input current flowing in Rl and R2 at the sense terminal. Note 
that gain changes introduced by changing the RI/R2 attenua
tor will have a minimum effect on output offset if the offset 
is carefully nulled at the highest gain setting. 

When a predetermined output offset is desired, VREF can be 
placed in series with pin 11. This offset is then multiplied by 
the gain factor 1 + R2/Rl as shown in the equation of 
Figure 6. Figure 7. Ground loop elimination. The reference input, Pin 11, 

allows remote referencing of ground potential. Differences in 
ground potentials are attenuated by the high CMRR of the 
AD521. 

+'5V---~~------------~--------------------------__, 
'OOk 

O.1S"F 

'00k 

COMMON ______ ~~--------~ 

2.5j.CF 

O.l5p:F 

.,.v---.......... +----------.... -------t--------t--t----' 
L-----------------~-------~ ..... ~-------------------..... ~__oCOMMON 

Figure 8. Test circuit for measuring peak to peak noise in the 
bandwidth 0.1Hz to 10Hz. Typical measurements are found by 
reading the maximum peak to peak voltage noise of the device 
under test (D.U. T.) for 3 observation periods of 10 seconds each. 

4-22 INSTRUMENTATION AMPLIFIERS REV. A 



1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Performance 
Low Drift: 2.0/Jvfc (AD522B) 
Low Nonlinearity: 0.005% (G = 100) 
High CMRR: >11OdB (G = 1000) 
Low Noise: 1.5/JV .p-p (0.1 to 100Hz) 
Low Initial VOS: 1oo/JV (AD522B) 
Versatility 
Single-Resistor Gain Programmable: 1 ..;; G";; 1000 
Output Reference and Sense Terminals 
Data Guard for Improving ae CMR 
Value 
Internally Compensated 
No External Components except Gain Resistor 
Active Trimmed Offset, Gain, and CMR 

PRODUCT DESCRIPTION 
The ADS22 is a precision IC instrumentation amplifier designed 
for data acquisition applications requiring high accuracy 
under worst-case operating conditions. An outstanding com
bination of high linearity, high common mode rejection, low 
voltage drift, and low noise makes the ADS22 suitable for 
use in many 12-bit data acquisition systems. 

An instrumentation amplifier is usually employed as a bridge 
amplifier for resistance transducers (thermistors, strain gages, 
etc.) found in process control, instrumentation, data processing, 
and medical testing. The operating environment is frequently 
characterized by low signal-to-noise levels, fluctuating tempera
tures, unbalanced input impedances, and remote location which 
hinders recalibration. 

The ADS22 was designed to provide highly accurate signal con
ditioning under these severe conditions. It provides output off
set voltage drift of less than 1O/JV / C, input offset voltage drift 
of less than 2.0/JV/oC, CMR above 80dB at unity gain (HOdB 
at G = 1000), maximum gain nonlineatity of 0.001% at G = 1, 
and typical input impedance of 109 Sl. 

REV. A 

High Accuracy Data Acquisition 
Instrumentation Amplifier 

AD522 I 
FUNCTIONAL BLOCK DIAGRAM 

14-Pin DIP 

!1"F==::;-l>4] R GAIN 

DATA GUARD 

SENSE 

REF 

N.C. 

This excellent performance is achieved by combining a proven 
circuit configuration with state-of-the-art manufacturing tech
nology which utilizes active laser trimming of tight-tolerance 
thin-film resistors to achieve low cost, small size and high relia
bility. This combination of high value with no-compromise per
formance gives the ADS22 the best features of both mono
lithic and modular instrumentation amplifiers, thus providing 
extremely cost-effective precision low-level amplification. 

The ADS22 is available in three versions with differing accu
racies and operating temperature ranges; the "A", and "B" 
are specified from -2SoC to +8SoC, and the "S" is guaran-
teed over the extended aerospace temperature range of -S SO C 
to +12SoC. All versions are packaged in a 14-pin DIP and are 
supplied in a pin configuration similar to that of the popular 
ADS21 instrumentation amplifier. 
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AD522 -SPECIFICATIONS (typic., @ Vs = ±15V, RL = 2kO & TA = + 25°C unless otherwise specified) 

MODEL AD,Z2AD AD512BD AD'22SD 
GAIN 

1+ 2 (10') Gain Equation · · R, 

Gain Range 1 to 1000 · · Equation Error 
G·l 0.2% max 0.05% max .. 
Go 1000 1.0%m~ 0.2% max .. 

Nonlinearity. max (see Fig. 4) 
G=l 0.005% 0.001% .. 
G·lOoo 0.01% 0.005% .. 

va. Temp. max 
Zppm/'C (lppm/'C typ) G·l · · G·lOOO 50ppml'C (ZSppml'C typ) · · 

OUTPUT CHARACTERISTICS 
Output Rating :tIDV@SmA · · 

DYNAMIC RESPONSE (see Fig. 6) 
Small Signal HdB) 

G=l 300kHz · · G= 100 3kHz · · Full Power CBW qkHz · · Slew Rate O.IV/II' · · Settling Time to O.lfJ&, G = 100 a.Sms · · to 0.01%. G = 100 5m. · · to 0.01%, G = 10 Zm. · to 0.01%,0. 1 a.Sms · · 
VOLTAGE OFFSET 

Offsets Referred to Input 
Initial Offset Voltage 
(adjustable to zero) 

G=I ±400j1V max (±ZOOllV typ) ±ZOOjIV max(±IOOjIVtyp) ±200llV max (±IOOllV typ) 
\'5. Temperature. max (see Fig. 3) 

±SOllyI'C(±IOIIV/'C typ) ±2SlolV/oC(±SJlV/oC typ) ±IOOllV/'C (±IOIIV/'C typ) G= I 
G= 1000 ±6pvtc ±2jlV/'C ±6P.V/oC 
I<G<IOOO ±(~ + 6)IIV/'C ±(~ + 2)IIV/'C ±( I~ + 6)IIV/'C 

VI. Supply. max 
G= 1 ±ZOIlV/% · · G= 1000 l.op.V/oe O.StJ.V/oC .. 

INPUT CURRENTS 
Input Bias Current 

Initial max, +2SoC ±2SnA · · YS. Temperature ±IOOpA/'C · · Input Offset Current 
Initial max, +2SoC ±20nA · · VI. Temperature ~100PAtC · 

INPUT 
Input Impedance 

109,n Differential · · Common Mode 109,n · · Input Voltage Range 
Maximum Differential Input, Linear tIOV · · Maximum Differential Input, Safe ±20V · · Maximum Common Mode, Linear ±IOV · · Maximum Common Mode Input. Safe ±ISV · · Common Mode Rejection Ratio •. 
Min@±IOV, Ikn Source 
Imbalance (see Fig. 5) 

G = 1 (d. to 30Hz) 75dB (90dB typ) BOdB (IOOdB typ) 7SdB (9OdB typ) 
G = 10 (de to 10Hz) 90dB (lOOdB typ) 95dB (lIOdB typ) 90dB (lIOdB typ) 
G = 100 (de to 3Hz) lOOdB (1I0dB typ) 100dB (l2OdB typ) lOOdB (I20dB typ) 
G = 1000 (d. to 1Hz) lOOdB (12OdB typ) IIOdB (>120dB typ) IOOdB (>120dB typ) 
Gel to 1000 (de to 60Hz) 7SdB (88dB typ) 80dB (B8dB typ) · 

NOISE 
Voltage Noise, RTI (sec Fig. 4) 

O:IHz to 100Hz (p-p) 
G-l 15I1V · · G= 1000 1.SIIV · 10Hz to 10kHz (rms) 
G=l 15I1V · · TEMPERATURE RANGE 

Specified Performance _2'oC to +8SoC · -SSoC to +12SoC 
Operatina: -SSoC to +12SoC · · Storage -6SoC to +1S0°C · · 

POWER SUPPLY 
Power Supply Range ±(S to 18)V · · Quiescent Current. max. ±l'V ±10rnA ±8mA .. 

PACKAGE OPTIONS' 
Ceramic: (DH·14B) AD522AO AD522BD AD52ZSD 

NOTES 
'Specifications guaranteed after 10 minute warm-up. **Specific:ations same as Ai>522B. 
lpor output information see Package Information section. Specifications subject to change without notice. 
*Specific8tions same as ADSUA. 
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GENERAL APPLICATION CONSIDERATIONS 
Figure 1 illustrates the ADS 22 wiring configuration when used 
in a typical bridge amplifier application. In any low-level, high 
impedance, noise-dominated environment, proper shielding and 
grounding are requisite for optimum performance; a recommen
ded technique is shown. 

NOTES: 
1.0AIN RESISTOR RG SHOULD BE <6fIpm/"c (VISHAY TYPE RECOMMENDEDI. 
2. SHIELDED CONNECTIONS TO Ito RECOMMENDED WHEN MAXIMUM SYSTEM BANDWIDTH 

AND AI; CMR IS REOUIREO, AND WHEN RG IS LOCATED MORE THAN SIX INCHES FROM 
AD922. NO INSTABILITIES ARE CAUSED BY REMOTE RG LOCATIONS. WHEN NOT USED, 
THE DATA GUARD PIN CAN BE LEFT UNCONNECTED. 

3. POWER SUPPL V FILTERS ARE RECOMMENDED FOR MINIMUM NOISE IN NOISY ENVIRON· 
MENTS. 

4. NO TRIM REQUIRED fOR MOST APf'LlCATIONS. IF REOUIRED, A lOkn, 21i11P1III"C, 2S TURN 
TRIM POT (SUCH AS VISHAY 1202·V·1OkI15 RECOMMENDED. 

Figure 1. Typical Bridge Application 

Direct coupling of the ADS22 inputs makes it necessary to 
provide a signal ground return for input amplifier bias currents. 
This can be achieved by direct connection as shown, or through 
an indirect path of less than lMn resistance such as other sys
tem interconnections. 

To minimize noise, shielding should be provided for the input 
leads and gain resistor connections. A passive data guard is pro
vided to improve ac common mode rejection by "bootstrap
·ping" the capacitance of the input cabling, thus minimizing 
differential phase shift. This will also reduce degradation of 
system bandwidth. 

Balanced design eliminates the need for external bypass capa
citors for most applications. If, however, the power supplies 
are remotely located (farther than 1 0 feet or so) or if they are 
likely to carry more than a few millivolts of noise, local filter
ing will enable the user to retain optimal performance. 

Reference and sense pins are provided to permit remote load 

Applying the AD522 
sensing. These points can also be used to trim the device CMR, 
add an output booster, or to offset the output to a reference 
level. These applications are illustrated in following sections. 

It is good practice to place RG within several inches of the 
ADS22. Longer leads will increase stray capacitance and cause 
phase shifts that will degrade CMR at higher frequencies. For 
frequencies below 10Hz, a remote RG is generallY'acceptable; 
no stability problems are caused. Bear in mind that a leakage 
impedance of 200Mn hetween RG pins will cause an 0.1% gain 
error at G = 1. Unity gain is not trimmable. 

TYPICAL APPLICATION AND ERROR BUDGET ANALYSIS 
(See Figure 1 and Table I) 
A floating transducer with a 0 to 1 volt output has a lkn source 
imbalance. A noisy environment induces a one volt 0 to 60Hz 
common mode signal in the ground return. This signal must be 
amplified to interface with a data acquisition system calibrated 
for a 0 to 10 volt signal range. The operating temperature range • 
is 0 to +SOoC and an ADS22B is to be used. Table I lists error 
sources and their effect on system accuracy. 

The total effect on absolute accuracy is less than ±O.2%, allowing 
adjustment-free 8-bit operation. In computer or microproces
sor controlled data-acquisition systems, automatic recalihration 
can nullify gain and offset drifts leaving noise, distortion and 
CMR as the only error sources. In this case, full 12-bit opera
tion is achieved. 

Gain Errors: Absolute gain errors can be nulled by trimming 
RG. Gain drift is a linear effect, not detrimental to resolution 
and is caused hy the change in value of internal resistors over 
the operating temperature range. An "intelligent" system can 
correct for these errors with an automatic calibration cycle. 
Gain nonlinearity never exceeds 0.002% at G = 10. 

Offset Drift &: Pins Current Errors: Special care has been taken 
in the design of the ADS22 input stage to minimize offset drift. 
Unless transducer impedances are unbalanced by more than 
2kn, errors caused by offset current drift are negligible com
pared to offset voltage drift. Although initial offset voltages 
are laser-nulled for most applications, provisions have been 
made to allow further adjustment to correct for initial system 
offset. In this example, all offset drifts amount to ±0.014% 
and do not effect resolution (can be corrected with an auto
matic calibration cycle). 
CMR and Noise Errors: Common mode rejection and noise 
performance of instrumentation amplifiers are critical because 

Error Source Specification 
Effect on Absolute 
Accuracy, %of F.S. 

Effect on Resolution 
%ofF.S. 

PIN CONFIGURATION 

Gain Nonlinearity 

Voltage Drift 

CMR 

Noise, R,T.O. 
(0.1 to 100Hz) 

Offset Current 
Drift 

Gain Drift 
(add IOppmt"C for 
external Rc) 

REV. A 

±O.002% max, G = 10 
(from Spec. Sheet and Fig. 4) 

2SG
jlVi"C + 2.0jlVi"C = 4.SjlVi"C 

am 
R.T.1. = O.OOOSS%/oC 
(from Spec. Sheet) 

86dB (from Spec. Sheet, CMR vs. F 
vs. G, typical curve) 

ISjlV (p-p) R.T.D. (from Spec. Sheet. 
Noise vs. G typical curve) 

±SOpA/OC x lk source imbalance 
(Spec. Sheet) = ±SOjtV/oC = 
±1.2SI'V R.T.I. 

60ppm/OC 
(Spec. Sheet) 

to.002 

to.Oll 

to.OOS 

±O.OOIS 

to.OOOI2S 

to.1S 

Table I. Error SourCflS 

to.002 

to.OOS 

to.OOlS 
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AD522 
these errors can not be corrected by calibration. Common mode 
rejection of the ADS22 is active laser-rrimmed to the limits of 
thin-film resistor stability. Further rrimming could improve 
CMR on a short terni basis, but regular readjustment would be 
necessary to maintain this improvement (see Figure 2). In this 
example, untrimmed CMR and noise cause a total error of 
±0.006S% of full scale and are the major contributors to reso
lution error. 

Figure 2. Optional CMR Trim 

PERFORMANCE CHARACTERISTICS 
Offset Voltage and Current Drift: The ADS22 is available in 
three drift selections. Figure 3 is a graph of maximum RTO off
set voltage drift vs. gain for all versions. Errors caused by off
set voltage drift can thus be determined for any gain. Offset 
current drift will cause a voltage error equal to the product of 
the offset current drift and the source impedance unbalance. 

I I III r- ~XIMUM OFFSET DRIFT FOR..,.". __ 

AD5228----
AD1522S •••••••• L 

J 
V 

V -, 
~ --~----, .. '''' , 

GAIN-VN 

Figure 3. Output Offset Drift (RTO) vs. Gain 

Gain Nonlinearity and Noise: Gain nonlinearity increases with 
gain as the device loop-gain decreases. Figure 4 is a plot of 
typical nonlinearity vs. gain. The shape of the curve can be 
safely used to predict worst-case nonlinearity at gains below 
100. No!~ vs. gain is shown on the same graph. 

" J 
~ 0.01 . 
i 
~ 0,0 " 

, ~ 0,0 

iii 
!Ii 0.008 

~ 
~ o.ooa 

~ 0.004 

~ 

. 

I I 
~Ii'~~~O'SE. RTO, 0.1 TO 10kHz a,w.W 

~r-rl 

Vi-' 1[1 
./" V JLt 

t""'M'AXIMUM NONLINEARITY, A0622A / 1 
MAXI~UMN~LlNlA~IJ~ / V 

~:CALNOJ.:~AlITV.AL~ AD5Z2 V 
GAIN-Vrv 

, 

, .0 ~ , 
~ 

i 

Figure 4. Gain Nonlinearity and Noise (RTO) vs. Gain 
Common Mode Rejection: CMR is rated at ±10V and 1kO 
source imbalance. At lower gains, CMR depends mainly on 
thin-film resistor stability but due to gain-bandwidth consider
ations, is relatively constant with frequency to beyond 60Hz. 
The dc CMR improves with increasing gain and is increasingly 
subject to phase shifts in limited bandwidth high-gain ampli
fiers. Figure S illusrrates CMR vs. Gain and Frequency. 

Dynamic Performance: Settling time and unity gain bandwidth 
are directly proportional to gain. As a: result, dynamic perfor
mance can be predicted from the well-behaved curves of 
Figure 6. 
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Figure 5. Common Mode Rejection vs. Frequency and Gain 
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Figure 6. Small Signal Frequency Response (-3dB) 
SPECIAL APPLICATIONS 
Offset and Gain Trim: Gain accuracy depends largely on the 
quality of RG. A precision resistor with a 10ppml"C tempera
ture coefficient is advised. Offset, like gain, is laser-trimmed to 
a level suitable for most applications. If further adjustment is 
required, the circuit shown in Figure 1 is recommended. Note 
that good quality (2Sppm) pots are necessary. to maintain vol
tage drift specifications. 

CMR Trim: A short-term CMR improvement of up to 10dB at 
low gains can be realized with the circuit of Figure 2. Apply a 
low-frequency 20/G volt peak-to-peak input signal to both 
inputs through their equivalent source resistances and trim the 
pot for an ac ou tpu t null . 

Sense Output: A sense output is provided to enable remote 
load sensing or use of an output current booster. Figure 7 illu
strates these applications. Being "inside the loop", booster 
drift errors are minimized. When not used, the sense output 
should be tied to the output. 

,---------

R, 

Figure 7. Output Cu"ent Booster and Buffered Output 
Level Shifter 

Reference Output: The reference terminal is provided to permit 
the user to offset or "level shift" the output level to a datum 
compatible with his load. It must be remembered that the total 
output swing is ±10 volts to be shared between signal and refer
ence offset. Furthermore, any reference source resistance will 
unbalance the CMR rrim by the ratio lOklRref. For example, if 
the reference source impedance is 10, CMR will be reduced to 
80dB (lOkO/lO ,: 10,000 = 80dB). A buffer amplifier can be 
used to eliminate this error, as shown in Figure 7, but the 
drift of the buffer will add to output offset drift. When not 
used, the reference terminal should be grounded. 
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r.ANALOG 
WDEVICES Precision Instrumentation Amplifier 

FEATURES 
Low Noise: 0.3 .... V pop 0.1Hz to 10Hz 
Low Nonlinearity: 0.003% IG = 11 
High CMRR: 120dB IG = 10001 
Low Offset Voltage: 5O .... V 
Low Offset Voltage Drift: O.S .... VJ"C 
Gain Bandwidth Product: 2SMHz 
Pin Programmable Gains of 1. 10. 100. 1000 
Input Protection. Power On - Power Off 
No External Components Required 
Internally Compensated 
MIL-STD-883B. Chips. and Plus Parts Available 
16-Pin Ceramic DIP and SOIC Packages and 

20-Terminal Leadless Chip Carriers Available 
Available in Tape and Reel in Accordance 

with EIA-481A Standard 
Standard Military Drawing Also Available 

PRODUCT DESCRIPTION 
The AD524 is a precision monolithic instrumentation amplifier 
designed for data acquisition applications requiring high accuracy 
under worst-case operating conditions. An outstanding combina
tion of high linearity, high common mode rejection, low offset 
voltage drift, and low noise makes the AD524 suitable for use in 
many data acquisition systems. 

The AD524 has an output offset voltage drift ofless than 25 .... V rc, 
input offset voltage drift of less than 0.5 .... vrc, CMR above 
9Od8 at unity gain (120dB at G = 1000) and maximum nonlinearity 
of 0.003% at G = 1. In addition to the outstanding dc specifications 
the AD524 also has a 25MHz gain bandwidth product (G = 

100). To make it suitable for high speed data acquisition systems 
the AD524 has an output slew rate of 5V/ .... s and settles in 15 .... s 
to 0.01% for gains of 1 to 100. 

As a complete amplifier the AD524 does not require any external 
components for fixed gains of 1; 10, 100 and 1,000. For other 
gain settings between 1 and 1000 only a single resistor is required. 
The AD524 input is fully protected for both power on and 
power off fanlt conditions. 

The AD524 IC instrumentation amplifier is available in 'four 
different versions of accuracy and operating temperature range. 
The economical "A"· grade, the low drift "8" grade and lower 
drift, higher linearity "C" grade are specified from - 25°C to 
+ 85°C. The "S" grade guarantees performance to specification 
over the extended temperature range - 55°C to + 125°C. Devices 
are available in 16-pin ceramic DIP and SOIC packages and a 
20-terminal leadless chip carrier. 

PRODUCT HIGHLIGHTS 
1. The AD524 has guaranteed low offset voltage, offset voltage 

drift and low noise for precision high gain applications. 
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1. 
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15 G "" 100 GAIN 

14 G "" 1000 

2. The AD524 is functionally complete with pin programmable 
gains of 1, 10, 100 and 1000, and single resistor programmable 
for any gain. 

3. Input and output offset nulling terminals are provided for 
very high precision applications and to minimize offset voltage 
changes in gain ranging applications. 

4. The AD524 is input protected for both power on and power 
off fanlt conditions. 

5. The AD524 offers superior dynamic performance with a 
gain bandwidth product of 25MHz, full power response of 
75kHz and a settling time of 15 .... s to 0.01% of a 20V step 
(G = 100). 
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AD524 -SPECIFICATIONS (@Vs = ±15V, RL = 2kO and TA = +25°C unless otherwise noted) 

ADSZ4A ADSZ4B ADSZ4C ADSZ4S 
Model Min Tn> Max Min Tn> Max Min Tn> Max Min Tn> Max Ullits 

GAIN 
Gain Equation 

(External Resistor Gain 

[40.c0 + I] ±20% [~+I]±Zo% [~+I]±Zo% [~+ I] ±ZO% ProgI1lDuning) 

Gain Range (Pin Programmable) 1 to 1000 1 [01000 Ito 1000 I to 1000 
Gain Error 

G=I ±O.OS ,0,0.03 ,0,0.02 ,0,0.05 % 
G=IO ±0.2S ,0,0.15 ,0,0.1% ,o,O.ZS % 
G= 100 ,0,0.5 ±0.3S ,0,0.25 ,0,0.5 % 
G = 1000 ,0,2.0 ,0,1.0 ,0,0.5 ,o,Z.O % 

Nonlinearity 
G=I ±0.01 ±O.OOS ±0.003 ±O.Ol % 
G = 10,100 ±O.Ol ±O.OOS ±0.003 ±O.Ol % 
G=lOoo :0.01 ±O.Ol ±O.Ol ±0.01 % 

Gain vs. Temperature 
G = I 5 5 5 5 ppmI"C 
G=IO IS 10 10 10 ppmi'(; 
G = 100 35 25 25 2S ppmI"C 
G=lOoo 100 50 50 SO ppmI'C 

VOLTAGE OFFSET (May be Nulled) 
Input Offset Voltage 250 100 50 100 "V 

vs. Temperature 2 0.75 0.5 2.0 "VI"C 
Output Offset Voltage 5 3 2.0 3.0 mV 

vs. Temperature 100 SO 25 SO "VI"C 
Offset Referred to the 

Input vs. Supply 

G=I 70 75 80 75 dB 
G=IO 85 95 100 95 dB 
G = 100 95 105 110 105 dB 
G = 1000 100 110 115 110 dB 

INPUT CURRENT . 
Input Bias Current ,0, SO ,0,25 ""5 ,0, SO nA 

vs. Temperature ±Ioo ± 100 ±Ioo :100 pAI"C 
Input Offset Current ,0,35 ,0,15 ,0,10 ,0,35 nA 

vs. Temperature : 100 ± 100 :100 : 100 pAI"C 

INPUT 
Input Impedance 

Differential Resistance 10' 10' 10' 10' n 
Differential Capacitance 10 10 10 10 pF 
Common Mode Resistance 10' 10' 10' 10' n 
Common Mode Capacitance . 10 10 10 10 pF 

Input Voltage Range 

Max Differ . Input Linear (V mJ I ±IO :10 ± 10 ±IO V 

Max Common Mode Linear (V CM) 12V-(~ XVo ) 12V-(~ XVo) IZV-(~ XVo) IZV-(~XVo) V 
Common Mode Rejection de 
to 60Hz with IkU Source Imbalance 

G = I 70 75 80 70 dB 
G=IO 90 95 100 90 dB 
G = 100 100 105 110 100 dB 
G = 1000 110 l1S 1Z0 110 dB 

OUTPUT RATING 
VOl:T,RI.:::: 2kH ±IO :10 :10 ±1O V 

DYNAMIC RESPONSE 
Small Signal - 3dB 

G ~ I I I I I MHz 
G=IO 400 400 400 400 kHz 
G = 100 150 150 150 150 kHz 
G = 1000 25 25 25 25 kHz 

SlewRale 5.0 5.0 5.0 5.0 VI". 
ScttlingTime to 0.01 %, 20V step 

G= Itol00 15 IS 15 IS '" G = 1000 75 75 75 75 '" NOISE 
Voltage Noist. 1kHz 

R.T.I. 7 7 7 7 nVNiii 
R.T.O. 90 90 90 90 nVNiii 

R.T.I.,O.lto 10Hz 
G~I 15 IS IS 15 "Vp-p 
G=IO 2 2 2 2 "Vp-p 
G= 100, 1000 0.3 0.3 0.3 0;3 "Vp-p 

Current Noise 
O.lHuo 10Hz 60 60 60 60 pAp-p 
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ADS24A 
Model MiD Typ Mao 

SENSE INPUT 
RIN 20 
lIN 15 
Voltage Rooge ±10 
Gain to Output 1 

REFERENCE INPUT 
RIN 40 
lIN 15 
Voltage Rooge ±IO 
Gain to Output 1 

TEMPERATURE RANGE 
Specified Performance -25 +85 
Storage -65 +150 

POWER SUPPLY 
Power Supply Rooge ±6 '" 15 ±18 
Quiescent Current 3.5 S.O 

NOTES 
IVOL is the DlIlXimum differential input voltage at G = 1 for specified. nonlinearity. 
VOL at other gains == lOVIG. 
Vo = Actual differential input voltage. 

Example: G = 10. Vo = 0.50 
VCM = 12V - (1012 x O.SOY) = 9.SV 

Specifications subject to change without notice. 

ADS24B 
MiD Typ 

20 
15 

±IO 

1 

40 
15 

",10 
1 

-25 
-65 

±6 ± 15 
3.5 

AD524 
"DS24C o\DS24S 

Max MiD Typ Mao Mi. Typ Mao Uoits 

20 20 ill ±200/0 
15 15 ,.A 

'" 10 ",10 V 
1 1 % 

40 40 kIl ",20% 
15 15 ,.A 

10 10 V 
1 1 % 

+85 -25 +85 -55 + 125 "C 
+150 -65 + 150 -65 +150 "C 

±18 ±6 ±15 ±18 ±6 ±15 ±18 V 
S.O 3.5 S.O 3.5 S.O rnA 

All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at fmal electrical test. Results from 
those ·tests are used to calculate outgoing quality levels. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ..... . 
Intemal Power Dissipation ..... 
Input Voltage,2 

(Either Input Simultaneously) IvlNI + IVsl 
Output Short Circuit Duration . . . . . . . 
Storage Temperature Range 

(R) ........•... 
(D, E) ......... . 

Operating Temperature Range 

. ±18V 
4S0mW 

. <36V 
IndefInite 

- 65°C to + 125°C 
-65°C to + 150°C 

ADS24AIB/C . . . . . . . . . . . . . .. - 25°C to + 85°C 
ADS24S . . . . . . . . . . . . . . . . . . - SSOC to + 125°C 

Lead Temperature Range (Soldering 60 seconds) + 300°C 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (rom). 

OUTPUT 

REV. A 

NULL G=10 G=100 G=10OO 
14 13 12 11 

SENSE 
10 

PADNUMBERSCORftESPONDTO PIN NUMBERS FORTHED-16 
ANDR-1616-PINCERAMICPACKAGES. 

NOTES 
IStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi
cated in the operatinnal section of this specifIcation is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability . 

2Max input voltage specifIcation refers to nwtimum voltage to which either input 
terminal may be raised with or without device power applied. For example, 
with ± 18 volt supplies max YIN is ± 18 volt., with zero supply voltage max YIN 
is ± 36 volts. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

ADS24AD - 40°C to + S50C l6·Pin Ceramic DIP D·16 
ADS24AE - 40°C to + 85°C 20-Pin Leadless Chip Carrier E-20A 
ADS24AR -40°C to + 85°C l6-PinGull.WingSOIC R·16 
ADS24AR-REEL -40°C to + 85°C Tape & Reel Packaging 
AD524BD -40°C to + 85°C 16-Pin Ceramic DIP D-16 
ADS24BE -40°C to +85oC 20-Pin Leadless Chip Carrier E-20A 
AD524CD - 40°C to + 85°C 16-Pin Ceramic DIP D·16 
AD524CE - 40°C to + 85°C 20-Pin Leadless Chip Carrier E-20A 
AD524SD -55°Cto + 125°C 16-Pin Ceramic DIP D·16 
ADS24SE -55°Cto + 125°C 20-Pin Leadless Chip Carrier E-20A 
ADS24SD/883B - 55°C to + 125°C 16-Pin Ceramic DIP D·16 
ADS24SEl883B - 55°C to + 125°C 20-Pin Leadless Chip Carrier E-20A 
ADS24AChips - 40°C to + 85°C Die 
AD524CChips -40°C to +S5°C Die 
ADS24SChips - 55°C to + 125°C Die 

"'For outline information see Package Information section. 

FUNCTIONAL BLOCK DIAGRAM 
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AD524-Typical Characteristics 
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Figure 1. Input Voltage Range vs. 
Supply Voltage, G = 1 
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Figure 4. Quiescent Current vs. 
Supply Voltage 
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Figure 10. CMRRvs. FrequencyRTI, 
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Figure 2. Output Voltage Swing vs. 
Supply Voltage 
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Figure 5. Input Bias Current vs. 
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Figure 9. Gain vs. Frequency 
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Typical Characteristics-AD524 
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Figure 14. Negative PSRR vs. 
Frequency 

0.1 - 10Hz 

VERTICAL SCALE; 1 DIVISION = s"V 

, .... 
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G = 1000 (System Gain = 100,000) 

-12101 z 

-ITO 

-4TO 

OU11'UT 
STEP-v 

'TO-

• 
• 

· 
• 

'TO-• 
12TO-1 Z 

I"· 0.'% /0.0,% 

II / v 
I f 

\ I 

r.. \ 
""'\,,, 0.1% ~-~O1" 

,. 15 20 
SETTUNGTlME_ps 
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AD524 
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Figure 25. Settling Time Gain = 1000 

Figure 27. Settling Time Test Circuit 

-v, 

Figure 29. Simplified Circuit of Amplifier; Gain is Defined as 
((R56 + R57J/(RGJ + 1. Fora Gainof1, RG is an Open Circuit 

Theory of Operation 
The ADS24 is a monolithic instrumentation amplifier based on 
the classic 3 op amp circuit. The advantage of monolithic con
struction is the closely matched components that enhance the 
performance of the input preamp. The preamp section develops 
the programmed gain by the use of feedback concepts. The 
programmed gain is developed by varying the value of RG (smaller 
values increase the gain) while the feedback forces the collector 
currents Ql, Q2, Q3 and Q4 to be constant which impresses the 
input voltage across Ro. 
As Ro is r~duced to increase the programmed gain, the trans
conductance of the input preamp increases to the transconductance 
of the input transistors. This has three important advantages. 
First, this approach allows the circuit to achieve a very high 
open loop gain of 3 x 108 at a programmed gain of 1000 thus 
reducing gain related errors to a negligible ~Oppm. Second, the 
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Figure 26. Large Signal Pulse Response and 
Settling Time G = 1000 

Figure 28. Noise Test Circuit 

gain bandwith product which is determined by C3 or C4 and 
the input transconductance, reaches 2SMHz. Third, the input 
voltage noise reduces to a value determined by the collector 
current of the input transistors for an RTI noise of 7nV/v1fz at 
G = 1000. 

INPUT PROTECTION 
As interface amplifiers for data acquisition systems, instrumen
tation amplifiers are often subjected to input overloads, i.e., 
voltage levels in excess of the full scale for the selected gain 
range. At low gains, 10 or less, the gain resistor acts as a current 
limiting element in series with the inputs. At high gains the 
lower value of Ro will not adequately protect the inputs from 
excessive currents. Standard practice would be to place series 
limiting resistors in each input, but to limit input current to 
below SmA with a full differential overload (36.Yl would require 
over 7k of resistance which would add 10nVYHz of noise. To 
provide both input protection and low noise a special series 
protect FET was used. 

A unique FET design was used to provide a bidirectional current 
limit, thereby, protecting against both positive and negative 
overloads. Under nonoverload conditions, three channels CH2, 

CH3, CH4, act as a resistance (=lkO) in series with the input as 
before. During an overload in the positive direction, a fourth 
channel, CHI, acts as a small resistance (=3kO) in series with 
the gate, which draws only the leakage current, and the FET 
limits IDss, When the FET enhances under a negative overload, 
the gate current must go through the small FET formed by CHI 
and when this FET goes into saturation, the gate current is 
limited and the main FET will go into controlled enhancement. 
JIl.e bidirectional limiting holds the maximum input current to 
3~A over the 36V range. . 

REV. A 



INPUT OFFSET AND OUTPUT OFFSET 
Voltage offset specifications are often considered a figure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors. Intelligent systems can often correct 
for this factor with an auto-zero cycle, but there are many small
signal high-gain applications that don't have this capability. 

Voltage offset and drift comprise two components each; input 
and output offset and offset drift. Input offset is that component 
of offset that is directly proportional to gain i.e., input offset as 
measured at the output at G = 100 is 100 times greater than at 
G = 1. Output offset is independent of gain. At low gains, 
output offset drift is dominant, while at high gains input offset 
drift dominates. Therefore, the output offset voltage drift is 
normally specified as drift at G = 1 (where input effects are 
insignificant), while input offset voltage drift is given by drift 
specification at a high gain (where output offset effects are neg
ligible). All input-related numbers are referred to the input 
(RTI) which is to say that the effect on the output is "G" times 
larger. Voltage offset vs. power supply is also specified at one or 
more gain settings and is also RTI. 

By separating these errors, one can evaluate the total error inde
pendent of the gain setting used. In a given gain configuration 
both errors can be combined to give a total error referred to the 
input (R.T.I.) or output (R.T.O.) by the following formula: 

Total Error R.T.1. = input error + (output error/gain) 

Total Error R.T.O. = (Gain x input error) + output error 

As an illustration, a typical ADS24 might have a + 2S0f1 V output 
offset and a - SOf1 V input offset. In a unity gain configuration, 
the total output offset would be 200f1 V or the sum of the two. 
At a gain of 100, the output offset would be -4.7SmV or: 
+2S0f1V + 100(-S0f1V) = -4.7SmV. 

The ADS24 provides for both input and output offset adjustment. 
This simplifies very high precision applications and minimize 
offset voltage changes in switched gain applications. In such 
applications the input offset is adjusted first at the highest pro
grammed gain, then the output offset is adjusted at G = 1. 

GAIN 
The ADS24 has internal high accuracy pretrimmed resistors 
for pin programmable gain of I, 10, 100 and 1000. One of 
the preset gains can be selected by pin strapping the appropri
ate gain terminal and RG2 together (for G= I RG2 is not 
connected). 

-INPUT o--------{ 

G = 100 

G '" 1000 
RG, 

+ INPUT o-------{ 

+v, 

VOUT 

-v. 

Figure 30. Operating Connections for G = 100 
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Applying the AD524 
The ADS24 can be configured for gains other than those that 
are internally preset; there are two methods to do this. The first 
method uses just an external resistor connected between pins 3 
and 16 which programs the gain according to the formula 

RG = G40k (see Figure 31). For best results RG should be a 
-1 

precision resistor with a low temperature coefficient. An external 
RG affects both gain accuracy and gain drift due to the mismatch 
between it and the internal thin-film resistors. Gain accuracy is 
determined by the tolerance of the external Ra and the absolute 
accuracy of the internal resistors (± 20%). Gain drift is determined 
by the mismatch of the temperature coefficient of RG and the 
temperature coefficient of the internal resistors ( - SOppm/°C 
typ). 

-INPUT 

i' OR 
1kO 

+ INPUT 

RG, 

2.105kn 

+v. 

-v, 

REFERENCE 

G"~+1=20±20% 

Figure 31. Operating Connections for G = 20 

The second technique uses the internal resistors in parallel with 
an exrernal resistor (Figure 32). This technique minimizes the 
gain adjustment range and reduces the effects of temperature 
coefficient sensitivity. 

+v. 

-INPUTo------(i) 

'-----0 REFERENCE 

+ INPUT o-------{ 
G = ~ +' = 20 :!:: 17% 

Figure 32. Operating Connections for G = 20, Low Gain 
T.C. Technique 

The ADS24 may also be configured to provide gain in the output 
stage. Figure 33 shows an H pad attenuator connected to the· 
reference and sense lines of the ADS24. Rl, R2 and R3 should 
be made as low as possible to minimize the gain variation and 
reduction of CMRR. Varying R2 will precisely set the gain 
without affecting CMRR. CMRR is determined by the match of 
Rl and R3. 

-INPUT o--------{ 

G = 1000 

RG, 
+ INPUYG------,: 

G = (R~I40kl + RI + ~ 
IRzll40kl 

+v, 
R' 

2.261<0 

l!}-r---~r-ov~ 

R3 
2.28kO 

Figure 33. Gain of 2000 
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A0524 
Output Nominal 
Gain R2 RI,Rl Gain 

2 5kO 2.26kO 2.02 
5 l.05kO 2.05kO 5.01 

10 lkO 4.42k!l 10.1 

Table I. Output Gain Resistor Values 

INPUT BIAS CURRENTS 
Input bias currents are those currents necessary to bias the 
input transistors of a dc amplifier. Bias currents are an additional 
source of input error and must be considered in an total error 
budget. The bias currents when multiplied by the source resistance 
appear as an offset voltage. What is of concern in calculating 
bias current errors is the change in bias current with respect to 
signal voltage and tempemture. Input offset current is the dif
ference between the two input bias currents. The effect of offset 
current is an input offset voltage whose magnitude is the offset 
current times the source impedance imbalance. 

Although instrumentation amplifiers have differential inputs, 
there must be a return path for the bias currents. If this is not 
provided, those currents will charge stray capacitances, causing 
the output to drift uncontrollably or to saturate. Therefore, 
when amplifying "floating" input sources such as transformers 
and thermocouples, as well as ac-coupled sources, there must 
still be a de path from each input to ground. 

J 
.v, 

TOPOW£R 
SUPPLY S-------------.. GROUND 

a. Transformer Coupled 

TOPOWEA 
SUPPLY 

S-------------~ GROUND 

b. Thermocouple 

.v. 

TO POWER 
SUPI'lY 

L-~ _________ ~~ .. OMRmD 

c. AC Coupled 

Figure 34. Indirect Ground Returns for Bias Currents 
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COMMON-MODE REJECTION 
Common-mode rejection is a measure of the change in output 
voltage when both inputs are changed equal amounts. These 
specifications are usually given for a full-range input voltage 
change and a specified source imbalance. "Common-Mode Re
jection Ratio" (CMRR) is a mtio expression while "Common-Mode 
Rejection" (CMR) is the logarithm of that mtio. For example, a 
CMRR of 10,000 corresponds to a CMR of 8OdB. 

In an instrumentation amplifier, ac common-mode rejection is 
only as good as the differential phase shift. Degradation of ac 
common-mode rejection is caused by unequal drops across differing 
track resistances and a differential phase shift due to varied 
stray capacitances or cable capacitances. In many applications 
shielded cables are used to minimize noise. This technique can 
create common mode rejection errors unless the shield is properly 
driven. Figures 35 and 36 shows active data guards which are 
configured to improve ac common mode rejection by "bootstrap
ping" the capacitances of the input cabling, thus minimizing 
differential phase shift. .v. 

-v. 

Figure 35. Shield Driver, G;., 100 

Figure 36. Differential Shield Driver 

GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
grounds must be tied together at one point, usually at the system 
power-supply ground. Ideally, a single solid ground would be 
desirable. However, since current flows through the ground 
wires and etch stripes of the circnit cards, and since these paths 

Figure 37. Basic Grounding Practice 
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have resistance and inductance, hundreds of millivolts can be 
generated between the system ground point and the data acquisition 
components. Separate ground returns should be provided to 
minimize the current flow in the path from the sensitive points 
to the system ground point. In this way supply currents and 
logic-gate return currents are not summed into the same return 
path as analog signals where they would cause measurement 
errors. 

Sinc~ the output voltage is developed with respect to the potential 
on the reference terminal an instrumentation amplifier can solve 
many grounding problems. 

SENSE TERMINAL 
The sense terminal is the feedback point for the instrument 
amplifier's output amplifier. Normally it is connected to the 
instrument amplifier output. If heavy load currents are to be 
drawn through long leads, voltage drops due to current flowing 
through lead resistance can cause errors. The sense terminal can 
be wired to the instrument amplifier at the load thus putting the 
IxR drops "inside the loop" and virtually eliminating this error 
source. 

v-

Figure 38. AD524 Instrumentation Amplifier with Output 
Current Booster 

Typically, IC instrumentation amplifiers are rated for a full 
± 10 volt output swing into 2kO. In some applications, however, 
the need exists to drive more current into heavier loads. Figure 
38 shows how a high-current booster may be connected "inside 
the loop" of an instrumentation amplifier to provide the required 
current boost without significantly degrading overall performance. 
Nonlinearities, offset and gain inaccuracies of the buffel". are 
minimized by the loop gain of the IA output amplifier. Offset 
drift of the buffer is similarly reduced. 

REFERENCE TERMINAL 
The reference terminal may be used to offset the output by up 
to ± I OV. This is useful when the load is "floating" or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. It must be remembered 
that the total output swing is ± 10 volts to be shared between 
signal and reference offset. 

Figure 39. Use of Reference Terminal to Provide Output 
Offset 

When the IA is of the three-amplifier confJ.gUration it is necessary 
that nearly zero impedance be presented to the reference terminal. 

REV. A 

AD524 
Any significant resistance from the reference terminal to ground 
increases the gain of the noninverting signal path thereby upsetting 
the common-mode rejection of the IA. 

In the ADS24 a reference source resistance will unbalance the 
CMR trim by the ratio of 20k01RREF• For example, if the reference 
source impedance is 10, CMR will be reduced to 86dB (20kOI 
10 = 86dB). An operational amplifier may be used to provide 
that low impedance reference point as shown in Figure 39. The 
input offset voltage characteristics of that amplifier will add 
directly to the output offset voltage performance of the in
strumentation amplifier. 

An instrumentation amplifier can be turned into a voltage-to-cur
rent converter by taking advantage of the sense and reference 
terminals as shown in Figure 40. 

+ INPUT 

-INPUT 

I = Vx = VIN (, + 40.000) 
L R1 tf.I --nG 

Figure 40. Voltage-to-Current Converter 

By establishing a reference at the "low" side of a current setting 
resistor, an output current may be defined as a function of 
input voltage, gain and the value of that resistor. Since only a 
small current is demanded at the input of the buffer amplifier 
A2, the forced current IL will largely flow through the load. 
Offset and drift specifications of A2 must be added to the output 
offset and drift specifications of the IA. 

PROGRAMMABLE GAIN 
Figure 41 shows the AD524 being used as a software programmable 
gain amplifier. Gain switching can be accomplished with mechani
cal switches such as DIP switches or reed relays. It should be 
noted that the "on" resistance of the switch in series with the 
internal gain resistor becomes part of the gain equation and will 
have an effect on gain accuracy. 

Figure 41. 3 Decade Gain Programmable Amplifier 
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AD524 
The AD524 can also be connected for gain in the output stage. 
Figure 42 shows an AD547 used as an active attenuator in the 
output amplifier's feedback loop. The active attenuation presents 
a very low impedance to the feedback resistors therefore minimiz
ing the common rejection ratio degradation. 

+IN°-''-':''::'':'''''H 

-v,O-..... -f---1H:7l 

Figure 42. Programmable Output Gain 

VOUT 

Figure 43. Programmable Output Gain Using a DAC 
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Another method for developing the switching scheme is to use a 
DAC. The AD7528 dual DAC which acts essentially as a pair of 
switched resistive attenuators having high analog linearity and 
symmetrical bipolar transmission is ideal in this application. 
The multiplying DAC's advantage is that it can handle inputs of 
either polarity or zero without affecting the programmed gain. 
The circuit shown uses an AD7528 to set the gain (DAC A) and 
to perform a fine adjustment (DAC B). 

AUTO-ZERO CIRCUITS 
In many applications it is necessary to provide very accurate 
data in high gain configurations. At room temperature the offset 
effects can be nulled by the use of offset trimpots. Over the 
operating temperature range, however, offset nulling becomes a 
problem. The circuit of Figure 44 show a CMOS DAC operating 
in the bipolar mode and connected to the reference terminal to 
provide software controllable offset adjustments. 

-~o-~~~-.------~~------------------. 

GND 

Figure 44. Software Control/able Offset 

In many applications complex software algorithms for auto-zero 
applications are not available. For those applications Figure 45 
provides a hardware solution. 

+v, 

~ ...... ----{ 
15 16 

14 

13 

GND 

VOUT 

91~ 
: ~CH 
I 
I 
I 

r-- -- ___ . ...J I r ______ .J 

r--r---+--~----~~ 

AD7510DIKD 

Figure 45. Auto-Zero Circuit 
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Error Budget Analysis-A0524 

Figure 46. TypicalBridgeApplication 

14-BIT 
ADC 

OT02V 
F.S. 

ERROR BUDGET ANALYSIS 
To illustrate how instrumentation amplifier specifications are 
applied, we will now examine a typical case where an ADS24 is 
required to amplify the output of an unbalanced transducer. 
Figure 46 shows a differential transducer, unbalanced by lOOn, 
supplying a 0 to 20mV signal to an ADS24C. The output of the 
IA feeds a 14-bit A to D converter with a 0 to 2 volt input 
voltage range. The operating temperature range is - 25°C to 

In many applications, differential linearity and resolution are of II 
prime importance. This would be so in cases where the absolute 
value of a variable is less important than changes in value. In 
these applications, only the irreducible errors (4Sppm=0.004%) 
are significant. Furthermore, if a system has an intelligent pro-
cessor monitoring the A to D output, the addition of a auto-gainl 
auto-zero cycle will remove all reducible errors and may eliminate 

+ 85°C. Therefore, the largest change in temperature Ll.T within 
the operating range is from ambient to + 85°C (85°C - 2SOC 

the requirement for initial calibration. This will also reduce 
errors to 0.004%. 

= 60°C). 

Effect on Effect on 
Absolute Absolute Effect 

AD524C Accuracy Accuracy on 
Error Source Specifications Calculation atTA = 25°C atTA = 85°C Resolution 

Gain Error ±0.2S% ±0.2S% = 2S00ppm 2S00ppm 2S00ppm -
Gain Instability 2Sppm (2Sppmf'C)(60°C) = ISOOppm - ISOOppm -
Gain Nonlinearity ±0.003% ±0.OO3% = 30ppm - - 30ppm 
Input Offset Voltage ±SOILV,RTI ±SOILV/20mV = ±2S00ppm 2S00ppm 2S00ppm -
Input Offset Voltage Drift ±O.SILVf'C (± 0.51L Vl"C)(60°C) = 30IL V 

30ILV/20mV = ISOOppm - ISOOppm -
Output Offset Voltage' ±2.0mV ±2.0mV/20mV = 1000ppm 1000ppm 1000ppm -
Output Offset Voltage Drift' ±2SILVf'C (±2SILVI"C)(60°C) = ISOOILV 

ISOOILV/20mV = 7S0ppm - 7S0ppm -
Bias Current - Source ±ISnA (± 15nA)(lOO!l) = 1.5ILV 

Imbalance Error 1.5ILVI20mV = 7Sppm 75ppm 7Sppm -
Bias Current - Source ± 100pA/'C (± IOOpAf'C)(100!l)(60'C) = 0.61LV 

Imbalance Drift 0.61LV120mV = 30ppm - 30ppm -
Offset Current - Source ±lOnA (± IOnA)(IOO!l) = IILV 

Imbalance Error lILVI20mV = SOppm 50ppm SOppm -
Offset Current- Source ± IOOpA/'C (lOOpAf'C)(IOO!l)(60°C) = 0.61L V 

Imbalance Drift 0.61LV120mV = 30ppm - 30ppm -
Offset Current - Source ±IOnA (IOnA)(175!l) = 3.5ILV 

Resistance - Error 3.51LV120mV = 87.Sppm 87.Sppm 87.5ppm -
Offset Current - Source ± 100pAf'C (IOOpAl°C)(17S!l)(60°C) = IILV 

Resistance - Drift IILV/20mV = SOppm - SOppm -
Common Mode Rejection IISdB IISdB = 1.8ppm x SV = 8.81LV 

SVdc 8.81LV120mV = 444ppm 444ppm 444ppm -
Noise,RTI 

(O.I-IOHz) 0.3ILVp-p 0.3ILVp-pI20mV = ISppm - - ISppm 

Total Error 6656.Sppm 10516.5ppm 4Sppm 

100tput offset voltage and output offset voltage drift are glVen as RTI figures. 

Table II. Error Budget Analysis of AD524CD in Bridge Application 
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AD524 
Figure 47 shows a simple application, in which the variation of 
the cold-junction voltage of a TyPe J thermocouple-iron( + )
constantan- is compensated for by a voltage developed in series 
by the temperature-sensitive output current of an AD590 
semiconductor temperature sensor. 

The circuit is calibrated by adjusting RT for proper output 
voltage with the measuring junction at a known reference tem-

TYPE 

RA 
NOMINAL 

VALUE 

J 
K 
E 
T 

S.R 

52.311 
41.211 
61.411 
40.211 
5.7611 

MEASURING 
JUNCTION 

REFERENCE 
JUNCTION 
15'C< TA <35'C 

IRON 

+Vs 

perature and the circuit near 25'C. If resistors with low tempcos 
are used, compensation accuracy will be to within ± O.5'C, for 
temperatures between + l5'C and + 35'C. Other thermocouple 
types may be accommodated with the standard resistance values 
shown in the table. For other ranges of ambient temperature, 
the equation in the figure may be solved for the optimum values 
ofRT and RA • 

CU 

7.5V 

AD580 

• Eo 
t 

lkl1 

NOMINAL 
VALUE 
913511 

G = 100 

+Vs 

-Vs 
OUTPUT 
AMPLIFIER 
OR METER 

Figure 47. Cold-Junction Compensation 

The microprocessor controlled data acquisition system shown in 
Figure 48 includes both auto-zero and auto-gain capability. By 
dedicating two of the differential inputs, one to ground and one 
to the AID reference, the proper program calibration cycles can 
eliminate both initial accuracy errors and accuracy errors over 
temperature. The auto-zero cycle, in this application, converts a 
number that appears to be ground and then writes that same 
number (8 bit) to the AD7524 which eliminates the zero error 

since its output has an inverted scale. The auto-gain cycle converts 
the AID reference and compares it with full scale. A multiplicative 
correction factor is then computed and applied to subsequent 
readings. 

For a comprehensive study of instrumentation amplifier design 
and applications, refer to the Instrumentation Ampliiier Appli
cation Guide, available free from Analog Devices. 

Figure 48. Microprocessor Controlled Data Acquisition System 
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FEATURES 
Digitally Programmable Binary Gains from 1 to 16 
Two-Chip Cascade Mode Achieves Binary Gain from 

1 to 256 
Gain Error: 

0.01% max, Gain = 1,2,4 (C Grade) 
0.02% max, Gain = 8, 16 (C Grade) 
0.5ppmrC Drift Over Temperature 

Fast Settling Time 
10V Signal Change: 

0.01% in 4.5fJ.s (Gain = 16) 
Gain Change: 

0.01% in 5.6fJ.s (Gain = 16) 
Low Nonlinearity: ±0.005% FSR max (J Grade) 
Excellent DC Accuracy: 

Offset Voltage: 0.5mV max (C Grade) 
Offset Voltage Drift: 3fJ.VrC (C Grade) 

TTL Compatible Digital Inputs 
Standard Military Drawing Available 

PRODUCT DESCRIPTION 
The AD526 is a single-ended, monolithic software programmable 
gain amplifier (SPGA) that provides gains of 1, 2, 4, 8 and 16. 
It is complete, including amplifier, resistor network and 
TTL-compatible latched inputs, and requires no external 
components. 

Low gain error and low nonlinearity make the AD526 ideal for 
precision instrumentation applications requiring programmable 
gain. The small signal bandwidth is 350kHz at a gain of 16. In 
addition, the AD526 provides excellent dc precision. The FET
input stage results in a low bias current of 50pA. A guaranteed 
maximum input offset voltage of O.5mV max (C grade) and low 
,gain error (0.01%, G= 1,2,4, C grade) are accomplished using 
Analog Devices' laser trimming technology. 

To provide flexibility to the system designer, the AD526 can be 
operated in either latched or transparent mode. The force/sense 
configuration preserves accuracy when the output is connected 
to remote or low impedance loads. 

The AD526 is offered in one commercial (0 to + 70°C) grade, J, 
and three industrial grades, A, B and C, which are specified 
from - 40°C to + 85°C. The S grade is specified from - 55°C to 
+ l25°C. The military version is available processed to MIL-STD 
883B, Rev C. The J grade is supplied in a 16-pin plastic DIP, 
and the other grades are offered in a 16-pin hermetic side-brazed 
ceramic DIP. 

REV. A 

Software Programmable 
Gain Amplifier 

AD526 I 
PIN CONFIGURATION 

DIG GND 1 • A1 

NUll AO 

CS 

AD526 ClK 

ANALOG GND2 
TOP VIEW A2 (Not to Scalel 

ANALOG GND 1 B 

+Vs 

VOUT SENSE 8 VOUT FORCE 

APPLICATION HIGHLIGHTS 
1. Dynamic Range Extension for ADC Systems: A single 

AD526 in conjunction with a 12-bit ADC can provide 96dB 
of dynamic range for ADC systems. 

2. Gain Ranging Pre-Amps: The AD526 offers complete digital 
gain control with precise gains in binary steps from 1 to 16. 
Additional gains of 32,64, 128 and 256 are possible by cascading 
two AD526s. 
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AD526 - SPECIFICATIONS (@ Vs = ±15V, RL = 2kO and TA = +25°C unless otherwise otherwise specified) 

AD526J AD526A AD526B1S AD526C 

Model Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

GAIN 
Gain Range 

(Digitally Programmable) 1,2,4,8,16 1,2,4,8,16 1,2,4,8,16 1,2,4,8,16 
Gain Error 
G~I 0.05 0.02 0.01 0.01 % 
G ~ 2 0.05 0.03 0.02 0.01 % 
G~4 0.10 0.03 0.02 0.01 % 
G ~ 8 0.15 0.07 0.04 0.02 % 
G ~ 16 0.15 0.07 0.04 0.02 % 

Gain Error Drift 
OverTemperature 
G~ I 0.5 2.0 0.5 2.0 0.5 2.0 0.5 2.0 ppmI"C 
G~2 0.5 2.0 0.5 2.0 0.5 2.0 0.5 2.0 ppml"C 
G ~4 0.5 3.0 0.5 3.0 0.5 3.0 0.5 3.0 ppmI"C 
G ~ 8 0.5 5.0 0.5 5.0 0.5 5.0 0.5 5.0 ppmI"C 
G~ 16 1.0 5.0 1.0 5.0 1.0 5.0 1.0 5.0 ppmI"C 

Gain Error (T min to T max) 
G~I 0.06 0.03 0.02 0.015 % 
G ~ 2 0.06 0.04 0.03 0.015 % 
G ~4 0.12 0.04 0.03 0.015 % 
G ~ 8 0.17 0.08 0.05 0.01 % 
G ~ 16 0.17 0.08 0.05 0.03 % 

Nonlinearity 
G~ 1 0.005 0.005 0.005 0.0035 %FSR 
G ~2 0.001 0.001 0.001 0.001 %FSR 
G~4 0.001 0.001 0.001 0.001 %FSR 
G ~ 8 0.001 0.001 0.001 0.001 %FSR 
G~ 16 0.001 0.001 0.001 0.001 %FSR 

Nonlinearity (T min to T maJ 
G~ I 0.81 0.01 0.01 0.007 %FSR 
G ~ 2 0.001 0.001 0.001 0.001 %FSR 
G ~4 0.001 0.001 0.001 0.001 %FSR 
G ~ 8 0.001 0.001 0.001 0.001 %FSR 
G ~ 16 0.001 0.001 0.001 0.001 %FSR 

VOLTAGE OFFSET, ALL GAINS 
Input Offset Voltage 0.4 1.5 0.25 0.7 0.25 0.5 0.25 0.5 mV 
Input Offset Voltage Drift Over 

Temperature 5 20 3 10 3 10 3 10 ".vrc 
Input Offset Voltage 

Tmin to Tmax 2.0 1.0 0.8 0.8 mV 
Input Offset Voltage vs. Supply 

(V. ±IO%) 80 80 84 90 dB 

INPUT BIAS CURRENT 
Overlnput Voltage Range ± IOV 50 ISO 50 ISO 50 ISO 50 ISO pA 

ANALOG INPUT 
CHARACTERISTICS 

Voltage Range 
(Linear Operation) ±10 ±12 ±10 ±12 :!:10 ±12 :!:10 ±12 V 

Capacitance 5 5 5 5 pF 

RATED OUTPUT 
Voltage :!:10 :!::12 :!:10 ±12 :!:10 ±12 :!:10 ±12 V 
Current (V OUT ~ ± IOV) :!:5 ±IO :!:5 ±IO :!:5 ±IO :!:5 ±IO rnA 
Short·Circuit Current 15 30 15 30 15 30 15 30 rnA 
DC Output Resistance 0.002 0.002 0.002 0.002 n 
Load Capacitance 
(For Stable Operation) 700 700 700 700 pF 

NOISE, ALL GAINS 
Voltage Noise, RTI 

O.IHzto 10Hz 3 3 3 3 ".Vp-p 
Voltage Noise Density, RTI 
f~ 10Hz 70 70 70 70 nVvHZ 
f~ 100Hz 60 60 60 60 nVvHZ 
f~lkHz 30 30 30 30 nVvHZ 
f~ 10kHz 25 25 25 25 nVvHZ 
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AD526 
AD526j AD526A AD526B1S AD526C 

Model Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

DYNAMIC RESPONSE 
- 3dB Bandwidth (Small Signal) 
G~ I 4.0 4.0 4.0 4.0 MHz 
G ~2 2.0 2.0 2.0 2.0 MHz 
G ~4 1.5 1.5 1.5 1.5 MHz 
G ~ 8 0.65 0.65 0.65 0.65 MHz 
G ~ 16 0.35 0.35 0.35 0.35 MHz 

Signal Settling Time to 0.01% 
(<1VOUT~ ±IOV) 
G~ I 2.1 4 2.1 4 2.1 4 2.1 4 IL' 
G ~ 2 2.5 5 2.5 5 2.5 5 2.5 5 IL' 
G ~4 2.7 5 2.7 5 2.7 5 2.7 5 IL' 
G ~ 8 3.6 7 3.6 7 3.6 7 3.6 7 IL' 
G ~ 16 4.1 7 4.1 7 4.1 7 4.1 7 IL' 

Full Power Bandwidth 
G ~ 1,2,4 0.10 0.10 0.10 0.10 MHz 
G ~ 8,16 0.35 0.35 0.35 0.35 MHz 

Slew Rate 
G ~ 1,2,4 4 6 4 6 4 6 4 6 V/IL' 
G ~ 8,16 18 24 18 24 18 24 18 24 V/IL' 

DIGITALINPUTS 
(T min to T max) 

Input Current (V H ~ 5V) 60 100 140 60 100 140 60 100 140 60 100 140 ILA 
Logic "I" 2 6 2 6 2 6 2 6 V 
Logic ''0'' 0 0.8 0 0.8 0 0.8 0 0.8 V 

TIMING' 
(VL ~ 0.2V, VH ~ 3.7V) 

AO,Al,A2 
Tc 50 50 50 50 n, 

T, 30 30 30 30 n, 

TH 30 30 30 30 n, 

B 
Tc 50 50 50 50 n, 

T, 40 40 40 40 n, 

TH 10 10 10 10 n, 

TEMPERATURE RANGE 
Specified Performance 0 +70 -40 +85 -40/-55 +851+125 -40 +85 °C 
Storage -65 + 125 -65 +150 -65 + 150 -65 + 150 °C 

POWER SUPPLY 
Operating Range ±4.S ±16.5 ±4.S ±16.S ±4.S ±16.S ±4.S ±16.S V 

Positive Supply Current 10 14 10 14 10 14 10 14 rnA 

Negative Supply Current 10 13 10 13 10 13 10 13 rnA 

PACKAGE OPTIONS' 
Plastlc(N-16) AD526jN 
CeramicDIP(D-16) AD526AD AD526BD AD526SD AD526CD 

AD526SD/883B 
Chip' AD526jChips 

NOTES 
lRefer to Figure 35 for definitions. 
FSR ~ Full-Scale Range ~ 20V. 
RTI = Referred to Input. 

2Por outline information see Package Information section. 

REV. A 

Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at fmal 
electrical test. All min and max specifications are guaranteed, although only 
those shown in boldface are tested on all production units. 
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METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 
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AD526-Typical Characteristics 
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Figure 1. Output Voltage Swing vs. 
Supply Voltage, G = 16 
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Figure 10. Noise Spectral Density 
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Figure 2. Output Voltage Swing vs. 
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Figure 8. PSRR vs. Frequency 
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Figure 12. Wideband Output Noise, 
G = 16 (Amplified by 10) 
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Figure 13. Large Signal Pulse 
Response and Settling Time*, G= 1 

Figure 16. Small Signal Pulse 
Response, G = 2 

Figure 19. Large Signal Pulse 
Response and Settling Time*, G=8 

Figure 22. Small Signal Pulse 
Response, Gain = 16 

Figure 14. Small Signal Pulse 
Response, G = 1 

Figure 17. Large Signal Pulse 
Response and Settling Time*, G=4 

Figure 20. Small Signal Pulse 
Response, G=8 

/ 
V 

V 

Figure 23. Total Harmonic Distortion 
vs. Frequency, Gain = 16 

*For Settling Time Traces, 0.01% = 112 Vertical Division 
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Figure 15. Large Signal Pulse 
Response and Settling Time*, G=2 

Figure 18. Small Signal Pulse 
Response, G=4 

Figure 21. Large Signal Pulse 
Response and Settling Time*, 
G=16 
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Figure 24. Phase Distortion vs. 
Frequency, Gain = 16 
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Figure 25. Output Impedance vs. 
Frequency 

Figure 28. Gain Change Settling 
Time*, Gain Change 1 to 8 
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Figure 26. Gain Change Settling 
Time*, Gain Change: 1 to 2 

Figure 29. Gain Change Settling 
Time*, Gain Change 1 to 16 

Figure 27. Gain Change Settling 
Time*, Gain Change 1 to 4 

*Soope Traces are: 
Top: Output Transition 
Middle: Output Settling 
Bottom: Digital Input 

NOTE: COAX CABLE 1 FT. OR LESS 

Figure 30. Wideband Noise Test Circuit 
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THEORY OF OPERATION 
The AD526 is a complete software programmable gain amplifier 
(SPGA) implemented monolithically with a drift-trimmed BiFET 
amplifier, a laser wafer trimmed resistor network, JFET analog 
switches and TTL compatible gain code latches. 

A particular gain is selected by applying the appropriate gain 
code (see Table I) to the control logic. The control logic turns 
on the JFET switch that connects the correct tap on the gain 
network to the inverting input of the amplifier; all unselected 
JFET gain switches are off (open). The "on" resistance of the 
gain switches causes negligible gain error since only the amplifier'S 
input bias current, which is less than 15OpA, actually flows 
through these switches. 

The AD526 is capable of storing the gain code, (latched mode), 
B, AO, AI, Al, under the direction of control inputs CLK and 
CS. Alternatively, the AD526 can respond directly to gain code 
changes if the control inputs are tied low (transparent mode). 

For gains of 8 and 16, a fraction of the frequency compensation 
capacitance (CI in Figure 32) is automatically switched out of 
the circuit. This increases the amplifier's bandwidth and improves 
its signal settling time and slew rate. 

TRANSPARENT MODE OF OPERATION 
In the transparent mode of operation, the AD526 will respond 
directly to level changes at the gain code inputs (AO, AI, A2) if 
B is tied high and both CS and CLK are allowed to float low. 

Mter the gain codes are changed, the AD526's output voltage 
typically requires 5.5f.Ls to settle to within 0.01% of the final 
value. Figures 26 to 29 show the performance of the AD526 for 
positive gain code changes. 

~--------.--------
AI-~------t--------
AD-+-~~----+--------

+v, 

vw ------" 

Figure 33. Transparent Mode 

REV. A 

I 
.... v~ 
I 
I 

Theory of Operation - AD526 
r --- :M;';F;;';- ---, 
I +v, I 
I I 
I I 
I I 

v,. ------:-0-1 

AD 
I 

AI I g 
ll~ 

~ ~I~ ",k RESISTOR 

~ I l NETWORK 
G=2 

~I~ 
elK I? 
os 

Ie 
1.7k 

G=4 

DIGITAL 
1k 1.7k GND 

ANALOG ANALOG 
GND2 GND1 

Figure 32. Simplified Schematic of the AD526 

LATCHED MODE OF OPERATION 
The latched mode of operation is shown in Figure 34. When 
either CS or CLK go to a logic "I," the gain code (AO, AI, A2, 
B) signals are latched into the registers and held until both CS 
and CLK return to "0." Unused CS or CLK inputs should be tied 
to ground. The CS and CLK inputs are functionally and electrically 
equivalent. 

TIMING SIGNAL ------...... -------

A2------t--.-------
AI-~----+--4------

AD-4-~~--t--4-------
+vs 

"VOUT 
I 

I 

v,. _______ ..J 

Figure 34. Latched Mode 
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AD526 
TIMING AND CONTROL 

GAIN CODE CONTROL CONDITION 

A2 Al AO B CLK(~=O) Gain Condition 

X X X X 1 Previous State Latched 
0 0 0 1 0 1 Transparent 
0 0 1 1 0 2 Transparent 
0 1 0 1 0 4 Transparent 
0 1 1 1 0 8 Transparent 
1 X X 1 0 16 Transparent 
X X X 0 0 1 Transparent 
X X X 0 1 1 Latched 
0 0 0 1 1 1 Latched 
0 0 1 1 1 2 Latched 
0 1 0 1 1 4 Latched 
0 1 1 1 1 8 Latched 
1 X X I 1 16 Latched 

NOTE: X~Don't Care 

Table I. AD526 Logic Input Truth Table 

The specifications on page 3 in combination with Figure 35 give 
the timing requirements for loading new gain codes. 

DIGITAL FEEDTHROUGH 
With either CS or CLK or both held high, the AD526 gain 
state will remain constant regardless of the transitions at the AO, 
AI, A2 or B inputs. However, high-speed logic transitions will 
unavoidably feed through to the analog circuitry within the 
AD526 causing spikes to occur at the signal output. 

Tc~MINIMUMeLOCKeveLE 
Ts=DATASETUPTIME 
TH = DATA HOLD TIME 

NOTE: THRE!!.!:!OLD LEVEL FOR 
GAIN.Ql.DE. es. 
ANDCLKIS1.4V. 

Figure 35. AD526 Timing 

TIMING 
SIGNAL 

A1 AO 

This feedthrough effect can be completely eliminated by operating 
the AD526 in the transparent mode and latching the gain code 
in an external bank of latches (Figure 36). 

To operate the AD526 using serial inputs, the configuration 
shown in Figure 36 can be used with the 74LSl74 replaced by a 
serial-inlparallel-out latch, such as the 54LS594. 

A2 +5V 

"'VOUT 

I 
I 

Figure 36. Using an External Latch to Minimize Digital 
Feedthrough 
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GROUNDING AND BYPASSING 
Proper signal and grounding techniques must be applied in 
board layout so that specified performance levels of precision 
data acquisition components, such as the AD526, are not 
degraded. 

As is shown in Figure 37, logic and signal grounds should be 
separate. By connecting the signal source ground locally to the 
AD526 analog ground Pins 5 and 6, gain accuracy of the AD526 
is maintained. This ground connection should not be corrupted 
by currents associated with other elements within the system. 

Utilizing the force and sense outputs of the AD526, as shown in 
Figure 38, avoids signal drops along etch runs to low impedance 
loads. 

Figure 37. Grounding and Bypassing 

AD526 
CASCADED OPERATION 
A cascade of two AD526s can be used to achieve binarily weighted 
gains from I to 256. If gains from I to 128 are needed, no additional 
components are required. This is accomplished by using the B 
pin as shown in Figure 38. When the B pin is low, the AD526 
is held in a unity gain stage independent of the other gain code 
values. 

VOUTNIN A2 Al AO 
I 0 0 0 
2 0 0 I 
4 0 I 0 
8 0 I I 

16 0 0 
32 0 I 
64 I 0 

128 I 

Table II. Logic Table for Figure 38 

CLK------------~--------------------------------~ 
A2------------~--1_----------------------------~----~ 

-v, -v, 

Figure 38. Cascaded Operation 
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AD526 
OFFSET NULLING 
Input voltage offset nulling of the AD526 is best accomplished 
at a gain of 16, since the referred-to-input (RTI) offset is amplified 
the most at this gain and therefore is most easily trimmed. The 
resulting trimmed value of RTI voltage offset typically varies 
less than 3fL V across all gain ranges. 

Note that the low input current of the AD526 minimizes RTI 
voltage offsets due to source resistance. 

+v, 

v,.---+----' 

Figure 39. Offset Voltage Null Circuit 

OUTPUT CURRENT BOOSTER 
The ADS26 is rated for a full ± lOY output voltage swing into 
2kO. In some applications, the need exists to drive more current 
into heavier loads. As shown in Figure 40, a high current booster 
may be connected "inside the loop" of the SPGA to provide the 
required current boost without significantly degrading overall 
performance. Nonlinearities, offset and gain inaccuracies of the 
buffer are minimized by the loop gain of the ADS26 output 
amplifier. 

+v, 

Figure 40. Current Output Boosting 
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OFFSET NULLING WITH A D/A CONVERTER 
Figure 41 shows the AD526 with offset nulling accomplished 
with an 8-bit D/A converter (AD7524) circuit instead of the 
potentiometer shown in Figure 39. The calibration procedure is 
the same as before except that instead of adjusting the poten
tiometer, the D/A converter corrects for the offset error. This 
calibration circuit has a number of benefits in addition to elimi
nating the trimpot. The most significant benefit is that calibration 
can be under the control of a microprocessor and therefore can 
be implemented as part of an autocalibration scheme. Secondly, 
dipswitches or RAM can be used to hold the 8-bit word after its 
value has been determined. In Figure 42 the offset null sensitivity, 
at a gain of 16, is 80fL V per LSB of adjustment, which guarantees 
dc accuracy to the 16-bit performance level. 

+v, 

I 

~UT 

I 

WR 

Figure 41. Offset Nulling Using a DAC 
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FLOATING-POINT CONVERSION 
High resolution converters are used in systems to obtain high 
accuracy, improve system resolution or increase dynamic range. 
There are a number of high resolution converters available with 
throughput rates of 66.6kHz that can be purchased as a single 
component solution; however in order to achieve higher 
throughput rates, alternative conversion techniques must be 
employed. A floating point AJO converter can improve both 
throughput rate and dynamic range of a system. 

In a floating point AJO converter (Figure 42), the output data is 
presented as a 16-bit word, the lower 12 bits from the AJO 
converter form the mantissa and the upper 4 bits from the digital 
signal used to set the gain form the exponent. The A0526 pro
grammable gain amplifier in conjunction with the comparator 
circuit scales the input signal to a range between half scale and 
full scale for the maximum usable resolution. 

The AlD converter diagrammed in Figure 42 consists of a pair 
of A0585 samplelhold amplifiers, a flash converter, a five-range 
programmable gain amplifier (the A0526) and a fast 12-bit AJO 
converter (the A07572). The floating-point AJO converter achieves 
its high throughput rate of 125kHz by overlapping the acquisition 
time of the first samplelhold amplifier and the settling time of 
the A0526 with the conversion time of the AJO converter. The 
first samplelhold amplifier holds the signal for the flash autoranger, 

Applications - AD526 
which determines which binary quantum the input faIls within, 
relative to full scale. Once the A0526 has settled to the appropriate 
level, then the second samplelhold amplifier can be put into 
hold which holds the amplified signal while the A07572 performs 
its conversion routine. The acquisition time for the A0585 is 
31J.S, and the conversion time for the A07572 is 5j1.s for a total 
of 8j1.s, or 125kHz. This performance relies on the fast settling 
characteristics of the A0526 after the flash autoranging (com
parator) circuit quantizes the input signal. A 16-bit register 
holds the 3-bit output from the flash autoranger and the 12-bit 
output of the A07572. 

The AJO converter in Figure 42 has a dynamic range of 96dB. 
The dynamic range of a converter is the ratio of the full-scale 
input range to the LSB value. With a floating-point AlD converter 
the smallest value LSB corresponds to the LSB of the monolithic 
converter divided by the maximum gain of the PGA. The floating 
point AJO converter has a full-scale range of 5V, a maximum 
gain of 16VN from the A0526 and a 12-bit AJO converter; this • 
produces: 

LSB = ([FSRl2N]/Gain) = ([5V/4096]/16) = 76j1. V. The dynamic 
range in dBs is based on the log of the ratio of the full-scale 
input range to the LSB; dynamic range = 20l0g(5VI76j1.V) = 
96dB. 

'0 . , 
A2 

-15V +5V 

NOTE: ALL BYPASSCAPACITOAS ARE O.1I1F 

D6 

05 

0' 
03 

02 

D. 

E • 

E2 

E3 

Figure 42. Floating-Point AID Converter 
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AD526 
HIGH ACCURACY AID CONVERTERS 
Very high accuracy and high resolution floating-point AID con
verters can be achieved by the incorporation of offset and gain 
calibration routines. There are two techniques commonly used 
for calibration, a hardware circuit as shown in Figure 43 and/or 
a software routine. In this application the microprocessor is 
functioning as the autoranging circnit, requiring software over
head; therefore, a hardware calibration technique was applied 
which reduces the software burden. The software is used to set 
the gain of the AD526. In operation the signal is converted, and 
if the MSB of the AD574 is not equal to a logicall, the gain is 
increased by binary steps, up to the maximum gain. This maximizes 
the fnll-scale range of the conversion process and insures a wide 
dynamic range. 

The calibration technique uses two point correction, offset and 
gain. The hardware is simplified by the use of programmable 
magnitude comparators, the 74ALS528s, which can be "burned" 

for a particnlar code. In order to prevent under or over range 
hunting during the calibration process, the reference offset and 
gain codes shonld be different from the endpoint codes. A cali
bration cycle consists of selecting whether gain or offset is to be 
calibrated then selecting the appropriate multiplexer channel to 
apply the reference voltage to the signal channel. Once the 
operation has been initiated, the counter, a 74ALS869, drives 
the DI A converter in a linear fashion providing a small correction 
voltage to either the gain or offset trim point of the AD574. 
The output of the AID converter is then compared to the value 
preset in the 74ALS528 to de~ermine a match. Once a match is 
detected, the 74ALS528 produces a low going pulse which stops 
the counter. The code at the DI A converter is latched until the 
next calibration cycle. Calibration cycles are under the control 
of the microprocessor in this application and should be imple
mented only during periods of converter inactivity. 

Figure 43. High Accuracv AID Converter 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
EASVTO USE 
Gain Set with One External Resistor 

(Gain Range 1 to 1000) 
Wide Power Supply Range (:1:2.3 V to :1:18 V) 
Higher Performance than Three Op Amp IA Designs 
Available in 8-Pin DIP and SOIC Packaging 
Low Power. 1.3 mA max Supply Current 

EXCELLENT DC PERFORMANCE (NA GRADE") 
125 .... V max. Input Offset Voltage (50 .... V max 

"B" Grade) 
1 .... VloC max. Input Offset Drift 
2.0 nA max. Input Bias Current 
93 dB min Common-Mode Rejection Ratio (G = 10) 

LOW NOISE 
9 nV/YHz. @ 1 kHz. Input Voltage Noise 
0.28 .... V p-p Noise (0.1 Hz to 10 Hz) 

EXCELLENT AC SPECIFICATIONS 
120 kHz Bandwidth (G = 100) 
15 .... s Settling Time to 0.01% 

APPLICATIONS 
Weigh Scales 
ECG and Medical Instrumentation 
Transducer Interface 
Data Acquisition Systems 
Industrial Process Controls 
Battery Powered and Portable Equipment 

PRODUCT DESCRIPTION 
The AD620 is a low cost, high accuracy instrumentation ampli
fier which requires only one external resistor to set gains of I to 
1000. Furthermore, the AD620 features 8-pin SOIC and DIP 
packaging that is smaller than discrete designs, and offers lower 

30,000 

j 25,000 

~ _ 20,000 

l!; 
:E t 15,000 

~ ffi 10,000 

~ 5,000 

/'" V .. 
AD620A 

-31> RG 
- + 

I 
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/' ~-+ )-

: -

I 
I 

00 '0 15 20 

SUPPLY CURRENT - mA 

Three Op Amp IA Designs vs. AD620 
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Low Cost, Low Power 
Instrumentation Amplifier 

AD620 I 
CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP (N), Cerdip (Q) 
and SOIC (R) Packages 

TOP VIEW 

power (only 1.3 rnA max supply current), making it a good fit 
for battery powered, portable (or remote) applications. 

The AD620, with its high accuracy of 40 ppm maximum non
linearity, low offset voltage of 50 fL V max and offset drift of 
0.6 fL vrc max, is ideal for use in precision data acquisition sys
tems, such as weigh scales and transducer interfaces. Further
more, the low noise, low input bias current, and low power of 
the AD620 make it well suited for medical applications such as 
ECG and noninvasive blood pressure monitors. 

The low input bias current of 1.0 nA max is made possible with 
the use of Superj3eta processing in the input stage. The AD620 
works well as a preamplifier due to its low input voltage noise of 
9 nV/v'Hz at 1 kHz, 0.28 fLY p-p in the 0.1 Hz to 10 Hz band, 
0,1 pA/v'Hz input current noise. Also, the AD620 is well suited 
for multiplexed applications with its settling time of 15 fLS to 
0.01 % and its cost is low enough to enable designs with one in 
amp per channel. 

10,000 ,.----r----,.---,.----r----, 

',0001---+-==-"-== __ 1----17£...--,1 

~~ 
z ~ 100 1----+ w, 
~~ g ~ 10 I----+---b-,.£---:;~-_\+---l 

~i 

0.1 L-__ -'-__ .....L ___ '-__ ....... __ ..... 

1k 10k 100k 1M 10M 100M 

SOURCE RESISTANCE -" 

Total Voltage Noise vs. Source Resistance 
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AD620 - SPECIFICATIONS (typical @ +25°C, Vs = ±15 V, and Rl = 2 kG unless otherwise noted) 

AD620A AD620B AD620S' 
Model Conditions Min Typ Max Min Typ Max Min Typ Max Units 

GAIN G - I + (49.4 kIRo) 
Gsin Range I 10,000 I 10,000 I 10,000 
Gsin Error' VouT=±IOV 

G = I 0.03 0.10 0,01 0,02 0.03 0.10 % 
G = 10 0.15 0.30 0.10 0.15 0.15 0.30 % 
G = 100 0.15 0.30 0.10 0.15 0.15 0.30 % 
G = 1000 0.40 0.70 0.35 0.50 0.40 0.70 % 

Nonlinearity, VOUT = -IOV to +IOV, 
G = 1-1000 RL =lOkfl 10 40 10 40 10 40 ppm 
G = 1-100 RL = 2 kfl 10 95 10 95 10 95 ppm 

Gain vs. Temperature Gain <1000' -50 -50 -50 ppmf'C 

VOLTAGE OFFSET (Total RTI Error = VOSl + VosolG) 
Input Offset, Vos, Vs =±5Vto±15V 30 125 IS 50 30 125 ILV 

over Temperature Vs= ±5Vto±15V 185 85 225 ILV 
AverageTC Vs = ±5 V to ±15 V 0.3 1.0 0.1 0.6 0.3 1.0 ILvrc 

Output Offset, V oso Vs = ±15V 400 1000 200 500 400 1000 ILV 
Vs = ±5 V 1500 750 1500 ILV 

over Temperature Vs =±5Vto±15V 2000 1000 2000 ILV 
AverageTC Vs =±5Vto±15V 5.0 IS 2.5 7.0 5.0 IS ILvrc 

Offset Referred to the 
Input vs. 
Supply (PSR) V s = ±2.3 V to ± 18 V 

G=I BO 100 80 100 80 100 dB 
G = 10 95 120 100 120 95 120 dB 
G = 100 110 140 120 140 110 140 dB 
G = 1000 110 140 120 140 110 140 dB 

INPUT CURRENT 
Input Bias Current 0.5 2.0 0.5 1.0 0.5 2 nA 

over Temperature 2.5 1.5 4 nA 
Average TC 3.0 3.0 B.O pArC 

Input Offset Current 0.3 1.0 0.3 0.5 0.3 1.0 nA 
over Temperature 1.5 0.75 2.0 nA 
Average TC 1.5 1.5 B.O pArC 

INPUT 
Input Impedance 

Differential 10112 10112 10112 GflllpF 
Common-Mode 10112 10112 10112 GflllpF 

Input Voltage Range' Vs = ±2.3 V to ±5 V -Vs + 1.9 +Vs - 1.2 -Vs + 1.9 +Vs - 1.2 -Vs + 1.9 +Vs - 1.2 V 
over Temperature -Vs + 2.1 +VS - 1.3 -Vs + 2.1 +VS - 1.3 -Vs + 2.1 +VS - 1.3 V 

Vs= ±5Vto±IBV -Vs + 1.9 +VS - 1.4 -Vs + 1.9 +Vs - 1.4 -Vs + 1.9 +Vs - 1.4 V 
over Temperature -Vs + 2.1 +Vs - 1.4 -Vs + 2.1 +Vs - 1.4 -Vs + 2.3 +Vs - 1.4 V 

Common-Mode Rejection 

Ratio DC to 60 Hz with 
1 kf! Source Imbalance VCM = OVto ±IOV 

G=1 73 90 80 90 73 90 dB 

G = 10 93 110 100 110 93 110 dB 

G = 100 110 130 120 130 110 130 dB 

G = 1000 110 130 120 130 110 130 dB 

OUTPUT 
Output Swing RL = 10 kfl, 

Vs = ±2.3 V to ±5 V -Vs + 1.1 +Vs - 1.2 -Vs + 1.1 +VS - 1.2 -Vs + 1.1 +Vs - 1.2 V 

over Temperamre -Vs + 1.4 +Vs - 1.3 -Vs + 1.4 +Vs - 1.3 -Vs + 1.6 +Vs - 1.3 V 

Vs =±5Vto±IBV -Vs + 1.2 +Vs - 1.4 -Vs + 1.2 +Vs - 1.4 -Vs + 1.2 +Vs - 1.4 V 

over Temperature -Vs + 1.6 +Vs - 1.5 -Vs + 1.6 +Vs - 1.5 -Vs + 2.3 +Vs - 1.5 V 

Shan Current Circuit ±IB ±IB ±IB rnA 
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AD6lOA 
Model CoadiIioa. Min Typ Max 

DYNAMIC RESPONSE 
Small SigDa! - 3 dB Bandwidth 

G=I 1000 
G= 10 800 
G = 100 120 
G = 1000 12 

Slew Rate 0.75 1.2 
SettIiDs Time to 0.01% 10 V Step 

G = 1-100 IS 
G = 1000 ISO 

NOISE 

Vol. Noise, I kHz Total RTI Noise = VII',;) + 1 • ..,!G)l 
Input, Vol. Noise, e.. 9 13 
Output, Vol. Noise, ... 72 100 

RTI, 0.1 Hz to 10 Hz 
G=I 3.0 
G = 10 0.55 
G = 100-1000 0.28 

Current Noise f= 1kHz 100 
0.1 Hz to 10 Hz 10 

REFERENCE INPUT 

RJN 20 

lIN VlN+ ,VREF = 0 +50 +60 
Vol. Range -Vs + 1.6 +Vs - 1.6 
Gain to OutpUt 

POWER SUPPLY 
Operating Range' 
Quiescent Current Vs = :!:2.3 V to :!:18 V 

over Temperature 

TEMPERATURE RANGE 
for Specified Performance 

NOTES 
I Does not include effects of extetnal resistor Ro. 
ZOne input grounded. G = 1. 

:!:2.3 

'This is defined as the same supply range which is used to specify PSR. 
<see Analog Devices militaty data sheet for S83B tested specifications. 
SpecifICations subject to change without notice. 

REV. A 

I:!: 0.0001 

:!:IS 
0.9 1.3 
1.1 1.6 

-40 to +85 

AD620 
AD6l0B AD620S' 

Min Typ Max Min Typ Max Units 

1000 1000 kHz 
800 800 kHz 
120 120 kHz 
12 12 kHz 

0.75 1.2 0.75 1.2 W",s 

IS IS 

""' ISO ISO "'s 

9 13 9 13 nWYHz 
72 100 72 100 nWyHZ 

3.0 6.0 3.0 6.0 ",Vp-p 
0.55 O.S 0.55 0.8 ",Vp-p 
0.28 0.4 0.28 0.4 ",Vp-p 
100 100 WyHZ 
10 10 pAp-p II 
20 20 kfl 
+50 +60 +50 +60 i>A 

-Vs + 1.6 +Vs - 1.6 -Vs + 1.6 +Vs - 1.6 V 
I:!: 0.0001 I:!: 0.0001 

:!:2.3 :!:18 :!:2.3 :!:IS V 
0.9 1.3 0.9 1.3 mA 
1.1 1.6 1.1 1.6 mA 

-40 to +85 -55 to +125 'C 
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AD620 
ABSOLUTE MAXIMUM RATINGS l ORDERING GUIDE 
Supply Voltage ........................... ± 18 V 
Internal Power Dissipation2 •••••••••••••••••• 650 mW Model Temperature Range Package Option· 

Input Voltage (Common Mode) .................. ±Vs AD620AN -40°C to +S5°C N-S 
Differential Input Voltage .................... ±25 V AD620BN -40OC to + S50C N-S 
Output Short Circuit Duration ............... Indefinite AD620AR -40OC to +S5°C R-S 
Storage Temperature Range (Q) ......... -65°C to + 150°C AD620BR -40OC to +S5OC R-S 
Storage Temperature Range (N, R) ....... -65°C to + 125°C AD620A Chips -40OC to +S5°C Die Form 
Operating Temperature Range AD620SQ/SS3B -55°C to + 125°C Q-S 

AD620 (A, B) .................... -40°C to +85°C 
AD620 (S) ..................... -55°C to + 125°C 

*N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see 
Package Information section. 

Lead Temperature Range 
(Soldering 10 seconds) ..................... 300°C 

NOTES 
IStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

lSpecification is for device in free air: 
8-Pin Plastic Package: 6,A = 9S"CIWan 
g·Pin Cerdip Package: 6'A = 1I0"CIWatt 
g·Pin SOIC Package: 6'A = ISSoC/Wan 
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AD620 

TYPICAL CHARACTERISTICS (@ +25°C, Vs = ±15 v, RL = 2 kG, unless otherwise noted) 
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Figure 1. Typical Distribution of Input Offset Voltage 
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AOB20-Typical Characteristics 
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Figure 8a. 0.1 Hz to 10 Hz RTI Voltage Noise (G = 1) 
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Figure 8b. 0.1. Hz to 10 Hz RTf Voltage Noise (G = 1000) 
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Figure 9. 0.1 Hz to 10 Hz Current Noise, 5 pAiDiv 
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Figure 14. Gain vs. Frequency 
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Figure 17. Output Voltage Swing vs. Supply Voltage, 
G = 10 
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Figure 18. Output Voltage Swing vs. Load Resistance 

Figure 19. Large Signal Pulse Response and Settling Time 
G = 1 (0.5 mV = 0.01%) 

Figure 20. Small Signal Pulse Response, G = " 
RL = 2 kf1, CL = 100 pF 
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Figure 21. Large Signal Pulse Response and Settling 
Time, G = 10 (0.5 mV = 0.01%) 

Figure 22. Small Signal Pulse Response, G = 10, 
RL =2 kf1, CL = 100 pF 

Figure 23. Large Signal Pulse Response and Settling 
Time, G = 100 (0.5 mV = 0.01%) 
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Figure 24. Small Signal Pulse Response, G = 100, 
RL = 2 kfl, CL = 100 pF 

Figure 25. Large Signal Pulse Response and Settling 
Time, G = 1000 (0.5 mV = 0.01%) 

Figure 26. Small Signal Pulse Response, G = 1000, 
RL = 2 kG, CL = 100 pF 
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Figure 27. Settling Time vs. Step Size, (G = 1) 
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Figure 28. Settling Time to 0.01% vs. Gain, for a 
10 V Step 

Figure 29a. Gain Nonlinearity, G = 1, RL = 10 kG 
(10 /LV = 1 ppm) 
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AD620 

Figure 29b. Gain Nonlinearity, G = 100, RL = 10 kfl 
(100 p,V = 10 ppm) 

Figure 29c. Gain Nonlinearity, G = 1000, RL = 10 kfl 
(1 mV = 100 ppm) 

'''''''-

* ALL RESISTORS 1% TOLERANCE 

1kn 

'0' ''''''' 

Figure 30. Settling Time Test Circuit 
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-VB 

Figure 31. Simplified Schematic of AD620 

THEORY OF OPERATION 
The AD620 is a monolithic instrumentation amplifier based on a 
modification of the classic three op amp approach. Absolute
value trimming allows the user to program gain accurately (to 
0.15% at G = 100) with only one resistor. Monolithic construc
tion and laser wafer trimming allow the tight matching and 
tracking of circuit components, thus insuring the high level of 
performance inherent in this circuit. 

The input transistors Ql and Q2 provide a single differential
pair bipolar input for high precision (Figure 31), yet offer 10 x 
lower Input Bias Current thanks to Super~eta processing. Feed
back through the QI-AI-Rlloop and the Q2-A2-R2loop main
tains constant collector current of the input devices Ql, Q2 
thereby impressing the input voltage across the external gain
setting resistor Ro. This creates a differential gain from the 
inputs to the AlIA2 outputs given by G = (Rl + R2)1Ra + 1. 
The unity-gain subtractor A3 removes any common-mode 
signal, yielding a single-ended output referred to the REF pin 
potential. 

The value of Ro also determines the transconductance of the 
preamp stage. As Ro is reduced for larger gains, the transcon
ductance increases asymptotically to that of the input transistors. 
This has three important advantages: (a) Open-loop gain is 
boosted for increasing programmed gain, thus reducing gain
related errors. (b) The gain-bandwidth product (determined by 
Cl, C2 and the preamp transconductance) increases with pro
grammed gain, thus optimizing frequency response. (c) The 
input voltage noise is reduced to a value of 9 n V ly'Hz, deter
mined mainly by the collector current and base resistance of the 
input devices. 

The internal gain resistors, Rl and R2, are trimmed to an abso
lute value of 24.7 kil, allowing the gain to be programmed accu
rately with a single external resistor, 
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The gain equation is then 

so that 

49.4kIl 
RG = ---

G-l 

Make vs. Buy: A Typical Bridge Application Error Budget 
The AD620 offers improved performance over "homebrew" 
three op amp IA designs, along with smaller size, less compo
nents and lOx lower supply current. In the typical application, 
shown in Figure 32, a gain of 100 is required to amplify a 

+1OV 

PRECISION BRIDGE TRANSDUCER 
AD620A MONOLITHIC 
INSTRUMENTATION 
AMPLIFIER, G=100 

SUPPLY CURRENT = 1.3mA MAX 

AD620 
bridge output of 20 m V full scale over the industrial tempem
ture range of -40°C to +85OC. The error budget table below 
shows how to calculate the effect various error sources have on 
circuit accuracy. 

Regardless of the system it is being used in, the AD620 provides 
greater accumcy, and at low power and price. In simple systems, 
absolute accuracy and drift errors are by far the most significant 
contributors to error. In more complex systems with an intelli
gent processor, an auto-gainJauto-zero cycle will remove all abso
lute accuracy and drift errors leaving only the resolution errors 
ofgain nonlinearity and noise, thus allowing full14-bit accuracy. 

Note that for the homebrew circuit, the OP-07 specifications for 
input voltage offset and noise have been multiplied by "\/2. This 
is because a three op amp type in amp has two op amps at its 
inputs, both contributing to the overall input error. 

"HOMEBREW' IN AMP, G=100 
'0.02% RESISTOR MATCH, 3PPMf'C TRACKING 

"'DISCRETE 1% RESISTOR, 100PPMI'C TRACKING 
SUPPLY CURRENT:: 15mA MAX 

Figure 32. Make vs. Buy 

Table I, Make vs. Buy Error Budget 

AD620 Circuit "Homebrew" Circuit Error, ppm of Full Scale 
Error Source Calculation Calculation AD620 Homebrew 

ABSOLUTE ACCURACY at TA = +25°C 
Input Offset Voltage, fL V 125 fLVI20 mV (150 fLY x y2)120 mV 6,250 10,607 
Output Offset Voltage, fLY 1000 fL VII 00/20 m V «150 fLY x 2)1100)120 mV 500 150 
Input Offset Current, nA 2 nA x 350 {}f20 mV (6 nA x 3500)120 mV 18 53 
CMR, dB lIO dB-+3.16 ppm, x 5 VI20 mV (0.02% Match x 5 V)l20 mV 791 4,988 

Total Absolute Error 7,558 15,797 
DRIFT TO +85°C 

Gain Drift, ppmfOC (50 ppm + 10 ppm) x 600C 10 ppmfOC Track x 60°C 3,600 600 
Input Offset Voltage Drift, fLVrC I fLVrC x 60°C/20 mV (2.5 fLVrC x y2 x 6O°C)l20 mV 3,000 10,607 
Output Offset Voltage Drift, fL V rc 15 fLVrC x 60°C/I00I20 mV (2.5 fLVrC x 2 x 60°C)/100120 mV 450 150 

Total Drift Error 7,050 11,357 
RESOLUTION 

Gain N oniinearity, ppm of Full Scale 40 ppm 40 ppm 40 40 
Typ 0.1 Hz-IOHzVoltageNoise, ",V p-p 0.28 fLY p-p120 mV (0.38 fLY p-p x y2)120 mV 14 27 

Total Resolution Error 54 67 

Grand Total Error 14,662 27,221 

G=IOO,Vs=±lSV. 
(All errors are minimax and referred to input.) 

REV. A INSTRUMENTATION AMPLIFIERS 4-61 

• 



AD620 

+5V 

t-----+----+-t REF 

~-~r_---_r---~IN 

ADC 

,'"> ...... t-ir-l AGND 
20ku 

Figure 33. A Pressure Monitor Circuit which Operates on a +5 V Single Supply 

Pressure Measurement 
Although useful in many bridge applications such as weigh
scales, the AD620 is especially suited for higher resistance pres
sure sensors powered at lower voltages where small size and low 
power become more significant. 

Figure 33 shows a 3 kfl pressure transducer bridge powered 
from +5 V. In such a circuit, the bridge consumes only 
1. 7 mAo Adding the AD620 and a buffered voltage divider 
allows the signal to be conditioned for only 3.8 mA of total sup
ply current. 

Small size and low cost make the AD620 especially attractive for 
voltage output pressure transducers. Since it delivers low noise 
and drift, it will also serve applications such as diagnostic non
invasive blood pressure measurement. 

PATIENT/CIRCUIT 
PROTECTION/ISOLATION 

/ 

R1 
1QkU 

R3 
24.9kU 

Medical EeG 
The low current noise of the AD620 allows its use in ECG mon
itors (Figure 34) where high source resistances of 1 Mfl or 
higher are not uncommon. The AD620's low power, low supply 
voltage requirements, and space-saving 8-pin mini-DIP and 
SOIC package offerings make it an excellent choice for battery 
powered data recorders. 

Furthermore, the low bias currents and low current noise cou
pled with the low voltage noise of the AD620 improve the 
dynamic range for better performance. 

The value of capacitor Cl is chosen to maintain stability of the 
right leg drive loop. Proper safeguards, such as isolation, must 
be added to this circuit to protect the patient from possible 
harm. 

+3V 

OUTPUT 
1V/mV 

Figure 34. A Medical ECG Monitor Circuit 
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Precision V-I Converter 
The AD620 along with another op amp and two resistors make 
a precision current source (Figure 3S). The op amp buffers the 
reference terminal to maintain good CMR. The output voltage 
V x of the AD620 appears across R I which converts it to a cur
rent. This current less only the input bias current of the op amp 
then flows out to the load. 

V,N• )---"" 

+ Vx • 

Figure 35. Precision Voltage-to-Current Converter 
(Operates on 1.8 rnA, ±3 V) 

GAIN SELECTION 
The AD620's gain is resistor programmed by Ro, or more pre
cisely, by whatever impedance appears between Pins I and 8. 
The AD620 is designed to offer accurate gains using 0.1%---1% 
resistors. Table II shows required values of Ro for various 
gains. Note that for G = I, the RG pins are unconnected 
(Ro = x). For any arbitrary gain RG can be calculated by using 
the formula 

49.4 kfl 
RG = G=l" 

To minimize gain error avoid high parasitic resistance in series 
with Ro, and to minimize gain drift Ro should have a low 
TC -less than 10 ppmf'C for the best performance. 

Table II. Required Values of Gain Resistors 

1% Std Table Calculated 0.1% Std Table Calculated 
Value ofRG , n Gain Value of Rm n Gain 

49.9 k 1.990 49.3 k 2.002 
12.4 k 4.984 12.4 k 4.984 
S.49 k 9.998 S.49 k 9.998 

2.61 k 19.93 2.61 k 19.93 
1.00 k SO.40 1.01 k 49.91 
499 100.0 499 100.0 

249 199.4 249 199.4 
100 49S.0 98.8 SOLO 
49.9 991.0 49.3 1,003 
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AD620 
INPUT AND OUTPUT OFFSET VOLTAGE 
The low errors of the AD620 are attributed to two sources, 
input and output errors. The output error is divided by G when 
referred to the input. In practice, the input errors dominate at 
high gains and the output errors dominate at low gains. The 
total Vos for a given gain is calculated as: 

Total Error RTI = input error + (output error/G) 

Total Error RTO = (input error x G) + output error 

REFERENCE TERMINAL 
The reference terminal potential defines the zero output voltage, 
and is especially useful when the load does not share a precise 
ground with the rest of the system. It provides a direct means of 
injecting a precise offset to the output, with an allowable range 
of 2 V within the supply voltages. Parasitic resistance should be 
kept to a minimum for optimum CMR. 

INPUT PROTECTION 
The AD620 features 400 n of series thin film resistance at its 
inputs, and will safely withstand input overloads of up to ± IS V 
or ± 60 rnA for several hours. This is true for all gains, and 
power on and off, which is particularly important since the 
signal source and amplifier may be powered separately. For 
longer time periods, the current should not exceed 6 rnA (liN :S 

VIN/400 0). For input overloads beyond the supplies, clamping 
the inputs to the supplies (using a low leakage diode such as an 
FD333) will reduce the required resistance, yielding lower noise. 

RFINTERFERENCE 
All instrumentation amplifiers can rectify out of band signals, 
and when amplifying small signals, these rectified voltages act as 
small dc offset errors. The AD620 allows direct access to the 
input transistor bases and emitters enabling the user to apply 
some first order filtering to unwanted RF signals (Figure 36), 
where RC '" 1/(2 "I) and where f is the bandwidth of the 
AD620. Matching the extraneous capacitance at Pins I and 8, 
and Pins 2 and 3 helps to maintain high CMR. 

R 

-IN 

R 

+IN 

c 

Figure 36. Circuit to Attenuate RF Interference 

INSTRUMENTATION AMPLIFIERS 4--63 

• 



AD620 
COMMON-MODE REJECTION 
Instrumentation amplifiers like the AD620 offer high CMR 
which is a measure of the change in output voltage whim both 
inputs are changed by equal amounts. These specifications are 
usually given for a full-range input voltage change and a speci
fied source imbalance. 

For optimal CMR the reference terminal should be tied to a low 
impedance point, and differences in capacitance and resistance 
should be kept to a minimum between the two inputs. In many 
applications shielded cables are used to minimize noise, and for 
best CMR over frequency the shield should be properly driven. 
Figures 37 and 38 show active data guards which are configured 
to improve ac common-mode rejections by "bootstrapping" the 
capacitances of input cable shields, thus minimizing the capaci
tance mismatch between the inputs. 

Figure 37. Differential Shield Driver 

Figure 38. Common-Mode Shield Driver 
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GROUNDING 
Since the AD620 output voltage is developed with respect to the 
potential on the reference terminal, it can solve many grounding 
problems by simply tying the REF pin to the appropriate "local 
ground." 

In order to isolate low level analog signals from a noisy digital 
environment, many data-acquisition components have separate 
analog and digital ground pins (Figure 39). It would be conve
nient to use a single ground line, however, current through 
ground wires and PC runs of the circuit card can cause hun
dreds of millivolts of error. Therefore, separate ground returns 
should be provided to minimize the current flow from the sensi
tive points to the system ground. These ground returns must be 
tied together at some point, usually best at the ADC package as 
shown. 

DIGITAL 
DATA 
OUTPUT 

Figure 39. Basic Grounding Practice 
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GROUND RETURNS FOR INPUT BIAS CURRENTS 
Input bias currents are those currents necessary to bias the input 
transistors of an amplifier. There must be a direct return path 
for these currents; therefore when amplifying "floating" input 

,VB 

J 

TO POWER 
SUPPLY 

GROUND 

Figure 40a. Ground Returns for Bias Currents with 
Transformer Coupled Inputs 

ADG20 
sources such as transformers, or ac-coupled sources, there must 
be a de path from each input to ground as shown in Figure 40. 
Refer to the Instrumentation Amplifier Application Guide (free 
from Analog Devices) for more information regarding in amp 
applications. 

.Va 

,VB 

TO POWER 
SUPPLY 

GROUND 

Figure 40b. Ground Returns for Bias Currents with 
Thermocouple Inputs 

TO POWER 
SUPPLY 

GROUND 

Figure 40c. Ground Returns for Bias Currents with AC Coupled Inputs 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
EASY TO USE 
Pin-Strappable Gains of 10 & 100 
All Errors Specified for Total System Performance 
Higher Performance than Discrete In-Amp Designs 
Available in 8-Pin DIP and SOIC 
Low Power. 1.3 mA max Supply Current 
Wide Power Supply Range (:1:2.3 V to :1:18 VI 
EXCELLENT DC PERFORMANCE 
0.15% max. Total Gain Error 
:1:5 ppm/·C. Total Gain Drift 
125 p,V max. Total Offset Voltage 
1.0 p,V/·C max. Offset Voltage Drift 
LOW NOISE 
9 nV/VHi. @ 1 kHz. Input Voltage Noise 
0.28 p,V p-p Noise (0.1 Hz to 10 Hzl 
EXCELLENT AC SPECIFICATIONS 
800 kHz Bandwidth (G = 101. 200 kHz (G = 1001 
12 lots Settling Time to 0.01% 
APPUCATIONS 
Weigh Scales 
Transducer Interface & Data Acquisition Systems 
Industrial Process Controls 
Battery Powered and Portable Equipment 

PRODUCT DESCRIPTION 
The AD621 is an easy to use, low cost, low power, high accu
racy instrumentation amplifier which is ideally suited for a wide 
range of applications. Its unique combination of high perfor
mance, small size and low power, outperforms discrete in amp 
implementations. High functionality, low gain errors and low 
gain drift errors are achieved by the use of internal gain setting 
resistors. Fixed gains of 10 and 100 can be easily set via external 
pin strapping. The AD621 is fully specified as a total system, 
therefore, simplifying the design process. 

30,000 .----r----"T""--...." .. --., 

~ 25,0001----+-----+-:""--i----1 

::I ~.;!=p 

; 2O,OOOI----+--7IfI'<--+_ g_ t~ 
~ 1~OOOI--~q----+_ 

~ 
~ 10,000 .. 
j! e 5,0001----+----+_---i----1 

10 15 2. 
SUPPLY CURRENT - mA 

Three Op Amp IA Designs vs. AD621 

This is an abridged version of the data sheet. To ohtaio a complete data 
sheet, contact your nearest saIes office. 
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Low Drift, Low Power 
Instrumentation Amplifier 

AD621 I 
CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP (N), 
Cerdip (Q) and SOIC (R) Packages 

For portable or remote applications, where power dissipation, 
size and weight are critical, the AD621 features a very low sup
ply current of 1.3 rnA max and is packaged in a compact 8-pin 
SOlC, 8-pin plastic DIP or 8-pin cerdip. The AD621 also excels 
in applications requiring high total accuracy, such as precision 
data acquisition systems used in weigh scales and transducer 
interface circuits. Low maximum error specifications including 
nonlinearity of 10 ppm, gain drift of 5 ppml"C, 50 fL V offset 
voltage and 0.6 fL vrc offset drift ("B" grade), make possible 
total system performance at a lower cost than has been previ
ously achieved with discrete designs or with other monolithic 
instrumentation amplifiers. 

When operating from high source impedances, as in ECG and 
blood pressure monitors, the AD621 features the ideal combina
tion of low noise and low input bias currents. Voltage noise is 
specified as 9 nV\lHz at 1 kHz and 0.28 fLY p-p from 
0.1 Hz to 10 Hz. Input current noise is also extremely low at 
0.1 pAl\IHz. The AD621 outperforms FET input devices with 
an input bias current specification of 1.5 nA max over the full 
industrial temperature range. 

10,000 .----,r---r---,----,---::I 

1k 10k 100k 1M 10M 100M 

SOURCE RESISTANCE - g 

Total Voltage Noise vs. Source Resistance 
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AD621-SPECIFICATIONS 
Gain = 10 (typical @ +25°C, Vs = ±15 V, and RL = 2 kG unless otherwise specified) 

AD621A 
Parameter Conditions Min Typ 

GAIN 
Gain Error VOUT = :!:lOV 
Nonlinearity 

VOUT= -10Vto+IOV RL = 2lill 2 
Gain VS. Temperature -1.5 

TOTAL VOLTAGE OFFSET 
Offi!et (RT!) Vs=±15V 75 
over Temperature Vs =±5Vto±15V 
Average TC Vs= ±5 Vto±15 V 1.0 
OIIset Referred to the 

Input vs. Supply (PSRY Vs= ±2.3Vto±18V 95 120 

TOTAL NOISE 
Voltage Noise, (RT!) I kHz 13 

RT! 0.1 Hz to 10 Hz 0.55 
Current Noise f=lkHz 100 

0.1 Hz-1O Hz 10 

INPUT CURRENT Vs = ±15V 
Input Bias Current 0.5 

over Temperature 
Average TC 3.0 

Input Offset Current 0.3 
over Temperature 
Average TC 1.5 

INPUT 
Input Impedance 

Differential 101112 
Common-Mode 10112 

Input Voltage Range' Vs = ±2.3 Vto ±5 V -Vs + 1.9 
over Temperature -Vs +2.1 

Vs =±5Vto±18V -Vs + 1.9 
over Temperamre -Vs +2.1 

Common·Mode Rejection 
Ratio DC to 60 Hz with 
I kll Source Imbalance VCM =OVto±IOV 93 no 

OUTPUT 
Output Swing RL = 10 kIl, 

Vs = ±2.3 Vto ±5 V -Vs + 1.1 
over Temperature -Vs + 1.4 

Vs =±5Vto±18V -Vs + 1.2 
over Temperature -Vs + 1.6 

Short Current Circuit ±18 

DYNAMIC RESPONSE 
Small Signal, 

- 3 dB Bandwidth 800 
Slew Rate 0.75 1.2 
Settling Time to 0.01% 10V Step 12 

REFERENCE INPUT 

R'N 20 
lIN V1N+,VREF = 0 +50 
Voltage Range -Vs + 1.6 
Gain to Output 1 ± 0.0001 

POWER SUPPLY 
Operating Range ±2.3 
Quiescent Current Vs= ±2.3Vto;t18V 0.9 

over Temperature 1.1 

TEMPERATURE RANGE 
For Specified Performance -40 to +85 

NOTES 
ISee Analog Devices military data sheet for 883B tested specifications. 
'This is defined as the supply range over which PSRR is defmed. 
'Input Voltage Range = CMV + (Gain x VDlFF). 

Specifications subject to change without notice. 
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AD621B 
Max Min Typ Max 

0.15 0.05 

10 2 10 
±5 -1.5 ±5 

250 50 125 
400 215 
2.5 0.6 1.5 

100 120 

17 13 17 
0.55 0.8 
100 
10 

2.0 0.5 1.0 
2.5 1.5 

3.0 
1.0 0.3 0.5 
1.5 0.75 

1.5 

10112 
10112 

+Vs - 1.2 -Vs + 1.9 +Vs - 1.2 
+Vs - 1.3 -Vs + 2.1 +Vs - 1.3 
+Vs - 1.4 -Vs + 1.9 +Vs - 1.4 
+Vs - 1.4 -Vs + 2.1 +Vs - 1.4 

100 no 

+Vs - 1.2 -Vs + 1.1 +Vs - 1.2 
+Vs - 1.3 -Vs + 1.4 +Vs - 1.3 
+Vs - 1.4 -Vs + 1.2 +Vs - 1.4 
+Vs - 1.5 -Vs + 1.6 +Vs - 1.5 

±18 

800 
0.75 1.2 

12 

20 
+60 +50 +60 
+Vs - 1.6 -Vs + 1.6 +Vs - 1.6 

1 ± 0.0001 

±18 ±2.3 ±18 
1.3 0.9 1.3 
1.6 1.1 1.6 

-40 to +85 

AD621S' 
Min Typ Max Units 

0.15 % 

2 10 ppmofFS 
-1 ±5 ppmJ'C 

75 250 ".V 
500 ".V 

1.0 2.5 ".vre 

95 120 dB 

13 17 nV/yHZ 
0.55 0.8 ".Vp-p 
100 fAlyHZ 
10 pAp-p 

0.5 2 nA 
4 nA 

8.0 pArC 
0.3 1.0 nA 

2.0 nA 
8.0 pAre 

10112 GllllpF 
10112 GllllpF 

-Vs + 1.9 +Vs - 1.2 V 
-Vs + 2.1 +Vs - 1.3 V 
-Vs + 1.9 +Vs - 1.4 V 
-Vs + 2.3 +Vs - 1.4 V 

93 no dB 

-Vs + 1.1 +Vs - 1.2 V 
-Vs + 1.6 +Vs - 1.3 V 
-Vs + 1.2 +Vs - 1.4 V 
-Vs + 2.3 +Vs - 1.5 V 

±18 mA 

800 kHz 
0.75 1.2 Vi".s 

12 ".s 

20 kll 
+50 +60 ".A 

-Vs + 1.6 +Vs - 1.6 V 
I ± 0.0001 

±2.3 ±18 V 
0.9 1.3 mA 
1.1 1.6 mA 

-55 to +125 'C 
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AD621 
Gain 100 (typical @ +25°C, Vs = ±15 V, and RL = 2 kG unless otherwise specified) 

AD621A 
Parameter Conditions Min Typ 

GAIN 
Gain Error VOUT = ±IOV 
Nonlinearity 

VOUT= -IOVto+IOV RL = 2 kO 2 
Gain vs. Temperature -I 

TOTAL VOLTAGE OFFSET 
Off'et (RTI) V,=±5V±15V 35 
over Temperature Vs =±SVto±I5V 
Average TC V,= ±5 Vto±15 V 0.3 
Offset Referred to the 

Input v,. Supply (PSR)' V,= ±2.3Vto±18V 110 140 

TOTAL NOISE 
Voltage Noise, (RTI) I kHz 9 

RTI 0.1 Hz to 10 Hz 0.28 
Current Noise f=lkHz 100 

0.1 Hz-IO Hz 10 

INPUT CURRENT V, = ±15V 
Input Bias Current 0.5 

over Temperature 
Average TC 3.0 

Input Offset Current 0.3 
over Temperature 
Average TC 1.5 

INPUT 
Input Impedance 

Differential 101112 
Common·Mode 10112 

Input Voltage Range' V, = ±2.3 Vto ±5 V -V,+1.9 
over Temperature -V,+2.1 

Vs = ±5Vto±18V -Vs + 1.9 
over Temperature -Vs + 2.1 

Common-Mode Rejection 
Ratio DC to 60 Hz with 
I kO Source Imbalance VCM = OVto ±IOV 110 130 

OUTPUT 
Output Swing RL = 10 kO, 

Vs = ±2.3 Vto ±5 V -Vs + 1.1 
over Temperature -V, + 1.4 

V, = ±5 Vto±18 V -V, + 1.2 
over Temperature -Vs +1.6 

Shon Current Circuit ±18 

DYNAMIC RESPONSE 
Small Signal, 

- 3 dB Bandwidth 200 
Slew Rate 0.75 1.2 
Senling Time to 0.01 % IOV Step 12 

REFERENCE INPUT 
RIN 20 
lIN VIN+,VREF = 0 +50 
Voltage Range -Vs + 1.6 
Gain to Output I ± 0.0001 

POWER SUPPLY 
Operating Range ±2.3 
Quiescent Current Vs= ±2.3Vto±18V 0.9 

over Temperature 1.1 

TEMPERATURE RANGE 
For Specified Performance -40 to +85 

NOTES 
18ee Analog Devices military data sheet for 883B tested specifications. 
2This is defined as the supply range over which PSRR is defined. 
'Input Voltage Range = CMV + (Gain x VOIFF). 

Specifications subject to change without notice. 
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AD62IB AD62IS' 
Max Min Typ Max Min Typ Max Unils 

0.15 0.05 0.15 % 

10 2 10 2 10 ppmofFS 
±5 -I ±5 -I ±5 ppmf'C 

125 25 50 35 125 jJ.V 
185 215 225 jJ.V 
1.0 0.1 0.6 0.3 1.0 jJ.vrc 

120 140 110 140 dB 

13 9 13 9 13 nV/yHz 
0.28 0.4 0.28 0.4 jJ.Vp-p 
100 100 fNyHz 
10 10 pAp-p 

2.0 0.5 1.0 0.5 2 nA 
2.5 1.5 4 nA 

3.0 8.0 pAre 
1.0 0.3 0.5 0.3 1.0 nA 
1.5 0.75 2.0 nA 

1.5 8.0 pArC 

10112 10112 GflllpF 
10112 10112 GflllpF 

+V, - 1.2 -V, + 1.9 +V, - 1.2 -V, + 1.9 +V, - 1.2 V 
+V, - 1.3 -V, + 2.1 +V, - 1.3 -V, + 2.1 +V, - 1.3 V 
+Vs - 1.4 -Vs + 1.9 +Vs - 1.4 -V, + 1.9 +Vs - 1.4 V 
+V, - 1.4 -Vs + 2.1 +Vs - 1.4 -Vs + 2.3 +Vs - 1.4 V 

120 130 110 130 dB 

+Vs - 1.2 -Vs + 1.1 +Vs - 1.2 -Vs + 1.1 +Vs - 1.2 V 
+V, - 1.3 -V, + 1.4 +V, - 1.3 -V, + 1.6 +V, - 1.3 V 
+V, - 1.4 -Vs + 1.2 +Vs - 1.4 -V, + 1.2 +V,-I.4V 
+Vs - 1.5 -V, + 1.6 +Vs - 1.5 -V, + 2.3 +V, - 1.5 V 

±18 ±18 rnA 

200 200 kHz 
0.75 1.2 0.75 1.2 V/jJ.' 

12 12 I·" 

20 20 kO 
+60 +50 +60 +50 +60 jJ.A 
+Vs - 1.6 -Vs + 1.6 +V, - 1.6 -V, + 1.6 +V, - 1.6 V 

I ± 0.0001 I ± 0.0001 

±18 ±2.3 ±18 ±2.3 ±18 V 
1.3 0.9 1.3 0.9 1.3 rnA 
1.6 1.1 1.6 1.1 1.6 rnA 

-40 to +85 -55 to +125 'c 
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AD621 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ±18 V 
Internal Power Dissipation2 •••••••••••••••••• 650 mW 
Input Voltage .....................•..•.•.. ±Vs 
Differential Input Voltage .................... ±25 V 
Output Short Circuit Duration ............... Indefmite 
Storage Temperature Range (Q) ......... -65°C to + 150°C 
Storage Temperature Range (N, R) ....•.. -65°C to + 125°C 
Operating Temperature Range 

AD62lA, B ..................•.. -40°C to +85°C 
AD62lS3 •••••••••••••••••••••• -55°C to + 125°C 

Lead Temperature Range 
(Soldering 10 seconds) ..... . . . . . . . . . . . . . . . + 300°C 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratingo" may cause 
pennanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Specification is for device in free air: 
8-Pin Plastic DIP Package: alA = 95'CIWatt 
8-Pin Cerdip Package: alA = 1l0'C/Watt 
8-Pin SOlC Package: alA = l55'CIWatt 

'See Analog Devices' military data sbeet for 883B specifications. 

ESD SUSCEPTIBIUTY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD621 features proprietary ESD pro· 
tection circuitry, permanent danlage may still occur on these 
devices if they are subjected to high energy electrostatic dis· 
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Optionl 

AD62 IAN -40°C to +85°C 8· Pin Plastic DIP N·8 
AD62 IBN -4OOC to +85°C 8· Pin Plastic DIP N·8 
AD621AR -40°C to +85°C 8·Pin Plastic SOIC R·8 
AD62lBR -40°C to +85°C 8·Pin Plastic SOIC R-8 
AD621 SQ/883B2 -55OC to + l250C 8· Pin Cerdip Q-8 
AD62lACHIPS -40°C to +85°C Die 

IFor outline information see Package Information section 
'See Analog Devices' military data sbeet for 883B specifications. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm) 
Contact factory for latest dimensions 

~--------- 0.125(3.57) ---------~ 

RGB-...... 011:::! .... 
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11IIIIIIII ANALOG 
WDEVICES Precision Instrumentation Amplifier 

FEATURES 
Low Noise: 0.2,..V pop 0.1Hz to 10Hz 
Low Gain TC: 5ppm max (G = 1) 
Low Nonlinearity: 0.001% max (G = 1 to 200) 
High CMRR: 130dB min (G = 500 to 1000) 
Low Input Offset Voltage: 25,..V, max 
Low Input Offset Voltage Drift: 0.25,..Vrc max 
Gain Bandwidth Product: 25MHz 
Pin Programmable Gains of 1, 100,200,500,1000 
No External Components Required 
Internally Compensated 

PRODUCT DESCRIPTION 
The AD624 is a high precision low noise instrumentation amplifier 
designed primarily for use with low level transducers, including 
load cells, strain gauges and pressure transducers. An outstanding 
combination oflow noise, high gain accuracy, low gain temperature 
coefficient and high linearity make the AD624 ideal for use in 
high resolution data acquisition systems. 

The AD624C has an input offset voltage drift ofless than 0.25",VI 
"C, output offset voltage drift of less than 10", V!"C, CMRR 
above 80dB at unity gain (130dB at G=500) and a maximum 
nonlinearity of 0.001% at G=l.ln addition to these outstanding 
dc specifications the AD624 exhibits superior ac performance as 
well. A 25MHz gain bandwidth product, 5V/",s slew rate and 
15",s settling time permit the use of the AD624 in high speed 
data acquisition applications. 

The AD624 does not need any external components for pre
trimmed gains of 1, 100,200,500 and 1000. Additional gains 
such as 250 and 333 can be programmed within one percent 
accuracy with external jumpers. A single external resistor can 
also be used to set the 624's gain to any value in the range of 1 
to 10,000. 

REV. A 

AD624 I 
CONNECTION DIAGRAM 

-INPUT 1 

INPUT NULL , 

INPUT NULL 5 

REfERENCE • 

SHORT TO 
13 G.,,.} 
12 G = zoo 5+,.= 
l' G .. SOD 

FOR GAIN OF 1000 SHORT RG, TO PIN 12 
AND PINS 11 AND 13 TO RG, 

PRODUCT HIGHLIGHTS 
1. The AD624 offers outstanding noise performance. Input 

noise is typically less than 4nV/YHZ at 1kHz. 
2. The AD624 is a functionally complete instrumentation am

plifier. Pin programmable gains of 1,100,200,500 and 1000 
are provided on the chip. Other gains are achieved through 
the use of a single external resistor. 

3. The offset voltage, offset voltage drift, gain accuracy and 
gain temperature coefficients are guaranteed for all pre-trimmed 
gains. 

4. The AD624 provides totally independent input and output 
offset nulling terminals for high precision applications. This 
minimizes the effect of offset voltage in gain ranging 
applications. 

5. A sense termina1 is provided to enable the user to minimize 
the errors induced through long leads. A reference terminal 
is also provided to permit level shifting at the output. 
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AD624 -SPECIFICATIONS (@ Vs = :i:15V. Itt = 2kO and T, = +25"& IIIIess oIherwise specified) 

AD624A AD6l4B AD624C AD6l4S 
Mode1 Mia Typ Max MiD Typ Max MiD Typ Max MiD Typ Max Ullils 

GAIN 
Gain Equation 

(&temal RcsistorGain 

[~+IJ±2O% [~+IJ±2O% [~+IJ±2O% [~+IJ±2O% Programming) 

Gain Raoge (Pin Programmable) Ito 1000 1 (01000 ltolooo Ito 1000 
GainError 
G~I %O.OS %0.03 %0.02 %O.OS % 
G~ 100 %0.25 %U5 %0.1 %0.25 % 
G ~ 200,500 %0.5 %0.35 %0.25 %0.5 % 
G~ 1000 %1.0 %1.0 %1.0 %1.0 % 

Nonlinearity 
G~I ±0.005 ±0.003 ±0.00l ±O.OOS % 
G ~ 100,200 ±O.OO5 ±O.OO3 ±0.001 ±O.OOS % 
G ~ SOO,looo ±o.oos ±0.005 ±o.oos' ±O.OOS % 

Gain "". Temperature 
G~I S S S S ppmI'C 
G ~ 100,200 10 10 10 10 ppmI'C 
G ~ SOO,looo 2S IS IS IS ppmI'C 

VOLTAGE OFFSET (May be NuUed) 
Input Offset Voltage 200 75 25 75 ~V 

vs. Temperature 2 0.5 0.25 2.0 ~vrc 
Output Offset VoltaF 5 3 2 3 mV 

VI. Temperarure 50 25 10 50 ~vrc 
Offset Referred to the 

Input \'S. Supply 
G~I 70 75 80 75 dB 
G ~ 100,200 95 lOS 110 lOS dB 
G ~ 500,1000 100 110 115 110 dB 

INPUT CURRENT 
Input Bias Current %50 %25 =15 %50 nA 

VS. Temperature ±SO ±SO ±50 ±50 pAre 
Input Offset Current %35 %15 %10 =35 nA 

VS. Temperature ±20 ::!:20 ±20 ±20 pAre 

INPUT 
Inpul Impedance 

Diffcrentialllesistance 10' 10' 10' 10' II 
Differential Capacitance 10 10 10 10 pF 
Common-Mode Resistance 10' 10' 10' 10' II 
Common-ModeCapacitance 10 10 10 10 pF 

Input Voltage Rangel 
Max Differ. Input Lincar(VDd ±IO ±10 ±IO ±IO V 

Max Cnmmon-Mode Linear(V CM) 12V - (~XVD) 12V-(~XVD) 12V-(~XVD) 12V-(~XVD) V 
Common-Mode Rcjectiondc 
to 60Hz willi lItO Source Imbalance 
G~ I 70 75 80 70 dB 
G ~ 100,200 100 lOS no 100 dB 
G ~ 500,1000 no 120 130 no dB 

OUTPUT RATING 
VOLT,RL = 21tO ±IO ±IO ±IO ±10 V 

DYNAMIC RESPONSE 
Small Signal - 3dB 
G~ I I I I I MHz 
G~ 100 150 150 ISO 150 kHz 
G = 200 100 100 100 100 kHz 
G ~ 500 so so 50 50 kHz 
G = 1000 25 25 25 25 kHz 

SlcwRatc 5.0 5.0 5.0 5.0 V/fLS 
ScttlingTime 100.01%, 20V Step 

G ~ lto200 IS IS 15 15 '" G ~ 500 35 35 35 35 '" G ~ 1000 75 7S 75 75 '" NOISE 
VoltagcNoise,lkHz 

nVNiii R.T.!. 4 4 4 4 
R.T.O. 75 75 75 75 nVNiii 

R.T.I.,O.l to 10Hz 
G=I 10 10 10 10 ~Vp-p 
G~IOO 0.3 0.3 0.3 0.3 ~Vp-p 

G = 200,500,1000 0.2 0.2 0.2 0.2 ~Vp-p 
Current Noise 

O.IHzlo 10Hz 60 60 60 60 pAp-p 

SENSE INPUT 
RIN 8 10 12 8 10 12 8 10 12 8 10 12 kIl 
lIN 30 30 30 30 "A 
VoltagcRaoge ±IO ±IO ±IO ±IO V 
Gain to Output I I I I % 

REFERENCE INPUT 
RIN 16 20 24 16 20 24 16 20 24 16 20 24 kIl 
lIN 30 30 30 30 ,.A 
VoltagcRange ±IO ±IO ±IO ±10 V 
Gain to Output I I I I % 
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AD624 
AD624A AD624B AD624C AD624S 

Model MiD Typ Mu MiD Typ Mu MiD Typ Mu MiD Typ Mu 

TEMPERATURE RANGE 
Specified Performance -25 +85 -25 +85 -25 +85 -55 +125 
Storage -65 +150 -65 +ISO -65 +ISO -65 +150 

POWER SUPPLY 
Power Supply Raage ±6 ±15 ±18 ±6 ±15 ±18 ±6 ±15 ±l8 ±6 ±15 ±18 

Quiescent Current 3.5 5 3.5 5 3.5 S 3.5 S 

PACKAGE OPTION' 
Ceramic (D.16) AD624AD AD624BD AD624CD AD624SD, AD624SD/883B 
Chips Available AD624AChips AD624SChips 

NOTES 
IVDL is the mmmum differential input voltage at G = I for specified nonlinearity. VDL at other gains = lOY/G. VD = acrual differential input voltage. Example: G = 10, VD = 0.50. 
VeAl = 12V - (l0l2 x O.SOV) = 9.SV. 

2For outline information see Package Information section. 

SpedficatioDs subject to change without Dotice. 
SpcciflC8tions shown in boldface are tested on aU production units at final electrical test. Results from those tests are used to ca1cuIate outgoing quality levels. All min and mu: specifications are 
guaranteed, although only those shown in boldface are tested on aU production units. 

ABSOLUTE MAXIMUM RATINGS· 

Supply Voltage ..... . 
Internal Power Dissipation 
Input Voltage ...... . 
Differential Input Voltage . 
Output Short Circuit Duration 
Storage Temperature Range . 
Operating Temperature Range 

AD624AIB/C . . . . . . . 
AD624S .......... 

Lead Temperature (Soldering, 6Osecs) 

· ±18V 
420mW 

· . ±Vs 
· . ±Vs 

Indefinite 
-65°C to + l500C 

- 250C to + 85°C 
- 55°C to + l250C 

+3000c 

·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specifICation is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device relisbility. 

FUNCTIONAL BLOCK DIAGRAM 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

G=100 

3 4 
RG2 INPUT 

NUll 

G=200 

5 
INPUT 
NUll 

G=500 

7 
-Vo 

1--------0.171 (4.34)-------.-1 

Uaits 

"C 
"C 

V 
IDA 
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AD624-Typical Characteristics 
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Figure 1. Input Voltage Range vs. 
Supply Voltage, G = 1 
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Figure 4. Quiescent Current vs. 
Supply Voltage 
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Figure]. Input Bias Current vs. 
CMV 
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Figure 10. CMRR vs. Frequency RT7, 
Zero to 1k Source Imbalance 
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Figure 2. Output Voltage Swing vs. 
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Figure 5. Input Bias Current vs. 
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Figure 6. Input Bias Current vs. 
Temperature 
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Figure 9. Gain vs. Frequency 
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Figure 13. Negative PSRR vs. 
Frequency 
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Figure 16. Low Frequency Voltage 
Noise - G = 1 (System Gain = 1000) 

Figure 19. Large Signal Pulse 
Response and Settling Time -
G = 1 
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Figure 22. Range Signal Puise 
Response and Settling Time 
G = 500 
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Figure 14. RTI Noise Spectral 
Density vs. Gain 

Figure 17. Low Frequency Voltage 
Noise - G = 1000 (System Gain = 
100,000) 
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Figure 23. Settling Time Gain = 1000 
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Figure 21. Large Signal Pulse 
Response and Settling Time 
G = 100 

Figure 24. Large Signal Pulse 
Response and Settling Time 
G = 1000 
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AD624 
101dl 
1% 

lkfi 
lOT 

101dl 
1% 

Figure 25. Settling Time Test Circuit 

Theory of Operation 
The AD624 is a monolithic instrumentation amplifier based on 
a modification of the classic three-,op-amp instrumentation am
plifier. Monolithic construction and laser-wafer-trimming allow 
the tight matching and tracking of circuit components and the 
high level of performance that this circuit architecture is capable 
of. 

A preamp section (Ql-Q4) develops the programmed gain by 
the use of feedback concepts. Feedback from the outputs of Al 
and A2 forces the collector currents of Q l-Q4 to be constant 
thereby impressing the input voltage across RG. 

The gain is set by choosing the value of RG from the equation, 
Gain = ~k + I. The value of ~ also sets the transconductance 

of the input preamp stage increasing it asymptotically to the 
transconductance of the input transistors as ~ is reduced for 
larger gains. This has three important advantages. First, this 
approach allows the circuit to achieve a very high open loop 
gain ·of 3 x 108 at a programmed gain of 1000 thus reducing gain 
related errors to a negligible 3ppm. Second, the gain bandwidth 
product which is determined by C3 or C4 and the input trans
conductance, reaches 25MHz. Third, the input voltage noise 
reduces to a value determined by the collector current of the 
input transistors for an RTI noise of 4nV/YRZ at G ;;. 500. 

Figure 26. Noise Test Circuit 

INPUT CONSIDERATIONS 
Under input overload conditions the user will see RG+ lOOn 
and two diode drops (-1.2V) between the plus and minus inputs, 
in either direction. If safe overload current under all conditions 
is assumed to be lOrnA, the maximum overload voltage is - ±2.5V. 
While the AD624 can withstand this continuously, momentary 
overloads of ± lOY will not harm the device. On the other hand 
the inputs should never exceed the supply voltage. 
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The AD524 should be considered in applications that require 
protection from severe input overload. If this is not possible, 
external protection resistors can be put in series with the inputs 
of the AD624 to augment the internal (50U) protection resistors. 
This will most seriously degrade the noise performance. For this 
reason the value of these resistors should be chosen to be as low 
as possible and still provide lOrnA of current limiting under 
maximum continuous overload conditions. In selecting the value 
of these resistors, the internal gain setting resistor and the 1.2 
volt drop need to be considered. For example, to protect the 
device from a continuous differential overload of 20V at a gain 
of 100, 1.9kn of resistance is required. The internal gain resistor 
is 404U; the internal protect resistor is loon. There is a 1.2V 
drop across Dl or D2 and the base-emitter junction of either 
QI and Q3 or Q2 and Q4 as shown in Figure 27, 1400n 
of external resistance would be required (700n in series with 
each input). The RTI noise in this case would be 

Y4KTR"xI. + (4nV/YRZ)2 = 6.2nV/YRZ. 

-v. 

Figure 27. Simplified Circuit of Amplifier; Gain is Defined as 
((R56 + R57)I(Ra) + 1. For a Gain of 1, Ra is an Open Circuit. 

INPUT OFFSET AND OUTPUT OFFSET 
Voltage offset specifications are often considered a figure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors. Intelligent systems can often correct 
for this factor with an auto-zero cycle, but there are many small
signal high-gain applications that don't have this capability. 

Voltage offset and offset drift each have two components; input 
and output. Input offset is that component of offset that is 
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directly proportional to gain i.e., input offset as measured at the 
output at G = 100 is 100 times greater than at G = 1. Output 
offset is independent of gain. At low gains, output offset drift is 
dominant, while at high gains input offset drift dominates. 
Therefore, the output offset voltage drift is normally specified 
as drift at G = I (where input effects are insignificant), while 
input offset voltage drift is given by drift specification at a high 
gain (where output offset effects are negligible). All input-related 
numbers are referred to the input (RTI) which is to say that the 
effect on the output is "G" times larger. Voltage offset vs. power 
supply is also specified at one or more gain settings and is also 
RTI. 

By separating these errors, one can evaluate the total error inde-
pendent of the gain setting used. In a given gain configuration 
both errors can be combined to give a total error referred to the 
input (R.T.I.) or output (R.T.O.) by the following formula: 

Total Error R.T.1. = mput error + (output error/gam) 

Total Error R.T.O. = (Gain x input error) + output error 

As an illustration, a typical AD624 might have a + 2S011 V output 
offset and a - SOIL V input offset. In a unity gain configuration, 
the total output offset would be 20011 V or the sum of the two. 
At a gain of 100, the output offset would be -4.7SmVor: 
+2S011V + 100(- SOI1V) = -4.7SmV. 

The AD624 provides for both input and output offset adjustment. 
This optimizes nulling in very high precision applications and 
minimizes offset voltage effects in switched gain applications. In 
such applications the input offset is adjusted first at the highest 
programmed gain, then the output offset is adjusted at G = I. 

GAIN 
The AD624 includes high accuracy pre-trimmed internal gain 
resistors. These allow for single connection programming of 
gains of I, 100, 200 and SOO. Additionally, a variety of gains 
including a pre-trimmed gain of 1000 can be achieved through 
series and parallel combinations of the internal resistors. Table I 
shows the available gains and the appropriate pin connections 
and gain temperature coefficients. 

The gain values achieved via the combination of internal resistors 
are extremely useful. The temperature coefficient of the gain is 
dependent primarily on the mismatch of the temperature coeffi
cients of the various internal resistors. Tracking of these resistors 
is extremely tight resulting in the low gain TC's shown in 
Table I. 

If the desired value of gain is not attainable using the internal 
resistors, a single external resistor can be used to achieve any 
gain between I and 10,000. This resistor connected between 

+Y, 

-'NPUT o------(1) 

G = 200 
G "" 500 

RG, 

+INPUT o------{: 

OUTPUT 
L...---O~~~N 

-V, 

Figure 28. Operating Connections for G =200 
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Applying the AD624 
Temperature 

Gain Coefficient Pin 3 
(Nominal) (Nominal) to Pin Connect Pins 

I -Oppml'C - -
100 -1.5ppmrC 13 -
12S -Sppml'C 13 11 to 16 
137 -S.Sppm/oC 13 11 to 12 
186.S -6.Sppm/oC 13 Iltol2tol6 
200 -3.SppmI'C 12 -
2S0 -S.SppmI'C 12 lito 13 
333 -ISppm/oC 12 II to 16 
37S -O.Sppm/oC 12 13 to 16 
SOO -lOppml'C 11 -
624 -Sppml'C II 13 to 16 
688 -I.Sppm/oC II 11 to 12; 13 to 16 
831 +4ppml'C 11 16to 12 

1000 Oppml'C 11 16 to 12; 13 to 11 

Tablel. 

pins 3 and 16 programs the gain according to the formula 

RG = G4~ I (see Figure 29). For best results ~ should be a 

precision resistor with a low temperature coefficient. An external 
~ affects both gain accuracy and gain drift due to the mismatch 
between it and the internal thin-film resistors RS6 and RS7. 
Gain accuracy is determined by the tolerance of the external ~ 
and the absolute accuracy of the internal resistors (± 20%). Gain 
drift is determined by the mismatch of the temperature coefficient 
of RG and the temperature coefficient of the internal resistors 
( -ISppm/°C typ), and the temperature coefficient of the internal 
interconnections. 

-INPUT o-------{ 

ct' OR 

RG, 

2,10SkH 

+ INPUT 0------(2) 

+Y, 

-V, 

REFERENCE 

G"~+1"'20±2O% 

Figure 29. Operating Connections for G = 20 

The AD624 may also be configured to provide gain in the output 
stage. Figure 30 shows an H pad attenuator connected to the 
reference and sense lines of the AD624. The values of RI, R2 
and R3 should be selected to be as low as possible to minimize 
the gain variation and reduction of CMRR. Varying R2 will 
precisely set the gain without affecting CMRR. CMRR is deter
mined by the match of RI and R3. 

-INPUT o-------{ 

G '" 500 

RG, 

+ INPUYo-------{ 

+Y, 
R1 

6kH 

R2 
5kn 

R3 
6kU 

Figure 30. Gain of 2500 
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AD624 
NOISE 
The AD624 is designed to provide noise performance near the 
theoretical noise floor. This is an extremely important design 
criteria as the front end noise of an instrumentation amplifier is 
the ultimate limitation on the resolution of the data acquisition 
system it is being used in. There are two sources of noise in an 
instrument amplifier, the input noise, predominantly generated 
by the differential input stage, and the output noise, generated 
by the output amplifier. Both of these components are present 
at the input (and output) of the instrumentation amplifier. At 
the input, the input noise will appear unaltered; the output 
noise will be attenuated by the closed loop gain (at the output, 
the output noise will be unaltered; the input noise will be amplified 
by the closed loop !lain). Those two noise sources must be root 
sum squared to det,rmine the total noise level expected at the 
input (or output). , 

The low frequency Cb.l to 10Hz) voltage noise due to the output 
stage is 10"" V p-p, the contribution of the input stage is 0.2"" V 
p-p. At a gain of 10, the RTI voltage noise would be I""V p-p, 

V(M'Y + (0.2)2. The RTO voltage noise would be 1O.2""V 
p-p, <VIOl + (0.2 (G)? These calculations hold for applications 
using either internal or external gain resistors. 

INPUT BIAS CURRENTS 
Input bias currents are those currents necessary to bias the 
input transistors of a dc amplifier. Bias currents are an additional 
source of input error and must be considered in an total error 
budget. The bias currents when multiplied by the source resistance 
imbalance appear as an additional offset voltage. (What is of 
concern in calculating bias current errors is the change in bias 
current with respect to signal voltage and temperature.) Input 
offset current is the difference between the two input bias currents. 
The effect of offset current is an input offset voltage whose 
magnitude is the offset current times the source resistance. 

Although instrumentation amplifiers have differential inputs, 
there must be a return path for the bias currents. If this is not 
provided, those currents will charge stray capacitances, causing 
the output to drift uncontrollably or to saturate. Therefore, 
when amplifying "floating" input sources such as transformers 
and thermocouples, as well ~s ac-coupled sources, there must 
still be a dc path from each input to ground, (see Figurl; 31). 

J 
TO POWER ........ 

~ ________ ~ ________ ~_GMWND 

Figure 31a. Transformer Coupled 

lOPOWIR ........ ~~ 
~------------------~~~ 
Figure 31b. Thermocouple 
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+y. 

lOPOWER ........ 
~~----------------~~~ 

Figure 31c. AC Coupled 

Figure 31. Indirect Ground Returns for Bias Currents 

COMMON-MODE REJECTION 
Common-mode rejection is a measure of the change in output 
voltage when both inputs are changed by equal amounts. These 
specifications are usually given for a full-range input voltage 
change and a specified source imbalance. "Common-Mode Re
jection Ratio" (CMRR) is a ratio expression while "Common-Mode 
Rejection" (CMR) is the logarithm of that ratio. For example, a 
CMRR of 10,000 corresponds to a CMR of 8OdB. 

In an instrumentation amplifier, ac common-mode· rejection is 
only as good as the differential phase shift. Degradation of ac 
common-mode rejection is caused by unequal drops across differing 
track resistances and a differential phase shift due to varied 
stray capacitances or cable capacitances. In many applications 
shielded cables are used to minimize noise. This technique can 
create common-mode rejection errors unless the shield is propedy 
driven. Figures 32 and 33 shows active data guards which are 
configured to improve ac common-mode rejection by "bootstrap.. 
ping" the capacitances of the input cabling, thus minimizing 
differential phase shift. 

+y. 

-y. 

Figure 32. Shield Driver, G;3 100 

Figure 33. Differential Shield Driver 

GROUNDING 
Many data-acquisition components have two or more ground 
pins which ate not connected together within the device. These 
grounds must be tied together at one point, usually at the system 
power supply ground. Ideally, a sirigle solid ground would be 
desirable. However, since current flows through the ground 
wires and etch stripes of the circuit cards, and since these paths 
have resistance and inductance, hundreds of millivolts can be 
generated between the system ground point and the data acquisition 
components. Separate ground returns should be provided to 
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"* IF INDEPENDENT,OTHERWISI: 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.5. COMMON 

Figure 34. Basic Grounding Practice 

DIGITAL 
DATA 
OUTPUT 

minimize the current flow in the path from the most sensitive 
points to the system ground point. In this way supply currents 
and logic-gate return currents are not summed into the same 
return path as analog signals where they would cause measurement 
errors (see Figure 34). 

Since the output voltage is developed with respect to the potential 
on the reference terminal an instrumentation amplifier can solve 
many grounding problems. 

SENSE TERMINAL 
The sense terminal is the feedback point for the instrument 
amplifier's output amplifier. Normally it is connected to the 
instrument amplifier output. If heavy load currents are to be 
drawn through long leads, voltage drops due to current flowing 
through lead resistance can cause errors. The sense terminal can 
be wired to the instrument amplifier at the load thus putting the 
IxR drops "inside the loop" and virtually eliminating this error 
source. 

Figure 35. A0624 Instrumentation Amplifier with Output 
Current Booster 

Typically, IC instrumentation amplifiers are rated for a full 
± 10 volt output swing into 2kO. In some applications, however, 
the need exists to drive more current into heavier loads. Figure 
35 shows how a current booster may be connected "inside the 
loop" of an instrumentation amplifier to provide the required 
current without significantly degrading overall performance. 
The effects of nonlinearities, offset and gain inaccuracies of the 
buffer are reduced by the loop gain of the IA output amplifier. 
Offset drift of the buffer is similarly reduced. 

REFERENCE TERMINAL 
The reference terminal may be used to offset the output by up 
to ± 1 OV. This is useful when the load is "floating" or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. It must be remembered 
that the total output swing is ± 10 volts, from ground, to be 
shared between signal and reference "offset. 
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AD624 

Figure 36. Use of Reference Terminal to Provide Output 
Offset 

When the IA is of the three-amplifier configuration it is necessary 
that "nearly zero impedance be presented to the reference terminal. 
Any significant resistance, including those caused by PC layouts 
or other connection techniques, which appears between the 
reference pin and ground will increase the gain of the noninverting II 
signal path, thereby upsetting the common-mode rejection of • 
the IA. Inadvertent thermocouple connections created in the 
sense and reference lines should also be avoided as they will 
directly affect the output offset voltage and output offset voltage 
drift. 

In the AD624 a reference source resistance will unbalance the 
CMR trim by the ratio of 10knlRREP' For example, if the reference 
source impedance is 10, CMR will be reduced to 80dB (IOkOi 
In = 80dB). An operational amplifier-may be used to provide 
that low impedance reference point as shown in Figure 36. The 
input offset voltage characteristics of that amplifier will add 
directly to the output offset voltage performance of the in
strumentation amplifier. 

An instrumentation amplifier can be turned into a voltage-to-cur
rent converter by taking advantage of the sense and reference 
terminals as shown in Figure 37. 

+ INPUT 

-INPUT 

Figure 37. Voltage-to-Current Converter 

By establishing a reference at the "low" side of a current setting 
resistor, an output current may be defmed as a function of 
input voltage, gain and the value of that resistor. Since only a 
small current is demanded at the input of the buffer amplifier 
Az, the forced current IL will largely flow through the load. 
Offset and drift specifications of Az must be added to the output 
offset and drift specifications of the IA. 

PROGRAMMABLE GAIN 
Figure 38 shows the AD624 being used as a software programmable 
gain amplifier. Gain switching can be accomplished with mechani
cal switches such as DIP switches or reed relays. It should be 
noted that the "on" resistance of the switch in series with the 
internal gain resistor becomes part of the gain equation and will 
have an effect on gain accuracy. 
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Figure 38. Gain Programmable Amplifier 

A significant advantage in using the internal gain resistors in a 
programmable gain configuration is the minimization of ther
mocouple signals which are often present in multiplexed data 
acquisition systems. 

If the full performance of the AD624 is to be achieved, the user 
must be extremely careful in designing and laying out his circuit 
to minimize the remaining thermocouple signals. 

The AD624 Can also be connected for gain in the output stage. 
Figure 39 shows an AD547 used as an active attenuator in the 
output amplifier's feedback loop. The active attenuation presents 
a very low impedance to the feedback resistors therefore minimiz
ing the common-mode rejection ratio degradation. 

-'!'-r-t-t-ITl 
".o-l--.-'=f"'ofOl 

A1 A2. A3 A4 iii 

Figure 39. Programmable Output Gain 

Another method for developing the switching scheme is to use a 
DAC. The AD7528 dual DAC which acts essentially as a pair of 
switched resistive attenuators having high analog linearity and 
symmetrical bipolar transmission is ideal in this application. 
The multiplying DAC's advantage is that it can handle inputs of 
either polarity or zero without affecting the programmed gain. 
The circuit shown uses an AD7528 to set the gain (DAC A) and 
to perform a fine adjustment (DAC B). 
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Figure 40. Programmable Output Gain Using a DAC 

AUTO-ZERO CIRCUITS 
In many applications it is necessary to provide very accurate 
data in high gain configurations. At room temperature the offset 
effects can be nulled by the use of offset trimpots. Over the 
operating temperature range, however, offset nulling becomes a 
problem. The circuit of Figure 41 shows a CMOS DAC operating 
in the bipolar mode and connected to the reference terininal to 
provide sofrware controllable offset adjustments. 

.v. 

-v.o-Jw;;.t::-"t---=-------, 

.. .. 
Figure 41. Software Controllable Offset 

In many applications complex software algorithms for auto-zero 
applications are not available. For these applications Figure 42 
provides a hardware solution. 

.v. 
""'-(";...---00 

'il" 
I 
I 
' .. , 
I 

Figure 42. Auto-Zero Circuit 
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The microprocessor controlled data acquisition system shown in 
Figure 43 includes includes both auto-zero and auto-gain capa
bility. By dedicating two of the differential inputs, one to ground 
and one to the AID reference, the proper program calibration 
cycles can eliminate both initial accuracy errors and accuracy 
errors over temperature. The auto-zero cycle, in this application, 
converts a number that appears to be ground and then writes 
that same number (8 bit) to the AD7524 which eliminates the 
zero error since its output has an inverted scale. The auto-gain 
cycle converts the AID reference and compares it with full scale. 
A multiplicative correction factor is then computed and applied 
to subsequent readings. 

Figure 43. Microprocessor Controlled Data Acquisition 
System 

WEIGH SCALE 
Figure 44 shows an example of how an AD624 can be used to 
condition the differential output voltage from a load cell. The 
10% reference voltage adjustment range is required to accommo
date the 10% transducer sensitivity tolerance. The high linearity 
and low noise of the AD624 make it ideal for use in applications 
of this type particularly where it is desirable to measure small 
changes in weight as opposed to the absolute value. The addition 
of an auto gainiauto tare cycle will enable the system to remove 
offsets, gain errors, and drifts making possible true 14-bit 
performance. 

..... 
1 LOAD CELl. ttoEA MODEL 1011 lC111O. au""" J",VN ~ It'l1o. 
tfl,.RI_IDIELlCTlDFOfIAOMolOUTPUT'IOV*IO'IIo. 

Figure 44. AD624 Weigh Scale Application 
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ACBRIDGE 
Bridge circuits which use dc excitation are often plagued by 
errors caused by thermocouple effects, IIf noise, dc drifts in the 
electronics, and line noise pick-up. One way to get around these 
problems is to excite the bridge with an ac waveform, amplify 
the bridge output with an ac amplifier, and synchronously de
modulate the resulting signal. The ac phase and amplitude in
formation from the bridge is recovered as a dc signal at the 
output of the synchronous demodulator. The low frequency 
system noise, dc drifts, and demodulator noise all get mixed to 
the carrier frequency and can be removed by means of a low 
pass filter. Dynamic response of the bridge must be traded off 
against the amount of attenuation required to adequately suppress 
these residual carrier components in the selection of the filter. 

Figure 45 is an example of an ac bridge system with the AD630 
used as a synchronous demodulator. The oscilloscope photograph 
shows the results of a 0.05% bridge imbalance caused by the 
IMeg resistor in parallel with one leg of the bridge. The top • 
trace represents the bridge excitation, the upper middle trace is 
the amplified bridge output, the lower-middle trace is the output 
of the synchronous demodUlator and the bottom trace is the 
filtered dc system output. 

This system can easily resolve a 0.5ppm change in bridge im
pedance. Such a change will produce a 6.3mV change in the low 
pass filtered dc output, well above the RTO drifts and noise. 

The AC-CMRR of the AD624 decreases with the frequency of 
the input signal. This is due mainly to the package-pin capacitance 
associated with the AD624's internal gain resistors. If AC-CMRR 
is not sufficient for a given application, it can be trimmed by 
using a variable capacitor connected to the amplifier's RG2 pin 
as shown in Figure 45. 

Figure 45. AC Bridge 

IRIDGI! I!XCITA11ON 
l2OV""'IIAI _ ..... , 
OUTPUT IIVhIIvIlBI 

DEMOOULATED IRIDGE 
OU1lVTllVldIwIlCt 

FIl TEA OUTPUT (ZV1dlw1 
IDI 

Figure 46. AC Bridge Waveforms 
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ERROR BUDGET ANALYSIS 

Figure 47. Typical Bridge Application 

.4-BIT 
ADC 

OTOZV 
F.S. 

To illustrate how instrumentation amplifier specifications are 
applied, we will now examine a typical case where an AD624 is 
required to amplify the output of an unbalanced transducer. 
Figure 47 shows a differential transducer, unbalanced by =SO, 
supplying a 0 to 20m V signal to an AD624C. The output of the 
IA feeds a 14-bit A to D converter with a 0 to 2 volt input 
Voltage range. The operating temperature range is - 2S"C to 
+8S"C. Therefore, the largest change in temperature AT within 
the operating range is from ambient to + 8SoC (8S"C - 2S"C 
=6O"C). 

In many applications, differential linearity and resolution are of 
prime importance. This would be so in cases where the absolute 
value of a variable is less important than changes in value. In 
these applications, only the irreducible errors (2Oppm = 0.002%) 
are significant. Furthermore, if a system has an intelligent pro
cessor monitoring the A to D output, the addition of a auto-gain! 
auto-zero cycle will remove all reducible errors and may eliminate 
the requirement for initial calibration. This will also reduce 
errors to 0.002%. 

Effect on 
Absolute 

AD624C Accuracy 
Error Source Specifications Calculation atTA = 25°C 

Gain Error ±O.I% ±0.1% = 1000ppm 1000ppm 
Gain Instability IOppm (lOppmfC)(60°C) = 600ppm -
Gain Nonlinearity ±0.001% ±0.001% = lOppm -
Input Offset Voltage ±2S,...V,RTI ±2S,...V/20mV = ± 1250ppm 12S0ppm 
Input Offset Voltage Drift ±0.2S,...VI"C (±0.2S,...VrC)(60°C) = lS,...V 

IS,...V/20mV = 7S0ppm -
Output Offset Voltagel ±2.OmV ±2.OmV/20mV = lOOOppm 1000ppm 
Output Offset Voltage Drift l ±IO,...V/oC (± 10,...VrC)(60°C) = 600,...V 

600,... V 120m V = 300ppm -
Bias Current - Source ±ISnA (± ISnA)(SO) = 0.075,... V 

Imbalance Error 0.07S,...V/20mV = 3.75ppm 3.75ppm 
Offset Current - Source ±lOnA (± 10nA)(SO) = 0.050,... V 

Imbalance Error 0.OSO,...V/20mV = 2.Sppm 2.Sppm 
Offset Current- Source ±IOnA (lOnA)(17S0) = l.7S,...V 

Resistance - Error 1.75,...V/2OmV = 87.Sppm 87.5ppm 
Offset Current - Source ±IOOpArC (100pArC)(17S0)(60"C) = I,...V 

Resistance - Drift I,...V/20mV = SOppm -
Common Mode RejectIon 115dB llSdB = l.8ppm x SV = 9,... V 

SVdc 9,...V/20mV = 444ppm 450ppm 
Noise,RTI 

(0. I-10Hz) 0.22,...Vp-p 0.22,...Vp-p/20mV = 10ppm -
Total Error 3793.7Sppm 

'Output offset voltage and output offset voltage drift are given as RTI fIgUres. 

Table II. Error Budget Analysis of AD624CD in Bridge Application 

For a comprehensive study of instrumentation amplifier design 
and applications, refer to the Instrumentation Amplifier Appli
cation Guide, available free from Analog Devices. 
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Effect on 
Absolute Effect 
Accuracy on 
atTA = 85°C Resolution 

1000ppm -
600ppm -
- lOppm 
12S0ppm -

7S0ppm -
1000ppm -

300ppm -

3.7Sppm -
2.5ppm -

87.5ppm -

50ppm -
4S0ppm -
- 10ppm 

5493.7Sppm 20ppm 
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FEATURES 
User Programmed Gains of 1 to 10,000 
Low Gain Error: 0.02% max 
Low Gain TC: 5ppm/"C max 
Low Nonlinearity: 0.001% max 
Low Offset Voltage: 25p.V 
Low Noise 4nV/v'Ri lat 1kHz) RTI 
Gain Bandwidth Product: 25MHz 
16-Pin Ceramic or Plastic DIP Package, 20-Pin 

LCC Package 
Standard Military Drawing Available 
MIL-Standard Parts Available 
Low Cost 

PRODUCT DESCRIPTION 
The AD625 is a precision instrumentation amplifier specifically 
designed to fulml two major areas of application: 
1) Circuits requiring nonstandard gains (i.e., gains not easily 
achievable with devices such as the AD524 and AD624). 
2) Circuits requiring a low cost, precision software program
mable gain amplifier. 

For low noise, high CMRR, and low drift the AD625JN is the 
most cost effective instrumentation amplifier solution available. 
An additional three resistors allow the user to set any gain from 
I to 10,000. The error contribution of the AD625JN is less than 
0.05% gain error and under 5ppm/"C gain TC; performance 
limitations are primarily determined by the external resistors. 
Common-mode rejection is independent of the feedback resistor 
matching. 

A software programmable gain amplifier (SPGA) can be configured 
with the addition of a CMOS multiplexer (or other switch network), 
and a suitable resistor network. Because the ON resistance of 
the switches is removed from the signal path, an AD625 based 
SPGA will deliver 12-bit precision, and can be programmed for 
any set of gains between 1 and 10,000, with completely user 
selected gain steps. 

For the highest precision the AD625C offers an input offset 
voltage drift of less than 0.25,..VI"C, output offset drift below 
15,..VI"C, and a maximum nonlinearity of 0.001% at G= 1. All 
grades exhibit excellent ac performance; a 25MHz gain bandwidth 
product, 5V,..s slew rate and 15,..s settling time. 

The AD625 is available in three accuracy grades (A, B, C) for 
industrial ( - 25°C to + 85°C) temperature range, two grades a, 
K) for commercial (0 to + 70°C) temperature range, and one (S) 
grade rated over the extended ( - 550C to + 125OC) temperature 
range. 
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AD625 I 
CONNECTION DIAGRAMS 

Ceramic DIP (D) and Plastic DIP(N) Packages 

Leadless Chip Carrier (E) Package 

I i 
~ ~ 

III 
z z 
C ~ " l! ~ l! 
+ + I I 
3 Z 1 20 19 

I I 

Rn NULL 4 II 1B RTO NULL ." 
RTI NULLS 17 RTO NULL 

NCO AD625 18NC 
TOP VIEW 

+GAlN DRIVE 7 (Hutto ..... , 15 -GAIN DRIVE 

NCB 14 SENSE 

• 10 11 12 I. 

i f !i ~ ) 

II: 

PRODUCT HIGHLIGHTS 
I. The AD625 affords up to 16-bit precision for user selected 

fixed gains from 1 to 10,000. Any gain in this range can be 
programmed by 3 external resistors. 

2. A 12-bit software programmable gain amplifier can be confi
gured using the AD625, a CMOS multiplexer and a resistor 
network. Unlike previous instrumentation amplifier designs, 
the ON resistance of a CMOS switch does not affect the gain 
accuracy. 

3. The gain accuracy and gain temperature coefficient of the 
amplifier circuit are primarily dependent on the user selected 
external resistors. 

4. The AD625 provides totally independent input and output 
offset nulling terminals for high precision applications. This 
minimizes the effects of offset voltage in gain-ranging 
applications. 

S. The proprietary design of the AD625 provides input voltage 
noise of 4nWv'Hi at 1kHz. 

6. External resistor matching is not required to maintain high 
common-mode rejection. 
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AD625 - SPECIFICATIONS (typical @ Vs = ±15V. RL = 2kO and TA = +25°C unless otherwise sPllcHied) 

AD625A1JIS AD625BIK AD62SC 
Model Min Typ Max Min Typ Max Min Typ Mu Ullits 

GAIN 2RF 2RF 2RF 
Gain Equation R;;+ I R;;+ I -+1 

Ra 
Gain Range I 10,000 I 10,000 I 10,000 
Gain Error' :1:.035 :1:0.05 :1:0.02 :1:0.03 :1:0.01 :1:0.02 % 
Nonlinearity, Gain = 1-256 :1:0.005 :1:0.002 :1:0.001 % 

Gain>256 :1:0.01 .:1:0.008 :1:0.005 % 
Gain vs. Temp. Gain<looo' 5 5 5 ppmI"C 

GAIN SENSE INPUT 
Gain Sense Current 300 SOD 150 2SO 50 100 nA 

vs. Temperature 5 20 2 15 2 10 nAf'C 
Gain Sense Offset Current 150 SOD 75 2SO 50 100 nA 

vs. Temperature 2 15 I 10 I 5 nAf'C 

VOLTAGE OFFSET (May be Nullcd) 
Input Offset Voltage 50 200 25 SO 10 25 ..,.V 

vs. Temperature I 212 0.25 O.SO/I 0.1 0.25 ..,.vrc 
Output Offset Voltage 4 5 2 3 I 2 mV 

vs. Temperature 20 501SO 10 25/40 10 15 ..,.vrc 
Offset Referred to the 

Input vs. Supply 
G=I 70 75 75 85 80 90 dB 
G=IO 85 95 90 100 95 105 dB 
G=IOO 95 100 105 llO llO 120 dB 
G=looo 100 llO 110 120 115 140 dB 

INPUT CURRENT 
Input Bias Current :1:30 :I: SO :1:20 :1:25 :1:10 :1:15 nA 

vs. Temperature :1:50 :I: SO :1:50 pAre 
Input Offset Current :1:2 :1:35 :1:1 :1:15 :1:1 :1:5 nA 

vs. Temperature :1:20 :1:20 :1:20 pAre 

INPUT 
Input Impedance 

Differential Resistance I I I GO 
Differential Capacitance 4 4 4 pF 
Common-Mode Resistance I I I GO 
Common-Mode Capacitance 4 4 4 pF 

Input Voltage Range 
Differ. Input Linear(VDd :1:10 :1:10 :1:10 V 

Common-Mode Linear (V eM> 12V-(~XVD) 12V -(~ XVD) 12V ,-(~ XVD) 
Common-Mode Rejection Ratio de to 

60Hz with 11<0 Source Imbalance 
G=I 70 75 75 85 80 90 dB 
G=IO 90 95 95 105 100 lIS dB 
G=IOO 100 105 lOS ll5 110 125 dB 
G= 1000 110 ll5 115 125 120 140 dB 

OUTPUT RATING :l:10V :l:10V :l:10V 
@5mA @SmA @)SmA 

DYNAMIC RESPONSE 
Small Signal - 3dB 

G= 1 (Rp=20kO) 650 650 650 kHz 
G=10 400 400 400 kHz 
G=I00 150 150 ISO kHz 
G=looo 25 25 25 kHz 

Slew Rate 5.0 5.0 5.0 VI..,.. 
Sett1insTime to 0.01%, 20V Step 

G= lto200 15 15 15 .... 
G=500 35 35 35 ..,.. 
G=looo 75 75 75 .... 

NOISE 
Voltage Noise, 1kHz 

nVrViii R.T.I. 4 4 4 
R.T.O. 75 75 75 nVrViii 

R.T.I.,O.1 to 10Hz 
G=1 10 10 10 ..,.Vp-p 
G=10 1.0 1.0 1.0 ..,.Vp-p 
G=I00 0.3 0.3 0.3 ..,.Vp-p 
G=looo 0.2 0.2 0.2 ..,.Vp-p 

Current Noise 
O.IHz to 10Hz 60 60 60 pAp-p 
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AD625 
AD62SAlJIS AD62SBIK 

Mode1 Min Typ Mas Min Typ 

SENSE INPUT 
RlN 10 10 

I'N 30 30 
Voltage Range 0010 ±lO 
Gain to Output 1000.01 1±0.01 

REFERENCE INPUT 

R'N 20 20 

lIN 30 30 
Voltage Range ±lO ±IO 
Gain to Output 1±0.01 1±0.01 

TEMPERATURE RANGE 
Specified Performance 

JIKGrades 0 +70 0 
AlBIC Grades -25 +85 -25 
SGrade -55 +125 

Storage -65 +150 -65 

POWER SUPPLY 
Power Supply Range ±6to :tIS :t6to:t 18 
Quiescent Current 3.5 5 3.5 

NOTES 
'Gain Error and Gain TC are forthe AD625 only. Resisrornetwork errors will add to the specifred errors. 
'VDL is the maximum differential input voltage at G = I for specified nonlinearity. 
VDLatothergains = 10VIG. 
VD = actual differential input voltage. 
Example:G= 10, VD = 0.50 
VCM=12V-{IO/2 xO.50V)-9.5V. 

Specifications subject roc:baDge without notice. 

Ali min and max specifications are guaranteed. Specifications shown in boIdfaee are tested on aD productinn 
uDita adina! electrical test. Results from those teats are used ro calculate outgoing quality levels. 

ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ..... . 
Internal Power Dissipation 
Input Voltage . . . . . . . 
Differential Input Voltage . 
Output Short Circuit Duration 
Storage Tenlperature Range (D, E) 

(N) 
Operating Tenlperature Range 

AD62SJ/K 
AD62SAlB/C . . . . . 
AD62SS ....... . 

Lead Tenlperature Range 
(Soldering, 60 seconds) 

· ±18V 
4S0mW 

· . ±Vs 
· . ±Vs 

Indeftnite 
- 65°C to + 150°C 
- 65°C to + 12S·C 

..• 0 to +70°C 
- 25°C to + 85°C 

- 55°C to + 12S·C 

..... +300°C 

Mode1 

AD625AD 
AD625BD 
AD625CD 
AD625SD 
AD625SD/883B 
AD625AE 
AD62SSEl883B 
AD625JN 
AD625KN 
AD625AChips 
AD62SCChips 
AD625SChips 
5962-8771901EA 

AD62SC 
Mas Min Typ Mas Uails 

10 k!1 
30 jJA 

0010 V 
1±0.01 % 

20 k!1 
30 ,..A 

±IO V 
1±0.01 % 

+70 "C 
+85 -25 +85 "C 

+150 -65 +150 °C 

:t6to ±18 V 
5 3.5 5 mA 

ORDERING GUIDE 

T_ral1ue Package 
Ranp Description 

-4O"Cro +85"C 16-Pin Ceramic DIP 
-4O"Cro +85"C 16-Pin Ceramic DIP 
-4O"C ro + 85"C 16-Pin Ceramic DIP 
- 55"C ro + 125"C 16-PinCeramic DIP 
- 55"C to + 125"C 16-Pin Ceramic DIP 
-40"Cro +85"C 2O-Pin Leadless Chip Carrier 
- 55"C ro + 125"C 2O-Pin LeadlessChip Carrier 
- 4O"C to + 85"C 16-Pin Plastic DIP 
-4O"Cto +85"C 16-Pin Plastic DIP 
-4O"Cto +85"C Die 
-4O"Cto +85"C Die 
-55"Cro + 125°C Die 
Standard Military Drawing Available 

*For outline information see Package Information section. 

NOTE 
'Stres ... above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any otber conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device relisbility. 

+GAIN 
DRIVE 

+ GAIN 
SENSE 

FUNCTIONAL BLOCK DIAGRAM 
(UN" AND "D"PACKAGE PINOUT) 

Package 
Option. 

0-16 
0-16 
D-16 
D-16 
D-16 
E-20A 
E-20A 
N-16 
N-16 
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AD625-Typical Characteristics 
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Figure 1. Input Voltage Range vs. 
Supply Voltage, G = 1 
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Figure 8. Negative PSRR vs. 
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Switching TestCircuit(G=8, G= 1) 

• 
l.---l-

II 

0 
J 

il 
i/ 

• 10 100 1k 
LOAD RESISTANCE - n 

Figure 3. Output Voltage Swing 
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Figure 12. GeinOverrangeRecovery 
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Figure 13. Quiescent Current vs. 
Supply Voltage 
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Figure 16. Low Frequency Voltage 
Noise, G=l (System Gain=1000) 

Figure 19. Large Signal Pulse 
Response and Settling Time, G= 1 

Figure 22. Large Signal Pulse 
Response and Settling Time, G= 10 
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Figure 14. RTI Noise Spectral 
Density vs. Gain 

Figure 17. Noise Test Circuit 
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Figure 20. Settling Time to 0.01% 

Figure 23. Settling Time Test 
Circuit 
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Figure 15. Input Current Noise 

Figure 18. Low Frequency Voltage 
Noise, G= 1 000 (System 
Gain= 100,000) 

Figure 21. Large Signal Pulse 
Response and Settling Time, G= 100 
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Figure 24. Large Signal Pulse 
Response and Settling Time, 
G= 1 000 
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AD625 - Theory of Operation 
The AD625 is a monolithic instrumentation amplifier based on 
a modification of the classic three-op-amp approach. Monolithic 
construction and laser-wafer-trimming allow the tight matching 
and tracking of circuit components. This insures the high level 
of performance inherent in this circuit architecture. 

A preamp section (QI-Q4) provides additional gain to Al and 
A2. Feedback from the outputs of Al and A2 forces the collector 
currents of QI-Q4 to be constant, thereby, impressing the input 
voltage across~. This creates a differential voltage at the outputs 
of Al and A2 which is given by the gain (2RF/~ + 1) times 
the differential portion of the input voltage. The unity gain 
subtractor, A3, removes any common-mode signal from the 
output voltage yielding a single ended output, VOUT, referred to 
the potential at the reference pin. 

The value of ~ is the determining factor of the transconductance 
of the input preamp stage. As ~ is reduced for larger gains the 
transconductance increases. This has three imponant advantages. 
First, this approach allows the circuit to achieve a very high 
open-loop gain of (3 x 108 at programmed gains'" 500) thus 
reducing gain related errors. Second, the gain-bandwidth product, 
which is determined by C3, C4, and the input transconductance, 
increases with gain, thereby, optimizing frequency response. 
Third, the input voltage noise is reduced to a value determined 
by the collector current of the input transistors (4n V rv'llz). 

INPUT PROTECTION 
Differential input amplifiers frequently encounter input voltages 
outside of their linear range of operation. There are two consid
erations when applying input protection for the AD625; 1) that 
continuous input current must be limited to less than IOmA and 
2) that input voltages must not exceed either supply by more 
than one diode drop (approximately 0.6V @ 25°C). 

Under differential overload conditions there is (~ + 100)0 in 
series with two diode drops (approximately 1.2V) between the 
plus and minus inputs, in either direction. With no external 
protection and RG very small (i.e., 400), the maximum overload 
voltage the AD625 can withstand, continuously, is approximately 
± 2.sV. Figure 26A shows the external components necessary to 
protect the AD625 under all overload conditions at any gain. 

SENSE 

Vo 

'-+--.... ~-~-'G-<A1>-N--t-...J 
SENSE SENSE 

-v. 

Figure 25. Simplified Circuit of the AD625 
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The diodes to the supplies are only necessary if input voltages 
outside of the range of the supplies are encountered. In higher 
gain applications where differential voltages are small, back-to
back zener diodes and smaller resistors, as shown in Figure 26b, 
provides adequate protection. Figure 26c shows low cost FETs 
with a maximum ON resistance of 3000 configured to offer 
input protection with minimal degradation to noise, (5.2nV/YHz 
compared to normal noise performance of 4nV/YHz). 

During differential overload conditions, excess current will flow 
through the gain sense lines (pins 2 and 15). This will have no 
effect in fixed gain applications. However, if the AD625 is 
being used in an SPGA application with a CMOS mnltiplexer, 
this current should be taken into considemtion. The current 
capabilities of the multiplexer may be the limiting factor in 
allowable overflow current. The ON resistance of the switch 
shonld be included as part of ~ when calcnlating the necessary 
input protection resistance. 

Figure 26a. Input Protection Circuit 

.v. 

Figure 26b. Input Protection Circuit for G>5 

Figure 26c. Input Protection Circuit 
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Any resistors in series with the inputs of the AD625 will degrade 
the noise performance. For this reason the circuit in Figure 26b 
should be used if the gains are all greater than 5. For gains less 
than 5, either the circuit in Figure 26a or in Figure 26c can be 
used. The two 1.4kn resistors in Figure 26a will degrade the 
noise performance to: 

V 4kTR."., + (4nV/vHZ)2 = 7.9nV/vRz 

RESISTOR PROGRAMMABLE GAIN AMPLIFIER 
In the resistor-programmed mode (Figure 27), only three external 
resistors are needed to select any gain from 1 to 10,000. Depending 
on the application, discrete components or a pretrimmed network 
can be used. The gain accuracy and gain TC are primarily de
termined by the external resistors since the AD625C contributes 
less than 0.02% to gain error and under 5ppmf'C gain TC. The 
gain sense current is insensitive to common-mode voltage, making 
the CMRR of the resistor programmed AD625 independent of 
the match of the two feedback resistors, RF. 

Selecting Resistor VaIues 
As previously stated each RF provides feedback to the input 
stage and sets the unity gain transconductance. These feedback 
resistors are provided by the user. The AD625 is tested and 
specified with a value of 20kO for RF. Since the magnitude of 
RTO errors increases with increasing feedback resistance, values 
much above 20kO are not recommended (values below 10kn for 
RF may lead to instability). Refer to the graph of RTO noise, 
offset, drift, and bandwidth (Figure 28) when selecting the 
feedback resistors. The gain resistor (Ro) is determined by the 
formula Ro = 2RF/(G-I). 

Figure 27. AD625 in Fixed Gain Configuration 

A list of standard resistors which can be used to set some common 
gains is shown in Table I. 

For single gain applications, only one offset null adjust is necessary; 
in these cases the RTI null should be used. 
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Applying the AD625 
RTO NOISE RTO OFFSET VOLTAGE 
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Figure 28. RTO Noise, Offset, Drift, and Bandwidth vs. 
Feedback Resistance Normalized to 20kfl. 

GAIN 

1 
2 
5 

10 
20 
50 

100 
200 
500 

1000 
4 
8 

16 
32 
64 

128 
256 
512 

1024 

RF 

20kO 
19.6kO 
20kn 
20kn 
20kn 
19.6kn 
20kn 
20.5kn 
19.6kn 
19.6kn 
20kn 
19.6kO 
20kn 
19.6kn 
20kn 
20kn 
19.6kn 
19.6kn 
19.6kn 

00 

39.2kO 
IOkO 
4.42kn 
2.1kn 
8060 
4020 
2050 
78.70 
39.20 
13.3kn 
5.62kn 
2.67kn 
1.27kn 
6340 
3160 
1540 
76.80 
38.30 

Table I. Common Gains Nominally within ±O.5% Error 
Using Standard 1% Resistors 
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AD625 
SENSE TERMINAL 
The sense terminal is the feedback point for the AD625 output 
amplifier. Normally it is connected directly to the output. If 
heavy load currents are to be drawn through long leads, voltage 
drops through lead resistance can cause errors. In these instances 
the sense terminal can be wired to the load thus putting the 
I x R drops "inside the loop" and virtually eliminating this 
error source. 

Typically, IC instrumentation amplifiers are rated for a full± 10 
volt output swing into 21d1. In some applications, however, the 
need exists to drive more current into heavier loads. Figure 29 
shows how a high-current booster may be connected "inside the 
loop" of an instrumentation amplifier. By using an external 
power boosting circuit, the power dissipated by the AD625 will 
remain low, thereby, minimizing the errors induced by self-heat
ing. The effects of nonlinearities, offset and gain inaccuracies of 
the buffer are reduced by the loop gain of the AD625's output 
amplifier. 

Figure 29. AD625 Instrumentation Amplifier with Output 
Current Booster 

REFERENCE TERMINAL 
The reference terminal may be used to offset the output by up 
to ± 10V. This is useful when the load is "floating" or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. However, it must be 
remembered that the total output swing is ± 10 volts, from 
ground, to be shared between signal and reference offset. 

The AD625 reference terminal must be presented with nearly 
zero impedance. Any significant resistance, including those 
caused by PC layouts or other connection techniques, will increase 
the gain of the noninverting signal path, thereby, upsetting the 
common-mode rejection of the In-Amp. Inadvertent thermocouple 
connections created in the sense and reference lines should also 
be avoided as they will directly affect the output offset voltage 
and output offset voltage drift. 

In the AD625 a reference source resistance will unbalance the 
CMR trim by the ratio of 10kOIRREF• For example, if the reference 
source impedance is 10, CMR will be reduced to 80dB (IOkO/IO 
= 80dB). An operational amplifier may be used to provide the 
low impedance reference point as shown in Figure 30. The 
input offset voltage characteristics of that amplifier will add 
directly to the output offset voltage performance of the in
strumentation amplifier. 

The circuit of Figure 30 also shows a CMOS DAC operating in 
the bipolar mode and connnected to the reference terminal to 
provide software controllable offset adjustments. The total offset 
range is eqnal to ± (V REF/2 x R5/~)' however, to be symmetrical 
about OV R3 = 2 x ~. 
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The offset per bit is equal to the total offset range divided by 
2N, where N = number of bits of the DAC. The range of offset 
for Figure 30 is ± 120m V, and the offset is incremented in steps 
of 0.9375mVlLSB. 

Figure 30. Software Controllable Offset 

An instrumentation amplifier can be turned into a voltage-to
current converter by taking advantage of the sense and reference 
tertninals as shown in Figure 31. 

Figure 31. Voltage-to-Current Converter 

By establishing a reference at the "low" side of a current setting 
resistor, an output current may be defmed as a function of 
input voltage, gain and the value of that resistor. Since only a 
sma11 current is demanded at the input of the buffer amplifier 
AI, the forced current IL will largely flow through the load. 
Offset and drift specifications of A2 must be added to the output 
offset and drift specifications of the In-Amp. 
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INPUT AND OUTPUT OFFSET VOLTAGE 
Offset voltage specifications are often considered a figure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors. Intelligent systems can often correct 
for this factor with an auto-zero cycle, but this requires extra 
circuitry. 

Offset voltage and offset voltage drift each have two components: 
input and output. Input offset is that component of offset that 
is generated at the input stage. Measured at the output it is 
directly proportional to gain, i.e., input offset as measured at 
the output at G = 100 is 100 times greater than that measured 
at G = 1. Output offset is generated at the output and is constant 
for all gains. 

The input offset and drift are multiplied by the gain, while the 
output terms are independent of gain, therefore, input errors 
dominate at high gains and output errors dominate at low gains. 
The output offset voltage (and drift) is normally specified at 
G = 1 (where input effects are insignificant), while input offset 
(and drift) is given at a high gain (where output effects are 
negligible). All input-related parameters are specified referred to 
the input (RTI) which is to say that the effect on the output is 
"G" times larger. Offset voltage vs. power supply is also specified 
as an RTI error. 

By separating these errors, one can evaluate the total error inde
pendent of the gain. For a given gain, both errors can be combined 
to give a total error referred to the input (RTI) or output (RTO) 
by the following formula: 

Total Error RTI = input error + (output error/gain) 

Total Error RTO = (Gain x input error) + output error 

The AD625 provides for both input and output offset voltage 
adjustment. This simplifies nulling in very high perecision ap
plications and minimizes offset voltage effects in switched gain 
applications. In such applications the input offset is adjusted 
first at the highest programmed gain, then the output offset is 
adjusted at G = I. If only a single null is desired, the input 
offset null should be used. The most additional drift when using 
ouly the input offset null is O.9f1VI"C, RTO. 

COMMON-MODE REJECTION 
Common-mode rejection is a measure of the change in output 
voltage when both inputs are changed by equal amounts. These 
specifications are usually given for a full-range input voltage 
change and a specified source imbalance. 

In an instrumentation amplifier, degradation of common-mode 
rejection is caused by a differential phase shift due to differences 
in distributed stray capacitances. In many applications shielded 
cables are used to minimize noise. This technique can create 

Figure 32. Common-Mode Shield Driver 
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AD625 
common-mode rejection errors uuless the shield is properly 
driven. Figures 32 and 33 show active data guards which are 
configured to improve ac common-mode rejection by "bootstrap
ping" the capacitances of the input cabling, thus minimizing 
differential phase shift. 

Figure 33. Differential Shield Driver 

GROUNDING 
In order to isolate low level analog signals from a noisy digital 
environment, many data-acquisition components have two or 
more ground pins. These grounds must eventually be tied together 
at one point. It would be convenient to use a single ground line, 
however, current through ground wires and pc runs of the 
circuit card can cause hundreds of millivolts of error. Therefore, 
separate ground returns should be provided to minimize the 
current flow from the sensitive points to the system ground (see 
Figure 34). Since the AD625 output voltage is developed with 
respect to the potential on the reference terminal, it can solve 
many grounding problems. 

Figure 34. Basic Grounding Practice for a Data Acquisition 
System 

GROUND RETURNS FOR BIAS CURRENTS 
Input bias currents are those currents necessary to bias the 
input transistors of a dc amplifier. There must be a direct return 
path for these currents, otherwise they will charge external 
capacitances, causing the output to drift uncontrollably or saturate. 
Therefore, when amplifying "floating" input sources such as 
transformers, or ac-coupled sources, there must be a dc path 
from each input to ground as shown in Figure 35. 
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) 

Figure 35a. Ground Returns for Bias Currents with 
Transformer Coupled Inputs 

Figure 35b. Ground Returns for Bias Currents with 
Thermocouple Input 

Figure 35c. Ground Returns for Bias Currents with AC 
Coupled Inputs 

AUTO-ZERO CIRCUITS 
In many applications it is necessary to maintain high accuracy. 
At room temperature, offset effects can be nulled by the use of 
offset trimpots. Over the operating temperature range, however, 
offset nulling becomes a problem. For these applications the 
auto-zero circuit of Figure 36 provides a hardware solution. 

OTHER CONSIDERATIONS 
One of the more overlooked problems in designing ultra-low-drift 
dc amplifiers is thermocouple induced offset. In a circuit comprised 
of two dissimilar conductors (i.e., copper, kovar), a current 
flows when the two junctions are at different temperatures. 
When this circuit is broken, a voltage known as the "Seebeck" 
or thermocouple emf can be measured. Standard IC lead material 
(kovar) and copper form a thermocouple with a high thermoelectric 
potential (about 351'-vec). This means that care must be taken 
to insure that all connections (especially those in the input circuit 
of the AD625) remain isothermal. This includes the input leads 
(1, 16) and the gain sense lines (2, 15). These pins were chosen 
for symmetry, helping to desensitize the input circuit to thermal 
gradients. In addition, the user should also avoid air currents 
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Figure 36. Auto-Zero Circuit 

over the circuitry since slowly fluctuating thermocouple voltages 
will appear as "flicker" noise. In SPGA applications relay contacts 
and CMOS mux leads are both potential sources of additional 
thermocouple errors. 

The base emitter junction of an input transistor can rectify out 
of band signals (i.e., RF interference). When amplifying small 
signals, these rectified voltages act as small dc offset errors. The 
AD625 allows direct access to the input transistors' baSes and 
emitters enabling the user to apply some first order ftltering to 
these unwanted signals. In Figure 37, the RC time constant 
should be chosen for desired attenuation of the interfering signals. 
In the case of a resistive transducer, the capacitance alone working 
against the internal resistance of the transducer may suffice. 

R, Ro R, 

,~. 

Figure 37. Circuit to Attenuate RF Interference 
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These capacitances may also be incorporated as part of the external 
input protection circuit (see section on input protection). As a 
general practice every effort should be made to match the ex
traneous capacitance at pins 15 and 2, and pins I and 16, to 
preserve high ac CMR. 

SOFTWARE PROGRAMMABLE GAIN AMPLIFIER 
An SPGA provides the ability to externally program precision 
gains from digital inputs. Historically, the problem in systems 
requiring electronic switching of gains has been the ON resistance 
(RoN) of the multiplexer, which appears in series with the gain 
setting resistor Ru. This can result in substantial gain errors and 
gain drifts. The AD625 eliminates this problem by making the 
gain drive and gain sense pins available (pins 2, 15, 5, 12; see 
Figure 39). Consequently the multiplexer's ON resistance is 
removed from the signal current path. This transforms the ON 
resistance error into a small nullable offset error. To clarify this 
point, an error budget analysis has been performed in Table II 
based on the SPGA configuration shown in Figure 39. 

Figure 38. SPGA in a Gain of 16 

Figure 38 shows an AD625 based SPGA with possible gains of 
I, 4, 16, 64. Ru equals the resistance between the gain sense 
lines (pins 2 and IS) of the AD625. In Figure 38, Ru equals the 
sum of the two 9750 resistors and the 6500 resistor, or 26000. 
RF equals the resistance between the gain sense and the gain 
drive pins (pins 12 and 15, or pins 2 and 5), that is RF equals 
the 15.6kn resistor plus the 3.9kO resistor, or 19.5kO. The 
gain, therefore equals: 

2RF I = 2(19.5kO) I = 16 
Rti + (2.6kO) + 

As the switches of the differential multiplexer proceed syn
cltronously, RG and RF change, resulting in the various 
programmed gain settings. 
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Figure 39. SPGA with Multiplexer Error Sources 

Figure 39 shows a complete SPGA feeding a 12-bit DAS with a 
O-IOV input range. This configuration was used in the error 
budget analysis shown in Table II. The gain used for the RTI 
calculations is set at 16. As the gain is changed, the ON resistance 
of the mUltiplexer and the feedback resistance will change, 
which will slightly alter the values in the table. 

SpecifICation 
lacIuced Enor AD615C AD750lKN Calculation 

RTIOffilet Gain Sense SwiICh 4OnAx17oo~ 

Voltage Offset Resistance 6.8".V 
Current 1700 
40nA 

RTIOffset Gain Sense Differential 6OnAx6.80~ 

Voltage Current Switch O.4I".V 
60nA Resistance 

6.80 

RTOOffset Feedback Differential 2(O.2nA X 20k!l) 
Voltage Resistance Leakage ~8".V/16 

20k!l' Current (1st 
+O.2nA 
-O.2nA 

RTOOffset Feedback Differential 2(lnA x 20k!l) 
Voltage Resistance Leakage ~40".V/16 

20k!l' Current 
(lOUT)' 
+ InA 
-InA 

Total ...... induced by a typical CMOS multipl""". 
toaaSPGAat15"C 

NOTES 

Volta&e Of\ioet 
lacIuceci RTI 

6.8".V 

O.41".V 

O.5".V 

2.5".V 

lO.ll.,.V 

'The resistor for this calculation is the user provided feedback resistance (RF). 20kn is 
recommended value (see resistor programmable gain amplifler section). 
~e leakage currents (Is and lOUT) will induce an offset voltage, however. the offset will 
be determined by the difference between the leakages of each "halC' of the differential 
multiplexer. The differential leakage current is multiplied by the feedback resistance 
(see Note 1),10 determine offset voltage. Because differential leakage curent is not a 
parameter specified on multiplexer data sheets, the most extreme difference (one most 
positive and one most negative) was used for the calculations in Table II. Typical 
performance will be much better. 

*The frequency response and settling will be affected by the ON resistance and internal 
capacitance of the multiplexer. Figure 40 shows the settling time vs. ON resistance at 
different gain settinga for aD AD625 based SPGA. 

**Switch resistance and leakage current errors can be reduced by using relays. 

Table II. Errors Induced by Multiplexer to an SPGA 
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Figure 40. Settling Time to 0.01% of a 20V Step Input for 
SPGA with AD625 

DETERMINING SPGA RESISTOR NETWORK VALUES 
The individual resistors in the gain network can be calculated 
sequentially using the formula given below. The equation deter
mines the resistors as labeled in Figure 41. The feedback resistors 
and the gain setting resistors are interactive, therefore; the formula 
must be a series where the present term is dependent on the 
preceding term(s). The formula 

; G· 
RF· ,= (20kO- I RF.) (1 - -G 1 ) 

1+ j=O J i+ 1 

can be used to calculate the necessary feedback resistors for any 
set of gains. This formula yields a network with a total resistance 
of 4OkO. A dummy variable (j) serves as a counter to keep a 
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running total of the preceding feedback resistors. To illustrate 
how the formula can be applied, an example similar to the cal
culation used for the resistor network in Figure 38 is examined 
below. 

I) Unity gain is treated as a separate case. It is implemented 
with separate 20kO feedback resistors as shown in Figure 41. It 
is then iguored in further calculations. 

2) Before making any calculations it is advised to draw a resistor 
network similar to the network in Figure 41. The network will 
have (2 x M) + I resistors, where M = number of gains. For 
Figure 38 M=3 (4,16,64), therefore, the resistor string will 
have 7 resistors (plus the two 20kO ,"side" resistors for unity 
gain). 

3) Begin all calculations with Go= I and RFo=O. 

RF,=(20kO-RFo) (1-114): RFo=O:. RF,= 15kO 

RF2 =[20kO-(RFo+RF,») (1-4/16): 

RFo + RF, = 15kO:.RF2 = 3. 75kO 

RF3 = [20kO - (RFo + RF, + RF2») (1-16/64): 

RFo +RF, +RF2 = 18.75kO:.RF3 =937.50 

4) The center resistor (~of the highest gain setting), is determined 
last. Its value is the remaining resistance of the 40kO string, 
and can be calculated with the equation: 

M 

~= (40kO- 2 I RF.) 
i:O J 

~ = 40kO - 2(RFo + RF, + RF2 + RF3) 

40kO - 39.375kO = 6250 

5) If different resistor values are desired, all the resistors in the 
network can be scaled by some convenient factor. However, 
raising the impedance will increase the RTO errors, lowering 
the total network resistance below 20kO can result in amplifier 
instability. More information on this phenomenon is given in 
the RPGA section of the data sheet. The scale factor will not 
affect the unity gain feedback resistors. The resistor network in 
Figure 38 has a scaling factor of 650/625 = 1.04, if this factor is 
used on RF" RF2, RF3, and ~, then the resistor values will 
match exactly. 

6) Round off errors can be cumulative, therefore, it is advised 
to carry as many significant digits as possible until all the values 
have been calculated. 

20kO RF, 20kO 

CONNECT IF UNITY TO GAUII Of liVE TO GAIN DRIVE CONNECT IF UNITY 
GAIN IS DESIAEO (PINS) (PIN 12) GAINtSOESIREO 

Figure 41. Resistors for a Gain Setting Network 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Pin Selectable Gains of 10 and 100 
True Single Supply Operation 

Single Supply Range of +2.4 V to +10 V 
Dual Suppy Range of ±1.2 V to ±6 V 
Wide Output Voltage Range of 30 mV to 4.7 V 

Optional Low-Pass Filtering 
Excellent DC Performance 

Low Input Offset Voltage: SOO p.V max 
Large Common-Mode Range: 0 V to +S4 V 
Low Power: 1.2 mW (Vs = +S V) 
Good CMR of 90 dB typ 

AC Performance 
Fast Settling Time: 24 p.s (0.01%) 

Includes Input Protection 
Series Resistive Inputs (RIN = 200 kG) 
RFI Filters Included 
Allows SO V Continuous Overload 

APPLICATIONS 
Current Sensing 
Interface for Pressure Transducers. Position Indicators. 

Strain Gages. and Other Low Level Signal Sources 

PRODUCT DESCRIPTION 
The AD626 is a low cost, true single supply differential ampli
fier designed for amplifying and low-pass fIltering small dif
ferential voltages from sources having a large common-mode 
voltage. 

The AD626 can operate from either a single supply of 
+2.4 V to +10 V, or dual supplies of ±1.2 V to ±6 V. The 
input common-mode range of this amplifier is equal to 6 (+ V s 
-1 V) which provides a +24 V CMR while operating from 

+160 

+140 

+100 

+40 

+20 

o 
0.1 

G = 10,100 

............ Vs = +5 

~ ../ 
G=l00 

"'" 
Vs =±5 

G=10 
Vs=±S 

10 100 lk 10k lOOk 1M 
FREQUENCY - Hz 

Common-Mode Rejection vs. Frequency 

REV. A 

Low Cost, Single Supply 
Differential Amplifier 

AD626 I 
CONNECTION DIAGRAM 

ANALOG 
GND 

8-Pin Plastic Mini-DIP (N) 
and SOIC (R) Packages 

a +5 V supply. Furthermore, the AD626 features a CMR of 
90 dB typo 

The amplifier's inputs are protected against continuous overload 
of up to 50 V, and RFI fIlters are included in the attenuator 
network. The output range is +0.03 V to +4.9 V using 
a +5 V supply. The amplifier provides a preset gain of 10, but 
gains between 10 to 100 can be easily configured with an exter
nal resistor. Furthermore, a gain of 100 is available by connect
ing the G = 100 pin to analog ground. The AD626 also offers 
low- pass fIlter capability by connecting a capacitor between the 
fIlter pin and analog ground. 

The AD626A and AD626B operate over the industrial tempera
ture range of -40°C to +85°C. The AD626 is available in two 
8-pin packages: a plastic mini-DIP and SOlC. 

25 

/ 
/ 

'VCM FOR SINGLE 110 / 
DUAL SUPPLIES 

~V 
,/ , 

, , :tVCM FOR DUAL 

, , SUPPLIES ,NLY , 
o 

1 2 4 

POWER SUPPLY VOLTAGE. Volta 

Input Common-Mode Range vs. Supply 
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AD626 - SPECI FICATIONS 
SINGLE SUPPLY (@ +Vs =+5 V and TA = +25°C) 

AD626A AD626B 
Model Conditions Min Typ Max Min Typ 

GAIN 
Gain Accuracy Total Error 

Gain = 10 @ VOUT 2: 100 mV dc 0.04 1.0 0.2 
Gain = 100 @ VOUT 2: 100 mV dc 0.1 1.0 0.5 

Over Temperature,TA = TMn.--TMAx G = 10 50 
G = 100 150 

Gain Linearity 
Gain = 10 @ VOUT 2: 100 mV dc 0.014 0.016 0.014 
Gain = 100 @ VOUT 2: 100 mV dc 0.014 0.02 0.014 

OFFSET VOLTAGE 
Input Offset Voltage 1.9 2.5 1.9 

vs. Temperature TMIN-TMAX' G = 10 or 100 2.9 
vs. Temperature TMIN-TMAX' G = 10 or 100 6 
vs. Supply Voltage (PSR) 

+PSR 74 80 74 80 
-PSR 64 66 64 66 

COMMON-MODE REJECTION RL = 10 kG 
+CMR Gain = 10, 100 f = 100 Hz, VCM = +24 V 66 90 80 90 
±CMR Gain = 10, 100 f = 10 kHz, VCM = 6 V 55 64 55 64 
-CMR Gain = 10, 100' f = 100 Hz, VCM = -2 V 60 85 73 85 

COMMON-MODE VOLTAGE RANGE 
+CMV Gain = 10 CMR> 85 dB +24 +24 
-CMV Gain = 10 CMR> 85 dB -2 -2 

INPUT 
Input Resistance 

Differential 200 200 
Common Mode 100 100 

Input Voltage Range (Common Mode) 6 (Vs-l) 6 (Vs-l) 

OUTPUT 
Output Voltage Swing RL = 10 kG 

Positive Gain = 10 4.7 4.90 4.7 4.90 
Gain = 100 4.7 4.90 4.7 4.90 

Negative Gain = 10 0.Q3 0.03 
Gain = 100 0.03 0.03 

Short Circuit Current 
+Isc 12 12 

NOISE 
Voltage Noise RTI 

Gain = 10 f = 0.1 Hz-I0 Hz 2 2 
Gain = 100 f = 0.1 Hz-I0 Hz 2 2 
Gain = 10 f=lkHz 0.25 0.25 
Gain = 100 f=lkHz 0.25 0.25 

DYNAMIC RESPONSE 
- 3 dB Bandwidth VouT =+IVdc 100 100 
Slew Rate, T MIN to T MAX Gain = 10 0.17 0.22 0.17 0.22 

Gain = 100 0.1 0.17 0.1 0.17 
Settling Time to 0.01 %, 1 V Step 24 22 

POWER SUPPLY 
Operating Range TA = TMI"TMAX 2.4 5 10 2.4 5 
Quiescent Current Gain = 10 0.16 0.20 0.16 

Gain = 100 0.23 0.29 0.23 

TRANSISTOR COUNT # of Transistors 46 46 

NOTES 
IAt temperatures above +25°C, -CMV degrades at the rate of 12 mV/,"C; i.e., @ +25°C CMV = -2 V, @ +85°C CMV = -1.28 V. 

Specifications subject to change without notice. 
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Max Units 

0.6 % 
0.6 % 
30 ppmf'C 
120 ppmf'C 

0.016 % 
0.02 % 

2.5 mV 
2.9 mV 
6 ILV/oC 

dB 
dB 

dB 
dB 
dB 

V 
V 

kG 
kG 
V 

V 
V 
V 
V 

rnA 

ILV p-p 
ILVP-P 
ILV/ylHz 
ILV/ylHz 

kHz 
V/ILS 
V/lLs 
ILs 

10 V 
0.20 rnA 
0.29 rnA 
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AD626 
DUAL SUPPLY (@ +Vs = ±5 V and TA = +25°C) 

AD626A AD626B 
Model Conditions Min Typ Max Min Typ Max Units 

GAIN 
Gain Accuracy Total Error 

Gain = 10 RL = 10 kG 0.2 0.5 0.1 0.3 % 
Gain = 100 0.25 1.0 0.15 0.6 % 

Over Temperature, TA = TMI.,-TMAx 
G=IO 50 30 ppmf'C 
G = 100 100 80 ppmf'C 

Gain Linearity 
Gain = 10 0.045 0.055 0.045 0.055 % 
Gain = 100 0.01 0.015 0.01 0.015 % 

OFFSET VOLTAGE 
Input Offset Voltage 50 500 50 250 IlV 

vs. Temperature TMI.,-TMAx, G = 10 or 100 1.0 0.5 mV 
vs. Temperature TMI.,-TMAX' G = 10 or 100 1.0 0.5 IlVI"C 
vs. Supply Voltage (PSR) 

+PSR 74 80 74 80 dB • -PSR 64 66 64 66 dB 

COMMON-MODE REJECTION RL = 10 kG 
±CMR Gain = 10, 100 f= 100Hz, VCM = 24V 66 90 80 90 dB 
±CMR Gain = 10, 100 f= 10kHz, VCM = 6V 55 60 55 60 dB 

COMMON-MODE VOLTAGE RANGE 
+CMV Gain = 10 CMR > 85 dB 26.5 26.5 V 
-CMV Gain = 10 CMR > 85 dB 32.5 32.5 V 

INPUT 
Input Resistance 

Differential 200 200 kG 
Common Mode llO llO kG 

Input Voltage Range (Common Mode) 6 (Vs-l) 6 (Vs-l) V 

OUTPUT 
Output Voltage Swing RL = 10 kG 

Positive Gain = 10, 100 4.7 4.90 4.7 4.90 V 
Negative Gain = 10 1.65 2.1 1.65 2.1 V 

Gain = 100 1.45 1.8 1.45 1.8 V 
Short Circuit Current 

+Isc 12 12 rnA 
-Ise 0.5 0.5 mA 

NOISE 
Voltage Noise RTI 

Gain = 10 f = 0.1 Hz-IO Hz 2 2 IlV p-p 
Gain = 100 f = 0.1 Hz-IO Hz 2 2 IlV p-p 
Gain = 10 f=lkHz 0.25 0.25 IlV/y'Hz 
Gain = 100 f=lkHz 0.25 0.25 IlV/y'Hz 

DYNAMIC RESPONSE 
-3 dB Bandwidth VoUT =+IVdc 100 100 kHz 
Slew Rate, T MIN to T MAX Gain = 10 0.17 0.22 0.17 0.22 V1lls 

Gain = 100 0.1 0.17 0.1 0.17 V/IlS 
Settling Time to 0.01%, 2 V Step 24 24 IlS 

POWER SUPPLY 
Operating Range TA = TMIN-TMAX ±1.2 ±5 ±6 ±1.2 ±5 ±6 V 
Quiescent Current Gain = 10 1.5 2 1.5 2 rnA 

Gain = 100 1.5 2 1.5 2 rnA 

TRANSISTOR COUNT # of Transistors 46 46 
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AD626 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ....•.••...........•...... +36 V 
Internal Power Dissipation2 

Peak Input Voltage .....•..............••... 60 V 
Maximum Reversed Supply Voltage Limit ......... -34,V 
Output Short Circuit Duration • . • . . . . . . . . . . . . Indefinite 
Storage Temperature Range (N, R) •.•... -65°C to + 125°C 
Operating Temperature Range 

AD626AIB ...•..•.............. -~C to +85OC 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress ratiog only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not inlplied. Exposure to 
absolute maximum ratiog conditions for extended periods may affect device 
reliability. 

28-Pin Plastic Package: a'A = IOO"CIWatt, a,C = SO"CIWatt 
8-Pin Plastic SOIC Package: a'A = 16O'C1Watt, a,C = 42"CIWatt 

ESD SUSCEPTmILITY 
An ESD classification per method 3015.6 of MIL STD 883C 
has been performed on the AD626, which is a Class 1 device. 

Model 

AD626AN 
AD626AR 
AD626BN 

ORDERING GUIDE 

Temperature Range 

-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 

Package Options· 

N-8 
R-8 
N-8 

*N = Plastic DIP; R = Small Outline IC. For outline information see 
Package Information section. 

METALIZATION PHOTOGRAPH 
Dinlensions shown in inches and (mm). 

f 
0.061 

(1.549) 
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GAIN 

GND 

0.104 
(2.642) 

V+ VOUT 
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Figure 4. Positive Output Voltage Swing vs. Resistive Load 

:1-5 ,g 
I 

~-4 
g-3 .... 
:::> 

~-2 
o 
w 

,..." 

cz ~I--"-

.... 1--

L.~ 
f-" fo""GAIN=I00 

~ -1 

z 0 --
+1 

100 lk 10k 
LOAD RESISTANCE - g 

lOOk 
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AD626-Typical Characteristics 
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Figure 7. Closed-Loop Gain vs. Frequency 
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Figure 16. 0.1 Hz to 10 Hz RTI Voltage Noise. Vs = ±5 V, 
Gain = 100 
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AD626-Typical Characteristics 

Figure 19. Large Signal Pulse Response. Vs = ±5 V, 
a = 10 

Figure 20. Large Signal Pulse Response. Vs = ±5 V, 
a = 100 

Figure 21. Large Signal Pulse Response. Vs = +5 V, 
a = 10 
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Figure 22. Large Signal Pulse Response. Vs = +5 V, 
a = 100 

Figure 23. Settling Time. Vs = ±5 V, a = 10 

Figure 24. Settling Time. Vs = ±5 V, a = 100 
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Figure 25. Settling Time. Vs = +5 V, G = 10 

Figure 26. Settling Time. Vs = +5 V, G = 100 
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Figure 27. Settling Time Test Circuit 

THEORY OF OPERATION 
The AD626 is a differential amplifier consisting of a precision 4 
balanced attenuator, a very low drift preamplifier (AI), and an 
output bUffer amplifier (A2). It has been designed so that small 
differential signals can be accurately amplified and fIltered in the 
presence of large common-mode voltages (VeM), without the use 
of any other active components. 

Figure 28 shows the main elements of the AD626. The signal 
inputs at pins I and 8 are first applied to dual resistive attenua
tors RI through R4 whose purpose is to reduce the peak common
mode voltage at the input to the preamplifier-a feedback stage 
based on the very low drift op amp A 1. This allows the differen
tial input voltage to be accurately amplified in the presence of 
large common-mode voltages six times greater than that which 
can be tolerated by the actual input to AI. As a result, the input 
CMR extends to six times the quantity (V s - I V). The overall 
common-mode error is minimized by precise laser-trimming of 
R3 and R4, thus giving the AD626 a common-mode rejection 
ratio (CMRR) of at least 10,000:1 (80 dB). 

FILTER 

4 

AD626 
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lOOk 

+ 
A2 5 OUT -

R17 
95k R1S 

10k 

R8 Rl0 R14 R13 
10k 10k 5550 10k 

7 3 

GAIN = 100 

Figure 28. Simplified Schematic 
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AD626 
To minimize the effect of spurious RF signals at the inputs due 
to rectification at the input to AI, small filter capacitors CI and 
C2 are included. 

The output of A I is connected to the input of A2 via a 100 kO 
(RI2) resistor to facilitate the low-pass filtering of the signal of 
interest (see low-pass filtering section). 

The 200 kO input impedance of the AD626 requires that 
the source resistance driving this amplifier be low in value 
«I kO)-this is necessary to minimize gain error. Also, any 
mismatch between the total source resistance at each input will 
affect gain accuracy and common-mode rejection (CMR). For 
example: when operating at a gain of 10, an 80 0 mismatch in 
the source resistance berween the inputs will degrade CMR to 
68 dB. 

The output buffer, A2, operates at a gain of 2 or 20, thus set
ting the overall, precalibrated gain of the AD626 (with no exter
nal components) at 10 or 100. The gain is set by the feedback 
network around amplifier A2. 

The output of amplifier A2 relies on a 10 kO resistor to - V s for 
"pulldown." For single supply operation, (-Vs = "GND"), A2 
can drive a 10 kO ground referenced load to at least +4.7 V. 
The minimum, nominally "zero," output voltage will be 30 mY. 
For dual supply operation (±S V), the positive output voltage 
swing will be the same as for a single supply. The negative 
swing will be to -2.5 V, at G = 100, limited by the ratio: 

RIS + RI4 
- Vsx R13 + RI4 + RIS 

The negative range can be extended to -3.3 V (G = 100) & 
-4 V (G = 10) by adding an external 10 kO pUlldown resistor 
from the output to -Vs. This will add 0.5 rnA to the AD626's 
quiescent current, bringing the total to 2 rnA. 

The AD626's 100 kHz bandwidth at G = 10 & 100 (a 10 MHz 
gain bandwidth) is much higher than can be obtained with low 
power op amps in discrete differential amplifier circuits. Fur
thermore, the AD626 is stable driving capacitive loads up to 
SO pF (GlO) or 200 pF (G 100). Capacitive load drive can be 
increased to 200 pF (G 10) by connecting a 100 0 resistor in 
series with the AD626's output and the load. 

ADJUSTING THE GAIN OF THE AD626 
The AD626 is easily configured for gains of 10 or 100. Fig-
ure 29 shows that for a gain of 10, Pin 7 is simply left uncon
nected; similarly, for a gain of 100, Pin 7 is grounded, as shown 
in Figure 30. 

Gains between 10 and 100 are easily set by connecting a variable 
resistance between Pin 7 and Analog GND, as shown in Figure 
31. Because the on-chip resistors have an absolute tolerance of 
±20% (although they are ratio matched to within 0.1 %), at least 
a 20% adjustment range must be provided. The values shown in 
the table in Figure 31 provide a good trade-off between gain set 
range and resolution, for gains from 11 to 90. 
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,INPUT 0---------------, 

-INPUT 

Figure 29. AD626 Configured for a Gain of 10 

,INPUT 0---------------, 

-INPUT 

Figure 30. AD626 Configured for a Gain of 100 

CORNER FREQUENCY OF FILTER = ',CF (~ookQ) 

RESISTOR VALUES FOR GAIN ADJUSTMENT 

GAIN RANGE RG RH 

11-20 100k 4.99k 
'0-40 10k 80' 
40-80 1k 80 
80-100 100Q • 

Figure 31. Recommended Circuit for Gain Adjustment 
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SINGLE-POLE LOW-PASS FILTERING 
A low-pass ftIter can be easily implemented by using the fea
tures provided by the AD626. 

By simply connecting a capacitor between Pin 4 and ground, a 
single-pole low-pass ftIter is created, as shown in Figure 32. 

+INPUT 0---------------, 

-INPUT 

+lOY 

CORNER FREQUENCY OF FILTER = 20CF (~00kQ) 

Figure 32. A One-Pole Low-Pass Filter Circuit Which 
Operates from a Single +10 V Supply 

CURRENT SENSOR INTERFACE 
A typical current sensing application, making use of the large 
common-mode range of the AD626, is shown in Figure 33. The 
current being measured is sensed across resistor Rs. The value 
of Rs should be less than 1 kO and should be selected so that 
the average differential voltage across this resistor is typically 
100mV. 

To produce a full-scale output of +4 V, a gain of 40 is used, 
adjustable by ± 20% to absorb the tolerance in the sense resistor. 
Note that there is sufficient headroom to allow at least a 10% 
overrange (to + 4.4 V). 

CURRENT IN 

Figure 33. Current S(!nsor Interface 
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AD626 
BRIDGE APPLICATIONS 
Figure 34 shows the AD626 in a typical bridge application. 
Here, the AD626 is set to operate at a gain of 100, using dual 
supply voltages and offering the option of low-pass ftItering. 

Figure 34. A Typical Bridge Application 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Two or Eight Programmable Gain Amps in a 

Monolithic IC 
Wideband: 2 MHz Bandwidth at All Gain Settings 
Low Phase Shift: < 2.50 Up to 10 kHz, < 0.250 Up 

to 1 kHz 
Independent PGA Gains of 1, 2, 4, 8, 16, 32, 64, or 128 
Low Nonlinearity: < 0.04% at All Gains 
Low Input Bias Current: < 4 pA 
Small Size: 16-Pin DIP or 44-Pin JLCC Package 
Operates from ±12 V Supplies 

APPLICATIONS 
Sonar 
Instrumentation 

PRODUCT DESCRIPTION 
The AD75062 and AD75068 contain multiple programmable
gain amplifiers in one monolithic circuit. The AD75062 has two 
channels; the AD75068 has eight. Each PGA is complete, 
including amplifier, gain-setting network, and control latch, and 
requires no external components. Each PGA may be indepen
dently programmed for gains of 1 to 128, in powers of two. A 
unique circuit design keeps the bandwidth constant at all gains: 
the -3 dB point is 2 MHz (minimum, small signal). 

On-chip voltage regulators for each channel ensure high 
channel-to-channel isolation (88 dB minimum, dc to 1 kHz) 
and excellent power supply rejection (65 dB minimum, dc to 
10 kHz). To reduce the effects of the impedance of external 
circuit interconnect between the chip and powet supplies, the 
AD75068 includes two pins for each power supply voltage. 

The high performance and functionality of the AD75062 and 
AD75068 result in part from their fabrication in Analog 
Devices' BiMOS II process. This epitaxial BiCMOS process 
features bipolar transistors for precise analog circuitry; CMOS 
transistors for high impedance inputs, dense logic and analog 
switches; laser-trimmed thin-fIlm resistors; and double-level 
metal interconnects. 
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Multiple 2 MHz PGAs 
AD750621AD75068 I 

FUNCTIONAL BLOCK DIAGRAMS 

Voo Yss 

VOND 
PGA 

VOUTO 

GO 

G1 
G2 DUAL 

AU LATCH AD75062 
A1 • EN 

V .. , 
PGA 

VoIIT' 

AGNDO AGND1 DIIND 

VDD1 VODZ VSS1 Vssz 

VINO 
V1N1 

VOUTO 

V,N2 VOUT1 

VIN3 VOUT2 

V,N< VOIM 

v, .. V0IIT4 

v, .. V0UT5 

V,N7 VOUTI 
VOUT7 

GO 
AD75068 G1 AGNDO 

G2 AIlND1 
AD OCTAL AGND2 
A1 LATCH AGND3 
A2 AGND4 

ViR AIINDS 

AIlND6 
AIlND7 

DIIND 
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AD75062 /AD75068 SPECIFICA'JIONS ITA = operating temperature range; VDD'~SS = :1:12 V; 
I It. - It. RL = 2 kG; CL = 400 pF; unless otherwise noted) 

AD75062A1AD75068A 
Parameter Min Typ Max Units 

GAIN AND GAIN ACCURACY 
Gain Settings (G) 1, 2, 4, 8, 16, 32, 64, 128 VN 
Gain Error 

G = I to 16 ±0.4 :1:1.0 % 
G=320r64 ±0.5 :1:1.5 % 
G = 128 ±1.5 :1:2.5 % 

Phase Shift, Input to Output (All Gains) 
fIN = DC to I kHz 0.1 0.25 Degree 
fIN = DC to 10 kHz 1.0 2.5 Degree 

Gain Matching Error Between Channels' 
G=I 0.4 0.75 % 
G = 2 to 128 0.75 2.0 % 

DYNAMIC RESPONSE 
Small-Signal Bandwidth (YOUT = ±0.5 V, -3 dB) 

All Gains 2 3 MHz 
Full-Power Bandwidth (VOUT = ±5.0 V, -3 dB) 

G=I 100 500 kHz 
G = 128 400 1,000 kHz 

Settling Time to 0.01 % (/lVOUT = ±5.0 V) 
G=I 4 II-S 
G = 128 2 II-S 

Gain Change Settling Time to 0.01% 
(YOUT:5 ±5.0 V, All Gains; See Test Circuit I) 3.5 4 II-S 

Slew Rate 
G=I 5 10 VllI-s 
G = 128 50 70 V/lI-s 

Overload Recovery Time to 1 % 
(YIN = ±5.0 V, All Gains; See Test Circuit 2) 6 II-S 

NONLINEARITY 
(YOUT = ±4 V) 

G= I 0.01 0.04 %FSR 
G=2t032 0.005 0.01 %FSR 
G = 64 0.01 0.02 %FSR 
G = 128 0.01 0.04 %FSR 

(VOUT = ±5 V) 
G= I 0.1 0.3 %FSR 
G=2t032 0.005 0.01 %FSR 
G = 64 0.01 0.05 %FSR 
G = 128 0.03 0.07 %FSR 

INPUT CHARACTERISTICS 
Input Bias Current (All Gains, T A = + 25°C) 2 4 pA 
Input Bias Current (All Gains, T A = T MIN to T MAJJ 60 100 pA 
Input Capacitsnce 20 pF 
Input Offset Voltage (G = 1 to 32) ±6 :1:20 mV 
Input Offset Voltage (G = 64 or 128) ±4 :1:10 mV 

OUTPUT CHARACTERISTICS 
Voltage Range ±5.0 V 
Current (Per Channel) ±2.5 rnA 

CROSSTALK 
Isolation Between Any 2 Channels2 

600 011150 pF Input (See Test Circuit 3) 
DC to 1 kHz 88 dB 
10kHz 73 dB 
100 kHz 55 dB 

Grounded Input (See Test Circuit 4) 
DC to 100 kHz 100 dB 
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AD75062/AD75068 
AJJ75062AJAJJ75068A 

Parameter Min Typ Max Units 

NOISE 
Voltage Noise CRTI, 0.1 Hz to 10 Hz) 

G=I 7 j.1V p-p 
G = 16 3 j.1V p-p 
G = 128 I j.1V p-p 

Voltage Noise Density CRTI, G = 1) 
f= 10Hz 400 650 nV/v'Hz 
f = 100Hz 125 180 nV/v'Hz 
f=lkHz 95 125 nV/y'Hz 
f= 10kHz 85 110 nV/y'Hz 

Voltage Noise Density CRTI, G = 128) 
f= 10Hz 85 170 nV/y'Hz 
f = 100 Hz 25 45 nVIy'Hz 
f=lkHz IS 35 nV/y'Hz 
f= 10kHz 10 12 nV/v'Hz 

TOTAL HARMONIC DISTORTION 
THD CDC to 10 kHz, ±4 V Output, G = 128) -83 -75 dB 

POWER SUPPLY REJECTION 
PSRR (VDD> Vss = ±11.4 V to ±13.2 V) 

DC 70 75 dB 
10 kHz 65 70 dB 

DIGITAL INPUTS 
Logic "1" Voltage 2 VDD V 
Logic "0" Voltage 0 0.8 V 
Logic "1" Current I j.1A 
Logic "0" Current I I1A 

POWER SUPPLY REQUIREMENTS 
Voltage Range, VDD and Vss ±11.4 ±12 ±13.2 V 
Supply Current, IDD 3 

AD75062 14 17 rnA 
AD75068 42 66 rnA 

Supply Current, Iss 3 

AD75062 -12 -14 rnA 
AD75068 -42 -60 rnA 

OPERATING TEMPERATURE 
TMIN, TMAX -40 +85 °C 

NOTES 
lGain matching error is determined by fmding the maximum, minimum, and average of the gains of all channels on a chip and then calculating: gain matching 
error = (maximum gain - minimum gain)/(average gain). 

2Crosstalk isolation is determined by driving one channel with VOUT = ±5 V, RL = 2 kllll400 pF, G = I; and measuring a second channel with G = 128. 
'Maximum supply current occurs when all channels are set to maximum gain. IDD and Iss are measured at V DO and V ss = ± 12 V. 

All minimum and maximum specifications are guaranteed, and specifications shown in boldface are tested on all production units at final electrical test. Results 
from those tests are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 

ORDERING GUIDE 

Model Temperature Range Number of Channels Package Description Package Option* 

AD75062AD -40°C to +85°C 2 Ceramic DIP D-16 
AD75068AJ -40°C to +85°C 8 Ceramic JLCC J-44 

*For oudine information see Package Information section. 
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AD750621AD75068 
TEST CIRCUITS 

Y'N o--{>---I .... ---1 .... --OOVOUT 
ANY GAIN ":" 2"" 1400PF 

+svu 
-5V 

Test Circuit 1. Gain Change Settling Time 

+5V 
OR VIN 

-5V 
~--~--~~--oVo~ 

Test Circuit 2. Overload Recovery Time 

DRIVEN CHANNEL 

::~0Q~ VINo--{>---I .... ---I .... --OOvO~ 
GAIN = 1 ":" ."" 1400pF 

MEASURED CHANNEL 

1 [:»--------~ovo~ 1600C 1150pF GAIN = 128 

Test Circuit 3. Crosstalk, Ungrounded Inputs 

MEASURED CHANNEL 

~---------oVo~ 

Test Circuit 4. Crosstalk, Grounded Inputs 

TIMING CHARACTERISTICS1 ITA = operating 
temperature range; voo. Vss = ±12 V unless otherwise noled) 

Parameter Symbol Value 

Data Setup Time tl 0 
Write Pulse Width tz 80 
Data Hold Time t3 80 
NOTE 
'Timing measurement reference level is 1.5 V. 

Specifications subject to change without notice. 

AU, A1 SELECT PGAs 

GO - 02 SELECT GAIN 

EN 

Units 

ns 
ns 
ns 

Timing Diagram 1. AD75062 

LOW = 
TRANSPARENT 

Timing Diagram 2. AD75068 

ABSOLUTE MAXIMUM RATINGS· 
(T A = operating temperature range unless otheTWise noted) 

Condition 

min 
min 
min 

VDD to DGND or AGND .............. -0.3 V, +18 V 
Vss to DGND or AGND .............. -18 V, +0.3 V 
VDD to Vss ...................... -0.3 V, +26.4 V 
VIN to AGND ......................... Vss, VDD 

Digital Inputs to DGND ................ -0.3 V, VDD 

AGND to DGND ................... -0.3 V, +0.3 V 
Power Dissipation (T A :S + 85·C) ............... 1.7 W 
Storage Temperature ................ -65OC to + 150·C 
Lead Temperature (Soldering, lO sec) ........... +300·C 
Short Circuit Duration . . . . . . . . . . . . . . . . . . . . IndefInite 

(Output Connected to Ground, Power Dissipation <max) 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CAUTION __ ~~~~ __ ~~~~=-~~~ __ ~~~~ __ ~ __ ~ ____ _ 
ESD (electrostatic discharge) sensitive device. The AD75062 and AD75068 have been character-
ized in accordaoce with MIL-STD-883C, Method 3015 (Human Body Model), with no degrada
tion in performance observed for levels up to ±I,OOO V. Unused devices must be stored in 
conductive foam or shunts. The protective foam should be discharged to the destination potential 
before devices are removed. 
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CONFIGURING THE AD7S062 AND AD7S068 
The gain of each channel in the AD7S062 may be programmed 
individually or both channels may be set to the same gain simul
taneously. To set gains in the AD7S062, apply the addressees) 
to the address inputs and the desired gain value to the gain in
puts GO-G2, and then activate the ENable input by pulsing it 
high. This operation is summarized in Table IA and the timing 
is illustrated in Timing Diagram 1. 

The gain of each channel in the AD7S068 is individually pro
grammable. To set the gain of a channel, apply its address to 
inputs AO-AZ and the desired gain to inputs GO-G2, and then 
activate the WRI input by pulsing it low. This operation is sum
marized in Table IB and the timing is illustrated in Timing 
Diagram 2. 

G2 
0 
0 
0 
0 
1 
I 
I 
1 

Table IA. Operation Truth Table-AD7S062 

Gain Selection Channel Addressing 
G2 Gl GO Gain Al AO Channel 
0 
0 
0 
0 
1 
I 
1 
1 

0 0 1 
0 I 2 
1 0 4 
1 1 8 
0 0 16 
0 1 32 
I 0 64 
1 1 128 

0 0 0 
0 I Neither 
I 0 Both 
1 I I 

Write Modes 
EN Operation 
o Latched 
I Transparent 

Table lB. Operation Truth Table-AD7S068 

Gain Selection Channel Addressing 
GI GO Gain A2 Al AD Channel 
0 0 I 0 0 0 0 
0 1 2 0 0 I I 
1 0 4 0 1 0 2 
1 I 8 0 1 1 3 
0 0 16 I 0 0 4 
0 I 32 1 0 1 5 
1 0 64 1 I 0 6 
1 I 128 1 1 1 7 

Write Modes 

WR Operation 

o Transparent 
1 Latched 

AD75062/AD75068 
ANALOG CIRCUIT CONSIDERATIONS 
Please refer to the Recommended Circuit Schematics when read
ing the following section. 

Grounding Recommendations 
The AD7S062 has three pins and the AD7S068 has nine pins for 
analog and digital grounds, designated AGND and DGND. The 
AGND pins are the ground return pins for the amplifiers. They 
should be connected to the analog ground point in the system. 
Any external loads should be returned to system ground. 

The DGND pin returns current from the bus interface and logic 
circuitry of the AD7S0621AD7S068 to ground. This pin should 
be connected to the digital ground point in the circuit. 

Analog and digital grounds should be connected at one point in 
the system. If there is a possibility that this connection may be 
broken or otherwise disconnected, then two diodes should be 
connected in inverse parallel between the analog and digital 
ground pins of the AD7S062/AD7S068 to limit the maximum 
ground voltage difference. 

Power Supplies and Decoupling 
The AD7S0621AD7S068 requires two power supplies for proper 
operation. Vnn and Vss are nomina1ly ±12 V. 

Decoupling capacitors should be used on the power supply pins. 
Good engineering practice dictates locating the bypass capacitors 
as near as possible to the package pins. Recommended values 
are 4.7 ,."F tantalum and 0.1 ,."F ceramic at each of two places: 
V nn and V ss to analog ground. 

Input Considerations 
Input pins have a small amount of capacitance to ground and to 
adjacent inputs. To maximize bandwidth and minimize crosstalk, 
each input should be driven by as Iowa source impedance as 
possible. 

Output Considerations 
Each amplifier output can source or sink ±2.S mA of current to 
an externa1load. Short-circuit protection limits load current to a 
maximum load current of 40 mAo Load capacitance of up to 
400 pF can be accommodated with no effect on stability. 

Transistor Count 
The AD7S062 contains 1,170 transistors. The AD7S068 contains 
4,680 transistors. 
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AD750621AD75068 
PIN DESCRIPTION-AD75062 PIN DESCRIPTION-AD75068 

Pin Name Description Pin Name Description 

1 Voo + 12 V Power Supply 1 AGND5 Analog Ground for PGA 5 
2 EN Enable (Active High) 2 AGND6 Analog Ground for PGA 6 
3 AO Select Channel 0 (Active Low) 3 VOUT6 Output of PGA 6 
4 Al Select Channel 1 (Active High) 4 V IN6 Input of PGA 6 
5 GO Gain Input Bit 0 (LSB) 5 V IN7 Input of PGA 7 
6 Gl Gain Input Bit 1 6 VOUT7 Output of PGA 7 
7 G2 Gain Input Bit 2 (MSB) 7 AGND7 Analog Ground for PGA 7 
8 ·DGND Digital Ground 8 NC No Internal Connection 
9 Vss -12 V Power Supply 9 V ODl + 12 V Power Supply 

10 
V OUT' 

Output of PGA 1 10 NC No Internal Connection 
11 AGNDl Analog Ground for PGA 1 11 NC No Internal Connection 
12 V IN, Input of PGA 1 12 DGND Digital Ground 
13 V INO Input of PGA 0 13 NC No Internal Connection 
14 AGNDO Analog Ground for PGA 0 14 NC No Internal Connection 
15 V OUTO Output of PGA 0 15 V ss, -12 V Power Supply 
16 NC No Internal Connection 16 NC No Internal Connection 

17 AGNDO Analog Ground for PGA 0 
PIN CONFIGURATIONS 18 V OUTO Output of PGA 0 

19 V INO Input of PGA 0 

VDD 20 V IN, Input of PGA 1 
21 

V OUT' 
Output of PGA 1 

22 AGNDl Analog Ground for PGA 1 
23 AGND2 Analog Ground for PGA 2 

v, .. 24 V OUT2 Output of PGA 2 
25 V IN2 Input of PGA 2 
26 V IN3 Input of PGA 3 
27 VOUT3 Output of PGA 3 
28 AGND3 Analog Ground for PGA 3 
29 V SS2 -12 V Power Supply 
30 NC No Internal Connection 
31 G2 Gain Input Bit 2 (MSB) 

.. 8 
32 Gl Gain Input Bit 1 

§ ~ 
D j 

g 33 GO Gain Input Bit 0 (LSB) 
5; !Ii z z z 

~ >- >- ~ ~ ~ ~ 34 WR Write Input; Active Low 
6 5 4 3 2 35 A2 Address Input 2 (MSB) 

36 Al Address Input 1 
AGNDT 7 37 AO Address Input 0 (LSB) 

38 NC No Internal Connection 
39 V OD2 + 12 V Power Supply 
40 AGND4 Analog Ground for PGA 4 
41 V OUT4 Output of PGA 4 

AD75068 42 V IN4 Input of PGA 4 
TOP VIEW 43 V INS Input of PGA 5 

(Not to Scale) 44 VOUTS Output of PGA 5 

NC = NO INTERNAL CONNECTION 
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ANALOG f 
INPUTS t 

IWN} 
SETTING l 

ADDRESS f 
ENABLE 

,------.---._O+I2V 

1 ANALOG 

>-+--1--H~5 OUTPUTS 

'----~~ ...... _o -12V 

SYSTEM 
GROUND 

Recommended Circuit Schematic - AD75062 

OPERATING PRINCIPLES 
To maintain a fIxed closed-loop bandwidth, each channel's 
amplifIer input-stage transconductance changes as its gain set
ting changes. This is done by engaging more PMOS devices in 
parallel to form the input stage: with the gain set to I X, two 
devices make up the input stage; at a gain of 8x, 16 devices; 
fmally, with gain set to 128X, 256 devices operate in parallel. 
When the gain is set to I x, approximately 20 ,...A flow in the 
input stage; at a gain of 128, about 3 rnA flow. 

The noise and input offset specifications reflect this input-stage 
design. Generally, the input offset falls as the gain is increased, 
due to the averaging effect of more devices in the input stage. 
The input noise will fall also, since it has a thermal component 
proportional to the square root of the input transresistance. As 
the gain increases, more devices are paralleled, the active gate 
area increases, and the IIf noise component decreases. The input 
capacitance and leakage are not affected by gain changes, because 
the sources of the PMOS devices are switched, not their gates. 

The AD75062/AD75068 is a conventional two-stage amplifIer in 
other respects. An output integrator with a fIxed-value capacitor 
sets the bandwidth. Because the input-stage current increases 
with gain, the amplifIer's slew rate greatly increases and the set
tling time decreases at higher gains. Furthermore, the full-power 
bandwidth is almost constant for gains from 1 x to 128 x . 

To give high channel-to-channel isolation and good power
supply rejection, the chip individually regulates the supplies to 
each amplifIer. These regulators require some voltage headroom, 
so the input and output voltage ranges are restricted to ±5 volts 
at low supply voltages (±11.4 V). 

THERMAL DESIGN CONSIDERATIONS-AD75068 
The AD75068, due to its wide gain-independent bandwidth and 
high integration, may dissipate up to 1.6 W of power in certain 
operating modes. The reliability of the AD75068 will be signifI
cantly enhanced by keeping it as cool as possible, and by not 
exceeding the maximum junction temperature of 175°C. 
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ANALOG ) 

INPUTS ( 

IWN{ SETTING 

WRITE 

AD75062/AD75068 

r---1~--~-~-o+l2V 

}-+---f--lH-..... ~ 

'---...... - ...... -~-o-l2V 

SYSTEM 
GROUND 

Recommended Circuit Schematic - AD75068 

Certain applications may require an external heatsink, forced 
air, or other cooling. 

The power dissipation of the AD75068 is a function of the gains 
selected for all of the channels. The worst-case power dissipation 
(Po) can be estimated from this equation: 

7 

Pv = 600 mW + ~ (GCH X 1 mWj 
ch = 0 

where GCH is the gain (I, 2, 4, 8, 16, 32, 64, or 128) of the 
respective channel (0 through 7). With all eight channels set at 
minimum (I x) gain, the AD75068 will typically dissipate less 
than 600 mW. For each doubling of gain, the gain-dependent 
portion of the power dissipation per channel will also double. 
For example, if all channel gains are set to 2 x, the power 
dissipation could increase to 600 mW + 8 x (2 x 1 mW) 
= 616 mW. If all channels are operated at maximum gain 
(128X), the power dissipation could increase to 600 mW + 8 x 
(128 x 1 mW) = 1.62 W. 

The junction temperature of the device in a specifIc application 
can be computed from the thermal resistance of the package and 
the estimated power dissipation, e.g., 

TJUNCTION [0C] =TAMBIENT [0C] + Pv [W] X 8JA [oG/W] 

or 

TJUNCTION [oG] = T CASE [0C] + Pv [W] x 8Jc[°G/W] 

where 8JA is the junction-ambient and 0JC is the junction-case 
thermal resistance. 

The actual thermal resistance depends on the mounting confIgu
ration of the device and the air flow over it. The thermal resis
tance of the AD75068 has been measured in the following 
conditions for devices soldered to a printed-wiring board operat
ing near the maximum power dissipation, with and without a 
heatsink. The heatsink was an EG&G WakefIeld Engineering 
part #651-B (6 x 10 x 19 mm) attached with cyanoacrylate 
adhesive. 
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AD750621AD75068 
Table D. AD75068 Thermal Resistance 

Condition Thermal Resistance ("C/W) 

filA file 

Without Heatsink 
Still Air 40 17 
200 Jfpm 30 15 
With Heatsink 
Still Air 37 14 
200lfpm 24 10 
400lfpm 19 8 
600lfpm 17 7 
800lfpm 15 7 

The data in the above table is graphed in Figure 1. 

40.0 

35.0 

~ 30.0 
I 

W 

~ 25.0 

~ 
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"" ............. ~SINK-
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!! 20.0 

m 
<I 15.0 

~ 
~ 10.0 ... 

5.0 

0.0 

r----..... OJC 

0JC WIHE1TSINK--
o 200 400 600 800 

AIR FLOW RATE - l!pm 

Figure 1. Thermal Resistance 
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The reliability of the AD750621AD75068, as measured by the 
mean-time-to-failure (MTIF), is directly dependent on the junc
tion temperature. The MTIF will increase by approximately 
50% for each Bee decrease in junction temperature, as shown 
in Figure 2 below. This calculation was based on Military Hand
book 217E, "Reliability Prediction of Electronic Equipment." 

j 0.1 

~ 
0.01 

0.001 
50 

" ..... 
........... 

" .......... 
..... 

.......... 

" 

70 90 110 130 150 170 

JUNCTION TEMPERATURE _ °C 

Figure 2. Relative Reliability vs. Temperature 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Low Offset Voltage •..........••.•..•••...•• SO!'V Max 
• Very Low Offset Voltage Drift ........... 0.3!,V/oC Max 
• Low Noise ••................ 0.12!,Vp.p (0.1 Hz to 10Hz) 
• Excellent Output Drive ..•..•...•....• ±10V at ±SOmA 
• Capacitive Load Stability ...••..•••......•...•. to 1!'F 
• Gain Range ............................ 0.1 to 10,000 
• Excellent Linearity ...•••..•••..••.• 16-Blt at G = 1000 
• High CMR ••............•...•... 12SdB Min (G = 1000) 
• Low Bias Current ........................... 4nA Max 
• May be Configured as a Precision Op-Amp 
• Output-Stage Thermal Shutdown 
• Available in Ole Form 

ORDERING INFORMATIONt 

PACKAGE 

CERDIP 
1S-PIN LCC 

AMP01AX· 
AMP01BX· AMP01BTC/883 
AMP01EX 
AMP01FX 

PLASTIC 
2D-PIN 

AMP01GStt 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
MIL 
INO 
INO 

COM 

• For devices processed in total compliance to MIL·STD·883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn·in is available on commercial and industrial temperature range parts In 
CerDIP, plastic DIP, and TO·can packages. . 

II For availability and burn·in information on SO and PLCC packages, contact 
your local sales office. 

SIMPLIFIED SCHEMATIC 

Low Noise Precision 
Instrumentation Amplifier 

. AMP-Ol I 
PIN CONNECTIONS 

AMP-01 BTC/883 
28-LEAD LCC 

(TC-Suffix) 

TEST PIN· 2 

'VoosNULL 4 

'IoosNULL 15 

TESTPIN* IS 

SENSE 7 

REFERENCE • 

AG 

18-PIN HERMETIC DIP 
(X-Suffix) 

~ 
TESTPIN" ffi 
+IN 
VIOS NULL 

VIOl NULL 

A. 

A. 

+Vop 

v+ 

.. 

20-PIN SOL 
(S-Sufflx) 

-Make no electrical connection to these pins. 

r-----------~--------------------------~v+ 

·IN O----'VI/'Ir----------t------------j------.., 

+IN O----'VI/'Ir--.... ----r:: 

,..--------O+voP 

'>------~ OUTPUT 

'---------0 -VoP 

.3 
41.5kn 

t---1>--...... M--O SENSE 

R" 
2.5kO 

L--------~-----_4-------_4----_oV-

Manufactured under the following U.S. patents: 4,471,321 and 4,503,381. 
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AMP-Ol 
GENERAL DESCRIPTION 
The AMP~01is a monolithic instrumentation amplifier 
designed for high-precision data acquisition and instrumen
tation applications. The design combines the conventional 
features of an instrumentation amplifier with a high-current 
output stage. The output remains stable with high capaci
tance loads (1I'F), a unique ability for .an instrumentation 
amplifier. Consequently, the AMP-01 can amplify low-level 
signals for transmission through long cables without requir
ing an output buffer. The output stage may be configured as a 
voltage or current generator. 

Input offset voltage is very low (20I'V) which generally 
eliminates the external null potentiometer. Temperature 
changes have minimal effect on offset; TCVlos is typically 
0.15I'VloC. Excellent low-frequency noise performance is 
achieved with a minimal compromise on input protection. 
Bias current is very low, less than 10nA over the military 
temperature range. High common-mode rejection of 130dB, 
16-bit linearity at a gain of 1000, and 50mA peak output 
current are achievable simultaneously. This combination 
takes the instrumentation amplifier one step further towards 
the ideal amplifier. 

AC performance complementsthe superb DC specifications. 
The AMP-01 slews at 4.5V1l's into capacitive loads of up to 
15nF, settles in 50l's to 0.01% at a gain of 1000, and boasts a 
healthy 26MHz gain-bandwidth product. These features 
make the AMP-01 ideal for high-speed data-acquisition 
systems. 

Gain is set by the ratio of two external resistors over a range 
of 0.1 to 10,000. A very low gain-temperature-coefficient of 
10ppm/oC is achievable over the whole gain range. Output 
voltage swing is guaranteed with three load resistances; 500, 
5000, and 2kO. Loaded with 5000, the output delivers ± 13:0V 
minimum. A thermal shutdown circuit prevents destruction 
of the output transistors during overload conditions. 

The AMP-01 can also be configured as a high-performance 
operational amplifier. In many applications, the AMP-01 can 
be used in place of op-amp/power-buffer combinations. 

THEORY OF OPERATION 
An instrumentation amplifier, unlike an op amp, requires 
precise internal feedback. The two techniques presently in 
use are resistive and current feedback. 

The AMP-01 employs the current feedback approach which 
has significant advantages over resistive feedback. Advan
tages of current-feedback are: 

a. The technique yields a very high common-mode rejec
tion ratio. The AMP-01 CMR is in excess of 130dB at a 
gain of 1000. 

b. The gain of the current feedback design is set by the 
ratio of two external resistors. Using external resistors 
allows any practical gain to be set with high precision 
and very low gain temperature coefficient. 
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c. The current-feedback design is immune to CMR degra
dation when series resistance is addecj to the reference 
input. A small (trimmable) offset change results from 
added resistance, e.g. a printed circuit track. 

The AMP-01 utilizes low-drift thin-film resistors to minimize 
output offset temperature drift. A feedback vOltage-to-current 
converter is employed having high linearity and low noise, 
particularly at low frequencies. Parameter shifts during 
packaging are eliminated by a post-assembly trimming 
technique which electronically adjusts the output qffset 
lIoltage. 

The AMP-01 input transistors Q1 and Q2 feed active loads, 
yielding stage gain in excess of 4000 (see simplified 
schematic) The output amplifier, A1, is a two-stage design 
having a gain of about 50,000 driving a 1000 load. Overall 
gain of 2 x 108 yields excellent linearity, even at high 
closed-loop gains. 

Low bias current is achieved by using lon-implanted super
beta transistors combined with a new bias-current cancella
tion system, patents applied for. Input bias current remains 
below 10nA over the military temperature range, -55°C 
to +125°C. 

Superbeta transistors use a new transistor geometry result
ing in an input noise of only 5nVl,[HZ at G = 1000. Noise 
includes contributions from the gain-selting resistor and 
internal overload-protection resistor. The input stage 
achieves an offset voltage drift of less than 0.31'Vlo C 
(E Grade). 

The AMP-01 uses a unique two-pole compensation scheme 
where the load capaCitance is incorporated into the dominate 
pole. Stable operation results even with high capacitance 
loads. The high output current capability (90mA peak) allows 
the 4.5V1l's slew-rate to be maintained with load capacitance 
as high as 15nF. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±18V 
Common-Mode Input Voltage ......................... Supply Voltage 
Differential Input Voltage, RG .. 2kQ ................................ ±20V 

RF < 2kQ ................................ ±10V 
Output Short-Circuit Duration ................................... Indefinite 
Storage Temperature Range ........................ -65°C to + 150°C 
Operating Temperature Range 

AMP-01 A, B ............................................... -55°C to + 125°C 
AMP-01 E, F ................................................. -25°C to +85°C 
AMP-01 G ......................................................... O°C to + 70°C 

Lead Temperature (Soldering, 60 sec) .......................... 300°C 
Junction Temperature (Tl) ............................ -65°C to + 150°C 

PACKAGE TYPE alA (Nole2) alc UNITS 

18·Pin Hermellc DIP (Z) 79 11 'C/W 

28-Contact LCC (TC) 79 30 'C/W 

20-Pin SOL (S) 88 25 'c/w 
NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless other

wise noted. 
2. a.A is specified for worst case mounting condilions, i.e., alA Is specified for device 

in'socket for CerDIP and LCC packages; alA is specified for device soldered to 
prinled circuil board for SOL package. 
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AMP-Ol 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, Rs = 10kO, RL = 2kO, TA = 25°C, unless otherwise noted. 

AMP-01A AMP-01B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

OFFSET VOLTAGE 

Input Offset Voltage VIOS 
TA=25'C 20 50 40 100 
-55'C" TA" +t25'C 40 80 60 t50 

p.V 

Input Offset Voltage Drift TCVlos -55'C"TA,,+125'C 0.15 0.3 0.3 1.0 p.V1'C 

Output Offset Voltage Voos 
TA= 25'C 3 2 6 
-55'C" TA" +125'C 3 6 6 10 

mV 

Output Offset Voltage Drift TCVoos 
RG=ao 

20 50 50 120 p.V/'C 
-55'C"TA,,+125'C 

G = 1000 120 130 110 120 
G = 100 110 130 100 120 

dB 
G=10 95 110 90 100 

Offset Referred to Input G=1 75 90 70 80 

vs. Positive Supply PSR 
-55'C"TA,,+125'C 

V+=+5Vto+15V G = 1000 120 130 110 120 
G=100 110 130 100 120 

dB • G=10 95 110 90 100 
G=1 75 90 70 80 

G = 1000 105 125 105 115 
G=100 90 105 90 95 

dB 
G=10 70 85 70 75 

Offset Referred to Input G=1 50 65 50 80 
PSR vs. Negative Supply -55'C"TA,,+125'C 

V- = -5V to -15V G = 1000 105 125 105 115 
G=100 90 105 90 95 

dB G=10 70 85 70 75 
G=1 50 85 50 60 

Input Offset Voltage Trim Vs = ±4.5V to ±18V 
±6 ±6 mV 

Range (Note 1) 

Output Offset Voltage Trim Vs = ±4.5V to ± 18V 
±100 ±100 mV Range (Note 1) 

INPUT CURRENT 

Input Bias Current IB 
TA=25'C 4 2 6 
-55°CSTA:::;+125°C 4 10 6 15 nA 

Input Bias Current Drift TCIB -55'C"TA,,+125'C 40 50 pAl'C 

Input Offset Current los 
TA = 25'C 0.2 1.0 0.5 2.0 

nA 
-55'C" TA" +125'C 0.5 3.0 1.0 6.0 

Input Offset Current Drift TClos -55'C"TA,,+125'C 3 5 pAl'C 

INPUT 

Differential, G = 1000 1 
Input Resistance RIN Differential, G" 100 10 10 GO 

Common-Mode. G = 1000 20 20 

Input Voltage Range IVR 
TA = 25'C (Note 2) ±10.5 ±10.5 

V 
-55'C" TA" +125'C ±10.0 ±10.0 

VCM = ±10V, lkO 
source imbalance 

G = 1000 125 130 115 125 
G=100 120 130 110 125 

dB 
G=10 100 120 95 110 

Common-Mode CMR 
G=1 85 100 75 90 

Reiection -55'C"TA,,+125'C 
G = 1000 120 125 110 120 
G= 100 115 125 105 120 

dB 
G= 10 95 115 90 105 
G=1 80 95 75 90 

NOTES: 
1. VIOS and Voos nulling has minimal affect on TCVlos and TCVoos, 2. Refer to section on common~mode rejection. 

respectively. 
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AMP-Ol 
ELECTRICAL CHARACTERISTICS at Vs -±15V, Rs = 10kn, RL - 2kn, TA =+25·C, -25·CS TAS +85·C for E,F grades, 

O·C S TA S +70·C for G grade,unless otherwise noted. 

AMP.Q1E AMP-G1FIG 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNIlS 

OFFSET VOLTAGE 

Input Offset Voltage VIOS 
TA =+25"C 20 50 40 100 

IlV 
TMINSTASTMAX 40 80 60 150 

Inpul Offset Voltage Drift TCVlos TMINSTA STMAX (Note2) 0.15 0.3 0.3 1.0 Ilvrc 

Output Offset Voltage Voos 
T _+25"C 1 3 2 6 
~INSTA STMAX 3 6 6 10 mV 

Output Offset Vcltage Drift TCVoos 
RG = - (NOE 2) 20 100 50 120 Ilvrc 
Tt.lI~ST~STMAX 
G=l000 120 130 110 120 
G.l00 110 130 100 120 

dB 
G=10 95 110 90 100 

Offset Referred III Input 
G.l 7S 90 70 80 

vs. Positive Supply 
PSR 

TMINSTASTMAX 
V+=+5VIII+15V G= 1000 120 130 110 120 

G=l00 110 130 100 120 
dB G.l0 95 110 90 100 

G=l 7S 90 70 80 

G=l000 110 125 105 115 
G.l00 95 105 90 95 

dB 
G=10 7S 65 70 7S 

Offset Referred III Input 
G=l 55 65 50 60 

vs. Negative Supply 
PSR 

TMINSTASTMAX 
V-=-5VIII-15V G= 1000 110 125 105 115 

G.l00 95 105 90 95 
dB G.l0 7S 65 70 75 

G=l 55 65 50 60 

Input Offset Voltage Trim V S = :t4.5V III :f18V 
:If! ±6 mV 

Range (Note 1) 

OutputOffsetVcltage Trim Vs =:t4.5V1II:f18V 
:fl00 :floo mV 

Range (Note 1) 

INPUT CURRENT 

Input Bias Current la 
TA =+25"C 4 2 6 

mV 
TMINSTASTMAX 4 10 6 15 

Input Bias Current Drift TCla TMIN"TA"TMAX 40 50 pAre 

Input Offset Current ·Ie 
T =+25"C 02 1.0 0.5 2.0 

~IN"TASTMAX 0.5 3.0 1.0 6.0 
mV 

Input OffsetCurrent Drift TClos TMIN"TA"TMAX 3 5 pAre 

INPUT 

Differential. G = 1000 1 1 
Input Resistance RIN Differential, G S 100 10 10 Gn 

Common-Mode, G = 1000 20 20 

Input Voltage Range IVR T A = +25"C (Note 3) :fl0.5 :fl0.5 
V 

TMIN"TASTMAX :fl0.0 :fl0.0 

VCM =:fl0V, lien 
source Imbalance 

G= 1000 125 130 115 125 
G.l00 120 130 110 125 

dB 
G=10 100 120 95 110 

Common-Mode CMR G=l 65 100 75 90 

Rejection T~NSTASTMAX 
.1000 120 125 110 120 

G=l00 115 125 105 120 
dB 

G=10 95 115 90 105 
G=l 80 95 7S 90 

NOTES: 
1. VIOS and V oos nulling has minimal effect on TCVlos and TCV OOS' 2. Semple tested. 

respectively. 3. Refer to section on common-mode rejection_ 
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AMP-Ol 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, Rs = 10kO, RL = 2kO, TA = 25°C, unless otherwise noted. 

AM P-01 AlE AMP-01B/F/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

GAIN 

G = 20x As 
Gain Equation AG 0.3 0.6 0.5 0.8 % 
Accuracy Accuracy Measured 

from G = I to 1000 

Gain Aange G 0.1 10k 0.1 10k V/V 

G = 1000 0.0007 0.005 0.0007 0.005 

Nonlinearity G=IOO(N I) 0.005 0.005 
G=IO ote 0.005 0.007 

% 

G=I 0.010 0.015 

Temperature Coefficient GTe 
ISGSIOOO 

5 10 IS ppm/DC 
(Notes I, 2) 

OUTPUT RATING 

AL = 2kn ±13.0 ±13.8 ±13.0 ±13.8 • Output Voltage 
AL = soon ±13.0 ±13.5 ±13.0 ±13.5 V 

VOUT AL = son ±2.5 ±4.0 ±2.5 ±4.0 
Swing 

AL = 2kn Over Temp. ±12.0 ±13.8 ±12.0 ±13.8 

AL = soon (Note 3) ±12.0 ±13.5 ±12.0 ±13.5 
V 

Positive Current Limit Output-ta-Ground Short 60 lOa 120 60 lOa 120 rnA 

Negative Current Limit Output-to-Ground Short 60 90 120 60 90 120 rnA 

Capacitive Load Stability 
ISGSIOOO 

0.1 0.1 I'F 
No Oscillations, (Note 1) 

Thermal Shutdown 
Junction Temperature 165 165 °C 

Temperature 

NOISE 

fo= 1kHz 
G = 1000 5 

Voltage Density, ATI en G=IOO 10 10 nV/y'HZ 
G=IO 59 59 
G=I 540 540 

Noise Current Density, ATI in fo= 1kHz, G = 1000 0.15 0.15 pAly'HZ 

0.1 Hz to 10Hz 
G = 1000 0.12 0.12 

Input Noise Voltage e np_p G= lOa 0.16 0.16 I'Vp_p 
G = 10 1.4 1.4 
G=I 13 13 

Input Noise Current inp_p O.IHz to 10Hz, G = 1000 pAp-p 

DYNAMIC RESPONSE 

G=1 570 570 
Small-Signal 

BW 
G=IO 100 lOa 

Bandwidth (-3dB) G=100 82 82 
kHz 

G = 1000 26 26 

Slew Aate SR G=10 3.5 4.5 3.0 4.5 VI". 
To 0.01 %, 20V step 

G=I 12 12 
Settling Time ts G=IO 13 13 

G= lOa IS 15 
G = 1000 50 50 

NOTES: 
I. Guaranteed by design. 
2. Gain tempco does not include the effects of gain and scale resistor tempco 

match. 
3. -55·C $ T ... $ + 125°C for AlB grades, -25·C $ T ... " +85·C for ElF grades, 

O·C $ T ... $ 70'C FOR G grades. 
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AMP-Ol 
ELECTRICAL CHARACTERISTICS at Vs= ±15V, Rs = 10kO, RL = 2kO, TA = 25°C, unless otherwise noted. 

AMP-01A/E AMP-01B/F/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

SENSE INPUT 

Input Resistance R'N 35 50 65 35 50 65 kO 

Input Current lIN Referenced to V- 280 280 I'A 

Voltage Range (Note I) -10.5 +15 -10.5 +15 V 

REFERENCE INPUT 

Input Resistance R'N 35 50 65 35 50 65 kO 

Input Current lIN Referenced to V- 280 280 I'A 

Voltage Range (Note I) -10.5 +15 -10.5 +15 V 

Gain to Output VIV 

POWER SUPPLY -25"C" TA" +85"C for ElF Grades, -55"C" TA" +125"C for AlB Grades 

Supply Voltage Range Vs 
+V linked to +Vop 

±4.5 ±18 ±4.5 ±18 V 
-V linked to -Vop 

Quiescent Current 10 
+V linked to +Vop 3.0 4.8 3.0 4.8 
-V linked to -Vop 3.4 4.8 3.4 4.8 

rnA 

NOTE: 
I. Guaranteed by design. 
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DICE CHARACTERISTICS 

DIE SIZE 0.111 X 0.149 Inch, 16,538 sq. mils 
(2.82 X 3.78 mm, 10.67 sq. mm) 

1. RG 
2. RG 
3. -INPUT 
4. VOOSNULL 
5. VOOSNULL 
•• TEST PIN· 
7. SENSE 
•• REFERENCE 
8. OUTPUT 

AMP-Ol 

10. V- (OUTPUT) 
11. V-
12. V+ 
13. V+ (OUTPUT) 
14. RS 
15. RS 
16. V lOS NULL 
17. V,OS NULL 
18. +INPUT 

• Make no electriclll connecllon 

WAFER TEST LIMITS at Vs = ± 15V, Rs = 10kO, RL = 2kO, TA = 25"C, unless otherwise noted. 

AMP-01NBC AMP-01GBC 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT UNITS 

Input Offset Voltage V,OS 60 120 poVMAX 

Output Offset Voltage Voos 4 8 mVMAX 

V+ = +SV to +lSV 

Offset Referred to Input 
G = 1000 120 110 

PSR G=100 110 100 dBMIN 
vs. Positive Supply 

G=10 95 90 
G=l 75 70 

V- = -5V to -15V 

Offset Referred to Input 
G = 1000 105 lOS 

PSR G=100 90 90 dBMIN 
vs. Negative Supply 

G=10 70 70 
G=l SO 50 

Input Bias Current 18 4 8 nAMAX 

Input Offset Current los 3 nAMAX 

Input Voltage Range IVR Guaranteed by CMR Tests ±10 ±10 VMIN 

VcM =±10V 

Common·Mode 
G = 1000 12S 115 

Rejection 
CMR G=100 120 110 dBMIN 

G=10 100 95 
G=l 85 75 

Gain Equation G = 20X Rs 0.6 0.8 % MAX 
Accuracy RG 

RL = 2kn ±13 ±13 
Output Voltage Swing VOUT RL = soon ±13 ±13 VMIN 

RL = 50n ±2.5 ±2.5 

Output-Current Limit Output-to-Ground Short ±60 ±60 mAMIN 

Output-Current Limit Output-to-Ground Short ±120 ±120 mAMAX 

Quiescent Current 10 
+V Linked to +Vop 

4.8 4.8 mAMAX -v Linked to -Vop 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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AMP-Ol 
TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, Rs = 10kO, RL = 2kO, TA = 25°C, unless otherwise noted. 

AMP-01NBC AMP-01GBC 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Input Offset 
TCV,os 0.15 0.30 p.vrc 

Voltage Drift 

Output Offset 
TCVoos RG = lID 20 50 p.woC 

Voltage Drift 

Input Bias 
TCl a 40 50 pArC 

Current Drift 

Input Offset 
TClos 3 5 pAloC 

Current Drift 

Nonlinearity G = 1000 0.0007 0.0007 % 

Voltage Noise Density 
G = 1000 

5 nWJHZ en 
10= 1kHz 

Current Noise Density in 
G = 1000 

0.15 0.15 pAlJHZ 
10= 1kHz 

Voltage Noise 
G = 1000 

Bnp_p 
0.1 Hz to 10Hz 

0.12 0.12 p.Vp.p 

Current Noise inp_p 
G = 1000 
0.1 Hz to 10Hz 

2 pAp•p 

Small-Signal 
BW G = 1000 26 26 kHz 

Bandwidth (-3dB) 

Slew Rate SR G=10 4.5 4.5 WI'S 

Settling Time ts 
To 0.01 %, 20V Step 
G = 1000 

50 50 p.s 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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AMP-01 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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INPUT AND OUTPUT OFFSET VOLTAGES 
Instrumentation amplifiers have Independent offset voltages 
associated with the Input and output stages. While the initial 
offsets may be adjusted to zero, temperature variations will 
cause shifts In offsets. Systems with auto-zero can correct 
for offset errors, so initial adjustment would be unnecessary. 
However, many high-gain applications don't have auto zero. 
For these applications, both offsets can be nulled, which has 
minimal effect on TCVlos and TCVoos. 

The input offset component is directly multiplied by the 
amplifier gain, whereas output offset is independent of gain. 
Therefore, at low gain, output-offset-errors dominate, while 
at high gain, input-offset-errors dominate. Overall offset 
voltage, Vos, referred to the output (RTO) is calculated as 
follows; 

Vos (RTO) = (VIOSX G) + Voos· ........... · ............. · ....... ··.··· .......... (1) 

where VIOS and Voos are the Input and output offset voltage 
specifications and G is the amplifier gain. Input offset nulling 
alone is recommended with amplifiers having fixed gain 
above 50. Output offset nulling alone is recommended when 
gain is fixed at 50 or below. 

In applications requiring both initial offsets to be nulled, the 
input offset is nulled first by short-circuiting RG, then the 
output offset is nulled with the short removed. 

The overall offset voltage drift TCVos, referred to the output, 
is a combination of input and output drift specifications. 
Input offset voltage drift is multiplied by the amplifier gain, G, 
and summed with the output offset drift; 

TCVos (RTO) = (TCVlosX G) + TCVoos································ (2) 

where TCVlos is the input offset voltage drift, and TCVoos is 
the output offset voltage specification. Frequently, the 
amplifier drift is referred back to the input (RTI) which is then 
equivalent to an input signal change; 

TCVos(RTI)=TCVlos+ TCVoos············································(3) 
r. 

For example, the maximum input-referred drift of an 
AMP-01 EX set to G = 1000 becomes; 

TCVos (RTI) = 0.3j1oVlo C + 100jloVlo C = 0.4j1oVlo C max. 
1000 

INPUT BIAS AND OFFSET CURRENTS 
Input transistor bias currents are additional error sources 
which can degrade the input signal. Bias currents flowing 
through the signal source resistance appear as an additional 
offset voltage. Equal source resistance on both Inputs of an 
IA will minimize offset changes due to bias current variations 
with signal voltage and temperature. However, the difference 
between the two bias currents, the input offset current, 
produces a non-trlmmable error. The magnitude of the error 
is the offset current times the source resistance. 

A current path must always be provided between the differen
tial inputs and analog ground to ensure correct amplifier 
operation. Floating inputs, such as thermocouples, should 
be grounded close to the signal source for best common
mode rejection. 
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GAIN 
The AMP-01 uses two external resistors for setting voltage 
gain over the range 0.1 to 10,000. The magnitudes of the 
scale resistor, Rs, and gain-set resistor, RG, are related by the 
formula: G = 20X Rs/RG' where G is the selected voltage gain 
(Refer to Figure 1). 

v+ 

+'N 

·'N 

( 20 x fts) 
VOLTAGE GAIN, Gill ~ 

v· 

Figure 1. Basic AMP-G1 connections for galn8 0.1 to 10,000. 

The magnitude of Rs affects linearity and output referred 
errors. Circuit performance is characterized using Rs = 10kO 
when operating on ±15 volt supplies and driving a ±1 0 volt 
output. Rs may be reduced to 5kO in many applications 
particularly when operating on ±5 volt supplies or if the 
output voltage swing is limited to ±5 volts. Bandwidth is 
improved with Rs = 5kO and this also increases common
mode rejection by approximately 6dB at low gain. Lowering 
the value below 5kO can cause instability in some circuit 
configurations and usually has no advantage. High voltage 
gains between two and ten thousand would require very low 
values of RG. ForRs= 10kOand Av = 2000 we get RG= 1000; 
this value is the practical lower limit for RG. Below 1000, 
mismatch of wirebond and resistor temperature coefficients 
will introduce significant gain tempco errors. Therefore, for 
gains above 2,000, RG should be kept constant at 1000 and 
Rs increased. The maximum gain of 10,000 is obtained with 
Rs set to 50kO. 

Metal-film orwirewound resistors are recommended for best 
results. The absolute values and TC's are not too important, 
only the ratiometrlc parameters. 

AC amplifiers require good gain stability with temperature 
and time, but DC performance is unimportant. Therefore,low 
cost metal-film types with TC's of 50ppm'oC are usually 
adequate for Rs and RG. Realizing the full potential of the 
AMP-01's offset voltage and gain stability requires preCision 
metal-film or wirewouOd resistors. Achieving a 15ppm'oC 
gain tempco at all gains requires Rs and RG temperature 
coefficient matching to 5ppm/°C or better. 
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100 

VOLTAGE GAIN 
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Gain accuracy is determined by the ratio accuracy of Rs and 
RG combined with the gain equation error of the AMP-01 
(0.6% max for AlE grades). 

All instrumentation amplifiers require attention to layout so 
thermocouple effects are minimized. Thermocouples formed 
between copper and dissimilar metals can easily destroy the 
TCVos performance of the AMP-01 which is typically 
0.15p.V/0 C. Resistors themselves can generate thermoelectric 
EMF's when mounted parallel to a thermal gradient. "Vishay" 
resistors are recommended because a maximum value for 
thermoelectric generation is specified. However, where 
thermal gradients are low and gain TC's of 20-50ppm are 
sufficient, general-purpose metal-film resistors can be used 
for RG and Rs. 

COMMON-MODE REJECTION 
Ideally, an instrumentation amplifier responds only to the 
difference between the two input signals and rejects 
common-mode voltages and noise. In practice, there is a 
small change in output voltage when both inputs experience 
the same common-mode voltage change; the ratio of these 
voltages is called the common-mode gain. Common-mode 
rejection (CMR) is the logarithm of the ratio of differential
mode gain to common-mode gain, expressed in dB. CMR 
specifications are normally measured with a full-range input 
voltage change and a specified source resistance unbalance. 

The current-feedback design used in the AMP-01 inherently 
yields high common-mode rejection. Unlike resistive feed
back designs, typified by the three-op-amp lA, the CMR is not 
degraded by small resistances in series with the reference 
input. A slight, but trimmable, output offset voltage change 
results from resistance in series with the reference input. 

The common-mode input voltage range, CMVR, for linear 
operation may be calculated from the formula: 

CMVR = ± (IVR JV~~TI) ..... (4) 

IVR is the data sheet specification for input voltage range; 
VOUT is the maximum output signal; and G is the chosen 
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voltage gain. For example, at 25° C, IVR is specified as ±10.5 
volt minimum with ±15 volt supplies. Using a ±10 volt 
maximum swing output and substituting the figures in (4) 
simplifies the formula to: 

CMVR=± (10.5-~) ..... (5) 

For all gains greater than or equal to 10, CMVR is ±10 volt 
minimum; at gains below 10, CMVR is reduced. 

ACTIVE GUARD DRIVE 
Rejection of common-mode noise and line pick-up can be 
improved by using shielded cable between the signal source 
and the IA. Shielding reduces pick-up, but increases input 
capacitance, which in turn degrades the settling-time for 
signal changes. Further, any imbalance in the source resis-
tance between the inverting and noninverting inputs, when 
capacitively loaded, converts the common-mode voltage into II 
a differential voltage. This effect reduces the benefits of l 

shielding. AC common-mode rejection is improved by "boot
strapping" the input cable capacitance to the input Signal, a 
technique called "guard driving". This technique effectively 
reduces the input capacitance. A single guard-driving signal 
is adequate at gains above 100 and should be the average 
value of the two inputs. The value of external gain resistor RG 
is split between two resistors RGl and RG2; the center tap 
provides the required signal to drive the buffer amplifier 
(Figure 2). 

GROUNDING 
The majority of instruments and data acquisition systems 
have separate grounds for analog and digital signals. Analog 
ground may also be divided into two or more grounds which 
will be tied together at one pOint, usually the analog power
supply ground. In addition, the digital and analog grounds 
may be joined, normally at the analog ground pin on the 
A-to-O converter. Following this basic grounding practice is 
essential for good circuit performance (Figure 3). 

Mixing grounds causes interactions between digital circuits 
and the analog Signals. Since the ground returns have finite 
resistance and inductance, hundreds of millivolts can be 
developed between the system ground and the data acquisi
tion components. Using separate ground returns minimizes 
the current flow in the sensitive analog return path to the 
system ground point. Consequently, noisy ground currents 
from logiC gates do not interact with the analog signals. 

Inevitably, two or more circuits will be joined together with 
their grounds at differential potentials. In these situations, 
the differential input of an instrumentation amplifier, with its 
high CMR, can accurately transfer analog information from 
one circuit to another. 

SENSE AND REFERENCE TERMINALS 
The sense terminal completes the feedback path for the 
instrumentation amplifier output stage and is normally 
connected directly to the output. The output Signal is 
specified with respect to the reference terminal, which is 
normally connected to analog ground. 
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VOLTAGE GAIN, G=( 20XRS) 
RG1 

AV = 500 WITH COMPONENTS SHOWN 

+INCHp----------------"-I 

+15V 

-15V 

RG1 
400n 

2 RG 

-IN 0-1--------...... ------"-1 
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*~ 
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Figure 2. AMP-G1 evaluation circuit showing guard-drlve connection. 

Figure 3. Basic grounding practice. 

4-128 INSTRUMENTATION AMPLIFIERS 

ANALOG 
POWER SUPPLY 

SMP-l1 
SAMPLE AND HOLD 

C2 
O.047p.F 

-15V 

DIGITAL 
POWER SUPPLY 

OV 

ADC 

+5V 

4.7p.F 

C - O.047p.F CERAMIC CAPACITORS 

DIGITAL 
DATA 
OUTPUT 

REV.C 



If heavy output currents are expected and the load is situated 
some distance from the amplifier, voltage drops due to track 
or wire resistance will cause errors. Voltage drops are partic
ularly troublesome when driving son loads. Under these 
conditions, the sense and reference terminals can be used to 
"remote sense" the load as shown in Figure4. This method of 
connection puts the IXR drops inside the feedback loop and 
virtually eliminates the error. An unbalance in the lead 
resistances from the sense and reference pins does not 
degrade CMR, but will change the output offset voltage. For 
example, a large unbalance of 3n will change the output 
offset by only lmV. 

DRIVING son LOADS 
Output currents of SOmA are guaranteed into loads of up to 
son and 26mA into soon. In addition, the output is stable and 
free from oscillation even with a high load capacitance. The 
combination of these unique features in an instrumentation 
amplifier allows low-level transducer signals to be condi-

v+ 

+INo--------'''i 

-IN 0-----'''1 

v-

Figure 4. Remote load sensing. 

AMP-Ol 
tioned and directly transmitted through long cables in 
voltage or current form. Increased output current brings 
increased internal dissipation, especially with son loads. For 
this reason, the power-supply connections are split into two 
pairs; pins 10 and 13 connect to the output stage only and 
pins 11 and 12 provide power to the input and following 
stages. Dual supply pins allow dropper resistors to be 
connected in series with the output stage so excess power is 
dissipated outside the package. Additional decoupling is 
necessary between pins 10 and 13 to ground to maintain 
stability when dropper resistors are used. Figure 5 shows a 
complete circuit for driving son loads. 

HEATSINKING 
To maintain high reliability, the die temperature of any IC 
should be kept as low as practicable, preferably below 
100· C. Although most AMP-Dl application circuits will 
produce very little internal heat - little more than the • 
quiescent dissipation of 90mW - some circuits will raise that l 

*IN4148 DIODES ARE OPTIONAL. DIODES LIMIT THE OUTPUT 
VOLTAGE EXCURSION IF SENSE AND/OR REFERENCE LINES 
BECOME DISCONNECTED FROM THE LOAD. 

~-~':::J REMOTE 
PAIRS LOAD 

,.-,/-, , 
I'-/'-~'~'_/ ,_/ 

POWER BANDWIDTH, G = 100, 130KHz 

POWER BANDWIDTH, G = 10, 200KHz 

T.H.D.-O.04%@1KHz,2Vr.m.s. 

,-------------..... ---O+15V 

RS·5kU 

+INo------"'I 

-IN 0-------4 

VOLTAGE GAIN, G = CO:GRs) 

RESISTORS R, AND R2 REDUCE Ie DISSIPATION. 

Figure 5. Driving 50n loads. 
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to several hundred milliwatts (for example, the 4-20mA 
current transmitter application, Figure B). Excessive dissipa
tion will cause thermal shutdown of the output stage thus 
protecting the device from damage. A heatsink is recom
mended in power applications to reduce the die temperature. 

Several appropriate heatsinks are available; the Thermalloy 
6010B is especially easy to use and is inexpensive. Intended 
for dual-in-line packages, the heatsink may be attached with 
a cyanoacrylate adhesive. This heatsink reduces the thermal 
resistance between the junction and ambient environment to 
approximately BO· C/W. Junction (die) temperature can then 
be calculated by using the relationship: 

Tj-Ta 
Pd= ---

Oja 

where Tj and Ta are the junction and ambient temperatures 
respectively, 0Ja is the thermal resistance from junction to 
ambient, and Pd is the device's internal dissipation. 

OVERVOLTAGE PROTECTION 
Instrumentation amplifiers invariably sit at the front end of 
instrumentation systems where there is a high probability of 
exposure to overloads. Voltage transients, failure of a trans
ducer, or removal of the amplifier power supply while the 
signal source is connected may destroy or degrade the 
performance of an unprotected amplifier. Although it is 
impractical to protect an IC internally against connection to 
power lines, it is relatively easy to provide protection against 
typical system overloads. 

The AMP-01 is internally protected against overloads for 
gains of up to 100. At higher gains, the protection is reduced 
and some external measures may be required. Limited 
internal overload protection is used so that noise perfor
mance would not be significantly degraded. 

AMP-01 noise level approaches the theoretical noise floor of 
the input stage which would be 4nV/VHZat 1 kHz when the 
gain is set at 1000. Noise is the result of shot noise in the input 
devices and Johnson noise in the resistors. Resistor noise is 
calculated from the values of RG (2000 at a gain of 1000) and 
the input protection resistors (2500). Active loads for the 
inputtransistorscontribute less than 1 nVlVHZof noise. The 
measured noise level is typically 5nVlVHZ. 

Diodes across the input transistor's base-emitter junctions, 
combined with 2500 input resistors and RG, protect against 
differential inputs of up to ±20V for gains of up to 100. The 
diodes also prevent avalanche breakdown that would degrade 
the Is and los specifications. Decreasing the value of RG for 
gains above 100 limits the maximum input overload protec
tion to ±10V. External series resistors could be added to 
guard against higher voltage levels at the input, but resistors 
alone increase the input noise and degrade the sf~nal-to
noise ratio, especially at high gains. 
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Protection can also be achieved by connecting back-to-back 
9.1V zener diodes across the differential inputs. This tech
nique does not affect the input noise level and can be used 
down to a gain of 2 with minimal increase in input current. 
Although voltage-clamping elements look like short circuits 
at the limiting voltage, the majority of signal sources provide 
less than 50mA, producing power levels that are easily 
handled by low-power zeners. 

Simultaneous connection of the differential inputs to a low
impedance signal above 10V during normal circuit operation 
is unlikely. However, additional protection involves adding 
1000 current-limiting resistors in each signal path prior to the 
voltage clam2.iJtle resistors increase the input noise level to 
just 5.4nVlY Hz (refer to Figure 6). 

Input components, be they multiplexers or resistors, should 
be carefully selected to prevent the formation of thermo
couple junctions which would degrade the input signal. 

*OPTIONAL PROTECTION 
RESISTORS, see TEXT. 

100n lW* 
+IN'o-'VV_---i 

100n lW* 

9.1V1W 
ZENERS 

-IN O--'INI"---I 

+15V 

-15V 

LINEAR INPUT RANGE, 
±5VMAXIMUM 

DIFFERENTIAL PROTECTION 
TO ±30V 

Your 

Figure 6. Input overvoltage protection for gains 2 to 10,000. 

POWER SUPPLY CONSIDERATIONS 
Achieving the rated performance of precision amplifiers in a 
practical circuit requires careful attention to external influ
ences. For example, supply noise and changes in the nominal 
voltage directly affectthe input offsetvoltage. A PSR of BOdB 
means that a change of 100mV on the supply, not an 
uncommon value, will produce a 10~V input offset change. 
Consequently, care should be taken in choosing a power unit 
that has a low output noise level, good line and load 
regulation, and good temperature stability. 
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APPLICATIONS INFORMATION 
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COMPLIANCE, TYPICALLY ±10V 
LINEARITY - 0.01% 

OUTPUT RESISTANCE AT 20mA - 5MU 
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INTO 500n LOAD 
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lour"" VIN(:GXxR:,) 
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Figure 7. High-compliance bipolar current source with 13-blt linearity. 
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Figure 8. 13-blt linear 4-20mA transmitter constructed by adding a voltage reference. Thermocouple signals can be accepted 
without preampllflcatlon. 
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Figure 9. Adding two transistors Increases output current to ± 1A without affecting the quiescent current of 4mA. Po_r band
width Is 60kHz. 
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Figure 10. The AMP-01 makes an excellent programmable-gain Instrumentation amplifier. Combined gain-switching and 
settling time to 13-blts falls below 100ps. Linearity Is better than 12-blts over a gain range 1 to 1000. 
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Figure 11. A differential Input Instrumentation amplifier with differential output replace .. transformer In many applications. The 
output will drive a 6000 load at low distortion, (0.01%). 
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Figure 12. Configuring the AMP-01 as a non Inverting operational amplifier provides exceptional performance. The output 
handles low load Impedances at very low distortion, 0.006%. 
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Figure 13. The inverting operational amplifier conflgurailon has excellent linearity over the gain range 1 to 1000, typically 
0.005%. Offset voltage drift at unity gain Is Improved over the drift in the Instrumentation amplifier configuration. 
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Figure 14. Stability with large capacitive loads combined with high output current capability make the AMP-Ol ideal for line 
driving applications. Offset voltage drift approaches the TCVIOS limit, (0.3ILVlOC). 
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NOISE TEST CIRCUIT (O.1Hz to 10Hz) 
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INSTRUMENTATION AMPLIFIER WITH AUTO-ZERO 
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20XR

S) 
RG 

7.5kn 

OAe-OB 

TTL INPUT 
"OFFSET" 

VOUT 

1. 

,. 

7.Skn 

.y 

-15V 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Low Offset Voltage ........................................... 1 001! V Max 
• Low Drift ........................................................... 21!VI"C Max 
• Wide Gain Range .............................................. 1 to 10,000 
• High Common-Mode Rejection ....................... 115dB Min 
• High Bandwidth (G = 1000) ............................. 200kHz 1YP 
• Gain Equation Accuracy .................................... 0.5% Max 
• Single Resistor Gain Set 
• Input OVervoltage Protection 
• LowCost 
• Available In Ole Form 

APPLICATIONS 
• Differential Amplifier 
• Strain Gauge Amplifier 
• Thermocouple Amplifier 
• RTD Amplifier 
• Programmable Gain Instrumentation Amplifier 
• Medical Instrumentation 
• Data Acquisition Systems 

ORDERING INFORMATION t 

100 
200 

4 
8 

PLASTIC 
a·PIN 

AMP02EP 
AMP02FP 

OPERATING 
TEMPERATURE 

RANGE 

XI NO 
XI NO 

t 8urn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 

The AMP-02 is the first precision instrumentation amplifier avail
able in an S-pin package. Gain of the AMP-02 is set by a single 
external resistor, and can range from 1 to 10,000. No gain set 
resistor is required for unity gain. The AMP-02 includes an input 
protection network that allows the inputs to be taken 60V beyond 
either supply rail without damaging the device. 

Lasertrimming reduces the input offset voltage to under 1 00(1 V. 
Output offset voltage is below 4mV and gain accuracy is better 
than 0.5% for gain of 1000. PMl's proprietary thin-film resistor 
process keeps the gain temperature coefficient under 50 
ppml"C. 

Due to the AMP-02's design, its bandwidth remains very high 
over a wide range of gain. Slew rate is over 4V/ILS making the 
AMP-02 ideal for fast data acquisition systems. 

REV.C 

High Accuracy a-Pin 
Instrumentation Amplifier 

AMP-02 I 
A reference pin is provided to allow the output to be referenced 
to an external DC level. This pin may be used for offset correc
tion or level shifting as required. In the S-pin package, sense is 
internally connected to the output. 

For an instrumentation amplifier with the highest precision, 
consulttheAMP-Ol data sheet. Forthe highest input impedance 
and speed, consult the AMP-OS data sheet. 

PIN CONNECTIONS 

EPOXY MINI-DIP 
(P-Sufflx) 

BASIC CIRCUIT CONNECTIONS 

v+ 

+lNo----"I 

-IN 0---"-1 

v-

16-PINSOL 
(S-Suffix) 

OUT 

G .. (+I~~'7-".) == (s::~) + 1 

FOR SOL CONNECT SENSE TO OUTPUT 
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AMP-02 
ABSOLUTE MAXIMUM RATINGS PACKAGE TYPE SIA (Note 2) SIC UNITS 
Supply Voltage ................................................................. ±18V 
Common-Mode Input Voltage ...... [(V-) - SOV] to [(V+) + SOV] B-Pin Plastic DIP (P) 96 'S1 'CIW 

Differential Input Voltage .•............ [(V-) - SOV] to [(V+) + SOV] 1B-Pln SOl. (5) 92 Z1 'CIW 

Output Short-Circuit Duration ................................. Continuous NOTE: 

Operating Temperature Range ....................... -40·C to +85·C 1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

Storage Temperature Range ......................... -65·C to + 150·C 2. 8 1A is specified for worst case mounting ccnditions, i.e., SiA Is specified for 
Junction Temperature Range ...........•..••.......• -65·C to + 150·C device In socket for P·DIP package; 8 iA Is spacified for dilvlce soldered to 

Lead Temperature (Soldering, 10 sac) ......................... +300·C primed circuit board for SOL package. 

ELECTRICAL CHARACTERISTICS at V s .. ±15V, VeM .. OV, T A = +25·C, unless otherwise notad. 

AM~2E AMP"()2F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

OFFSET VOLTAGE 

Input Offset Voltage VIOS 
TA = +25"C 20 100 40 200 

"V -40'C STA S +85'C 50 200 100 350 

Input Offset Voltage Drift TCVlos -40"C S T A S +85"C 0.5 2 4 "W'C 

Output Offset Voltage Voos 
T" =+25'C 1 4 2 8 

mV 
-40"C sTA S +85"C 4 10 9 20 

Output Offset Voltage Drift TCVoos -40"C S T A S +85"C 50 100 100 200 "W'C 

V~_±4.8Vto:l:18V 
.1000 115 128 110 115 

G=100 115 125 110 115 
dB 

G.10 100 110 95 100 

Power Supply 
G=1 80 90 75 80 

PSR 
Rejection 

Vs =±4·8Vto:l:18V 
-40'C sT AS +85'C 

G.1000 110 120 105 110 
G=100 110 120 105 110 

dB 
G.10 95 110 90 95 
G=1 75 90 70 75 

INPUT CURRENT 

Input Bias Current Ie 
T" =+25'C 2 10 4 20 

nA 
-40"C S T 6 S +85'C 12 30 20 40 

Input Bias Current Drift TCle -40"C ST" +85"C 150 250 pAI'C 

Input Offset Current los 
T" _+25'C 1.2 5 2 10 

nA 
-40"C S T A S +85'C 1.8 15 3 20 

Input Offset Current Drift TClos -40'C S T A S +85"C 9 15 pAl'C 

INPUT 

Input Resistance RIN 
DIfferential, G S 1000 10 10 

Gn 
Common·Mode, G .1000 16.5 16.5 

Input Voltage Range IVR 
T A = +25"C (Note 3) :1:11 :1:11 

V 
-40'C STA S +85"C :1:11 :1:11 

VCM -:l:11V 
G_1000 115 120 110 115 
G.100 115 120 110 115 

dB G_10 100 115 95 110 

Common·Mode 
G=1 80 95 75 90 

Rejection 
CMR 

VCM -:l:11V 
-40"C sT AS +85"C 

G.1000 110 120 105 115 
G_100 110 120 105 115 

dB 
G.10 95 110 90 105 
G-1 75 90 70 85 
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AMP-02 
ELECTRICAL CHARACTERISTICS at V S • ±15V, VeM - OV, TA • +25°C, unless otherwise noted. Continued 

AMP"()2E AMP"()2F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

GAIN 

G=looo 0.50 0.70 
Gain Equallon G.5Okn+ l 

G.l00 0.30 
Accuracy Ro G=10 0.25 

G.l 0.02 

0.50 % 
0.40 
0.05 

Gain Range G 10k 10k VIV 

Nonlinearity G=1 to 1000 0.006 0.006 % 

Temperature Coefficient GTe 
1 SGSloo0 

20 50 
(Notes 1.2) 

20 50 ppml'C 

OUTPUT RATING 

TA• +25'C. 

Output Voltage RL .lkn ±12 ±13 

Swing 
VOUT RL = lkn, 

-40'C S TA S +65'C 
±11 ±12 

Positive Current Limit Output·to-Ground Short 22 

±12 ±13 

±11 ±12 

22 

______ ~ ___________ V. 
rnA 

Negative Current limit Output-to-Ground Short 32 32 rnA 

NOISE 

fo= 1kHz 
G = 1000 9 9 

Voltage Density, RTI en G=100 10 
G=10 18 

10 
18 

nVl.jHz 

G.l 120 120 

Noise Current Density, RTI in fo = 1kHz, G = 1000 0.4 0.4 pAl.jHz 

O.IHzto 10Hz 
G.l0oo 0.4 0.4 

Input Noise Vottage en p-p G.l00 0.5 
G=10 1.2 

0.5 
1.2 

G.l 10 10 

DYNAMIC RESPONSE 

G=1 1200 1200 
Small-Signal 

BW 
G=10 300 

Bandwidth (-3dB) G=loo 200 
300 
200 

kHz 

G = 1000 200 200 

Slew Rate SR G.'O,RL=lkn 4 6 4 6 VII'S 

Settling Time ts 
ToO.Ol%±10VStep 

10 
G = 1 to 1000 10 I'S 

NOTES: 
1. Guaranteed by design. 
2. Gain tempco does not Include the effects of external component drift. 
3. Input vottage range guaranteed by common-mode rejection test. 
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AMP-02 
ELECTRICAL CHARACTERISTICS at V s • ±1SV. VeM - OV. TA - +2SoC. unless otherwise noted. Continued 

AMP.(J2E AMP.(J2F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

SENSE INPUT 

Input Resistance RIN 25 25 

Voltage Range ±11 ±11 V 

REFERENCE INPUT 

Input Resistance RIN 50 50 

Voltage Range ±11 ±11 v 
Gain to Output VIV 

POWER SUPPLY 

Supply Voltage Range Vs ±4.S ±18 ±4.5 ±18 V 

Supply Current ISY 
TA _+2S"C 5 6 5 6 
--40"C S T A S +SS"C S 6 S 6 

mA 

SIMPLIFIED SCHEMATIC 

~------------~~~--~--------------~----------------------~~ 

25l1li 

25kII >-_>__--0 OUT 

L-----,NII~-------oREFERENCE 

-IN +IN 

~------------~~----~--------------~----------------------~~ 
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DICE CHARACTERISTICS 

1. RG, 
2. -IN 
3. +IN 
4. V-
5. REFERENCE 
8. OUT 
7. V+ 
8. RG2 
9. SENSE 

Connect Substrate to V-

AMP-02 

DIE SIZE 0.103 xO.116 Inch, 11,9468q.mlla 4 
(2.62 x 2.95 mm, 7.73 8q. mm) 

L...---________ ---' 

WAFER TEST LIMITS at V s • ±15V. VeM • OV. T A • +25"C. unless otherwise noted. 

PARAMETER SYMBOL 

InputOllsetVolmge VIOS 

Output Offset Volmge V OOS 

Power Supply 
Rejection 

Input Bias Current 

Input Offset Current 

Input Voltage Renge 

Common·Mode 
Rejection 

Gain Equa1ion 
Accuracy 

Output Voltage Swing 

Supply Current 

NOTE: 

PSR 

IVR 

CMR 

CONDITIONS 

Va .:t4.8VIO:t18V 
G.1000 
G.l00 
G.l0 
G.l 

Gusranteed by CMR Tests 

VCM -:tl1V 
G.l000 

G=100 
G.l0 
G.l 

1\ .lkn 

AMP-02GBC 
UMITS UNITS 

200 IlVMAX 

8 mVMAX 

110 
110 dB MIN 

95 
75 

20 nAMAX 

10 nAMAX 

:t11 VMIN 

110 
110 dB MIN 
95 
75 

0.7 "'MAX 

:t12 VMIN 

6 mAMAX 

Electricaltesll ere performed at wafer probe to thelimlll shown. Due 10 variations in assembly methods and normal yield loss. yield after packaging is not guaranteed for 
smndard product dice. Consult factory 10 negotiate specifications baaed on dice lot qualifications through ssrnple lot assembly and testing. 

REV.C INSTRUMENTATIONAMPLIFIERS 4-141 



AMP-02 
TYPICAL PERFORMANCE CHARACTERISTICS 

Ii 
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"00 
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700 ... ... ... 
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o 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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AMP-02 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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APPLICATIONS INFORMATION 

INPUT AND OUTPUT OFFSET VOLTAGES 
Instrumentation amplifiers have independent offset voltages 
associated with the input and output stages. The input offset 
component is directly multiplied by the amplifier gain, whereas 
output offset is independent of gain. Therefore, at low gain, 
output-offset-errors dominate, while at high gain, input-offset
errors dominate. Overall offset voltage, Vas' referred to the 
output (RTO) is calculated as follows: 

Vas (RTO) - (Vias x G) + Voos 

where VIOS and Voos are the input and output offset voltage 
specifications and G is the amplifier gain. 

The overall offset voltage drift TCVos' referred to the output, is 
a combination of input and output drift specifications. Input off
set voltage drift is multiplied by the amplifier gain, G, and 
summed with the output offset drift: 

TCVos (RTO) = (TCVlos x G) + TCVoos 

where TCVlos is the input offset voltage drift, and TCV oos is the 
output offset voltage drift. Frequently, the amplifier drift is re
ferred back to the input (RTI) which is then equivalentto an input 
signal change: 

TCVos (RTI) _ TCVlos + TCVoos 
G 

For example, the maximum input-referred drift of an AMP-02EP 
set to G = 1000 becomes: 

TCVos (RTI) = 21.tV/·C + lOOI1VI"C =2.1I1VrC 
1000 

INPUT BIAS AND OFFSET CURRENTS 
Input transistor bias currents are additional error sources which 
can degrade the input signal. Bias currents flowing through the 
signal source resistance appear as an additional offset voltage. 
Equal source resistance on both inputs of an IA will minimize off
set changes due to bias current variations with signal voltage 
and temperature. However, the difference between the two bias 
currents, the input offset current, produces an error. The magni
tude of the error is the offset current times the source resistance. 

A current path must always be provided between the differential 
inputs and analog ground to ensure correct amplifier operation. 
Floating inputs, such as thermocouples, should be grounded 
close to the signal source for best common-mode rejection. 

GAIN 
The AMP-02 only requires a single external resistor to set the 
voltage gain. The voltage gain, G, is: 

G = SOlin + 1 
FIG 

and 

RG = 50110 
G - 1 

REV.C 
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The voltage gain can range from 1 to 10,000. A gain set resistor 
is not required for unity-gain applications. Metal-film or wire
wound resistors are recommended for best results. 

The total gain accuracy of the AMP-02 is determined by the tol
erance of the external gain set resistor, RG, combined with the 
gain equation accuracy of the AMP-02. Total gain drift com
bines the mismatch of the external gain set resistor drift with 
that of the internal resistors (20ppm/·C typ). Maximum gain 
drift of the AMP-02 independent of the external gain set resistor 
is 50 ppm/·C. 

All instrumentation amplifiers require attention to layout so 
thermocouple effects are minimized. Thermocouples formed 
between copper and dissimilar metals can easily destroy the 
TCVos performance of the AMP-02 which is typically 0.511 V/·C. 
Resistors themselves can generate thermoelectric EMFs when 
mounted parallel to a thermal gradient. 

The AMP-02 uses the triple op amp instrumentation amPlifier. 
configuration with the input stage consisting of two transimped-
ance amplifiers followed by a unity-gain differential amplifier. 
The input stage and output buffer are laser-trimmed to increase 
gain accuracy. The AMP-02 maintains wide bandwidth at all 
gains as shown in Figure 1. For voltage gains greater than 10, 
the bandwidth is over 200kHz. At unity-gain, the bandwidth of 
the AMP-02 exceeds 1 MHz. 

80 

.1.I,llil II~A a+25.C 
Vs asl5V 

eo 

HllI 
Ll,l " 
J.I, '-

" -20 

-40 
1k 10k lOOk 1M 

FREQUENCV (Hz) 
'0. 

FIGURE 1: The AMP-02 keeps its bandwidth at high gains. 

COMMON·MODE REJECTION 
Ideally, an instrumentation amplifier responds only to the differ
ence between the two input signals and rejects common-mode 
voltages and noise. In practice, there is a small change in output 
voltage when both inputs experience the same common-mode 
voltage change; the ratio of these voltages is called the com
mon-mode gain. Common-mode rejection (CMR) is the loga
rithm of the ratio of differential-mode gain to common-mode 
gain, expressed in dB. Laser trimming is used to achieve the 
high CMR of the AMP-02. 
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AMP-02 

r-----------------l 
I I 

+IN o-....... t-----I I 
>-r;-"""'t-_---.NY ....... --_---1t---oSENSE 

ROI Q-....... 1--------.NY ............ 
I 
I 

(SOL-1S ONLY) 

>-----<_--f'S'---QOUT 

>----<_MI"-<_--.II/II'~---__I""-_oREFERENCE 

-IN 0-...... 1----; 

I 
~-----------------~ 

FIGURE 2: Triple Op Amp Topology of the AMP-02 

Figure 2 shows the triple op amp configuration of the AMP-02. 
With all instrumentation amplifiers of this type, it is critical not to 
exceed the dynamic range of the input amplifiers. The amplified 
differential input signal and the input common-mode voltage 
must not force the amplifier's output voltage beyond ±12V (V s = 
±15V) or nonlinear operation will result. 

The input stage amplifier's output voltages at V, and V 2 equals: 

Vl = -( 1 + ~) ~ + VCM 

= -G Vo + VCM 
2 

V2 = (1 +~) Vo + VCM 
RG· 2 

= GYQ. + VCM 

where 

Vo 

2 

= Differential input voltage 

= (+IN) - (-IN) 

V CM = Common-mode input voltage 

G - Gain of instrumentation amplifier 

If V1 and V 2 can equal ±12V maximum, then the common-mode 
input voltage range is: 

CMVR = ~12V _ G~O) 
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GROUNDING 
The majority of instruments and data acquisition systems have 
separate grounds for analog and digital signals. Analog ground 
may also be divided into two or more grounds which will be tied 
together at one point, usually the analog power-supply ground. 
In addition, the digital and analog grounds may be joined, nor
mally atthe analog ground pin on the A to D converter. Following 
this basic practice is essential for good circuit performance. 

Mixing grounds causes interactions between digital circuits and 
the analog signals. Since the ground returns have finite resis
tance and inductance, hundreds of millivolts can be developed 
between the system ground and the data acquisition compo
nents. Using separate ground returns minimizes the current flow 
in the sensitive analog return path to the system ground point. 
Consequently, noisy ground currents from logic gates do not 
interact with the analog signals. 

Inevitably, two or more circuits will be joined together with their 
grounds at differential potentials. In these situations, the differ
ential input of an instrumentation amplifier, with its high CMR, 
can accurately transfer analog information from one circuit to 
another. 

SENSE AND REFERENCE TERMINALS 
The sense terminal completes the feedback path for the instru
mentation amplifier output stage and is internally connected 
directly to the output. For SOL devices, connect the sense ter
minal to the output. The output signal is specified with respect to 
the reference terminal, which is normally connected to analog 
ground. The reference may also be used for offset correction or 
level shifting. A reference source resistance will reduce the 
common-mode rejection by the ratio of 25knlRR F. If the refer
ence source resistance is Hl, then the CMR will~e reduced to 
BBdB (25knt1 n .. BBdB). 
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OVERVOLTAGE PROTECTION 
Instrumentation amplifiers invariably sit at the front end of instru
mentation systems where there is a high probability of exposure 
to overloads. Voltage transients, failure of a transducer, or 
removal of the amplifier power supply while the signal source is 
connected may destroy or degrade the performance of an un
protected device. A common technique used is to place limiting 
resistors in series with each input, but this adds noise. The AMP-
02 includes internal protection circuitry that limits the input cur
rent to ±4mA for a SOV differential overload (see Figure 3) with 
power off, ±2.5mA with power on. 

... 
-4 

AMP-02 INPUT 
OVERVOLTAGETOLERANCE 

TA-+2S"C POWER OFF J 
Va _:nSY 

I 

II / POWER ON 

J 

II 
1/ ~ 

v.; V 
I{ 

-101 -eo -. -40 -20 • 20 .to 10 8D 100 
DIFFERENTIAL INPUT VOLTAGE 

FIGURE 3: AMP-02's input protection circuitry limits input 
current during overvoltage conditions. 
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AMP-02 
POWER SUPPLY CONSIDERATIONS 
Achieving the rated performance of precision amplifiers in a 
practical circuit requires careful attention to external influences. 
For example, supply noise and changes in the nominal voltage 
directly affect the input offset voltage. A PSRof aOdB means that 
a change of 1 OOmV on the supply, not an uncommon value, will 
produce a 10IJ. V input offset change. Consequently, care should 
be taken in choosing a power unit that has a low output noise 
level, good line and load regulation, and good temperature sta
bility. In addition, each power supply should be properly by
passed. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• High CMRR ......................................................... 100dB Typ 
• Low Nonlinearity ............................................. 0.001 % Max 
• Low Distortion ................................................. 0.001 % Typ 
• Wide Bandwidth .................................................. 3MHz Typ 
• Fast Slew Rate ................................................. 9.5V/!ls Typ 
• Fast Settling (0.01 %) .............................................. 1!lS Typ 
• LowCost 

APPLICATIONS 

• Summing Amplifiers 
• Instrumentation Amplifiers 
• Balanced Line Receivers 
• Current-Voltage Conversion 
• Absolute Value Amplifier 
• 4-20mA Current Transmitter 
• Precision Voltage Reference Applications 
• Lower Cost and Higher Speed Version of INA105 

ORDERING INFORMATION' 
PACKAGE 

PLASTIC 
TO-99 S-PIN 

OPERATING 
TEMPERATURE 

RANGE 

AMP03BJ* 
AMP03FJ AMP03GP 

MIL 
XIND 

* For devices processed in total compliance to MIL-STD-S83, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
plastic DIP. and TO-can packages. 

FUNCTIONAL DIAGRAM 

25"" 25ka 
-IN 2 SENSE 

.----+-'-<l +vcc 

OUTPUT 

'----+"-<> -VEE 

25"" 25kQ 
+IN 3 REFERENCE 

REV.B 

Precision, Unity-Gain 
Differential Amplifier 

AMP-03 I 

GENERAL DESCRIPTION 

The AMP-03 is a monolithic unity-gain, high-speed differential 
amplifier. Incorporating a matched thin-film resistor network, 
the AMP-03 features stable operation over temperature without 
requiring expensive external matched components. The AMP-
03 is a basic analog building block for differential amplifier and 
instrumentation applications. 

The differential amplifier topology ofthe AMP-03 serves to both 
amplify the difference between two signals and provide ex-
tremely high rejection of the common-mode input voltage. By 
providing common-mode rejection (CMR) of 1 OOdS typical, the. 
AMP-03 solves common problems encountered in instrumenta- l 

tion design. As an example, the AMP-03 is ideal for performing 
either addition or subtraction of two signals without using expen-
sive externally-matched precision resistors. The large common-
mode rejection is made possible by matching the internal resis-
tors to better than 0.002% and maintaining a thermally symmet-
ric layout. Additionally, due to high CMR over frequency, the 
AMP-03 is an ideal general amplifier for buffering signals in a 
noisy environment into data acquisition systems. 

The AMP-03 is a higher speed alternative to the INA105. Fea
turing slew rates of 9.5V/!ls, and a bandwidth of 3M Hz, the 
AMP-03 offers superior performance for high speed current 
sources, absolute value amplifiers, and summing amplifiers 
than the INA 105. 

PIN CONNECTIONS 

N.C. 

REFERENCE07 v+ 

-IN 2 8 OUTPUT 

+IN 3 5 SENSE 

4 
v-

a-PIN 
EPOXY MINI-DIP 

(P-Suffix) 

TO-99 
(J-Sufflx) 
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AMP-03 
ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ................................................................. ±18V 

Input Voltage (Note 2) ...............................•...... Supply Voltage 

Output Short-Circuit Duration ................................ Continuous 

Storage Temperature Range 

P, J Package ...................•........•••...•.••...•.... -65°C to +150°C 

Lead Temperature (Soldering, 60 sec) •••....•••.............• +300°C 

Junction Temperature .................................................. +150°C 

Operating Temperature Range 

AMP-03B •••.••••..•.....•....•......•..•.........•.•.••..... -55°C to +125°C 

AMP-03F, AMP-03G .................••...........•..... -40°C to +85°C 

PACKAGE TYPE alA (Note 3) UNITS 

TO-99 (J) 150 18 'C/W 

8-Pin Plastic DIP (P) 103 43 'C/W 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. For supply voltages less than :18V, the absolute maximum input voltage is 

equal to the supply voltage. 
3. a'A is specified for worst case mounting conditions, i.e., a JA is specified for 

d~vice in socket for TO and P-DiP packages. 

ELECTRICAL CHARACTERISTICS atVs = ±15V, TA = +25°C, unless otherwise noted. 

AMP-03F AMP-03B AMP-03G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Offset 
Vos VCM = OV 

Voltage 
-400 10 400 -700 20 700 -750 25 750 ~V 

Gain Error 
No Load, Y'N = ±10V, 

Rs = OQ 
- 0.00004 0.008 - 0.00004 0.008 0.001 0.008 % 

Input Voltage 
IVR ±20 ±20 ±20 V 

Range 

Common-Mode 
CMR 

Rejection 
VCM = :10V 85 100 80 95 80 95 dB 

Power Supply 
PSRR Vs =:6Vto:18V 0.6 10 0.6 10 0.7 10 ~VN Rejection Ratio 

Output Swing Vo RL = 2kQ :12 :13.7 :12 :13.7 :12 :13.7 V 

Short-Circuit 
Isc 

Output Shorted 
+45/-15 +45/-15 +45/-15 mA 

Current Limit To Ground 

Small-Signal 
Bandwidth (-3d B) BW RL = 2kQ 3 3 MHz 

Slew Rate SR RL =2kQ 6 9.5 6 9.5 6 9.5 V/~s 

Capacitive Load 
CL No Oscillation 300 300 300 pF 

Drive Capability 

Supply Current ISY No Load 2.5 3.5 2.5 3.5 2.5 3.5 mA 
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AMP-03 

ELECTRICAL CHARACTERISTICS at V s = ±15V ,-55°C :;;T A:;; + 125°C for B grade. Continued 

AMP-03B 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Offset Voltage Vos VCM=OV -1500 150 1500 IlV 

Gain Error No Load, V,N =±10V, Rs = OQ 0.0014 0.02 % 

Input Voltage Range IVR ±20 V 

Common·Mode Rejection CMR VCM =±10V 75 95 dB 

Power Supply Rejection Ratio PSRR Vs =±6Vto±18V 0.7 20 INN 

Output Swing Vo RL =2kQ ±12 ±13.7 V 

Slew Rate SR RL =2kQ 9.5 V/IlS 

Supply Current ISY No Load 3.0 4.0 rnA 

ELECTRICAL CHARACTERISTICS at V s = ±15V, -40°C :;; T A :;; +85°C for F and G grades. 

AMP-03F AMP-03G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos VCM=OV -1000 100 1000 -2000 200 2000 IlV 

Gain Error No Load, V,N =±IOV, Rs = OQ - 0.0008 0.015 0.002 0.02 % 

Input Voltage Range IVR ±20 ±20 V 

Common-Mode Rejection CMR VcM=±IOV 80 95 75 90 dB 

Power Supply 
PSRR Vs =±6VtO±18V 0.7 15 1.0 15 IlVN 

Rejection Ratio 

Output Swing Vo RL =2kQ ±12 ±13.7 ±12 ±t3.7 V 

Slew Rate SR RL =2kQ 9.5 9.5 V/IlS 

Supply Current ISY No Load 2.6 4.0 2.6 4.0 rnA 

BURN-IN CIRCUIT SLEW RATE TEST CIRCUIT 

+IBV +1SV 

25kQ 2 AMP-03 

25"" 3 

0.1"" 
-18V 

-15V 1-
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AMP-03 
DICE CHARACTERISTICS 

DIE SIZE 0.078 x 0.078 Inch, 5,776 sq. mils 
(1.93 x 1.93 mm, 3.73 sq. mm) 

1. 
2. 
3. 
4. 
5. 
8. 
7. 
8. 

REFERENCE 
-IN 
+IN 
V-
SENSE 
OUTPUT 
V+ 
N.C. 

WAFER TEST LIMITS atVs = :l:1SV, TA = +2S0C unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Offset Voltage Vos Va =:18V 

GaIn Error No Load. Y'N = :10V. Rs = OD 

Input Voltage Range IVR 

Common·Mode RejectIon CMR VCM =:10V 

Power Supply Rejection Ratio PSRR vs =:aVto:18V 

Output Swing Vo RL =2kD 

Short·Clrcuit Current Limit Isc Output Shorted To Ground 

Supply Current ISY No Load 

AMP·03BC 
LIMITS UNITS 

0.5 mVMAX 

0.008 % MAX 

:10 VMIN 

80 dB MIN 

8 .... VNMAX 

:12 V MAX 

+451-15 mAMIN 

3.5 mAMAX 

Electrical tests are perlormed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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AMP-03 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 

REV. B 

120 

~ 1DO 

1\ 
l 
~ .. 
ffi 
c .. 

i 
~ 40 

;! 

g 20 

o 
1 

VOLTAGE NOISE DENSITY 
vs FREQUENCY 

T.~+~'~ 
VS",,.,15V 

" 
10 100 1k 

FREQUENCY (Hz) 

VOLTAGE NOISE FROM 
OT01kHz 

TA = +25'C 
Vs =~15V 

10' 

- +10~V 

-ov 
- -10~V 

NOTE: EXTERNAL AMPLIFIER GAIN = 1000; 
THEREFORE. VERTICAL SCALE = 10~V/DIV. 

LOW FREQUENCY 
VOLTAGE NOISE 

AMP-03 

0.1 TO 10Hz PEAK-TO-PEAK NOISE 

VOLTAGE NOISE FROM 
OT010kHz 

TA _+25°C 
Vs =~15V 

NOTE: EXTERNAL AMPLIFIER GAIN = 1000; 
THEREFORE. VERTICAL SCALE = 10~V/DIV. 

INSTRUMENTATIONAMPLIFIERS 4-155 

• 



AMP-03 

+Y 

>=~--o+ 
YOUT·"YIIGNAL 

aROUND REFERENCE 1 GROUND REPEAINCE 2 

FIGURE 1: AMP-OS serves to reject common-mode voltages 
in instrumentation systems. Common-mode voltages occur 
due to ground current returns. VS/GNAL and ECM must be 
within the common-mode range of AMP-DS. 

APPLICATIONS INFORMATION 

The AMP-03 represents a versatile analog building block. In 
order to capitalize on fast settling time, high slew rate, and high 
CMR, proper decoupling and grounding techniques must be 
employed. Figure 1 illustrates the use of 0.1 J1F decoupling ca
pacitors and proper ground connections. 

MAINTAINING COMMON·MODE REJECTION 
In order to achieve the full common-mode rejection capability of 
the AMP-03, the source impedance must be carefully con
trolled. Slight imbalances of the source resistance will result in 
a degradation of DC CMR - even a SO imbalance will degrade 
CMR by 20dB. Also, the matching ofthe reactive source imped
ance must be matched in order to preserve theCMRR over fre
quency. 

APPLICATION CIRCUITS 

Eo=Eo-E, 

FIGURE 2: Precision Difference Amplifier. Rejects Common

Mode Signal = [EI +E21 by100dB 
2 
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Eo .-1, 

FIGURE 3: Precision Unity-Gain Inverting Amplifier 

.1OY 

~~---------------------O+1WO~ 

FIGURE 4: ~10V Precision Voltage Reference 

FIGURE 5: ~V Precision Voltage Reference 
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FIGURE 6: Precision Summing Amplifier 

AMP-G3 

E,o---+-IIIV'---.-l 

E,o--+-NV'-...J 

FIGURE 7: Precision Summing Amplifier with Gain 

2 AMP-G3 
E,o-~-IIIV'-~~--~~---r~----------, 

FIGURE 8: Differential input voltage-to-current converter for 
low lOUT' OP-BOEJ maintains 250fA max, input current, allow
ing 10 to be less than 1pA. 

REV,S 

E, 
-IN 

E, 
+IN 

AMP-03 

r-F--O~TPUT 

FIGURE 9: Suitable instrumentation amplifier requirements 
can be addressed by using an input stage consisting of A I' A2 , 

R, and R2, The following matrix suggests a suitable amplifier, 

SYSTEM DESIGN 
REQUIREMENT 

Source impedance low, 
need low voltage noise 
performance 

Source impedance high 
(Rs 215KQ), 
need low current nOise 

Require ultra-high input impedance 

Need wider bandwidth and 
high speed 

SUGGESTED OP AMP 
FORA1 ANDAz 

OP-27,OP-37 
OP-227 (Dual Matched) 
OP-270 (Dual) 
OP-271 
OP-470 
OP-471 

OP-80 
OP-41 
OP-43 
OP-249 
OP-97 

OP-80 
OP-97 
OP-41 
OP-43 

OP-42 
OP-43 
OP-249 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
High Common-Mode Rejection: 105 dB min 
Low Supply Current: 800 .... A max 
Wide Gain Range: 1 to 1000 
Low Offset Voltage: 200 .... V max 
High Bandwidth: 300 kHz typ 
Excellent Gain Nonlinearity: 0.003% max 
Zero-ln/Zero-Out 
Single-Resistor Gain Set 
Low Cost 
8-Pin Mini-DIP and SOIC Packages 

APPLICATIONS 
Strain Gages 
Thermocouples 
RTDs 
Battery-Powered Equipment 
Medical Instrumentation 
Data Acquisition Systems 
PC Based Instruments 
Portable Instrumentation 

GENERAL DESCRIPTION 
The AMP-04 is a low power instrumentation amplifier intended 
for single-supply applications. It offers an excellent combination 
of low power consumption, wide voltage range, and excellent 
gain performance in an 8-pin package. Gain between 1 and 1000 
is set by an external resistor. Operating from + 5 V to ± 15 V 
supplies, the input and output common-mode voltage ranges 
allow the AMP-04 to handle signals with full accuracy from 
ground to within 1.5 volts of the positive supply. Gain Band
width is over 300 kHz. In addition to being easy to use, the 
AMP-04 draws only 800 I1A (max) of supply current and is 
available in both plastic and ceramic 8-pin Mini-DIP and plastic 
SOIC (small outline) packages. 

For high resolution data acquisition systems, laser trimming of 
low drift thin-film resistors limits the input offset voltage to 
under 200 11 V, and allows the AMP-04 to offer gain nonlinearity 
of 0.003% and a gain tempco of less than 50 ppml"C. 

"Protected by Patent No. 5,075,633. 

Low Power, 8-Pin, Single-Supply 
Instrumentation Amplifier 

AMP-04* I 
FUNCTIONAL BLOCK DIAGRAM 

100k 

A proprietary input structure limits input bias currents to less 
than 20 nA with drift under 200 pAf'C, allowing direct connec
tion of the AMP-04 to high impedance transducers and other 
signal sources. 

The AMP-04 is specified over the extended industrial (-4O"C to 
+85°C) temperature range. AMP-04s are available in plastic and 
ceramic DIP plus SOIC-8 surface mount packages. Contact your 
local sales office for MIL-STD-883 data sheet. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AMP-04-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (Vs = +5 V, VCM = 2.5 V, -40°C s; TA s; +85°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT OFFSET VOLTAGE 
Input Offset Voltage VIOS "E" Grade 30 200 I1V 
Input Offset Voltage VIOS "F" Grade 30 400 I1V 
Input Offset Voltage Drift TCV10S 5 I1vrC 
Output Offset Voltage Voos 0.5 3.0 mV 
Output Offset Voltage Drift TCVoos 10 I1vre 

INPUT CURRENT 
Input Bias Current IB 15 25 nA 
Input Bias Current Drift TCIB pArC 
Input Offset Current los 0.5 5 nA 
Input Offset Current Drift TCIos pArC 

INPUT 
Input Resistance ZIN MO 
Input Voltage Range IVR 3.5 V 
Common-Mode Rejection CMR 75 dB 

100 dB 
105 dB 

PSRR~ 105 dB 
Power Supply Rejection 100 dB 

110 dB 
115 dB 
115 dB 

GAIN (G = 100 kIRoAIN) 
Gain Equation Accuracy G=I 0.5 % 

G = 10 0.5 % 
G = 100 O.S % 
G = 1000 0.4 % 

Gain Range G 1000 VN 
Nonlinearity G=ltolOOO 0.012 % 
Temperature Coefficient TCa ppmfC 

OUTPUT 
Output Voltage Swing VOUT RL = 2 kO 4.2 V 
Output Current Limit -30 +10 mA 

NOISE 
Noise Voltage Density, RTI eN fo=lkHz 

G=1 nV/ylHz 
G = 10 nV/yIHz 
G = 100 nV/ylHz 
G = 1000 nV/ylHz 

Noise Current Density, RTI iN fo=lkHz 
G=1 pAlyIHz 
G = 10 pAly'Hz 
G = 100 pAlyIHz 
G = 1000 pAlyIHz 

Input Noise Voltage eNP-p 0.1 Hz to 10 Hz 
G=1 I1V 
G=IO I1V 
G = 100 I1V 
G = 1000 I1V 

DYNAMIC RESPONSE 
Small Signal Bandwidth BW G = I, -3 dB 300 kHz 
Slew Rate 0.12 V/l1s 

POWER SUPPLY 
Supply Current Isy SSO !1A 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AMP-04 
ELECTRICAL CHARACTERISTICS (Vs = ±15 v, VCM = 0 v, -40·C :=; TA :=; +85·C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

OFFSET VOLTAGE 
Input Offset Voltage VIos 0.5 mV 
Input Offset Voltage Drift TCVlOs 5 fLVrC 
Output Offset Voltage Voos 5.0 mV 
Output Offset Voltage Drift TCVoos 10 fLVrC 

INPUT CURRENT 
Input Bias Current IB IS 25 nA 
Input Bias Current Drift TCIB pArC 
Input Offset Current los 0.5 5 nA 
Input Offset Current Drift TClOs pArC 

INPUT 
Input Resistance ZlN MO 
Input Voltage Range IVR 13.5 V 
Common-Mode Rejection CMR 75 dB 

II 95 dB 
100 dB 
lOS dB 

Power Supply Rejection 90 dB 
lOS dB 
110 dB 
110 dB 

GAIN (G = 100 k/RGAIN) 
Gain Equation Accuracy G=I 0.2 0.5 % 

G = 10 0.2 0.5 % 
G = 100 0.2 0.5 % 
G = 1000 0.4 % 

Gain Range G 1000 VN 
Nonlinearity G=lto1000 0.012 % 
Temperature Coefficient TCa ppmfC 

OUTPUT 
Output Voltage Swing VOUT RL = 2kO -13.2/+ 14.6 V 
Output Current Limit -30 +10 rnA 

NOISE 
Noise Voltage Density, RTI eN fo=lkHz 

G=I 272 nVI\lHz 
G=lO 44 nVl\IHz 
G = 100 28 nV/\lHz 
G = 1000 10 nV/\lHz 

Noise Current Density, RTI iN fo=lkHz 
G=I pN\lHz 
G = 10 pN\lHz 
G = 100 pN\lHz 
G = 1000 pN\lHz 

Input Noise Voltage eNP-p 0.1 to 10 Hz 
G=l fLV 
G = 10 fLV 
G = 100 fLV 
G = 1000 fLV 

DYNAMIC RESPONSE 
Small Signal Bandwidth BW G=I,(-3dB) 300 kHz 
Slew Rate 0.12 V/fLS 

POWER SUPPLY 
Supply Current ISY 750 fLA 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AMP-04 

WAFER TEST LIMITS (@ Vs = +5.0 V, TA = +25°C unless otherwise noted) 

Parameter Symbol 

OFFSET VOLTAGE 
Input Offset Voltage VIQS 
Output Offset Voltage Voos 

INPUT CURRENT 
Input Bias Current IB 
Input Offset Current los 

OUTPUT 
Output Voltage Swing VOUT 
Output Current Limit 

POWER SUPPLY 
Supply Current Isy 

NOTE 
Electrical tests and wafer probe to the limits shown. Due to variations in as 
standard product dice. Consult factory to negotiate specifications bas 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage .................. . 
Common-Mode Input Voltage2 ••••••••••••• 

Differential Input Voltage ................ V 
Output Short-Circuit Duration to GND2 •••••••• Indefinite 
Storage Temperature Range 

Z, RC Package .................. -65°C to + 175°C 
P, S Package .................... -65°C to + 150°C 

Operating Temperature Range 
AMP-04A ...................... -55°C to +125°C 
AMP-04G ...................... -40°C to +85°C 

Junction Temperature Range 
Z, RC Package .................. -65°C to + 175°C 
P, S Package .................... -65°C to + 150°C 

DICE CHARACTERISTICS 

SSIDZ 8RI 

!I!lX1S 01-08-91 

AMP·04 Die Size 0.075 in. x 0.99 in. (7,425 sq. mils) 

Conditions Limit Units 

200 j.loV 
3.0 mV 

25 nA 
5 nA 

+4 V 
-30/+10 mA 

550 j.toA 

loss, yield after packaging is not guaranteed for 

NOTES 

t assembly and testing. 

148 
103 
158 

16 
43 
43 

Units 

'Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2For supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

30JA is specified for the worst case conditions, i.e., aJA is specified for device in 
socket for cetdip, P·DIP, and LCC packages; aJA is specified for device 
soldered in circuit board for sorc package. 

ORDERING GUIDE 

Vos@ +5V Temperature Cerdip Plastic 
TA = +25"C Range 8-Pin* 8-Pin* 

500 MIL AMP04AZl883 
200 XIND AMP04EP 
400 XlND AMP04FP 
400 XIND AMP04FS 
200 +25°C AMP04GBC 

*For outline information see Package Information section. 

This information applies to a product under development. Its characteristics and specifications are subjact to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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APPLICATIONS 

Common-Mode Rejection 
The purpose of the instrumentation amplifier is to amplify the 
difference between the two input signals, but to ignore the offset 
and noise voltage common to both, the common-mode voltage. 
One way of judging the device's ability to reject this offset is the 
common-mode gain, which is the ratio between a change in the 
common-mode voltage and the resulting output voltage change. 
Instrumentation amplifiers are often judged by the common
mode rejection ratio, which is equal to 20 x 10gIO of the ratio of 
the user-selected differential signal gain to the common-mode 
gain, commonly called the CMRR. The AMP-04 offers excellent 
CMRR with very low temperature drift through the use of pro
prietary laser-trimmed thin-film resistors and high gain amplifi
ers, see the CMRR Test Circuit. 

Programming the Gain 
The gain of the AMP-04 is programmed by the user by se 
an external resistor according to the following relatio 
= 100 kntRGA1N • 

Grounding 
The most common problems encountered 
analog instrumentation and data acquisition syst 
found in the management of offset errors and grou n Ise. 
marily, the designer must consider temperature differentials an 
thermocouple effects due to dissimilar metals, IR voltage drops, 
and the effects of stray capacitance. The problem is greatly com
ppunded when high speed digital circuitry, such as that accom
panying data conversion components, is brought into the 
proximity of the analog section. Considerable noise and error 
contributions such as fast moving logic signals which easily 
propagate into sensitive analog lines, and the unavoidable noise 
common to digital supply lines must all be dealt with if the 
accuracy of the carefully designed analog section is to be 
preserved. 

In addition to the temperature drift errors encountered in the 
amplifier, thermal errors due to the supporting discrete compo
nents should be evaluated. The use of high quality, low TC 
components where appropriate is encouraged. More importantly, 
large thermal gradients can create not only unexpected changes 
in component values, but also generate significant thermoelectric 
voltages due to the interface between dissimilar metals such as 
lead solder, copper wire, gold socket contacts, kovar lead 
frames, etc. Thermocouple voltages developed at these junctions 
commonly exceed the TCvQS contribution of the AMP-04. Com
ponent layout which takes into account the power dissipation at 
critical locations in the circuit and minimizes gradient effects 
and differential common-mode voltages by taking advantage of 
input symmetry will minimize many of these errors. 

High accuracy circuitry can experience considerable error contri
butions due to the coupling of stray voltages into sensitive areas, 
including high impedance amplifier inputs which benefit from 
such techniques as ground planes, guard rings, and shields. 

AMP-04 
Careful circuit layout, including good grounding and signal rout
ing practice to minimize stray coupling and ground loops is rec
ommended. Leakage currents can be minimized by using high 
quality socket and circuit board materials, and by carefully 
cleaning and coating complete board assemblies. 

As mentioned above, the high speed transition noise found in 
logic circuitry is the sworn enemy of the analog circuit designer. 
Great care must be taken to maintain separation between them 
in order to minimize coupling. A major path for these error 
voltages will be found in the power supply lines. Although low 
impedance, load-related variations and noise levels which are 
completely acceptable in the high thresholds of the digital 
domain make the . gital supply unusable in nearly all high per

lications. The user is encouraged to main-
and ground between the analog and digital 
ssible, joining only at the supply itself if 
serve careful grounding layout and bypass 
in sensitive areas. 

rivers 
edance sources and long cable runs from remote trans-

industrial environments commonly experience 
nts of noise coupled to the inputs. Both stray 

ce errors and noise coupling from external sources can 
minimized by running the input signal through shielded 

cable. The cable shield is often grounded at the analog input 
common, however improved dynamic noise rejection and a 
reduction in effective cable capacitance is achieved by driving 
the shield with a buffer amplifier at a potential equal to the volt
age seen at the input. Driven shields are easily realized with the 
AMP-04. Examination of the simplified schematic shows that 
the potentials at the Gain Set Resistor pins of the AMP-04 fol
low the inputs precisely. Shield drivers are easily realized by 
buffering the potential at these pins by a dual high slew rate op 
amp such as the OP-249. Alternatively, applications with single
ended sources or those utilizing twisted-pair cable could drive a 
single shield with the OP-42. In order to minimize error contri
butions due to this additional circuitry, all components and wir
ing should remain in close proximity to the AMP-04 and careful 
grounding and bypassing techniques should be observed. 

Compensating for Input and Output Errors 
In order to achieve optimal performance, the user needs to take 
into account a number of error sources found in instrumentation 
amplifiers. These consist primarily of input and output offset 
voltages and leakage currents. 

The input and output offset voltages are independent from one 
another, and must be considered separately. The input offset 
component will of course be directly multiplied by the gain of 
the amplifier, in contrast to the output offset voltage which is 
independent of gain. Therefore, the output error is the domi
nant factor at low gains, and the input error grows to become 
the greater problem as gain is increased. The overall equation 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AMP-04 
for offset voltage error referred to the output (R TO) is: 

Vos (RTO) = (VlOS x G) + Voos 

where V lOS is the input offset voltage and Voos the output off
set voltage, and G is the programmed amplifier gain. 

The change in these error voltages with temperature must also 
be taken into account. The specification TCVos, referred to the 
output, is a combination of the input and output drift specifica
tions. Again, the gain influences the input error but not the out
put, and the equation is: 

TCVos (RTO) = (TCVlOS x G) + TCVoos 

In some applications the user may wish to define the error con
tribution as referred to the input, and treat it as an input error. 
The relationship is: 

TCVos (RTf) = TCVlOS + (TCVoosIG) 

The bias and offset currents of the input transistors also have 
impact on the overall accuracy of the input signal. Th . 

leakage, or bias currents of both inputs will generate an addi
tional offset voltage when flowing through the signal source 
resistance. Changes in this error component due to variations 
with signal voltage and temperature can be minimized if both 
input source resistances are equal, reducing the error to a 
common-mode voltage which can be rejected. The difference in 
bias current between the inputs, the offset current, generates a 
differential error voltage across the source resistance which 
should be taken into account in the user's design. 

In applications utilizing floating sources such as thermocouples, 
transformers, and some photodetectors, the user must take care 
to provide some current path between the high impedance 
inputs and analog ground. The input bias currents of the 
AMP-04, although e emely low, will charge the stray capaci-
tance found in ircuit traces, cables, etc., and cause the 
input to d . or to saturate unless given a bleed path 

. Again, the use of equal resistance values 
input error voltage which is rejected by 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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r.ANALOG 
WDEVICES 

FEATURES 
• Settling-Time to 12-Bit Accuracy, G ~ 2000 ..... 151'5 Max 
• Overload Recovery Time, G = 1000 •..•..•.••..•.• 151'5 
• 14-Bit Gain linearity at G ~ 1000 
• On-Board Dual Guard Drivers 
• On-Board 100l'A Precision Current Source 
• Low Bias Current. .......•........•. 50pA Max @ 25°C 

......•.••.••..•.. 20nA Max @ 125°C 
• Temperature Stable CMR 

.................. 10SdB Min Over-55°C to +125°C 
• High Slew-Rate with 500pF Load •.......••.•. 5V/ 1'5 Min 
• Input Overload Protected to ±30V Differential 

• Available In Die Form 

ORDERING INFORMATIONt 

CERDIP 
18-PIN 

PACKAGE 

AMP05AX' 
AMP05SW 
AMP05EX 
AMP05FX 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
MIL 
IND 
IND 

Far devices processed in total compliance to MIL-ST[)..883, add /883 after part 
number. Consultfactory for 883 data sheet. 
Burn-In is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP. and TO-can packages. 

SIMPLIFIED SCHEMATIC 

Fast Settling JFET 
Instrumentation Amplifier 

PIN CONNECTIONS 

-IN 2 

-G~I~~ 3 

Yoos NULL 4 

Voos NULL 5 

RSCALE 7 

REFERENCE 8 

SENSE 9 

GENERAL DESCRIPTION 

AMP-05 I 

18-PIN HERMETIC DIP 
(X-Suffix) 

The AMP-05 is a fast JFET instrumentation amplifier designed 
for high-speed analog signal-processing and analog-multi
plexed data acquisition systems. Settling-time to 12-bits is 151's 
maximum, with better than 14-bit linearity at ail gains up to 1000. 
Two functions are added to the instrumentation amplifier that 
reduce external component count in many applications. On
board dual guard drivers maintain good settling-time and 
common-mode rejection performance when shielded cable 
connects the input signal to the AMP-05. A precision 1ool'A 
current source is also provided for transd ucer excitation, power
ing a low-current voltage reference, and other functions. 

r-------------~~----~----~~----~----------------------~--__Ow 

REV. B 

REFERENCE '-______ --' 

2.5kO 

1V 

-GUARD 
DRIVE 

47.511:.0 

OUT 

1---..... ---'lM-----I----o SENSE 

L--------------4-----+------~----~----------------------~--_o~ 
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AMP.;05 
The AMP-OS employs a current-feedback technique which 
Provides a high and stable common-mode rejection. 10SdB 
minimum over the military temperature range. JFET inputs 
reduce bias current to SOpA maximum at 2SoC and only 20nA 
maximum at 12SoC; low bias current reduces errors due to 
signal-source resistance. Internal input protection allows a30V 
differential overload at all gain settings. The AMP-OS recovers 
rapidly when an input overload is removed. Recovery time is 
typically 1S¢l following a 1000:1 overload. voltage gain set to 
1000. AMP-OS voltage gain is set by the ratio of two external 
resistors over the range 0.1 to 2000 and a low gain temperature
coefficient of 20ppm/oC maximum is achievable in the range 1 
to 1000. 

The AMP-OS's outputs can all drive large capacitive loads 
without oscillation. The amplifier output is guaranteed stable 
with loads up to 2.000pF and the guard drivers can tolerate up to 
10.000pF without oscillation. 

Sense and reference pins complete the output feedback-loop 
and provide an output ground reference. respectively. The 
reference pin may be used for zeroing system offsets. where 
auto-zero hardware is employed. Resistance in series with the 
reference terminal does not degrade common-mode rejection 
on PMI·sAMP-OS. which is a significant problem with instrumen
tation amplifiers employing the three op-amp configuration. 

For applications requiring very low input offset voltage and low 
offset drift. or higher output drive capability. refer to the AMP-01 
data sheet. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±18V 
Common-Mode Input Voltage .......................... Supply Voltage 
Differential Input Voltage ................................................. ±30V 

(Inputs must not exceed supply voltages.) 
Output Short-Circuit Duration ................................... Indefinite 
Storage Temperature Range •••..•..•••••••.•••.•••• -65°C to + 150°C 
Operating Temperature Range 

AMP-05A. B ............................................... -55°Cto +125°C 
AMP-05E, F .................................................. -25°C to +85°C 

Lead Temperature (Soldering. 60 sec) .......................... 300°C 
Junction Temperature (TI) ............................ -65°C to + 150°C 

PACKAGE TYPE UNITS 

111· Pin Hermetic DIP (X) 74 7 
NOTES: 
I. AbsolLl1e ralings apply ID bath DICE and packaged parIS. unless otherwise nolBd. 
2. ~A is specified for WOI8lcase mounting condition •• i •••• e.,. i. specified for device 

in socket far CerOlP package. J 

ELECTRICAL CHARACTERISTICS at Vs = ±1SV. As = SkO. RL = 2kO. TA = 2SoC. unless otherwise noted. 

AMP-05A/E AMP-05B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

GAIN 

Gain Range GR 0.1 2000 0.1 2000 

Gain Equation G =20X Rs/Ro 0.25 0.5 0.4 1.0 % 
Accuracy G=l to 1000 

G=l 0.001 0.001 
G=10 0.002 0.002 % 
G = 100 0.007 0.007 

Gain Nonlinearity GNL G = 1000 0.020 0.020 

RL = 10k!l 
G=I00 0.004 0.004 % 
G = 1000 0.004 0.004 

Gain Temperature 
G = 110 100 1.7 10 1.7 10 

Coefficient GTe G = 1000 8 20 8 20 pprnl"C 
(Notes 1, 2) 

OUTPUT RATING 

Output Voltage 
VOUT 

RL = lkll ±11 ±12 ±11 ±12 
V Swing Over Temperature ±10.5 ±12 ±10.5 ±12 

Short Circuit 
Ise 

Output 
.1:20 ±35 ±20 ±35 rnA Current Shorted to Ground 

Capacitive Load Full Gain Range 
2 10 10 nF 

Stability No Oscillations 

NOTES: 
1. Gain tempeo dOBS not include the effects of gain and scale resistor tempeo match. 
2. Guaranteed but not 100% production tested. 
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AMP-05 
ELECTRICAL CHARACTERISTICS at Vs = ±1SV. As = Skfl. RL = 2kfl. TA = 2SoC. unless otherwise noted. (Continued) 

AMP-05A/E AMP-05B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

Input Bias 
TA ';; 25'C 20 50 30 100 pA 

Current 
18 TA = 85'C I ElF Grades) 0.5 1 8 nA 

TA = 125'C IA/B Grades) 7 20 12 30 nA 

Input Offset 
TA ';; 25'C 5 25 10 50 pA 

Current los TA = 85'C IE/F Grades) 0.05 0.5 0.1 1 nA 

TA = 125'C IA/B Grades) 5 2 10 nA 

Input Resistance RrN 1012 1012 !l 

Input Capacitance CrN 8 8 pF 

Input Voltage 
IVR 

TA = 25'C ±11 ±11.5 ±11 ±11.5 
V 

Range Over Temperature ±10 ±11 ±10 ±11 

VCM = ±11V • G = 1000 110 115 100 110 
G = 100 105 115 95 110 dB 

G=10 100 110 90 100 

Common-Mode CMR 
G=1 90 98 80 90 

Rejection VCM = ±10V, Over Temperature 
G = 1000 105 110 95 105 
G =100 100 110 90 105 dB 

G=10 95 105 85 95 
G=1 85 95 75 85 

OFFSET VOLTAGE 

Input Offset 
VCM =OV 

Voltage VIOS TA = 25'C 0.3 1.0 0.5 2.0 mV 
Over Temperature 0.8 2.0 1.0 4.0 

Input Offset 
TCVros 5 10 20 I'V/'C 

Voltage Drift 

Output Offset TA = 25'C 3 15 5 25 
mV 

Voltage Voos Over Temperature 9 25 11 40 

Output Offset 
TCVoos 50 100 70 150 I'V/'C 

Voltage Drift 

G = 1000 115 120 110 115 
G = 100 110 118 105 110 

dB 
G=10 95 105 90 100 

Offset Relerred to G=1 75 85 70 80 
Input V5. Positive 

+PSR 
Supply Over Temperature 

V+ = +5V to +15V G = 1000 110 116 105 110 
G = 100 105 114 100 105 dB 
G=10 90 102 85 98 
G=1 75 84 70 80 

G = 1000 110 118 105 110 
G = 100 95 104 90 98 

dB 
G=10 75 64 70 80 

Offset Referred to G=1 55 64 50 60 
Input vs. Negative 

-PSR 
Supply Over Temperature 

V- = -5V to -15V G = 1000 105 113 100 105 

G = 100 95 104 90 95 dB 

G=10 75 64 70 80 
G=1 55 64 50 60 
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AMP-05 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, As = 5k!}, RL = 2k!l, TA = 25°C, unless otherwise noted. (Continued) 

AMP-OSA/E AMP-OSB/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage 
Vs ~ ±4.5V to ±18V ±2.5 ±5 ±2.5 ±5 mV 

Trim Range 

Output Offset Voltage 
Vs ~ ±4.5V to ±18V ±25 ±4O ±25 ±40 mV 

Trim Range 

SENSE INPUT 

Input Resistance R'N 40 50 60 40 50 60 kll 

Input Current liN Referenced to V- 280 280 ,.A 

REFERENCE INPUT 

Input Resistance R'N 40 50 60 40 50 60 kll 

Input Current liN Referenced to V- 280 280 "A 

Voltage Range -10.5 +20 -10.5 +20 V 

Gain to Output VIV 

NOISE 

fo ~ 1kHz 
Voltage Density G ;"100 16 16 

nVlJHZ 
ATI en 

G~10 38 38 
G ~1 350 350 

Noise Current 
in fo ~ 1kHz 

Density 
10 10 fA/JHZ 

Input Noise Measured at G ~ 1000, 
4 4 "Vp_p Voltage 

enp_p 
0.1 Hz to 10Hz Bandwidth 

Output Noise Measured at G = 0, 
7 "Vp_p Voltage 

e np_p 
0.1 Hz to 10Hz Bandwidth 

Input Noise 
inp_p 0.1 Hz to 10Hz Bandwidth 0.12 0.12 pAp-p 

Current 

DYNAMIC RESPONSE 

Small Signal 
BW 

G~1 3 3 MHz 
Bandwidth (-3dBI G;"10 120 120 kHz 

CL ~ 500pF 
Slew Rate SR G;"10 5 7.5 7.5 VI,.. 

Over Temperature 3.5 5.5 3.5 5.5 

1SGS2000 
-10V to +10V Step 

Settling Time ts 
(Note 1) 

to 0.1% 5 5 7 "s 

to 0.05% 7 10 7 10 
to 0.025% 10 15 10 15 

Overload Recovery G ~ 1000 
15 15 

Time tree V,N ~ 10V to 10m V "s 
NOTE: 
1. Guaranteed but not 100% production tested. 
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AMP-05 
ELECTRICAL CHARACTERISTICS at Vs = ±15V. As = 5kU. Rl = 2kU. TA = 25°C. unless otherwise noted. (Continued) 

AMP-OSA/E AMP-OSB/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX .MIN TYP MAX UNITS 

GUARD DRIVERS 

Output Voltage Vo 
Volts above respective 

0.5 1.2 
input over temperature. 

2.0 0.5 1.2 2.0 V 

Peak Output Current 8 15 8 15 mA 

Slew Rate SR CL = loo0pF 16 16 VII's 

Capacitive Load No Oscillations 
10 100 10 100 nF 

Stability INote 1) 

CURRENT SOURCE 

Current Output lOUT 
Over Full 

90 100 120 90 100 120 p.A 
Compliance Range 

Output Compliance Voe Volts Below V+ 
30 4 30 V 

Range II rrespective of V-) • Output Impedance ROUT 
Over Full Compliance 

3 3 Gil 
Range I Note 1 ) 

Temperature 
100 100 ppmfOC 

Coefficient 

Power Supply 
150 150 nAN 

Rejection 

POWER SUPPLY -2S"C" TA" +8S"C for ElF Grades. -SS"C" TA" +12S"C for AlB Grades 

Supply Voltage 
Vs ±4.S 

Range 
±18 ±4.S ±18 V 

Quiescent Current 10 7.0 9.0 7.5 10.0 mA 

NOTE: 
1. Guaranteed but not 100% production tested. 

REV.B INSTRUMENTATION AMPLIFIERS 4-169 



AMP-05 
DICE CHARACTERISTICS 

DIE SIZE 0.127 X 0.176 Inch, 22,352 sq. mils 
(3.23 X 4.47mm, 14.42 sq. mm) 

18. 
1b. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

RGAINSENSE 10. 
RGAIN FORCE 11. 
-INPUT 12. 
-GUARD DRIVE 13. 
Voos NULL 14. 
Voos NULL 15. 

RSCALE 16. 
RSCALE 17. 
REFERENCE. 188. 
SENSE 18b. 

WAFER TEST LIMITS at Vs = ±1511, Rs = 5kO, RL = 2kO, TA = 25°C, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Output Offset Voltage 

Offset Aeferred to Input 

vs. Positive Supply 

Offset Referred to Input 
vs. Negative Supply 

Input Bias Current 

Input Offset Current 

Input Voltage Aange 

Common-Mode 
Rejection 

Gain Equation 
Accuracy 

Output Voltage Swing 

Output-Current Limit 

Current Source 

Quiescent Current 

NOTE: 

SYMBOL 

Voos 

PSA 

PSA 

loS 

IVA 

CMA 

CONDITIONS 

VCM=O 

V+ = +5V to +15V 
G = 1000 
G= 100 
G=IO 

G=I 

V- = -5V to -15V 

G= 1000 
G = 100 
G=IO 
G=I 

Guaranteed by CMA Tests 

VCM =±I1V 

G = 1000 
G= 100 
G=10 

G=I 

G = 20X AsIA" 
G= 110 100 

AL = IkO 

Output-to-Ground Short 

AMP-05GBC 
LIMIT 

2.0 

25 

110 
105 

90 
70 

105 
90 
70 
50 

100 

50 

±II 

100 
95 
90 
80 

1.0 

±II 

±20 

90 

120 

±10.0 

OUTPUT 
V-
V+ 
CURRENT SOURCE 
VIOS NULL 
VIOS NULL 
+GUARD DRIVE 
+INPUT 
RGAIN SENSE 
RGAIN FORCE 

UNITS 

mVMAX 

mVMAX 

dBMIN 

dBMIN 

pAMAX 

pAMAX 

VMIN 

dBMIN 

% MAX 

VMIN 

mAMIN 

p.AMIN 
p.AMAX 

rnA MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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AMP-05 
TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V. Rs = 5kO. RL = 2kO. TA = 25°C. unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offsel 
TCV,os 

Vollage Drill 

Oulpul Offsel 
TCVoos RG=co 

Vollage Drifl 

Nonlinearity 
G = 1000 
RL = 10kll 

Vollage Noise Densily 
G = 1000 

en 
fo = 1kHz 

Current Noise Density in 
G = 1000 
fO = 1kHz 

Voltage Noise 
G = 1000 

Bnpwp 
0.1 Hz 1010Hz 

Current Noise inp_p 
G = 1000 
0.1 Hz 1010Hz 

Small-Signal 
BW G = 1000 

Bandwidlh (-3dBI 

Slew Rale SR G=10 

To 0.025% 
Settling Time Is -10V 10 +10V Slep 

15G52000 

Overload Recovery G = 1000 
Time lree 

V'N = 10V 10 10mV 

TYPICAL PERFORMANCE CHARACTERISTICS 

1 .• 

0.. 

i 0.8 

Q.4 

! 0.' 
!:! 
Iii 
It: - •.• 
a i -Q.4 

I -0.6 

-D.8 

-1.0 

INPUT OFFSET VOLTAGE 
VS TEMPERATURE 

i-'" 
.... ~ 

-~ ~ 

-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE f'c) 

REV.B 

;;-
.3 .. 
~ g 

i a ... 
::I .. 
! 

sa 

40 

3D 

INPUT OFFSET VOLTAGE 
vs SUPPLY VOLTAGE 

UNIT NO • 
20 - 1 

,. 

-1. 
-20 

-3D 

-40 

-sa • 

I-i'o. 

I-"" " 2 ~ -::; .... 
.~ ~ 

." 
±5 ±10 ±15 

POWER SUPPLY VOLTAGE (VOLTS) 

AMP-OSGBC 
TYPICAL UNITS 

~VloC 

70 ~VloC 

0.004 % 

16 nVlJHZ 

10 fA/JHZ 

4 ~Vp_p 

0.12 pAp_p 

120 kHz 

7.5 VI~s 

10 ~s 

15 ~s 

INPUT OFFSET VOLTAGE 
WARM-UP DRIFT 

sa 

I 
'I • • 

I 

V 
/ 

/ 

TlME (MINUTES) 
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AMP-05 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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AMP-05 
TYPICAL PERFORMANCE CHARACTERISTICS 
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APPLICATIONS INFORMATION 

VOLTAGE GAIN 
The AMP-05 uses two external resistors for setting voltage gain 
over the range 0.1 to 2000. The magnitudes of the scale resistor, 
Rs, and gain-set resistor, RG, are related by the formula: G = 20 
X Rs/RG' where G is the selected voltage gain. Figure 1 shows 
the amplifier connections. RG can be selected using the graph 
in Figure 2. 

Circuit performance is characterized using Rs = 5kO operating 
on ±15 volt supplies and driving a ±10 volt output. 

Metal-film or wirewound resistors are recommended for Rs and 
RG' The absolute resistance values and temperature coeffi
cients of resistance are not too important; only the rattometric 
parameters are important for gain accuracy and stability. 
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FIGURE 1: Basic AMP-05 Connections For Gains 0.1 to 2000 
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FIGURE 2: Selection of RGAIN 

VOLTAGE GAIN (0) 

AC amplifiers require good gain stability with temperature and 
time, but DC performance is unimportant. Therefore, low cost 
metal-film types with TCs of SOppm/oC are usually adequate for 
Rs and RG. Realizing the full potential of the AMP-OS's gain 
stability requires precision metal-film or wirewound resistors. 
Achieving a 2Sppm/oC max. gain tempco at all gains will require 
Rs and RG temperature coefficient matching to Sppm/oC max. 

Gain accuracy is determined by the ratio accuracy of Rs and RG 
combined with the gain equation error of the AMP-OS (O.S% for 
AlE grades). 

Nole: The AMP-OS is inherently stable at all gains. However, like 
all amplifiers with a high gain-bandwidth product, instability 
can occur if layout precautions are not observed: (a) the 
amplifier should be decoupled close to the supply pins, and (b) 
the output must be kept well away from the inputs, the null pins, 
and RGAIN. 

The AMP-OS is capable of gain-bandwidth products in the 
hundreds of megahertz when operated at its highest gain 
settings. Under these conditions, even a few picofarads of stray 
feedback to the inputs can cause instability, and the situation is 
exacerbated if the input signal has a high source impedance. If 
instability does occur, the problem is easily eliminated by 
placing a small capacitor directly between the AMP-OS's input 
pins, 2 and 17. 

INPUT AND OUTPUT OFFSET VOLTAGES 
Instrumentation amplifiers have independent offset voltages 
associated with the input and output stages. While the initial 
offsets may be adjusted to zero, temperature variations will 
cause shifts in offsets. Systems with auto-zero can correct for 
offset errors, so initial adjustment would be unnecessary. 
However, many high-gain applications do not have auto-zero. 
For these applications both offsets can be nulled. Nulling has 
minimal effect on TCVIOS and TCVoos (refer to Figure 3 for 
connections). 

REV. B 

AMP-05 
FIGURE 3: Input and Output Offset Voltage Nulling 
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The input offset component is directly multiplied by the II 
amplifier gain, whereas output offset is independent of gain. 
Therefore, at low gain, output offset errors dominate, while at 
high gain, input offset errors dominate. Overall offset voltage, 
Vos, referred to the output (RTO) is calculated as follows: 

Vos (RTO) = (Vlos X G) + Voos ....................... (1) 

where VI os and Voos are the input and the output offset voltage 
specifications and G is the amplifier gain. Input offset nulling 
alone can be used for fixed gains above SO. Otherwise, both 
nulls are required. When nulling both initial offsets, the input 
offset is nulled first by short-circuiting RG, then the output 
offset is nulled with the short removed. 

The overall offset voltage drift, TCVos, referred to the output, is 
a combination of input and output drift specifications. Input 
offset voltage drift is multiplied by the amplifier gain, G, and 
summed with the output offset drift; 

TCVos (RTO) = (TCVlos X G) + TCVoos ............... (2) 

where TCVlos is the input offset voltage drift, and TCVoos is 
the output offset voltage drift speCification. Frequently, the 
amplifier drift is referred back to the input (RTI) which is then 
equivalent to an input signal change; 

_ TCVoos 
TCVos (RTI) - TCVlos + --G- ..................... (3) 

Forexample, the maximum input-referred drift of an AMP-OSEX 
set to G = 100 becomes: 
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AMP-05 
INPUT BIAS AND OFFSET CURRENTS 
Input bias currents are additional error sources which can 
degrade the input signal. Bias currents flowing through the 
signal source resistance appear as an additional offset voltage. 
Equal source resistance on both inputs of an instrumentation 
amplifier will minimize offset changes due to bias current 
variations with signal voltage and temperature. However, the 
difference between the two bias currents, the input offset 
current, produces a nontrimmable error. The magnitude of the 
error is the offset current times the source resistance. 

The AMP-OS has FET inputs which have negligible bias and 
offset currents at room temperature and consequently can 
accurately measure signals from high source impedances. 
However,like all FET devices, the bias current doubles approxi
mately every 10°C increase in junction temperature and there
fore bias and offset currents must be carefully considered when 
operating up to +125°C. 

Note: If very high source impedances (-1 Mal are used and the 
AMP-OS is used at high gain, then it is recommended that a 
small capacitor is connected across the inputs to prevent 
instability. 

A current path must always be provided between the differential 
inputs and analog ground to ensure correct amplifier operation. 
Floating inputs, such as thermocouples, should be grounded 
close to the signal source for best common-mode rejection. 

OVERVOLTAGE PROTECTION 
The AMP-OS features a unique internal protection circuit which 
permits differential input voltages of up to ±30V even when set 
for high gain operation. It should be noted however, that the 
output state during such an overload is not defined. Typically, at 
gains above 10, severe overloads ("'1000% overrange) will cause 
the output to sit at about +10V with a lOW-level oscillation 
apparent. 

Additionally, gross overdriving will cause input currents of up to 
100"A to flow in the lower ofthetwo inputs. The increased input 
current should be borne in mind if interfacing to extremely 
delicate transducers. 

OVERLOAD RECOVERY TIME 
Following an input overload, an amplifier takes a finite time to 
recover, i.e. the amplifier's output has to return to the linear 
operating region after limiting at one or other supply. The AMP-
05 is designed to recover rapidly from input overloads; typically 
recovery time is 15"s following a 1000:1 overload; voltage gain 
set to 1000. 
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Rapid overload recovery is particularly important in a multi
plexed data acquisition system using programmable gain. In 
this application, it is possible for the input to be switched to a 
high-level signal with gain set high, thus overloading the 
amplifier. To maintain system speed, it is vital for the amplifier to 
recover quickly once the overload is removed by reprogram
ming the gain. 

COMMON-MODE REJECTION 
Ideally, an instrumentation amplifier responds only to the 
difference between the two input signals and rejects common
mode voltages and noise. I n practice, there is a small change in 
output voltage when both inputs experience the same common
mode voltage change; the ratio of these voltages is called the 
common-mode gain. Common-mode rejection (CMR) is the 
logarithm of the ratio of differential-mode gain to common
mode gain, expressed in dB. CMR specifications are normally 
measured with a full-range input voltage change and a specified 
source resistance unbalance. 

The current-feedback design used in the AMP-OS inherently 
yields high common-mode rejection. Unlike resistive feedback 
designs typified by the three-op-amp lA, the CMR is not 
degraded by small resistances in series with the reference 
input. A Slight, but trimmable, output offset voltage change 
results from resistance in series with the reference input. 

The common-mode input voltage range, CMVR, for linear 
operation may be calculated from the formula: 

CMVR = ± ( IVR _IV~~TI ) ......................... (4) 

IVR is the data sheet specification for input voltage range; VOUT 
is the maximum output signal; and G is the chosen voltage gain. 
For example, at 25°C, IVR is specified as ±11 volts minimum 
with ±15 volt supplies. Using a ±10 volt maximum swing output 
and substituting the figures in (4) simplifies the formula to: 

CMVR=±( 11-~) ............................... (5) 

For all gains greater than or equal to 5, CMVR is ±10 volt 
minimum; at gains below 5, CMVR is reduced. 
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GUARD DRIVERS 
Dual guard drivers are included to restore bandwidth, settling
time, and high frequency common-mode rejection (CMR) 
when shielded cable is used atthe input. The guard drivers can 
handle large capacitive loads and transient currents, but they 
are not intended for large DC loads. The DC path to ground 
should be 30kO or greater; lower values can upset the AMP-05's 
internal biasing circuits. 

Shielded cable is often employed to minimize capacitively 
coupled noise pickup along the signal path from source to 
amplifier. When coaxial cable connects a transducer to the 
amplifier's input, the cable's capacitance interacts with the 
transducer's source impedance to form a low-pass filter. This 
filter function reduces the amplifier's bandwidth and degrades 
settling-time and CMR. The AMP-05's differential guard drivers 
act as an AC "bootstrap" when attached to the coaxial shields. 
In bootstrapping, each driver follows its corresponding input, 
and the driver output signals are buffered to handle large 
capacitive loads. Each driver will typically slew at 16V/ JJS with a 
1000pF load. Bootstrapping reduces the effective input capaci
tance, since no AC voltage appears between the shield and 
inner conductor. 

The AMP-Q5's guard drivers can form either a differential or 
single-ended drive (refer to Figures 4(a) and (b)). In the single
ended arrangement, the two input cable shields are held at the 

AMP-05 
same potential, the common-mode voltage (Figure 4(b)). As 
such, the connection is also appropriate for one shielded 
twisted-pair cable. The single-ended arrangement maintains a 
high CMR even at high frequencies, but does not reduce high 
frequency gain degradation as it does not counteract differential
mode capacitance. Single-ended drive is acceptable for gains 
greater than ten using the circuit in Figure 4(b). However the 
differential connection, Figure 4(a), offers better overall per
formance because it effectively reduces both differential and 
common-mode capacitance. Reduction in these capacitances 
improves high-frequency CMR, settling-time, and gain. 

It should be noted that all shield drive arrangements are 
potentially positive feedback configurations and under some 
conditions high frequency ringing may occur. If this proves 
troublesome, small resistors (5000-1 kO) in series with the 
cable shield outputs will improve transient response and 
settling-time but reduce the effectiveness of the cable shield, 
particularly at high frequency. 

Short circuits from the cable drives to ground will not damage 
the AMP-05 but will result in malfunction of the AMP-05 until 
the short is removed. The package pins adjacent to the two 
inputs, RG connections and guard drives, sit within 2 volts olthe 
input signals. This feature reduces leakage currents to the input 
terminals and eliminates the need for guard-rings which are 
necessary on many FET input amplifiers. 

FIGURE 4: Applying the Guard Drivers to shield the inputs, guard driving reduces the effective input capacitance and improves CMR. 
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AMP-05 
GROUNDING 
The majority of instruments and data acquisition systems have 
separate grounds for analog and digital signals. Analog ground 
may also be divided into two or more grounds which will betied 
together at one point, usually the analog power-supply ground. 
In addition, the digital and analog grounds may be joined, 
normally at the analog ground pin on the A-to-O converter. 
Following this basic grounding practice is essential for good 
circuit performance (Figure S). 

Mixing grounds causes interactions between digital circuits 
and the analog signals. Since the ground returns have finite 
resistance and inductance, hundreds of millivolts can be 
developed between the system ground and the data acquisition 
components. Using separate ground returns minimizes the 
current flow in the sensitive analog return path to the system 
ground point. Consequently, noisy ground currents from logic 
gates do not interact with the analog signals. 

Inevitably, two or more circuits will be joined together with their 
grounds at differential potentials. In these situations, the 
differential input of an instrumentation amplifier, with its high 
CMR, can accurately transfer analog information from one 
circuit to another. 

MAXIMIZING NEGATIVE PSR 
Using well stabilized, low-noise power supplies is always 
recommended for precision analog circuits. However even with 
good supplies, there will be small changes in output voltage due 
to temperature variations and line voltage variations. In turn, 
these voltage changes will affect the amplifier output due to 
finite power-supply rejection (PSR). 

The AMP-QS'sPSR can be maximized in critical applications by 
adding a trim potentiometer (see Figure 6). Positive PSR cannot 
be trimmed by external means but this is better than negative 

FIGURE 5: Basic Grounding Practice 

ANALOG 
POWER SUPPLY 

PSR by as much as 20dB, and therefore trimming should not be 
necessary. Adjusting the negative PSR trim potentiometer also 
affects output offset voltage, Vaas. Therefore in systems where 
offset correction is not employed, a Vaas null potentiometer 
can be added if needed. In practice, the interaction between 
these two potentiometers is not a problem. 

PSRNaas trimming procedure: 1) adjust both potentiometers 
to mid-position; 2) superimpose a low-frequency 1V peak-to
peak sinewave on the negative supply; 3) adjust PSR trim 
potentiometer for minimum output ripple; 4) remove AC signal 
from the power supply and null the AMP-05's output offset 
voltage using the Vaas null potentiometer. Steps 1 and 4 are 
deleted when only PSR trimming is required. 

FIGURE 6: Additional Trim Potentiometer Maximizes 
Negative PSR 
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CURRENT SOURCE 
The on-board 100llA current source is provided for transducer 
excitation, powering a low-current voltage reference diode, and 
other functions. The current source is referenced from the 
positive supply rail (V+), and provides a high voltage com
pliance from 4 to 30V below V+. The output should not be 
pulled below V-. Output resistance is typically 3GO. Simple 
positive and negative voltage references can be generated by 
adding two resistors and an inexpensive op amp (Figures 7(a) 
and (b)). Temperature stability can be improved by replacing Rl 
with a low-current zener or voltage reference diode such as the 
LM185. The output reference voltage can be increased beyond 
the zener voltage by adding resistor R3 to add gain around the 
OP-77. 

If the current source is not used it may be left floating or 
connected to V-. 

AMP-05 
SENSE AND REFERENCE TERMINALS 
The sense terminal completes the feedback path for the 
instrumentation amplifier output stage and is normally con
nected directly to the output. The output signal is specified with 
respect to the reference terminal, which is normally connected 
to analog ground. 

If high output currents are expected and/or the load is situated 
some distance from the amplifier, voltage drops due to trace or 
wire resistance will cause errors. Under these conditions, the 
sense and reference terminals can be used to "remote sense" 
the load as shown in Figure 8. This method of connection puts 
the I x R drops inside the feedback loop and virtually eliminates 
the error. An unbalance in the lead resistances from the sense 
and reference pins does not degrade CMR, but will change the 
output offset voltage. Forexample, a large unbalance of 30 will 
change the output offset by only 1 mV. 

FIGURE 7: Generating a Reference Voltage Using the On-Board Current-Source 
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FIGURE 8: Remote Load Sensing 

R~ 

+INo-----'''i 

-INO----"'i 

REV. B 

v+ 

v-

+VAEF 

(0) 

R1 OR VOLTAGE 
REFERENCE DIODE 

) 
I 

R3 I _____________ ~---J 

R2 

*1N4148 DIODES ARE OPTIONAL DIODES LIMIT THE OUTPUT 
VOLTAGE EXCURSION IF SENSE AND/OR REFERENCE LINES 
BECOME DISCONNECTED FROM THE LOAD. 

:=~,:'::dR'M~ 
PAIRS LOAD 

"~''---'''''-'I/-' ,,_ ....... _/ 

INSTRUMENT A TION AMPLIFIERS 4-179 

II 



AMP-05 
HIGH-COMPLIANCE CURRENT SOURCE 
The inputs and outputs of the AMP-OS can be transposed to 
make a precision bipolar current source (refer to Figure 9). 
Reference and sense pins become differential inputs and the 
"old" input now monitors the voltage across a precision 

FIGURE 9: High-Compliance Current Source With 16-Bit 
Linearity 
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lOUT = ii? 

R1 

+ V,. 

10 

current-sense resistor, R1. Voltage gain is set at unity, so the 
transfer function is simply lOUT = VIN (differentlal/Rt Using a 
1000 resistor for R1 and limiting output current to ±10mA, a 
reasonable limit for power dissipation reasons, gives a ±1V 
input requirement for full-scale output. Voltage compliance for 
±10mA output is ± 10V with a typical output resistance of SOMO. 
Linearity is better than 16-bits at this current level. Potentio
meter R2 will trim the output current to zero with the two inputs 
grounded, and fine gain adjustment is accomplished by trim
ming Rs or RG' 

If the class B output stage shown in Figure 10 is added to the 
basic current-source, then the output current capability is 
increased to over 100mA with excellent linearity. 

SERVO AMPLIFIER 
The AMP-OS's output power can be boosted by adding a simple 
class B output stage without increasing the amplifier's quiescent 
current of 7mA (refer to Figure 10). The 47nF capacitor 
connected across the transistor's base-emitter junctions pre
vents instability at VOUT near ground, and reduces high
frequency crossover distortion. DC linearity is typically O.OS% 
when driving ±10V at ±400mA. 

FIGURE 10: Adding two transistors increases output current to ±400mA without affecting the quiescent current of 7mA. Power 
bandwidth is 100kHz. 
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ANALOG-MULTIPLEXED DATA ACQUISITION SYSTEMS 
For conditioning and digitizing multiple analog signals, there 
are two traditional system approaches. One dedicates an 
instrumentation amplifier to condition each input signal, then 
the high-level outputs are multiplexed and fed to an analog-to
digital converter (ADC). This system is expensive on a "per
channel" basis. A more economical approach is to multiplex 
unconditioned analog signals and feed them to a programmable
gain instrumentation amplifier, which conditions them before 
conversion. The per-channel cost drops as the number of 
channels increases. For this system to have a scan rate 
comparable to the first, the amplifier's settling-time should be 
less than the ADC's conversion time. The AMP-OS, with its fast 
settling-time of 1SI's maximum to 12 bits, is ideal for this single 
IA data acquisition system. 

A digitally-controlled gain network can easily be added to the 
AMP-OS as described below. 

PROGRAMMABLE-GAIN INSTRUMENTATION AMPLIFIER 
(PGIA) 
Figure 11 shows a programmable gain instrumentation amplifier 
with digitally selectable gains of 1, 10, 100, and 1000. Each gain 
set resistor has two MOSFETswitches connected back-to-back 
to prevent all but leakage current from flowing when a switch is 
OFF. In the high gain positions of 100 and 1000, the calculated 
values of gain resistor, Ro, are reduced to compensate for the 
switch ON resistance. The nonlinear switch resistance intro
duces a slight gain nonlinearity at high gain settings. The PGIA 

AMP-05 
selects gain values in 20I'S, including the amplifier settling-time. 
Gain temperature coefficient depends on Rs, Ro, and on the 
temperature coefficient ofthe MOSFET's ON resistance. Values 
of 1S and 30ppm/oC can be achieved at gains of 1 and 1000, 
respectively, despite the effect of the high tempco switches. 

Where fast gain switching is not required, reed relays can 
substitute for the MOSFET switches. Reed relays have lower 
ON resistance and OFF leakage current errors. Forgains of 100 
and 1000, the values of Ro should be increased to 1 kn and 100n 
respectively, because of lower switch ON resistance. Gain 
linearity is improved over the original circuit. 

AUTO-ZERO SYSTEMS 
Offset voltage and drift can be a major error source in high
accuracy systems of 12 bits and above. To minimize initial offset 
voltage and its associated temperature drift, an auto-zero 
system can be employed. The technique can potentially keep 
offset errors well below 1 LSB on a 12-bit system over wide. 
variations in ambient temperature. l 

For example, consider an instrumentation amplifier selto a gain 
of 1000 and driving a 12-bit analog-to-digital converter. The 
input offset voltage drift is 2.SI'VloC, and the output offset 
voltage drift is negligible. The equivalent output drift is 1000 X 
2.SI'VloC, or 2.SmVloC-more than 1 LSB/oCfora 10Vfull-scale 
range. An ambient temperature change from 2SoC to 12SoC 
would produce 102 LSBs of drift, excluding the ADC's drift. 

FIGURE 11: The AMP-OS makes an excellent programmable-gain instrumentation amplifier. Combined gain-switching and settling
time to 12 bits falls below 20l's. Linearity is better than 12 bits over a gain range 1 to 1000. 
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AMP-05 
Obviously, to limit drift to 1 LSB or less over temperature 
demands some means of offset correction. Usually both 
hardware and software are employed to generate an error 
correction signal which is fed into the reference input of the 
instrumentation amplifier. Software alone could remove the 
system's offset error, but at the expense of the full-scale range 
for very large errors. Part of a typical auto-zero system is shown 
in Figure 12. 

The sequence of events for auto-zeroing a system starts with 
switching the multiplexer so that the amplifier's two inputs are 
grounded. The amplifier is, given time to settle, and the ADC 
(not shown) digitizes any system offset. The computer reads 
the offset and feeds a digital correction to the digital-to-analog 
converter, To verify that the offset is nulled, a second conversion 
may be performed, and the multiplexer then switches to 
measure the input signal. 

For I! system with a digitally programmable gain, the auto
zeroing process should be repeated for each gain setting. Each 
correction value can be stored in memory and recalled and 
refreshed as needed to correct for system drift with time and 
temperature. 

SETTLING-TIME MEASUREMENT 
Figure 13 is the test circuit used to measure settling-time. The 
circuit technique is similar to the "false sum-node" technique 
used to measure op amp settling-time. For simplicity, the 
connections for input and output offset nulling are not shown 
on the circuit, but null pots are required. Measurement set-up: 

1. Set switches to G = 1, ground VIN, and short-circuit RG. 

2. Adjust VIOS null pot for minimum output voltage on pin 10. 

3. Remove short-circuit from RG and adjust Voos null pot for 
minimum output voltage on pin 10. 

4. Apply a low frequency (-100Hz) 20Vp_p square-wave to VIN 
and adjust 2000 pot for minimum square-wave on VOUT. 

5. Increase square-wave input frequency and monitor VOUT 
with an oscilloscope. Settling-time to a 0.025% error band for 
a 20V input step is measured with limits of ±2.5mV at VOUT. 

6. Change switch gain-positions and repeat settling-time 
measurements for G = 10, 100, and 1000. 

FIGURE 12: Instrumentation Amplifier with Offset Correction System 

r---._----------------------------~~--._------~----------------------~·+,w 

~47nF 

'3 

+INo----..:'5'i 

-INlo-----""fQ 

Sw-o& 

,. 

Z5IcO 

~.__r--~-------------~~-~-~-4-4_--~-----=~~----_40w 
TTL INPUT 

'"ZERO" ~--------------------------------__4>__------........ 6_ .... ----------------------~-'5Y 

4--182 INSTRUMENTATION AMPLIFIERS REV. B 



FIGURE 13: Settling-Time Test Circuit 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Ultra Low Voltage Noise .......................... 800pV/VHzTyp 
• High Slew Rate .................................................. 10V/IlS Typ 
• Very Low 

Harmonic Distortion ................... @G = 1000 0.009% Typ 
• Wide Bandwidth .......................... @ G = 1000 650kHz Typ 
• Very Wide 

Supply Voltage Range .................................... ±9V to ±36V 
• High Output Drive Capability .......................... ±40mA Min 
• High Common-Mode Rejection ........................ 100dB Typ 
• LowCost 

APPLICATIONS 

• Low Noise High-Gain Microphone Preamplifier 
• Bus Summing Amplifier 
• Differential Line Receiver 
• Low Noise Instrumentation Amplifier 

ORDERING INFORMATION 
PACKAGE 

PLASTIC 
16·PIN 

SSM2016P 

BLOCK DIAGRAM 

OPERATING 
TEMPERATURE 

RANGE 

• COMP2 

Ultra Low Noise Differential 
Audio Preamplifier 

SSM-2016 I 
GENERAL DESCRIPTION 

The SSM-2016 is an ultra low noise, low distortion differential 
audio preamplifier. The input referred noise of the SSM-2016 is 
about 800pV/;!Hz which will result in a noise figure of 1 dB when 
operated with a 1500 source impedance. This ensures that a 
large number of inputs can be paralleled without seriously de
grading the signal-to-noise ratio. In addition, this device provides 
exceptionally low harmonic distortion of only 0.009%(G = 1000, 
f = 1 kHz) Typ . 

Fabricated on a high voltage process, the SSM-2016 is capable 
of operating from a wide supply voltage range of ±9V to ±36V. A 
copper lead- frame DIP package is used to permit 1.5W of dissi-
pation when driving heavy loads or operating from elevated. 
supplies. Continued 

PIN CONNECTIONS 

COMP3 

v
.IN 16-PIN PLASTIC DIP 

(P-Suffix) 

r----.------~~------------~~--~_ov. 

COMP1 

NULL 1 

VOUT 

NULL 2 

-IN 

.IN 

.R. 
-R. 

1. 
Al0UT 

v-

The SSM-2016 has been granted mask work protection under the Semiconductor Chip Protection Act of 1983. 
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SSM-2016 
GENERAL DESCRIPTION Continued 
The SSM-2016 can source or sink a minimum of 40mA allowing 
a jack-field to be driven directly. 

At low gains, the SSM-2016 offers a bandwidth of about 1 MHz 
and 650kHz at 60dB of gain. Slew rate is typically 10V/j!s at all 
gains. 

The SSM-2016 is packaged in a 16-pin epoxy DIP and perform
ance and characteristics are guaranteed over the operating 
temperature range of -25°C to +55°C. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage •••......••••••••.••••••.••••......•.....•••••••••.••..•...•..... ±38V 
Recommended Supply 
Voltage Range ••••••..••..••.•..•..•..•••••••.•••••.•.••.•••••••••.• ±9V to ±36V 

Current Into Any Pin 
(Except Pins 2, 11, and 15) •••. ; •...•....••..••••.•••.••..•.•.•••••••••• 40mA 
Lead Temperature (Soldering, 60 sec) ....•..•..••.•.••.••.••••. 300°C 
Storage Temperature •.••.••.••••.••..••.••.••..•••••••.. -65°C to + 150°C 
Package Dissipation •.••.••.•..•..•.•••••..••..••••.........••••.••......•..•.• 2W 
Short-Circuit Duration (Note 1) .................................. Indefinite 
Operating Temperature Range ••..••...........••.•••.• -25°C to 55°C 

PACKAGE TYPE alA (Note 2) a lc UNITS 

t6-Pin Plastic DIP (P) 76 33 °CIW 

NOTES: 
t. Short-circuit duration is Indellnite, provided dissipation limit is not exceeded. 
2. ajA is specified for worst case mounting conditions, i.e., ajA is speciliedlordevice 

In socket for P·DIP package. 

ELECTRICAL CHARACTERISTICS at Vs =±18V, RI = R2 = 5kn, R3 = R4 = 2kn, TA = +25°C, unless otherwise noted. 

SSM-2016 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

VO=IOVRMS,RL =2kll 
G = 1000 

1=lkHz 0.009 0.015 
1= 10kHz 0.015 0.02 

G.IOO 
I_1kHz 0.003 0.005 
1= 10kHz 0.005 0.007 

G=IO 
1=lkHz 0.002 0.003 

Total Harmonic Distortion THO 1= 10kHz 0.003 0.005 
% 

Vo= 10VAMS' RL =6000, Vs=±20V 
G= 1000 
1.lkHz 0.025 0.04 
1= 10kHz 0.06 0.09 

G.IOO 
1=lkHz 0.008 0.015 
I. 10kHz 0.02 0.04 

G=IO 
I-1kHz 0.005 0.008 
1.10kHz 0.008 0.015 

20kHz Bandwidth 
Input Relerred Voltage Noise G= 1000 0.11 0.16 

I'VAMS {Note I) en G=IOO 0.20 0.30 
G=IO 0.80 1.2 

Input Current Noise (Note I) In 20 kHz Bandwidth 350 550 pAlAU§ 

Slew Rate SR 10 ViI's 

-3dB Bandwidth (Note 2) GBW G= 1000 0.55 
MHz GSIOO 

G- 1000 0.5 2.5 
Input Offset Voltage Vos G.IOO 1.5 10 mV 

G-IO 5 8 

Input Bias Current Ie Vcu- OV 9 25 jlA 

Input Offset Current los VCM-OV 1.5 5.0 I'A 

G= 1000 96 100 
Common-Mode Rejection Ratio CMRR G=IOO 80.5 95 dB 

G=IO 64 75 

Power Supply Rejection Ratio PSRR Vs ·±9Vto±36V 90 100 dB 

Common-Mode Voltage Range CMVR ±7 ±IO V 
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SSM-20l6 
ELECTRICAL CHARACTERISTICS at Vs = ±18V, Rl = R2 = 5kU, R3 = R4 = 2kU, TA = +25°C, unless otherwise noted. 
Continued 

PARAMETER SYMBOL CONDITIONS 

Common-Mode Input Impedance RINEM 

Differential-Mode 
G= 1000 

Input Impedance R'N G=100 
G=10 

Output Voltage Swing (Note 1) Vo 
RL =2kO 
RL = 6000, V s = ±20V 

Output Current (Note 3) lOUT 
Source 
Sink 

Supply Current Isv VCM=OV 

Error From Gain Equation 

NOTES: 
1. Sample tested. 
2. Bandwidth will be slew-rate limited at high output levels. 
3. Output is protected from short circuits to ground or either supply. 

9 
COUP 2 

MIN 

±15 
±15 

40 
40 

10 

SSM-2016 
TYP 

20 

0.3 
3 

to 

±t7 
±t7 

70 
70 

12 

0.1 

MAX 

16 

0.3 

Specifications subject to change; consult latest data sheet. 

UNITS 

MO 

MO 

V 

rnA 

rnA 

dB 

10 
~-------'~~~------------r------7-------------------------Q~PI 

NULL 1 0-'---;+_----+_----------...... ----+--------__� l20pF 
15 

~--+_--~------__Qv~ 

NULL2o-':..---l+_----+_----------+--~,....--------__I 
c, 5GpF 

470pP 

~No-'~~+_----+_----------+----r_----~ 

Alour 

L~~~_L_-_-_-_-_--_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_--_-_-_-_-_-_._-_-_-_-_-_-_~--~~2~~ R. 5~ 

'47OpF CAPACITOR SHOULD BE MOUNTED CLOSE TO THE PAcKAGE 

FIGURE 1: Typical Preamplifier Amplification 

APPLICATIONS INFORMATION 

PRINCIPLE OF OPERATION 
The SSM-2016 operates as a true differential amplifier with 
feedback returned directly to the emitters of the input stage tran
sistors by Rl (See Figure 1). The differential pair is fed by a 
current source at the collectors and the required emitter current 

REV. A 

* O.I~F 

is supplied by a nulling (servo) amplifier through the external 
resistors R3 and R4 (Figure 1). This system produces both opti
mum noise and common-mode rejection while retaining a very 
high input impedance. The internal "servo· amplifier is used to 
control the input stage current independently of common-mode 
voltage and its output is accessible via pin 12. 
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SSM-2016 
GAIN SETTING 
The nominal gain of the SSM-2016 is given by: 

R1 +R2 R1 + R2 
G=--+---+1 

Rg R3+ R4 
or 

10kn G=T+3.5 For R1=R2 =5kn,R3=R4=2kn 
9 

R1 and R2 should be equal to 5kn for best results. It is vital that 
good quality resistors be used in the gain setting network, since 
low quality types (notably carbon composition) can generate 
significant amounts of distortion and, under some conditions,low 
frequency noise. 

The SSM-2016 is capable of operating at gains down to 3.5 at 
full performance. Gain range can be extended further by in
creasing R3 and R4 in Figure 1, but at the penalty of reduced 
common-mode input range. Gains below 2.5 are not practical 
unless the negative supply voltage is increased. 

Note that tolerance of R1 - R4 directly affects the gain error and 
that good matching between R1 - R4 is essential to prevent 
degradation of the common-mode rejection performance. 

The SSM-2016 provides internal 1 kn resistors to replace R3 and 
R4 in applications where distortion is not too critical. 

FREQUENCY COMPENSATION 
The SSM-2016's internal ·servo" amplifier is compensated by 
C3, while C1 and C2 (see Figure 1) compensate the overall am
plifier. The values shown maintain a very wide bandwidth with a 
good symmetrical slew rate. If desired, the bandwidth can be 
reduced by increasing the value of C1. 

NOISE PERFORMANCE 
The SSM-2016's input referred noise is O.11I1VRMS (20kHz 
bandwidth) at 60dB of gain, 0.211V RMS at 40dB, and 0.811V RMS at 
20dB. The apparent increase at low gains is due to noise incurred 
in the feedback resistors and second stage becoming dominant. 
This noise is actually present at all times but becomes masked 
by input stage noise as the gain is increased. 

The SSM-2016 is optimized for source impedances of 1 kn or 
less and underthese conditions, the noise performance is equal 
to the best discrete component designs. Considering that a 
"standard" microphone with impedance of 1500 generates 
1.6nVI YFiZ of thermal noise, the SSM-2016's 800pVI YFiZ of 
voltage noise or the corresponding noise figure of typically 1 dB 
make the device virtually transparent to the user. 

In applications where higher source impedances than 1 kn are 
desired, the SSM-2015 preamplifier is recommended. 

Another source of noise degradation is the chip's total power 
dissipation, since any increase in temperature will increase the 
noise. This effect is more pronounced at higher gains. As a re
sult, the SSM-2016 uses a copper lead-frame package which 
greatly helps the power dissipation and the noise performance. 
The best noise performance of the SSM-2016 can be achieved 
at low supply voltages while driving light loads. 
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TOTAL HARMONIC DISTORTION 
Figures 2 - 5 show the distortion behavior of SSM-2016. All 
measurements were taken at a 1 OV RMS output to ensure a true 
"worst case" condition. No crossover distortion is observed at 
lower ouput levels. At 20dB of gain (Figure 2) total harmonic 
distortion (plus noise) is well below 0.01% at all audio frequen
cies. At 40dB of gain (Figure 3) some loading effects are evident, 
especially at higher frequencies, but the overall THO is still very 
low. The measurements at 60dB of gain (Figure 4) are a little 
misleading because the noise floor is at an equivalent level of 
0.0085% at this gain. In fact, the real distortion components are 
not greatly increased from the 40dB case. 

Figure 5 shows the intermodulation distortion performance of the 
SSM-2016. A basic SMPTE type test was performed with the main 
generator swept from 2.5kHz to 20kHz. The 60dB reading is once 
more mostly noise. 
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OVERALL DISTORTION 
AT +60dB GAIN 
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FIGURE 4 

DRIVE CAPABILITY 
Fabricated on a high voltage process, the SSM-2016 is capable 
of operating from ±9V to±36V supplies. In addition, the powerful 
output stage is designed to drive a jack-field directly. The SSM-
2016 is capable of driving a 1 OV RMS sine wave into 6000 load 
using ±18V supplies. However, ±20V or greater supplies are 
recommended to give a more comfortable headroom. A copper 
lead-frame DIP package is used to permit 1.5W of dissipation 
when driving heavy loads or operating from elevated supplies. 

INPUTS 
The SSM-2016 offers protection diodes across the base-emitter 
junctions of the input transistors. These prevent accidental 
avalanche breakdown which could seriously degrade noise 
performance. Additional clamp diodes are also provided to pre
vent the inputs from being forced too far beyond the supplies. 

Although the SSM-2016's inputs are fully floating, care must be 
exercised to ensure that both inputs have a DC bias connection 
capable of maintaining them within the input common-mode 
range. The usual method of achieving this is to ground one side 
ofthetransducer as in Figure 6a, but an alternative way is to float 
the transducer and use two resistors to set the bias point as in 
figure 6b. The value of these resistors can be up to 10kO, but 
they should be kept as small as possible to limit common-mode 
pickup. Noise contribution by resistors themselves is negligible 
since it is attenuated by the transducer's impedance. Balanced 
transducers give the best noise immunity, and interface directly 
as in Figure 6c. 
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FIGURE 6: Three Ways of Interfacing Transducers for High
Noise Immunity 
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SSM-2016 
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FIGURE 7: SSM-2016 with Phantom Power 
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FIGURE 8: Trimming Circuit 

PHANTOM POWERING 
A typical phantom microphone powering circuit is shown in Fig
ure 7. Z, through Z4 provide transient overvoltage protection for 
the SSM-2016 whenever microphones are plugged in and out. 

TRIMMING 
The SSM-2016 accommodates fourtypes of trimming: gain, high
gain offset, low-gain offset, and common-mode rejection. All four 
can be accomplished with the circuits shown in Figure B. 

Gain trim on the SSM-2016 is readily accomplished by adjusting 
RG. VR, adjusts the common-mode rejection, VR2 the high-gain 
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offset, and VR3 the low-gain offset. Common-mode rejection is 
best adjusted by applying an BVp·p 60Hz (50Hz in Europe) sine 
wave to both inputs and adjusting VR, for minimum output. In
teraction is minimized by trimming the high-gain offset first, fol
lowed by the CMR and finally the low-gain offset. A two-pass trim 
is recommended for best results. Note that the,overall gain has 
been reduced slightly to allow convenient values of resistors. 

If the low-gain offset trim is not used, then gain control 
feedthrough can still be reduced by adjusting the high-gain off
set to equal the low-gain offset by means of VR2• 
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BUS SUMMING AMPLIFIER 
In addition to its use as a microphone preamplifier, the SSM-2016 
can be used as a very low noise summing amplifier. Such a circuit 
is particularly useful when many medium impedance outputs are 
summed together to produce a high effective noise gain. 

The principle of the summing amplifier is to ground the SSM-2016 
inputs. Under these conditions, pins 4 and 5 are AC virtual 
grounds sitting about O.65V below ground. Any current injected 
into these points must flow through the feedback resistor (R,) and 
hence are amplified to appear in the the output. Moreover, both 
positive (pin 5) and negative (pin 6) transfer characteristics are 
available simultaneously in contrast to the usual "inverting only" 
configuration. 

2kll 

1% 
2kll 

1% 
R, 

v-o--..... ----=...J 

-LIN o---I------..... -------4-"'--l 

_LIN 0-............ -------------4'---"-1 
INPUT VlRTUAL 

GROUND SERVO AMP 

33kll 

5.1kn 

*NOTE: TOTAL INPUT CURRENT MUST BE LESS THAN CAN 
BE SUPPLIED BY 5kO FEEDBACK RESISTOR 

FIGURE 9: Bus Summing Amplifier 
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SSM-2016 
To remove the O.65V offset, the circuit of Figure 9 is recom
mended. 

A2 forms a "servo" amplifierfeeding the SSM-2016's inputs. This 
places pins 4 and 5 at a true DC virtual ground. Rs in conjunction 
with C6 remove the voltage noise of A2 and in fact just about any 
operational amplifier will work well here since it is removed from 
the signal path. If the DC offset at pins 4 and 5 is not too critical, 
then the servo loop can be replaced by the diode biasing scheme 
of Figure 9a. If AC coupling is used throughout, then pins 3 and 
6 may be directly grounded. 

LOUT 

J 39pF 

50pF 
v_ 

~O.'"F 

a) INPUT BIAS CIRCUIT TO 
REPLACE SERVO AMP IN NON
CRITICAL APPLICATIONS 

v_ 

10kll 

1N4148 
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SSM-2016 
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FIGURE 10: Typical Connection for Breadboarding Purposes 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Excellent Noise Performance: 950 pVlYHz or 1.5 dB 

Noise Figure 
Ultralow THD: <0.01% @ G = 100 Over the Full Audio 

Band 
Wide Bandwidth: 1 MHz @ G = 100 
High Slew Rate: 17 V/,..s typ 
Unity Gain Stable 
True Differential Inputs 
Subaudio lIf Noise Corner 
8-Pin Mini-DIP with Only One External Component 

Required 
Very Low Cost 
Extended Temperature Range: -40"C to +85"C 

APPLICATIONS 
Audio Mix Consoles 
Intercom/Paging Systems 
Two-Way Radio 
Sonar 
Digital Audio Systems 

GENERAL DESCRIPTION 
The SSM-2017 is a latest generation audio preamplifier combin
ing SSM preamplifier design expertise with advanced process
ing. The result is excellent audio performance from a self
contained 8-pin mini-DIP device, requiring only one external 
gain set resistor or potentiometer. The SSM-2017 is further 
enhanced by its unity gain stability. 

Key specifications include ultralow noise (1. 5 dB noise figure) 
and THD «0.01% at G = 100), complemented by wide band
width and high slew rate. 

Applications for this low cost device include microphone pream
plifiers and bus summing amplifiers in professional and con
sumer audio equipment, sonar, and other applications requiring 
a low noise instrumentation amplifier with high gain capability. 
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Self-Contained 
Audio Preamplifier 

SSM-20l7 I 
FUNCTIONAL BLOCK DIAGRAM 

PIN CONNECTIONS 

Epoxy Mini-DIP (P Suffix) 
and 

Hermetic DIP (Z Suffix) 

16-Pin SOIC (S Suffix) 

SSM-2017 
TOP VIEW 

(Not to Scale) 

NC = NO CONNECT 
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SSM 2017 SPECIFICATIONS (Vs.= ±15 y.an~ -40°C,;:; TA ,;:; +85°C, unless otherwise specified. 
- - TYPical specifications apply at TA = +25°C.) 

Parameter Symbol Conditions Min Typ Max Units 

DISTORTION PERFORMANCE TA - +25°C 
Va = 7VRMS 
RL = 5 kO 

Total Harmonic Distortion Plus Noise THD+N G = 1000, f = I kHz 0.012 % 
G = 100, f = I kHz 0.005 % 
G = 10, f = I kHz 0.004 % 
G = I, f = I kHz 0.008 % 

NOISE PERFORMANCE 
Input Referred Voltage Noise Density en f = I kHz, G = 1000 0.95 nV/v'Hz 

f = I kHz; G = 100 1.95 nVly'Hz 
f = 1 kHz; G = 10 II.S3 nV/y'Hz 
f = 1 kHz; G = 1 107.14 nV/y'Hz 

Input Current Noise Density in f = I kHz, G = 1000 2 pAlv'Hz 

DYNAMIC RESPONSE 
Slew Rate SR G=1O 10 17 V/" . .s 

RL = 4.7 kO 
CL = 50 pF 
TA = +25°C 

Small Signal Bandwidth BW_3dB G = 1000 200 kHz 
G = 100 1000 kHz 
G=1O 2000 kHz 
G= I 4000 kHz 

INPUT 
Input Offset Voltage VIoS 0.1 1.2 mV 
Input Bias Current IB VCM = 0 V 6 25 .... A 
Input Offset Current los VCM = 0 V ±0.002 ±2.5 .... A 
Common-Mode Rejection CMR VcM =±8V 

G = 1000 SO 112 dB 
G = 100 60 92 dB 
G = 10 40 74 dB 
G = 1, TA = +25°C 26 54 dB 
G = 1, TA = -40°C to +S5°C 20 54 dB 

Power Supply Rejection PSR Vs =±6Vto±ISV 
G = 1000 SO 124 dB 
G = 100 60 liS dB 
G=1O 40 101 dB 
G = I 26 S2 dB 

Input Voltage Range IVR ±S V 
Input Resistance RIN Differential, G = 1000 1 M!l 

G = I 30 M!l 
Common Mode, G = 1000 5.3 MO 

G=I 7.1 MO 

OUTPUT 
Output Voltage Swing Va RL = 2 kO; TA = +25°C ±II.O ±12.3 V 
Output Offset Voltage Voos -40 500 mV 
Minimum Resistive Load Drive TA = +25°C 2 k!l 

TA = -40°C to +S5°C 4.7 kO 
Maximum Capacitive Load Drive 50 pF 
Short Circuit Current Limit Isc Output-to-Ground Short ±50 rnA 
Output Short Circuit Duration 10 sec 

GAIN 
Gain Accuracy 1OhO 

TA = +25°C Ro = --
G - I Ro = 10 0, G = 1000 0.25 I dB 

Ro = 101 0, G = 100 0.20 I dB 
Ro = l.l kO, G = 10 0.20 I dB 
Ro = 00, G = I 0.05 0.5 dB 

Maximum Gain G 70 dB 
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SSM-2017 

Parameter Symbol Conditions Min Typ Max Unit 

REFERENCE INPUT 
Input Resistance 10 kn 
Voltage Range ±8 V 
Gain to Output 1 VIV 

POWER SUPPLY 
Supply Voltage Range Vs ±6 ±22 V 
Supply Current Isy VCM = 0 V, RL = 00 ±10.6 ±14.0 rnA 

Specificanons subJect to cbange WithOut nouce. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ........................... ±22 V 
Input Voltage ...................... Supply Voltage 
Output Short Circuit Duration ................. 10 sec 
Storage Temperature Range (P, Z Packages) . -65°C to + 150°C 
Junction Temperature (TJ) .•••••.••.•. -65°C to + 150°C 
Lead Temperature Range (Soldering, 60 sec) ........ 3000C 
Operating Temperature Range ........... -40°C to +85°C 
Thermal Resistance l 

8-Pin Hermetic DIP (Z): SJA = 134; SJc = 12 ...... 0c/w 
8-Pin Plastic DIP (P): SJA = 96; SJC = 37 ......... 0c/w 
l6-Pin SOIC (S): SJA = 92; SJC = 27 ............ 0C/W 

Typical Performance Characteristics 

Figure 1. Typical THD+Noise* at G = " 10, 100, 1000; 
Va = 7 VRMS' Vs = ±15 V, RL = 5 kll; TA = +25°C 

I.IIl L ___ ... _.-'_. __ ..l.._._-' ...... L ..• _L..l.._ ....... _. __ •••. _.1 

3l 

Figure 3. Typical DIM at G = " 10, 100, 1000; 
Va = 7 VRMS> Vs= ± 15 V, RL = 5 kll; TA = +25°C 

*80 kHz low-pass tilter used for Figures \-2. 

REV. A 

NOTE 
IOJA is specified for worst case mounting conditions, i.e., aJA is specified for 
device in socket for cerdip and plastic DIP; aJA is specified for device 
soldered to printed circuit board for SOIC package. 

ORDERING GUIDE 

Model 

SSM·20l7P 
SSM·20l7Z 
SSM-20l7S 

Operating 
Temperature Range* 

-40°C to HSoC 
-4Q°C to +8SoC 
-40°C to +8SoC 

*XIND = -40·C to +8S"C. 

Package 

8-Pin Plastic DIP 
8·Pin Hermetic DIP 
l6-Lead SOIC 

-~jtJ 
lI" .. ... .. 

Figure 2. Typical THD+Noise* at G = 2, 10, 100, 1000; 
Va = 10 VRMS> Vs = ± 18 V, RL = 5 kll; TA = +25°C 

1O_ISICl2I17-1 ... llNx) ""011:) 

G.10 .. 
Figure 4. Typical DIM at G = 2, 10, 100, 1000; 
Va = 10 VRMS> Vs = ±18 V, RL = 5 kll; TA = +25OC 
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SSM-2017 
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Typical Performance Characteristics - SSM-20l7 
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SSM-20l7 -Applications Information 
v+ 

+ING----{: 

OUT 

-IN 0---.(: 

v-

VOUT (10kQ) 
G = (+IN) _ (-IN) = Fi"G + 1 

Basic Circuit Connections 

GAIN 
The SSM-2017 only requires a single external resistor to set the 
voltage gain. The voltage gain, G, is: 

and 

10kn 
Ra=G_l 

For convenience, Table I lists various values of ~ for common 
gain levels. 

Table I. Values of RG for Various Gain Levels 

Av dB Ito 
1 0 NC 
3.2 10 4.7k 
10 20 1.1k 
31.3 30 330 
100 40 100 
314 50 32 
1000. 60 10 

The voltage gain can range from 1 to 3500. A gain set resistor is 
not required for unity gain applications. Metal-film or wire
wound resistors are recommended for best results. 

The total gain accuracy of the SSM-2017 is determined by the 
tolerance of the external gain set resistor, ~, combined with 
the gain equation accuracy of the SSM-2017. Total gain drift 
combines the mismatch of the external gain set resistor drift 
with that of the internal resistors (20 ppmI"C typ). 

Bandwidth of the SSM-2017 is relatively independent of gain as 
shown in Figure 23. For a voltage gain of 1000, the SSM-2017 
has a small-signal bandwidth of 200 kHz. At unity gain, the 
bandwidth oftbe SSM-2017 exceeds 4 MHz. 
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-40 L..J..L.U.L..J..L.U.L..J..L.U.L..J.. .......... U-....... 
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Figure 23. Bandwidth of the SSM-20 17 for Various Values 
of Gain 

NOISE PERFORMANCE 
The SSM-2017 is a very low noise audio preamplifier exhibiting 
a typical voltage noise density of only 1 nVNHz at 1 kHz. The 
exceptionally low noise characteristics of the SSM-2017 are in 
part achieved by operating the input transistors at high collector 
currents since the voltage noise is inversely proportional to the 
square root of the collector current. Current noise, however, is 
directly proportional to the square root of the collector current. 
As a result, the outstanding voltage noise performance of the 
SSM-2017 is obtained at the expense of current noise perfor
mance. At low preamplifier gains, the effect of the SSM-2017's 
voltage and current noise is insignificant. 

The total noise of an audio preamplifier channel can be calcu
lated by: 

where: 

En = total input referred noise 

en = amplifier voltage noise 

in = amplifier current noise 

R. = source resistance 

e, = source resistance therma1 noise. 

For a microphone preamplifier, using a typical microphone im
pedance of 150 n the total input referred noise is: 

e. = 1 nVIVnZ @ 1 kHz, SSM-2017 e. 

i. = 2pAIVnZ@ 1 kHz,SSM-2017 i. 

Rs = 150 n, microphone source impedance 
e, = 1.6 nVIVnZ @ 1 kHz, microphone thermal noise 

E. = -VII nVIYHsj' + 212pNYHs x 150 OJ' + 11.6 nV/YHsj' 
1.93 nVIVIh @ 1 kHz. 

This total noise is extremely low and makes the SSM-2017 virtu
ally transparent to the user. 
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INPUTS 
The SSM-2017 has protection diodes across the base emitter 
junctions of the input transistors. These prevent accidental ava
lanche breakdown which could seriously degrade noise perfor
mance. Additional clamp diodes are also provided to prevent the 
inputs from being forced too far beyond the supplies. 

L-----
TRANSDUCER 

a. Single Ended 

R 

TRANSDUCER 

b. Pseudo Differential 

TRANSDUCER 

c. True Differential 

Figure 24. Three Ways of Interfacing Transducers for High 
Noise Immunity 

C1 

SSM-2017 
Although the SSM-2017's inputs are fully floating, care must be 
exercised to ensure that both inputs have a dc bias connection 
capable of maintaining them within the input common-mode 
range. The usual method of achieving this is to ground one side 
of the transducer as in Figure 24a, but an alternative way is to 
float the transducer and use two resistors to set the bias point as 
in Figure 24b. The value of these resistors can be up to 10 kn, 
but they should be kept as small as possible to limit common
mode pickup. Noise contribution by resistors themselves is neg
ligible since it is attenuated by the transducer's impedance. 
Balanced transducers give the best noise immunity and interface 
directly as in Figure 24c. 

REFERENCE TERMINAL 
The output signal is specified with respect to the reference ter
minal, which is normally connected to analog ground. The refer
ence may also be used for offset correction or level shifting. A 
reference source resistance will reduce the common-mode rejec- 4 
tion by the ratio of 5 knIRREP• If the reference source resis-
tance is 1 n, then the CMR will be reduced to 74 dB (5 knll n 
= 74 dB). 

COMMON-MODE REJECTION 
Ideally, a microphone preamplifier responds only to the differ
ence between the two input signals and rejects common-mode 
voltages and noise. In practice, there is a small change in output 
voltage when both inputs experience the same common-mode 
voltage change; the ratio of these voltages is called the common
mode gain. Common-mode rejection (CMR) is the logarithm of 
the ratio of differential-mode gain to common-mode gain, ex
pressed in dB. 

PHANTOM POWERING 
A typical phantom microphone powering circuit is shown in 
Figure 25. Z, through Z4 provide transient overvoltage protec
tion for the SSM-2017 whenever microphones are plugged in or 
unplugged. 

+1BV 

+IN o-~,""""--.,;+:tll-----'f---""--""--~ 
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+ 
C3I47!'f 

R3 6.8k 

R4 

1% 

6.8k 
1% 

-IN o---4II---.,;+:tlI---~t---""'-~t-_---J 

C1, C2: 47"F, GOV, TANTALUM 
ZI- Z4: 12V, 1/2W 

Figure 25. SSM-2017 in Phantom Powered Microphone Circuit 
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SSM-2017 
BUS SUMMING AMPLIFIER 
In addition to is use as a microphone preamplifier, the SSM-
2017 can be used as a very low noise summing amplifier. Such a 
circuit is particularly useful when many medium impedance out
puts are summed together to produce a high effective noise gain. 

The principle of the summing amplifier is to ground the SSM-
2017 inputs. Under these conditions, Pins 1 and 8 are ac virtual 
grounds sitting about 0.55 V below ground. 

To remove the 0.55 V offset, the circuit of Figure 26 is 
recommended. 

A2 forms a "servo" amplifier feeding the SSM-2017's inputs. 
This places Pins 1 and 8 at a true de virtual ground. R4 in con
junction with C2 remove the voltage noise of A2 , and in fact just 
about any opemtional amplifier will work well here since it is 
removed from the signal path. If the de offset at Pins 1 and 8 is 
not too critical, then the servo loop can be replaced by the diode 
biasing scheme of Figure 26. If ac coupling is used throughout, 
then Pins 2 and 3 may be directly grounded. 
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Figure 26. Bus Summing Amplifier 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• High Common·Mode Rejection 
PC ..................................................................... 100dB Typ 
60Hz .................................................................. 100dBTyp 
20kHz .................................................................. 70dB Typ 
40kHz .................................................................. 62dB Typ 

• Low Distortion .................................................. 0.001% Typ 
• Fast Slew Rate ................................................. 9.5V/l1s Typ 
• Wide Bandwidth .................................................. 3M Hz Typ 
• Low Cost 
• Complements SSM-2142 Differential Line Driver 

APPLICATIONS 

• Line Receivers 
• Summing Amplifiers 
• Buffer Amplifiers - Drives 6000 Load 

ORDERING INFORMATION 
PACKAGE 

PLASTIC 
a·PIN 

SSM2141P 

FUNCTIONAL DIAGRAM 

-IN • 

251c<1 

+IN 3 .-

REV. A 

OPERATING 
TEMPERATURE 

RANGE 

SENSE 

,.--1-'-"'0 +Vcc 

OUTPUT 

REFERENCE 

High Common-Mode Rejection 
Differential Line Receiver 

SSM-2141 I 
GENERAL DESCRIPTION 

The SSM-2141 is an integrated differential amplifier intended to 
receive balanced line inputs in audio applications requiring a high 
level of noise immunity and optimum common·mode rejection. 
The SSM-2141 typically achieves 1 OOdB of common·mode re
jection (CMR), whereas implementing an op amp with four off
the-shelf precision resistors will typically achieve only 40dB of 
CMR - inadequate for high-performance audio. 

The SSM-2141 achieves low distortion performance by main· 
taining a large slew rate of 9.5V/l1s and high open-loop gain. 
Distortion is less than 0.002% over the full audio bandwidth. The 4 
SSM-2141 complements the SSM-2142 balanced line driver. 
Together, these devices comprise a fully integrated solution for 
equivalent transformer balancing of audio signals without the 
problems of distortion, EMI fields, and high cost. 

Additional applications for the SSM-2141 include summing sig
nals, differential preamplifiers, and 6000 low distortion buffer 
amplifiers. 

PIN CONNECTIONS 

a·PIN 
EPOXY MINI·DIP 

(P-Suffix) 
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SSM-2141 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±18V 
Input Voltage (Note 1) ...................................... Supply Voltage 
Output Short-Circuit Duration ................................ Continuous 
Storage Temperature Range 

P Package ................................................. -65°C to + 150°C 
Lead Temperature (Soldering, 60 sec) ........................ +300°C 
Junction Temperature .................................................. +150°C 
Operating Temperature Range ........................ -40°C to +85°C 

PACKAGE TYPE UNITS 

8·Pln Plasdc DIP (P) 103 43 

NOTES: 
1. For supply voltages less than ±18V. the absolute maximum input voltage i. 

equal to the supply voltage. 
2. eJAisspecifiedforworstcasemoundngcondldons.i.e •• ~Ais.pecifiadfordevioe 

In socketfor P-DIP packege. 

ELECTRICAL CHARACTERISTICS at V S - ±18V, T A - +25°C. unless otherwise noted. 

SSM-2141 
PARAMETER SYMBOL CONDITIONS IIIN TYP MAX UNITS 

Offset Voltage Vas Vcu=OV -1000 25 1000 p.V 

Gain Error No Load. V'N=±10V.Rs =On 0.001 0.01 % 

Input Voltage Range IVR (Note 1) ±10 V 

Common·Mode Rejection CMR Vc,,=±10V 80 100 dB 

Power Supply Rejection Ratio PSRR Vs • ±8V to ±18V 0.7 15 

Output Swing Vo RL =2k.Cl ±13 ±14.7 V 

Short-Circuit Current Limit Isc Output Shortad To Ground +45/-15 mA 

Small·Signal Bandwidth (-3dB) BW RL _2k.Cl 3 MHz 

Slew Rate SR RL-2k.Cl 6 9.5 

Total Harmonic 
THO 

RL .100k.Cl 0.001 
Distortion RL =600n 0.01 

% 

Capacitive Load Drive Capability CL No Oscillation 300 pF 

Supply Current ISY No Load 2.5 3.5 rnA 

NOTE: 
1. Input voltage range guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at V S = ±18V. -40°C s T AS +85°C. 

SSM-2141 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Offset Voltage Vos VCM=OV -2500 200 2500 p.V 

Gain Error No Load. V'N=±10V.R.-on 0.002 0.02 % 

Input Voltage Range IVR (Note 1) ±10 V 

Common-Mode Rejection CMR Vcu =±10V 75 90 dB 

Power Supply Rejection Ratio PSRR Vs·±8Vto±18V 1.0 20 

Output Swing Vo RL =2k.Cl ±13 ±14.7 V 

Slew Rate SR RL =2k.Cl 9.5 

Supply Current ISY No Load 2.6 4.0 mA 

NOTE: 
1. Input voltage range guararitead by CMR test. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

REV. A 

'20 

110 

&r '00 

I ~ 
i : 
§ 30 

20 

'0 
• , 

SMALL-SIGNAL TRANSIENT 
RESPONSE 

T =+25'C 
¥:=±15V 

COMMON-MODE REJECTION 
va FREQUENCY 

10 100 1k 1Dk ,. 111 

Fll£QUENCY tI"I 

TOTAL HARMONIC DISTORTION 
va FREQUENCY 

13 DEC 89 II: 18: 

AP,' 

'20 

11 

'00 

0 

j: 
~ .. 
!!; 50 
.. '0 
15 I 50 .. 

'0 
• 

SSM-2141 

LARGE-SIGNAL TRANSIENT 
RESPONSE 

T =+25'C 
¥:=±15V 

POWER SUPPLY REJECTION 
va FREQUENCY 

+~:'.J.\l 
V •• ±1SV 

III 
II 
•• 

••• 

1 10 1DO 1k 10k ,_ 111 

FREQUENCY tI"I 

DYNAMIC INTERMODULATION 
DISTORTION va FREQUENCY 

~----L-+-+-+ : ! ~ : 
..... I~ 1---.l ~ ! I. i 

INSTRUMENTATION AMPLIFIERS 4-203 

• 



SSM-2141 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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, .. 

" 
• , 

VOLTAGE NOISE DENSITY 
V8 FREQUENCY 

T .. _+2S"C 
v._:rISY 

I' 

,. 100 1. 

FREQUENCY (ItzI 

VOLTAGE NOISE FROM 
OT01kHz 

, .. 

TA _+25'C 
V.=:I:15V 

NOTE: EXTERNAL AIIPUFIER GAIN = 1000; 
THEREFORE, VERTICAL SCALE .. 10jlVIDIV. 

SSM-2141 

LOW FREQUENCY 
VOLTAGE NOISE 

-+1jlV 
-ov 
--1jlV 

0.1 TO 10Hz PEAK·TO-PEAK NOISE 

VOLTAGE NOISE FROM 
OT010kHz 

- +10jlV 
-OV 
--10jlV 

TA , .. 25'C 
Vs =±15V 

NOTE: EXTERNAL AMPLIFIER GAIN = 1000; 
THEREFORE, VERTICAL SCALE = 10jlVIDIV. 
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SSM-2141 
SLEW RATE TEST CIRCUIT 

>--F ..... -ov .... 

-11V 

APPLICATIONS INFORMATION 

The SSM-2141 represents a versatile analog building block. In 
order to capitalize on fast settling time, high slew rate, and high 
CMR, proper decoupling and grounding techniques must be 
employed. For decoupling, place 0.1 J.LF capacitor located within 
close proximity from each supply pin to ground. 

MAINTAINING COMMON-MODE REJECTION 
In order to achieve the full common-mode rejection capability of 
the SSM-2141, the source impedance must be carefully con
trolled. Slight imbalances of the source resistance will result in 
a degradation of DC CMR - even a 50 imbalance will degrade 
CMR by 20dB. Also, the matching of the reactive source imped
ance must be matched in order to preserve theCMRR over fre
quency. 

APPLICATION CIRCUITS 

FIGURE 1: Precision Difference Amplifier. Rejects Common

Mode Signal. [E, + E21 by 100dB 
2 

4-206 INSTRUMENTATION AMPLIFIERS 

FIGURE 2: Precision Unity-Gain Inverting Amplifier 

FIGURE 3: Precision Summing Amplifier 

FIGURE 4: Precision Summing Amplifier with Gain 

>-F ..... o()~TPUT 

FIGURE 5: Suitable instrumentation amplifier requirements 
can be addressed by using an input stage consisting of A" 
A2' R, and RIF 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Transformer-Like Balanced Output 
Drives 10 V RMS Into a 600 0 Load 
Stable When Driving Large Capacitive Loads and Long 

Cables 
Low Distortion 

0.006% typ 20 Hz-20 kHz, 10 V RMS into 600 0 
High Slew Rate 

15 V/IJ.S typ 
Low Gain Error 

(Differential or Single-Ended); 0.7% typ 
Outputs Short-Circuit Protected 
Available In Space-Saving 8-Pin Mini-DIP Package 
Low Cost 

APPLICATIONS 
Audio Mix Consoles 
Distribution Amplifiers 
Graphic and Parametric Equalizers 
Dynamic Range Processors 
Digital Effects Processors 
Telecommunications Systems 
Industrial Instrumentation 
Hi-Fi Equipment 

GENERAL DESCRIPTION 
The SSM-2142 is an integrated differential-output buffer ampli
fier that converts a single-ended input signal to a balanced out
put signal pair with high output drive. By utilizing low noise 
thermally matched thin flim resistors and high slew rate amplifi
ers, the SSM-2142 helps maintain the sonic quality of audio 
systems by eliminating power line hum, RF interference, voltage 
drops, and other externally generated noise commonly encoun
tered with long audio cable runs. Excellent rejection of 
common-mode noise and offset errors is achieved by laser 
trimming of the onboard resistors, assuring high gain accuracy. 
The carefully designed output stage of the SSM-2142 is capable 
of driving difficult loads, yielding low-distortion performance 
despite extremely long cables or loads as low as 600 n, and is 
stable over a wide range of operating conditions. 

REV. A 

VON 

GND 

Balanced Line Driver 
SSM-2142 I 

FUNCTIONAL BLOCK DIAGRAM 

ALL RESISTORS 301<" 
UNLESS OTHERWISE 
INDICATED 

> ..... VVI.-Q .OUT FORCE 

.OUTSENSE 

-OUT SENSE 

>4I*,'M.-¢ - OUT FORCE 

Based on a cross-coupled, electronically balanced topology, 
the SSM-2142 mimics the performance of fully balanced 
transformer-based solutions for line driving. However, the SSM-
2142 maintains lower distortion and occupies much less board 
space than transformers while achieving comparable common
mode rejection performance with reduced parts count. 

The SSM-2142 in tandem with the SSM-2141 differential re
ceiver establishes a complete, reliable solution for driving and 
receiving audio signals over long cables. The SSM-2141 features 
an Input Common-Mode Rejection Ratio of 100 dB at 60 Hz. 
Specifications demonstrating the performance of this typical sys
tem are included in the data sheet. 
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(Vs = ±18 Y, -411"C s; T. s; +85°C, operating in differential mode 

SSM-2142 - SPEC I FI CATIONS ~:I~s1~~;~ed otherwise. Typical characteristics apply to operation at 

Parameter Symbol Conditions Min Typ 

INPUT IMPEDANCE ZIN 10 

INPUT CURRENT lIN VIN = ±7.071 V ±750 

GAIN, DIFFERENTIAL 5.8 5.98 

GAIN, SINGLE-ENDED Single-Ended Mode 5.7 5.94 

GAIN ERROR, DIFFERENTIAL. RL = 6000 0.7 

POWER SUPPLY REJECTION PSRR Vs = ±13 V to ±18 V 60 80 
RATIO STATIC 

OUTPUT COMMON-MODE REJECTION OCMR See Test Circuit; f = I kHz -38 -45 

OUTPUT SIGNAL BALANCE RATIO SBR See Test Circuit; f = I kHz -35 -40 

TOTAL HARMONIC DISTORTION 
Plus Noise THD+N 20 Hz to 20 kHz, 0.006 

Vo = 10 V rms, RL = 600 0 

SIGNAL-TO-NOISE RATIO SNR VIN = OV -93.4 

HEADROOM HR CLIP Level = 10.5 V rms +93.4 

SLEW RATE SR 15 

OUTPUT COMMON-MODE Voos RL = 6000 -250 25 
VOLTAGE OFFSETi 

DIFFERENTIAL OUTPUT VOOD RL = 6000 -50 15 
VOLTAGE OFFSET 

DIFFERENTIAL OUTPUT VIN = ±7.071 V ±13.8 ±14.14 
VOLTAGE SWING 

OUTPUT IMPEDANCE Zo 45 50 

SUPPLY CURRENT ISY Unloaded, VIN = 0 V 5.5 

OUTPUT CURRENT, SHORT CIRCUIT Isc 60 70 

NOTE 
'Output common-mode offset voltage can be removed by inserting de blocking capacitors in the sense lines. See the Applications Information. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS PIN CONNECTIONS 

Max 

±900 

2 

250 

50 

55 

7.0 

Supply Voltage •....................•..... ±18 V 
Storage Temperature •......•........ -6()OC to + 150"C 
Lead Temperature (Soldering, 60 sec) ........... +3OO"C 

8-Pin Plastic DIP 
(P Suffix) 

8-Pin Cerdip 
(Z Suffix) 

16-Pin SOIC 
(S Suffix) 

Junction Temperature ...................... + 15O"C 
Operating Temperature Range •.......... -40°C to +85°C 
Output Short Circuit Duration (Both Outputs) . . . . . Indefinite 

*Stres ... above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only; the functional 
aperation of the device at these or any other conditions above those indicated 
in the aperationaI sections of this specification is not implied. Expnsure to 
absolute maximum rating conditions for extended periods may affect device 
reIiability. 

Model 

SSM2142P 
SSM2142Z 
SSM2142S· 

ORDERING GUIDE 

Operating 
Temperature Range 

-40"C to +85°C 
-40"C to +85"C 
-40"C to +85"C 

Package 
Option 

Plastic DIP 
Cerdip 
SOIC 

*For availability of sOle package, contact your local sales office. 
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-FORCE 3 

-SENSE' 

GROUND. 

Units 

kn 

fJ.A. 
dB 

dB 

% 

dB 

dB 

dB 

% 

dBu 

dBu 

V/",s 

mV 

mV 

V 

0 

mA 

mA 

3 .SENSE 
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V.=ov 

300D 

OCMR = 20 LOG AVour 
VeMR 

Figure 1. Output CMR Test Circuit 

Typical Performance Characteristics 
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FREQUENCY - Hz 

I"~ A = 'l.b" 
Vs = :t18V 
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10k lOOk 

Figure 3. Power Supply Rejection vs. Frequency 
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Figure 5. Output Voltage Swing vs. Supply Voltage 
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SBR = 20 LOG AVVOUT 
IN 

SSM-2142 

Figure 2. Signal Balance Ratio (BBC Method) Test Circuit 

12 

~ 10 

> 
I 

" 8 

I 
~ 6 
;!: 
g 

~ 
o 

o 
10 

ITA !+~'C I 

........ ~ 
Vs ::t:18V 
RL =8OOQ 

DIFF.WDE 

0.01% DISTDRTIO~ ~ 1% DISTORTION 

...... 
r-.:: ~ ~ 

20 30 50 100 

FREQUENCY - kHz 

Figure 4. Maximum Output Voltage Swing vs. Frequency 
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SSM-2142 
THD PERFORMANCE 
The following data, taken from the THD test circuit on an Au
dio Precision System One using the internal 80 kHz .noise filter, 
demonstrates the typical performance of a balanced-pair system 
based on the SSM-21421SSM-2141 chip set. Both differential 
and single-ended modes of operation are shown, under a num
ber of output load conditions which simulate various application 
situations. Note also that there is no adverse effect on system 
performance when using the optional series feedback capacitors, 
which reject de cable offsets in order to maintain optimal ac 
noise rejection. The large signal transient response of the system 
to a 100 kHz square wave input is also shown, demonstrating 
the stability of the SSM-2142 under load. 

*USED ONLY IN THO PLOTS AS NOTED. 
ALL CABLE MEASUREMENTS USE BELDEN 8451 CABLE. 

Figure 7. THD Test Circuit 

1010 PIIICISIGli ISI1 IHItIKXI .. _(HII 

0.010 i ''''''''''''''''''''''''''''i'''''' '''''''''''''i' ""f""i"'H"f"'i' i:::::::::~::::::t:::t::t::~::i::t:t 

0.001 

.0001 

Vo = 10V ,ms, NO CABLE 
A: R1 = R2 = R. = '" 
B: R1 = R2 =.6000, R. = '" 
C: R1 = R2 = "', R. = 600 0 

04 IIIIU 'HI 06:32:17 

"""+ "i"''j''Ei''i''i'! """;.qp": 

Figure 8. THD+N VS. Frequency at Point 8 
(Differential Mode) 
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Vo = 10 V ,mo, WITlt 500 FEET CABLE 
A:R1=R2=R.=", 
B: R1 = R2 = 600 0, R. = '" 
C: R1 = R2 = "', R. = 6000 
D: R1 = R2 = R. = "', WITH SERIES FEEDBACK CAPACITORS 

Figure 9. THD+N VS. Frequency at Point 8 
(Differential Mode) 

Vo = 10 V ,mo, R2 = 00, R. = '" 
A: R1 = 600 0, WITH 250 FEET CABLE 
B: R1 = "', NO CABLE 

Figure 10. THD+N VS. Frequency at Point A 
(Single Ended) 

Vo = 10 V ,mo, NO CABLE 
A: R1 = R2 = "', R. = 600 0 

Figure ". THD+N VS. Frequency at Point C 
(SSM-2141 Output) 
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Figure 12. 100 kHz Square Wave Observed at Point B 
(Differential ModeJ. Vo = 10 V rms, R1 = R2 = 00, RL = 600 [J 

Figure 13. 100 kHz Square Wave at Point B (Differential 
ModeJ. Vo = 10 V rms, R1 = R2 = 00, RL = 600 [J, with 
Series Feedback Capacitors 

+1SV 

V,N 

Figure 14. Typical Application of the SSM-2142 and 
SSM-2141 

APPLICATIONS INFORMATION 
The SSM-2142 is designed to provide excellent common-mode 
rejection, high output drive, and low signal distortion and noise 
in a balanced line-driving system. The differential output stage 
consists of twin cross-coupled unity-gain buffer amplifiers with 

REV. A 

SSM-2142 
on-chip 50 n series damping resistors. The impedances in the 
output buffer pair are precisely balanced by laser trimming 
during production. This results in the high gain accuracy 
needed to obtain good common-mode noise rejection, and 
excellent separation between the offset error voltages common to 
the cable pair and the desired differential input signal. As shown 
in the test circuit, it is suggested that a suitable balanced, high 
input-impedance differential amplifier such as the SSM-2l41 be 
used at the receiving end for best system performance. The 
SSM-2141 receiver output is configured for a gain of one half 
following the 6 dB gain of the SSM-2142, in order to maintain 
an overall system gain of unity. 

In applications encountering a large dc offset on the cable or 
those wishing to ensure optimal rejection performance by 
avoiding differential offset error sources, dc blocking capacitors 
may be employed at the sense outputs of the SSM-2142. As 
shown in the test circuit, these components should present as 
little impedance as possible to minimize low-frequency ertors, 
such as 10 IJ.F NP (or tantalum if the polarity of the offset is 
known). 

SYSTEM GROUNDING CONSIDERATIONS 
Due to ground currents, supply variations, and other factors, 
the ground potentials of the circuits at each end of a signal cable 
may not be exactly equal. The primary purpose of a balanced
pair line is to reject this voltage difference, commonly called 
"longitudinal error." A measure of the ability of the system to 
reject longitudinal error voltage is output common-mode 
rejection. In order to obtain the optimal OCMR and noise 
rejection performance available with the SSM-2142, the user 
should observe the following precautions: 

1. The quality of the differential output is directly dependent 
upon the accuracy of the input voltage presented to the 
device. Input voltage errors developed across the impedance 
of the source must be avoided in order to maintain system 
performance. The input of the SSM-2142 should be driven 
directly by an operational amplifier or buffer offering low 
source impedance and low noise. 

2. The ground input should be in close proximity to the single
ended input's source common. Ground offset errors encoun
tered in the source circuitry also impair system performance. 

3. Make sure that the SSM-2142 is adequately decoup1ed with 
0.1 IJ.F bypass capacitors located close to each supply pin. 

4. Avoid the use of passive circuitry in series with the SSM-
2142 outputs. Any reactive difference in the line pair will 
cause significant imbalances and affect the gain error of the 
device. Snubber networks or series load resistors are not 
required to maintain stability in SSM-2142-based systems, 
even when driving signals over extremely long cables. 

5. Efforts should be made to maintain a physical balance in the 
arrangement of the signal pair wiring. Capacitive differences 
due to variations in routing or wire length may cause unequal 
noise pickup between the pair, which will degrade the system 
OCMR. Shielded twisted-pair cable is the preferred choice in 
all applications. The shield should not be utilized as a signa1 
conductor. Grounding the shield at one end, near the output 
common, avoids ground loop currents flowing in the shield 
which increase noise coupling- and longitudinal errors. 

INSTRUMENT A TlON AMPLIFIERS 4-211 

II 



SSM-2142 
THE CABLE PAIR 
The SSM-2142 is capable of driving a 10 V rins signal into 
600 n and will remain stable despite cable capacitances of up to 
0.16 f.LF in either balanced or single-ended configurations. Low
impedance shielded audio cable such as the standard Belden 
8451 or similar is recommended, especially in applications 
traversing considerable distances. The user is cautioned that 
the so-called "audiophile" cables may incur four times the 
capacitance per unit length of the standard industrial-grade 
product. In situations of extreme load and/or distance, adding 
a second parallel cable allows the user to trade off half of the 
total line resistance against a doubling in capacitive load. 

SINGLE-ENDED OPERATION 
The SSM-2142 is designed to be compatible with existing 
balanced-pair interface systems. Just as in transformer-based 
circuits, identical but opposite currents are generated by the 
output pair which can be-ground-referenced if desired and 
transmitted on a single wire. Single-ended operation requires 
that die unused side of the output pair be grounded to a solid 
return path in order to avoid voltage offset errors at the nearby 
input common. The signal quality obtained in these systems is 
directly dependent on the quality of the ground at each end of 
the wire. Also note that in single-ended operation the gain 
through the device is still 6 dB, and that the SSM-2142 incurs 
no significant degradation in signal distortion or output drive 
capability, although the noise rejection inherent in balanced-pair 
systems is lost. 

4-212 INSTRUMENTATIONAMPLIFIERS 

POWER SUPPLY SEQUENClNG 
A problem occasionally encountered in the interface system 
environment involves irregular application of the supplies. The 
user is cautioned that applying power erratically can inadvert
ently bias paris of the circuit into a latchup condition. The small 
geometries of an integrated circuit are easily breached and dam
aged by short-risetime spikes on ltsupply line, which usually 
demonstrate considerable overshoot. The questionable practice 
of exchanging components or boards while under power can 
create such an undesirable sequence as well. Possible options 
which offer improved board-level device protection include: 
additional bypass capacitors, high-current reverse-biased steering 
diodes between both supplies and ground, various transient 
surge suppression devices, and safety grounding connectors. 

Likewi~, power should be applifd to the device before the out
put is connected to "live" systems which may carry voltages of 
sufficient magnitude to turn on the output devices of the SSM-
2142 and damage the device. In any case, of course, the user 
must always observe the absolute maximum ratings shown in the 
specifications. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
High Common-Mode Rejection 

DC: 90 dB typ 
60 Hz: 90 dB typ 
20 kHz: 85 dB typ 

Ultralow THO: 0.0006% typ @ 1 kHz 
Fast Slew Rate: 10 VliLS typ 
Wide Bandwidth: 7 MHz typ (G = 1121 
Two Gain Levels Available: G = 1/2 or 2 
Low Cost 

GENERAL DESCRIPTION 
The SSM-2143 is an integrated differential amplifier intended to 
receive balanced line inputs in audio applications requiring a 
high level of immunity from common-mode noise. The device 
provides a typical 90 dB of common-mode rejection (CMR), 
which is achieved by laser trimming of resistances to better than 
0.005%. 

Additional features of the device include a slew rate of 10 V/".s 
and wide bandwidth. Total harmonic distortion (THD) is less 
than 0.004% over the full audio band, even while driving low 
impedance loads. The SSM-2143 input stage is designed to han
dle input signals as large as +28 dBu at G = 1/2. Although pri
marily intended for G = 1/2 applications, a gain of 2 can be 
realized by reversing the +IN/-IN and SENSEIREFERENCE 
connections. 

When configured for a gain of 112, the SSM-2143 and SSM-2142 
Balanced Line Driver provide a fully integrated, unity gain solu
tion to driving audio signals over long cable runs. 

REV. a 

- 6 dB Differential 
Line Receiver 

SSM-2143 I 
FUNCTIONAL BLOCK DIAGRAM 

121dl ekQ 

-IN SENSE 

V+ 

VOUT 

V-
12kQ 

+IN REFERENCE 

SSM-2143 

PIN CONNECTIONS 

Epoxy Mini-DIP (P Suffix) 
and 

SOIC (S Suffix) 

NC = NO CONNECT 
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SSM 2143 SPECIFIC.'IIONS (Vs.= ±15~. -~C:s TA:s +85OC. G = 112. unless otherwise specified. 
- - "TYPical specifications apply at TA = +25OC.) 

Parameter Symbol Conditions Min Typ Max Units 

AUDIO PERFORMANCE 
Total Harmonic Distortion Plus Noise THD+N VIN = lOY rms, RL = 10 kG, f = 1kHz 0.0006 % 
Signal-to-Noise Ratio SNR o dBu = 0.775 V rms, 20 kHz BW, RT! -107.3 dBu 
Headroom HR Clip Point = 1% THD+N +2S.0 dBu 

DYNAMIC RESPONSE 
Slew Rate SR RL =2kG,CL =200pF 6 10 V/IJ.S 
Small Signal Bandwidth BW_3dB RL = 2kG,CL = 200pF 

G = 112 7 MHz 
G=2 3.5 MHz 

INPUT 
Input Offset Voltage V10S VCM = 0 V, RT!, G = 2 -1.2 0.05 +1.2 mV 
Common-Mode Rejection CMR VCM = ±10 V, RTO 

f= dc 70 90 dB 
f= 60Hz 90 dB 
f = 20 kHz 85 dB 
f= 400 kHz 60 dB 

Power Supply Rejection PSR Vs =±6Vto±18V 90 110 dB 
Input Voltage Range IVR Common Mode ±15 V 

Differential ±2S V 

OUTPUT 
Output Voltage Swing Vo RL = 2kG ±13 ±14 V 
Minimum Resistive Load Drive 2 kG 
Maximum Capacitive Load Drive 300 pF 
Short Circuit Current Limit Isc +45, -20 rnA 

GAIN 
Gain Accuracy -0.1 0.03 0.1 % 

REFERENCE INPUT 
Input Resistance IS kG 
Voltage Range ±10 V 

POWER SUPPLY 
Supply Voltage Range Vs ±6 ±IS V 
Supply Current Isy VCM = 0 V, RL = 00 ±2.7 ±4.0 rnA 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS ORDERING GUIDE 
Supply Voltage ...........•................ ±IS V 
Common-Mode Input Voltage .....•............ ±22 V 
Differential Input Voltage ........•.......••••• ±44 V 
Output Short Circuit Duration .....•......... Continuous 
Operating Temperature Range ........•... -40OC to +85°C 
Storage Temperature Range ............ -65°C to + 150°C 
Junction Temperature (Tj) .................... + 1500C 
Lead Temperature (Soldering, 60 sec.) ............ +300OC 
Thermal Resistance' 

8-Pin Plastic DIP (P): 0JA = 103, 0JC = 43 ......... OC/W 
S-Pin SOIC (S): OJA = 150, 0JC = 43 ............ oC/W 

4-214 INSTRUMENTATIONAMPLIFIERS 

Model Operating Temperature Range Package 

SSM-2143P -40°C to +85°C 
SSM-2143S* -40°C to +85OC 

·Contact sales office for availability. 

8-Pin Plastic DIP 
8-Pin SOIC 
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Figure 1. Small-Signal Transient Response (VIN = ±200mV, 
G = 112, RL = 2 klJ,Vs = ±15 V, TA = +25°C) 

Figure 3. THD+N vs. Frequency (VS = ±15 V, 
V,N = 10 V rms, with 80 kHz Filter) 

Figure 5. Dynamic Intermodulation Distortion, DIM-100 
(VS = ± 15 V, RL = 100 k{J) 

REV. 0 

SSM-2143 

Figure 2. Large Signal Transient Response (V,N = +24 dBu, 
G = 112, RL = 2klJ, Vs = ±15 V, TA = +25°C) 

21.. 25.. 38 .• 

Figure 4. Headroom (VS = ± 15 V, RL = 10 kfl, 
with 80 kHz Filter) 
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Figure 6. THD+N vs. Load (VS = ±15 V, V,N = 10 V rms, 
with 1 kHz Sine, 80 kHz Filter) 
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SSM-2143 
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Figure 7. Closed-Loop Gain VS. Frequency. 20 Hz to 20 kHz 
(Gain of 112 Normalized to 0 dB) 
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Figure 9. Closed-Loop Phase VS. Frequency 
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Figure 11. Power Supply Rejection VS. Frequency 
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Figure 8. Closed-Loop Gain VS. Frequency. 100 Hz to 
10 MHz 
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Figure 10. Common-Mode Rejection VS. Frequency 
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Figure 14. Output Voltage Swing vs. Load Resistance 
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Figure 16. Voltage Noise Density vs. Frequency 

Figure 18. Voltage Noise from 0 kHz to 1 kHz* 

*The photographs in Figure 17 through Figure 19 were taken at Vs = ±IS V and TA = +2S·C, using an external amplifier with a gain of 1000. 
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Figure 19. Voltage Noise from 0 kHz to 10 kHz* 
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Figure 21. Gain Error VS. Temperature 
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Figure 23. Supply Current VS. Temperature 
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Figure 20. Slew Rate vs. Temperature 
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Figure 22. Input Offset Voltage VS. Temperature 
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Figure 24. Supply Current VS. Supply Voltage 

*The photographs in Figure 17 through Figure 19 were taken at V s = ± 15 V and TA = +25"<:, using an external amplifiet with a gain of 1000. 
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APPLICATIONS INFORMATION 
The SSM-2143 is designed as a balanced differential line re
ceiver. It uses a high speed, low noise audio amplifier with four 
precision thin film resistors to maintain excellent common-mode 
rejection and ultralow THO. Figure 25 shows the basic differen
tial receiver application where the SSM-2143 yields a gain of 
112. The placement of the input and feedback resistors can be 
switched to achieve a gain of + 2, as shown in Figure 26. For 
either circuit configuration, the SSM-2143 can also be used un
balanced by grounding one of the inputs. In applic~tions requir
ing a gain of + 1, use the SSM-2141. 

Figure 25. Standard Config
uration for Gain of 1/2 

CMRR 

Figure 26. Reversing the 
Resistors Results in a 
Gain of 2. 

The internal thin film resistors are precisely trimmed to achieve 
a CMRR of 90 dB. Any imbalances introduced by the external 
circuitry will cause a significant reduction in the overall CMRR 
performance. For example, a 5 0 source imbalance will result in 
a CMRR of 71 dB at dc. This is also true for any reactive source 
impedances that may affect the CMRR over the audio frequency 
range. These error sources need to be minimized to maintain the 
excellent CMRR. 

To quantify the required accuracy of the thin film resistor match
ing, the source of CMRR error can be analyzed. A resistor mis
match can be modelled as shown in Figure 27. By assuming a 
tolerance on one of the 12 kO resistors of AR, the equation for 
the common-mode gain becomes: 

VOUT 6k (6k ) 6k 
V IN = 6k + 12k 12k + AR + 1 - 12k + AR 

which reduces to: 

VOUT 

VIN 

1I3AR 

12k + AR 

This gain error leads to a common-mode rejection ratio of: 

6k 

12k + AR 

12k 
+IN o-.JW'r-H 

CMRR=¥W 6k 

Figure 27. A Small Mismatch in Resistance Results in a 
Large Common-Mode Error. 

REV. 0 

SSM-2143 
Setting AR to 5 0 results in the CMRR of 71 dB, as stated 
above. To achieve the SSM-2143's CMRR of 90 dB, the resistor 
mismatch can be at most 0.57 o. In other words, to build this 
circuit discretely, the resistors would have to be matched to bet
ter than 0.005%! 

The following table shows typical resistor accuracies and the 
resulting CMRR for a differential amplifier. 

% Mismatch CMRR 

5% 30 dB 
1% 44 dB 
0.1% 64 dB 
0.005% 90 dB 

DC OUTPUT LEVEL ADJUST 
The reference node of the SSM-2143 is normally connected to 
ground. However, it can be used to null out any dc offsets in 
the system or to introduce a dc reference level other than 
ground. As shown in Figure 28, the reference node needs to be 

-15V 

Figure 28. A Low Impedance Buffer Is Required to Adjust 
the Reference Voltage. 

buffered with an op amp to maintain very low impedance to 
achieve high CMRR. The same reasoning as above applies such 
that the 6 kO resistor has to be matched to better than 0.005 % 
or 0.3 o. The op amp maintains very low output impedance 
over the entire audio frequency range, as long as its bandwidth 
is well above 20 kHz. The reference input can be adjusted over 
a ± 10 V range. The gain from the reference to the output is 
unity so the resulting dc output adjustment range is also ± 10 V. 

INPUT ERRORS 
The main dc input offset error specified for the SSM-2143 is the 
Input Offset Voltage. The Input Bias Current and Input Offset 
Current are not specified as for a normal operational amplifier. 
Because the SSM-2143 has built-in resistors, any bias current 
related errors are converted into offset voltage errors. Thus, the 
offset voltage specification is a combination of the amplifier's 
offset voltage plus its offset current times the input impedance. 

Figure 29. SSM-2142/SSM-2143 Balanced Line Driver/ 
Receiver System 
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SSM-2143 
LINE DRIVERIRECEIVER SYSTEM 
The SSM·2143 and SSM·2142 provide a fully integrated line 
driver/receiver system. The SSM·2142 is a high performance 
balanced line driver IC that converts an unbalanced input into a 
balanced output signal. It can drive large capacitive loads on 
long cables making it ideal for transmitting balanced audio sig. 
nals. When combined with an SSM·2143 on the receiving end of 
the cable, the system maintains high common·mode rejection 
and ultralow THD. The SSM·2142 is designed with a gain of 
+2 and the SSM·2143 with a gain of 112, providing an overall 
system gain of unity. 

The following data demonstrates the typical performance of the 
two parts together, measured on an Audio Precision at the SSM· 
2143's output. This configuration was tested with 500 feet of 

.... _ .. """ .................. , 
"i ," " ,," 

i 

II", I ..... 
i 

': II 

. socr CABLE 1 
1IIIIIliI: 
::#li~BLE .. .. --'!I!~ 

Figure 30. THD+N vs. Frequency of SSM·2142ISSM·2143 
System (VS = ± 18 V, V/N = 5 V rms, with 80 kHz Filter) 

Figure 31. SSM·21421SSM·2143' System Headroom
See Text-(Vs = ±18 V, RL = 10 kfl, 500' Cable} 

Figure 32. SSM·21421SSM·2143 Sys· 
tern DIM·100 Dynamic Intermodulation 
Distortion (VS = ± 18 I/, RL = 10 klJ) 
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cable between the ICs as well as no cable. The combination of 
the two parts results in excellent THD+N and SNR and a noise 
floor of typically -105 dB over a 20 Hz to 20 kHz bandwidth. 

A comment on SSM·21421SSM·2143 system headroom is neces· 
sary. Figure 31 shows a maximum signal handling of approxi· 
mately ±22 dBu, but it must be kept in mind that this is 
measured between the SSM·2142's input and SSM·2143's out· 
put, which has been attenuated by one half. Normally, the sys
tem would be shown as actually used in a piece of equipment, 
whereby the SSM·2143 is at the input and SSM·2142 at the 
output. In this case, the system could handle differential signals 
in excess of + 24 dBu at the in,put and output, which is consis· 
tent with headroom requirements of most professional audio 
equipment. 

~o _ISIOI 2143 WLWUl .. PIIIlICIiId 

1._ -'[T!lrr[--~'fT~~:rr -n 
:: .: :~lEi:j.~Lj+mt"~:--t: ~' 
,-- -. l+- ---1"11t --.- f

... -- It"-l- TlTf .---- . -,,,, -. L ··--i--tlt----
-.- .j 11··_·_·- +~ .. ---
-........ ~ m-'--- -+ ~-- -,-, 
-,- -- ~ -..... j ,---' .-
'1," . ill IL_1. __ ,-[l .. - --"-- . " .. .. 1 .. _--.. 

'"' "" 
Figure 33. SSM-21421SSM·2143 System Frequency 
Response (VS = ±18 V, V/N = 0 dBI/, 500' Cable) 

Figure 34. SSM·2142ISSM·2143 System Large Signal 
Pulse Response (Vs = ± 18 V, RL = 10 kll, No Cable) 
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Selection Guide 
Isolation Amplifiers 

Peak Gain Gain Freq 
Volt Iso Range Nonlin Resp Package Temp 

Model Vpk VIV % max kHz Options' Range2 Page Comments 

284J 2500 1-10 0.05 Module C 5-63 Single Channel, Low Cost 
286J 2500 1-100 0.05-0.2 Module C 5-69 Multichannel, Low Cost 
289 2500 1-100 o. 0 12"'{}. 05 20 Module C 5-75 Precision, Wide Bandwidth, Synchronized 
290A 1500 1-100 0.1"'{}.25 2.5 Module I 5-81 Single Channel, General Purpose 
292A 1500 1-100 0.1"'{}.25 2.5 Module I 5-81 Multichannel, General Purpose 
AD202 1000-2000 1-100 0.025-0.05 2 2,11 I 5-7 Lowest Cost, Small Size, Single Channel, -40°C to +S5°C 
AD203 2000 l-lO0 0.025 10 2 M 5-19 Rugged, Military Temperature Range, Wide Bandwidth 
AD204 lOO0-2000 l-lO0 0.025-0.05 5 2,11 5-7 Lowest Cost, Small Size, Multichannel, -40°C to +S5°C 
AD206 2000 l-lO 0.0l5...{}.03 lOO kHz 11 5-31 lOO kHz Bandwidth, Low Distortion Isolation Amplifier 
AD20S lOO0-2000 l-lO00 0.015"'{}.03 0.4-4 kHz 11 I 5-41 Precision, Low Cost, Single Channel, mV Input 
AD2lO 3500 1-100 0.012"'{}.025 20 2 I 5-55 Precision, 3-Port Isolation, Wide Bandwidth 
281 Module C 5-69 External Oscillator for 286J and 292A Isolation Amplifiers 

tpackage Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOle" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack, 11 = Single-in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

2Temperature Ranges: C = Commercial, O°C to +70°C; I = Industrial, -40°C to +8SoC (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. 
Boldface Type: Product recommended for new design. 
*New product. 
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Orientation 
Isolation Amplifiers 
The isolation amplifier (or isolator) has an input circuit that is 
galvanically isolated from the power supply and the output 
circuit. In the basic two-port form, the ouqiut and power circuits 
are not isolated from one another; in rhree-port isolators (see the 
figure), the input circuits, output circuits, and power source are 
all isolated from one another. In some 3-port isolators, the power 
for the output stage must be furnished from the signal's destination; 
however, in the device shown in Figure 1, all internal power is 
furnished by its own power source; in addition, a modicum of 
auxiliary power is available to power external input and output 
circuitry. 

Isolators are intended for applications requiring safe, accurate 
measurement of voltage or current signals in the presence of 
high common-mode voltage (to thousands of volts) with high 
CMR, line-receiving of signals transmitted at high impedance in 
noisy environments, and for safety in general-purpose measure
ments where dc and Iin,e-freqllency leakage must be maintained 
at levels well below certain mandated minima. * Principal appli
cations are in electrical environments of the kind associated with 
medical equipment, conventional and nuclear power plants, 
automatic test equipment and industrial process-control systems. 

Analog Devices Isolators described in this section (and in the 
Signal CorulilionN section) use transformer coupled high-frequency 
carrier techniques for the transmission of power to and signals 
from the input (and in some cases the out;put) circuit. 

CHOOSING AN ISOLATOR 
The choice of isolator depends on the desired fimctional charac
teristics and the required specifications. FUJictional characteristics 
include such considerations as number of channels in the system, 
range of output common-mode (output to power supply), nature 
of the front-end amplifier (amplification only or general op-amp 
functioning) and the availability of isolated power for additional 
external front-end (or back-end) circuitry. Key specifications 
include performance specs and "absolute maximin" mandated 
safety specifications. Definitions of specifications follow this 
section. In addition to the products listed here, which are re
commended for new designs, a number of older products are 
still available; data sheets are available upon request. In addition 
to the useful applications information on the data sheets published 
here, an applications guide,! available upon request, provides 
information useful to the circuit designer. 

The devices described in this section are all voltage-output 
isolation amplifiers, useful in general-purpose circuit applications 
for instrumentation amplifiers or op amps where isolation is a 
necessity. In addition to these devices, there are a growing 
number of isolators available from Analog Devices that perform 
dedicated functions, for use where isolation is necessary or 
desirable. Some of their applications can be seen in the Signal 
Conditioner section of this book and the Transducer Interfacing 
Handbook. 2 Power Supplies and DC-DC Converters, usually 
tranaformer-coupled, also provide isolation. 

*I!umples of such requhements may be found in UL STD 544 and SWC. 
(Surge Withstand Capabilil7) in IEEE Standard for Tnmsieat Voltage 
ProtectioD 472-1974. 

1 Aaa/os' Devices AwHClltiaIJS Gaide to IsDJatioIJ AmpliIiers ami SipaJ 
ComIilimJus. 

'Shein&old, D.H., iocI, Traasducer bJ~ lIamIbook - A sukk to 
IIBIIIDt1 sipBl ctJIIdjtiolJilJg. Norwood, MA 02062 (p.O. Bmr: 9106): 
A11aIOC Devices, IDe., 1980, $14.50. 
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Figure 1. AD210 Block Diagram 

Functional Characteristics: The figure shows the circuit architecture 
of a self-contained isolator, Model AD210. The various models 
differ, but their properties can be discussed in terms of the 
device shown. An isolator of this type requires power from a 
two-terminal dc supply. An internal oscillator converts the de 
power to ac, which is tranaformer-coupled to the shielded input 
section, then converted to dc for the input stage and the auxiliary 
power output. The ac carrier is also modulated by the amplifier 
output, transformer-coupled to the output stage, demodulated 
by a phase-sensitive demodulator (using the carrier as the refer
ence), filtered and buffered, using isolated dc power (also available 
for auxiliary circuitry) derived from the carrier. 

The amplifier in this example is an uncommitted op amp, specified 
for programmable gains from I to lOOVN, as determined by its 
feedback circuitry. Since both input terminals are floating, the 
amplifier functions effectively as an instrumentation amplifier. 
Most of the other devices in this series require just a single 
external resistor to set the gain. 

In the figure it can be seen that ac power is magnetically coupled 
from the oscillator to the output stage. This permits the output 
to operate at a de common-mode potential with respect to power 
common. An isolator of this type is said to provide rhree-pon 
isolation, because there are three isolated ports: iitput, power 
supply and output. Two-port devices are those in which there is 
a dc connection between the oscillator power supply and the 
output stage. 

The AD210, as can be seen, is a completely self-contained device. 
There are applications for which a degree of "unbundling" can 
lead to economy and improved performance. For example, if 
there are many input channels to be isolated, economies can be 
realized by the use of a common oscillator. In addition, the 
common oscillator makes it possible to avoid the possibility of 
small errors due to beat frequencies developed by small amounts 
of crosstalk in older amplifier designs. 

Several synchronized multichannel devices are available. Model 
204 is essentially a 202 with a power converter instead of an 
oscillator. It requires a pair of leads for an oscillator input, 
which can be furnished by an AD246 clock. 

SPECIFICATIONS 
The illustration on the next page shows a typical specification 
block; the specifications of key interest are defined. 



For an initial choice of data sheets to inspect for a given application, 
the Selection Guide permits comparison on the basis of these 
key characteristics: common-mode voltage, specified gain range 
and frequency response. The "Notes" column indicates which 
devices require external oscillators (for lower cost in many-channel 

applications) and identifies devices that are three-port isolated. 
Good starting points are: for high perfonnance, the AD210; for 
lowest cost, the AD202 and AD204, depending on whether the 
application calls for few or many channels; for military tempera
ture, the AD203; for maximum precision, the AD208; and for 
the widest bandwidth, the AD206. 

SPEC I F I CATIONS (1JpicaI@ + 25"C, &Vs = + 15Y unless aIhIIWise specified) 

NONLINEARITY - This is the 
peak deviation from a best straight 
line, expressed as a % of peak-to-

- AD210AN 

GAIN 
Raqe lVIV-IOOVN 
Error ± 2%mu: 

peak output. Should be considered VI. Tempcnlllurc: (0 to +7O"C) ±2Sppml"Cmu: 

when signal fidelity is of prime ---..... (-2S"Cto+8S"C) ±SOppmfC .... 
• vs.SupplyVoltlp: ±0.002%IV 
Imponance. NonliDearilyl ±O.02S%mu 

Noa1inearityvs. Isolated Supply Load ±0.002%lmA 

INPUT VOLTAGE RATINGS 
Linear DifI'c:rc:ntial Raqe ± IOV 

~ MuimumSafeDift'cmatiallnput ± 15V 
~ Mu.CMVluput-to-Output 

MAX SAFE DIFFERENTIAL "".60Hz, Co......... 2S00V=. 
INPUT - Max voltage that can be dc,COO........ ±3S00Vpcok 
safely applied across input terminals. ~G~~ecticm 
Important to consider for fail-safe RssSOOOlmpedancclmbalmce l20dB 

AD210BN 

±I%mu 

zO.OI2%mu 

:~ 
:~ 

e~:;:s~n the presence of high -::'NPUTc::LW<qe=@=2;;;:"'~==-::D~~60:::~",~o-l_to-Ou __ lpU_I_.:!2oA=nn::.:.:DWl= ____ '. ~ 
Differential 10110 --............. 
Comma.Mode SGllllSpP 

INPUT BIAS CURRENT 
InitiaJ,@i+2S"C 
VI. Temperaturc:(Oto +7O"C) 

(-25"Cto + 85"C) 

INPtrf DIFFERENCE CURRENT 

30pAtyp(4OOpAmax) 
1000max 
lOnA .... 

INPUT NOISE - Total noise, IoU ... ,"" +2S"C SpA l,p(ZOOpA max) 
< red h· F ·1· "ys.Temperature(Oto+70"C) 2nAmax reler to t e mput. aCI ltates (_ 25"C 10 + 85OC) 10nA max 

comparison with expected signal ";;'N:;;PUT=:;:N;;;O:;;'S:;;E---'-"'....:..;'-"-'''-==:::----------
input levels. Voltage (1kHz) 

(10Hz 1010kHz) 
Curmat(lkHz) 

FREQUENCY RESPONSE 
Bandwidth (- ldB) 

G::IVN 
G=IOOVlV 

ScttlingTimc(::!:: IOmV, 20V Step) 

18nV/v'Hz 
4 ... Vrms 
O.OlpA/VHz 

20kHz 
15kHz 

CMV, INPUTS TO OUTPUTS
Voltage that may be safely applied 
to both inputs with respect to 
outputs or power common. Neces· 
sary consideration in applications 
with high CMV input or when 
high voltage transients may occur 
at the input. 

CMR, INPUTS TO OUTPUTS -
Indicates ability to reject common
mode voltages between inputs 
and outputs. Important when 
processing small signals riding on 
high common-mode voltages_ 

LEAKAGE CURRENT - Maxi
mum input leakage current when 
power-line voltage is impressed 
on inputs. Vital consideration 
for patient safety in medical 
applications. 

~~~!TppEIDy V~agW!R, c~::rPI~~yT~;. S'~W:R:.~tc~(G":IVIV) ::: • ~ OFFSET VOLTAGE REFERRED 
~ IV/..· TO INPUT - Total input drift is 

lated from the input power supply "O"'PFS=ET=VO"'L"'T'"'A"'G:::E"=(R:::T"',);-, --....;.....:;::------ composed of two sources (input 
terminals, provide the capability to Initial.@ +25"C ~!:~ :~:a~~u: ~:!:5::!:: 151G)mVmax and output stage drifts) and is 
excite floating input and output signal .,.T ..... ' .. ""'~o~s~~285"C) (±IO±SOJG).VfC gain (G) dependent. Referring 
conditioners, front-end amplifiers, as RATEOOUTPUTJ- offsets to the input allows them 
well as remote transducers. ~ Voitage,2knLoad ±10Vmin to be compared to signal levels. 

Impedance 10 max 
Ripp1c.(Bandwidth ... 100kHz) IOmVp-pmu: 

ISOLATED POWER OUTPUTS" 
Voltaae,NoLoad 

""'""" CUR .. " 
Rqulation. No Load to Full Load 
Ripple 

POWER SUPPLY 
Volcase, Rated Performance 
Voltage. Operating 
Current, Quiescent 
Current, Full Load_ Full Signal 

TEMPERATURE RANGE 
Rated Performanc:e 
Qpcn ... 
S ..... 

PACKAGE DIMENSIONS 
Iocl>eo 
Millimeten 

NOTES 
-Spa:if'1CMiou __ • AWlDAN'. 

±15V 
±IO% 
±5mA 
See Tat 
See Text 

+ 15Vdc ±5% 
+15Vdc±10% 
SOmA 
SOmA 

-25"Cto +85"C 
-4O"Cto+85"C 
-4O"Cto +85"C 

1.00 x 2.10 x 0.350 
25.4 x 53.3 x 8.9 

INoaIiDearity iI.,ecified •• 1I.dniatioa rr-. belt MIaiPt Iiae. 
'1.11 - Refand 1ft lDput . 
JA..tuc.d ...... iI~ ... bocb ±VISS .... ±Vou ........ _ 
1'IIu, ....... duelOsuppIJ .... nIItD&:tic8. 
4Seelli:llfGrdtmiled~. 

Spac:i&cMioatwbiccclOdl.pwilbolnDOCicc. 

Figure 2. Typical Isolator Specifications 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Small Size: 4 Channels/Inch 
Low Power: 35mW (AD2041 
High Accuracy: :to.025% max Nonlinearity (K Gradel 
High CMR: 13DdB (Gain = 100VNl 
Wide Bandwidth: 5kHz Full-Power (AD2041 
High CMV Isolation: :t2000V pk Continuous (K Gradel 

(Signal and Powerl 
Isolated Power Outputs 
Uncommitted Input Amplifier 

APPLICAnONS 
Multichannel Data Acquisition 
Current Shunt Measurements 
Motor Controls 
Process Signal Isolation 
High Voltage Instrumentation Amplifier 

GENERAL DESCRIPTION 
The AD202 and AD204 are general purpose, two-port, trans
former-coupled isolation amplifiers that may be used in a broad 
range of applications where input signals must be measured, 
processed and/or transmitted without a galvanic connection. 
These industry standard isolation amplifiers offer a complete 
isolation function, with both signal and power isolation provided 
for in a single compact plastic SIP or DIP style package. The 
primary distinction between the AD202 and the AD204 is that 
the AD202 is powered directly from a + 15V dc supply while 
the AD204 is powered by an externally supplied clock, such as 
the recommended AD246 Clock Driver. 

The AD202 and AD204 provide total galvanic isolation between 
the input and output stages of the isolation amplifier through 
the use of internal transformer-coupling. The functionaUy com
plete AD202 and AD204 eliminate the need for an external, 
user-supplied dc/dc converter. This permits the designer to 
minimize the necessary circuit overhead and consequently reduce 
the overaU design and component costs. 

The design of the AD202 and AD204 emphasizes maximum 
flexibility and ease of use, including the availability of an un
committed op amp on the input stage. They feature a bipolar 
± 5V output range, an adjustable gain range off rom I to lOOV N, 
±0.025% max nonlinearity (K grade), BOdB ofCMR and the 
AD204 consumes a low 35mW of power. 

PRODUCT HIGHLIGHTS 
The AD202 and AD204 are full-featured isolators offering numer
ous benefits to the user: 

Small Size: The AD202 and AD204 are available in SIP and 
DIP form packages. The SIP package is just 0.25" wide, giving 
the user a channel density of four channels per inch. The isolation 
barrier is positioned to maximize input to output spacing. For 

REV. A 

Low Cost, Miniature 
Isolation Amplifiers 

AD202lAD204 I 
FUNCTIONAL BLOCK DIAGRAM 

applications requiring a low profile, the DIP package provides a 
height of just 0.350". 

Wgh Accuracy: With a maximum nonlinearity of ± 0.025% for 
the AD202K1AD204K (±0.05% for the AD202J/AD204J) and 
low drift over temperature, the AD202 and AD204 provide high 
isolation without loss of signal integrity. 

Low Power: Power consumption of 35mW (AD204) and 75mW 
(AD202) over the full signal range makes these isolators ideal 
for use in applications with large channel counts or tight power 
budgets. 

Wide Bandwidth: The AD204's fuU-power bandwidth of 5kHz 
makes it useful for wideband signals. It is also effective in appli
cations like control loops, where limited bandwidth could result 
in instability. 

ExceUent Common-Mode Performance: The AD202K1AD204K 
provide ± 2000V pk continuous commo,!-mode isolation, while 
the AD202J/AD204J provide ± lOOOV pk continuous common
mode isolation. AU models have a total common-mode input 
capacitance of less than 5pF inclusive of power isolation. This 
results in CMR ranging from BOdB at a gain of 100 to 1000B 
(minimum at unity gain) and very low leakage current (2J.LA 
maximum). 

Flexible Input: An uncommitted op amp is provided at the 
input of all models. This provides buffering and gain as required, 
and facilitates many alternative input functions including filtering, 
summing, high-voltage ranges, and current (transimpedance) 
input. 

Isolated Power: The AD204 can supply isolated power of ± 7.5V 
at 2mA. This is sufficient to operate a low-drift input preamp, 
provide excitation to a semiconductor strain gage, or to power 
any of a wide range of user-supplied ancillary circuits. The 
AD202 can supply ± 7.5V at O.4mA which is sufficient to operate 
adjustment networks or low-power references and op amps, or 
to provide an open-input alarm. 
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AD202lAD204-SPECIFICATIONS (typical @ +25°C and Vs = +15 V unless otherwise noted) 

Model 

GAIN 
Range 
Error 
vs. Temperature 
VB. Time 
vs. Supply Voltage 
Noniinearity(G= IVN)l 
Nonlinearity vs. Isolated Supply Load 

INPUf VOLTAGE RATINGS 
Input Voltage Range 
Max Isolation Voltage (Inputto Output) 

AC, 60Hz, Continuous 
Continuous (AC and DC) 

Isolation-Mode Rejeetion Ratio (IMRR)@60Hz 
Rs,.IOOO(HI&LOInputs)G= IVN 

G=IOOVN 
Rs,.lkn (Input HI, LO,orBoth)G= IVN 

G=IOOVN 
Leakage Current Input to Output@ 240V rms, 60Hz 

INPUf IMPEDANCE 
Differential (G = I V N) 
Common Mode 

INPUf BIAS CURRENT 
Initial, @ + 25'C 
vs. Temperature (0 to +7O'C) 

INPUf DIFFERENCE CURRENT 
Initial, @+25'C 
VB. Temperature (0 to +7O'C) 

INPUT NOISE 
Voltage, 0.1 to 100Hz 

1>200Hz 

FREQUENCY RESPONSE 
Bandwidth(Vo,.IOVp-p,G= I-SOVN) 
SettlingTime,to ± IOmV(IOVStep) 

OFFSET VOLTAGE (RTI) 
Initial, @ + 25'C Adjustable to Zero 

vs. Temperature (0 to + 7O'C) 

RATEDOUTPUf 
Voltage (Out HI to Out LO) 
Voltage at Out HI or Out LO (Ref. Pin 32) 
Output Resistance 
Output Ripple, 100kHz Bandwidth 

5kHz Bandwidth 

ISOLATED POWEROUTPUT2 

Voltage, No Load 
Accuracy 
Current 
Regulation, No Load to Full Load 
Ripple 

OSCILLATOR DRIVE INPUT 
Input Voltage 
Input Frequency 

POWER SUPPLY (AD202 Only) 
Voltage, Rated Performance 
Voltage, Operating 
Current, No Load(Vs = + l5V) 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 

PACKAGE DIMENSIONS' 
SIP Package (V) 
DIP Package (N) 

NOTES 
*Specifications same as AD2041. 
'Nonlinearity is speciflCd as a % deviation from a best straight line. 
21.0p.F miD decoupq required (see text). 
J3mA withoDCSUpplyloaded. 
"Width is 0.25" typ, 0.26" max. 
Specifications subject to chaoge without notice. 
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AD204J 

IVN-lOOVN 
±0.5%typ(±4%max) 
± 20ppmrC typ(± 45ppmfCmax) 
± 5()ppm/lOOO Hours 
±0.01%N 
± 0.05% max 
±O.OOIS%lmA 

±5V 

750Vrms 
±IOOOVpeak 

110dB 
130dB 
10000min 
l10dBmin 
2"A rms max 

10"0 
2G!lji4.5pF 

±3OpA 
±10nA 

±5pA 
±2nA 

4",Vp-p 
50nVlvliZ 

5kHz 
lIDS 

(±15 ±15IG)mVmax 

(±IO±~)"'VI'C 

±5V 
±6.5V 
3kn 
IOmVpk-pk 
0.5mVrms 

±7.5V 
±Io% 
2mA (Either Output)' 
5% 
lOOmVpk-pk 

15V pk-pk nominal 
25kHz nominal 

NIA 
NIA 
NIA 

Oto +7O'C 
-4O'Cto +85'C 
-4O'Cto +85'C 

2.08" x 0.250" x 0.625" 
2.IO"xO.700"x 0.350" 

AD204K AD202J AD202K 

• • · · • • · · • · · · ±0.01%N ±0.01%N ±0.01%N 
± 0.025% max ± 0.05% max ± 0.025% max · • • 

· · • 
1500Vrms 750Vrms 1500Vrms 
±2000Vpeak ±IOOOVpeak ±2000Vpeak 

l10dB 105dB 105dB 
• • • 
10000min lOOdBmin 10000min 
• · · · • · 
• · · · • · 
• · • 
• · · 
· · • · • • 

• · • · • · 
5kHz 2kHz 2kHz · • · 
(±5±5IG)mVmax (± IS ± 151G)mV max (±5±5IG)mVmax 

• · • 

• · · · · • 
3kn 7kn 7kn 
• · • · • · 
• · • · • · 2mA (Either Output)' 4OO"A Total 4OO"ATotai · • · · · • 
15Vpk-pknominal NIA NIA 
25kHz nominal NIA NIA 

NIA +15V ±5% +15V ±5% 
NIA +15V ±lo% +15V±10% 
NIA SmA SmA 

• · • · • · • · • 

· • · · · • 
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AD202lAD204 
PIN DESIGNATIONS 

AD202/AD204 SIP PACKAGE AD202/AD204 DIP PACKAGE 

PIN FUNCTION PIN FUNCTION 

1 +INPUT 1 +INPUT 
2 INPUTIV,soCOMMON 2 INPUTIV,soCOMMON 
3 -INPUT 3 -INPUT 
4 INPUT FEEDBACK 18 OUTPUTLO 
5 - V ,SO OUTPUT 19 OUTPUT HI 
6 + V ,SO OUTPUT 20 + 15V POWER IN (AD202 ONLYI 

21 CLOCK INPUT (AD204 ONL YI 
31 + 15VPOWER IN (AD2020NLYI 22 CLOCK/POWER COMMON 
32 CLOCK/POWER COMMON 36 +V,soOUTPUT 
33 CLOCK INPUT (AD204 ONL YI 37 - V,SO OUTPUT 
37 OUTPUTLO 38 INPUT FEEDBACK 
38 OUTPUT HI 

ORDERING GUIDE 

Package Max CommoD- Max 
Model OptiOD Mode Voltage (Peak) Linearity 

AD202JY SIP IOOOV ±O.OS% 
AD202KY SIP 2000V ±O.02S% 
AD202JN DIP lOOOV ±O.OS% 
AD202KN DIP 2000V ±O.02S% 

AD204JY SIP lOOOV ±O.OS% 
AD204KY SIP 2000V ±O.02S% 
AD204JN DIP lOOOV ±O.OS% 
AD204KN DIP 2000V ±O.02S% 

OUTLINE DIMENSIONS 
Dimensious shown in inches and (mm). 

AD202lAD204 SIP PACKAGE 
0.250 (G.3) TVP 
0.260 (1.6) MAX I' 2 .• BI52.BIMAX------I0j -1 r-

~: FRONT VIEW ~~ VIEW 

TVP I I 
AD202JAD204 .18100 

..L • L....L Iormmmrnr---------. ....... ---......,J 0.010xO.02O 
(0.25)(0.51, 

.-- --I !--0 .• 012.5ITYP -·H.~!-- •. ~12.17"TYP 

0.'" I l..j I:" ..... 1 •.• 1 ':." .. 133.01 
12.41-1 I--

NOTE 
PlN31lSPRESENTONLVONAD2Q2. 
PIN 331S PRESENTONL V ON AD204. 

ACI058 MATING SOCKET 

10---------16731 • 2~ r 
I 250 I 0075 
, 0.0 183S) , ';.,~ 

., 1251 

I I I TVP I .--.i.. 
+ --=!::!=!..--=----=--~':~>;<:~ .. " ... -.-e __ - __ .-.. -e-.-a-e-.-a-\f£ (61) 

" 010 1251 AC1058 CAN BE USED AS A SOCKET 
180T~':NDSI FOR AD202, AD204 and AD246 0.300 17.51 MAX 

NOTE: AMP ZP SOCKET (PIN 2 - 38200& _ 3) 
MAY BE USED IN PLACE OF THE AC10S8. 

REV. A 
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0.50 

112.7) 

1 

j' 

AD202/AD204 DIP PACKAGE 

2.100153.31 MAX ----.1.1 

BOTTOM VIEW 

Jl~t 
u U U 0.0'0 10.251 

0.015 (0.38) 

.... T 1819 
0.700 
(17.BI 
MAX 

-T~:: ¥ ~!.O 1 
ri1';"'/ j.1.---- .... I ... 61---,~1 

NOTE 
PIN 20 IS PRESENT ONL V ON AD202. 
PIN 21 IS PRESENT ONL V ON AD204. 

ACI060MATING SOCKET 

\
' ~ '\ ~-165.0) MAX 

j'~:;'l " -1 r 
I -+-o-o-----o-o-+-i Tm:rr 
-~ ----- - @- r;:?~ r;~ 

\.+.o~o-__ ---- --0-0-+-- u1 
\~~~.:~'I:: ..j j.-

0.12513.11 
TYP 
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AD202lAD204 

SPECIFICATIONS 
(_I @ +2ft & Vs = +15Y IIIIess otherwise noIIId) 

Model AD246JY 

OUTPUTl 

Frequency 25kHz nominal 
Voltage 15V p-p nominal 
Fan-Out 32 max 

POWER SUPPLY 
REQUIREMENTS 

Input Voltage +15V ±5% 
Supply Current 

Unloaded 3.5mA 
Each AD204 Adds 2.2mA 
Each ImA Load on AD204 

+ V1soor - VlsoAdds O.7mA 

NOTES 
*Specifications the same as the AD246JY. 
'The high current drive output will not support a short to ground. 

Specifications subject to change without notice. 

AD246JN 

* 
* 
* 

* 

* 
* 

* 

DIFFERENCES BETWEEN THE AD202 AND AD204 
The primary distinction between the AD202 and AD204 is in 
the method by which they are powered: the AD202 operates 
directly from + 15V dc while the AD204 is powered by a nOD
isolated externally-supplied clock (AD246) which can drive up 
to 32 AD204s. The main advantages of using the externally-clocked 
AD204 over the AD202 are reduced cost in multichannel appli
cations, lower power consumption, and higher bandwidth. In 

AD246 PIN DESIGNATIONS 

PlNIYI PININI FUNCTION 

1 12 + 15V POWER IN 
2 1 CLOCK OUTPUT 

12 14 COMMON 
13 24 COMMON 

WARNING! d 
~~CnF\lCE 

CAUTION 
ESD (electrostatic discharge) sensitive device. 
Permanent damage may occur on unconnected 
devices subject to high energy electrostatic 
fields. Unused devices must be stored in con
ductive foam or shunts. The protective foam 
should be discharged to the destination socket 
before devices are removed. 

addition, the AD204 can supply substantially more isolated 
power than the AD202. 

Of course, in a great many situations, especially where only one 
or a few isolators are used, the convenience of stand-alone operation 
provided by the AD202 will be more significant than any of the 
AD204's advantages. There may also be cases where it is desirable 
to accommodate either device interchangeably, so the pinouts of 
the two products have been designed to make that easy to do. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

AD246JY PACKAGE 

0.330 (8.41 MAX 

1--0.995 (25.31 MAX ---l r---I 

AD246JY 
FRONT VIEW .rl~1 MAX 0.010/0.015 

0.1001(2.51 L (0.2510.381 MIN 

L • ---.l 

.j~ ~.~~~~ \. 0.115..! \,1 --r 
0.197 (5.01 1---0.550-..j 0.010 x 0.020 (2.91 ..j I-- 0.10(2.51 

(14.01 (0.25 x 0.511 NOM 
.l.....--____ ..." 

0.115(2.91 .2.. BOTTOM VIEW .1!.. ...i. 0.10 
"'-T- ------ - (2.51 
l: 2· 12·- ,TYP 
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AD246JN PACKAGE 

~-____ ~·I--. 
0.100 AD246JN 0.35 
(2.541 FRONT VIEW (8.91 MAX 

~ ¥-
I 0.010XO.020'.1 0015/0020 

~1--0.145 (0.25 x 0.511 -II-- (0.38/0:511 
(3.71 
~ 1.10 (27.91----1 

I +-------* I 
0.50 BOTTOM VIEW 0.70 (17.81 

(L24 14 1 
1--------"1' 
I---- 1.00(25.41---1 

REV. A 



AD202lAD204 

Figure 1a. AD202 Functional Block Diagram 

Figure 1b. AD204 Functional Block Diagram 
(Pin Designations Apply to the DIP-Style Package.) 

INSIDE THE AD202 AND AD204 
The AD202 and AD204 use an amplitude modulation teclmique 
to permit transformer coupling of sigoaIs down to de (Figure la 
and Ib). Both models also contain an uncommitted input op 
amp and a power transformer whicll provides isolated power to 
the op amp, the modulator, and any extemalload. The power 
transformer primary is driven by a 25kHz, 15V pop square wave 
whicll is generated intema1ly in the case of the AD202, or supplied 
externally for the AD204. 

Within the sisnal swing limits of approximately :!: 5V, the output 
voltage of the isolator is equal to the output voltage of the op 
amp; that is, the isolation barrier has unity gain. The output 

sisnal is not intema1ly buffered, so the user is free to interchange 
the output leads to get sisnal inversion. Additionally, in multi
channel applications, the unbuffered outputs can be multiplexed 
with one buffer following the mUlto This teclmique minimizes 
offset errors while reducing power consumption and cost. The 
output resistance of the isolator is typically 3kO for the AD204 
(7kfl for AD202) and varies with sisnalleve1 and temperature, 
so it should nOt be loaded (see Figure 2 for the efIec:ts of load 
upon nonlinearity and gain drift). In many cases a high-impedance 
load will be present or a following circuit such as an output 
filter can serve as a buffer, so that a sepsrate buffer function 
will not often be needed. 

NONLINEARITY 
1"'1 

~ 
0.25 

0.20 

I 
0.15 

~ 
0.10 

~ 
0." 

l/ 
I"Y 
I~ 

GAIN GAINTC 
CHANGE CHANGE 

1"'1 Ippml'Cl 

~ L1NAIJrc 
I I I I 

-10 -500 

-8 -400 

AD282 NONLINEARITY -8 -300 

I I I I 
.,.". ADZ04 QAINANDGAI"I TC -4 -200 

f.-_ i -2 -100 
AD2~>'l1o.. '=:' ~ .. . -. -.. -. 
NONUNEARITY - - -- - - -o 0 

o ~ u u u ~ u ~ u u U 
OUTPUT LOAD- Mil 

Figure 2. Effects of Output Loading 

(Circuit figures shown on this page are for SIP style pack-
ages. Refer to third page of this data sheet for proper DIP 
package pin deSignations.) 
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AD202/AD204 
USING THE AD202 AND AD204 

Poweriq the AD202. The AD202 requires only a single + 15V 
power supply connected as shown in Figure 3a. A bypass capacitor 
is provided in the module. 

AD202 

~+15V"'5% 
~15VRETURN 

Figure 3a. 

Poweriq the AD204 •. The AD204 gets its power from an ex
temalIy supplied clock signal (a 15V pop square wave with a 
nominal frequency of 25kHz) as shown in Figure 3b. 

AD246 

Figure3b. 

15V 
RETURN 

AD246 Clock Driver. The AD246 is a compact, inexpensive 
clock driver that can be used to obtain the required clock from 
a single 15V supply. Alteroatively, the circuit shown in Figure 4 
(essentially an AD246) can be used. In either case, one clock 
circuit can operate at least 32 AD204s at the rated minimum 
supply voltage of 14.25V and one additional isolator can be 
operated for each 40mV increase in supply voltage up to 15V. A 
supply bypass capacitor is included in the AD246, but if many 
AD204s are operated from a single AD246, an exteroal bypass 
capacitor should be used with a value of at least 1,...F for every 
five isolators used. Place the capacitor as close as possible to the 
clock driver. 

r-__ ---_---.._ ..... -<l+1SV 

..... 

Figure 4. ClocIc Driver 

(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP 
package pin designations.) 
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Input CoDfi&uraticms. The AD202 and AD204 have been de
signed to be very easy to use in a wide range of applications. 
The basic connection for standard unity gain applications, useful 
for signals up to ± 5V, is shown in Figure 5; some of the possible 
variations are described below. When smaller signals must be 

VSlO 
(*5VI 

AD202 OR AD204 

Figure 5. Basic Unity-Gain Application 

handled, Figure 6 shows how to get gain while preserving a 
very high input resistance. The value of feedback resistor RF 
should be kept above 20kfl for best results. Whenever a gain of 
more than five is taken, a lOOpF capacitor from FB to IN COM 
is required. At lower gains this capacitor is unnecessary, but it 
will not adversely affect performance if used. 

v ... 

100pF 

2k 

VO=V.IGX(1+~) 
R.:a:20kO 

AD202 
OR 

AD204 

Figure 6. Input Connections for Gain> 1 

The "noninverting" circuit of Figures 5 and 6 can also be used 
to advantage when a signal inversion is needed: just interchange 
either the input leads or the output leads to get inversion. This 
approach retains the high input resistance of the "noninverting" 
circuit, and at unity gain no gain-setting resistors are needed. 

When the isolator is not powered, a negative input voltage of 
more than about 2V will cause an input current to flow. If the 
signal source can supply more than a few mA under such cOndi
tions, the 2kfl resistor shown in series with IN + should be 
used to limit current to a safe value. This is particularly importsDt 
with the AD202, which may not start if a large input current is 
present. 
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Figure 7 shows how to accommodate current inputs or sum 
currents or voltages. This circuit can also be used when the 
input signal is 1arger than the ± 5V input range of the isolator; 
for example, a ± 50V input span can be accommodated with 
Rp = 20k and Rs = 200k. Once again, a capacitor from FB to 
IN COM is required for gains above 5. 

V=-(VS1;;'+VS2:~ +IsRF + ... ) 

RFi!:20kn 

Figure 7. Connections for Summing or Current Inputs 

Adjustments. When gain and zero adjustments are needed, the 
circuit details will depend on whether adjustments are to be 
made at the isolator input or output, and (for input adjustments) 
on the input circuit used. Adjustments are usually best done on 
the input side, because it is better to null the zero ahead of the 
gain, and because gain adjustment is most easily done as p8rt of 
the gain-setting network. Input adjustments are also to be preferred 
when the pots will be near the input end of the isolator (to 
minimize common-!Ilode strays). Adjustments on the output 
side might be used if pots on the input side would represent a 
hazard due to the presence of large common-mode voltages 
during adjustment. 

Figure 8a shows the input-side adjustment connections for use 
with the "noninverting" connection of the input amplifier. The 

47.5k 

Vs 

AD202lAD204 

AD202 
OR 

AD204 

Figure Sa. Adjustments for Noninverting Connection of 
OpAmp 

Also shown in Figure Sa is the preferred means of adjusting the 
gain-setting network. The circuit shown gives a nominal Rp of 
50kO, and will work properly for gains of ten or greater. The 
adjustment becomes less effective at lower gains (its effect is 
halved at G = 2) so that the pot will have to be a larger fraction 
of the total Rp at low gain. At G = I (follower) the gain cannot 
be adjusted downward without compromising input resistance; 
it is better to adjust gain at the signal source or after the output. 

Figure 8b shows adjustments for use with inverting input circuits. 
The zero adjustment nulls the voltage at the summing node. 
This method is preferable to current injection because it is less 
affected by subsequent gain adjustment. Gain adjustment is 
again done in the feedb8c:k; but in this case it will work all the 
way down to unity gain (and below) without alteration. 

zero adjustment circuit injects a small adjustment voltage in Vs 

series with the low side of the signal source. (This will not work 
if the source has another current path to input common or if 
current flows in the signal source LO lead). Since the adjustment 
voltage is injected ahead of the gain, the values shown will work 
for any gain. Keep the resistance in series with input LO below 
a few hundred ohms to avoid CMR degradation. 

(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP 
package pin designations.) 
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AD202/AD204 
Figure 9 shows how zero adjusttnent is done at the output by 
taking advantage of the semi-floating output port. The range of 
this adjusttnent will have to be increased at higher gains; if that 
is done, be sure to use a suitably stable supply voltage for the 
pot circuit. 

There is no easy way to adjust gain at the output side of the 
isolator itself. If gain adjusttnent must be done on the output 
side, it will have to be in a following circuit such as an output 
buffer or filter. 

Figure 9. Output-Side Zero Adjustment 

Common-Mode Performance. Figures lOa and lOb show how 
the common-mode rejection of the AD202 and AD204 varies 
with frequency, gain, and source resistance. For these isolators, 
the significant resistance will normally be that the path from the 
source of the common-mode signal to IN COM. The AD202 
and AD204 also perform well in applications requiring rejection 
of fast common-mode steps, as described in the Applications 
section. 

___ G = 100 

t-=:.o.J..".-+l---lf---+--i - G = 1 

~~~--~~~--~--~--~~--~ 
10 20 50 80 100 200 lk 2k 5k 

FREQUENCY - H. _ 

Figure 70s. AD204 

(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP 
package pin designations.) 
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Figure 70b. AD202 

Dynamics and Noise. Frequency response plots for the AD202 
and AD204 are given in Figure 11. Since neither isolator is 
slew-rate limited, the plots apply for both large and small signals. 
Capacitive loads of up to 470pF will not materially affect frequency 
response. When large signals beyond a few hundred Hz will be 
present, it is advisable to bypass - VISO and + VISO to IN COM 
with IfJ.F tantalum capacitors even if the isolated supplies are 
not loaded. 

At SO/60Hz, phase shift through the AD202lAD204 is typically 
0.80 (lagging). Typical unit - unit variation is ± 0.20 (1agging). 

III 
I 

~ 

+60 

~~D2~ 
-_. AD20~ 

JPLlTUDE 
RESPONSE 

+~ 

+20 

I 
t-t--R:S~~SE 

(G=I) -.. F::-

-20 

",.. ::-
~ ..... , 

.... , l"'-.... 
.... 1", 
t- f'.. , ~ '. 

, .~ 

t\ 
t\ ~ 
~ 

o 
PHASE 

(DEGREES) 

-50 

~ 
-~ -100 

10 20 50 100 200 500 lk 2k Sk 10k 20k 

FREQUENCY - Hz -

Figure 77. Frequency Response at Several Gains 
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The step response of the AD204 for very fast input signals can 
be improved by the use of an input filter, as shown in Figure 
12. The filter limits the bandwidth of the input (to about 5.3kHz) 
so that the isolator does not sec fast, out-of-band input terms 
that can cause small amounts (±O.3%) of internal ringing. The 
AD204 will then settle to ±O.l% in about 300 microseconds for 
a lOY step. 

Figure 12. Input Filter for Improved Step Response 

Except at the highest useful gains, the noise seen at the output 
of the AD202 and AD204 will be almost entirely comprised of 
carrier ripple at multiples of 25kHz. The ripple is typically 2m V 
p-p near zero output and increases to about 7mV p-p for outputs 
of ± 5V (IMHz measurement bandwidth). Adding a capacitor 
across the output will reduce ripple at the expense of bandwidth: 
for example, O.05 .... F at the output of the AD204 will result in 
1.5mV ripple at ±5V, but signal bandwidth will be down to 
1kHz. 

When the full isolator bandwidth is needed, the simple two-pole 
active filter shown in Figure 13 can be used. It will reduce 
ripple to O.lm V p-p with no loss of signal bandwith, and also 
serves as an output buffer. 

An output buffer or filter may sometimes show output spikes 
that do not appear at its input. This is usually due to clock 
noise appearing at the op amp's supply pins (since most op 
amps have little or no supply rejection at high frequencies). 
Another common source of carrier-related noise is the sharing of 
a ground track by both the output circuit and the power input. 
Figure 13 shows how to avoid these problems: the clock/supply 
port of the isolator does not share ground or 15V tracks with 
any signal circuits, and the op amp's supply pins are bypassed 
to signal common (note that the grounded filter capacitor goes 
here as well). Ideally, the output signal LO lead and the supply 
common meet where the isolator output is actually measured, 
e.g. at an AID converter input. If that point is more than a few 
feet from the isolator, it may be useful to bypass output LO to 
supply common at the isolator with a O.I .... F capacitor. 

In applications where more than a few AD204s are driven by a 
single clock driver, substantial current spikes will flow in the 
power return line and in whichever signal out lead returns to a 
low impedance point (usually output LO). Both of these tracks 

(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP 
package pin designations.) 
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AD202lAD204 
should be made large to minimize inductance and resistance; 
ideally, output LO should be directly connected to a ground 
plane which serves as measurement common. 

Current spikes can be greatly reduced by connecting a small 
inductance (68 .... H-l OO .... H) in series with the clock pin of each 
AD204. Molded chokes such as the Dale IM-2 series, with dc 
resistance of about 50, are suitable. 

Figure 13. Output Filter Circuit Showing Proper 
Grounding 

Using Isolated Power. Both the AD202 and the AD204 provide 
±7.5V power outputs referenced to input common. These may 
be used to power various accessory circuits which must operate 
at the input common-mode level; the input zero adjustment pots 
described above are an example, and several other possible uses 
are shown in the section titled Application Examples. 

The isolated power output of the AD202 (400..,.A total from 
either or both outputs) is much more limited in current capacity 
than that of the AD204, but it is sufficient for operating micropower 
op amps, low power references (such as the AD589), adjustment 
circuits, and the like. 

The AD204 gets its power from an external clock driver, and 
can handle loads on its isolated supply outputs of 2mA for each 
supply terminal (+ 7.5V and -7.5V) or 3mA for a single loaded 
output. Whenever the external load on either supply is more 
than about 200..,.A, a I .... F tantalum capacitor should be used to 
bypass each loaded supply pin to input common. 

Up to 32 AD204s can be driven from a single AD246 (or equivalent) 
clock driver when the isolated power outputs of the AD204s are 
loaded with less than 200..,.A each, at a worst-csse supply voltage 
of 14.25V at the clock driver. The number of AD204s that can 
be driven by one clock driver is reduced by one AD204 per 
3.5mA of isolated power load current at 7.SV, distributed in 
any way over the AD204's being supplied by that clock driver. 
Thus a load of 1.7SmA from + VISO to - VISO would also count 
as one isolator because it spans lSV. 
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AD202/AD204 
It is possible to increase clock fanout by increasing supply voltage 
above the 14.2SV minimum required for 32 loads. One additional 
isolator (or 3.SmA unit load) can be driven for each 4OmVof 
increase in supply voltage up to ISV. Therefore if the minimum 
supply voltage can be held to ISV - 1%, it is possible to operate 
32 AD204's and S2mA of 7.SV loads. Figure 14 shows the 
allowable combinations of load current and channel count for 
various supply voltages. 

14.50 14.75 15.0 
MINIMUM SUPPLY VOLTAGE 

Figure 14. AD246 Fanout Rules 

Operation at Reduced Sigaal Swing. Although the nominal 
output signal swing for the AD202 and AD204 is ± SV, there 
may be cases where a smaller signal range may be desirable. 
When that is done, the fixed errors (principally offset terms and 
output noise) become a larger fraction of the signal, but nonlinearity 
is reduced. This is shown in Figure IS. 
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Figure 15. Nonlinearity VB. Signal Swing 
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PCB Layout for Multic:Juumel Applications. The pinout of the 
AD204Y has been designed to make very dense packing possible 
in multichannel applications. Figure 16a shows the recommended 
printed circuit board (PCB) layout for the simple voltage-follower 
connection. When gain-setting resistors are present, 0.25' channel 
centers can still be achieved, as shown in Figure 16b. 
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(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP 
package pin designations.) 
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Sync:luoaization. Since AD204's operate from a common clock, 
synchronization is inherent. AD202s will norma1ly not interact 
to produce beat frequencies even when mounted on 0.2S-inch 
centers. Interaction may occur in rare situations where a large 
number of long, unshielded input cables are bundled together 
and channel gains are high. In such cases, shielded cable may 
be required or AD204's can be used. 

APPLICATIONS EXAMPLES 
Low-Level Sensor Inputs. In applications where the output of 
low-level sensors such as thermocouples must be isolated, a low
drift input amplifier can be used with an AD204, as shown in 
Fipre 17. A three-pole active filter is included in the desip to 
get normal-mode rejection of frequencies above a few Hz and to 
provide enhanced common-mode rejection at 60Hz. If offset 
adjustment is needed, it is best done at the trim pins of the 
OP-07 itself; gain adjustment can be done at the feedback 
resistor. 

LOo-t---+-++--+-~--+ 

OPnONAL OPEN 
INPUT DETECOON 

CLK 

eLK RET 

Figure 17. Input Amplifier & Filter for Sensor Signals 

Note that the isolated supply current is large enough to mandate 
the use of I jIF supply bypass capacitors. This circuit can be 
used with an AD202 if a low-power op amp is used instead of 
theOP-07. 

Proc:esl Current Input with 0IIiet. Fipre 18 Ihows an isolator 
receiver which tranalates a 4-20mA process current signal into I 
o to + 10V output. A IV to SV signal appears at the isolator's 
output, and a -I V reference applied to output LO provides the 
nec:essary level shift (in multichannel applications, the reference 
can be shared by all channels). This technique is often uaeful 
for getting offset with a follower-type output buffer. 

(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP 
package pin designations., 
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+ 

-1VTO ,. 
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2370 A .... 

.... 
-1SV 

Figure 18. Process Current Input Isolator with Offset 

The circuit as shown requires a source compliance of at least 
SV, but if nec:essary that can be reduced by using a lower value 
of current-sampliog resistor and configuring the input amplifier 
for a small gain. 

lIiP-Compliance Current Source. In Fipre 19, an isolator is 
used to sense the voltsge across current-sensiog resistor R to 
allow direct feedback control of a high-voltsge transistor or PET 
used as a high-compliance current source. Since the isolator has 
virtually no response to de common-mode voltsge, the closed-loop 
current source has a stsrle output resistance greater than 101"0 
even for output currents of several mAo The output current 
capability of the circuit is limited only by power dissipation in 
the source transistor. 

-10V.o +250V 

IL=':;:t LOAD 

lis 
lka 

-1SV 

AD202 
OR 

AD204 

lOOk 

+5V REF 

t---'S20k 
+ 
Vc 

Figure 19. High-Compliance Current Source 
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AD202/AD204 
Motor Control Isolator. The AD202 and AD204 perform very 
well in applications where rejection of fast common-mode steps 
is important but bandwidth must not be compromised. Current 
sensing in a full-wave bridge motor driver (Figure 20) is one 
example of this class of application. For 200V common-mode 
steps (1 p.s rise time) and a gain of 50 as shown, the typical 
response at the isolator output will be spikes of ± Sm V amplitude, 
decaying to zero in less than lOOp.s. Spike height can be reduced 
by a factor of four with output filtering just beyond the isolator's 
bandwidth. 

+ 
20DV de 

-

-
Figure 20. Motor Control Current Sensing 

-

-

Floating Current SoureelOhmmeter. When a small floating 
current is needed with a compliance range of up to ± lOOOV dc, 
the AD204 can be used to both create and regulate the current. 
This can save considerable power, since the controlled current 
does not have to return to ground. In Figure 21, an ADS89 
reference is used to force a small fixed voltage across R. That 
sets the current which the input op amp will have to return 
through the load to zero its input. Note that the isolator's output 
isn't needed at all in this application; the whole job is done by 
the input section. However, the signal at the output could be 
useful: it's the voltage across the load, referenced to ground. 
Since the load current is known, the output voltage is proportional 
to load resistance. 

(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP 
package pin designations.) 
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ILOAD = ~ (2mA max) 

VlOAO:S 4V 

AD204 

Figure 21. Floating Current Source 

+ 

Photodiode Amplifier. Figure 22 shows a transresistance con
nection used to isolate and amplify the outpUt of a photodiode. 
The photodiode operates at zero bias, and its outpUt current is 
scaled by Rp to give a + 5V full-scale outpUt. 

10"A 1 
F.S. , 

~ 
PHOTO 
DIODE 

Figure 22. PhotodiodB Amplifier 
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~ANALOG 
WDEVICES 

Rugged, Military Temperature Range, 
10kHz Bandwidth Isolation Amplifier 

FEATURES 
Rugged Design: Meets Stringent MIL-STD-883C 

Environmental Test Methods 
1004 (Moisture Resistance) 
1010 Condition B (Temperature Cycling, 

-55"C to +125°C) 
2002 Condition B (Mechanical Shock @ 1,500 g 

for 0.5 ms) 
2004 (Lead Integrity) 
2007 Condition A (Variable Frequency Vibration 

@20g) 
2015 (Resistance to Solvents) 

Reliable Design: Conforms to Stringent Quality and 
Reliability Standards 

Characterized to the Full Military Temperature Range 
-55"C to +125°C Rated Performance 

10 kHz Full Power Bandwidth 
Low Nonlinearity: ±0.0250/0 max 
Wide Output Range: ±10 V min (Into a 2.5 kG Load) 
High CMV Isolation: 1500 V RMS Continuous 
Isolated Power: ±15 V DC @ ±5 mA 
Small Size: 2.23"xO.83"xO.65" 

56.6 mmx21.1 mmx16.5 mm 
Uncommitted Input Amplifier 
Two-Port Isolation Through Transformer Coupling 

ISOLATION AMPLIFIERS 
Provide Galvanic Isolation Between the Input and 

Output Stages 
Eliminate Ground Loops 
Reject High Common Mode Voltages and Noise 
Protect Sensitive Electronic Signal Processing Systems 

from Transient and/or Fault Voltages 

APPLICATIONS INCLUDE 
Engine Monitoring and Control 
Mobile Multichannel Data Acquisition Systems 
Instrumentation and/or Control Signal Isolation 
Current Shunt Measurements 
High Voltage Instrumentation Amplifier 

GENERAL DESCRIPTION 
The AD203SN is designed and built expressly for use in hostile 
operating environments. The AD203SN is also an integral mem
ber of Analog Devices' AD200 Series of low cost, high perfor
mance, transformer coupled isolation amplifiers. Technological 
innovations in circuit design, transformer construction, surface 
mount components and assembly automation have resulted in a 
rugged, economical, military temperature range isolator that 
either retains or improves upon the key performance specifica
tions of the AD202/AD204 line. 

REV. A 

AD203SN I 

FUNCTIONAL BLOCK DIAGRAM 

I! 
INPUT PORT-1 I-- OUTPUT PORT 

The AD203SN provides total galvanic isolation between the in
put and output stages of the isolation amplifier, including the 
power supplies, through the use of internal transformer cou
pling. The functionally complete design of the AD203SN, pow
ered by a single + 15 V dc supply, eliminates the need for an 
external dc/dc converter. This permits the designer to minimize 
the necessary circuit overhead and consequently reduce the over
all design and component costs. Furthermore, the power con
sumption, nonlinearity and drift characteristics of transformer 
coupled devices are vastly superior to those achievable with 
other isolation technologies, without sacrificing bandwidth or 
noise performance. Finally, the AD203SN will maintain its high 
operating performance even under sustained common mode 
stress. 

The design of the AD203SN emphasizes maximum flexibility 
and ease of use in a broad range of applications where signals 
must be measured or transmitted under high CMV conditions. 
The AD203SN has a ± 10 V output range, an uncommitted in
put amplifier, an output buffer, a 10 kHz full power bandwidth 
and a front-end isolated power supply of ±15 V dc @ ±5 rnA. 
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AD203SN -SPECIFICATIONS (typical @+25°C,Vs=+15Vdc unless otherwise noted) 

Parameter 

GAIN 
Range 1 VN-100VN 
Error ±1% typ (±4% max) 
vs. Temperature' 

-SSOC to + 1250C 50ppmfC 
-55OCto +25°C 100 ppmfC 
-4OOC to + 25°C 80ppmfC 
-25°C to +25OC 60ppmfC 
+ 25°C to + 125°C 5 ppmfC 

vs. Time ±50 ppm/1000 hours 
vs. Supply Voltage ±0.005%N 

Nonlinearityl, G = 1 VN, ±10 V Output Swing ±0.012% (±0.025% max) 

INPUT VOLTAGE RATINGS 
Linear Differential Range ±10V 
Max CMV Input to Output 

AC, 60 Hz, Continuous 1500 V rms 
Continuous (ac and de) ±2000 V peak 

Common Mode Rejection (CMR) @ 60 Hz 
Rs :S 100 0 (HI & LO Inputs), G = 1 VN 106 dB 

G = 100VN 120 dB 
Rs:S 1 kO (Input, HI, LO or Both), G = 1-100 VN 96 dB (min) 

Leakage Current, Input to Output @ 240 V rms, 60 Hz 4.0 fLA. rms (max) 

INPUT IMPEDANCE 
Differential (G = 1 VN) 1012 0 
Common Mode 2 G01l4.5 pF 

INPUT BIAS CURRENT 
Initial @ + 25°C 30pA 
Current @ + 125°C 30nA 

INPUT DIFFERENCE CURRENT 
Initial @ + 25°C ±5 pA 
Current @ + 1250C ±5 nA 

INPUT NOISE 
Voltage, 0.1 Hz to 100 Hz 4 JLV p--p 
Voltage, Frequency> 200 Hz 50nV/YHz 

FREQUENCY RESPONSE 
Bandwidth (VOUT:S 20 V p--p, G = 1-100 VN) 10kHz 
Slew Rate 0.5 V/JLS 
Settling Time to ±0.10% 160 JLS 

OFFSET VOLTAGE, REFERRED TO INPUT (RTI) 
Initial @ + 25°C (Adjustable to Zero) ± (5 + 25/G) mV (max) 
vs. Temperature (-55°C to + 125OC) ± (6 + 100/G) JLVrC 

RATED OUTPUT' 
Voltage (Out HI to Out LO) @ RL = 5.0 kO ±10 V (min) 
Current ±4mA 
Maximum Capacitive Load4 270pF 
Output Resistance 0.20 
Output Ripple, 100 kHz Bandwidth 15 mV p--p 

5 kHz Bandwidth 0.7 mVrms 

ISOLATED POWER OUTPUTs 
Voltage, No Load ±15 V 
Accuracy ±5% 
Current (Either Output) SmA 
Regulation, No Load to Full Load 5% 
Ripple, 100 kHz Bandwidth, Full Load 110 mV p--p 
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AD2D3SN 
Parameter 

POWER SUPPLY 
Voltage, Rated Performance 
Voltage, Operating Performance6 

Current, No Load (Vs = + 15 V dc) 

TEMPERATURE RANGE 
Rated Performance 
Storage 

PACKAGE DIMENSIONS 
Inches 
Millimeters 

NOTES 
IRefer to Figure 1 for a plot of gain versus temperature. 

+15 V dc (±5%) 
+12Vdcto +16Vdc 
20 rnA 

- 55°C to + 125°C 
- 55°C to + 125°C 

2.23 x 0.83 x 0.65 
56.6 x 21.1 x 16.5 

'For gains greater than SO VN, a 100 pF capacitor from the feedback terminal of the input op amp (Pin 38) to the input common terminal (Pin 2) is 
recommended in order to minimize the gain nonlinearity. Refer to Figure 17 for a circuit schematic. 

3Por additional information on the Rated Output parameters, refer to Figure 9 for a plot of the Output Voltage Swing VS. Power Supply Voltage, and 
Figure 10 for the Output Current vs. Temperature and Power Supply Voltage relationship. 

4Por larger capacitive loads, it is recommended that a 4.7 0 resistor be placed in series with the load in order to suppress possible output oscillations. 
'1.0 ",F (min) decoupling is required. 
'Refer to Figure 9 for a plot of output voltage swing versus supply voltage. 

Specifications subject to change without notice. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (nun). 

r--- 2.23156.&1 MAX -----<'~I 

I ~D203SN I~MAI'X.'5' o. 'I::. S'DE VIEW .---L. 

000 000 
-,------I j.-O.'I2.5'TYP --11--0.0'8'0.48'50 

-1" • 18'~+ I 
0.83(21,1' 

T 
0.80 115.21 BOITOMVIEW 

L 383731 
22 z!i" ~ 

J 1-----,.8140.8,---1 
~ 0.21515.5) 

ACI062 MATING SOCKET 

I' ~I'---- :::I::::------j 'I l~~ 
-f-oio-- --o(r-T~l 

- 0--- 1'5.2' 121.0' 
-~~o.o------------o.~--.L J 

PIN 
1 
2 
3 

18 
19 
20 
21 
22 
36 
37 
38 

0.'25 TV • .....f I--
0.100 (2.5) DIA. CIS TO (3.2) 

0.180 (4.8) mA. TVP 
2 PLACES 

AD203SN PIN DESIGNATIONS 

DESIGNAnON FUNcnON 
IN+ INPUT OP AMP: NONINVERTING INPUT 
IN COM INPUT COMMON 
IN- INPUT OP AMP: INVERnNG INPUT 
OUT RTN OUTPUT RETURN 
OUT HI OUTPUT SIGNAL 
PWRIN DC POWER SUPPlY INPUT 
NONE NONE 
PWRCOM DC POWER SUPPLY COMMON 
Voso+ ISOLATED POWER: +DC 
Voso- ISOLATED POWER: -DC 
FB INPUT OP AMP: OUTPUT/FEEDBACK 

PORT 
INPUT 
INPUT 
INPUT 
OUTPUT 
OUTPUT 
OUTPUT -
OUTPUT 
INPUT 
INPUT 
INPUT 

CAUTION __________________________________________________________________ __ 

ESD (electrostatic discharge) sensluve device. Permanent damage may occur on unconnected 
devices subject to high energy electrostatic fields. Unused devices must be discharged to the 
destination socket before devices are removed. 

Note: Per MIL-STD-883C, Method 3015, this device have been classified as a Category 2 ESD 
sensitive device. 
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AD203SN 
PRODUCT HIGHLIGHTS 
Rugged Design. The AD203SN is specifically designed for 
applications where ruggedness and high performance are the key 
requirements. The ruggedness of the AD203SN design meets 
MIL-STD-883C Methods 1004 (Moisture Resistance), 1010 
Condition B (Temperature Cycling, - 55"C to + 125"C), 2002 
Condition B (Mechanical Shock @ 1,500 g for 0.5 ms), 2004 
(Lead Integrity), 2007 Condition A (Variable Frequency Vibra
tion @ 20 g) and 2015 (Resistance to Solvents). 

Engine and vehicular monitor/control systems as well as mobile 
instrumentation and control systems are some examples of appli
cations for which the AD203SN is well suited. 

Military Temperature Range Rating. With its performance 
rated over the - 55°C to + 125°C MIL specification temperature 
range, the AD203SN is an excellent choice in applications where 
severe environmental conditions may be encountered. Examples 
include engine monitoring/control systems and remote power 
line monitoring. 

10 kHz Bandwidth. With a full power bandwidth of 10 kHz, 
the AD203SN is effective in control loop applications where a 
smaller bandwidth could induce control system instabilities. 

Excellent Common Mode Performance. The AD203SN pro
vides a 1.5 kV rms continuous common mode isolation. A low 
common mode input capacitance of 4.5 pF, inclusive of power 
isolation, results in a minimum % dB of CMR as well as a very 
low leakage current of 4.0 !LA rms (max @ 240 V rms, 60 Hz). 

High Accuracy. Exhibiting a maximum noulinearity of 
±0.025% and a low gain temperature coefficient, averaging 
50 ppmfOC over the full temperature range, the AD203SN pro
vides high isolation without loss of signal integrity and quality. 

Isolated Power. An isolated power supply capable of deliver
ing ± IS V de @ ±S rnA is available at the input port of the 
isolator. This permits the AD203SN to power up floating signal 
conditioners, front-end amplifiers or remote transducers at the 
input. 

Flexible Input Stage. An uncommitted op amp is provided on 
the input stage. This amplifier provides input buffering and gain 
as needed. It also facilitates a host of alternative input functions 
including filtering, summing, high voltage ranges and current 
(transimpedance) inputs. 
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DESCRIPTION OF KEY SPECIFICATIONS 
Gain Nonlinearity. Nonlinearity is defined as the peak devia
tion of the output voltage from the best straight line and is ex
pressed as a percent of peak-to-peak output voltage span. The 
noulinearity of the model AD203SN, which operates at a 20 V 
p-p output span, is ±0.025% or ±S mY. Good noulinearity is 
critical for retaining signal fidelity. 

Max CMV, Input to Output. Maximum common mode volt
age (CMV) describes the amount of voltage that may be applied 
across both input termiuals with respect to the output terminals 
without degrading the integrity of the isolation barrier. High 
input-to-output CMV capability is necessary in applications 
where high CMV inputs exist or high voltage transients may 
occur at the input. 

Common Mode Rejection (CMR). CMR describes the isola
tor's ability to reject common mode voltages that may exist be
tween the iriputs and the outputs. High CMR is required when 
it is necessary to process small signals riding on high common 
mode voltages. 

Leakage Current. This is the current that flows from the in
put common across the isolation barrier to the output common 
when the power-line voltage (either ll5 V or 240 V rms, 60 Hz) 
is impressed on the inputs. Leakage current is dependent on the 
magnitude of the coupling capacitance between the input and 
the output ports. Line frequency leakage current levels are unaf
fected by the power ON or OFF condition of the AD203SN. 

Common Mode Input Impedance. This is defined to be the 
impedance seen across either input terminal (i.e., + IN or - IN) 
and the input common. 

Input Noise. This specification characterizes the voltage noise 
levels that are generated internally by the isolation amplifier. In 
order to facilitate a comparison between the "isolator back
ground noise" levels and the expected input signal levels the 
input noise parameter is referred to the input. 

Input noise is a function of the noise bandwidth, i.e., the fre
quency range over which the noise characteristics are measured. 

Offset Voltage, Referred to Input (RTI). The offset voltage 
describes the isolation amplifier's total dc offset voltage with the 
inputs grounded. The offset voltage is referred to the input in 
order to allow for a comparison of the dc offset voltages with the 
expected input signal levels. The total offset comes from two 
sources, namely from the input and output stages, and is gain 
dependent. To compute the offset voltage, RTI, the isolator is 
modelled as two cascaded amplifier stages. The input stage has a 
variable gain G while the output isolation stage has a fixed gain 
of 1. RTI offset is then given by: 

Bos (RTI) = EOSI + EosJG 

where: 

EOSI = Total input stage offset voltage 

Eos2 = Output stage offset voltage 

G = Input stage gain. 

Offset voltage drift, RTI, is calculated in an identical manner. 

Isolated Power Output. Dual supply voltages, completely 
isolated from the input power supply termina1s, provide the 
capability to excite floating input signal conditioners as well as 
remote transducers. 
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PERFORMANCE CHARACTERISTICS 
This section details the key specifications of the AD203SN that 
exhibit a functional dependence on such variables as frequency, 
power supply load, output voltage swing, bypass capacitance 
and temperature. Table I summarizes the performance charac
teristics that will be discussed in this section. For the sake of 
completeness, a typical dynamic output response of the 
AD203SN is included. 

Gain Temperature Coefficient. Figure I presents the 
AD203SN's gain tempemture coefficient over the entire -SsoC 
to + l2SoC temperature range. 
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Figure 1. Gain (ppm of Span) VS. Temperature (OC) 

Note: 1 ppm (part per million) is equivalent to 0.0001 %. 

Parameter Key Specifications 

Gain Gain (ppm of Span) 
Gain Nonlinearity (Expressed in mV 
and % of p-p Output) 

Input Voltage Rating Common Mode Rejection (dB) 

Input Noise Input Noise (nV/v'HZ) 

Frequency Response Frequency Response: Gain (dB) 

AD203SN 
Gain Nonlinearity. The maximum nonlinearity error of the 
AD203SN, at a gain of 1 VN, is specified as ±0.02S% or 
±S mV. The nonlinearity performance of the AD203SN is de
pendent on the output voltage swing and this dependency is il
lustrated in Figure 2. The horizontal axis represents the gain 
error, expressed either in percent of peak-to-peak output span 
(i.e., % of 20 V) on the left axis or in mV on the right axis. The 
vertical axis indicates the magnitude of the output voltage 
swing. 
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Figure 2. Gain Nonlinearity Error (% !rP Output Range 
and mV) VS. Output Voltage Swing (V), with a Gain of 
1VN 

As a Function of Shown In 

Temperature COC) Figure 1 
Output Voltage Swing (V) Figure 2 

Common Mode Signal Frequency Figure 3 
(Hz), Amplifier Gain (VN) and 
Input Source Resistance (0) 

Frequency (Hz) Figure 4 

Frequency (Hz) Figure S 
Frequency Response: Phase Shift (Degree) Frequency (Hz) . Figure 6 
Dynamic Response N/A Figure 7 

Offset Output Offset Voltage (mV) Tempemture (0C) Figure 8 

Rated Out Output Voltage Swing (V) Supply Voltage (V dc) Figure 9 
Output Current (mA) Supply Voltage (V dc) Figure 10 

Isolated Power Supply Isolated Power Supply Voltage (V) Current Delivered to the Load (mA) Figure 11 
Isolated Power Supply Ripple (mV p-p) Current Delivered to the Load (mA) Figure 12 
Isolated Power Supply Ripple (V p-p) Bypass Capacitance ( ... F) Figure 13 

Table I. Performance Characteristics Detailed in the AD203SN Data Sheet 
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AD203SN 
Common Mode Rejection. Figure 3 illustrates the common 
mode rejection (CMR), expressed in dB, of the AD203SN 
versus frequency (Hz), gain 01N) and source impedance imbal
ance (0). To achieve the optimal common mode rejection of 
unwanted signals, it is recommended that the source imbalance 
be kept as low as possible and that the input citcuitry be care
fully laid out so as to avoid adding excessive stray capacitances 
at the isolator's input terminals. 
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Figure 3. Common Mode Rejection (CMR) vs. Frequency 
(Hz), Gain (VN) and Resistance (m 

Input Noise. Figure 4 presents the typical input noise charac
teristics, in nV/YHz, of the AD203SN for a frequency range 
from I Hz to 100 kHz. 
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Figure 4. Input Noise (nVlVHz) vs. Frequency (Hz) 

Frequency Response: Gain and Phase Shift. Figure 5 illus
trates the AD203SN's gain as a function of frequency while Fig
ure 6 illustrates the corresponding phase shift vs. frequency. 
The AD203SN's low phase shift and 10 kHz bandwidth perfor
mance make it ideal in power monitoring and control system 
applications. 
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Dynamic Response of the AD203SN. To illustrate the speed, 
dynamic range and rapid settling time of the AD203SN, the iso
lator's output response to a 20 V p-p step function is shown in 
Figure 7 . 

Figure 7. Dynamic Response of the AD203SN (20 V p-p 
Step) 
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Output Offset Voltage. The AD203SN exhibits a low output 
offset voltage temperature coefficient over the + 25°C to + 125°C 
temperature range as shown in Figure 8. 
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Figure 8. Output Offset Voltage (mV) vs. Temperature (OC) 
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AD203SN 
Rated Output. The rated output voltage, across the OUT HI 
and OUT LO terminals, for the AD203SN is specified at 
± 10 V. This specification applies when the AD203SN is pow
ered by a + IS V de supply. The rated output voltage level is, 
however, affected by the input power supply voltage and the 
loads placed on the isolated power supply. This dependency is 
illustrated in Figure 9. 

The current deijvered by the output terminals of the AD203SN 
will vary as a function of the supply voltage and operating tem
perature. These relationships are illustrated in Figure 10. 

Isolated Power. The load characteristics of the AD203SN's iso
lated power supplies (i.e., + 15 V de and -IS V dc) are plotted 
in Figure 11. 

The isolated power supply exhibits some ripple which varies as 
a function of the load current. Figure 12 demonstrates this 
relationship. The AD203SN has internal bypass capacitors that 
optimize the tradeoff between output ripple and power supply 
performance, even under full load. If a specific application 
requires more bypassing on the isolated power supplies, external 
capacitors may be added. Figure 13 plots the isolated power 
supply ripple as a function of external bypass capacitance under • 
full load conditions (i.e., 5 rnA). 
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Figure 11. Isolated Power Supply Voltage (V DC) VS. Load 
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Figure 13. Isolated Power Supply Ripple (mV p-p) vs. By
pass Capacitance (p.F), with a 5 mA Load on ± V,sa- and 
Noise Bandwidth of 1 MHz. 

The curves in Figures 12 and 13 were generated by measuring 
the power supply ripple over a 1 MHz bandwidth. 

CAUTION: The AD203SN does not provide for short circuit 
protection of its isolated power supply. A current limiting resis
tor may be placed in series with the isolated power terminals 
and the load in order to protect the supply against inadvertent 
shorts. 

APPLICABLE STANDARDS 
The tests and methods employed in the design verification pro
cess are summarized in Table II. A copy of the AD203SN Qual
ity & Reliability Summaries test report, which documents the 
results of the tests listed in Table II, is available on request. 

Test Method 

MIL-STD-883C, Method 1004 

MIL-STD-883C, Method 1010 
Condition B 

MIL-STD-883C, Method 2002, 
Condition B 

MIL-STD-883C, Method 2003 

MIL-STD-883C, Method 2004 

MIL-STD-883C, Method 2007, 
Condition A 

MIL-STD-883C, Method 2015 

MIL-STD-883C, Method 3015.5 

Analog Devices Product 
Reliability Program 

Test Description 

Moisture Resistance 

Temperature Cycling, -55°C 
to + 125°C 

Mechanical Shock @ 1,500 g 
for 0.5 ms 

Solderability of Terminations 

Integrity of Microelectronic 
Device Leads 

Variable Frequency Vibration 
@20g 

Resistance to Solvents 

Electrostatic Discharge 
Sensitivity Classification 

MTBF Calculation (per 
MIL-HDBK-217D) 
and Verification 

Table II. Tests Used to Verify the Ruggedness, Reliability 
and Quality of the AD203SN Design 

Per 883C Method 3015.5, the AD203SN has been classified as a 
Class 2 ESD (electrostatic discharge) sensitive device. As a Class 
2 device, the AD203SN is insensitive to static discharge voltages 
of less than 2000 V. 
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INSIDE THE AD203SN 
The functional block diagram of the AD203SN is shown in Fig
ure 14. The AD203SN employs amplitude modulation tech
niques to implement transformer coupling of signals down to dc . 

The 35 kHz, 30 V p-p square wave carrier used by the 
AD203SN is generated by an internal oscil1ator located in the 
output port of the isolator. This oscillator is powered by a 
+15 V dc supply. 

A full wave modulator translates the input signal to the carrier 
frequency which is then transmitted across transformer Tl. The 
synchronous demodulator in the output port extracts the input 
signal from the carrier. The 12 kHz two-pole fIlter is employed 
to minimize output noise and ripple. Furthermore, the fIlter 
serves as a low impedance output buffer. 

The input port of the AD203SN contains an uncommitted input 
op amp, a modulator and the power transformer T2. The pri
mary of the power transformer is driven by the 35 kHz square 
wave while the secondary, in conjunction with a rectifier net
work, supplies isolated power to the modulator, input op amp 
and any external load. The uncommitted input amplifier can be 
used to supply gain or to buffer the input signals. 

II 
N'UT PORT--/ t-- OUTPUT PORT 

Figure 14. Functional Block Diagram 

USING THE AD203SN 
Powering the AD203SN. The AD203SN requires only a single 
+ 15 V dc power supply connected as shown in Figure 15. A 
bypass capacitor is provided in the module. 

PWRIN 
+12VDCTO 

+16 V DC SUPPL V 

i)-/-'-'==; SUPPLY 
COMMON 

Figure 15. Powering the AD203SN 

Unity Gain Input Configuration. The basic unity gain config
uration for input signals of up to ± 10 V is shown in Figure 16. 

Figure 16. Basic Unity Gain Configuration 
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Input Configuration for a Gain Greater Than 1 (G>I). When 
small input signal levels must be amplified and isolated, Figure 
17 shows how to get a gain greater than I while continuing to 
preserve a very high input impedance. 

In this circuit, the gain equation may be written as: 

where 

Vo = Output Voltage (V) 
V SIG = Input Signal Voltage (V) 
RF = Feedback Resistor Value (n) 
RG = Gain Resistor Value (n). 

Note on the 100 pF Capacitor. Whenever a gain of 50 V/V or 
greater is required, a 100 pF capacitor from the FB (input op 
amp feedback) terminal to the IN COM (input common) termi
nal, as shown with the dotted lines in Figure 17, is highly rec
ommended. The capacitor acts to filter out switching noise and 
will minimize the isolator's nonlinearity parameter. 

VSIGNA~ 

Figure 17. Input Configuration for a Gain Greater than 1 

Compensating the Uncommitted Input Op Amp. The open 
loop gain and phase versus frequency for the uncommitted input 
op amp are given in Figure 18. These curves are to be used to 
,d,etermine the appropriate values for the feedback resistor and 
compensation capacitor in order to ensure frequency stability 
when a gain greater than unity is required. The final values for 
these components should also be chosen so as to satisfy the fol
lowing constraints: 

• The current drawn in the feedback resistor (RF) is no greater 
than I mAo 

• The feedback (RF) and gain resistor (RG) result in the desired 
amplifier gain. 
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Figure 18. Open Loop Gain and Phase vs. Frequency for 
the Uncommitted Input Op Amp 
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AD203SN 
Summing or Current Input Configuration. Figure 19 shows 
how the AD203SN can accommodate current inputs or sum cur
rents or voltages. 

~ 

AD203SN 

Figure 19. Input Configuration for Summing or Current 
Input 

In this circuit the output voltage equation can be written as: 

where 

Vo 
VS1 

VS2 

Is 
RF 

Va = -RFX(Is+VSIIRsI+VszIRsz+ ... 1 

Output Voltage (V) 
Voltage of Input Signal I (V) 
Voltage of Input Signal 2 (V) 
Input Current Source (A) 
Feedback Resistor Value (n) 
Source Resistance Associated with Input 
Signal I (n) 
Source Resistance Associated with Input 
Signal 2 (n). 

The circuit of Figure 19 can also be used when the input signal 
is larger than the ± 10 V input range of the isolator. For exam
ple, suppose that in Figure 19 only VS1 ' RSI and RF are con
nected to the feedback, input and common terminals as shown 
by the solid lines in Figure 19. Now, a VS1 with a ±IOO V span 
can be accommodated with RF = 20 kn and a total 
RSI =200 kn. 

GAIN AND OFFSET ADJUSTMENTS 
General Comments. When gain and offset adjustments are 
required, the actual compensation circuit ultimately utilized will 
depend on: 

• The input configuration mode of the isolation amplifier 
(i.e., noninverting or inverting). 

• The placement of the adjusting potentiometer (i.e., on the 
isolator's input or output side). 

As a general rule: 

• Offset adjustments are best accomplished on the isolator's 
input side, as it is much easier and more efficient to null the 
offset ahead of any gain. 

• Gain adjustments are mostly easily accomplished as part of 
the gain-setting resistor network at the isolator's input side. 

• Input adjustments, of the offset and/or gain, are preferred 
when the adjusting potentiometers are as near as possible to 
the input end of the isolator (so as to minimize strays). 

• Output side adjustments may be necessary under the 
conditions where adjusting potentiometers placed on the 
input side would present a hazard to the user due to the 
presence of high common mode voltages during the adjust
ment procedure. 
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AD203SN 
• It is recommended that the offset adjustment precedes the 

gain adjustment. 

Adjustments for the Noninverting Mode of Operation 
Offsei Adjustment. Figure 20 shows the suggested input adjust
ment connections when the isolator's input amplifier is config
ured for the noninverting mode of operation. The offset adjust
ment circuit injects a small voltage in series with the low side of 
the signal source. The adjustment potentiometer PI modulates 
the injection .voltage and is therefore responsible for nulling out 
the offset voltage. 

Note: • To minimize CMR degradation it is recommended that 
the resistor in series with the input LO (i.e., Rc) be 
below a few hundred ohms. 

• The offset adjustment circuit of Figure 20 will not 
work if the signal source has another current path to 
input common, or if current flows in the signal source 
LO lead. If this is the case, use the output adjustment 
procedure. 

Gain Adjustment. Figure 20 also shows the suggested gain 
adjustment circuit. Note that the gain adjustment potentiometer 
P2 is incorporated into the gain-setting resistor network at the 
isolator's input. 

""....,ST 

v."' ...... 

Figure 20. Input Adjustments for the Noninverting Mode 
of Operation 

An RoA of 47.5 kG and a 5 kG potentiometer, resulting in a 
median RF value of so kG (i.e., RoA + P2/2), will work nicely 
for gains of 10 VN or greater. The gain adjustment becomes 
less effective at lower gains, in fact it is halved at G = 2 VN, so 
that potentiometer P2 will have to be a larger fraction of the 
total RF. At a gain of 1 V N attempting to adjust the gain down
wards will compromise the isolator's input impedance. In this 
case it would be better to adjust the gain at the signal source or 
after the output. 

Input Adjustments for the Inverting Mode of Operation 
Offset Adjustment. Figure 21 shows the suggested input adjust
ment connections when the isolator's input amplifier is conflg-

Figure 21. Input Adjustments for the Inverting Mode of 
Operation 
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ured for the inverting mode of operation. Here the offset adjust
ment potentiometer PI nulls the voltage at the summing node. 
This method is preferred over current injection since it is less 
affected by any subsequent gain adjustments. 

Gain Adjustment. Figure 21 also shows the suggested gain 
adjustment circuit. In this circuit, the gain adjustment is made 
in the feedback loop using potentiometer P2. The adjustments 
will be effective for all gains in the 1 to 100 V N range. 

Output Adjustments 
Offset Adjustment. Figure 22 shows the recommended tech
nique for offset adjustment at the output. In this circuit, the 
± IS V de voltage is supplied by. an independent source. With 
reference to the output circuitry shown in Figure 22, the maxi
mum offset adjustment range is given by: 

RDXVS 
BOFFSET = RD+Ro 

where, V s is the power supply voltage. A 20 kn potentiometer 
(Po) should work well in this adjustment circuit. 

Figure 22. Output Side Offset Adjustment Circuit 

Gain Adjustment. Since the AD203SN's output amplifier is 
fixed at unity, any desired output gain adjustments can only be 
made in a subsequent stage. 

USING ISOLATED POWER 
The AD203SN provides ± IS V de power outputs referred to 
the input common. These may be used to power various acces
sory circuits which must operate at the input common mode 
level. The input offset adjustment circuits of the previous sec
tion are examples of this need. 

The isolated power supply output has a current capacity of 
5 rnA which should be sufficient to operate adjustment circuits, 
references, op amps, signal conditioners and remote transducers. 

CAUTION: The AD203SN does not provide for short circuit 
protection of its isolated power supply. A current limiting resis
tor may be placed in series with the isolated power terminals 
and the load in order to protect the supply against inadvertent 
shorts. 

APPLICATIONS EXAMPLES 
Isolated Process Current to Voltage Converter 
Figure 23 shows how the AD203SN can be utilized as an iso
lated receiver that translates a 4-20 mA process current signal 
input into a 0 to + 10 V output. The 25 G shunt resistor con
verts the 4-20 rnA current into a +100 to +500 mV signal. The 
signal is then offset by ~ 100m V via the use of Po to produce a 
o to +400 mV input. The signal is then amplified by a gain of 
25 resulting in the desired 0 to + 10 V output. With an open 
circuit on the input side, the AD203SN will have -2.5 Von the 
output, corresponding to the -100 m V offset voltage multiplied 
by a gain of 25 VN. 

REV. A 



Figure 23. Using the AD203SN as an Isolated Process 
Current to Voltage Converter 

For the circuit of Figure 23, the input to output transfer func
tion can be expressed as: 

VOUT = 625x/IN-2.5 V 

where 

VOUT = Output Voltage (V) 
lIN = Input Current in milliamps (mA). This current is 

limited to the 4 to 20 mA range. 

Current Shunt Measurements 
In addition to isolating and converting process current signals 
into voltage signals, the AD203SN can be used to indicate the 
value of any loop current in general. Figure 24 illustrates a typi
cal current shunt measurement application of the AD203SN. A 
small sensing resistor RSHUNT> placed in series with the current 
loop, develops a small differential voltage that may be further 
scaled to provide an isolator output voltage that is directly pro
portional to the current. The voltage developed across the shunt 
can potentially be several hundred to a thousand volts above 
ground. In this circuit, the AD203SN provides the necessary 
scaling of the shunt signal while providing high common-mode 
voltage isolation and high common mode rejection of dc and 
60 Hz components. 

Figure 24. Using the AD203SN for Current Shunt 
Measurements 

The transfer function for the circuit of Figure 24 can be written 
as: 

where 

VOUT 
RsHuNT 
Rp 
Ro 
ILoop 

REV. A 

Output Voltage (V) 
Sense or Current Shunt Resistance (0) 
Feedback Resistance (0) 
Gain Resistance (0) 
Loop Current CAl. 

AD203SN 
Low Level Inputs 
In applications where low level signals need to be isolated (ther
mocouples are one such application), a low drift input amplifier 
can be used with the AD203SN. Figure 25 illustrates this imple
mentation of the AD203SN. The circuit design also includes a 
three-pole active ftIter which provides for enhanced common 
mode rejection at 60 Hz and normal mode rejection of frequen
cies above a few Hz. If any offset adjustments are desired, they 
are best done at the trim pins of the low drift input amplifier. 
Gain adjustments can be done at the feedback resistor. 

Figure 25. Using the AD203SN with Low Level Inputs 

The input-output relationship for the circuit shown in Figure 25 
can be written as: 

VOUT = VINx 11+50 kntRa) 

Output Voltage (V) 
Low Level Input Voltage (V) 
Isolation Amplifier Gain Resistance (0). 

Noise Reduction in Data Acquisition Systems 
The AD203SN uses amplitude modulation techniques with a 
35 kHz carrier to pass both ac and dc signals across the isolation 
barrier. Some of the carrier's harmonics are unavoidably passed 
through to the isolator output in the form of ripple. In most 
cases, this noise source is insignificant when compared to the 
measured signal. However, in some applications, particularly 
when a fast AID converter is used following the isolator, it may 
be desirable to add ftItering at the isolator's output in order to 
reduce the carrier ripple. Figure 26 shows a circuit that will 
reduce the carrier ripple through the use of a two-pole output 
ftIter. 

Figure 26. Noise Reduction in Data Acquisition Systems 
Using the AD203SN 
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r.ANALOG 
WDEVICES 

100 kHz Bandwidth, Low Distortion, Internally 
Powered Isolation Amplifier 

FEATURES 
Wide Bandwidth: 100 kHz. min (Full Power) 
Rapid Slew Rate: 6 V/lJ.s 
Fast Settling Time: 9 IJ.s 
Low Harmonic Distortion: -SO dB @ 1 kHz 
Low Nonlinearity: ::1:0.005% 
Wide Output Range: ::1:10 V. min 
High Isolation: 1.5 kV rms (B Grade) 
Buffered Output 
Isolated Power: ::1:15 V dc @ ::1:10 mA 
Performance Rated over -4O"C to +S5°C 

APPliCATIONS INCLUDE 
High Speed Data Acquisition Systems 
Transient Monitoring 
Power Line Monitoring 
Power Supply Control 
Vibration Analysis 

GENERAL DESCRIPTION 
The AD206 is a high speed, two-port, transformer-coupled iso
lation amplifier expressly designed for applications that require 
the amplification and isolation of wideband analog signals. The 
innovative circuit and transformer design of the AD206 ensures 
the wideband dynamic characteristics of the AD206 while pre
serving key dc performance specifications. 

The AD206 provides total galvanic isolation between the input 
and output stages of the isolation amplifier, including the input 
and output power supplies, through the use of internal trans
former coupling. The functionally complete design of the 
AD206, powered by a bipolar ±15 V dc supply, eliminates the 
need for a user-supplied isolated dddc converter. This permits 
the designer to minimize the necessary circuit overhead and, 
consequently, reduce the overall system design and component 
costs. 

The design of the AD206 emphasizes maximum flexibility and 
ease of use in a broad range of applications where fast analog 
signals must be measured and transmitted under high common
mode voltage (CMV) conditions. The AD206 has a ± 10 V 
input/output range, a specified gain range of 1 to 10, a buffered 
output and a front-end power supply of ±15 V dc with ±10 rnA 
of current drive capability. 

PRODUCT HIGHLIGHTS 
High Speed Dynamic Characteristics: The AD206 features a 
minimum full power bandwidth of 100 kHz, a typical rise time 
of 3 J1S, and settling time of 9 J1S. The high speed performance 
of the AD206 allows the amplification and isolation of dynamic 
signals. 

AD206 I 
FUNCTIONAL BLOCK DIAGRAM 

OUTLO 

Flexible Input and Buffered Output Stages: An uncommitted 
op amp is provided on the input stage of the AD206. This 
allows for input buffering and gain as needed. The AD206 also 
features a buffered output stage, allowing it to drive low 
impedance loads. 
High Accuracy: Exhibiting a typical nonlinearity of ±0.005% 
(B grade) of full-scale range and a total harmonic distortion of 
-80 dB (typical @ 1 kHz), the AD206 provides high isolation 
without loss of signal integrity and quality. 

Excellent Common-Mode Performance: The AD206BY 
(AD206AY) provides 1.5 kV rms (0.75 kV rms) of common
mode protection. Both grades feature a low common-mode 
capacitance of 4.5 pF, inclusive of power isolation, resulting in a 
typical common-mode rejection specification of 105 dB (1 kO 
source impedance imbalance) as well as a low leakage current of 
2.0 J1A rms (max @ 240 V rms, 60 Hz). 

Isolated Power: An unregulated isolated ± 15 V dc power sup
ply with ± 10 rnA of current drive capability is available at the 
input port of the AD206. This permits the isolator to power up 
floating signal conditioners, front -end amplifiers or remote 
transducers at the input. 

Performance Rated over the -40°C to +85°C Temperature 
Range: With an extended industrial temperature range rating, 
the AD206 is an ideal isolation amplifier for use in industrial 
environments. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD206-SPECIFICATIONS (typical @ +25°C, Vs = ±15 V dC,2 kG output load, unless otherwise noted) 

GAIN 
Rangel 

Error @ Unity Gain 
vs. Temperature" 

o to +S5°C 
-4O"C to OOC 

vs. Supply Voltage, ± (14.5 V to 16.5 V dc) 
vs. Isolated Supply Load3 

Nonlinearity,. ±10 V Output Swing, G = 1 VN 
G = 10VN 

INPUT VOLTAGE RATINGS 
Input Voltage Rating of the Uncommitted Input 
Op Amp, G = 1 VN 
Max Safe Differential Range, IN+/IN- to IN COM 
Common Mode Rejection Ratio of Input Op Amp 
Max Isolation Voltage (Input to Output)' 

AC,60Hz 

Isolation-Mode Rejection Ratio (IMRR) @ 60 
Rs :S 100 0 (HI & LO Inputs), G = 1 
Rs :S 1 kO (Input, HI, LO or Both), G = 

Isolation-Mode Rejection Ratio (IMRR) @ 1 kHz 
Rs :S 100 n {HI & LO Inputs), G = 1 VN 
Rs :S 1 kO (Input, HI, LO or Both), G = 1 VN 

Isolation-Mode Rejection Ratio (IMRR) @ 10 kHz 
Rs :S 100 0 (HI & LO Inputs), G = 1 VN 
Rs :S 1 kO (Input, HI, LO or Both), G = 1 VN 

Leakage Current, Input to Output, 
@ 240 V rms, 60 Hz 

INPUT IMPEDANCE 
Differential (G = 1 VIV) 
Common Mode 

INPUT OFFSET VOLTAGE 
Initial @ + 25°C 
vs. Temperature 

o to +S5°C 
-40°C to O°C 

OUTPUT OFFSET VOLTAGE 
Initial @ + 250C (Adjustable to Zero)6 
vs. Temperature 

o to +S5°C 
-40°C to OOC 

vs. Supply Voltage 
vs. Isolated Supply Load3 

INPUT BIAS CURRENT 
Initial @ + 250C 
vs. Temperamre 

-40°C to +S5°C 

INPUT DIFFERENCE CURRENT 
Initial @ + 25°C 
vs. Temperature 

-40°C to +S5°C 

INPUT VOLTAGE NOISE 
Frequency> 10 Hz 

AD206A 

1 VNto 10VN 
±2%, max 

+15 ppmfC 
+50ppmfC 
l00ppmN 
20ppmlmA 
±0.01% (±0.025%, max) 
±o.o25% 

SO dB 
65 dB 

2 jJ.A rms, max 

16MO 
2 G0114.5 pF 

±400 jJ.V (±2 mY, max) 

±2 jJ.VIOC'(±15 jJ.vrc, max) 
±20 jJ.vrc 

-45 mV (0 to -so mY, max) 

±30 jJ.VIOC 
±SO jJ.VIOC 
±350 jJ.VN 
-35 jJ.V/mA 

300 nA (650 nA, max) 

±SOO nA, max 

3 nA (±65 nA, max) 

±SOO nA, max 

20nV/YHz 

AD206B 

"* 
* 

* 
* 
* 
* 
±0.005%, (;±:0.015%, max) 
±0.01% 

* 
* 
* 

1500 Vrms 
±2000 VpEAK 

* 
* 

* 
* 

* 
* 

* 

* 
* 

* 

* 
* 

* 

* 
* 
* 
* 

* 

* 

* 

* 

* 
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DYNAMIC RESPONSE (2 kG load) 
Full Signal Bandwidth (3 dB Corner, G = I VN, 

20 V pk-pk Signal) 

DYNAMIC RESPONSE 
Small Signal Bandwidth (3 dB Corner, 

G = I VN, 100 mV pk-pk Signal) 
Transport Delay 
Slew Rate 
Rise Time (10% to 90%) 
Settliug Time to ::to. 10% on a 10 V Step 
Overshoot 
Harmonic Distortion Components, @ I kHz 

@ 10kHz 
Unity Gain Overload Recovery (::tIS V Drive) 
Output Overload Recovery Time (G > 5 VN) 

RATED OUTPUT 
Voltage (Out HI to Out LO) 
Current 
Maximum Capacitive Load 
Output Resistance 
Output Ripple and Noise,s I MHz B tW 

50 kHz Bandwidth '\ 

ISOLATED POWER OUTPUT" 
Voltage, No Load 
vs. Temperature, 0 to + S5"C 

-40°C to WC 
Current with Rated Supply Voltage Range3, 10 

Regulation, No Load to Full Load 
Line Regulation 
Ripple, I MHz Bandwidth, No Load3 

Efficiency 

POWER SUPPLY 
Supply Voltage for Rated Performance 
Voltage, Operatingll 
Current, Quiescent 

TEMPERATURE RANGE 
Rated Performance 
Storage 

PACKAGE DIMENSIONS 
SIP Package 

NOTES 

AD206A 

110 kHz (l00 kHz, min) 

115 kHz 

2.2I1-s• 
6 V/lI-s 
311-s 
911-8 

1% 
-SO dB 
-65 dB 

±15 V(-5%, +15%) 
+20 mVrC 
+25 mVrC 
::tlOmA 
-90mV/mA 
290mVN 
50 mV rms 
75% 

::t14.5 V de to ::t16.5 V de 
±14.25 V de to ::tl7 V de 
+40 mAl-IS mA 

-40°C to +S5°C 
-40°C to +85°C 

2.475" x 0.3250" x 0.840", max 
62.9 mm x S.3 mm x 21.3 mm, max 

AD206 
AD206B 

* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 

* 
* 

* 
* 

'The gain range of the AD206 is specified from 1 to 10 VN. TheAD206 can also be used with gains of up to 100 VN. With a gain of 100 VN there isa 20% reduction in the 3 dB 
bandwidth specification, and the nonlinearity degrades to ±O.02% (typ). Refer to Figure 12 for a description on how to implement a gain of 100 using the AD206. 

2The gain temperature coefficient for the AD206 is illustrated over the entire -4O"C to +8SOC rated performance temperature range in Figure 1. 
~en the isolated supply load exceeds ± 1 rnA, external filter capacitors are required in order to ensure that the gain, offset and nonlinearity specifications are preserved and to 
maintain the isolated supply full-load ripple below the specified 50 mV rms. A value of 6.8 I'F is recommended as shown in Figures 18 and 19b. 

4Nonlinearity is specified as a percent (of full-scale range) deviation ttom a best straight line. 
5The isolation rating of each AD206 is 100% tested in production. The A grade is Hi-Pot tested at 850 V rms for 1 minute. The B grade is tested using a 5 second partial 
discharge test at 1,800 V rms with a detection threshold of 150 pC. 

"The AD206 should be allowed to warm-up for approximately 10 minutes before any gain and offset adjustments are made. 
'Equivalent to a 0.8' phase shift at 1 kHz. 
sWith the :t 15 V de power supply pins bypassed by 2.2 I'F capacitors at the AD206 pins, as shown in Figures 10 and 19a. 
9CAUTlON: The AD206 design does not provide short circuit protection of its isolated power supply. A current-limiting resistor may be placed in series with the isolated 
power terminals and the load in order to protect the supply against inadvertent shorts. 

'<With an input power supply voltage greater than or equal to :t 15 V de the AD206 may supply up to :t 15 rnA of current from the isolated power supplies. 
Exceeding these currents will increase the dependence of the gain and offset specificationa of the AD206 on both the supply voltage and isolated load current. 

"VoltageS less than 14.25 V de may cause the AD206 to cease operating properly. Voltages greater than 17.5 V de may damage the internal components of the AD206 and 
consequently should not be used. 

·Specification is the same as that for the AD206A. 
Specifications subject to change without notice. 
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AD206 

AD206 

AD206 PIN DESIGNATIONS 

0.32518.3) 
MAX 

t 
NOTE: PINS MEASUflE 0.022 (0.56) " 0.010 (0.25) PRIOR TO TlNNJNG. 
TINNING MAY ADD UP TO 3 mil. (0.003"1 TO THESE DIMENSIONS. 

36 
37 
38 

-VISO OUT 
+VISO OUT 

TRIM 
OUTLO 
OUT HI 

42 +15 V IN 
43 PWRRTN 
44 -15 V IN 

Function 

Input Op Amp: Noninverting Input 
Input Common 
Input Op Amp: Inverting Input 
Input Feedback 
Isolated Power: - DC 
Isolated Power: + DC 

Output Offset Trim Adjustment 
Output Low 
Output High 

DC Power Supply Input: + 15 V 
DC Power Supply Input Common 
DC Power Supply Input: -15 V 

ORDERING GUIDE 

.125 
(U) 

ACI063 MATING SOCKET 
3.050 (77.5) 

0.11 

.112 (3.2) 
---.l 1(2.8~) .125 

~~~------------~~~~--,+,p~~T'~ 
~~&-----------~~--~--~+r

f-+----1--++---------------j----+------' .. 1OD 
~.5) ...j ~i~ 

.... 
.. ...,DlA. 
BOTH ENDS 

.......... 
(57.2) (64.8) 

END VIEW 

Model 

AD206AY 
AD206BY 

CAUTION ________________________________________________ __ 

ESD (electrostatic discharge) sensitive device. Permanent damage may occur on unconnected 
devices subject to high energy electrostatic fields. Unused devices must be stored in conductive 
foam or shunts. The protective foam should be discharged to the destination socket before devices 
are removed. 

Temperature Range 

-40·C to. +8S·C 
-40·C to +85·C 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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INSIDE THE AD206 
The functional block diagram of the AD206 has been shown. 
The AD206 employs a double balanced amplitude modulation 
technique to implement transformer coupling of signals down 
to dc. The 430 kHz square wave carrier used by the AD206 is 
generated by an internal oscillator located on the output side of 
the isolator. This oscillator is powered by the bipolar IS V dc 
supply. 

The input pon of the AD206 contains an uncommitted input op 
amp, a modulator and an isolated power supply. The uncommit
ted input amplifier may be used to supply gain or to buffer the 

> 
E 
I 

> 
!:: 
a: 
< w z 
::::i z 
0 z 

0.10 

0.05 

1fI. 
0 

I 
II: -0.05 0 
II: 
II: 
w -0.10 z 
C 
CI -0.15 

-0.20 

TEMPERATURE - °C 

Figure 1. Gain Error vs. Temperature 

+1 

0 

-1 

-10 -8 -6 -4 -2 0 +2 +4 +6 +8 +10 

OUTPUT VOLTAGE - V 

+0.004 

~.004 

Figure 2. Gain Nonlinearity Error (% of Output Span and 
mV) vs. Output Voltage Swing for a Gain of 1 

Nonlinearity does not change with temperature over the -40"C 
to + 8s·C range and is not dependent on the gain setting for 
gains in the rated I vrv to 10 vrv range. 

Note: The gain and offset and offset errors will increase when 
the isolated power supply load exceeds ± 10 mAo 

rfl. 
I 

> 
!:: 
a: 
< w z 
::::i z 
0 z 

AD206 

input signals. The primary windings of the power transformer 
T2 are driven by the 430 kHz square wave while the secondary, 
in conjunction with a rectifier network, supply isolated power to 
the modulator, input op amp and any external load. 

A full-wave modulator translates the input signal to the carrier 
frequency which is then transmitted across the signal trans
former Tl. The synchronous demodulator on the output pon 
extracts the input signal from the carrier. This signal is then 
passed through a Bessel response low-pass filter to an output 
buffer and is then made available at the output signal terminals. 

100000 

FREQUENCY - Hz 

Figure 3. Typical Common-Mode Rejection (dB) vs. 
Common-Mode Signal Frequency (Hz) and Source Imped
ance Imbalance (lJ) for the 10 Hz to 20 kHz Frequency 
Range and with a Gain of 1 

To achieve the optimal common-mode rejection of unwanted 
signals, it is strongly recommended that the source impedance 
imbalance be kept as low as possible and that the input circuitry 
be carefully laid out so as to avoid adding excessive stray capaci
tances at the isolator's input terminals. 

1 
0 

-1 ~~ 

-2 

-3 1\ 
ID -4 

" I -0 
Z -6 C 
CI -7 

G=l 
-6 
-6 

-10 
G=10 

-11 
G=loo 

-12 
0.1 1.0 10 100 1000 

INPUT SIGNAL FREQUENCY - kHz 

Figure 4. Normalized Gain (dB) as a Function of Input Sig
nal Frequencies (kHz) in the 100 Hz to 150 kHz Range 
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AD206 

Ii:" 
~T 3 

!liS 2 
C w 1 
e;C 0 

0 

I 45 

I 
I 

16; 90 
:z: 
1/1 
w 
~ 135 
:z: 
II. 

G=1 
G=10 

G=100 

10 20 30 40 50 60 70 80 90 100 110 120 

FREQUENCY - kHz 

Figure 5. Phase Shift (") and Transport Delay (p.s) vs. 
Input Signal Frequencies (kHz) in the 10 Hz to 
Range 

OVERSHOOT 

UNDERSHOOT 

I 
I -

5)..1$' 

INPUT 
(+10VSTEP) 

INPUT 
(-10VSTEP) 

OUTPUT 

Figure B. Overshoot/Undershoot Characteristics of the 
AD20B to a Full-Scale Step at the Isolator's Input and with 
a Gain of 1 (RL = 2 kfl) 

of the AD20B to a + and -

28 
24 

0 
20 

~ 16 
12 
8 
4 10~F BYPASS CAPS 
0 

0 2 3 4 5 6 7 8 9 10 

V,SO LOAD - mA 

Figure 8. Isolated Power Supply Ripple (mV pk-pk) vs. 
Load (rnA) and Bypass Capacitance (p.F) 

16.2 

16.0 ...... 
15.8 

...... 

~ 15.6 
I 

>'iJ 15.4 

15.2 

15.0 

14.8 

~i'-.' 
f'-. '1."-.'1."-.'1."-.' 

Vo =±15Vdc ~ ~ 
...... r--.: 

..... ['.'.1'.' .1'.' 
..... :-,: 

..... :--.;' 

NOTE: ~~ 
THE GAIN AND 
OFFSET ERRORS 
WILL INCREASE 
WHEN THE 
ISOLATED POWER 
SUPPLY LOAD 
EXCEEDS ± lOrnA. 

10 
VISO LOAD-±rnA 

15 

Figure 9. Isolated Power Supply Voltage (V de) vs. Iso
lated Power Supply Load (rnA) 
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POWERING THE AD206 
The AD206 is powered by a bipolar ± IS V dc power supply 
connected as shown in Figure 10. External bypass capacitors 
should be provided in bused applications. Note that a small 
signal-related current (50 ....vv OUTPUT) will flow out of the 
OUT LO pin (Pin 37). Therefore, the OUT LO terminals 
should be bused together and referenced at a single" Analog 
Star Ground" to the ±15 V dc supply common as illustrated in 
Figure 10. 

AD206, 

OUTLO,o 

.. 

.. 
NT" CHANtEL 

Figure 10. Powering the AD206 

Power Supply Voltage Considerations. The rated performance 
of the AD206 remains unaffected for power supply voltages in 
the ±14.5 V dc to ±16.5 V dc range. Voltages below ±14.25 V 
dc may cause the AD206 to cease operating properly. 

Note: Power supply voltages greater than 17.5 V dc may dam
age the internal components of the AD206 and consequently 
should not be used. 

USING THE ADl06 

Unity Gain Input Configuration. The basic unity gain configu
ration for input signals of up to ± 10 V is shown in Figure II. 

Figure 11. Basic Unity Gain Configuration 

Noninverting Input Configuration for a Gain Greater Than 
One (G>l). When input signal levels must be amplified and 
isolated, Figure 12 shows how to achieve a gain greater than one 
while continuing to preserve a very high input impedance. 

In this circuit, the gain equation is written as follows: 

Vo = (I+Rr/RGJ X VSlG 

where: 

Vo = Output Voltage (y), 
VSIG = Input Signal Voltage (V), 
Rp = Feedback Resistor Value (0), 
RG = Gain Resistor Value (0). 

AD206 

The values for the resistors Rp and RG are subject to the follow
ing constraints: 

• The total impedance of the gain network should be less than 
10 kG. 

• The current drawn in the feedback resistot (Rp) is less than 
I mA at ±IO V. Note that for each mA drawn by the feed
back resistOJ;, the isolated power supply drive capability 
d . ilnA. 

(kp) and gain resistor (Ra) result in the desired 
r gale. 

that the feedback resistor (Rp) is bypassed 
'pF capacitor (Cp). 

. e input resistor (RIN): The 2 kG resistor placed in 
.' l!he input signal source and the IN + terminal, desig- 5 

s 'kIN in Figures 11 and 12, is recommended so as to 
t the current seen at the input terminals of the AD206 to 

5.0 mA when the AD206 is not powered. 

OUTJIUT RL 1H, ....... -.... coocumrt 

OUT II 

Figure 12. Noninverting Input Configuration for a Gain 

Compensating the Uncommitted Input Op Amp. The open
loop gain and phase versus frequency for the uncommitted input 
op amp are given in Figure 13. These curves can be used to 
determine the appropriate values for the feedback resistor and 
compensation capacitor in order to ensure frequency stability 
when reactive or nonlinear components are used in conjunction 
with the uncommitted input op amp. 

25 
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Figure 13. Open-Loop Gain and Phase Response for the 
Uncommitted Input Op Amp of the AD206 
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AD206 
Inverting, Summing or Current Input ConfJglll'ation. Figure 
14 shows how the AD206 can measure currents or sum currents 
or voltages. 

AD208 

0lnPUT FILTER, 
IIUFFERAND 

m .. ClRCUITRY 

OUT II 

Figure 14. Summing or Current Input Configuration Non
inverting Mode of Operation 

For this circuit, the output voltage equation is written as 
follows: 

Vo = 

where: 

V = Output Voltage (V), 

VS1 = Voltage of Input Signal 1 (V), 

VS2 = Voltage of input Signa12 (V), 
Is = Input Current Source (A), 

Rp = Feedback Resistor Value (0) (10 kO, typ) 

RSI = Source Resistance Associated with Input Signa11 (0), 

RS2 = Source Resistance Associated with Input Signal 2 (0). 

The circuit of Figure 14 can also be used when the input signal 
is larger than the ± 10 V input range of the isolator. For exam
ple, suppose that in Figure 14, only V Sl' RSI and RF are con
nected to the feedback, input and common terminals as shown 
by the solid lines in Figure 14. Now, a VSI with a ±50 V span 
can be accommodated with RF = 10 kO and a total RSI = 
50 kO. 

GAIN AND OFFSET ADJUSTMENTS 
General Comments. The AD206 features a TRIM pin on the 
output stage of the isolator. This pin should be used with user
supplied external circuitry to adjust, the output offset of the 
AD206. When gain and offset adjustments are required, the 
actual compensation circuit ultimately used depends on the 
following: 

• The input configumtion mode of the isolation amplifier (i.e., 
noninverting or inverting). 

• The placement of the adjusting potentiometer (i.e., on the 
isolator's input or output side). 

As a general rule: 

• Gain Adjustments are most easily accomplished as part of the 
gain-setting resistor network at the isolator's input side. 

• To ensure the highest degree of stability in the gain adjust
ment, the adjusting potentiometers should be located as close 
as possible to the isolator's front end and its impedance should 
be kept low. Adjustment ranges should also be kept to a mini
mum since their resolution and stability is dependent on the 
actual trim potentiometers used. 

• Output side adjustments may be necessary under the condi
tions where adjusting potentiometers placed on the input side 
would present a hazard to the user due to the presence of high 
common-mode voltages during the adjustment procedure. 

• It is recommended that the offset is adjusted prior to the gain 
adjustment. 

• The AD206 should be allowed to warm-up for approximately 
10 minutes before any gain and/or offset adjustments are 
performed. 

Input Gain Adjustments for the Noninverting Mode of 
Operation. Figure 15 shows the suggested gain adjustment cir
cuit. Note that the gain adjustment potentiometer'Rp is incorpo
mted into the gain-setting resistor network at the isolator's 
input. 

RG X RF 
Rp "" 1 k~), let Rc "" 0.02 R-R . 

G + F 

AD2GII 

OIII'PUrFLTER. 
BUFFER ... _CIIICIIITIIY 

Figure 15. Input Gain Adjustment Circuit for the 

our .. 

Input Gain Adjustments for the Inverting Mode of Operation. 
Figure 16 shows the suggested gain adjustment circuit. In this 
circuit, the gain adjustment is made in the feedback loop using 
potentiometer Rp. The adjustments are effective for all gains in 
the 1 to 10 range. 

Figure 16. Input Gain Adjustment Circuit for the Inverting 
Mode of Operation 

For an approximate ± 1 % gain trim range, let 

R _ RIN X RF 
X - RIN + RF 

and select 

while 

Rc = 0.02 X RIN 

RF:S 10 kO 

CF = 47 pF 

RF and RIN are selected for a good temperature coefficient 
match. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Output Offset Adjustments. Figure 17 illustrates one method 
of adjusting the output offset voltage. Since the AD206 exhibits 
a nominal output offset of - 35 m V, the circuit shown in Figure 
17 was chosen to yield an offset correction of 0 to + 73 m V for a 
total output offset range of approximately - 35 m V to + 38 m V. 

Figure 17. Output Offset Adjustment Circuit 
o ,'"!;.-::, M 

Output Gain Adjustments. Since the output amplifieJ-Ittage:"of 
the AD206 is fixed at unity, any desired ol!tB\J;f~9rjtiSt~ 
ments can be made only in a subsequent si;ligii. -":"" ""; 

USING ISOLATED POWER 
The AD206 provides ± 15 V dc @ ± 10 rnA power oiItputs 
referred to the input common. These may be used to power var
ious accessory circuits which must operate at the input common
mode level including input adjustment circuits, references, op 
amps, signal conditioners or remote transducers. Figure 18 
shows the recommended connections from the isolated power 
supplies. 

Figure 18. Using the Isolated Power Supplies 

AD206 
PCB LAYOUT FOR MULTICHANNEL APPLICATIONS 
The pinout of the AD206 has been designed to facilitate multi
channel applications. Figure 19a shows the recommended 
printed circuit board (PCB) layout for the simple unity gain con
figuration. When gain setting resistors are present, 0.325" chan
nel centers can still be achieved as shown in Figure 19b. 

SUPPLY 
COMMON 

.15Vdc 
SUPPLY BYPASS 

-15VdC} 
2.2~F CAPACITORS 

2.2~F 

42 44 
OUT HI. 

TRIM. 

42 44 
OUT HI, 

TRIM, 

42 44 
OUT HI. 

TRIM. ANALOG STAR 
GROUND 

42 44 
OUTHI3 

TRIM 3 

Figure 19a. PCB Layout for Multichannel, Unity Gain 
Applications 

CAUTION: The AD206 design does not provide shon-circuit 
protection of its isolated power supply. A current limiting resis
tor may be placed in series with the isolated power terminals 
and the load in order to protect the supply against inadvenent 
shorts. 

Figure 19b. PCB Layout for Multichannel 
with Gain Is Required on the AD206s 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 ISOLA TION AMPLIFIERS ~39 

• 



AD206 
APPLICATION EXAMPLES 
Motor Control. Figure 20 shows an AD206 used in a dc motor 
controller application. The excellent phase characteristics and 

COM 

Multichannel Data Acquisition 
Figure 21 shows the AD206 in a multiplexed, multichannel 
acquisition application. The rapid slew rate and sett!· 
performance of the AD206 are ideal in satisfyi 
signal processing requirements imposed by t 
of the multiplexer output. These specificatio ~ 
AD206 is capable of accurately acquiring an analog al 
limited time period, with minimal signal attenuation 
tion, ,before the multiplexer switches to the next signal channel. 

wide bandwidth of the AD206 are ideal for this type of 
application. 

ENCODER FEEDBACK 

SHAFT OPTICAL, 
RESOLVER OR 
TACHOMETER 

ENCODER 

bilities of the AD206's bipolar ± 15 V dc 
re more than adequate to meet the 

ly current requirements for the AD7502 
igital isolation techniques should be employed to 

(EN), AO and Al logic control signals. 

Figure 21. Using the AD206 in Multichannel Data Acquisition Applications 
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1IIIIIIII ANALOG 
WDEVICES 

High Precision, Low Offset, mV Input 
Isolation Amplifier 

FEATURES 
Wide Gain Range: 1 to 1000VIV 
Low Nonlinearity: ±0.0125% 
Low Input Offset Voltage: ±0.27 mY. max 

(G = 1000 VIVI 
Low Offset Drift: ±1.5 tLV/·C. max (G = 1000 VIVI 
High CMV Isolation: 1.5 kV RMS (B Gradel 
Isolated Power: ±8.0 V DC with up to ±5 mA 
Completely Compatible with the AD204 SIP 
Small SIP: 2.08" (52.8 mml x 0.26" (6.6 mml x 0.625" 

(15.9mml 
Performance Rated over -40'C to +85OC 

APPLICATIONS 
Isolated RTD and Thermocouple Applications 
mV Signal Amplification and Isolation 
Process Instrumentation and Control 
Multichannel Data Acquisition 

GENERAL DESCRIPTION 
The AD20S is a high precision, two-port, transformer-coupled 
isolation amplifier expressly designed for applications that 
requite the amplification and isolation of extremely low level 
(i.e., ±mV) signals. The innovative front-end circuit design of 
the AD20S ensures the low offset characteristics and stable high 
gain properties of the AD20S. The AD20S is fully compatible 
with the SIP style packaging of Analog Devices' low cost AD204 
family of isolation amplifiers. 

The AD20S provides total galvanic isolation between the input 
and output stages of the isolation amplifier, including the power 
supplies, through the use of internal transformer coupling. The 
functionally complete design of the AD20S, powered by an 
externally supplied 15 V pk-pk, 25 kHz clock or the recom
mended AD246 Clock Driver, eliminates the need for a user 
supplied dddc converter. This permits the designer to minimize 
the necessary circuit overhead and consequently reduce the over
all design and component costs. 

The design of the AD20S emphasizes maximum flexibility and 
ease of use in a broad range of applications where low level sig
nals must be measured and transmitted under high CMV condi
tions. The AD20S has a ±5 V output range, an adjustable gain 
range of from 1 to 1,000 VIV and a front-end power supply 
of ±S.O V dc with up to ±5 mA of current drive capability. 

PRODUCT HIGHLIGHTS 
Wide Gain Range. The AD20S features a wide adjustable gain 
range of from 1 to 1,000 VIV. The stable high gain properties of 
the AD20S allow for the amplification and isolation of signals in 
the ±mV range. 

REV. A 

AD208 I 
FUNCTIONAL BLOCK DIAGRAM 

eLKIN 
33 (15Vpk-pk. 

25kHz Square 
Wave) 

Flexible Input Stage. An uncommitted op amp is provided on 
the input stage of the AD20S. This allows for input buffering 
and gain as needed. It also facilitates a host of alternative input 
functions including fIltering, summing, high voltage ranges and 
current inputs. 

High Accuracy. Exhibiting a typical nonlinearity of ±0.0125% 
and a low gain temperature coefficient, averaging ± 35 ppmf'C 
over the rated temperature range, the AD20S provides high iso
lation without loss of signal integrity and quality. 

Low Offset Characteristics. With a maximum initial offset 
of ±(0.25 + 15 IG)mV and a maximum offset drift of 
±(1.5 + 20 IG) '" VfC, the AD20S is the ideal isolation ampli
fier solution when low level, ±mV, signals must be measured 
and processed. 

Excellent Common Mode Performance. The AD20SBY pro
vides 1.5 kV rms of common mode protection. Both grades of 
the AD20S feature a low common mode capacitance of 5.0 pF, 
inclusive of power isolation, that results in a typical common 
mode rejection specification of 100 dB (1 kO source impedance 
imbalance) as well as a low leakage current of 2.0 ",A rms (max 
@ 240 V rms, 60 Hz). 

Isolated Power. An isolated ±S.O V dc power supply with the 
capability of delivering typically up to ± 5 mA is available at the 
input port of the AD20S. This permits the isolator to power 
floating signal conditioners, front-end amplifiers or remote 
transducers at the input. 

Performance Rated Over the -40'C to +8S'C Temperature 
Range. With its performance rated over the -4O'C to +S5'C 
tempemture range the AD20S is an ideal isolation amplifier for 
use in industrial environments. 
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AD208-SPECIFICATIONS ~~~::In~e:~!:~~?ut Load ~ 1 MO, Vs = 15 V pk-pk, 25 kHz square wave, 

. 

AD20SAY AD20SBY 

GAIN 
Range 1-1000 VN * 
Error (G = 1 VN) -1.0% (±2.5%, max) * 
vs. Temperaturel 

-4<rC to O°C ±60 ppmf'C, max * 
O°C to +85OC ±20 ppmf'C, max * 

vs. Supply Voltage ±100ppmN * 
Nonlinearitr, ±5 V Output Swing, G = 1-1000 VN ±0.0125% * 

G= 1 VN ±0.03%, max ±0.015%, max 

INPUT VOLTAGE RATINGS' 
Linear Differential Range ±5 V, min * 
Max Safe Differential Range ±6V * 
Max CMV Input to Output 

AC, 60 Hz, Continuous 750 V rms 1500 V rms 
Continuous (AC & DC) ±1000 V peak ±2000 V peak 

Common Mode Rejection (CMR) @ 60 Hz 
Rs :51000 (HI & LO Inputs), 

G= 1 VN 100 dB * 
G = 1,000VN 120 dB * 

Common Mode Rejection (CMR) @ 60 Hz 
Rs:5l kO (Input, HI, LO or Both) 

G= 1 VN 100 dB * 
G = 1,000VN 100 dB * 

Leakage Current, Input to Output, @ 240 V rms, 60 Hz 2 I1A rms, max * 
INPUT IMPEDANCE 

Differential (G = 1 VN) 15MO * 
Common Mode Across the Isolation Barrier 2 GOll5 pF * 

OFFSET VOLTAGE, REFERRED TO INPUT (RT!) 
Initial @ + 25°C (Adjustable to Zero) ±(0.25+15/G) mY, max * 
vs. Temperature (-40°C to +S5°C) ±(1.5+20 IG) I1VrC, max * 
vs. Supply Voltage ±(50+ 150 IG) 11 VNolt * 
Voltage Noise, 0.1 Hz to 100 Hz 1.0 11 V pk-pk * 

INPUT BIAS CURRENT 
Initial @ + 25°C ±1O nA, max * 
vs. Temperature (-40°C to +S5°C) ± 100 pArC, max * 
vs. Supply Voltage ±l nANolt * 
Current Noise, 0.1 Hz to 100 Hz SO pApk-pk * 

INPUT DIFFERENCE CURRENT 
Initial @ + 25°C ±6nA * 
vs. Temperature (-40°C to +85°C) ±60pArC * 

FREQUENCY RESPONSE 
Bandwidth' (Full Signal, i.e., Vo :5l0 V pk-pk) 

G = 1 VN 4.0 kHz * 
G = l000VN 0.4 kHz * 

Slew Rate 0.1 V/l1s * 
Settling Time to ±0.10% on a 10 V Step, G = 1 VN 2ms * 
Overload Recovery TimeS, G = 1000 VN 5 ms * 

RATED OUTPUT 
Voltage (OUT HI to OUT LO) ±5V * 
Maximum Voltage Difference Between OUT HI 

and OUT LO or CLK COM (Pin 32) ±6.5 V * 
Output Resistance 3 kO * 
Output Ripple, 100 kHz Bandwidth 10 mV pk-pk * 

* 
5 kHz Bandwidth 0.8 mV pk-pk 
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AD208 
AD208AY AD208BY 

ISOLA TED POWER OUTPUT 
Voltage, No Load ±S.OV * 
vs. Temperature (-40°C to +S5°C) ±0.025%I"C * 

ISOLA TED POWER SUPPLY (Continued) 
Accuracy ±IO% * 
Rated Load Current6 ±2.0mA, min * 
Regulation, No Load to Rated Load 10% * 
Line Regulation ±IO%Nolt * 
Ripple, Rated Load, 100 kHz Bandwidth 100 mV pk-pk * 

CLOCK DRIVE INPUT OF THE AD20S7 
Input Voltage IS V pk-pk ± 5%, * 

Square Wave 
Input Current (No Load on Isolated Supplies) ±IOmApk * 
Frequency 25 kHz ±5% * 
Duty Cycle 47.5% to 52.5% * 

PACKAGE DIMENSIONS 
SIP Package 2.0S" x 0.260" x 0.625", max * 

52.S rom x 6.6 rom x 15.9mm, 
max * 

TEMPERATURE RANGE 
Rated Performance -40°C to +S5°C * 
Storage -40OC to +S5OC * 

NOTES 
·Specification is the same as that for the AD208AY. 
lThis specification represents the average gain drift over the indicated temperature range. Refer to Figure 2 for an illustration of the typical normalized gain 
drift for the AD208. 

'Nonlinearity is specified as a % deviation from a best straight line. For gains greater than 50 VN, a 100 pF capacitor from the feedback terminal of the input 
op amp (Pin 4) to the input common (Pin 2) is recommended in order to minimize the gain nonlinearity. Refer to Figure 30 for a circuit schematic. 

'To limit the input cttrrent to the AD208 during unpowered or saturated conditions it is recommended that a resistor (typically 2 kn) be placed in series with 
the signsl and the input terminal of the AD208. A reasonable value for the current limit would be 2.5 mAo 

'Refer to Figure 16 for a graph of the AD208's 3 dB Bandwidth versus Gain Setting. 
sOverload Recovery Time is the time it takes for the isolation amplifier to return to within ±O.lO% of its correct value from a saturated condition once the initi
ating overrange signal has been removed. For the AD208, the overload recovety time is determined by applying a +5 V (-5 V) pulse at the input terminals, 
when the AD208 is configured for a gain of 1,000 VN, and then measuring the time it takes for the output to return to zero from its positive (negative) full
scale saturated voltage condition. A 2 kfl resistor placed in series with the signal and the input terminal will reduce the overload recovery time to approximately 
2 ms. 

"Refer to Figure 17 for a curve illustrating the load drive capabilities of the isolated power supply. 
'It is recommended that the AD246 Clock Driver be used to drive the AD208. Refer to the "Powering the AD208 Section" of this data sheet for a detailed 
description of the AD208's clock driver input voltage and current requirements. 

Specifications subject to change without notice. 
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AD208 
OUTUNE DIMENSIONS 

Dimensions shown in inches and (mm). 

SIP Package 
0.250 18.31 TYP 
0.280 16.81 MAX 

Pin Designations 

~riOOHI .~ m] ~:r-.-
....- ~~ 10.25MO.511 

PIN DESIGNATION FUNCTION 
1 IN+ NONINVER1lNG INPUT 
2 IN COM INPUT COMMON 
3 IN- INVERTING INPUT 
4 FB INPUT OP AMP; OUTPUT/FEEDBACK 
5 Voso_ ISOLATED POWER: -DC OUTPUT 
6 VI8O+ ISOLATED POWER: +DC OUTPUT 

32 CLKCOM CLOCK COMMON 
33 CLKIN CLOCK INPUT 

T ...J L..... ...J 0.20L..... --i j. 
..., ...-0.1012.51 TYP ..., 15.11...- 0.1012.51 TYP 

4-1]1. 3~_f' BOTT~ _ ~~~_ 
Ir2~4-,j'" 12';' •• ~ 
I l.j I- 0.05 11.31 I .j Ie-

-t I-- I- 1.30133.01----1 0.1213.01 
0.093 
12.41 

~ OUTLO OUTPUTLO 
38 OUT II OUTPUT II 

CAUTION --------------------------------------------------
WARNING! cJ ESD (electrostatic discharge) sensitive device. Permanent damage may occur on unconnect

ed devices subject to high energy electrostatic fields. Unused devices must be stored in 
conductive foam or shunts. The protective foam should be discharged to the destination socket 
before devices are removed. ~~EDEVICE 
INSIDE THE AD10S 
The functional block diagram of the AD20S is shown previously. 
The AD20S employs amplitude modulation techniques to imple
ment transformer coupling of signals down to dc. The primary 
side of the power transformer, T2, is driven by the externally 
supplied IS V pk-pk, 25 kHz square wave generator or the 
AD246 Clock Driver. 

A full wave modulator translates the input signal to the carrier 
frequency which is then transmitted across transformer Tl. The 
synchronous demodulator in the output port extracts the input 
signal from the carrier. The output signal is not internally buff
ered, therefore the user is free to interchange the output leads to 
get signal inversion. 

The input port of the AD20S contsins an uncommitted input 01' 
amp, a modulator and the isolated power supply. The uncom
mitted input amplifier can be used to supply gsin or to buffer 
the input signals. 

PERFORMANCE CHARACTERISTICS 
Gain t:rror. Figure 1 shows the typical gsin error for the 
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Figure 1. Gain Error Change (% of Full Scale) vs. Output 
Load (n), with Vs = 15 V pk-pk, 25 kHz Square Wave 

~ ISOLATION AMPLIFIERS 

AD20S, expressed in % of full scale, as a function of the 
isolator's output load (0). For minimal gsin errors, the AD20S 
is best operated with output loads greater than or equal to 
1 MO. 

Gain Drift. Figure 2 presents the normalized gsin drift, from 
the gsin error measured at + 25"C, of the AD20S over the 
-4O"C to +S5°C rated temperature range. 
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Figure 2. Normalized Gain Error (% of Full Scale) vs. Tem
perature (OC), with Vs = 15 V pk-pk, 25 kHz Square Wave 

The effect of the output load on the AD2OS's gsin temperature 
coefficient is shown in Figure 3 for the -40"C to O"C and O"C to 
+S5"C temperature ranges. To minimize the gsin temperature 
coefficient, the AD20S performs best with output loads of 
greater than or equal to 1 MO. 
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INmAL GAIN TEMPERATURE COEFfICIENT 
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Figure 3. Gain Temperature Coefficient (ppmI"C) vs. Out
put Load ([1) and Operating Temperature Range, with Vs 
= 15 V pk-pk, 25 kHz Square Wave 

Gain Nonlinearity. The typical gain nonlinearity error of the 
AD208, at a gain of 1 VN, is specified as ±0.012S% or 
±1.2S mY. The nonlinearity performance of the AD20S is 
dependent on the output voltage swing and this dependency is 
illustrated in Figure 4. The vertical axis represents the non
linearity error, expressed in % of output span (i.e., % of 10 V) 
on the left axis or in m V on the right axis. The horizontal axis 
displays the magnitude of the output voltage swing. 
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Figure 4. Typical Gain Nonlinearity Error (% of Output 
Span and mV) vs. Output Voltage Swing for a Gain of 
1 VN and with Vs = 15 V pk-pk, 25 kHz Square Wave 

The variation of the AD20S's gain nonlinearity, from that mea
sured at +25"<:, over the entire -4O"C to +SS·C rated tempera
ture range is demonstrated by the curve in Figure S. 
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Figure 5. Normalized Gain Nonlinearity (% of Output 
Span) vs. Temperature (·C), with Vs = 15 V pk-pk, 25 kHz 
Square Wave 

The nonlinearity of the AD20S is minimized when its output 
load is greater than 1 MO, as shown in Figure 6. 
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Figure 6. Normalized Gain Nonlinearity (% of Output 
Span) vs. Output Load (fJ) for a Gain of 1 VN and with 
Vs = 15 V pk-pk, 25 kHz Square Wave 

Input Voltage Rating. The linear input voltage range for the 
AD20S is specified as ± 5 V. This rating applies when the 
AD208 is powered by a 15 V pk-pk ±5%, square wave (@ 
25 kHz). The specified input voltage range is, however, affected 
by the clock driver voltage and the load placed on the AD20S's 
front-end isolated power supplies. The variation of the input 
voltage range as a function of the isolated power supply load and 
the clock supply voltage are illustrated by the parametric curves 
in Figure 7. 
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Figure 7. Input Voltage Range (±V) vs. Load Placed on 
the Isolated Power Supplies (mA) and Clock Driver Volt
age (V pk-pk) 

Common Mode Rejection. Figures S and 9 illustrate the typi
cal common mode rejection, expressed in dB, of the AD20S as a 
function of the common mode signal frequency (kHz) and 
source impedance imbalance (ill) for gains of 1 VN and 
1,000 VN, respectively. 
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Figure B. Typical Common Mode Rejection (dB) vs. Com
mon Mode Signal Frequency (kHz) and Source Impedance 
Imbalance (kll) for a Gain of 1 VN 
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Figure 9. Typical Common Mode Rejection (dB) vs. Com
mon Mode Signal Frequency (kHz) and Source Impedance 
Imbalance (kl2) for a Gain of 1,000 VN 
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To achieve the optimal common mode rejection of unwanted 
signals, it is strongly recommended that the source impedance 
imbalance be kept~s low as possible and that th.einput circuitry 
be carefully laid out so as to avoid adding excessive stray capaci
tances at the isolator's input terminals. 

Output Offset Voltage. The normalized output offset voltage 
drift from the initial offset measured at + 25°C is presented in 
Figure 10 over the rated -40°C to +S5°C temperature range . 
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Figure 10. Normalized Output Offset Voltage (mV) vs. 
Temperature (OC) with an AD20B Gain of 1 VN, with 
Vs = 15 V pk-pk, 25 kHz Square Wave 

Input Offset Voltage. The AD20S exhibits an extremely low 
input offset voltage temperature coefficient over the -40°C to 
+ S5°C temperature range as indicated in Figure 11. 
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Figure 11. Normalized Input Offset Voltage (/LV) vs. Tem
perature (OC) , with Vs = 15 V pk-pk, 25 kHz Square Wave 
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The typical noise characteristics for the AD208's uncommitted 
input op amp is summarized in Figure 12. 
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Figure 12. Typical Input Voltage Noise (nVly'Hz) vs. Fre
quency for the AD208's Uncommitted Input Op Amp 

Input Bias Current. The typical input bias current variation 
from the initial bias current at + 25°C as a function of tempera
ture is presented in Figure 13. 
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Figure 13. Normalized Input Bias Current (nA) vs. 
Temperature (OC) 

Frequency Response: Gain and Phase Shift. Figure 14 char
acterizes the AD208's gain as a function of frequency, while 
Figure 15 illustrates the corresponding phase shift versus 
frequency. 
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Figure 15. Phase Shift (Degrees) vs. Input Signal Fre
quency (Hz) 

The frequency response performance of the AD208 can also be 
characterized in terms of its 3 dB bandwidth versus the desired 
gain setting as plotted in Figure 16. 
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Figure 16. 3 dB Bandwidth (Hz) vs. AD208 Gain Setting 
(VN) 

Isolated Power Supply. The load characteristics of the 
AD208's isolated power supplies are plotted in Figure 17. It is 
recommended that the isolated power supply load not exceed 
10 mA as permanent damage to the internal power circuitry of 
the AD208 may occur. 
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Figure 17. Isolated Power Supply Voltage (V DC) vs. Iso
lated Power Supply Load (rnA), with Vs = 15 V pk-pk, 
25 kHz Square Wave 

The isolated power supply exhibits some ripple which varies as a 
function of the load placed on the supply terminals. Figure 18 
illustrates the functional relationship between the isolated supply 
ripple (mV pk-pk) and the resistive load placed on the supplies. 
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Figure 18. Isolated Power Supply Ripple (mV pk-pk) vs. 
Resistive Load (lJ), with Vs = 15 V pk-pk, 25 kHz Square 
Wave 

The AD208 has internal bypass capacitors that optimize the 
tradeoff between output ripple and power supply performance, 
even under full load conditions. If a specific application requires 
more bypassing of the isolated power supplies, external capaci
tors may be added. Figure 19 plots the isolated power supply 
ripple as a function of the external bypass capacitance under 
rated load conditions (i.e., ±2 mAl . 
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Figure 19. Isolated Power Supply Ripple (mV pk-pk) vs. 
Bypass Capacitance (p.F) with a :t:2 mA Load on the Iso
lated Supplies and a Noise Bandwidth of 100 kHz 
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CAUTION: The AD208 design does not provide for short cir
cuit protection of its isolated power supply. A current limiting 
resistor may be placed in series with the isolated power termi
nals and the load in order to protect the supply against inadvert
ent shorts. 

APPLICABLE STANDARDS 
As an assurance of high performance reliability, the CMV rating 
of each grade of the AD208 is factory tested for one minute to 
120% of the 'appropriate CMV isolation rating (1800 V rms for 
the B grade and 900 V rms for the A Grade). 

POWERING THE AD208 
The AD208 is powered by an externally supplied 15 V pk-pk, 
25 kHz square wave (50% duty cycle) clock signal connected as 
shown in Figure 20. An ac coupling capacitor is provided in the 
AD208 to level shift the clock signal which in turn generates the 
necessary internal dc supply voltages and carrier signal. 

AD2D8 AD208 AD2D8 

~ __ ~ _____ .. CLKIN 
".V .. ."k@ ........ 
SquareWIIV8' 

CLKCOM 
32 -- 32 -----

Figure 20. Powering the AD208 

The rated performance of the AD208 is specified for a clock 
driver square wave signal that meets the following requirements: 

• 15 V pk-pk ±5% 
.25 kHz ±5% 
• 47.5% to 52.5% duty cycle. 

Care must be exercised when using a square wave generator 
whose output does not meet the above requirements as the per
formance of the AD208 may be adversely affected. 

Clock Driver Voltage Considerations. The rated performance 
of the AD208 will remain unaffected for clock driver voltages in 
the 14.25 V pk-pk to 15.75 V pk-pk range. Voltage swings be
low 14.25 V pk-pk will result primarily in the derating of the 
output voltage and isolated power supply voltage specifications 
as shown in Figures 21 and 22, respectively. 
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Figure 21. Output Voltage Swing (:t:V) vs. Clock Driver 
Voltage (V pk-pk) 
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Figure 22. Isolated Power Supply Voltage (V DC) vs. Clock 
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The reduction in the rated output voltage will increase the val
ues for the nonlinearity and gain error parameters of the AD208 
because of the headroom limits placed on the internal circuitry. 

Note: Clock driver voltages greater than 16.5 V pk-pk may 
damage the internal components of the AD208 and consequently 
should not be used. 

Clock Driver Frequency Considerations. The definition of the 
clock duty cycle for a two-state rectangular waveform is given 
by: 

Duly Cycle (%) = THAT HI + TLO) x 100% 

where: 

T HI = The period of time that the waveform is in the HI 
state. 

T LO = The period of time that the waveform is in the LO 
state. 

The performance of the AD208 will not be adversely affected 
by Off-nominal clock signals so long as these clock signals are 
in the 47.5% to 52.5% duty cycle range and the 23.75 kHz to 
26.25 kHz frequency range. To prevent a significant deteriora
tion of the AD208 performance, it is strongly recommended that 
the clock driver duty cycle and frequency values ultimately cho
sen to operate the AD208 do not fall outside of the 40% to 60% 
and 20 kHz to 30 kHz ranges. 

Clock Driver Power Considerations. In selecting andlor de
signing a clock driver for the AD208 isolation amplifier, it 
should be noted that the AD208 presents a reactive load to the 
clock driver. Consequently, both the average and peak drive 
currents to the AD208 clock input must be considered. Figures 
23 and 24 illustrate the typical clock driver input voltage and 
current waveforms for a single AD208 with its isolated power 
supplies unloaded and fully loaded. 
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Figure 23. Typical Clock Voltage and Current Waveforms 
for a Single AD20B with No Load on its Isolated Power 
Supply 

-10Jls/DIV 

15V 

OV 

+10mA 

Om. 

-10mA 

Figure 24. Typical Clock Voltage and Current Waveforms 
for a Single AD20B with a ±2 mA Load on its Isolated 
Power Supply 

USING THE AD246 CLOCK DRIVER TO POWER THE 
AD208 
To ensure that the power requirements of the AD208 are satis
fied, Analog Devices suggests the use of the AD246 Clock 
Driver. The AD246 is an inexpensive, compact square wave os
cillator that can be used to generate the necessary AD208 clock 
signal from a single + 15 V dc supply. Table I lists the key spec
ifications for the AD246. 

OUTPUT 
Frequency 
Voltage 
Duty Cycle 
Maximum Safe Current Drive Capability! 
Fan Out 
Resistance 

POWER SUPPLY REQUIREMENTS 
Input Voltage 
Supply Current 

Unloaded 
Each AD208 Adds 
Each 1 rnA Load on AD208 

+VISO or -VISO Adds 

NOTE 

AD246JY 

25 kHz 
15 V pk-pk 
50% 
120 rnA 
16 
15 n 

+ 15 V de ± 5% 

3.5 rnA 
4.0 rnA 

1.12 mA 

'The high current drive output of the AD2..J.6 will not withstand a short to 
ground. 

Table I. Key Specifications for the AD246 Clock Driver 
(Specifications typical @ +25°C and Vs = + 15 V DC un
less otherwise noted) 
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AD208 
The AD246JY is connected to the AD208 oscillator input(s) as 
shown in Figure 25. The AC1058 mating socket can be used 
with the AD246JY as demonstrated in Figure 27. 

A supply bypass capacitor is included in the AD246, however it 
is recommended that an externally supplied bypass capacitor, as 
indicated by the dotted circuitry in Figure 26, be used if many 
AD208s are to be driven by a single AD246. The suggested ca
pacitance value is 1 I1F for every five AD208s driven. The 
placement of the bypass capacitor should be as close as possible 
to the AD246 Clock Driver. 

AD246JY 

Figure 25. Using the AD246 to Power the AD208 

USING THE AD208 
Unity Gain Input Configuration. The basic unity gain configu
ration for input signals of up to ±5 V is shown in Figure 26. 

Figure 26. Basic Unity Gain Configuration 

Input Configuration for a Gain Greater Than 1 (G>l). When 
small input signal levels must be amplified and isolated, Figure 
27 shows how to get a gain greater than I while continuing to 
preserve a very high input impedance. 

Figure 27. Input Configuration for a Gain Greater Than 1 
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In this circuit, the gain equation may be written as: 

Va = (1 + Rp/RG ) X VS/G 

where: 

Va Output Voltage (V) 
V SIG Input Signal Voltage (V) 
Rp Feedback Resistor Value (0) 
RG Gain Resistor Value (0). 

The values for the resistors Rp and RG should be chosen subject 
to the following constraints: 

• The current drawn in the feedback resistor (Rp) is no greater 
than 1 mAo Note that for each mA drawn by the feedback 
resistor, the isolated power supply drive capability will de
crease by I rnA . 

• The feedback (Rp) and gain resistor (RG) result in the desired 
amplifier gain. 

Note on the 100 pF Capacitor: Whenever a gain of 50 VN or 
greater is required, a 100 pF capacitor from the FB (input op 
amp feedback) terminal to the IN COM (input common) termi
nal, as shown with the dotted lines in Figure 27, is highly rec
ommended. The capacitor acts to filter out switching noise and 
will minimize the isolator's nonlinearity parameter. 

Note on the 2 kG Resistor: The 2 kO resistor placed in series 
with the input signal source and the IN + terminal, designated 
as RIN in Figures 26 and 27, is suggested so as to limit the cur
rent seen at the input terminals to 2.5 rnA when the AD208 is 
OFF. The 2 kO resistor will also reduce the overload recovery 
time to 2 ms. 

Compensating the Uncommitted Input Op Amp. The open 
loop gain and phase versus frequency for the uncommitted input 
op amp is given in Figure 28. These curves can be used to de
termine the appropriate values for the feedback resistor and 
compensation capacitor in order to ensure frequency stability 
when reactive or nonlinear components are used in conjunction 
with the uncommitted input op amp. 
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Figure 28. Open Loop Gain and Phase Response for the 
Uncommitted Input Op Amp of the AD208 
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A capacitor placed in the feedback loop of the input op amp 
may increase the nonlinearity of the AD208, particularly for 
large gains. A resistor (I kO) placed in series with this capacitor 
should minimize the capacitor's effect on nonlinearity. 

Signal Inversion. The circuits illustrated in Figures 26 and 29 
are "noninverting." If signal inversion is desired simply inter
change the output leads of the circuits shown in Figures 26 or 
27 to get inversion. This approach allows for the retention of 
the high input impedance characteristics of the "noninverting" 
circnit. 

Summing or Current Input Configuration. Figure 29 shows 
how the AD208 can accommodate current inputs or sum cur
rents or voltages. 

Figure 29. Summing or Current Input Configuration 

In this circuit the output voltage equation can be written as: 

Vo = -RF x (Is + Vs1IRs1 + Vs21Rs2 + ... ) 
where: 

Vo Output Voltage (V) 
V SI Voltage of Input Signal I (V) 
V S2 Voltage ofinput Signal 2 (V) 
Is Input Current Source (A) " 
RF Feedback Resistor (11) 
Rs 1 Source Resistance Associated with Input Signal I (11) 
RS2 Source Resistance Associated with Input Signal 2 (11). 

The circuit of Figure 29 can also be used when the input signal 
is larger than the ±5 V input range of the isolator. For example, 
suppose that in Figure 29 only V s 1> Rs 1 and RF are connected 
to the feedback, input and common terminals as shown by the 
solid lines in Figure 29. Now, a VSl with a ±50 V span can be 
accommodated with RF = 20 kl1 and RS1 = 200 kl1. 

Output Filter Circuit. Except at the highest useful gains, the 
noise seen at the output of the AD208 will be almost entirely 
comprised of the carrier ripple at multiples of 25 kHz. The 
ripple, when measured over a 100 kHz noise bandwidth, is typi
cally 2 m V pk-pk near zero output and increases to approxi
mately 7 mV pk-pk for outputs of ±5 V. The simple two-pole, 
5 kHz low-pass Butterworth fIlter of Figure 30 can be used to 
reduce the output ripple of the AD208 to approximately 0.1 mV 
pk-pk and serve as an output buffer for the AD208. 

An output buffer or fIlter may sometimes exhibit voltage spikes 
on the output even though none were present on the input sig
nal to the buffer/fIlter. These spikes are usually due to clock 
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AD208 
noise appearing at the op amp's power supply pins, since most 
op amps have little or no supply rejection at high frequencies. 
Another common source of clock-related noise is from the shar
ing of the ground track by both the output circuit and the 
power input. The circuit of Figure 30, shows how to avoid these 
clock noise related problems. 

Ideally, the output signal LO lead and the supply common 
should be tied together at the final signal measurement point as 
indicated in Figure 30. It may be useful to bypass the output 
LO to the output common with a 0.1 I1F capacitor should the 
measurement point be more than a few feet from the isolator. 

Figure 30. Output Filter Circuit Showing Proper 
Grounding 

In multichannel applications where more than a few AD208s are 
driven by a single clock driver, substantial current spikes will 
flow in the power rerum line and in whichever signal output 
lead returns to a low impedance point (usually OUT LO). Con
sequently, both of these tracks should be made as large and as 
short as possible to minimize the track inductance and resis
tance. For best results, OUT LO should be connected directly 
to a ground plane that serves as the measurement common. 

Current spikes can be greatly reduced by connecting a small in
ductance, 68 I1Hy to 100 I1Hy, in series with the clock drive 
input pin of each AD208. Molded chokes, such as the Dale 
IM-2 series, with a dc resistance of about 5 11 should be suitable 
for most applications. 

GAIN AND OFFSET ADJUSTMENTS 
General Comments. When gain and offset adjustments are re
quired, the actual compensation circuit ultimately utilized will 
depend on: 

• The input configuration mode of the isolation amplifier (i.e., 
noninverting or inverting). 

• The placement of the adjusting potentiometer (i.e., on the 
isolator's input or output side). 

As a general rule: 

• Offset Adjustments are best accomplished on the isolator's 
input side, as it is much easier and more efficient to null the 
offset ahead of any gain. 

• Gain Adjustments are most easily accomplished as part of the 
gain-setting resistor network at, the isolator's input side. 

• To ensure the highest degree of stability in the gain and offset 
adjustments, the adjusting potentiometers should be located 

ISOLATION AMPLIFIERS ~51 

• 



AD208 
as close as possible to the isolator's front end. Adjustment 
ranges should be kept to a minimum and high quality multi
tum trimming potentiometers should be used. 

• Output side adjustments may be necessary under the condi
tions where adjusting potentiometers placed on the input 
side would present a hazard to the user due to the presence 
of high common mode voltages during the adjustment 
procedure. 

• It is recommended that the offset adjustment precedes the 
gain adjustment. 

Input Adjustmenta for the Noninverting Mode of Operation 
Offset Adjustment. Figure 31 shows the suggested input adjust
ment connections when the isolator's input amplifier is config
ured for the noninverting mode of operation. The offset 
adjustment circuit injects a small voltage in series with the low 
side of the sigual source. The adjustment potentiometer P 2 is 
responsible for nUlling out the offset voltage. A 100 kO P2, 

so kO RcA and a 100 0 Rc should provide an offset adjustment 
range (Referred to Input) of about ± IS m V. Since the offset is 
zeroed out ahead of the gain, the values given above.for P2, RcA 
and Rc should work for any gain on the isolator. 

Figure 31. Input Adjustment Circuit for the Noninverting 
Mode of Operation 

Notes: 

• To minimize CMR degradation it is recommended that the 
resistor Rc (shown in Figure 31) be below a few hundred 
ohms. 

• The offset adjustment circuit of Figure 31 will not work if the 
sigual source has another current path to input common, or if 
current flows in the signal source LO lead. If this is the case, 
use the output adjustment procedure. 

Gain Adjustment. Figure 31 also shows the suggested gain ad
justment circuit. Note that the gain adjustment potentiometer PI 
is incorporated into the gain-setting resistor network at the isola
tor's input. 

To maintain gain trim ranges that are independent of the gain 
setting, the potentiometer PI should be proportioned to Rp such 
that 

PI x 100% _ Desired Gain Adjustment Range 
RF - (in % of Output Span) 

and 

IRF + P I!2)1RG + 1 = Desired Gain Selling 
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Input Adjustmenta for the Inverting Mode of Operation 
Offset Adjustment. Figure 32 shows the suggested input 
adjustment connections when the isolator's input amplifier is 
configured for the inverting mode of operation. Here the offset 
adjustment potentiometer P 2 nulls the voltage at the summing 
node. This method may be preferred over current injection since 
it is less affected by any subsequent gain adjustments. A 100 kO 
P2 , SO kO ROA and a 100 0 Rc should provide an offset adjust
ment range (Referred to Input) of about ±15 mV. 

Figure 32. Input Adjustments for the Inverting Mode of 
Operation 

Gain Adjustment. Figure 32 also shows the suggested gain 
adjustment circuit. In this circuit, the gain adjustment is made 
in the feedback loop using potentiometer PI' The adjustments 
will be effective for all gains in the 1 to 1,000 V N range. 

Output Adjustments 
Offset Adjustment. Figure 33 shows the recommended tech
nique for offset adjustment at the output. In this circuit, a 
± IS V de voltage is supplied by an independent source. With 
reference to the output circuitry shown in Figure 33, the maxi
mum offset adjustment range is given by: 

Rc x Vs 
EOFFSET = ----

Rc + Ro 

where, V s is the power supply voltage. A 100 kO Po, 100 0 Rc 
and a SO kO Rc should provide an offset adjustment range of 
about ±30 mV on the output. 

ClJ(IN 

'=l&. .... WAVEI 
ClJ(COM 

+'&V 

Po 

Figure 33. Output Side Offset Adjustment Circuit 
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Figure 34. Using the AD20B in an Isolated RTD Application 

Gain Adjustment. Since the output stage of the AD20S is un
buffered, any desired output gain adjustments can only be made 
in a subsequent stage. 

USING ISOLATED POWER 
The AD20S provides ±S.O V dc power outputs referred to the 
input common. These may be used to power various accessory 
circuits which must operate at the input common mode level. 
The input offset adjustment circuits of the previous section are 
examples of this need. 

The isolated power output has a current capacity of up to 5 rnA 
which should be sufficient to operate adjustment circuits, refer
ences, op amps, signal conditioners or remote transducers. 

CAUTION: The AD20S design does not provide for short cir
cuit protection of its isolated power supply. A current limiting 
resistor may be placed in series with the isolated power termi
nals and the load in order to protect the supply against inadvert
ent shorts. 

APPLICATION EXAMPLES 
Isolated RTD Signal Processing. The stable high gain proper
ties and low offset drift characteristics make the AD20S an ideal 
component for use in isolated RTD signal processing applica
tions. RTD applications typically require the following three 
major elements: a stable current excitation source, a lead com
pensation network and a zero suppression network. The circuit 
schematic of Figure 34 illustrates how to use the AD20S with a 
handful of low power external components to condition, amplify 
and isolate low level RTD signals. 

In the RTD application shown in Figure 34, the stable current 
excitation source needed to drive the RTD consists of a: 

• Dual, single supply op amp (LM35S) 
• Pair of low V GSOFF 1FETS (ex. 1201) 
• Low power 2.5 V reference source 
• Several precision 10 kfi, 1%, 10 ppml"C resistors. 

The dual current sources generate a 250 fLA excitation signal for 
the RTD and they also provide about 5 V of compliance with a 
±5% gain adjustment range. 
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Zero suppression is accomplished in Figure 34 by using a simple 
ground servo amplifier in combination with the resistor labelled 
Rz, while lead wire compensation is realized by remote sensing 5 
the RTD with the ground servo. The current, Is, develops a 
voltage V, that is equal to: 

VI = VOSAI + Vz + VLEAD 

where the voltages V" VOSAl' Vz and VLEAD are as indicated in 
Figure 34. 

The current IS2' in turn, develops the voltage seen by the input 
amplifier of the AD20S and, with reference to the voltages la
belled in Figure 34, VIN is given by: 

VIN = VI - VRTD - VLEAD 

= (VOSAI + Vz + VLEAD) - VRTD - VLEAD 

= VOSAI + Vz - VRTD• 

The offset trim circuit can then be used to null out all of the 
offset terms. Note that a high quality low power, low offset drift 
amplifier shonld be used for the ground servo amplifier. 

The typical sensitivity of a 100 n platinum RTD with a 
0.25 rnA current excitation is in the 95 fL V /"C range. Therefore, 
using the AD20S isolation amplifier with a gain of 105 VN will 
result in an approximate output sensitivity of 10 mV/"C which 
corresponds to a 0 to 500·C RTD range for a 0 to -5 V output 
span. If a 0 to + 5 V output span is desired, simply reverse the 
OUT LO (Pin 37) and OUT HI (Pin 3S) terminals of the 
AD20S taking care to ensure that the OUT LO pin is now con
nected to the CLK COM terminal. 

The gain equation for the circuit of Figure 34 is determined by 
the formula given below. 

Vo (HI) - Vo (La) 

IS·(nRTD (HI) - fiRTD (La)) 

where: 

Vo(HI) 

Vo (LO) 

AD20S output voltage at the maximum ex
pected temperature seen by the RTD 
application 
AD20S output voltage at the minimum ex
pected temperature seen by the RTD 
application 
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ORTD (HI) 

ORTD (LO) 

~j 

Resistance of the RtD at the maximum ex
pected temperature 

Resistance of the RTD at the minimum ex
pected temperature 

RTD resistance at O°C (100 0, typ) 

Current of the stable excitation source 
(0.25 rnA) 

Feedback resistor (10.5 kO) 

Input resistor (l00 0, 1%, 10 ppmfC). 

The circuit of Figure 34 accommodates a 10 mVrC, unlinear
ized output for a 1000 platinum RTD. The circuit allows for a 
maximum measured temperature range of 500°C. The initial in
put offset is ± 1.3 m V (max) which is roughly equivalent to 
5.2 O. The offset adjustment circuit, which has a ± 1.5 mV 
(RT!) adjustment range, can be used to easily trim out this ini
tial offset. The offset drift of the RTD application shown in 
Figure 34 is ±4 .. vrc (max) or 0.016 orc. 
Thermocouple Applications. Thermocouples provide an inex
pensive and reliable way to measure temperature over a wide 
range. Thermocouples require high gain amplification and in 
some cases cold junction compensation. The circuit of Figure 35 
shows how the stable high gain capability of the AD208 can be 
effectively utilized to amplify and isolate the low level voltage 
signals from a thermocouple. The AC1226 Monolithic Cold 
Junction Compensator is recommended for use in this applica
tion. The AC1226 acts to eliminate the cold junction voltage 
that is formed berween the thermocouple wire and the actual 
measurement circuit. The AC1226 outputs 0 V at O°C and it 
provides the correct compensation slope for many thermocouple 
types through user selected taps off of the internal AC1226 
resistor string. 

The gain and offset adjustment for the circuit shown in Fig-
ure 35 is easily accomplished by first shorting the AD208 inputs 
to ground (IN COM) and adjusting the offset potentiometer un
til 0 V is measured at the output. Once the offset has been 

Maximum 
Thermo- Temperature Maximum 

·AC122fi THERMOCOUPLE (TIel INPUT PIN 
SELECTION IS DEPENDENT ON THE THERMO-
COUPlE TYPE. AS PER THE fOU.OWIIIG NOTE: ALL RESISTORS ARE 1%.10 ppm/"C 
aUIDE: UNLESS NOTED OTHERWISE. 

Figure 35. Using the AD20B in an Isolated Thermocouple 
Application 

nulled out, the gain adjustment can then be initiated by apply
ing an appropriate full-scale voltage, for the thermocouple type 
being used, at the input. Then adjust the gain trim until mea
suring + 5 V out. The offset and gain trim do interact slightly 
with each other consequently, it would be advisable to recheck 
the offset error and readjust it if necessary. The residual error 
that may be introduced by the AC1226 at 25°C will be no more 
than ±2°C off nominal for all temperature ranges specified in 
Table II. 

Table II lists the most commonly used thermocouple types along 
with their typical temperature ranges and a suggested AD208 
gain setting. The table also includes recommended values for the 
feedback. resistor (RF!, the gain trim resistor (Ro,..,M) and the 
offset adjustment resIstor (Rz) all three of which are shown in 
Figure 35. 

SUGGESTED RESISTOR VALUES 
AD208 (With Reference to Figure 38) 

couple Range @ 5 V Out VIN Gain Setting RF RGTRlM Rz 

Type cae) (mV) (VN) (kG) (kG) (MG) 

E 900 68.783 72.69 6.98 0.5 2.0 
J 750 42.283 118.25 11.5 1.0 2.0 
K 1,250 50.633 98.75 9.53 1.0 2.0 
R 1,450 16.741 298.6 28.7 2.0 2.0 
S 1,450 14.973 333.9 32.4 2.0 2.0 
T 350 17.816 280.6 27.4 2.0 2.0 

Table II. Commonly Used Thermocouple Types, Temperature Ranges, AD20B Gain Settings 
and Circuit Resistor Values 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
High CMV Isolation: 2500V RMS Continuous 

± 3500V Peak Continuous 
Small Size: 1.00" x 2.10" x 0.350" 
Three-Port Isolation: Input. Output. and Power 
Low Nonlinearity: ±0.012% max 
Wide Bandwidth: 20kHz Full-Power (-3dBI 
Low Gain Drift: ±25ppml"C max 
High CMR: 120dB (G=100VNI 
Isolated Power: ±15V @ ±5mA 
Uncommitted Input Amplifier 

APPLICATIONS 
Multichannel Data Acquisition 
High Voltage Instrumentation Amplifier 
Current Shunt Measurements 
Process Signal Isolation 

GENERAL DESCRIPTION 
The AD210 is the latest member of a new generation of low 
cost, high performance isolation amplifiers. This three-pon, 
wide bandwidth isolation amplifier is manufactured with surface
mounted components in an automated assembly process. The 
AD210 combines design expertise with state-of-the-art manufac
turing technology to produce an extremely compact and economical 
isolator whose performance and abundant user features far exceed 
those offered in more expensive devices. 

The AD210 provides a complete isolation function with both 
signal and power isolation supplied via transformer coupling 
internal to the module. The AD210's functionally complete 
design, powered by a single + ISV supply, eliminates the need 
for an external DC/DC convener, unlike optically coupled isolation 
devices. The true three-pon design structure pennits the AD210 
to be applied as an input or output isolator, in single or multi
channel applications. The AD210 will maintain its high per
formance under sustained common-mode stress. 

Providing high accuracy and complete galvanic isolation, the 
AD210 interrupts ground loops and leakage paths, and rejects 
common-mode voltage and noise that may otherwise degrade 
measurement accuracy. In addition, the AD210 provides protec
tion from fault conditions that may cause damage to other sections 
of a measurement system. 

PRODUCT IHGHLIGHTS 
The AD210 is a full-featured isolator providing numerous user 
benefits including: 

High Common-Mode Performance: The AD210 provides 2S00V 
rms (Continuous) and ± 3S00V peak (Continuous) common-mode 
voltage isolation between any two ports. Low input to output 

*Covered by U.S. Patent No. 4,703,283. 
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Precision, Wide Bandwidth, 
3-Port Isolation Amplifier 

AD210* I 
FUNCTIONAL BLOCK DIAGRAM 

PWR PWRCOM 

capacitance of SpF results in a 120dB CMR at a gain of 100, 
and a low leakage current (2fJ.A rms max @ 240V rms, 60Hz). 

High Accuracy: With maximum nonlinearity of ±0.012% 
(B Grade), gain drift of ± 2Sppm/"C max, and input offset drift 
of (± 10 ± 30/G) fJ. VI"C, the AD210 assures signal integrity while 
providing high level isolation. 

Wide Bandwidth: The AD21O's full-power bandwidth of 20kHz 
makes it useful for wideband signals. It is also effective in appli
cations like control loops, where limited bandwidth could result 
in instability. 

Small Size: The AD210 provides a complete isolation function 
in a small DIP package just 1.00" x 2.10" x 0.350". The low 
profIle DIP package allows application in 0.5" card racks 'and 
assemblies. The pinout is optimized to facilitate board layout 
while maintaining isolation spacing between pons. 

Three-Port Design: The AD210's three-pon design structure 
allows each pon (Input, Output, and Power) to remain indepen
dent. This three-pon design pennits the AD210 to be used as 
an input or output isolator. It also provides additional system 
protection should a fault occur in the power source. 

Isolated Power: ± ISV @ SmA is available at the input and 
output sections of the isolator. This feature pennits the AD210 
to excite floating signal conditioners, front-end amplifiers and 
remote transducers at the input as well as other circuitry at the 
output. 

Flexible Input: An uncommitted operational amplifier is provided 
at the input. This amplifier provides buffering and gain as required, 
and facilitates many alternative input functions as required by 
the user. 

ISOLA TlON AMPLIFIERS ~55 

II 



AD21 0 -SPECIFICATIONS 
Al»lIAN 

GAIN 
__ IVN-Ir»VN 

EmIr ±2%ma: 
... T_(Oo>+1V'C) "25naI'C .... 

(-2S"Cro +"'C) "SCIRDI"C .... 
... SoppJyV...... %O.omw 
N~I ±0.025%-.: 
N~ ... _SappiyLood ,,0.002'IiImA 

INPUTVOLTAGBRATINGS 
U-Difl'ereodoI..... "IOV 
MaimumSol'cDill'cnomiol'-' %15V 
Mu.CMV,-,-lOoOu!pu, 

ac,6OHz,ComiDuous 2SOOV l'ID$ 

dc, CoatiauouI ± 3500v peak 
Commoot·ModoRojcctioo 

6OHz,G-lOO1IN .. ,,5000=_=_ I20dB 
I.cabjp:Cuma, ~ • ...ou!ptt' 

@Z4OV .... ,6OHz 2oA ........ 

INPUT IMPEDANCB 
Differential 101410 
CommootModo SGIlI5pF 

INPUTBIASCURRENT 
laidIl,@ +25-<: 30pA typ(4OOpA .... ) 
ft. Tem.perature (0 to +7OOC) IDnA .... 

( - 25"C., + 85'C) 3OnA .... 

INPUTDIPFEIUlNCBCURRENT 
IDitial,@+2S"C 5pA typ(2OOpA .... ) 
... T_(Oro +7O"C) 2oA .... 

( - 2S"C., + 8S'C) IDnA .... 

INPUT NOISE 
Vol_(lkHz) IlnVJVHz 

(10Hz to 10kHz) 4JloVrms 
Cuma,(lkHz) O.OlpAlV'iii 

FREQUENCY RESPONSB 
Bood .... tb( -ldB) 

G-IVN 20kHz 
G=IOOVN 15kHz 

SculiqTimc(" IOmV, 20Y Step) 
G=IVN ISO .... 
G-lOOVN 500 .... 

SlewRate(G= IVN) IV/p.s 

OFFSETVOLTAGE(RTI)' 

Al»11llN .. 
±l%mu: 

±O.OJ2%mu 

(typical @ +25°C, Vs = +15 V unless otherwise not~d) 
Al»lljN 

15r»Vrms 
"ZOOOVpcak 

OUTLINE DIMENSIONS 
DimeII8ioas sbown. in iDCbea IIld (mID). 

Il" 2.'. '53.3) MAX ~.I. 
0.350 L SIDE V'EW '8.91) MAX 

o.~.~P.- II U 1111 urr--'urnu"--- --.!. 0.'96".98' 
'I' U U U -.,.- 0.14613.111 

-....j ~ 0.0.18 (0.48) SQUARE T 
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AD210 Pin Designations 

PIN DESIGNATION FUNCTION 
1 Vo Output 
2 OCOM Output Common 
3 + Voss + Isolated Power@ Output 
4 Voss Isolated Power@ Output 

14 +VISS + Isolated Power @ Input 
15 VISS -Isolated Power@ Input 
16 FB Input Feedback 
17 -IN -Input 
18 IcoM Input Common 
19 +IN + Input 
29 PwrCom Power Common 
30 Pwr Power Input 

WARNING! cJ 
~~FIJ"'Cr 

CAUTION 
ESD (electrostatic discharge) sensitive device. Per
manent damage may occur on unconnected devices 
subject to high energy electrostatic fields. 
Unused devices must be stored in conductive foam 
or shunts. The protective foam should be dis
charged tolhe destination socket before devices are 
removed. 
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INSIDE THE AD210 
The AD210 basic block diagram is illustrated in Figure 1. A 
+ 15V supply is connected to the power port, and ± 15V isolated 
power is supplied to both the input and output ports via a 50kHz 
carrier frequency. The uncommitted input amplifier can be used 
to supply gain or buffering of input signals to the AD210. The 
fullwave modulator translates the signal to the carrier frequency 
for application to transformer TI. The synchronous demodulator 
in the output port reconstructs the input signal. A 20kHz, three
pole ftIter is employed to minimize output noise and ripple. 
Finally, an output buffer provides a low impedance output 
capable of driving a 2kO load. 

PWR PWRCOM 

Figure 1. AD210 Block Diagram 

USING THE AD210 
The AD210 is very simple to apply in a wide range of applications. 
Powered by a single + 15V power supply, the AD210 will provide 
outstanding performance when used as an input or output isolator, 
in single and multichannel configurations. 

Input CooflJllUations: The basic unity yin coofJgllration for 
signals up to ± lOY is shown in Figure 2. Additional input 
amplifier variations are shown in the following figures. For 
smaller signal levels Figure 3 shows how to obtain gain while 
maintaining a very high input impedance. 

VS1G 
±10V 

+15V 

Figure 2. Basic Unity Gain Configuration 

The high input impedance of the circuits in Figures 2 and 3 can 
be maintained in an inverting application. Since the AD210 is a 
three-port isolator, either the input leads or the output leads 
may be interchanged to create the signal inversion. 
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AD210 

V S1G .---t----{ 

+15V 

Figure 3. Input Configuration for G> 1 

Figure 4 shows how to accommodate current inputs or sum 
currents or voltages. This circuit configuration can also be used 
for signals greater than ± lOY. For example, a ± lOOV input 
span can be handled with Rp = 20kO and RSI = 200kO. 

+15V 

Figure 4. Summing or Current Input Configuration 

Adjustments 
When gain and offset adjustments are required, the actual circuit 
adjustment components will depend on the choice of input 
configuration and whether the adjustments are to be made at 
the isolator's input or output. Adjustments on the output side 
might be used when potentiometers on the input side would 
represent a hazard due to the presence of high common-mode 
voltage during adjustment. Offset adjustments are best done at 
the input side, as it is better to null the offset ahead of the gain. 

Figure 5 shows the input adjustment circuit for use when the 
input amplifier is configured in the noninverting mode. This 
offset adjustment circuit injects a small voltage in series with the 

GAIN 

47.5kH 

VOUT 

+15V 

Figure 5. Adjustments for Noninverting Input 
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AD21 0 
low side of the signal source. This will not work if the source 
has another current path to input common or if current flows in 
the signal source LO lead. To minimize CMR degradation, keep 
the resistor in series with the input LO below a few hundred 
ohms. 

Figure 5 also shows the preferred gain adjustment circuit. The 
circuit shows RF of SOkO, and will work for gains of ten or 
greater. The adjustment becomes less effective at lower gains 
(its effect is halved at G = 2) so that the pot will have to be a 
larger fraction of the total RF at low gain. At G= I (follower) 
the gain cannot be adjusted downward without compromising 
input impedance; it is better to adjust gain at the signal source 
or after the output. 

Figure 6 shows the input adjustment circuit for use when the 
input amplifier is configured in the inverting mode. The offset 
adjustment nulls the voltage at the suntming node. This is pref
erable to current injection because it is less affected by subsequent 
gain adjustment. Gain adjustment is made in the feedback and 
will work for gains from I to lOOVN. 

Figure 6. Adjustments for Inverting Input 

Figure 7 shows how offset adjustments can be made at the 
output, by offsetting die floating output port. In this circuit, 
± ISV would be supplied by a separate source. The AD210's 
output amplifier is fIXed at unity, therefore, output gain must 
be made in a subsequent stage. 

Figure 7. Output-Side Offset Adjustment 
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PCB Layout for Multichannel Applications: The unique pinout 
positioning minimizes board space constraints for multichannel 
applications. Figure 8 shows the recommended printed circuit 
board layout for a noninverting input configuration with gain. 

GRID 

--L 
T 

R, 

CHANNEL OUTPUTS 

POWER 

R, R, 

CHANNEL INPUTS 

Figure 8. PCB Layout for Multichannel Applications 
with Gain 

Synchronization: The AD210 is insensitive to the clock of an 
adjacent unit, eliminating the need to synchronize the clocks. 
However, in rare instances channel to channel pick-up may 
occur if input signal wires are bundled together. If this happens, 
shielded input cables are recommended. 

PERFORMANCE CHARACTERISTICS 
Common-Mode Rejection: Figure 9 shows the common-mode 
rejection of the AD210 versus frequency, gain and input source 
resistance. For maximum common-mode rejection of unwanted 
signals, keep the input source resistance low and carefully lay 
out the input, avoiding excessive stray capacitance at the input 
terminals. 
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Figure 9. Common-Mode Rejection vs. Frequency 
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Phase Shift: Figure 10 illustrates the AD210's low phase shift 
and gain versus frequency. The AD210's phase shift and wide 
bandwidth performance make it well suited for applications like 
power monitors and controls systems. 
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Figure 10. Phase Shift and Gain VB. Frequency 

Input Noise vs. Frequency: Voltage noise referred to the input 
is dependent on gain and signal bandwidth. Figure 11 illustrates 
the typical input noise in nV/YHZ of the AD210 for a frequency 
range from 10 to 10kHz. 

.. 
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Figure 11. Input Noiss VB. Frequency 

Gain Nonlinearity vs. Output: Gain nonlinearity is defmed as 
the deviation of the output voltage from the best straight line, 
and is specified as % peak-to-peak of output span. The AD210B 
provides guaranteed maximum nonlinearity of ±0.012% with an 
output span of ± IOV. ·The AD210's nonlinearity performance is 
shown in Figure 12. 

Gain Nonlinearity vs. Output Swing: The gain nonlinearity of 
the AD210 varies as a function of total signal swing. When the 
output swing is less than 20 volts, the gain nonlinearity as a 
fraction of signal swing improves. The shape of the nonlinearity 
remains constant. Figure 13 shows the gain nonlinearity of the 
AD210 as a function of total signal swing. 
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Figure 12. Gain NonlinBBrity Error VB. Output 
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Gain vs. Temperature: Figure 14 illustrates the AD21O's gain 
vs. temperature performance. The gain versus temperature 
performance illustrated is for an AD210 configured as a unity 
gain amplifier. 
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Figure 14. Gain VB. Temperature 
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AD21 0 
Isolated Powu: The AD210 provides isolated power at the 
input and output ports. This power is useful for various signal 
conditioning tasks. Both ports are rated at a nominal ± IsV 
at SmA. 

The load characteristics of the isolated power supplies are shown 
in Figure IS. For example, when measuring the load rejection 
of the input isolated supplies V ISS, the load is placed between 
+ VISS and - VISS' The curves labeled VISS and Voss are the 
individual load rejection characteristics of the input and the 
output supplies, respectively. 

There is also some effect on eitheI isolated supply when loading 
the otheI supply. The curve labeled CROSSLOAD indicates the 
sensitivity of either the input or output supplies as a function of 
the load on the opposite supply. 

Voss 

Voss SIMULTANEOUS 

Voss I 
VIIS SIMULTANEOUS 

~L-____________ ~ ____________ ~ __ ~ 

10 
CURRENT-rnA 

Figure 15. Isolated Power Supplies vs. Load 

Lastly, the curves labeled Vass sinIultaneous and V ISS sinIul
taneous indicate the load characteristics of the isolated power 
supplies when an equal load is placed on both supplies. 

The AD210 provides shon circuit protection for its isolated 
power supplies. When either the input supplies or the output 
supplies are shoned to input common or output common, re
spectively, no damage will be incurred, even under continuous 
application of thi: shon. However, the AD210 may be damaged 
if the input and output supplies are shoned sinIultaneously. 

~ 
> 
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3 4 
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Figure 16a. Isolated Supply Ripple VB. Load 
(ExternaI4.7p.F Bypass) 
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Under any circumstances, care should be taken to ensure that 
the power supplies do notaccldentally become shoned. 

The isolated power supplies exhibit some ripple which varies as 
a function of load. Figure 16a shows this relationship. The 
AD210 has internal bypass capacitance to reduce the ripple to a 
point where performance is not affected, even under ·fullioad. 
Since the internal circuitry is more sensitive to noise on the 
negative supplies, these supplies have been filtered more heavily. 
Should a specific application require more bypassing on the 
isolated power supplies, there is no problem with adding external 
capacitors. Figure 16b depicts supply ripple as a function of 
external bypass capacitance under full load. 
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lmV 

O.1p.F 
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(!~:.J 
f' 

(-V,ss J I' -voss 

100p.F 

Figure 16b. Isolated Power Supply Ripple VB. Bypass 
Capacitance (Volts p-p, 1 MHz Bandwidth, 5mA Load) 

APPLICATIONS EXAMPLES 

Noise Reduction in Data Acquisition Systems: Transformer 
coupled isolation amplifiers must have a carrier to pass both ac 
and dc signals through their signal transformers. Therefore, 
some carrier ripple is inevitably passed through to the isolator 
output. As the bandwidth of the isolator is increased more of 
the carrier signal will be present at the output. In most cases, 
the ripple at the AD21O's output will be insigificant when compared 
to the measured signal. However, in some applications, panicularly 
when a fast analog-to-digital converter is used following the 
isolator, it may be desirable to add filtering; otherwise ripple 
may cause inaccurate measurements. Figure 17 shows a circuit 
that will limit the isolator's bandwidth, thereby reducing the 
carrier ripple. 

+15V 

Figure 17. 2-Pole, Output Filter 
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Self-Powered Current Source 
The output circuit shown in Figure 18 can be used to create a 
self-powered output current source using the AD210. The 2kn 
resistor converts the voltage output of the AD210 to an equivalent 
current Vourl2kO. This resistor directly affects the output gain 
temperarure coefficient, and must be of suitable stability for the 
application. The external low power op amp, powered by + Voss 
and - Voss, maintains its summing junction at output common. 
All the current flowing through the 2kn resistor flows through 
the output Darlington pass devices. A Darlington configuration 
is used to minimize loss of output current to the base. The low 
leakage diode is used to protect the base-emitter junction against 
reverse bias voltages. Using - Voss as a current return allows 
more than IOV of compliance. Offset and gain control may be 
done at the input of the AD210 or by varying the 2kO resistor 
and summing a small correction current directly into the summing 
node. A nominal range of 1-5mA is recommended since the 
current output cannot reach zero due to reverse bias and leakage 
currents. If the AD210 is powered from the input potential, this 
circuit provides a fully isolated, wide bandwidth current output. 
This configuration is limited to 5mA output current. 

v,. 
O·10V 

Figure 18. Self-Powered Isolated Current Source 

Isolated V -to-I Converter 
illustrated in Figure 19, the AD210 is used to convert a 0 to 
+ lOY input signal to an isolated 4-20mA output current. The 
AD210 isolates the 0 to + 10V input signal and provides a prop
ortional voltage at the isolator's output. The output circuit 
converts the input voltage to a 4-20mA output current, which in 
turn is applied to the loop load RLOAD• 

+15V 

+28V 
CURRENT 

LOOP 

~-=--~>,===+=::j~1576n 

CURRENT 
LOOP 

Figure 19. Isolated Voltage-to-Current Loop Converter 

Isolated Thermoc:ouple Amplifier 
The AD210 application shown in Figure 20 provides ampliflcation, 
isolation and cold-junction compensation for a standard J type 
thermocouple. The AD590 temperarure sensor accurately monitors 
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AD210 
the input terminal (cold-junction). Ambient temperature changes 
from 0 to + 40°C sensed by the AD590, are cancelled out at the 
cold junction. Total circuit gain equals 183; 100 and 1.83, from 
AI and the AD210 respectively. Calibration is performed by 
replacing the thermocouple junction with plain thermocouple 
wire and a millivolt source set at O.OOOOV (O~C) and adjusting 
Ro for EoUT equal to O.OOOV. Set the millivolt source to 
+0.02185V (400°C) and adjust Ro for VOUT equal to +4.000V. 
This application circuit will produce a nonlinearized output of 
about + IOmVI"C for a 0 to + 400°C range. 

Figure 20. Isolated Thermocouple Amplifier 

Precision Floating Programmable Reference 
The AD210, when combined with a digital-to-analog converter, 
can be used to create a fully floating voltage output. Figure 21 
shows one possible implementation. 

The digital inputs of the AD7541 are TTL or CMOS compatible. 
Both the AD7541 and AD581 voltage reference are powered by 
the isolated power supply + V1ss. 100M should be tied to input 
digital common to provide a digital ground reference for the 
inputs. 

The AD7541 is a current output DAC and, as such, requires an 
external output amplifler. The uncommitted input amplifler 
internal to the AD210 may be used for this purpose. For best 
results, its input offset ~oltage must be trimmed as shown. 

The output voltage of the AD210 will go from OV to -IOV for 
digital inputs of 0 and full scale, respectively. However, since 
the output port is truly isolated, VOUT and OooM may be freely 
interchanged to get 0 to + IOV. 

This circuit provides a precision G-IOV programmable reference 
with a ± 3500V common-mode range. 

+15V 

Figure 21. Precision Floating Programmable Reference 
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CHANNEL 1 

CHANNEL 2 

CHANNEL 3 

CHANNEL 4 

+v -v COM 

AD1&02 
MULTIPLEXER 

DC POWER 
SOURCE 

TO 
AID 

Figure 22. Multichannel Data Acquisition Front End 

MULTICHANNEL DATA ACQUISmON FRONT·END 
illustrated in Figure 22 is a four-channel data acquisition front-end 
used to condition and isolate several common input signals 
found in various process applications. In this application, each 
AD210 will provide complete isolation from input to output as 
well as channel io channel. By using an isolator per channel, 
maximum protection and rejection of unwanted signals is obtained. 
The three-port design allows the AD210 to be configured as an 
input or output isolator. In this application the isolators are 
configured as input devices with the power port providing addi
tional protection from possible power source faults. 

Channell: The AD210 is used to convert a 4-20mA current 
loop input signal into a O·IOV input. The 2Sn shunt resistor 
converts the 4-20mA current into a + 100 to + sOOm V signal. 
The signal is offset by -IOOmV via Ro to produce a 0 to + 400mV 
input. This signal is amplified by a gain of 25 to produce the 
desired 0 to + lOY output. With an open circuit, the AD210 
will show - 2.SV at the output. 

ChannelZ: In this channel, the AD210 is used to condition and 
isolate a current output temperature transducer, Model AD590. 
At + 2SOC, the ADS90 produces a nominal current of 29S.2tJA. 
This level of current will change at a rate of ItJAl"C. At -17.SOC 
(O"F), The AD590 current will be reduced by 42.StJA to 
+2SS.4tJA. The ADSSO reference circuit provides an equal but 
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opposite current, resulting in a zero net current flow, producing 
a OV output from the AD210. At + lOO"C (+ 212·F), the AD590 
current output will be 373.2tJA minus the 2SS.4tJA offsetting 
current from the ADSSO circuit to yield a + 117. Sf.LA input 
current. This current is converted to a voltage via Rp and Rt, to 
produce an output of + 2.12V. Channel 2 will produce an output 
of + 10mVfF over a 0 to + 212"F span. 

Channel 3: Channel 3 is a low level input channel configured 
with a high gain amplifier used to condition millivolt signals. 
With the AD210's input set to unity and the input amplifier set 
for a gain of 1000, a :!: lOmV input will produce a :!: lOY at the 
AD210's output. 

Channel 4: Channel 4 illustrates one possible configuration for 
conditioning a bridge circuit. The ADS84 produces a + lOY 
excitation voltage, while Al inverts the voltage, producing negative 
excitation. A2 provides a gain of lOOOVN to amplify the low 
level bridge signal. Additional gain can be obtained by reconfig
uration of the AD210's input amplifier. :!: VIss provides the 
complete power for this circuit, eliminating the need for a separate 
isolated excitation source. 

Each channel is individually addressed by the multiplexer's 
channel select. Additional filtering or signal conditioning should 
follow the multiplexer, prior to an analog-to-digital conversion 
stage. 
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FEATURES 
Low Nonlinearity: ±0.05% @ 10V pk·pk Output 
High Gain Stability: ±0.0075%fc. ±0.001%/1000 hours 
Isolated Power Supply: ±8.5V de @ ±5mA 
High CMR: 110dB min with 5kn Imbalance 
High CMV: ±5000VI!<r' 10ms Pulse; ±2500V de continuous 
Small Size: 1.5" x 1.5 ' x 0.6 " 
Adjustable Gain: 1 to 10VN; Single Resistor Adjust 
Meets IEEE Std 472: Transient Protaction (SWC) 
Meets UL Std 544 Leakage: 2.01lA max @ 115V ac, 60Hz 

APPLICATIONS 
Biomedical and Patient Monitoring Instrumentation 
Ground Loop Elimination in Industrial Control 
Off·Ground Signal Measurements 
4·20mA Isolated Current Loop Receiver 

GENERAL DESCRIPTION 
Model 284J is a low cost isolation amplifier featuring isolated 
power, ±8.SV dc @±SmAloads, ±2S00V dc off-ground isola
tion (CMV) and HOdB minimum CMR at 60Hz, Skn source 
imbalance, in a compact loS" x loS" x 0.6" epoxy encapsulated 
package. This improved design achieves low nonlinearinr of 
±O.OS% @ 10V pk-pk output, gain stability of ±0.007S%/'C 
and input offset drift of ±30j.1V/'C at G = 10VN. Usingmodu
lation techniques with reliable transformer isolation, model 284J 
will interrupt ground loops, leakage paths and high voltage 
transients to ±SkVpk (10ms pulse) providing dc to 1kHz (-3dB) 
response over an adjustable gain range of 1V/V to 10VN. 
Model 284J's fully floating guarded input stage and floating 
isolated power for external input circuitry, offers versatility 
for both medical and industrial OEM applications. 

WHERE TO USE MODEL 284J 
Medical Applications: In all biomedical and patient monitoring 
equipment such as multi-lead ECG recorders and portable diag
nostic designs, model 284J offers protection from lethal ground 
fault currents as well as SkY defibrillator pulse inputs. Low 
level bioelectric signal recording is achieved with model 284]'s 
low input noise (81lV p-p) and high CMR (11OdB, min). 

Industrial Applications: In computer interface systems, process 
signal isolators and high CMV instrumentation, model 284J 
offers complete galvanic isolation and protection against dam
age from transients and fault voltages. High level transducer 
interface is afforded with model 284]'s 10V pk-pk input signal 
capability at a gain of 1 V N operation. In portable field designs, 
model 284]'5 single supply, low power drain of 8SmW@ +12V 
operation offers long battery operation. 
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Economy, High Performance 
Self-Contained Isolation Amplifier 

284J I 
FUNCTIONAL BLOCK DIAGRAM 

GAIN" 1 + 10.7~~ilknl (1VN TO 10VNI 

DESIGN FEATURES AND USER BENEFITS 

HI 
OUTPUT 

Isolated Power: Dual ±8.SV dc @ ±SmA, completely isolated 
from the input power terminals (±2S00V dc isolation), pro
vides the capability to excite floating signal conditioners, front 
end buffer amplifiers and remote transducers such as thermis
tors or bridges. 

Adjustable Gain: Model 284]'s adjustable gain combined with 
its 10V pk-pk output signal dynamic range offers compatibility 
with a wide class of input signals. A single external resistor en
ables gain adjustment from 1VN to 10VN providing the flexi
bility of applying model 284J in both high level transducer 
interfacing as well as low level sensor measurements. 

Floating, Guarded Front-End: The input stage of model 284J 
can directly accept floating differential signals, such as ECG 
biomedical signals, or it may be configured as a high perfor
mance instrumentation front-end to accept signals having CMV 
with respect to input power common. 

High Reliability: Model 284J is a conservatively designed, 
compact module, capable of reliable operation in harsh envi
ronments. Model 284J has a calculated MTBF of over 400,000 
hours and is designed to meet MIL-STD-202E environmental 
testing as well as the IEEE Standard for Transient Voltage Pro
tection (472-1974: Surge Withstand Capability). As an addi
tional assurance of reliability, every model 284J is factory 
tested for CMVand input ratings by application of SkY pk, 
10ms pulses, between input terminals as well as input/output 
terminals. 
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284J -SPECIFICATIONS (typical @ +25"C and Vs = ±15Y unless otherwise noted) 

MODEL 

GAIN (NON-INVERTING) 
Range (50kll Load) 
Formula 

Deviation from Formula 
VI. Time 
vs. Temperature (0 to +700 C)1 
Nonlinearity. G = IV/V to lOvfVl 

INPUT VOLTAGE RATINGS 
Linear Diffe~ntial Range, G = IVIV 
Max Safe Differential Input 

Continuous 
Pulse, lOms duration. 1 pulse/tO sec 

Max CMV. Inputs to Outputs 
ACt 60Hz, 1 minute duration 
Pulse, tOms duration, 1 pulsellO sec 

With SIOkn in series with Guard 
Continuous, ac or de 

CMR, Inputs to Outputs, 60Hz, Rs < SkO 
Balanced Source Impedance 
Sill Source Impedance I~balance 

CMR, Inputs to Guard, 60Hz 
Ildl Source Impedance Imbalance 

Max Leakage Current. Inputs to Power Common 
(i) tny,s 69HI 

INPUT IMPEDANCE 
Differential 
Overload 
Common Mode 

INPUT DIFFERENCE CURRENT 
Initial. @+2SoC 
¥s. Temperature (0 to +70oC) 

INPUT NOISE 
Voltage,G = 10VIV 

0.05H. to 100Hz 
10Hz to 1kHz 

Current 
0.05Hz to 100Hz 

FREQUENCY RESPONSE 
Small Signal, -3dB, G = IVlVto IOVIV 
Slew Rate 
Full Power, 10V pop Output 

Gain = IVIV 
Gain = 10VN 

Recovery Time. to ±lOOp.V after Application 
of±6500Vek Differential Input Puls. 

OFFSET VOLTAGE REFERRED TO INPUT 
Initial. @+2SoC.Adjustableto Zero 

VI. Temperature (0 to +70oC) 
VI. Supply Voltage 

RATED OUTPUT 
Voltage, 50k1l Load 
Output Impedance 
Output Ripple, IMH. Bandwidth 

ISOLATED POWER OUTPUTS 
Voltage, ±5mA Load 
Accuracy 
Current 
Regulation, No Load to Full Load 
Ripple. 100kHz Bandwidth 

POWER SUPPLY, SINGLE POLARITy' 
Voltage. Rated Performance 
Voltage Operating 
CUrrent. Quiescent 

TEMPERATURE RANGE 
Rated Performance 
Openting 
Storage 

CASE DIMENSIONS 

NOTES 

2M) 

±3% 
±O.OOI%/IOOO Hours 
±O.0075%I'C 
±0.05% 

±5Vmin 

240V ... 
±6500Vpk max 

2500Vrm• 
±2S00V,k max 
±SOOOV pk max 
±2S00V pk max 

114<iB 
110dB min 

78dB 

2.Op;Armsmax 

lo"ni70pF 
300k1l 
5xIO'o 1l820pF 

±7nA max. 
±O.lnAtC 

SpVp1' 
IOpVrms 

5pAp-p 

1kHz 
25rnVIps 

700Hz 
200Hz 

200ms 

±(5 + 20/G)mV 
±(15 + 150/G)pVtC 
±lmVi% 

±5Vmin 
Ik1l 
5mVpk1'k 

±S.5V de 
±5% 
±5mAmin 
+0, -15% 
lOOmV P1' 

+15Vde 
+(Sto 15.5)V de 
+IOmA 

o to +70°C 
_25°C to +8SoC 
_'SoC to +8SoC 

I.," x 1.,n x 0.62n 

1GaiD, tempemure drift is specified as a pc:rceDt8iC of outpUt tipd level. 
lGain ncmIineari.ty is specified as a perc:emasc of IOV pt.~plc output apan. 
'RecommmcIed. power supply, ADI modeJ 904, ± ISV @ SOmA ourput. 
Specifications subjc:ct: 10 cbaqe without DOtiDe. 
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OUTUNE DIMENSIONS 
DimeDsion. shown i!> inc:bes IUd (aim), 

I---u, .... " ... -I 

b J O.20TOUI 
111'08.41 

- O ... I1 .... DIA-I~ 

ACI049 
SHIELDED MOUNTING SOCKET 

INTERCONNEcrlON AND GUARDING TECHNIQUES 
Model 284J can be applied directly to achieve rated perform
ance as shown in Figure 1 below. To preserve the high CMR 
performance of model 284J, care must be taken to keep the 
capacitance balanced about the input terminals, A shield 
should be provided on the printed circuit board under model 
284J as illustrated in the oudine drawing above (screened 
area). The GUARD (Pin 6) should be connected to this shield. 
This guard-shield is provided with the mounting socket, model 
ACI049_ A recommended guarding technique using model 
ACI049 is illustrated in Figure 1. To reduce effective cable 
capacitance, cable shield should be connected to the common 
mode signal source by connecting the shield as close as possi
ble to the signa1low. 

Offset Voltage Trim Adjust. The trim adjust circuit shown in 
Figure 1 can be used to zero the output offset voltage over the 
gain range from 1 to lOVN. The output terminals, HI OUT 
and LO OUT, can be floated with respect to PWR COM up to 
±50Vpk max, offering three-port isolation. A O.lj.1F capacitor 
is required from LO OUT to PWR COM whenever the output 
terminals are floated with respect to PWR COM. LO OUT can 
be connected directly to PWR COM when output offset trim
ming is" not required_ 

NOTE ,. GAIN RESISTOR. Ri. ''IIo.l&OppmfCMETAL FILM TYPE 18 RECOIMIENDED. 
FOR GAIN .'YN. LEAVE TERMINAL 2 OPEN. 
FOR GAIN .tfIVN.IHORT TERMINAL 2TO TERMINAL 1 

CSIt!N.t+,o.;=llkIll 

NOTE 2. GUARD RESISrOR. Ita. REQUIRED ONLY FOR CMY > t2SOOYtoK ItIiIIY,. MAJO. 
Ra MAY BE MOUNTED ON ACt_MOUNTING SOCKET USING STANDOFF PROVIDED. 
lUBE" WATT, .. CARBON COMPOSITION TYPE;ALLEN BRADLEY RECOMMENDED). 

NOTE 3. OUTPUT FILTER CAMCITOR.C.S£LECT TO RDLLOFF NOliE 
AND OUTPUT RIPPLE: ..... SELECT C .t.&,lF FOR dcTO tOOHz BANDWIDTH). 

Figure 1. Baric IsoIlItOr Intrr:onnection 
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THEORY OF OPERATION 
The remarkable performance of model 284 J is derived from 
the carrier isolation technique which is used to transfer both 
signal and power between the amplifier's guarded input stage 
and the rest of the circuitry. The block diagram for model 284J 
is shown in Figure 2 below. 

The 320ill input protection resistor limits the differential in
put current during periods of input amplifier saturation and 
also limits the differential fault current to approximately 3Sj.tA 
in case the preamplifier fails. 

The bipolar input preamplifier operates single-ended (non
inverting). Only a difference bias current flows with zero net 
bias current. A third wire return path for input bias current is 
not required. Gain can be set from lV/V to 10VIV by chang
ing the gain resistor, Ri. To presenJe high CMR, the gain resistor 
must be guarded. Best performance is achieved by shorting 
terminal 2 to terminal 1 and operating model 284J at a gain of 
10VIV. 

For powering floating input circuitry such as buffer amplifiers, 
instrumentation amplifiers, calibration signals and transducers, 
dual isolated power is provided. High CMV isolation is achieved 
by the low-leakage transformer coupling between the input 
preamplifier, modulator section and the output circuitry. Only 
the 20pF leakage capacitance between the floating guarded in
put section and the rest of the circuitry keeps the CMR from 
being infinite. 

H' 
OUTPUT 

GAIN" , + 10.7.!:!~llkOl I1VN TO 10VIYI 

Figure 2. Block Diagram - Model284J 

INTERELECTRODE CAPACITANCE, TERMINAL RATINGS 
AND LEAKAGE CURRENTS UMITS 
Capacitance: Interelectrode terminal capacitance arising from 
stray coupling capacitance effects between the inpu t terminals 
and the signal output terminals are each shunted by leakage 
resistance values exceeding SOkMn. Figure 3 illustrates the 
CMR ratings at 60Hz and Skn source imbalance between sig
nal input/output terminals, along with their respective capaci
tance. 

-wHEN GUARD TIED TO INPUT COMMON MODE SOURCE 

Figure 3. Model 284J 
Terminal Capacitance 
and CMR Ratings 
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Figure 4. Mode1284J 
Terminal Ratings 

Understanding the 284J 
Terminal Ratings: CMV performance is given in both peak 
pulse and continuous ac or dc peak ratings. Pulse ratings are 
intended to support defibrillator and other transient voltages. 
Continuous peak ratings apply from dc up to the normal full 
power response frequencies. Figure 4 and Table 1 illustrate 
model 284]'s ratings between terminals. 

SVMBOL 

VI (pulse) 
VI (cont.) 
V2 (pulse) 
V2 (pulse) 
V2 (cont.) 
V3 (cont.) 
ZI 
I 

RATING 

±6S00VpK (lOms) 
±240VRMS 
±2S00VPK (lOms) RG = 0 
±SOOOVPK (lOms) RG = SIOkn 
±2500VPK 
±SOVPK 
SOkM!l1l20pF 
3SIlAnns 

REMARKS 

Withstand Voltage. Defibrillator 
Withstand Voltage. Steady State 
Transient 
Isolation. Defibrillator 
Isolation, Steady Slate 
Isolation. dc 
Isolation Impedance 
Input Fault Limit. DC to 60kHz 

Table 1. Isolation Ratings Between Terminals 

Leakage Current Limits: The low coupling capacitance between 
inputs and output yields a ground leakage current of less than 
2.0j.tA rms at 11SV ac, 60Hz (or 0.02j.tAIV ac). As shown in 
Figure S, the transformer coupled modulator signal, through 
stray coupling, also creates an internally generated leakage cur
rent of about Sj.tA rms @ 60kHz. Line frequency leakage cur
rent levels are unaffected by the power on or off condition of 
model 284J. 

For medical applications, model 284J is designed to improve 
on patient safety current limits proposed by F.D.A., U.L., 
A.A.M.1. and other regulatory agencies. (e.g. model 284J com
plies with leakage requirements for the Underwriters Labora
tory STANDARD FOR SAFETY, MEDICAL AND DENTAL 
EQUIPMENT as established under ULS44 for type A and B 
patient connected equipment - reference Leakage Current, 
paragraph 27.s). 
In patient monitoring equipment, such as ECG recorders, 
model 284J will provide adequate isolation without exposing 
the patient to potentially lethal microshock hazards. Using 
passive components for input protection, this design limits 
input fault currents even under amplifier failure conditions. 

TEST CIRCUITS. MAX. CURRENT LIMITS FOR 
ANY SWITCH CLOSURE COMBINATION 

E~"6V 
rm.~ iM I 600 n GENERATED 

r--l--+- 284J INTERNALLY 

~ ~ _ TESTIIJ 

,om. · · 2 

• 

E§·'6V 1 ~ LlN"NDUC'D iL 600 n TEST (III 

-= '" 1I6YAC. 80HI 

y:~~~ / ACCEPT · 2 REG~ 

rY' 
i 100l'A 

Ii • U.L.AAMI- -. 4 AnENT SAFETY LI 
INTERNALLY GENERATED 2 (TYPE A EQUIP.I LEAKAGE CURRENT 

I84J 
i ,.., 
~ • · 2 

".. 
• • 
2 

UNE INDUCEj LEAKAGE 

itiRENT 

I!L= 2.0::,.Inn• 

'00 
~iil.mvAC 

1k , Ok 
FREQUENCY-HI 

iMI;5~~ rms ....... ""'., , ... 'M 

Figure 5. Model 284J Leakage Current Performance from Line 
Induced and Internally Generated (Modulator) Operating 
Conditions 
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284J 
PERFORMANCE CHARACfERISTICS 
Common Mode Rejection. Input-to-OUtput CMR is dependent 
on source impedance imbalance, signal frequency and ampli
fier gain. CMR is rated at llSV ac, 60Hz and Skn imbalance 
at a gain of 10VIV. Figure 6 illustrates CMR performance as a 
function of signal frequency. CMR approaches 146dB at dc 
with source imbalances as high as Skn. As gain is decreased, 
CMR is reduced. At a gain of 1 VIV, CMR is typically 6dB 
lower than at a gain of 10VIV. 

, .. 
l' GUARANTEED CMR. G· 1fNIY 

....... ,,0dB MIN 0 8OHf: 
WITH 5kD SOURCE IMBALANCE 

I If i"--
I II I'-

-~ r-... 20llliN -

- " .... . ,. 
·~'Ok!1 OUT 

_.... G·WVN 
I1IWAC 

I IIII I II 
"TEST CIRCUIT -&kll EACH RESISTOR 
CMR VALUE GIVEN FOR WORST CASE RESISTOR COMBINATION 

,'" 
FREQUENCY - Hz 

, ... 
Figure 6. Common Mode Rejection vs. Frequency 

Figure 7 illustrates the effect of source imbalance on CMR per
formance at 60Hz and Gain. = 10VIV. CMR is typically nOdB 
at 60Hz and a balanced source. CMR is maintained greater than 
80dB for source imbalances up to l00kn. 

GUARANTEED eMF!. G" lOVIV 
nOdS MIN. fOH, AND SkO 

SOURCE IMPEDANCE IMBALANCE 

r-... 
I'-

r~ 2 GAlli 1 

t- 'w,". 
iHlen. ot.* 

.. n .... M: QAI"'·'rNlV 

r- -
OJ 

I 1I11 I II 
wn:ST CIRCUIT - EACH REtWSTOR ADJUSTED on TO l00kn 
CMR VALU£ GIVEN FOR WORST CASE RESISTOR COMBINATION , 100 lk 10k lOOk 

SOURCE IMPEDANCE IMBALANCE _ a 

Figure 7. Common Mode Rejection vs. Source Impedance 
Imbalance 

Input Voltage Noise. Voltage noise, referred to input, is de
pendent on gain and bandwidth as illustrated in Figure 8. RMS 
voltage noise is shown in a bandwidth from O.OSHz to the fre
quency shown on the horizontal axis. The noise in a band
width from O.OSHz to 100Hz is 8j.1V pk-pk at a gain of 10VIV. 
This value is derived by multiplying the rms value at f = 100Hz 
shown in Figure 8 (1.2j.1V rms) by 6.6. 

10 100 
BANDWIDTH I-3dBt - Hz 

Figure 8. Input Voltage Noise vs. Bllfldwidrh 
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For lowest noise performance, a low pass filter at the output 
should be used to selectively roll-off noise, output ripple and 
undesired signal frequencies beyond the bandwidth of interest 
(see note 3, Figure 1). 

Input Offset Voltage Drift, Total input voltage drift is com
posed of two sources, input and output stage drifts and is gain 
dependent. The curve of Figure 9 illustrates the total input 
voltage drift over the gain range of 1 to 10VIV. 

200 

~ 

'0 , 

......... 
r-

• '0 
GAIN-VN 

Figure 9. Input Offset Voltage Drift vs. Gain 

Gain Nonlinearity. Linearity error is defined as the peak de
viation of the output voltage from the best straight line and is 
specified as a % of peak-to·peak output voltage span; e.g. non
linearity of model 284J operating at an output span of 10V 
pk-pk (±SV) is ±O.OS% or ±SmV. In applying model 284J, 
highest accuracy is achieved by adjustment of gain and offset 
voltage to minimize the peak error over the operating output. 
voltage span. A calibration technique illustrating how to mini· 
mize output error is shown below. In this example, model 284J 
is operating over an output span of +SV to -SV and a gain of 
SVIV. 

-6 -4 -3 -2 -1 +1 +2 +3 +4 +5 

OUTPUT VOLTAGE -Val1l 

Figure 10. GaIn and Offset Adjustment 
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GROUNDING PRACTICES 
The more common sources of electrical noise arise from ground 
loops, electrostatic coupling and electromagnetic pickup. The 
guidelines listed below pertain to guarding low level, millivolt 
signals in hostile environments such as current shunt signals in 
"heavy industrial" plants. 

Guidelines. 
• Use twisted shielded cable to reduce inductive and capaci

tive pickup. 
• Drive the transducer cable shield, S, with the common mode 

signal source, EG, to reduce the effective cable capacitance 
as shown in Figure 11 below. This is accomplished by con
necting the shield point S, as close as possible to the trans
ducer signal low point B. This may not always be possible. 
In some cases the shield may be separated from signal low 
by a portion of the medium being measured (e.g. pressure 
transducer). This will cause a common mode signal, EM, to 
be generated by the medium between the shield and the 
signal low. The 78dB CMR capability of model 284 J between 
the input terminals (HI IN and LO IN) and GUARD, will 
work to suppress the common mode signal, EM' 

• To avoid ground loops and excessive hum, signaI low, B, or 
the transducer cable shield, S, should never be grounded at 
more than one point. 

• Dress unshielded leads short at the connection terminals and 
reduce the area formed by these leads to minimize inductive 
pickup. 

TRANSDUCER 

MEDIUM ... 

CO:~~A~E '-====-' 

TRANSDUCER 
GROUND 

GROUND COMMON MODE 
VOLTAGE 

" 

SVsiEM 
GROUND 

Figure 11. Transducer-Amplifier Interconnection 

Isolated Power and Output Voltag!: Swing. Model 284J offers 
a floating power supply providing ±8.SV dc outputs with 
±SmA output current rating. As shown in Figure 12, the mini
mum voltage output for ±VISQ' as well as the maximum load 
capability, is dependent on the input power supply, +Vs. Fig
ure 12 also illustrates the typical output voltage range as both 
input supply, +Vs' and the isolated supply loads, ±Iv are 
varied. At ±SmA isolated load and Vs = +1SV dc, model 284J 
can provide an output voltage swing of ±7.SV. 

j ." r--,---,-,--,-,--,---,-,--,-, 

t i .,of---+-I-+--+-t-+-I-+--+--f 
1;1 

~, .. f-+-+-I-
.~ 
~ ~ .. f-+-+-I-
i i ~f--+--;.-r-
Sil 
~o 

6~ 
B ' .. 

Figura 12. IfIOlatfld Power (±VfSI)l and OutPut Voltage 
Swing (±EoJ Venus Power Supply Input (VsJ 
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Applying the 284J 
APPUCATIONS IN INDUSTRIAL MEASUREMENT AND 
CONTROL SYSTEMS 
Remote Sensor Interface. In chemical, nuclear and metal pro
cessing industries, model 284J can be applied to measure and 
control off-ground millivolt signals in the presence of 
±2S00V dc CMV signals. In interface applications such as pH 
control systems of on-line process measurement systems such 
as pollution monitoring, model 284J offers complete galvanic 
isolation to eliminate troublesome ground loop problems. Iso
lated power outputs and adjustable gain add to the application 
flexibility of this model. 

Figure 13 illustrates how model 284J can be combined with a 
low drift, 1IJ.VfC max, front-end amplifier, model ADS 17K, 
to interface low level transducer signals. Model 284],s isolated 
±8.SV dc power and front-end guard eliminate ground loops 
and preserve high CMR (l14dB @ 60Hz). 

O.o",F 

+16V 

'.F 

~ 
~ 

,oon 

~ ...... 
000 

Figure 13. Input Signal Conditioning Using IfIOlated Power for 
Transducer Buffer Amplifier 

IlIItrumentation Amplifier: Model 284J provides a floating 
guarded input stage capable of directly accepting isolated differ
ential signals. The non-inverting, single-ended input stage offers 
simple two wire interconnection with floating input signals. 

In applications where the isolated power is applied to trans
ducers such as bridges which generate differential input signals 
with common mode voltages measured with respect to the iso
lated power common, model 284J can be connected as shown 
in Figure 14. To achieve high CMR with respect to the ISO PWR 
COM, the following trim procedure is recommended. 

CMR Trim Procedure 
1) Connect a 1V pk-pk oscillator between the +IN/-IN and 

IN COM terminals as shown in Figure 14. 
2) Set the input frequency at O.SHz and adjust R1 for mini

mumeQ. 
3) Set the input frequency at 60Hz and adjust R2 for mini

mumeQ. 
4) Repeat steps 2 and 3 for best CMR performance. 

'V .. <>------'=+-<~-_(3~ 
-v .. o-------~-----j:!l 

Figure 14. Application of 284J as Instrumentation Amplifier 
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284J 
APPLICATIONS IN BIOMEDICAL DESIGNS 
Cardiae Monitoring. Heart signals can be masked by muscle 
noise, electrochemical noise, residual electrode voltages and 
60Hz power line pickup. To achieve high performance in cardi
ac monitoring, model 2841's design provides high CMR in the 
dc to 100Hz bandwidth and substantial source impedance-
to SkG. An especially demanding ECG requirement is that of 
fetal heart monitoring as iQl1strated in Figure 15. The low input 
noise of model 284J and the dual CMR ratings are exploited 
in this application to extract the fetal ECG signals. The separa
tion between the mother's and the fetal heartbeat is enhanced 
by the 78dB of CMR between the input electrodes and guard, 
while the 110dB of CMR from input to output ground screens 
out 60Hz pickup and other external interference. 

+15V 

~
TOFETAL 

7 HEART 
10 MONITOR 

24J 
9 1.51tf 

• 
-= 

Va '" Va + VM/78dB + Vcu/110dB 

AMPLIFIER'S 78dB INPUT·TO..sHIELD CMR SEPARATES FETAL HEART BEAT 
FROM MOTHER'S. WHILE nOdB INPUT·TO-GROUND CMR ATTENUATES 60Hz PICKUP. 

Figure 15. Fetal HBIH'tbeat Monitoring 

Single Lead ECG Recorder with Leads Off Indicator, In single 
lead applications model 284J offers simple two-wire hook-up 
to the ECG signal as illustrated in Figure 16. The floating signal 
can be connected directly to the HI IN and LO IN terminals 
using the GUARD tied to the patients' right leg for best CMR 
performance. Using the isolated power from model 284J an 
inexpensive calibration signal is easily provided. In ECG appli
cations, model 284J provides a simple means to determine 
whenever a "Leads-off" condition exists at the input. A "Leads
Off" condition (Rs = 00) will cause the HI OUT terminal to be 
at a negative output saturation level; i.e. eo = -8.SV to -9.SV@ 
Vs = +1SV. 

Figure 16. Single Lead ECG Recorder with 1mV Calibration 
Circuit and Leads Off Indicator 

Multi-Lead ECG Recorder with Right Leg Drive. The small size, 
economy and isolated power makes model 284J an ideal isola
tion amplifier for application in clinical ECG recorders. Figure 
17 illustrates how this new isolator can be applied in a high 
performance, portable multi-lead ECG recorder. In this applica
tion, model 2841's input is configured as an instrumentation 
amplifier with high CMR to the floating input common. The 
right leg drive offers improved CMR between input and isola
ted common by driving to zero any CMV existing between 
these points. The isolated power, ±VISO, is used to drive the 
lead buffer amplifiers and the front-end, 1mV calibration signal. 

r-----------------------------------, 
+VISO -VISO 'I 
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Rt DRIVE 
I 
I ALL AMPLIFIERS: AD308 
L _______ ' _____________ ~~~ ___ !.U~R~~X _____ _ 

.USE 1 WATT, 5% CARBON COMPOSITION TYPE; ALLEN BRADLEY RECOMMENDED. 

Figure 17. Multilead ECG Recorder Application Using 284J 
with Right Leg Drive Output 

1 
1 
1 
1 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Low Cost 
Single or Multi-Chanll8l Capability Using External Oscillator 
lsollted Power Supply: ±15V de ., ±15mA 
Low Nonlinearity: 0.05% ., 10V pk-pk Output 
High Gain Stability: 0.001%/1000 Houn; 0.0075%fC 
Small Size: 1.5" x 1.5" x 0.62" 
Low Input Offset Voltage Drift: 1~vfc (Gain" 100VNI 
Wide Input/Output Dynamic Range: 20V pk-pk 
High CMV Isolation: 2500V de Continuous 
Wide Gain Range: 1 to 100VN 

APPLICATIONS 
Ground Loop Elimination in Industrial and ProclSl Control 
High Voltage Protection in Date Acquisition Systems 
Biomediceland Petient Monitoring Instrumentation 
OH-Ground Signal Measurements 

GENERAL DESCRIPTION 
Model 286J is a low cost, compact, isolation amplifier that is 
optimized for single or multi-channel use in data acquisition 
systems for industrial and medical applications. A single ex
ternal synchronizing oscillator can drive from 1 to 16 model 
2861's, or a virtually limidess number of model 286's can be 
confJgUred using multiple ganged oscillators. The oscillator 
drive circuit can be supplied by the user of specified in a com
pact, low cost, epoxy encapsulated module, model 281, which 
also includes a voltage regulator for operation over a wide single 
voltage range of +8V to +28V. 

In addition to providing multi-channel operation, this new 
design features adjustable gain, 1 to 100V/V, dual isolated 
power, ±lSV dc @ ±1SmA, ±2S00V dc off ground isolation 
(CMV) and HOdB minimum CMR at 60Hz, Skn source im
balance, in a compact I.S" x I.S" x 0.6" epoxy encapsulated 
package. Model 286J achieves a low input noise of 8p.V pk-pk 
(100Hz bandwidth, G = 100V/V), nonlinearity of±O.OS% @ 

10V pk-pk output, and an input/output dynamic range of 
20Vpk-pk. 

Using modulation techniques with reliable transformer isola
tion, model 286J will interrupt ground loops, leakage paths, 
and high voltage transients to ±SkV pk (tOms pulse), providing 
dc to 1kHz (-3dB) response. 

WHERE TO USE MODEL 286} 
Industrial Applic:ations: In multi-channel data acquisition sys
tems, computer interface systems, process signal isolators and 
high CMV instrumentation, model 286J offers complete gal
vanic isolation and protection against damage from transients 
and fault voltages. High level transducer interface capability 
is afforded with model 286]'s 20V pk-pk input signal range at 
a gain of 1 V N operation. In portable multi-channel designs, 
model 286]'s single supply, wide range operation (+8V to 
+ 16V) offers simple bartety operation. 
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High CMV, High Performance 
Synchronized Isolation Amplifiers 

286J/281 I 
286J FUNCTIONAL BLOCK DIAGRAM 

"""" 

.il="' . ""'" 
'--_--<(9. '::' 

GAIN· 1 + !kO ~~nl 11V1V TO lODVNI 

281 FUNCTIONAL BLOCK DIAGRAM 

1+IV~.+'4V1 7'}----...... ----, 

1+14V+¥t+2IY1 • 

SVNC1N Q4}-_+_-I 

.... COM (il}--..... --I 

+'Z:.Il.I 
1--:-:----(:'9'
+'~LIl.. 

I-----(.i).ocmur 

-LEAVE TEAMINAL. OPEN, WHEN POWER IS APPLIED TO TiAMINAL 7 

Medic:al Applications: In biomedical and patient monitoring 
equipment such as multi-channel VCG, ECG, and polygraph 
recorders, model 286J offers protection from lethal ground 
fault currents as well as SkY defibrillator pulse inputs. Low 
level bioelectric signal recording is achieved with model 286]'s 
low input noise (8p.V pk-pk @ G = 100VIV) and high CMR 
(110dB, min @ 60Hz). 

DESIGN FEATURES AND USER BENEFITS 
High Reliability: Model 286J is a conservatively designed, 
compact module, capable of reliable operation in harsh envi
ronments. Model 286} has a calculated MTBF of 392,125 hours 
and is designed to meet MIL-STD-202E environmental testing 
as well as the IEEE Standard for Transient Voltage Protection 
(472-1974: Surge Withstand Capability). As an additional 
assurance of reliability, every model 286 J is factoty tested for 
CMV and input ratings by application ,of SkY pk, 10ms pulses, 
between input terminals as well as iitputloutput terminals. 

Isolated Power Supply: Dual ±lSV'dc@±lSmA,completely 
isolated from the input power terminals (±2S00V dc isolation), 
provides the capability to excite fJ~~g signal conditioners, 
front end buffer amplifiers as well arremote transducers such 
as thermistors or bridges. . 

Adjustable Gain. A single external resistor e!lables gain adjust
ment from IV N to 100V N providing the flexibility of apply
ing model 286J in both high-level transducer interfacing as 
well as low-level sensor measurements. 
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286J/281-SPECIFICATIONS 
MODEL 

GAIN (NONINVERTlNG) 
R""I" (501en Load) 
Fonnula 

Deviation from FonDula 
VI. Temperature (0 to +70°C)1 
VI, Time 
Nonlinearity,a ±5V Output (G = 1 to lOOVN) 
Nonlincarity.2 ±10VOutput (G = 1 to lOOV/V) 

INPUT VOLTAGE RATINGS 
Linear Differential Range, G = IVN 
Max Safe Diffemtiallnput 

Continuous 
Pulse. IOms Duration, 1 Pulse/lOsec 

Max CMV,lnputs to Outputs 
ae, 60Hz, 1 Minute Duration 
Pulse. lOms Duration, 1 Pulse/lOsec 

With SIOkO in series with Guard 
Continuous, ac or de 

CMR. Inputs to Outputs, 60Hz. Rs '" SkO 
Balanced Source Impedance 
SW Source Impedance Imbalance 

CMR, Inputs to Guard, 60Hz 
lkn Source Impedance Imhalance 

Max Leakage Current, Inputs to Power Common 
@11SVac60Hz 

OFFSET VOLT AGE. REFERRED TO INPUT 
Initial,@+2SoC(Adjustabletozero) 
VI, Temperature (0 to +70oC) 

At Gain = l00V/V 
At Other Gains U to 100V/V) 

vs. Supply Voltage 

INPUT IMPEDANCE 
Differential 
Overload 
Common Mode 

INPUT DIFFERENCE CURRENT 
Initial, @ +25°C 
vs. Temperature (0 to +70oC) 

INPUT NOISE (Gain'" 100VfV) 
Voltage 

O.OSHz, to 100Hz 
10Hz to 1kHz 

Current 
O.OSHz to 100Hz 

FREQUENCY RESPONSE (Gain, IVN to 100VIV) 

2861" 

Ito l00vN 
Gain = 1+ 
[100knt(lkn+R;(kO)1 
±4% 
±0.0075%1"C 
±O.OOl'96l1000 hours 
±0.05% 
±0.2% 

±10Vmin 

240Vrms 
±6500Vpkmax 

2500V nns 
±2500V pk max 
±5000V pk max 
±2500V pk max 

114dB 
110dBmin 

78dB 

2.Sp,A nns max 

±(S + 451G)mV 

±lOj1VtC 
±(7 + Z50/G")p.VtC 
±lmV/% 

lOanll15OpF 
300kn 
5 x 10,onlizOpF 

±7nA max 
to.1nA/oC 

8jtV pk1'k 
3.01lVnns 

5pA pk1'k 

Small Signal Bandwidth. -3dB LokH, 
Slew Rate 2SmVIIJ.s 
Full Power, 10V pk-pk Output 900Hz 
Full Power, 20V pk-pk Output 400Hz 
Recovery Time, to tl00p;V 200ms 

RATEDOVTPUT 
Voltage. 50kn Load 
Output Impedance 
Output Ripple, 1mHz Bandwidth 

OSCILLATOR DRIVE INPUT' 
Input Voltage 
Input Frequency 

ISOLATED POWER SUPPLY 
Voltage 
Accuracy 
Current 
Regulation. No Load to Full Load 
Ripple. 100kHz Bandwidth 

POWER SUPPLY. SINGLE POLARITY' 
Voltage. Rated Performance 
Voltage, Operating 
Current. Quiescent 

TEMPERATURE RANGE 
Rated Perfonnance 
Storage 

CASE DIMENSIONS 

±10Vmin 
lkn 
ZOmVpk·pk 

(8 to 16)V pk1'k 
100kHz ±S%, max 

±15Vde 
0.-6% 
±15mAmin 
+0,-10% 
zoamv pk1'k 

+15Vdc 
+(8V de to 16V de) 
+13mA 

o to +70oC 
-S,oC to +8SoC 

I.S" X 1.5" x 0.62" 

I Gaia tcmpetat'W'e drift is .,ecifiecl .. a perc:em:. of output sipallcwl. 
IGllinllOllliDearity is apccif'JeCI .. a perc:entIF of output ..... .,an. 
'R.ec:omaIeDcIec power aapp"'. ADI model 904, :l:15V. :l:SOmA O1Itput. 
-Spedf'1CHioaI are for model 286) when cIrivcD by AD. model 281 0Ki11ator circuit (see Fipre 12). 
Spec:ificatiom .. bjec:t to c:banse without notice. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (~). 

1--~"':AX--1J" 
.:r 

G.20TOG.26 
"TOeAl 

• ... ,~\'!'-lI:::t 

SHIELDED MOUNTING SOCKET 
AC10S4 

1-1 ~:.CLAD~::::gHW:.~:"' IT ... ' .1. 
T 112.11 

o.odREF C2.03) MAXI 
~~I ~ -

f. 1-1·-------.... I72A)~~~:..-~=:::::f'.:.:.-D'-AHOLLE 
7 8 • " " ,. 
0 0 Q 0 

... !2PlACES) 

I 
i Ht- -t- ! ~ ~ ~ 

f 

,0, ~ -~<~: -~~-I--+.- a 
'e z COPPER CLAD SHIELD GUARD 

f' ~ .. \ Q CHI 

S'11!.H±H±±§ i ~~r:~' i CI 
.~ 

9 ~ 3 4 tTt ·tH+'f , 
IKJTTOMYIEW WEIGHT: 16G_ --I ~ GRID 0.1 ~.154) 

GUARDING TECHNIQUES 
To preselVe the high CMR performance of model 286, care 
must be taken to keep the capacitance balimced about the in
put terminals. A shield should be provided on the printed cir
cuit board under model 286 as illustrated in the outline drawing 
above (screened area). The GUARD (pin 6) must be connected 
to this shield. This shield is provided with the mounting socket, 
model AC10S4 (solder feedthrough wire to the socket guard 
pin and copper foil surface.) A recommended guarding tech
nique using model AC10S4 is illustrated in Figure 1. 

Best CMR performance will be achieved by using twisted, 
shielded cable to reduce inductive and capacitive pickup. To 
reduce effective cable capacitance, cable shield should be con
nected to the common mode signal source by connecting the 
shield as close as possible to signal low as shown in Figure 1. 

POWER GROUND ':;" 

NOTE 1. =N~,::r=~~~..!f"i~R=L1 
FOR GAINS FROM 1VNTO 101fNN, GAIN -1 +.......!!!!!!!! 

1kO+R,1Ic0l 

NOTEZ.~~!~~=ejlt~~~y=~lt~~; 
CALLEN BRADlEY R£COMMEMJEOI. 

'IOTE a. OUTPUT FILTER CAPACn'OA C-IELECT TO ROLLoOfF NOISE AND OUTPUT 
AI .. LE: ~4.IELECTC>1""'F FOR lID TO 'tOOH1 BAMJWIDTHI 

F 1-aIII-hC~'knl 

Figure 1. Basic Isolator Interconnection 
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THEORY OF OPERATION 
The remarkable performance of model 286J is derived from 
the carrier isolation technique which is used to transfer both 
signal and power between the amplifier's guarded input stage 
and the rest of the circuitry. The block diagram for model 286J 
is shown in Figure 2 below. 

The 320ll input protection resistor limits the differential in
put current during periods of input amplifier saturation and 
also limits the differential fault current to approximately 
SOjJA in case the preamplifier fails. 

The bipolar input preamplifier operates single-ended (non
inverting). Only a difference bias current flows with zero net 
bias current. A third wire return path for input bias current 
is not required. Gain can be set from IV/V to 100VN by 
changing the gain resistor, Ri. To preserve high CMR, the gain 
resistor must be guard~d. Best performance is achieved by 
shorting terminal 2 to terminal 1 and operating model 286J at 
again of lOOVN. 

For powering floating input circuitry such as buffer amplifiers, 
instrumentation amplifiers, calibration signals and transducers, 
dual isolated power is provided. High CMV isolation is achieved 
by the low-leakage transformer coupling between the input pre
amplifier, modulator section and the output circuitry. 

GAIN" , + lkn ~~~knl (1VN TO l00vNI 

. il:Hz 
• INPUT 

.... ER L-__ (!). COM 

Figure 2. Block Diagram - Model 286.1 

OPTIONAL TRIM ADJUSTMENTS 
Model 286J can be applied directly to achieve rated perform
ance as shown in Figure I, on previous page. Additional trim 
adjustment capabiliry for bandwidth, output offset voltage and 
gain (for gains greater than 1 OOV IV) is easily provided as 
shown in Figure 3 (below). The OUT and TRIM terminals can 
be floated with respect to PWR COM up to ±SOV pk, max of
fering three-port isolation. 

The TRIM terminal (pin 11) must be connected to the PWR 
COM terminal (pin 8) 'When not used to adjust the output off
set fJoltage. A O.IIlF capacitor from pin 11 to PWR COM is 
recommended whenever the TRIM terminal is used. 

':' POWERCOM 

,>---+----<>--,E. 
LOAD .,'" 

Figure 3. Optional Connections: Offset Voltage Trim Adjust, 
Bandwidth (-3dB) Rolloff and Gain Adjust (G> 100VN) 
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Understanding the 286J/281 
INTERELECTRODE CAPACITANCE, TERMINAL RATINGS 
AND LEAKAGE CURRENTS LIMITS 
Capacitance. Interelectrode terminal capacitance arising from 
stray coupling capacitance effects between the input terminals 
and the signal output terminals are each shunted by leakage 
resistance values exceeding SOkMn. Figure 4 illustrates the 
CMR ratings at 60Hz and Skn source imbalance between sig
nal input/output terminals, along with their respective capaci
tance. 

-wHEN GUARD TIED TO INPUT COMMON MODE SOURCE 

Figure 4. Model286.1 
Terminal Capacitance 
and CMR Ratings 

Figure 5. Mode1286.1 
Terminal Ratings 

Terminal Ratings: CMV performance is given in both peak 
pulse and continuous ac or dc peak ratings. Pulse ratings are 
intended to support defibrillator and other transient voltages. 
Continuous peak ratings apply from dc up to the normal full 
power response frequencies. Figure S and Table 1 illustrate 
model 286J ratings between terminals . 

SYMBOL 

VI (pulse) 
VI (cont.) 
V2 (pul .. ) 
V2 (pulse) 
V2 (cont.) 
V3 (cont.) 
ZI 
I 

RATING 

±6500VPK (10m.) 
±24OVRMS 
±2500VPK (10m.) Rc; = 0 
±5000VPK (10m.) Rc;' 510kll 
±2500VPK 
±50VPK 
50kMllll2OpF 
50j1A rms 

REMARKS 

Withstand Voltage, Defibrillator 
Withstand Voltage. Steady SUte 
Transient 
Isolation, Defibrillator 
Isolation, Steady State 
Isolation, de 
Isolation Impedance 
Input Fault Limit, de to 200kHz 

Table 1. Isolation Ratings Between Terminals 

Leakage Current Limits. The low coupling capacitance between 
inputs and output yields a ground leakage current of less than 
2.SIlA rms at 11 SV &c, 60Hz (or O.02jJA/V ac). As shown in Fig
ure 6, the transformer coupled modulator signal, through stray 
coupling, also creates an internally generated leakage current 
of about SjJA rms @ 100kHz. Line frequency leakage current 
levels are unaffected by the power on or off condition of 
model 286J. 

For medical applications, model 286J is designed to improve 
on patient safery current limits proposed by F.D.A., U.L., 
A.A.M.I. and other regulatory agencies (e.g., model 286J com
plies with leakage requirements for the Underwriters Labora
tory STANDARD FOR SAFETY, MEDICAL AND DENTAL 
EQUIPMENT as established under ULS44 for type A and B 
patient connected equipment - reference Leakage Current, 
paragraph 27.S). 

In patient monitoring equipment, such as ECG recorders, 
model 286 J will provide adequate isolation without exposing 
the patient to potentially lethal microshock hazards. Using 
passive components for input protection, this design limits 
input fault currents even under amplifier failure conditions. 
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286J1281 
TnT CIRCUITS II MAX, CURRENT LNITS FOR 

ANY SWITCH CLOSURE COMalNATION 

"---'--+-E~f= nn.tM' iM 1100 II INTERNAUY ~ _ _ GENeRATED 

-=- TEST III 

nn.~r--iL"'lf-... -·Et-- ~}::'.DU'ED s ·,,· 
i "" 'llBVAC.. IIIHI: TEIT Clil 

'~'~-'--'----r--~---.--' . 
I 

--,,+---+---1---~--~~~--' 

I 

~~,+--1~~~---t---t~-rt--1 . 
I 

O.1P:A1;l;o--~;-"'::::;-----;;!;----;;~-,;i;----' 

Figure 6. Model286J Leakage Current Performance from Line 
Induced and Internally Generated (Modulator) Operating 
Conditions ' 

PERFORMANCE CHARACTERISTICS 
Common Mode Rejection: Input-to-Output CMR is dependent 
on source impedance imbalance, signal frequency and amplifier 
gain. CMR is rated at llSV ac, 60Hz and Skn imbalance at a 
gain of 100VIV. Figure 7 illustrates CMR performance as a 
function of signal frequency. CMR approaches lS6dB at dc 
with source imbalances as high as Skn. As gain is decreased, 
CMR is reduced. At a gain of IV IV CMR i~ typically 6dB 
lower than at gain of 100V IV. ' , 

'~r--r--~"'--'--~GU-AA-AA-T-EE-D-C.=R-.-G-"-OOV-N~r--r--~", 

~ MO F=F==t-H.,..:d=- WITH ~~tT~~~I~LANCE +-~--1-+H 
Z '20 ! '00 

~ 

i ~ 

i 
FREQUENCY - Ha..· 

Figure 7. Common Mode Rejection va. Frequency 

Figure 8 illustrates the effect of source imbalance on CMR per
formance at 60Hz at gains of 1 VIV, 10V/V, and 100VIV. 
CMR is typically 140dB at 60Hz and a balanced source. CMR 
is maintained greater than 80dB for source imbalances up 
to l00kn. 

I II I 'I I I 

wrIESI' CIRCUIT - EACH RESlBTOR ADJUSTED on TO 'IOCIIdl. 

""':D--I--="'=V",'L:::,:=,GN=EN::.;F"'''::.;'''=~:::.:::CAR='::::EI1STOI1=::;''''''''':::;,::: ... ::''::::T1=I...J.-!::! 
ao~ IMPE~ IMBALANCE-O 

Figure 8. Common Mode Rejection va. Source Impedance 
I",balance 
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Gain Nonlinearity: Linearity error is defined as the deviation 
of the output voltage from the best straight line and is speci
fied as a % of peak-to-peak output voltage span; e.g., nonlinear
ity of model 286J operating at an output span of 10V pk-pk 
(±SV) is ±O.OS% or ±Sm V~ Figure 9 illustrates gain nonlinearity 
for any output span to 20V pk-pk (±10V). 

. 
I 

V-

V-
/ 

V 

o Z 4 I • W 11 M U U m 
OUTfIUTVOLTAGE-VGkIHI 

Figure 9. Gain Nonlinearity va. Output Voltags 

Input Voltage Noise. Voltage noise, referred to input, is de
pendent on gain and bandwidth as illustrated in Figure 10. 
RMS voltage noise is shown in a bandwidth from O.OSHz to 
the frequency shown on the horizontal axis. The noise in a 
bandwidth from O.OSHz to 100Hz is 8j.IV pk-pk at a gain of 
l00VIV. This value is derived by multiplying the rms value at 
f = 100Hz shown in Figure 10 (1.2j.lV rms) by 6.6. 

For best noise performance in particular applications, a low 
pass filter at the output should be used to selectively roll-off 
noise and undesired signal frequencies beyond the bandwidth 
of interest (see note 3, Figure 1). Increasing gain will also 
reduce the input noise. 

~ 
~ 
I 

!!l 
0 z 

~ 
!:; 
~ 
i 
i!! 

10 
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0.1 
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II I II ",. 

IG~IN'1VN .u--~ 
2Op.VPK.pK ". 

ol.JlooJ~ 
(O~ 

8pVPK.pK 

.......... (D.06Hz TO 100Hz) 

~ 
10 100 1000 
BANDWIDTH 1-3118) - Hz 

Figure 10. Input Voltage Noise VI. Bandwidth 

Input Offset Voltage Drift. Total input drift is composed of 
two sources, input and output stage drifts and is gain depend
ent. The curve of Figure 11 illustrates total input drift over the 
gain range of 1 to 100VIV. 

''''' 

r-.... 
....... 

D 
'0 '00 

GAlN-YN 

Figure 11. Input Offset Voltage Drift VI. Gain 
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REFERENCE EXCITATION OSCILLATOR 
When applying model 286), the user has the option of building 
a low cost 100kHz excitation oscillator, as shown in Figure 12, 
or purchasing a module from Analog Devices - model 281. 

--'-".J"---"- i OUT 

L-l..!JC"f"H .. ·OUT 

NOTES: 
1. FREo. ADJUST: ADJUST TRIM POT FDA OUTPUT FREolUENCY OF 100kHz i5%. 
2. FOR SLAVE OPERATION, REMOVE JUMPER fROM SYNC OUT AND SYNC IN PINS. 
3. USE CERAMIC CAPACITOR, "COO" OR "NPQ" CHARACTERISTIC. 

Figure 12. Model281 100kHz Oscillator - Logic and 
Interconnection Diagram 

The block diagram of model 281 is shown in Figure 13. An 
internal + 12V dc regulator is provided to permit the user 
the option of operating over two, pin selectable, power in
put ranges; terminal 6 offers a range of +l4V dc to +28V dc; 
terminal 7 offers an input range of +8V dc to +14V dc. 

+12~...ru 
!-___ (;,!)iOUTPUT 

+12~L..Il.. 

i---__ {".JIIOUTPUT 

'LEAVE TERMINAL 6 OPEN, WHEN POWER IS APPLIED TO TERMINAL 7. 

Figure 13. Model 281 Block Diagram 

Model 281 oscillator is capable of driving up to 16 model 
286)'s as shown in Figure 14. An additional model 281 may 
be driven in a slave-mode, as shown in Figure 15, to expand 
the total system channels from 16 to 32. By adding additional 
model 281 's in this manner, systems of oyer 1000 channels 
may be easily configured. 

EXTERNAL OSCILLATOR INTERCONNECTION 

Figure 14. Model 281/286 Connection for Driving from 
1 to 16 Isolators 

Figure 15. Model 281/286 Connection for Driving> 16 
Isolators 
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Applying the 286J/281 
SPECIFICATIONS 
(typical @+25°Cand Vs = +15V dc unless otherwise noted) 
MODEL 

OUTPUT 
Frequency 
Waveform 
Voltage (rfJ and iii terminals) 
Fan-Out1,2 

POWER SUPPLY RANGE 3 

High Input, Pin 6 
Quiescent Current, N.L. 

FL. 
Low Input, Pin 7 

Quiescent Current, N.L 
F.L. 

TEMPERATURE 
Rated Performance 
Storage 

MECHANICAL 
Case Size 
Weight 

28) 

100kHz ±5% 
Squarcwave 
Oto+12Vpk 
16 max 

+(14 to 28)V dc 
+SmA 
+16mA 
+(8 to 14)V de 
+12mA 
+33mA 

o to +70oC 
_55°C to +8S oC 

1.4" x 0.6" x 0.49" 
10 grams 

L Model 286) oscillator drive input represents unity oscillator load. 
a For applications requiring more than 16 286}'s, additional 281'5 may be used 
in a master/slave mode. Refer to Figure 15. 
! Full load consists of 16 model 286}'s and 281 oscillator slave. 
Specifications subje<:t to change without norice. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

MODEL 281 

HHWII-I-ffi J 
BOTTOM VIEW -l I 
WEIGHT: '0 GRAMS ...... 0.1 (2.54!GRID 

PIN TERMINAL IDENTIFICATION 
, roWE R COMMON 5 SYNC OUTPUT 
2 ;POUTPUT 6 +Vs: HIGH RANGE +(14 to2B!Vdc 
3 o OUTPUT 7 +Vs: LOW RANGE +(8 to 141Vdc 
4 SVNCINPUT 

MATING SOCKET, CINCH #16 DIP OR EQUIVALENT 

GUIDELINES ON EFFECTIVE SHIELDING & 
GROUNDING PRACTICES 
• Use twisted shielded cable to reduce inductive and capaci

tive pickup. 
• Drive the transducer cable shield, S, with the common mode 

signal source, EG, to reduce the effective cable capacitance 
as shown in Figure 16. This is accomplished by con
necting the shield point S, as close as possible to the trans
ducer signal low point B. This may not always be possible. 
In some cases the shield may be separated from signal low 
by a portion of the medium being measured (e.g. pressure 
transducer). This will cause a common mode signal, EM' to 
be generated by the medium between the shield and the sig
nal low. The 78dB CMR capability of model 286J between 
the input terminals (HI IN and LO IN) and GUARD, will 
work to suppress the common mode signal, EM' 

• Dress unshielded leads short at the connection terminals 
and reduce the area formed by these leads to minimize in
ductive pickUp. 
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286J/281 
TRANSDUCER 

P.C.CARDSHIELD 286J 

TRANSDUCER}- _ ~~TING GUARD 

CABLE I 1 100kHz esc INPUT 

I 5 r 

MEDIUM _ ..-/" 
COMMON 

MODE 
VOLTAGE 

TR.tI.NSOUCER 
GROUND 

I I 
I • 
I 
I 

GROUND COMMON MODE 
VOLTAGE 

Figure 16. Transducer - Amplifier Interface 

GAIN AND OFFSET TRIM PROCEDURE 

SYSTEM 
GROUND 

In applying the isolation amplifier, highest accuracy is achieved 
by adjustment of gain and offset voltage to minimize the peak 
error encountered over the selected output voltage span. The 
following procedure illustrates a calibration technique which 
can be used to minimize output error. In this example, the 
output span is +5V to -5V and operation at Gain = lOV/V 
is desired. 

1. Apply eIN = 0 volts and adjust Ro for eo = 0 volts. 

2. Apply elN = +0.500V dc and adjust Rc for eO = +5.000V dc. 
3. ApplyeIN = -o.500V dc and measure the output error 

(see curve a). 
4. Adjust RG until the output error is one half that measured 

in step 3 (see curve b). 
5. Apply +O.SOOV de and adjust Ro until the output error is 

one half that measured in step 4 (see curve c). 

-5 -4 -3 -2 -1 +1 +2 +3 +4 +5 

OUTPUT VOLTAGE - Volts 

Figure 17. Gain and Offset Adjustment 

APPLICATIONS IN INDUSTRIAL MEASUREMENT AND 
CONTROL SYSTEMS 
Remote Sensor Interface: In chemical, nuclear and metal proc
essing industries, model 286J can be applied to measure and 
control off-ground millivolt signals in the presence of 
±2500V CMV signals. In interface applications such as pH 
control systems or on-line process measurement systems such 
as pollution monitoring, model 286J offers complete galvanic 
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isolation to eliminate troublesome ground loop problems. 
Isolated power outputs and adjustable gain add to the applica
tion flexibility of this model. 

Figure 18 illustrates how model 286J can be combined with a 
low drift, l/lVtC max, front-end amplifier, model AD510K, 
to interface low level transducer signals. Model 286J's isolated 
±15V dc power and front-end guard eliminate ground loops 
and preserve high CMR (HOdB min @ 60Hz). 

,....,--+---t-<'~ov 

POWER 
COM 

Figure 18. Input Signal Conditioning Using Isolated Power for 
Transducer Buffer Amplifier 

Current Loop Receiver: Model 286J can be applied to measure
ment of analog quantities transmitted via 4-2OmA current 
loops over substantial distances through harsh environments. 
Figure 19 shows an application of model 286J as a current 
loop receiver. A 25n resistor converts the 4-2OmA current 
input from a remote loop to a 100-500mV differential voltage 
input, which the 286J amplifies, isolates, and translates to a 
o to +5V output level at local system ground. 

Among the most-helpful characteristics of the 286J in this kind 
of measurement are the high common-mode rejection (11 OdB 
minimum at 60Hz with 5kn source unbalance) and the high 
common-mode rating (±2500 volts dc). The former means low 
noise pickup; the latter means excellent isolation and protec
tion against large transients. The high common-mode rejection, 
permitting relatively low input voltage to be used (O.4V span, 
in this case), permits the use of a low current-metering resist
ance, which in turn results in low compliance-voltage loading 
on the current loop, and therefore permits insertion into exist
ing loops without encountering overrange problems. The gain 
of 12.5 provides a substantial output span, and the floating out
put permits biasing to a 0 to 5V range. 

4-2OmA 
CURRENT 
LOOP 

25fi 
MEASURING 
RESISTOR 

) 
G'" 12.5VN ZERO ADJUST: 

ADJUST FOR 
~..«4~AOV WHEN 

'Okn 
I -"""'Eo i9 10k" f ~5Ok" 

'Ok" 

Figure 19. Isolated Analog Interface; 4 to 20mA is Converted 
to 0 to +5V at the Output, with Up to ±2500V of Isolation 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Low Nonlinearity: ±O.012% max (289L) 
Frequency Response: (-3dS) de to 20kHz 

(Full Power) de to 5kHz 
Gain Adjustable 1 to 100VN, Single Resistor 
3·Port Isolation: ±2500V CMV Isolation Input/Output 
Low Gain Drift: ±o.oo5%fC max 
Floating Power Output: ±15V @ ±SmA 
120dS CMR at 60Hz: Fully Shielded Input Stage 
Meats UL Std. 544 Leakage: 2j.IA rms max, @ 115V &c, 60Hz 

APPLICATIONS 
Multi·Channel Data Acquisition Systems 
Current Shunt Measurements 
Process Signal Isolator 
High Voltage Instrumentation Amplifier 
SCR Motor Control 

GENERAL DESCRIPTION 
Model 289 is a wideband, accurate, low cost isolation ampli
fier designed for instrumentation and industrial applications. 
Three accuracy selections are available offering guaranteed 
gain nonlinearity error at lOV P'p output: ±O.Ol2% max 
(289L), ±O.025% max (289K), ±O.05% max (289j). All ver· 
sions of the 289 provide a small signal frequency response 
from de to 20kHz (-3dB) and a large signal response from de 
to 5kHz (full power) at a gain of lVIV. This new design offers 
true 3·port isolation, ±2500V de between inputs and outputs 
(or power inputs), as well as 240V rms between power supply 
inputs and signal outputs. Using carrier modulation tech
niques with transformer isolation, model 289 interrupts 
ground loops and leakage paths and minimizes the effect of 
high voltage transients. It provides l20dB Common Mode 
Rejection between input and output common. The high CMV 
and CMR ratings of the model 289 facilitate accurate measure
ments in the presence of noisy electrical equipment such as 
motors and relays. 

WHERE TO USE THE MODEL 289 
The model 289 is designed to interface single and multichannel 
data acquisition systems with de sensors such as thermo· 
couples, strain gauges and other low level signals in harsh in
dustrial environrnenrs. Providing high accuracy with complete 
galvanic isolation, and protection from line transients of fault 
voltages, model 289's performance is suitable for applications 
such as process controllers, current loop receivers, weighing 
systems, high CMV instrumentation and computer inter-
face· systems. 

Use the model 289 when data must be acquired from floating 
transducers in compu terized process control systems. The 
photograph above shows a typical multichannel application 
allowing potential differences or interrupting ground loops, 
among transducers, or between transducers and local ground. 
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Precision, Wide Bandwidth, 
Synchronized Isolation Amplifier 

289 I 
FUNCTIONAL BLOCK DIAGRAM 

DESIGN FEATURES AND USER BENEFITS 
Isolated Power: The floating power supply secLion provides 
isolated ±1SV outputs @ ±5mA. Isolated power is regulated to 
within ±5%. This feature permirs model 289 to excite floating 
signal conditioners, front-end buffer amplifiers and remote 
transducers such as thermistors or bridges, eliminating the need 
for a separate isolated dcldc converter. 

Adjustable Gain: A single external resistor adjusts the model 
289's gain from 1 V IV to lOOV IV for applications in high and 
low level transducer interfacing. 

Synchronized: The model 289 provides a synchronization 
terminal for use in multichannel applications. Connecting the 
synchronization terminals of model 289s synchronizes their 
internal oscillators, thereby eliminating the problem of oscil
lator "beat frequency" interference that sometimes occurs 
when isolation amplifiers are closely mounted. 

Internal Voltage Regulator: Improves power supply rejection 
and helps prevent carrier oscillator spikes from being broad
cast via the isolator power terminal to the rest of the system. 

Buffered Output: Prevents gain errors when an isolation ampli
fier is followed by a resistive load of low impedance. Model 
289 can drive a 2kO load. 

Three-Port Isolation: Provides true galvanic isolation between 
input, output and power supply ports. Eliminates need for 
power supply and output ports being returned through a com
mon terminal. 

Reliability: Model 289 is conservatively designed to be capable 
of reliable operation in harsh environments. Model 289 has a 
calculated MTBF of 271,835 hours. In addition, the model 
289 meets UL Std. S44leakage, 2p.A rms @ l1SV ac, 60Hz, 
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289 - SPECIFICATIONS (typical @ +25"C and Vs = ±14.4V to +25V dc unless otIIerwise noted) 

Model 

GAIN (NONINVERTING) 
Range 

Formula 

Deviation from Formula 
n. TemperaNrc (0 to +70°C)1 

289} 

Nonlinearity, (tSV Swing)2,3 to.OS" max 

INPUT VOLTAGE RATINGS 
Linear Differential Range (G .. 1 V/V) 
Max Safe Differential Input 

Continuous 
1 Minute 

Max CMV (Inputs to Outputs) 
Continuous ac or de 
ac, 60Hz, 1 Minute Duration 

CMR, Inputs to Outputs 60Hz 
RS "tkO, Balanced Source Im'pedancc 
Rs" Ikll. HI IN Lead Only 

Max Lcaklle CUrrent, Input to Output@ 
11SV rms, 60Hz ac 

INPUT IMPEDANCE 
Differential 
Overload 
Common Mode 

INPUT DIFFERENCE CURRENT 
Initial @+2SoC 
VS. Temperature (0 to 70°C) 

INPUT NOISE (GAIN = looVlV) 
Voltage 

O.OSHz to 100Hz 
10Hz to 1kHz 

Current 
0.05Hz to 100Hz 

FREQUENCV RESPONSE 
SmaU Signal-3dB 

G=IVN 
G-looV/V 

Full Power. 10V pop Output 
G-IV/V 
G=looVN 

FuB Power, 20V p-p Output 
G=IVN 
G=looVN 

Slew Rate 
Settling Time4 to.05". t 10V Step 

OFFSET VOLTAGE, REFERRED TO INPUT 
Initial,@+25°C 

vs. Temperature (0 to +70oC) ±(20+ ~O)"vfcmax 

VI. Supply Voltage (+15V to +20V chan,e) 

RATED OUTPUT 
Voltage, 2kSl Load 
Output Impedance 
Output Ripple, O.lMHz Bandwidth 

NoSignaJ IN 
+lOVIN 

ISOLATED POWER SUPPLY 
Voltage 
Accuracy 
Current 
Replation No Load to Full Load 
Ripple. O.lMHz Bandwidth. No Load 

Full Load 

POWER SUPPLY, SINGLE POLARITY' 
Voltage, Rated Performance 
Volt •• Operating 
Current, Quiescent (@Vs = +15V) 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 

CASE DIMENSIONS 

NOTES 
I GaIn temperature drift is tpecif"aed u. pm:eatlp of oulpUt IIpallevel. 

289K 289L 

ltolOOVN 

G-I + :::'k(~1I) 
±l.S% max 
ISppmtC typ (SOppmtC max) 
W.02S% max to.012% max 

±10Vmin 

120Vrms 
240Vrms 

±2S00V peak max 
2500Vrms 

12Od8 
l04dB min 

2/lArmsmax 

13pFUIO'O 
lookO 
20pFUS X 10100 

IOnA (75nA max) 
O.lSnAtC 

3pAnns 

20kHz 
SkHz 

5kHz 
3.SkHz 

2.3kHz 
2.3kHz 
0.14V/jIS 
400jIS 

±(5+~) mVmax 

t(U + l~)"Vfcmax 

t(2 +1f )"VN 

±lOVmin 
<lO(dc to 100Hz) 

±lSVdc 
ilO% 
±SmA,min 

is'' 
2SmV P1' 
75mVp-p 

+14.4V to +25V 
+8.SV to +2SV 
+25mA 

o to +70oC 
_15°C to +7SoC 
_'5°C to +8'oC 

I.," X 2.0" X 0.75" 

±(10+ ~)"vfcmax 

t Gain DOIIIiMarity islPccif"1Cdi ... petceaap' of lOY pkopk outp1It "III. 
"Whea silted power oulpUt is ..... aoi6aeMity _raMI by zO.G02'»/mA of curreat draw.. 
4G_IVIV,with 2-pote, JkHzouqnatrdter(tee PilUre n). 
'1lcc:aInateDdcd power .. ppl,. ADI model 904, iiSV. SOmA output. 
Spedf'aeldonl nbject to ell .. witbout DOtlce. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches 8nd (mm). 

r-Z.G2 IS1.18) MAX--1 

t 
0,75 

MODEL 289 "8.161 
MAX 

L --1 

~l 
1.61 

138.11 

... 1 
SHIELDED MATING SOCKET 

AC1214 
0.118 

____ --lIIU3) I" 2.71 ..... 1 REF • • MAX 

.1.., q/~tCOPPERCLADSHIEgLD 'It :~ ~\O 
T It2.7IMAX f:i?: FEEDTHROUGH WIRE • 

REF 

~~l 
1.51 

138.11 

~~l 

INTERCONNECTIONS AND SHIELDING 
TECHNIQUE 
To preserve the high CMR perfonnance of 
model 289, care must be taken to keep the 
capacitance balanced about the input tenninals. 
A shield should be provided on the printed cir
cuit board under model 289 as illustrated in the 
oudine drawing above (screened area). The LO 
IN/ISO PWR COM (pin 1) must be connected 
to this shield. This shield is provided with the 
mounting socket, model AC1214 (solder feed
through wire to the socket pin 1 and copper 
foil surface). A recommended shielding tech
nique using model AC1214 is illustrated in 
Figure 1. 

Best CMR perfonnance will be achieve4 by 
using twisted, shielded cable for the input signal 
to reduce inductive and capacitive pickup. To 
further reduce effective cable capacitance, the 
cable shield should be connected to the com
mon mode signal source as close to signal low 
as possible (see Figure 1). 
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Understanding the Isolation Amplifier Performance - 289 
TRANSDUCER 

CABLE 

'-------:l:2!iOOVdcMAX-----"'---' 

NOTE: 
GAIN RESISTOR Ro.'" 60ppmrc METAL FILM TYPE IS RECOMMENDED. 
FOR GAIN -'VN. LEAVE PIN4 OPEN 
FOR GAIN> 1VN. CONNECT GAIN RESISTOR IRGI BETWEEN PIN 4 AND PIN 1 
GAIN" 1 + 'OkO lIGlm. 

Figure 1. Basic Isolator Interconnection 

mEORY OF OPERATION 

Eo 

The remarkable performance of the model 289 is derived from 
the carrier isolation technique used to transfer both signal and 
power between the amplifier's input stage and the rest of the 
circuitry. A block diagram is shown in Figure 2. 

Figure 3. Model289 
Terminal Capacitance 

Figure 4. Model 289 
Terminal Ratings 

Terminal Ratings: CMV performance is given in both peak 
pulse and continuous ac, or dc peak ratings. Continuous peak 
ratings apply from dc up to the normal full power response 
frequencies. Figure 4 illustrates model 289 ratings between 
terminals. 

GAIN AND OFFSET TRIM PROCEDURE 
The following procedure illustrates a calibration technique 
which can be used to minimize output etror. In this example, 
the output span is +SV to .-SV and Gain = 10V IV. 

1. Apply EIN = 0 volts and adjust Ro for Eo = 0 volts. 

2. Apply EJN = +O.500V dc and adjust RG for Eo = 
+S.OOOV dc. 

3. Apply EJN = -O.SOOV dc and measure the output error 
~:~ (see curve a). 

r-..... ---++fIl~f-H-~i-----(!) 4. Adjust RG until the output error is one-half that measured 

, , 
I 
L'~!~I~L2 ___________ _ 

Figure 2. Model 289 Block Diagram 

The input signal is filtered and appears at the input of the non
inverting amplifier, Ai. This signal is amplified by A1, with Its 
gain determined by the value of resistance connected exter
nally between the gain terminal and the input common termi
nal. The output of A1 is modulated, carried across the isola
tion barrier by signal transformer T1, and demodulated. The 
demodulated voltage is filtered, amplified and buffered by 
amplifier A2, and applied to the output terminal. The voltage 
applied to the Vs terminal is set by the regulator to + 12V 
which powers the 100kHz symmetrical square wave power 
oscillator. The oscillator drives the primary winding of trans
former T2. The secondary windings of T2 energize both input 
and output power supplies, and drives both the modulator 
and demodulator. 

INTERELECTRODE CAPACITANCE AND TERMINAL 
RATINGS 

Capacitance: Interelectrode terminal capacitance, arising from 
stray coupling capacitance effects betweeri the input terminals 
and the signal output terminals, are each shunted by leakage 
resistance values exceeding SOGn. Figure 3 illustrates model 
289's capacitance, between terminals. 

REV. A 

in step 3 (see curve b). 

S. Apply +O.SOOV dc and adjust Ro until the output error is 
one-half that measured in step 4 (see curve c). 

-5 -4 -3 -2 -1 +1 +2 +3 +4 +5 

OUTPUT VOLTAGE - Voltt 

Figure 58. Recommended Offll8t and Gain Adjustment 
for Gains> 1 

,..----------1r-<'fo 

Figure 5b. Recommended Offset Adjustment for G = 1 V N 
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289 
PERFORMANCE CHARACTERISTICS 
Figure 6 shows the phase shift vs. frequency. The low phase 
shift and wide bandwidth of the model 289 make it suitable 
for use in SCR Motor Controller and other high frequency 
applications. 

Figure 7 illustrates the effect of source impedance imbalance 
on CMR performance at 60Hz for gains of 1VN, 10V/V, and 
1 OOV N. CMR is typically 120dB at 60Hz and a balanced 
source impedance. CMR is >6OdB for source impedance im
balances up to 100kn. 

, .. 

II m 
I:! 120 

~ , , .. 
t 

/ 
iii .. 

I 
/ 

~ -, .. " FREQUENCV - H3: 

Figure 6. Typical 289 Ph_ VB. Frequency 

, ... 
AOURCE IMBALANCE - n 

Figure 7. Typical 289 Common Mode Rejection VI. 

SOurce Impedance 

Input Voltage Noise: Voltage noise, referred to input, is 
dependent on gain and bandwidth. Figure 8 shows rms voltage 
noise in a bandwidth from O.OSHz to the frequency shown on 
the horizontal axis. The noise in a bandwidth from O.OSHz to 
100Hz is 81lV pk-pk at a gain of 100VIV. The peak-to-peak 
value is derived by mUltiplying the rms value at F = 100Hz 
(I.21lV rms) by 6.6. 

For best noise performance in particular applications, a low 
pass filter at the output should be used to selectively roll
off noise and undesired signal frequencies beyond the band
width of interest. Increasing gain will also reduce the noise, 
referred to input. 

~~". 
. "' 

GAIN 289 lOUTL~"~ HIGD.H~A88 ~ 
--'- • 9 fiLTER FlllE!! ~ If--+-+-H+--+--+-+-H e ,1 JflT BeOPE 

~ ~o.o - LO't.I PWRCOM c::i::tu~t:~~ l! = NDISUESTCIACUIT ~ 
~ 

J 
~ 

FREQUENCY Hz 

Figure 8. Typical Input Volt. Noise VB. Bandwidth 
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Gain Nonlinearity: Linearity error is defined as the deviation 
of the output voltage from the best straight line and is speci
fied as a % peak-to-peak output voltage span; e.g., nonlin
earity of model 289J operating at an outputspan of 10V pk-pk 
(±SV) is ±O.OS% or ±SmV. Figure 9 illustrates gain nonlin
earity for any output span to 20V pk-pk (±10V). Figure 10 
shows the effect of gain vs. gain nonlinearity. 

.. , 

... -~ 288. --, 
288L 

, 
• 8 , ... 

,8 20 
OUTPUT SWING p.p VOLTS 

Figure 9. Typical Gain Nonlinearity VB. Output Swing 
.. , 

i -z •• 
~ 

, 
i .... 
~ 

, 

.... , 

" 
". - ..;::10" 

,. , .. 
GAIN-VN 

Figure 10. Typical Gain Nonlinearity VB. Gain 

Common Mode Rejection: Input-to-output CMR is dependent 
on source impedance imbalance, signal frequency and ampli
fier gain. CMR is rated at 11SV ac, 60Hz and 1kn balanced 
source at a gain of 1 OOV IV. Figure 11 illustrates CMR per
formance as a function of signal frequency. CMR approaches 
lS6dB at dc with source imbalance as high as 1kn. As gain is 
decreased, CMR is reduced. At a gain of IV IV, CMR is typi
cally 6dB lower than at a gain of 100V/V. 

r--l- 1 I I I I 
I I I T-t--!. 

... ~. r-r-f- . 5 OUT r-I '--..~ ..... 9 ~ 
I- . -r, DLOOur 
~L.......J'O," 

Elf' 11&V1IO 

f-7ESTCIRCUIT _.kll EACH AUISTOA CMII VALUE G1Vr FOA jRlTrSj AjlSTOA i_1NATION 
, .. , .. 

Figure 11. Typical Common Mode Rejection VB. Frequency 
aU Gain of 1VN, CMR is typically 6dB Lower than aU 
Gain of 100V N 
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MULTICHANNEL APPLICATIONS 
Isolation amplifiers containing internal oscillators may exhibit 
a slowly varying offset voltage at the output when used in 
multichannel applications. This offset voltage is the result of 
adjacent internal oscillators beating together. For example, if 
two adjacent isolation amplifiers have oscillator frequencies of 
100.0kHz and 100.lkHz respectively, a portion of the dif
ference frequency may appear as a slowly varying output 
offset voltage error. Model 289 eliminates this problem by 
offering a synchronization terminal (pin 8). When this terminal 
is interconnected with other model 289 synchronizatiSlD ter
minals, the units are synchronized. Alternately, one or more 
units may be synchronized to an external 100kHz ±2% square
wave generator by the connection of synchronization termi
a1(s) to that generator. The generator output should be 
2.5V-5.0V pop with 1k!l source impedance to each unit. 
Use an external oscillator when you need to sync to an ex
ternal 100kHz source, such as a sub-multiple of a micropro
cessor clock. A differential line driver, such as SN75 158, can 
be used to drive large clusters of model 289. When using the 
synchronization pin, keep leads as short as possible and do 
not use shielded wire. These precautions are necessary to avoid 
capacitance from the synchronization terminal to other points. 
It should be noted that units synchronized must share the same 
power common to ensure a return path. 

APPLICATIONS IN INDUSTRIAL MEASUREMENT AND 
CONTROL SYSTEMS 
Isolated DAS. In data acquisition systems where multiple 
transducers are powered by a single supply and the magnitude 
of that supply is low enough for a multiplexer to handle the 
voltages on all the transducers, it is economical to multiplex 
ahead of an isolator. The fast settling time of the model 289 
makes this configuration practical where slower isolators would 
not be usable. 

Figure 12 shows an application where the difference in voltage 
between any two terminals of any of the ·transducers does not 
exceed 30 volts. Though the input of the model 289 is pro
tected against line voltage, its power terminals are not; neither 
is the multiplexer so protected. This circuit will not, therefore, 
withstand the differential application of line voltage. 

Multiplexer addressing is binary, an enable providing selection 
of the circuit shown as a signal source. Optical isolation is pro
vided for digital signals. When several of these circuits are used 
for several groups of transducers, the model 289's should be 
synchronized. 

Figure 12. DAS with MUX AheBd of Isolator 
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Applying the 289 

',. 
IFROM 
ISOLATOR) 

,'" 

LM310 IS A BUFFER AMPLIFIER 

EOUT 

··15V +15V 

Figure 13. 2-Pole, 5kHz Active Filter 

Noise Reduction in Data Acquisition Systems. Transformer 
coupled isolators must have a carrier to pass dc signals through 
their signal transformers. Inevitably some carrier frequency 
ripple passes through to the isolator output. As the bandwidth 
of an isolator becomes a larger fraction of its carrier frequency, 
this ripple becomes more difficult to control. Despite this dif
ficulty, the model 289 produces very low ripple; therefore, 
additional filtration will usually be unnecessary. However, in 
some applications, particularly where a fast analog-to-digital 
converter is used following the isolator, it may be desirable to 
add filtration; otherwise, ripple may cause inaccurate conver
sions. The 2-pole low-pass shown in Figure 13 limits isolator 
bandwidth to 5kHz, which is the full power bandwidth of the 
model 289. Carrier ripple is much reduced. Another beneficial 
effect of an output filter is smoothing of discontinuous high 
frequency waveforms. 

Motor Control and AC Load Control: Phase shift and band
width are important considerations for motor control and ac 
load control applications. The model 289 possesses sufficient 
bandwidth and acceptable phase shift for such tasks. 

Figure 14 shows two model 289's sensing the armature voltage 
and current of a motor. Faithful replicas of the waveforms 
of these variables are applied to the motor control. A1 oper
ates at unity gain from divided R1-R3 to deliver an output 
that is 11100 of the armature voltage of the motor. A2 
operates at a gain of 1 OOV N to deliver a voltage 100 times 
that developed across the current sensing shunt. 

VOLTAGE 
SENSE t--(."J.IC-'\ 

MOTOR 
INPUT CONTROL 

CURRENT 

.'N··I-HC!)Ir:::::-,\ 

Figure 14. Isolating a Motor Controller 
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289 
Figure lS shows three model 289's sensing the voltages on the 
three phases of an ac load. The Y network shown divides the 
voltages of the three phases and creates a neutral for the input 
commons of the isolators. The output of each isolator is a 
faithful replica of the phase of the waveform it senses. The 
isolator outputs provide the feedback necessary for the trig· 
ger control to correctly fire the triacs. In other applications, 
the outputs of the isolators might have been fed to rms·to-dc 
converters. 

~-$~-j----------------------------------~~ 

TO 

~D 

~~~t--+--~~----------------~---r~~~~ 

Figure 15. Isolating a 3-Phase Load Controller 

Isolated DACs: Figure 16 shows a 12-bit DAC with ±SV 
isolated output. A buffered -SV reference voltage is provided 
to the DAC by Ala, Alb and'associated circuitry. The digital 
input causes a proportion of DAC current to flow into OUT1 
of the DAC. The remaining DAC current flows into OUT2. 
Current flowing into OUT1 causes positive voltage at the out
put of Ale. Current flowing into OUT2 causes a positive volt
age at the output of A1d, which in turn causes a negative 
voltage at the output of A1c. Voltage appearing at the output 
of Ale is reproduced at the output of the model 289. RS and 
R8 must be adjusted to produce less than O.SmV at OUT1 and 
OUT2 of the DAC respectively. R1 S may be used to adjust gain 
and R11 to adjust offset with the binary code lOOO 0000 0000 
to zero. 

"" 4 .... 

". f--o. ..... _+-....;,,;=-_~-'i,ii ... ii.-- -v ISO 

"" "IS 
50 " .. 

+15V 

ALL----t:i-SCHOTTKY DIODES 

Figure 16. 12-8it Isolated Voltage DAC 
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Figure 17 shows the model 289 providing an isolated 4-to-
20rnA output from a 12-bit DAC. Ala provides a -4V refer
ence to the DAC. The digital input causes a portion of DAC 
current to flow into OUT1, causing a positive voltage at the 
output of Ald. Alb produces a voltage across R4 proportional 
to DAC current. A1c and associated circuitry sink a current 
which is one-fourth of the full scale current of the DAC, 
causing a positive voltage of 1 volt at the output of Ald. 
With the ,code 111111111111, +S volts appears at the out
put of Ald. Operation is unipolar with a positive offset. The 
output voltage of A1d is reproduced at the output of the 
. isolator, where the circuitry shown converts it into a 4-to-
20rnA current which may be applied to the load RL' 

-v LOOP 

Figure 17. 12-8it Isolated Process Current DAC 

Temperature Measurement: Figure 18 shows the model 289 
providing a ground-referred output in an application measuring 
the temperature of an object floating at a high common mode 
voltage. The ADS90 temperature sensor sinks a current of 
-lJ.l.AlK. This current flows into the gain terminal of the model 
289, developing + 10m V IK across the internal feedback resistor. 
This voltage also appears at the output of the model 289. 

The circuitry shown connected by a dotted line may be useful 
if an output of 10mV tc is desired. A current of +273J.l.A 
is sourced through the 8.66k resistor and the potentiometer 
cancelling the ADS90 current at OoC (273K), resulting in 
Ornv at the output at OoC . 

..... 

CONNECTIONS TO GAIN TERMINALS SHOULD 
BE KEPT AS SHORT ASPOSSIat.E. 

Figure 18. Isolated Temperature Measurement 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Low Cost 
Multichannel Capability Using External Oscillator (292A) 
Isolated Power Supply: ±13V de @ ±5mA (290A) or ±15mA 

(292A) 
Low Nonlinaarity: 0.1% @ 10V pk-pk Output 
High Gain Stability: 0.001%/1000 Hours; 0.01%fC 
Small Size: 1.5" X 1.5" X 0.62" 
Low Input Offset Voltage Drift: 10llVfc (Gain = 100VN) 
Wide Input/Output Dynamic Range: 20V pk-pk 
High CMV Isolation: 1500V dc, Continuous 
Wide Gain Range: 1 to 100VN 

APPLICATIONS 
Ground Loop Elimination in Industrial and Process Control 
High Voltage Protection in Data Acquisition Systems 
Fetal Heart Biomedical and Monitoring Instrumentation 
Off-Ground Signal Measurements 

GENERAL DESCRIPTION 
Models 290A and 292A are low cost, compact, isolation ampli
fiers that are optimized for single and multichannel industrial 
applications, respectively. The model 290A has a self-contained 
oscillator and is intended for single channel applications. A 
single external synchronizing oscillator can drive up to 16 
model 292As or, a virtually limitless number of model 292As 
can be configured using multiple oscillators. The user can sup
ply the external oscillator circuit or specify model 281 oscil
lator module, which includes a voltage regulator for operation 
over a wide single supply voltage range of +8V to +28V. 

Models 290A and 292A design features include: adjustable gain, 
from 1 to 100VN, dual isolated power, ±13V dc, ±lS00V dc 
off ground isolation, 100dB minimum CMR at 60Hz, lkSl 
source imbalance; in a compact 1.S" X I.S" X 0.6" module. 
Models 290A and 292A achieve low input noise of 11lV pk-pk 
(10Hz bandwidth, G = 100V/V), nonlinearity of ±0.1% @ 10V 
pk-pk output, and an inputloutput dynamic range of 20V 
pk-pk. 

Using modulation techniques with reliable transformer isola
tion, models 290A and 292A will interrupt ground loops, 
leakage paths, and voltage transients, while providing dc to 
2kHz (-3dB) response. . 

WHERE TO USE MODELS 290A AND 292A 
Industrial AppHcations: In data acquisition systems, computer 
interface systems, process signal isolators and high CMV instru
mentation, models 290A and 292A offer complete galvanic iso
lation and protection against damage from transients and fault 
voltages. High level transducer interface capability is afforded 
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Low Cost, Single and 
Multichannel Isolation Amplifiers 

290Al292A I 

FUNCTIONAL BLOCK DIAGRAM 

GAIN· 1 + 1kn ~~:nl I1VN TO 100vNI 

with 20V pk-pk input signal range at a gain of 1 V IV operation. II 
In portable single or multichannel designs, single power supply 
operation (+8V to +16V) enables battery operation. 

DESIGN FEATURES AND USER BENEFITS 
Isolated Power: Dual ±13V dc output, completely isolated from 
the input power terminals (±lS00V dc isolation), provides the 
capability to excite floating signal conditioners, front end buf
fer amplifiers and remote transducers such as thermistors or 
bridges. 

Adjustable Gain: Models 290A and 292A adjustable gain offers 
compatibility with a wide class of input signals. A single ex
ternal resistor enables gain adjustment from IV/V to 100VN 
providing flexibility in both high level transducer interfacing 
as well as low level sensor measurement applications. 

Floating, Guarded Front-End: The input stage of models 290A 
and 292A can directly accept floating differential signals or it 
may be configured as a high performance instrumentation 
front-end to accept signals having CMV with respect to input 
power common. 

High ReHability: Models 290A and 292A are conservatively 
designed, compact modules, capable of reHable operation in 
harsh environments. They have a calculated MTBF of over 
400,000 hours and are designed to meet IEEE Standard for 
Transient Voltage Protection (472-1974: Surge Withstand 
Capability). 
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290Al292A-SPECIFICATIONS ~~:~~~I @ +25°C; G = 100VN and Vs = +15V dc, unless othelWise 

MODEL 

GAIN (NON INVERTING) 
Range (SOk!l Load) 

Formula 

Deviation from Fonnula 
vs. Time 
vs. Temperature (_25°C to +8S0 C)1 
Nonlinearity, G = IV/V to lOOV/V2 

INPUT VOLTAGE RATINGS 
Linear Differential Range. G = IV IV 
Max Safe Differcntiallnput 

Continuous, 1 min 
Max CMV,lnputs to Outputs 

ac, 60Hz, 1 Minute Duration 
Continuous, ac 
Continuous, de 

CMR,lnputs to Outputs, 60Hz, RS< lkO 
Balanced Source Impedance 
lkO Hi In Lead Only 

290A 

Max Leakage Current. Inputs to Power Common 
@ llSV ae, 60Hz 

INPUT IMPEDANCE 
Differential 
Overload 
Common Mode 

INPUT DIFFERENCE CURRENT 
Initial,@+2SoC 
vs. Temperature (-25°C to +8SoC) 

INPUT NOISE 
Voltage. G = 100V N 

O,OlHz to 10Hz 
10Hz to 1kHz 

Current 
O.05Hz to 100Hz 

FREQUENCY RESPONSE 
Small Signal. -3dB. G = IVN 
Slew Rate 
Full Power. 10V p-p Output 

Gain-lVN thru lOOVIV 2.0kHz(1.OkHz)3 

292A 

ltolooVN 

Gain = [I + look!l] 
Ik!l+ Ri(k!l) 

±3% 
±O.OOt %/1000 Hours 
to.oo7S%i"C 
to.l% (±0.25%)' 

tSV min (±IOV min)3 

HOV rms 

1500V rms max 
±IOOOV pk max 
±!sOOV pk max 

106dB 
lOOdBmin 

10pA nnsmax 

10'!l1l7OpF 
look!l 
S X 10·°!lllloopF 

+3nA 
±O.lnAi"C 

II'Vp-p 
l.SILVnns 

SpAp-p 

2.SkHz 
SOmV/l's 

±(5 + SO/G)mV 

3.0kHz(1.OkHz)' 

OFFSET VOLTAGE REFERRED TO INPUT 
Initial, @ +2SoC, Adjustable to Zero 

VI. Temperature (_25°C to +8SoC) ±(IO+ISO/G)jIVi"C ±(8+2S0/G)I'VtC 
VI. Supply Voltage 

RATED OUTPUT 
Voltage. 50k Load 
Output Impedance 
Output Ripple. IMHz Bandwidth 

OSCILLATOR DRIVE INPUT 
Input Voltage 
Input Frequency 

ISOLATED POWER OUTPUTS 
Voltage Full Load 

~:~~l 
Regulation, No Load to Full Load 
Ripple, 100kHz Bandwidth 

POWER SUPPLY. SINGLE POLARITY 
Voltage. Rated Performance 
Voltage, Operating 
Current, Quiescent 

TEMPERATURE RANGE 
Rated Performance 
Storage 

CASE DIMENSION$ 

NOTES 

N/A 
N/A 

±SmAmin 

20OmVp-p 

±lmVI% 

±5V min (±IOV min)' 
Ik!l 
IOmVpk-pk 

±13Vdc 
±S% 

+0. -15% 

+lSV de 

8 to 16V pk-pk 
100kHz is". max 

±lSmAmin 

2SOmVp-p 

+8V de to +lS.5V de 
+20rnA 

_25°C to +8SoC 
-SSoC to +8SoC 

l.S"X 1.S"XO.62" 

I Gain tempcracure drift is specified IS. pcreen. of output .... level. 
aGain noa1iDearity is specif'ted as. pcrceatip of IOV pk-pk output splD. 
'Theile !pees apply for a lOV pk-pk output spill. 
4Do DOt load Va> WhCD operatint at output Ip&DI sreater than IOV pk-pk. 
5pecif'tcadoa. albjen to chUIJC without aotice. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (Jnm). 

~1.61(38.')MAX~ 

1: 
290A/292A "5.71 

~ ..... rr""TI;-------rr~ • .20TO • .2. 
(6 TO 6AI 

•. "I~\,!I-II-- • 

1 rH_t/I~.PWRCOMt+VS 7 
2 GAIN 

3 +v..b PWR COM 8 

4-VISO • 9 
1,61 

1 
"JI". 

6HIIN LOOUT11 

HI OUT 12 

6 GUARD 

:TJ~~: ~~raml -..j f..-GRID 0.112.541 
"PINS 9 AND 10 NOT PRESENT ON 290A 

SHIELDED MOUNTING SOCKET 
ACI054 

BOnOM VIEW WEIGHT: 15 Grlml --I I-- GRID 0.1 \2.541 

-'- @ z, -'-

f 
<E :J 

Figure ,_ Model290A and 292A Terminal Ratings 

Symbol 

Vt 
V2 
V2 
V2 
V3 

Zt 

Rating 

±110V rm. (cant.) 
±IOOOV pk (cont.) 
±l SO~Y pk (cant.) 
±lSOOV rm. (1 min) 
fSOV pk (cant.) 
SOG(l1l20pF 

Remarks 

Withstand Voltage, Steady State 
Isolation, Steady State, ac 
Isolation, Steady State, de 
Isolation, ac, 60Hz 
Isolation, de 
Isolation Impedance 

Table I. Isolation Ratings Between Terminals 
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THEORY OF OPERATION 
The remarkable performance of models 290A and 292A are 
derived from rhe carrier isolation technique which is used to 
transfer both signal and power between the amplifier's guarded 
input stage and the rest of rhe circuitry. The block diagram for 
borh models is shown in Figure 2 below. 

The bipolar input preamplifier operates single-ended (non
inverting). Only a difference bias current flows with zero net 
bias current. A third wire return path for input bias current is 
not required. Gain can be set from IVIV to lOOV/V by chang
ing the gain resistor, Ri. To preserve high CMR, the gain resis
tor must be guarded. Best performance is achieved by shorting 
terminal 2 to terminal 1 and operating the isolator at a gain 
of lOOVIV. 

For powering floating input circuitry such as buffer amplifiers, 
instrumentation amplifiers, calibration signals and transducers, 
dual isolated power is provided. High CMV isolation is achieved 
by the low-leakage transformer coupling between the input 
preamplifier, modulator section and the output circuitry. Only 
rhe lOpF leakage capacitance between rhe floating input section 
and the rest of the circuitry keeps rhe CMR from being infinite. 

"' OUTPUT 

9 il~HZ 
Inp'" 

10 t 1292A ONL VI 

---""",8 ~~R 

GAIN" 1 + lkU ~~~~~!l) IlVN TO l00vN) 

Figure 2. Block Diagram - Models 290A and 292A 

GUIDELINES ON EFFECTIVE SHEIWING II< 
GROUNDING PRACTICES 
• Use twisted shielded cable to reduce inductive and capaci

tive pickup. 
• Drive the transducer cable shield, S, with rhe common 

mode signal source, EG. to reduce rhe effective cable ca
pacitance as shown in Figure 3. This is accomplished by 
connecting rhe shield point S, as close as possible to rhe 
transducer signal low point B. This may not always be pos
sible. In some cases the shield may be separated from signal 
low by a portion of rhe medium being measured (e.g. pres
sure transducer). This will cause a common mode signal, 
EM, to be generated by rhe medium between rhe shield and 
rhe signal low. The 86dB CMR capability of borh models 
between rhe input terminals (HI IN and LO IN) and 
GUARD, will work to suppress the common mode signal, 

EM' 
• Dress unshielded leads short at rhe connection terminals 

and reduce rhe area formed by these leads to minimize 
inductive pickUp. 

REV. A 

Understanding the 290Al292A 

TRANSDUCER 

MEDIUM; ~ L...--{Sr--l 
COMMON 

MODE 
VOLTA.GE !TRANSDUCER 

TERMINALS A, B, Cl 

Figure 3. Transducer - Amplifier Interface 

GAIN AND OFFSET TRIM PROCEDURE 

SYSTEM 
GROUND 

In applying rhe isolation amplifier, highest accuracy is achieved 
by adjustment of gain and offset voltage to minimize the peak 
error encountered over rhe selected output voltage span. The 
following procedure illustrates a calibration technique which 
can be used to minimize output error. In this example, the 
output span is +SV to -SV and operation at Gain = lOV/V 
is desired. 

1. Apply EIN = 0 volts and adjust Ro for Eo = 0 volts. 
2. Apply EIN = +O.SV dc and adjust RG for Eo = +S.OV dc. 
3. Apply EIN = -{).SV dc and measure the output error (see 

curve a). 
4. Adjust RG until the output error is one half that measured 

in step 3 (see curve b). 
S. Apply +O.SV dc and adjust RO until the output error is 

one half that measured in step 4 (see curve c). 

-5 -4 -3 -2 -1 +1 +2 +3 +4 +5 

OUTPUT VOLTAGE - Volts 

GAIN RESISTOR, Ri, ,%. SOppmfC METAL FILM TYPE IS RECOMMENDED. 
FOR GAIN = lVN. LEAVE TERMINAL 2 OPEN. 
FOR GAIN;;; 10DVN, SHORT TERMINAL 2TO TERMINAL 1 

GAIN = 1 + 1kU ~o::iUm 
OUTPUT FILTER, 101eSl RESISTOR AND CAPACITOR, C. 
SELECT C TO ROLL"()FF NOISE AND OUTPUT RIPPLE: 

f= (-3dB)= 2IrC(;'knJ 

Figure 4_ Gain and Offset Adjustment 
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290Al292A 
SELECTING BANDWIDTH 
In low frequency signal measurements, such as thermocouple 
temperature measurements, strain gage measurements and 
geophysical instrumentation, an external filter is used to 
select bandwidth and minimize output noise. 

When used with a buffer amplifier as shown in Figure Sa be
low, a series resistor (Rs) is used to lower the effective value 
of the filter capacitor required to achieve very low frequency 
(under 200Hz) noise filtering. 

NOTE: MOUNT FIL TEA AS CLOSE TO EXTERNAL 
AMPLIFIER AS POSSIBLE 

Figure 5a. Selecting Bandwidth with External Capacitor and 
Buffer 

An active filter, as illustrated in Figure Sb will significandy 
improve 60Hz noise reduction at the output by providing a 
sharp roll-off characteristic. The S Hz 3-pole active filter design 
illustrated in Figure Sb, will increase the 60Hz noise reduction 
by SOdB. Overall CMR performance of models 290 and 292 
and the 5Hz active filter approaches lSOdB @ 60Hz and lkn 
imbalance. 

NOTE: MOUNT FILTER AS CLOSE TO EXTERNAL 
AMPLIFIER AS POSSIBLE 

Figure 5b. Selecting Bandwidth with a 3-Pole 5Hz Active Filter 

PERFORMANCE CHARACTERISTICS 
Common Mode Rejection. Input-to-OUtput CMR is dependent 
on source impedance imbalance, signal frequency and ampli
fier gain. CMR is rated at llSV ac, 60Hz and lkn imbalance 
at a gain of 100V N. Figure 6 illustrates CMR performance as 
a function of signal frequency. CMR approaches BOdB at dc 
with source imbalances as high as lkn. As gain is decreased, 
CMR is reduced. At a gain of 1 V IV, CMR is typically 12dB 
lower than at a gain of 100VIV. 

'~r-~~~Tr~r-__ ~--------~--r-~,-n 

·TEST CIRCUIT - 1kO EACH RESISTOR 
CMR VALUE GIVEN FOR HI IN LEAD AND LO IN LEAD 

'0 'DO 
FREQUENCY - Hz 

'DOD , .. 
Figure 6. Typical Common Mode Rejection vs. Frequency 

Figure 7 illustrates the effect of source imbalance on CMR per
formance at 60Hz and Gain = lOOVN. CMR is typically 
llOdB at 60Hz and a balanced source. CMR is maintained 
greater than 70dB for source imbalances up to lOOkn. 

~ ISOLA TION AMPLIFIERS 

NO GUA:!L,,!,.EEI?'p!'R • G • 1DOY 
1OU=,=~:~II=~t~ 

"" V 

~~, 
r-... I'-. 

.~. > ~ t-..... 
~ I ~o~ . ~Ol 

• ou,F-o 
f-@ 11:: Q'_IV 

.. I I I II I II 
-TEST CIRCUIT _ EACH RESISTOR ADJUSTED on TO 1011tn 
eMR VALUE GIVEN FOR HI IN LEAD AND LO IN LEAD 

100 lk 10k 100II 
SOURCE IMPEDANCE IMBALANCE - n 

Figure 7. Typical Common Mode Rejection vs. Source 
Impedance Imbalance 

Gain Nonlinearity: Linearity error is defined as the deviation 
of the output voltage from the best straight line and is speci
field as a % of peak-to-peak output voltage span; e.g., nonlinear
ity of models 290A and 292A operating at an output span of 
10V pk-pk (±SV) is ±O.l% or ±lOmV. Figure 8 i11ustrates gain 
nonlinearity for any output span to 20V pk-pk (±lOV). 

0.18 

'0.1. > 
10.14 
'50.12 
~ 

I 0.10 

~ 
~ .... 
!o.oa 
li 
z .. 04 

0.02 

1/ 
/ 

J 

V 
/ 

V 
....-

02 8101214161820 
OUTPUT VOLTAGE - Volts p-p 

Figure 8. Typical Gain Nonlinearity vs. Output Voltage 

Input Voltage Noise. Voltage noise, referred to input, is de
pendent on gain and bandwidth as illustrated in Figure 9. 
RMS voltage noise is shown in a bandwidth from O.OlHz to 
the frequency shown on the horizontal axis. The noise in a 
bandwidth from O.OlHz to 10Hz is lllV pk-pk at a gain of 
100V IV. This value is derived by multiplying the rms value at 
f = 10Hz shown in Figure 9 by 6.6. 

For best noise performance in particular applications, a low 
pass filter at the output should be used to selectively roll-off 
noise and undesired signal frequencies beyond the bandwidth 
of interest. Increasing gain wi11 also reduce the inpu t noise. 

~~ 1 
O-.!-I-v 

~~ T -0 

0-'011....",. 

I-H1l 
.. , ~j...-~ m 

10 , .. '000 
BANDWIDTH I-3dBI- HI 

Figure 9. Typical Input Voltage Noise vs. Bandwidth 
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Multichannel Isolation Amplifier - 290Al292A 
Input Offset Voltage Drift: Total input drift is composed of 
two sources, input and output stage drifts and is gain depend
ent. The curve of Figure 10 illustrates total input drift over 
the gain range of 1 to 100V IV. 

" '-
~ 
I 

t;: 
ir 

" w 

" « 
:; 
0 
> 
>-
" ~ 

1000 

"-
100 ~ 

r----

,. 
1 

~ 292J 

r- 2f ~ 
~I:::.. ,. 100 

GAIN -VN 

Figure 10. Typical Input Offset Voltage Drift vs. Gain 

REFERENCE EXCITATION OSCILLATOR, MODEL 281 
When applying model 292A, the user has the option of building 
a low cost 100kHz excitation oscillator, as shown in Figure 11, 
or purchasing a module from Analog Devices-model 281. 

NOTES: 
1. FRED. ADJUST: ADJUST TRIM POT FOR OUTPUT FREQUENCY OF 100kHz t5%. 

~: ~~~ g~:X~~t~:t1J?l~:.~~g~~ ~~~;Jp~f.~~~~r~;E~Y:T~C~D SYNC IN PINS. 

Figure 11. 100kHz Oscillator Interconnection Diagram 

The block diagram of model 281 is shown in Figure 12. An 
internal + 12V dc regulator is provided to permit the user 
the option of operating over two, pin selectable, power in
put ranges; terminal 6 offers a range of +14V dc to +28V dc; 
terminal 7 offers an input range of +8V dc to +14V dc. 

(+8V;~S+'4V) 7)-;::::===;1----1 

+12~...Jl.I 

SYNC OUT s'----i----i OSC~~:;OR f-----{:2 iOUTPUT 
/ +12~L.f1.. 

PWR COM ;-----4>----L ___ ..J----,3 OOUTPUT 

"LEAVE TERMINAL 6 OPEN, WHEN POWER IS APPLIED TO TERMINAL 7. 

Figure 12. Model 281 Block Diagram 

Model 281 oscillator is capable of driving up to 16 model 
292As. As shown in Figure 13, an additional model 281 may be 
driven in a slave-mode to expand the total system channels 
from 16 to 32. By adding additional model 281's in this man
ner, systems of over 1000 channels may be easily configured. 
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TO PINS 9 AND 10 OF ISOLATORS 18 THRU 32 

281 

TO PINS 9 AND 10 OF ISOLATORS 2THRU 16 

Figure 13. External Oscillator Interconnection 

SPECIFICATIONS 
(typical @ +250 C and Vs = + 15V dc unless otherwise noted) 

MODEL 

OUTPUT 
Frequency 
Waveform 
Voltage (¢ and 1> terminals) 
Fan-Out1,2 

POWER SUPPLY RANGE' 
High Input, Pin 6 

Quiescent Current, N.L. 
F.L. 

Low Input, Pin 7 
Quiescent Current, N.L. 

TEMPERATURE 
Rated Performance 
Storage 

F.L. 

281 

100kHz ±5% 
Squarewave 
o to +12V pk 
16 max 

+(14 to 28)V de 
+5mA 
+16mA 
+(8 to 14)V dc 
+12mA 
+33mA 

o to +70°C 
-55°C to +85°C 

I Model 292A oscillator drive input represents unity oscillator load. 
, For applications requiring more than 16 292As, additional 2815 may 

be used in a master/slave mode. Refer to Figure 13. 
lFullload consists of 16 model 292As and 281 oscillator slave. 
Specifications subject to change without noticc. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (rnm). 

II_.----\~~~X----.. ·-tl 

:lAX 
(12.41 281 

L---,rrr--.,.,..-rnT'TTlT---' ~ 
0.20 15.081 MIN 
0.25 16.361 MAX 

-II- 0.02 t5.2) OIA t 

IIIIIIIIIIIIIII! 
BOTTOM VIEW -I I-
WEIGHT: 10 GRAMS 0.1 (2.541 GRID 

PIN TERMINAL IDENTIFICATION 
1 POWER COMMON 5 SYNC OUTPUT 
2 ,OUTPUT 6 +Vs: HIGH RANGE +114 to 28)V de 
3 ; OUTPUT 7 +VS: LOW RANGE +18 to 14)V de 
4 SYNC INPUT 

MATING SOCKET: 
CINCH #16 DIP OR EQUIVALENT 
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290Al292A 
APPLICATIONS IN INDUSTRIAL MEASUREMENT AND 
CONTROL SYSTEMS 
Remote Sensor Interface: In chemical, nuclear and metal pro
cessing industries, models 290A and 292A can be applied to 
measure and control off-ground millivolt signals in the pres
ence ±lS00V dc CMV signals. In interface applications such 
as pH control systems or on-line process measurement sys
tems such as pollution monitoring, models 290A and 292A 
offer complete galvanic isolation to eliminate trou blesome 
ground loop problems. Isolated power outputs and adjust
able gain add to the application flexibility of these models. 

Figure 14 illustrates how model 290A or 292A can be com
bined with a low drift, 1ILV /C front-end amplifier. model 
ADS 17L, to interface low level transducer signals. Both 
products provide isolated ±13V dc power and front-end 
guard in addition to eliminating ground loops and pre-
serving high CMR (lOOdB @ 60Hz). 

O.oll'F 

Figure 14. Input Signal Conditioning Using Isolated Power for 
Transducer Buffer Amplifier 

Instrumentation Amplifier: Models 290A and 292A provide 
a floating guarded input stage capable of directly accepting 
isolated differential signals. The noninverting, single-ended 
input stage offers simple two wire interconnection with 
floating input signals. 

In applications where the isolated power is applied to trans
ducers such as bridges which generate differential input signals 
with common mode voltages measured with respect to the iso
lated power common, models 290A and 292A can be con
nected as shown in Figure 15. To achieve high CMR with 
respect to the ISO PWR COM, the following trim procedure 
is recommended. 

CMR Trim Procedure 
1) Connect a 1V pk-pk oscillator between the +IN/-IN and 

IN COM terminals as shown in Figure 15. 
2) Set the input frequency at O.SHz and adjust R1 for mini

mum Eo. 
3) Set the input frequency at 60Hz and adjustR2for mini

mum Eo. 
4) Repeat steps 2 and 3 for best CMR performance. 

~::o-":::"-.O.i""'~n~!'2t-_-"I 
·SEE CMR TRIM 

"" PflOCeOURE 

lV PK.f'K t--'-'f-%f-.-..... '""J:..j 
'.COM 

'V .. <>--------'=+-~--(3.l 
-VISO o--_____ ~----{ 

EO"'O~El-E21+ (~)X-am] 
/~- ~-

GAIN INPUT CMR ERROR 
SIGNAL 

Figure 15. Application of 290A as Instrumentation Amplifier 
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Isolated Temperature Measurements: Industrial temperature 
measurements are often performed in harsh environments 
where line voltages or transients can sometimes be impressed 
on the temperatUre sensor. To provide protection for the deli
cate recording instrumentation, models 290A and 292A can be 
applied as shown in Figure 16. The Analog Devices' AC2626 
probe is a temperature sensor whose output is a current di
rectly proportional to absolute temperature. The isolation 
amplifier provides the isolated power (+13V dc) as well as the 
input/output isolation. Zero calibration is performed by 
placing the AC2626 pro be in a zero temperature bath and 
adjusting Ro for Eo to 0 volts. Full scale output adjustment 
is performed by placing the AC2626 probe in boiling water 
(lOOoC) and adjusting Rs for 1.000V output. 

Figure 16. Isolated Temperature Measurements 

Current Loop Receiver: Model 290A and 292A can be applied 
to measurement of analog quantities transmitted via 4-20mA 
current loops over su bstantial distances through harsh environ
ments. Figure 17 shows an application of model 290A or 292A 
as a current loop receiver. A 2Sn resistor converts the 4-2OmA 
current input from a remote loop to a 100-S0Omv differen
tial voltage input, which the isolator amplifies, isolates, and 
translates to a 0 to +SV output level at local system ground. 

Among the most-helpful characteristics of the isolator in this 
kind of measurement are the high common-mode rejection 
(lOOdB minimum at 60Hz with 1kn source unbalance) and 
the high common-mode rating (±1S00 volts de). The former 
means low noise pickup; the latter means excellent isolation 
and protection against large transients. The high common
mode rejection, permitting relatively low input voltage to be 
used (O.4V span, in this case), permits the use of a low current
metering resistance, which in turn results in low compliance
voltage loading on the current loop, and therefore permits in
sertion into existing loops without encountering overrange 
problems. The gain of 12.5 provides a substantial output 
span, and the floating output permits biasing to a 0 to SV 
range. 

4-20mA 
CURRENT 
LOOP 

25<l 
MEASURING 
RESISTOR 

) 
G"'12.5VN 

." 

ZERO ADJUST: 
ADJUST FOR 

~='4~AOV WHEN 

2Ok!1 
t -"""'EO i3 ~ ADJ. 

f>50kIl 10kU 

1" 
20kn 

-15V 

Figure 17. Isolated Analog Interface; 4 to 20mA is Converted 
to 0 to +5V at the Output, with Up to ±1500Vof Isolation 
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Mixed-Signal 
Application Specific Integrated Circuits 

Analog Devices offers a full spectrum of signal conditioning 
and conversion capabilities in mixed-signal application specific 
integrated circuits (ASICs). These chip-level systems can imple
ment combined analog/digital designs with 10- to 14-bit accuracy 
and 12- to 20-bit resolution that formerly required board-level 
solutions. Combined with our general purpose DSPs from the 
ADSP-2100 and ADSP-21000 families, our ASICs can provide 
custom two-chip solutions to meet complex system requirements. 

Analog Devices can incorporate most of the functions of its stan
dard monolithic linear and converter parts in full-custom and 
semicustom ICs. Full-custom parts optimize performance and 
space requirements, while cell-based semicustom parts reduce 
development time and engineering expense. Development costs 
can be cut further by tailoring a predefmed system-on-a-chip 
known as a Linear System Macro to your application. 

Analog's experienced design engineers work with powerful 
computer-aided design tools to design and layout your circuit. 
Design centers are currently in Massachusetts, Japan and Ireland. 

Multiple locations for fabrication, assembly and testing ensure a 
ready supply of production parts. Products are processed in our 
MIL-38510 certified facilities. 

DESIGN EXAMPLES 
Analog Devices has created a variety of customer-specific and 
function-specific ASICs for data acquisition and signal process
ing. Two examples of cell-based designs are the following appli
cation specific standard products (ASSPs). 

AD75004 Quad DAC 
This circuit contains four separate 12-bit D/A converters with 
amplifiers for voltage output and an on-board reference. 
Double-buffering latches interface with an 8-bit parallel bus and 
permit updating of all four channels individually or simulta
neously. Outputs swing ±5 V, drive ±5 mA, and settle within 
4 !LS. 

07 

D6 
os 
D4 D. 
DO 

0' 
DO 

Ci iii A3 A2 A1 AO 

AD75068 Octal Programmable Gain Amplifier 
The AD75068 contains eight programmable gain amplifiers 
(PGAs). Each is complete, including switch/resistor network and 
gain programming latch, and requires no external components. 
Each channel may be independently programmed for gains from 
1 to 128. A unique circuit design maintains constant 2 MHz 
bandwidth at all gains and offers very low phase shift; the PGAs 
also feature low input bias current «4 pAl. 

V, .. 
VOUTO 

V1N1 VOUT1 v, .. VOUT2 
V,N3 

VOU13 
V1N4 VOUT4 
VIN5 

VOUTS v, .. 
VOUT& 

V1N7 VOUT7 

GO 
Gl AGNDo 
G2 AGND, 
AO OCTAL AGNDo 
Al LATCH AD75068 AGND 3 
A2 AGND4 

Wii AGNDs 
AGND. 
AGND7 

DGND 

Derivative Circuits 
The circuits outlined above can be modified to suit a specific 
customer's application. For example, the AD75004 quad DAC 
could be expanded to 6 channels, each of which may have sepa
rate reference inputs. The AD75068 could be configured to 
include filtering. These modifications, when based on standard 
library cells, can provide the fastest, most cost effective semi
custom solution. 

AnalogIDigital BiCMOS Processes 
Analog Devices fabricates ASICs and USICs in four bipolar
CMOS processes, which are also used for volume production of 
standard ICs. All of these processes are optimized for analog and 
mixed-signal circuits and handle wide dynamic ranges. They 
combine bipolar and CMOS transistors with accurate resistors 
on one chip. 

The bipolar transistors provide precision, low noise, low offset 
input stages and moderate-power output stages. The CMOS 
devices make low power logic; switches for analog multiplexers, 
data converters, and switched-capacitor filters; and high imped
ance input stages and current sources for linear circuitry. The 
thin-film resistors are very stable over time and temperature, 
and may be laser-trimmed for tight tolerance on relative match
ing and absolute values. 
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The BiMOS II Proi:ess 
BiMOS II has the most comprehensive cell library of Analog's 
BiCMOS processes; highlights of the library are listed below. 
With supply voltages up to 24 V and its very low noise, it can 
handle signals with a dynamic range of over 20 bits. 

BiMOS II features high quality NPN transistors that have very 
low noise, tight matching, and high Early voltage. These charac
teristics make posSible high performance amplifiers and compar
ators with low offset input stages and excellent linearity, as well 
as stable bandgap references. 

The 3-1'0 CMOS builds logic as well as analog switches and 
high impedance input stages and current sources. The excep-

BiMOS II Cell Library 

tiona1ly stable thin-film resistors are used in precision data con
verters, programmable-gain amplifiers, and other linear circuits. 

BiMOS II uses two levels of metal interconnect as well as self
aligned polysilicon to reduce chip area and layout time. It is fab
ricated on epitaxial wafers that minimize crosstalk, leakage, and 
ESD susceptibility. 

The BiMOS II process can operate with supplies up to 24 V; 
the cell library is designed to run on ± 12 V supplies. Most 
BiMOS II cells are designed to accommodate ±5 V signals, 
although some cells can handle ±8 V or ±10 V swings. 

The following table lists key examples of analog and converter 
cells in the BiMOS II library. Logic cells include gates, 
counters, registers, microsequencer, PLA, RAM and ROM. 
Interface cells include 8-bit and 16-bit parallel I/O ports as well 
as synchronous serial ports and UARTs. 

Analog-to-Digital Converter 
ADC12 10 12-bit resolution, 15 ILS conversion time, ±5 V input range, SAR type 

Amplifiers 
AMPBHIO 
AMPBH20 
AMPBH30 
AMPBH40 
AMPMHIO 

Comparator 
CMPBHlO 

Bipolar input op amp; gain> 120 dB, BW > 1.6 MHz, offset < 0.5 mV 
Bipolar input op amp; uncompensated, bandwidth> 2.75 MHz at gain 2: 4 
Bipolar input instrument amplifier; CMRR 2: 75 dB, nonlinearity < 20 ppm 
Bipolar input op amp; IB < 1 nA, gain> 120 dB, offset < 0.5 mV 
MOS input op amp; IB < 50 pA, gain > 120 dB, bandwidth> 1.6 MHz 

Bipolar input comparator; clocked; prop delay < 130 ns at 1 mVoverdrive 

Digital-to-Analog Converters 
DAC0810 8-bit res., settling time < 70 ns, 0-248 !LA output, INL & DNL < 0.25 LSB 
DAC12 10 12-bit res., settling time < 100 ns, 0-1 mA output, INL & DNL < 1 LSB 
DAC1220 12-bit res., settling time < 25 ns, 4-quad multiplying, INL & DNL < 1 LSB 
DACI410 14-bit resolution, settling time < 120 ns, 0-2 mA output, DNL < I LSB 

Analog Multiplexers 
MUXIBI0D 2-channel mux; RoN < 3 kn, turn-on time < 30 ns, charge injection = 0.1 pC 
MUXIB30 Analog switch; RoN < 100 n, turn-on time < 30 ns, charge injection = 1 pC 

Voltage References 
REF5V30 5 V reference; TC < 25 ppmf'C, I10ad <4 mA, w/force and sense lines 
REFI0VI0 10 V reference; TC < 25 ppmf'C, I10ad <4 mA, w/force and sense lines 

Sample-aod-Hold Amplifier 
SHATFIO For 12-bit use; acquisition time < 3 ILS, slew mte = 6 V/ILS, droop = 2.5 mV/ms 

Temperature Sensor 
TMPI0 Outputs 10 mVIK (3.00 V at 27°C) 
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ANALOG DEVICES HIGH PERFORMANCE BiCMOS PROCESSES FOR ASICs 

Other Processes 

Process 

BiMOS II 
ABCMOS 
LC2MOS-2 
LC2MOS-S 

Supply Voltage 

24 V 
12 V 
12 V 
30 V 

While BiMOS II is used for most cell-based USICs, Analog 
Devices fabricates USICs in three other processes which may be 
used in applications that require higher speed, lower noise, or 
higher supply voltage. ABCMOS (Advanced Analog BiCMOS) is 
our newest, fastest, and densest BiCMOS process. It features 2 
GHz NPN devices and fine-geometry CMOS and runs on ±5 V 
supplies, with ±3 V signal swings. LC2MOS (Linear
Compatible CMOS) has two variants: one runs on ±S V sup
plies, with ±3 V signal swings; the other runs on ±IS V, with 
±IO V swings. LC2MOS also includes JFETs for very low input 
noise at high input impedance, and buried Zener diodes with 
better noise and drift than many bandgap references. 

The table above compares our BiCMOS USIC processes' and 
highlights the key features of each. Analog Devices will review 
your application and recommend the appropriate bipolar process 
for your needs. 

COMPUTER-AIDED DESIGN TOOLS 
Designing a high performance mixed-signal IC is inherently 
more difficult than designing a gate array. The variety of analog 
and digital functions requires a cell-based approach. However, 
the use of powerful tools gives high confidence of functionality 
at first silicon through thorough simulation and layout verifica
tion. Complete computer-generated documentation of all sche
matics and analog and logic simulation waveforms permits 
thorough evaluation of Analog's design by your design staff 
before signoff for final layout and fabrication. 

The overall work flow through the CAD environment follows. 
Key to meeting the special challenges of mixed analog/digital 
circuitry are the simulation and auto-layout tools, and the unifi
cation of design and layout information in a single database. 
Analog Devices has developed a suite of proprietary computer
aided design tools, called JANUS", to address these issues and 
to implement turn-key designs. 

The JANUS schematic editor offers numerous time-saving tech
niques and provides for specification of such data as wire 
widths, routing layers and routing priorities. It automatically 
generates a net list used by subsequent tools. 

Analog u~s several simulators, including electrical, logic and 
behavioral types. ADICE, a proprietary enhanced version of the 
SPICE electrical simulator, gives precision simulation of critical 
analog sections. It uses Newton-Raphson methods to iteratively 
solve nonlinear time-dependent simultaneous differential equa
tions. It is efficient for circuits up to about 2S0 active devices 
and is used for the frequency domain or transient analysis of 
analog cells such as op amps, or sensitive digital cells such as 
dynamic RAM. 

JANUS is a trademark of Analog Devices, Inc, 

fT 

300 MHz 
2GHz 
I GHz 
I GHz 

Gate Capacity 

2,000 
10,000 
S,OOO 
1,000 

Features 

Large Cell Library 
Highest Speed, Density 
JFET, Buried Zener 
JFET, Buried Zener 

COMPUTER·AIDED DESIGN FLOW 

Event-driven simulators handle larger circuits, with thousands of 
devices, and are typically used to simulate logic. The JANUS 
mixed-signal simulator combines an event-driven simulator with 
Newton-Raphson methods. It dynamically partitions the circuit 
to apply the faster event-driven techniques where possible, and 
the matrix methods where necessary. It also dynamically sizes 
the matrix and time steps to speed simulation further .. The 
simulator can operate at the transistor level or use behavioral 
models, or both at the same time, allowing trade-offs between 
accuracy and speed. 

For layout, the challenge is to increase automation while accom
modating the layout sensitivity of analog circuitry. Device gener
ators exist for the full range of active and passive devices 
available in the technology to automatically create a physical 
representation of the circuit schematic. This layout may be opti
mized through conventional interactive polygon-pushing. 

The JANUS routing editor is driven by the connectivity of the 
schematics, but allows great freedom to manually control the 
routing of critical analog signal paths or power/ground lines 
while autorouting noncritical nets and spacing the layout to 
achieve automatic enforcement of layout rules. The JANUS 
routing editor uses up to three interconnect levels, and will 
automatically expand and compact placement as necessary to 
achieve 100% routing. 

Finally, industry-standard layout verification tools assure con
formance of the layout to both the schematic and design rules to 
give high confidence of functionality in first silicon. The CAD 
tool suite communicates via industry-standard stream formats to 
external databases and pattern generators. 

APPLICA nON SPECIFIC ICs 6-3 
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TEST AND TRIM 
Analog Devices has over 20 years of experience in testing com
plex circuits and manufactures commercial test systems for 
precision linear ICs. In each fabrication facility, a computer net
work integrates Analog Devices, H-P, Teradyne and LTX test 
equipment. The design, wafer probe and test areas share data on 
the network for statistical analysis and device modeling. 

All Analog Devices ASICs are tested at the wafer level, and 
most are laser-wafer trimmed to achieve high accuracy. Untrim
med thin-film resistors match within I % to 0.1 %, depending on 
area. Trimmed resistors can match to better than 0.01%. Wafers 
may be laser drift trimmed with a hot-chuck probe to minimize 
the effects of temperature on accuracy. 

Mter packaging, all parts are tested to assure that they meet 
guaranteed specifications. Environmental handlers can verify 
parts at multiple temperatures. Burn-in is performed as specified 
by the customer. 

PACKAGING 
Analog Devices ICs are available in most modem package types, 
including high pin-count and surface mount varieties. ASICs 
may be assembled in any of Analog Devices' standard packages, 
listed below. This list is constantly expanded and other packages 
may be used if they are suitable for high performance applications. 

Available Packages 
Pin Grid Array (PGA): 68 to 144 pins 
Ceramic J Leaded Chip Carrier (CJLCC): 44 to 68 pins 
Plastic Quad Flat Pack (PQFP): 44 to 132 pins 
Plastic Leaded Chip Carrier (PLCC): 20 to 68 pins 
Plastic Dual Inline Package (DIP): 14 to 64 pins 
Side-Brazed DIP: 14 to 64 pins 
Frit-Seal DIP (Cerdip): 14 to 40 pins 
Small Outline (SO): 14 to 28 pins 
Ceramic Quad Flat Pack (CQFP): 80 to 104 leads 

6-4 APPLICA TlON SPECIFIC ICs 

PROGRAM RESPONSmILITmS AND INTERFACES 
The following figure shows the major phases in developing an 
ASIC and responsibilities during each phase. The overall devel
opment time depends on the complexity of the circuit and on 
how custom the design is. 

Your Analog Devices sales engineer is your first interface for 
ASIC development. Your local sales office can provide further 
iuformation on Analog Devices' customlsemicustom capabilities. 

CUSTOMER JOINT CUSTOMERIADI ANALOG DEVICES 



GENERAL DESCRIPTION 
Analog Devices offers a broad line of modular ac/dc power sup
plies that provide both OEMs and designers a reliable, easy to 
use, low-cost solution to their power requirements. Models are 
available in PC mountable and chassis mountable designs with 
5 volt to IS volt (single, dual, triple) outputs and current ratings 
from 25 mA to 5 amps. Since these modular supplies are fully 
encapsulated, no trimming or external component selection is 
necessary; simply mount the unit, connect power and output 
leads, and you're on the air! Most Analog Devices' power sup
plies are available from stock in both large and small quantities 
with substantial discounts being applied to large quantity orders. 

AC/DC POWER SUPPLY FEATURES 
• Current Limit Short Circuit Protection 
• PC Mounted and Chassis Mounted Versions 
• Single (+5 V), Dual (±12 V, ±15 V), and Triple 

(±15 VI+5 V, ± 15 V/+ 1 V to + 15 V) Output Supplies 
• Current Outputs: 

25 mA to 1000 mA for Dual and Triple Output Supplies 
250 mA to 5000 mA for Single Output Supplies 

• Wide Input Voltage Range 
• Low Output Ripple and Noise 
• Excellent Line & Load Regulation Characteristics 
• High Temperature Stability 
• Free-Air Convection Cooling; No Externa1 Heat Sink Required 

Power Supplies 
Modular ACIDC Power Supplies 

GENERAL SPECIFICATIONS 
Power Requirements 

Input Voltage Range: 
Frequency: 

Electrical Specifications 

105 V ac to 125 V ac 
50 Hz to 250 Hz 

Temperature Coefficient: 0.02%I"C 
Output Voltage Accuracy: ±2%, max 

Breakdown Voltage: 
Isolation Resistance: 
Short Circuit Protection: 

See Specifications Table 
500 V rms, min 
50MO 
All ae/dc power supplies 
employ current limiting. 
They can withstand sub
stantial overload including 
direct short. Prolonged 
operation should be avoided 
since excessive temperature 
rises will occur. 

Environmental Requirements 
Operating Temperature 

Range: -25°C to +71OC 
Storage Temperature 
Range: -25°C to +85°C 

SPECIFICATIONS - Typical @ +25'C and US Vac 60 Hz unless otherwise noted* 

Output Output Line Reg. Load Reg. 
Voltage Current III8J: III8J: 

Type Model Volts mA % % 

-1 
904 ±15 ±50 0.02 0.02 

902 ±15 ±IOO 0.02 0.02 

Dual 902-2 ±15 ±loo 0.02 0.02 

J 
Output 

920 ±15 ±2oo 0.02 0.02 

925 ±15 ±350 0.02 0.02 

l 921 ±12 ±240 0.02 0.02 

~ Single 
905 5 1000 0.02 0.05 
922 5 2000 0.02 0.05 

_1 

Output 928 5 3000 0.05 0.10 

923 ±15 ±100 0.02 0.02 
Triple +5 500 0.02 0.05 
Output 927 ±lS ±ISO 0.02 0.02 

+5 1000 0.02 0.10 

t Dual 970 ±IS ±2oo 0.05 0.05 
Output 975 ±15 ±SOO 0.05 0.05 

~J Single 
955 5 1000 0.05 0.15 
976 5 3000 0.05 0.10 

Output 977 5 5000 0.05 0.10 

_l 
Triple 974 ±IS ±ISO 0.02 0.02 
Output +5 1000 0.02 0.10 

*Consult Analog Devices Power Supplies Catalog for additional iuformation. 
Specifications subject to change without notice. 

Output Ripple & 
Voltage Noise Dimensions 
Error max mV rms III8J: Inches 

±200mV 0.5 3.5x2.5xO.875 
-OmV 
+300mV 0.5 3.5x2.5x 1.25 
-OmV 
+300 mV 0.5 3.5x2.5xO.875 
-OmV 
+300mV 0.5 3.5x2.5x 1.25 
-OmV 
±1% 0.5 3.5 x 2.5 x 1.62 
+300mV 0.5 3.5x2.5x 1.25 
-OmV 

±1% 1 3.5x2.5x 1.25 
±1% I 3.5x2.Sx1.62 
±2% 5 (typ) 3.5x2.5x 1.25 

±1% 0.5 3.5x2.5x 1.25 
±1% 0.5 
±2% 0.5 (typ) 3.5x2.Sx 1.62 
±2% 1.0 (typ) 

±2% 4.4x2.7x 1.45 
±2% 4.4x2.7x2.00 

±2% 2 4.4x2.7x 1.45 
±2% 5 (typ) 4.75x2.7x 1.45 
±2% 5 (typ) 4. 7Sx2.7x 1.45 

±2% 0.5 (typ) 4.7Sx2.7x 1.45 
±2% 1.0 (typ) 
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Power Supplies 
Modular DCIDC Converters 
GENERAL DESCRIPI10N 
Analog Devices' line of compact dc/de converters offers system 
designers a means of supplying a reliable, easy to use, low cost 
solution to a variety of floating (analog and digital) power appli
cations. These devices provide high accuracy, short circuit pro
tected, regulated outputs with very low output noise and ripple 
characteristics. 

Fourteen models are offered in five power levels of 1 watt, 1.8 
watts, 4.5 watts, 6 watts and 12 watts. Input voltagC versions 
include 5 volt, 12 volt, 24 volt and 28 volt with outpUt ranges as 
follows: +5 volt, ±12 volts and ±15 volts at ±60mA to 1000 mA 
output current capability. 

Most models are high efficiency (typically over 60% at full load) 
and feature complete 6-sided continuous shielding for EMIIRFI 
protection. A 1I"-type input fllter is contained, in some models, 
which virtually eliminates the effects of reflected input ripple 
current. Most Analog Devices' dc/dc converters are available 
from stock in both large and small quantities with substantial 
discounts being applied to large quantity orders. 

DClDC POWER SUPPLY FEATURES 
• Inaudible (> 20 kHz) Converter Switching Frequency 
• Continuous, Six-Sided EMIIRFI Shielding Except on I Watt 

and 1.8 Watt Models 
• Output Short Circuit Protection (Either Output to Common) 
• Automatic Restart After Short Condition Removed 
• Automatic Starting with Reverse Current Injected 

into Outputs 
• Low Output Ripple and Noise 
• High Temperature Stability 
• Free Air Convection Cooling 

No external heat sink or specification derating is required 
over the operating temperature range. 

GENERAL SPECIFICATIONS FOR 1 W AND 1.8 W 
MODELS 
Line Regulation - Full Range: ±0.3% (±I% max, 949) 
Load Regulation - No Load to Full Load: ±0.4% 

(±0.5% max, 949) 
Output Noise and Ripple: 20 mV p-p, with IS j.LF tantalum 

capacitor across each output (2 m V nns max, 949) 
Breakdown Voltage: 300 V de min (500 V de min, 949) 
Input Filter Type: 11" 

Operating Temperature Range: - 25"C to + 71 "C 
Storage 1'emperature Range: -4O"C to + 125°C (+ lOO"C, 949) 
Fusing: If input fusing is desired, we recommend the use of a 

slow blow type fuse that is rated at 150%-200% of the 
dc/de converter's full load input current. 

GENERAL SPECIFICATIONS FOR 4.5 W, 6 W AND 12 W 
MODELS 
Line Regulation - Full Range: ±0.07% max (±0.02% max, 

951,960 Series) (±O.I% max, 943) 
Load Regulation - No Load to Full Load: ±0.07% max 

(±0.02% max, 951, 960 Series) (±O.I% max, 943) 
Output Noise and Ripple: I mV nns max 
Breakdown Voltage: 500 V de min 
Input Filter Type: 11" 

Operating Temperature Range: -25°C to +71"C 
Storage Temperature Range: -40°C to + 125°C 
Fusing: If input fusing is desired, we recommend the use of a 

slow blow type fuse that is rated at 150%-200% of the 
dc/de converter's full load input current. 

SPECIFICATIONS - Typical @ + 25"C at nominal input voltage unless otherwise noted* 

Input' 
Output Output Input Voltage Input Output Temperature Efficiency 
Voltage Current Voltage Range Current Voltage Coefficient FuULoad Dimensions 

Model Volts mA Volts Volts FuDLoad Error max rCmax min Inches 

943 1000 5 4.7515.25 1.52A ±1% ±0.02% 62% 2.0x2.0xO.38 
958 100 5 4.515.5 200mA ±5% ±0.01% (typ) 50% 1.25xO.8xO.4 
941 ±12 ±150 5 4.7515.25 1.17A ±1% ±0.01% 58% 2.0x2.0xO.38 
960 ±12 ±40 5 4.515.5 384mA ±5% ±0.01% (typ) 50% l.25xO.8xO.4 
962 ±15 ±33 5 4.515.5 396mA ±5% ±0.01 % (typ) 50% l.25xO.8xO.4 
964 ±15 ±33 12 10.8113.2 165mA ±5% ±0.01% (typ) 50% l.25xO.8xO.4 
965 ±15 ±190 5 4.6515.5 1.7 A ±1% ±0.005% (typ) 62% (typ) 2.0x2.0xO.38 
966 ±15 ±190 12 11.2113.2 710mA ±1% ±0.005% (typ) 62% (typ) 2.0x2.0xO.38 
967 ±15 ±190 24 22.3/26.4 350mA ±1% ±0.005% (typ) 62% (typ) 2.0x2.0xO.38 
949 ±15 ±60** 5 4.6515.5 0.6 A ±2% ±0.03% 58% 2.0x 1.0xO.375 
940 ±15 ±150 5 4.7515.25 1.35 A ±1% ±0.0l% 62% 2.0x2.0xO.38 
953 ±15 ±150 12 1lI13 0.6 A ±0.5% ±0.01% 62% 2.0x2.0xO.38 
945 ±15 ±150 28 23/31 250mA ±0.5% ±0.01% 61% 2.0x2.0xO.38 

NOTES 
'Models 940 and 941 will deliver up to 120 mA output current (and Model 943 will deliver up to 600 mAl over an input voltage range 
of 4.65 V de and 5.5 V de. 

·Consult Analog Devices Power Supplies Catalog for additional information. 
··Single·ended or unbalanced operation is permissible such that total output current load does not exoeed a total of 120 mAo 
Specifications subject to change without notice. 
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Package Information 
Contents 

MIL-STD-1835 
ADI Letter PMI Letter Package Applicable 
Designator Designator Description ConfJgUration Page 

Side Brazed DIP (Ceramic) 

D-14 YB* 14-Lead CDIP2-TI4 8-3 
D-16 QB* 16-Lead CDIP2-TI6 8-4 
0.18 XB* 18-Lead CDIP2-TI8 8-5 

Bottom Brazed DIP (Ceramic) 

DH-14B I4-Lead 8-6 
DH-16C I6-Lead 8-7 

Leadless Chip Carrier (Ceramic) 

E-20A RC 20-Terminal CQCCI-N20 8-8 
E-28A TC 28-TerminaI CQCCI-N28 8-9 

Metal Can 

H 6-Lead (T0-78) 8-10 
H-08A J 8-Lead (TO-99) MACYI-X8 8-11 
H-08B 8-Lead (T0-99 Style) 8-12 
H-IOA K IO-Lead (TO-IOO) MACYI-XIO 8-13 
H-12A 12-Lead (TO-8 Style) 8-14 

Plastic DIP 

N-8 P 8-Lead 8-15 
N-14 P 14-Lead 8-16 
N-16 P I6-Lead 8-17 
N-18 P 18-Lead 8-18 

Cerdip 

Q-8 Z 8-Lead GDIPI-T8 8-19 • Q-14 Y 14-Lead GDIPI-TI4 8-20 
Q-16 Q 16-Lead GDIPI-TI6 8-21 
Q-18 X 18-Lead GDIPI-TI8 8-22 

SmaIl Outline (SOIC) 

R-8 8-Lead 8-23 
SO-8 8-Lead 8-24 
SO-I4 I4-Lead 8-25 

R-l6A SO-16 16-Lead (Narrow Body) 8-26 
R-16 SOL-16 16-Lead (Wide Body) 8-27 
R-20 SOL-20 20-Lead (Wide Body) 8-28 

Single In-Line Package (SIP) 

Y-IO 10-Lead 8-29 

Leaded Chip Carrier 

Z-8A 8-Lead 8-30 
'Special Order Only 
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SYMBOL 
A 
b 
b, 
c 
D 
E 
E, 

e 
L 
L, 

Q 

S 
S, 

Package Outline Dimensions 
D-14 

14-Lead Side Brazed Ceramic DIP 
(VB Suffix) 

., ~S, ~ r-s 

~\~: I:~:::I :I 
~ D ~ 

_~NG ! f1-MWt~ PLANE---r- - - - - - - ~J 
L J L T, -L- L 

b..ll.- ..j. I.- b, 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

0.200 5.08 
0.014 0.023 0.36 0.58 
0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 
0.785 19.94 

0.220 0.310 5.59 7.87 
0.290 0.320 7.37 8.13 

0.100 BSC 2.54 BSC 
0.125 0.200 3.18 5.08 
0.150 3.81 

0.015 0.060 0.38 1.52 
0.098 2.49 

0.005 0.13 

NOTES 

6 
2.6 

6 
4 
4 

7 

3 
5 
5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid. meniscus and 
glass overrun. 

5. Applies to all four corners. 
6. All leads - increase maximum limit by 0.003" (0.08 mm) 

measured at the center of the flat. when hot solder DIP 
lead finish is applied. 

7. Twelve spaces. 
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INCHES 
SYMBOL MIN MAX 

A 0.200 

b 0.014 0.023 
b, 0.030 0.070 

c 0.008 0.015 
D 0.840 
E 0.220 0.310 

E, 0.290 0.320 

e 0.100 BSC 

L 0.125 0.200 

L, 0.150 

Q 0.015 0.060 
S O.oao 
S, 0.005 

8-4 PACKAGE INFORMA TlON 

D·16 
16-Lead Side Brazed Ceramic DIP 

(QB SuffIX) 

MILLIMETERS 
MIN MAX 

5.08 

0.36 0.58 
0.76 1.18 

0.20 0.38 
21.34 

5.59 7.87 

7.37 8.13 

2.54 BSe 

3.18 5.08 

3.81 

0.38 1.52 

2.03 

0.13 

NOTES 

6 
2,6 

6 
4 

4 

7 

3 

5 
5 

NOTES 
1. Index area; a notch or a lead one identification 

mark is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating 
plane to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" 
(0.08 mm) measured at the center of the flat, when 
hot solder dip lead finish is applied. 

7. Fourteen spaces. 



SYMBOL 

A 

b 

b, 

c 

D 

E 

E, 

e 

L 

L, 

Q 

S 

S, 

0-18 
IS-Lead Side Brazed Ceramic DIP 

(XB SuffIX) 

.. nNG!~~ 
L ' PLANE ---r- J L -TL T 
-*-- • 

INCHES 

MIN MAX 

0.200 

0.014 0.023 

0.030 0.070 

0.008 0.015 

0.960 

0.220 0.310 

0.290 0.320 

0.100 BSC 
0.125 0.200 

0.150 

0.015 0.060 

0.098 

0.005 

b -.II-- -I • I- b, ~E,-I 

MILLIMETERS 

MIN MAX 

5.08 

0.36 0.58 

0.76 1.78 

0.20 0.38 

24.38 

5.59 7.87 

7.37 8.13 

2.54 BSC 
3.18 5.08 

3.81 

0.38 1.52 

2.49 

0.13 

NOTES 

6 

2,6 

6 

4 

4 

7 

3 

5 

5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mml for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08 mml 
measured at the center of the flat, when hot solder dip 
lead finish is applied. 

7. Sixteen spaces. 
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SYMBOL 

A 
b 
b, 
c 
D 
E 
E, 

e 
L 

L, 

Q 

S 

S, 

SEE 
NOTE' 

INCHES 

MIN MAX 

0.156 0.220 
0.014 0.023 
0.030 0.070 

O.OOS 0.015 
0.835 0.875 
0.480 0.510 
0.295 0.305 

0.100 BSC 
0.145 

0.180 

0.015 0.035 
0.137 

0.060 

DH-14B 

14-Lead Bottom Brazed Ceramic (Large Capacity) 

'4 8 

7 

~----- 0 ------.t '--j--E-...... ' 

MILUMETERS 

MIN MAX 

3.96 5.59 
0.36 0.58 
0.76 1.78 

0.20 0.38 
21.21 22.23 
12.19 12.95 
7.49 7.75 

2.54 BSC 
3.68 

4.57 

0.38 0.89 
3.48 

1.52 

NOTES 

2 

6 

4.7 

3 
5 

5 

c 

I-E,--I 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. . 
2. The minimum limit for dimension b, may be 0.023" 

(0.58 mml for ilil four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. The basic pin spacing is 0.100" (2.54 mml between 

centerlines. 
5. Applies to all four corners. 
6. E, shall be measured at the centerline of the leads. 
7. Twelve spaces. 
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INCHES 

SYMBOL MIN MAX 
A 0.200 

b 0.016 0.020 
b, 0.030 0.070 

c 0.009 0.012 

D 0.900 
E 0.480 0.500 
E, 0.290 0.310 

e 0.100 BSC 

L 0.145 

L, 0.180 

Q 0.015 0.035 
S 0.098 

S, 0.005 

DH·16C 
16-Lead Bottom Brazed Ceramic DIP 

(Large Cavity) 

16 

MILLIMETERS 

MIN MAX 

5.08 
0.41 0.51 
0.76 1.78 

0.23 0.31 
22.86 

12.19 12.70 
7.37 7.87 

2.54 BSC 

3.68 
4.57 

C).38 0.89 
2.49 

0.13 

NOTES 

2 

6 

4. 7 

3 
5 

5 

9 

8 

NOTES 
1. Index area; a notch or a lead one identification 

mark is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating 
plane to the base plane. 

4. The basic pin spacing is 0.100" (2.54 mm) between 
centerlines. 

5. Applies to all four corners. 

6. E1 shall be measured at the center line of all the 
leads. at standoff. 

7. Fourteen spaces. 
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INCHES 

SYMBOL MIN MAX 

A 0.064 0.100 

A, 0.054 0.088 

B, 0.022 0.028 

0 0.342 0.358 

0, 0.075 REF 

O2 0.200 REF 

03 0.100 REF 

04 0.358 

05 0.150 BSC 

E 0.342 0,358 

E, 0.075 REF 

E2 0.200 REF 

E3 0.100 REf 

~ 0.358 

e 0.050 BSC 

e, 0.015 

L, 0.045 0.055 

~ 0.075 0.095 

R 0.007 0.011 

E-2OA 

20-Terminal Leadless Chip Carrier 
(RC SuffIX) 

SIDE VIEW 

MILLIMETERS 

MIN MAX 

1.63 2.54 
1.37 2.24 

0.56 0.71 

8.69 9.09 
1.91 REF 

5.08 REF 

2.54 REF 

9.09 

3.81 BSC 

8.69 9.09 
1.91 REF 

5.08 REF 

2.54 REF 

9.09 

1.27 BSC 

0.38 

1.14 1.40 

1.90 2.41 

0.18 0.28 

NOTES 

5 

2 

3 

3 

1 

4 

NOTES 
1. A minimum clearance of 0.015" (0.381 mm) is main

tained between corner terminals. 
2. Electrical connection is required on Plane 1. Metalization 

is optional on Plane 2. However. if Plane 2 is metalized. 
it must be electrically connected. 

3. A minimum clearance of 0.02IY. (0.508 mm) is main
tained between overall dimensions 04 x E4 and all 
other features including metalization. chamfers and 
edges. 

4. Nonelectrical feature for No. 1 terminal identification. 
optical orientation or handling purposes shall be within 
the shaded area shown on Plane 2. 

5. Dimension A controls the overall package thickness. 
6. Length of pad metalization may increase only toward 

package periphery. 
7. When space is available. the index corner may be metal

ized on either or both Planes 1 and 2. The package edge 
at the index corner shall not be metalized. 
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SYMBOL 

A 
A, 
B, 

D 
D, 

D2 

Ds 

D4 

Ds 

E 
E, 

E2 

Es 

E4 

e 

e, 

L, 

~ 
R 

E-28A 

28-Terminal Leadless Chip Carrier 
(TC Suffix) 

SEE 14 
NOTE 7 _(RTYP 

rr 
TOP VIEW 

1 , 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.064 0.100 1.63 2.54 
0.054 0.088 1.37 2.24 

0.022 0.028 0.56 0.71 

0.442 0.458 11.23 11.63 
0.075 REF 1.91 REF 

0.300 REF 7.62 REF 

0.150 REF 3.81 REF 

0.458 11.63 

0.200 BSC 5.08 BSC 

0.442 0.458 11.23 11.63 
0.075 REF 1.91 REF 

0.300 REF 7.62 REF 

0.150 REF 3.81 REF 

0.458 11.63 

0.050 1.27 

0.015 0.38 

,0.045 0.055 1.14 1.40 

0.075 0.095 1.90 2.41 

0.007 0.011 0.18 0.28 

~Dl 

~/ 

NOTES 

5 

2 

3 

3 

1 

4 

SIDE VIEW 

NOTES 
1. A minimum clearance of 0.015" (0.381 mm) is main

tained between corner terminals. 
2. Electrical connection is required on Plane 1. Metalization 

is optional on Plane 2. However. if Plane 2 is metalized. 
it must be electrically connected. 

3. A minimum clearance of 0.020" (0.508 mm) is main- 8 
tained between overall dimensions D4 x ~ and all 
other features including metalization. chamfers and 
edges. 

4. Nonelectrical feature for No. 1 terminal identification. 
optical orientation or handling purposes shall be within 
the shaded area shown on Plane 2. 

5. Dimension A controls the overall package thickness. 
6. Length of pad metalization may increase only toward 

package periphery. 
7. When space is available. the index corner may be metal

ized on either or both Planes 1 and 2. The package edge 
at the index corner shall not be metalized. 
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INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 
A 0.165 0.185 4.19 4.70 

<l>b 0.016 0.019 0.41 0.48 

<l>b, 0.016 0.021 0.41 0.53 

<1>0 0.335 0.370 8.51 9.40 

<1>0, 0.305 0.335 7.75 8.51 

<1>02 0.110 0.160 2.79 4.06 

e 0.200 BSC 5.08 BSC 

e, 0.100 BSC 2.54 BSC 

F 0.040 1.02 

k 0.027 0.034 0.69 0.86 

k, 0.027 0.045 0.69 1.14 

L 0.500 0.750 12.70 19.05 

L, 0.050 1.27 

L2 0.250 6.35 

Q 0.010 0.045 0.25 1.14 
VI 45° BSC 45° BSC 

8-10 PACKAGE INFORMATION 

6-Lead TO-78 Metal Can 
(H Suffix) 

NOTES 

1 

1 

3 

3 

2 

1 

1 

1 

3 

NOTES 
1. (All leads) <l>b applies between L, and L2. <l>b, applies 

between L2 and 0.500" (12.70 mm)from the reference 
plane. Diameter is uncontrolled in L, and beyond 
0.500" (12.70 mml from the reference plane. 

2. Measured from the maximum diameter of the product. 
3. Leads having a maximum diameter 0.019" (0.48 mm) 

measured in gaging plane 0.054" (1.37 mm) + 0.001" 
(0.03 mm) - 0.000" (0.00 mm) below the base plane of 
the product is within 0.007" (0.18 mm) of their true posi
tion relative to a maximum width tab. 



SYMBOL 

A 
+b 
+b, 
+0 
+0, 
+02 

e 
e, 
F 
k 
k, 
L 
L, 
4 
Q 

a 

H·08A 
8·Lead Metal Can (TO·99) 

(J SuffIX) 

IA-frl~~ 

1 n' r- ggz. 

+0 II I 

llL~ I,: \ ¢:::::::::Ii' \ 

F -t....rt +b +b, 

Q r SEAnNGPLANE 

INCHES MILUMETERS 
MIN MAX MIN MAX NOTES 

0,165 0,185 4,19 4,70 
0,016 0,019 0,41 0,48 1.4 
0.016 0.021 0,41 0,53 1.4 
0.335 0,370 8.51 9.40 
0.305 0.335 7.75 8.51 
0.110 0.160 2.79 4.06 

O.200ase 5.08BSC 3 
0.100BSC 2.54BSC 3 

0.040 1.02 
0.027 0.034 0.69 0.86 
0.027 0.045 0.69 1.14 
0.500 0.750 12.70 19.05 

0.050 1.27 
0.250 6.35 
0.010 0.045 0.25 1.14 

.oBSC .oase 3 

NOTES 
1. IAllleadsl+b applies between L, and 4. +b, applies 

between 4 and 0.500" 112.7Omml from the reference 
plane. Oiameter is uncontrolled in L, and beyond 0.500" 
112.70mml from the reference plane. 

2. Measured from the maximum diameter of the 
product. 

3. leads having a maximum diameter 0.019" 10.4Bmml 
measued in gauging plane 0.054"11.37mml + 0.001" 
10.03mml - 0.000" 10.OOmml below the base plane of 
the product are within 0.007"10.18mml of their true 
position relative to the maximum width tab. 

4. All leads - increase maximum limit 0.003" 10.08mml 
when hot solder dip finish is applied. 
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INCHES 
SYMBOL MIN MAX 

A 0.165 0.185 
+It 0.016 0.019 
+It, 0.016 0.021 
+D 0.335 0.370 
+D, 0.305 0.335 
+Dz 0.110 0.160 
a O.230BSC 
a, 0.115BSC 
F 0.040 
k 0.027 0.034 
k, 0.027 0.045 
L 0.500 0.750 
L, 0.050 
Lz 0.250 
Q 0.010 0.045 
a "oBSC 

~12 PACKAGE INFORMATION 

8-08B 
8-Lead Metal Can (TO-99 Style) 

MIWMETERS 
MIN MAX 

4.19 4.70 
0.41 0.48 
0.41 0.53 
8.51 9.40 
7.75 8.51 
2.79 4.06 

5.84BSC 
2.92BSC 

1.02 
0.69 0.86 
0.69 1.14 

12.70 19.05 
1.27 

6.35 
0.25 1.14 

""BSC 

NOTES 

1,4 
1,4 

3 
3 

2 
1 
1 
1 

3 

NOTES 
1. IAllleadsl +b applies between L, and Lz. +b, applies 

between Lz and 0.500" 112.70mml from the reference 
plane. Diameter is uncontrolled in L, and beyond 0.500" 
112.70mml from the reference plana. 

2. Measured from the maximum diameter of the 
product. 

3. Leads having a maximum diameter 0.019" 10.48mml 
nieasued in gauging plane 0.054"11.37mml + 0.001" 
IO.03mml - 0.000" 10.OOmml below the base plana of 
the product are within 0.007" 10.18mml of their true 
position ralative to the maximum width tab. 

4. All leads - increase maximum limit 0.003" 10.08mml 
!!Vhen hot solder dip finish is applied. 
I 



SYMBOL 

A 
cl>b 
cl>b, 
cl>D 
cl>D, 
cl>D. 
e 
e, 
F 
k 
k, 
L 
L, 

Lz 
Q 

II 

H·lOA 
IO·Lead Metal Can (TO·IOO) 

(K Suffix) 

r·tll 1 r ' ! I ! llLD
, ~ 

lJ : II \ I \ 

F -I-Ji cl>b cl>b, 

Q r SEAnNG PLANE 

INCHES MILUMETERS 
MIN MAX MIN MAX NOTES 

0.165 0.185 4.19 4.70 
0.016 0.019 0.41 0.48 1,4 
0.016 0.021 0.41 0.53 1,4 
0.335 0.370 8.51 9.40 
0.305 0.335 7.75 8.51 
0.110 0.160 2.79 4.116 

O.230BSC 5.84BSC 3 
0.115BSC 2.92BSC 3 

0.040 1.02 
0.027 0.034 0.69 0.86 
0.027 0.045 0.69 1.14 2 
0.&00 0.750 12.70 19.05 1 

0.050 1.27 1 
0.250 8.35 1 
0.010 0.045 0.25 1.14 

38"BSC 38"BSC 3 

NOTES 
1. IThree Leads) cl>bz applies betw .. n L, and Lz. cl>b applies 

between Lz and 0.5" 112.70mm) from seating plane. 
Diameter is uncontrolled in L, and beyond 0.5" 
112.70mm) from seating plane. 

2. Leads having maximum diameter 0.01r 10.48mm) 
measured in gauging plane 0.054"11.4mm) + 0.001" 
10.03mm) - 0.000" 10.OOmm) below the seating plane 
of the device are within 0.007" 10.1amm) of their true 
positions reletive to a maximum-width tab. 

3. Measured from maximum diameter of the actual 
device. 

4. All leads - Increa .. maximurillimit by 0.003" 10.08mm) 
when hot solder dip finish is applied. 

PACKAGE INFORMATION 8-13 



INCHES 

SYMBOL MIN MAX 
A 0.148 0.181 

c!>b 0.016 0.019 

c!>b, 0.016 0.021 

c!>D 0.592 0.615 

c!>D, 0.545 0.555 

e 0.400 BSC 

e, 0.200 BSC 

e2 0.100 BSC 

F 0.040 
k 0.026 0.036 

k, 0.026 0.037 

L 0.375 

L, 0.050 

Q 0.000 0.045 

8-14 PACKAGE INFORMATION 

H·12A 
12-Lead Metal Can (TO-S Style) 

MILLIMETERS 

MIN MAX 

3.76 4.60 

0.41 0.48 
0.41 0.53 

15.04 15.62 

13.84 14.10 

10.16 BSC 

5.08 BSC 

2.54 BSC 

1.02 

0.66 0.91 

0.66 0.94 

9.53 

1.27 

0.000 1.14 

NOTES 

1 
1 

3 

3 

3 

2 

1 

1 

NOTES 
1. (All leads) c!>b applies between Land L,. c!>b, applies 

between L, and 0.375" (9.50 mm) from the reference 
plane. Diameter is uncontrolled in L, and beyond 
0.375" (9.50 mm) from the reference plane. 

2. Measured from the maximum diameter of the product. 
3. Leads having a maximum diameter 0.019" (0.48 mm) 

measured in gaging plane 0.054" (1.37 mm) + 0.001" 
(0.03 mm) - 0.000" (0.00 mm) below the base plane of 
the product is within 0.007" (0.18 mm) of their true 
position relative to a maximum width tab. 



INCHES 

SYMBOL MIN MAx 

A 0.210 

A2 0.115 0.195 
b 0.014 0.022 
b, 0.045 0.070 

c 0.008 0.015 
0 0.348 0.430 
E 0.300 0.325 

E, 0.240 0.280 

e 0.100 BSC 

L 0.115 0.160 

L, 0.130 
Q 0.015 0.060 

b e 

MILLIMETERS 

MIN MAX 

5.33 
2.93 4.95 
0.356 0.558 
1.15 1.77 

0.204 0.381 
8.84 10.92 
7.62 8,25 

6.10 7.11 

2.54 BSC 

2.93 4.06 

3.30 

0.38 1.52 

N-8 
8-Lead Plastic DIP 

(P Suffix) 

b, 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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SYMBOL 

A 

A2 

b 

b, 

c 
D 

E 

E, 

e 
L 

L, 

Q 

N-14 
14-Lead Plastic DIP 

(P SuffIX) 

SEE -,-
NOTE 1 I 
~ E, 

"""""T"T""'1rT"T"T""T"""rTJ"'T'"7T"'" -1. 

~D~ i,='=J-L 
SEATING ;L - ~. - ~ T~Q -Az 

PLANE--a-- - - - - - - t' 

INCHES 

MIN MAX 

0.210 
0.115 0.195 

0.014 0.022 

0.045 0.070 

0.008 0.015 
0.725 0.795 
0.300 0.325 

0.240 0.280 

0.100 BSC 
0.115 0.160 

0.130 

0.015 0.060 

~ _--Ii-- -.j. \0- ~ ~.. 'i. • 

MILLIMETERS 

MIN MAX 

5.33 
2.93 4.95 

0.356 0.558 

1.15 1.77 

0.204 0.381 
18.42 20.19 
7.62 8.25 

6.10 7.11 

2.54 BSC 
2.93 4.06 

3.30 

0.38 1.52 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 

8-16 PACKAGE INFORMATION 



INCHES 

SYMBOL MIN MAX 

A 0.210 

A2 0.115 0.195 

b 0.014 0.022 

b, 0.045 0.070 

c 0.008 0.015 

D 0.745 0.840 

E 0.300 0.325 

E, 0.240 0.280 

e 0.100 BSC 

L 0.115 0.160 

L, 0.130 

Q 0.015 0.060 

MILLIMETERS 

MIN MAX 

5.33 

2.93 4.95 

0.356 0.558 
1.15 1.77 

0.204 0.381 

18.93 21.33 

7.62 '8.25 

6.10 7.11 

2.54 BSC 

2.93 4.06 

3.30 

0.38 1.52 

N-16 

16-Lead Plastic DIP 
(P Suffix) 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.210 5.33 

A2 0.115 0.195 2.93 4.95 
b 0.014 0.022 0.356 0.558 
b, 0.045 0.070 1.15 1.77 

c 0.008 0.015 0.204 0.381 
D 0.845 0.925 21.47 23.49 
E 0.300 0.325 7.62 8.25 

E, 0.240 0.280 6.10 7.11 

e 0.100 BSC 2.54 BSC 

L 0.115 0.160 2.93 4.06 

L, 0.130 3.30 
Q 0.015 0.060 0.38 1.52 

8-18 PACKAGE INFORMATION 

N-18 

IS-Lead Plastic DIP 
(P SuffIX) 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 



INCHES 
SYMBOL MIN MAX 

A 0.200 
b 0.014 0.023 

b, 0.030 0.070 

c 0.008 0.015 
D 0.405 

E 0.220 0.310 

E, 0.290 0.320 

e 0.100 BSC 
L 0.125 0.200 

L, 0.150 

Q 0.015 0.060 
S 0.055 

S, 0.005 

a 0° 15° 

MILLIMETERS 
MIN MAX 

5.08 
0.36 0.58 
0.76 1.78 

0.20 0.38 
10.29 

5.59 7.87 
7.37 8.13 

2.54 BSC 
3.18 5.08 
3.81 

0.38 1.52 

1.4 
0.13 

0- 15° 

Q-8 
8-Lead Cerdip 

(Z Suffix) 

NOTES NOTES 

7 

2. 7 

7 
4 
4 

6 

8 

3 
5 
5 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid. meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Leads center when a is 0°. E, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003" (0.08 mm) 
measured at the center of the flat. when hot solder dip 
lead finish is applied. 

8. Six spaces. 
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SYMBOL 

A 

b 
b, 

c 
D 
E 
E, 

e 
L 

L, 

Q 

S 

S, 

(If 

Q-14 
14-Lead Cerdip 

(Y Suffix) 

11-- s, -.f r- S 

~~i: : : : : : :J 
~ D ~ 

S~ ~. ~ J Lb. ~. ~ 
INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.200 5.08 
0.014 0.023 0.36 0.58 
0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 

0.785 19.94 

0.220 0.310 5.59 7.87 
0.290 0.320 7.37 8.13 

0.100 BSC 2.54 BSC 

0.125 0.200 3.18 5.08 

0.150 3.81 

0.015 0.060 0.38 1.52 

0.098 2.49 

0.005 0.13 

O· 15· 0° 15° 

NOTES 

7 
2,7 

7 
4 

4 
6 

8 

3 

5 

5 

NOTES 

SEE 
NOTE 7 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when 0< is 0°. E, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003" (0.08 mm) 
measured at the center of the flat when hot solder dip 
lead finish is applied. 

8. Twelve spaces. 
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INCHES 

SYMBOL MIN MAX 

A 0.200 
b 0.014 0.023 
b, 0.030 0.070 

c 0.008 0.015 
D 0.840 
E 0.220 0.310 
E, 0.290 0.320 

e 0.100 Bse 

L 0.125 0.200 

L, 0.150 

a 0.015 0.060 
S 0.080 

S, 0.005 

(J( 0° 15° 

MILLIMETERS 

MIN MAX 

5.08 
0.36 0.58 
0.76 1.78 

0.20 0.38 
21.34 

5.59 7.87 
7.37 8.13 

2.54 Bse 
3.18 5.08 

3.81 

0.38 1.52 
2.03 

0.13 

0° 15° 

Q-16 

16-Lead Cerdip 
(Q SuffIX) 

NOTES NOTES 

7 
2,7 

7 
4 
4 
6 

8 

3 
5 

5 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mml for all four corner leads only. 

3. Dimension a shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when 0< is 0°. E, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003" (0.08 mml 
measured at the center of the flat, when hot solder dip 
lead finish is applied. 

8. Fourteen spaces. 
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SYMBOL 

A 

b 

b, 

c 

D 

E 

E, 

e 

L 

L, 

Q 

S 

S, .. 

Q-18 

IS-Lead Cerdip 
(X Suffix) 

., ~S, -.f r- S 

oo~~: : : : : : : :1 
~ 0 ~ 

• b..jj.- ..j • j.- b, ~. E, 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.200 5.08 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 

0.960 24.38 

0.220 0.310 5.59 7.87 

0.290 0.320 7.37 8.13 

0.100 BSC 2.54 BSC 

0.125 0.200 3.18 5.08 

0.150 3.81 

0.015 0.060 0.38 1.52 

0.098 2.49 

0.005 0.13 

O· 15· O· 15· 

NOTES 

7 

2. 7 

7 

4 

4 

6 

8 

3 

5 

5 

NOTES 

SEE 
NOTE 7 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid. meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when .. is 0·. E, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003" (0.08 mm) 
measured at the center of the flat. when hot solder dip 
lead finish is applied. 

8. Sixteen spaces. 
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INCHES 

SYMBOL MIN MAX 

A 0.094 0.102 

b 0.0138 0.0192 

c 0.0075 0.0098 
0 0.1890 0.1968 
E 0.1497 0.1574 

H 0.2284 0.2440 

e 0.0500 BSC 

h 0.0099 0.0196 

L 0.0160 0.0500 

Q 0.0040 0.0098 

ot 0° 8° 

MILLIMETERS 

MIN MAX 

2.39 2.59 
0.35 0.49 

0.19 0.25 
4.80 5.00 

3.80 4.00 

5.80 6.20 
1.27 BSC 

0.25 0.50 
0.41 1.27 

0.10 0.25 

0° 8° 

R-8 

8-Lead Narrow-Body (SO) 

NOTES 

2 

NOTES 

1. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 

2. The R-8 and SO-8 packages differ only in this dimension. 
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INCHES 

SYMBOL MIN MAX 

A 0.0532 0.0688 

b 0.0138 0.0192 

c 0.0075 0.0098 

0 0.1890 0.1968 

E 0.1497 0.1574 

H 0.2284 0.2440 

e 0.0500 BSC 

h 0.0099 0.0196 

L 0.0160 0.0500 

Q 0.0040 0.0098 

Ql 0" 8" 

8-24 PACKAGE INFORMA TlON 

80-8 
8-Lead Narrow-Body SO 

(S-Suffix) 

SEE ~snr ~/--'\ 
NOTE~ 1 4 j' j I -" ... \ ~l' --r-a 

'::.tLi?' 
~o~ •• ~ 

a1-Ju:o:u:nLl i~ 
.~ e j4- ~ j4- '\ C1 1oe-

MILLIMETERS 

MIN MAX 

1.35 1.75 

0.35 0.49 

0.19 0.25 

4.80 5.00 

3.80 4.00 

5.80 6.20 

1.27 BSC 

0.25 0.50 

0.41 1.27 

0.10 0.25 

0° 8" 

b SEATING SEE DETAIL 

PLANE ABOVE 

NOTES 

3 

NOTES 
1. Package dimensions conform to JEDEC specification 

MS-012-AA (Issue A. June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 

3. The SO-8 and R-8 packages differ only in this dimension. 



SYMBOL 

A 

b 

c 

0 

E 

H 

e 

h 

L 

a 
Of 

80-14 
14-Lead Narrow-Body SO 

(S-Suffix) 

r#.=±!:::::!:!::::::!:::!:::::!:::!;:!;. T1 
SEE n I 

NOTE 2 E H 

INCHES 

MIN MAX 

0.0532 0.0688 

0.0138 0.0192 

0.0075 ·0.0098 

0.3367 0.3444 

0.1497 0.1574 

0.2284 0.2440 

0.0500 BSC 

0.0099 0.0196 

0.0160 0.0500 

0.0040 0.0098 

00 80 

'~o~lj 
QjJu 0 u u u u uIT 

h x 450 

"1 .... 

iJ r==t\ 
.. --t e t-- --t I-- '\ 

b SEATING 

C l .... 
SEE DETAIL 

ABOVE 

MILLIMETERS 

MIN MAX 

1.35 1.75 

0.35 0.49 

0.19 0.25 

8;55 8.75 

3.80 4.00 

5.80 6.20 

1.27 BSC 

0.25 0.50 

0.41 1.27 

0.10 0.25 

00 80 

PLANE 

NOTES NOTES 
1. Package dimensions conform to JEDEC specification 

MS-012-AB (Issue A. June 19851. 
2. Index area; a dimple or lead one identification mark is 

located adjacent to lead one and is within the shaded 
area shown. 
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INCHES 

SYMBOL MIN MAX 

A 0.0532 0.0688 

b 0.0138 0.0192 

c 0.0075 0.0099 

0 0.3859 0.3937 

E 0.1497 0.1574 

H 0.2284 0.2440 

e 0.0500 BSC 

h 0.0099 0.0196 

L 0.0160 0.0500 

Q 0.0040 0.0098 

0< 0° 8° 
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MILLIMETERS 
MIN MAX 

1.35 1.75 

0.35 0.49 

0.19 0.25 

9.80 10.00 

3.80 4.00 

5.80 6.20 

1.27 BSC 

0.25 0.50 

0.41 1.27 

0.10 0.25 

00 8° 

R·I6A 
80·16 

16-Lead Narrow Body SO 
(S Suffix) 

NOTES 

hx45° 

iJ~ c f 14-

NOTES 

SEE DETAIL 
ABOVE 

1. Package dimensions conform to JEDEC specification 
MS-012-AC (Issue A. June 19851. 

2. Index area; a dimple or lead one identification mark is 
located adjacant to lead one and is within the shaded 
area shown. 



INCHES 

SYMBOL MIN MAX 

A 0.0926 0.1043 

b 0.0138 0.0192 

c 0.0091 0.0125 

D 0.3977 0.4133 

E 0.2914 0.2992 

H 0.3937 0.4193 

e 0.0500 BSC 

h 0.0098 0.0291 

L 0.0157 0.0500 

Q 0.0040 0.0118 

u 0° 8° 

MILLIMETERS 

MIN MAX 

2.35 2.65 

0.35 0.49 

0.23 0.32 

10.10 10.50 

7.40 7.60 

10.00 10.65 

1.27 BSC 

0.25 0.74 

0.40 1.27 

0.10 0.30 

0° 8° 

R-16 
SOL·16 

16·Lead Wide Body SO 
(S Suffix) 

NOTES NOTES 
1. Package dimensions conform to JEDEC specification 

MS·013·AA (Issue A. June 1985). 
2. Index area; a dimple or lead one identification mark is 

located adjacent to lead one and is within the shaded 
area shown. 
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INCHES 

SYMBOL MIN MAX 

A 0.0926 0.1043 

b 0.0138 0.0192 

c 0.0091 0.0125 

D 0.4961 0.5118 

E 0.2914 0.2992 

H 0.3937 0.4193 

e 0.0500 BSC 

h 0.0098 0.0291 

L 0.0157 0.0500 

Q 0.0040 0.0118 

0< 0" 8" 

8-28 PACKAGE INFORMATION 

MILLIMETERS 

MIN MAX 

2.35 2.65 

0.35 0.49 

0.23 0.32 

12.60 13.00 

7.40 7.60 

10.00 10.65 

1.27 BSC 

0.25 0.74 

0.40 1.27 

0.10 0.30 

0" 8" 

R·20 
SOL·20 

20·Lead Wide·Body SO 
(S Suffix) 

NOTES 

SEATING 
PLANE 

NOTES 

L-..----Jh~ 
../14-

SEE DETAIL 
ABOVE 

1. Package dimensions conform to JEDEC specification 
MS·013·AC (Issue A. June 19851.· 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 



SEATING 
PLANE 

SYMBOL 

A 
A, 
b 

b, 

c 
D 
E 
E, 

E2 
e 
L, 

a 
S 
S, 

YOlO 
lO-Lead Single In-Line Package (SIP) 

r~== =-s---=:'.-, D 

S, • 
0-r • 

1 l1~A' 
.... SEE 1 NOTE 1 

1 E. 

-
E, 1 
+ 

E 

L 1 10 , 
k~ b..ji- --leI-- .. 

L, 

~ 

INCHES MILLIMETERS 
MIN MAX MIN MAX NOTE 

0.123 0.150 3.12 3.81 
1. Metal tab is electrically insulated from circuitry. 

0.038 0.042 0.97 1.07 
0.016 0.020 0.41 0.51 
0.040 0.070 1.02 1.78 
0.009 0.012 0.23 0.31 
1.566 1.586 39.78 40.28 
0.990 1.050 25.15 26.67 

0.750 REF 19.05 REF 
0.810REF 20.57 REF 
0.100BSC 2.54BSC 

0.150 0.350 3.81 8.S9 
0.060 O.OSO 1.52 2.03 

0.7S0REF 19.51 REF 
0.115REF 2.92 REF 
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z·s 
8-Lead Leaded Chip Carrier (Gull Wing) 

PIN 
IND 

/1 
4 1 

F G TOP VIEW BOTTOM VIEW 

5 8 

r- r-

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.250 0.260 6.35 6.61 

B 0.028 0.049 0.711 1.25 

C 0.015 0.019 0.38 0.48 

0 0.045 0.055 1.14 1.40 

F 0.433 0.457 10.90 11.60 

G 0.323 0.347 8.20 8.81 

J 0.083 0.103 23.37 23.87 

K 0.015 0.381 
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Ordering Guide 
INTRODUCTION 
This Ordering Guide should make it easy to order Analog Devices products, whether you're buying one IC op amp, a multi-option 
subsystem, or 1000 each of IS different items. It will help you: 

I. Find the correct part number for the options you want. 

2. Get a price quotation and place an order with us. 

3. Know our warranty for components and subsystems. 

For answers to further questions, call the nearest sales office (listed at the back of the book) or our main office in Norwood, Mass. 
U.S.A. (617-329-4700). 

MODEL NUMBERING 
In this reference manual many of the data sheets for products having a number of standard options contain an Ordering Guide. Use it 
to specify the correct part number for the exact combination of options you want. Two model numbering schemes are used by Analog 
Devices. The first model numbering scheme is used for designating standard Analog Devices monolithic and hybrid products. The 
second scheme is used by our Precision Monolithics Division (formerly PMI) as designators for its product line. 

Figure I shows the form of model number used for our proprietary standard monolithic ICs and many of our hybrids. It consists of 
an "AD" (Analog Devices) prefix, a 3-to-5-digit number,* an alphabetic performance/temperature-range designator and a package 
designator. One or two additional letters may immediately follow the digits ("A" for second-generation redesigned ICs, "Dr' for 
dielectrically isolated CMOS switches, e.g., AD536AJH, AD7512DIKD). 

Figure 2 shows a different numbering scheme used by our Precision Monolithics Division. This numbering scheme starts with a 
prefix which designates the device type and model number. It is then followed by a suffix consisting of alphabetic designators (as 
applicable) to indicate additional functional designations or options and packaging options. 

[NANN] 

1 OR 2 LETTERS PROVIDE 
ADDITIONAL GENERAL INFORMATION 
A: SECOND GENERATION 
DI: DIELECTRIC ALL Y ISOLATED 
Z: OPERATION ON ±12V SUPPLIES 

PERFORMANCE·TEMPERATURE 
RANGE DESIGNATOR' 

{

II INCREASING 
J , PARAMETRIC 

O°C TO + 70°C ~M PERFORMANCE 

BEST OVERALL 
PERFORMANCE 

{ 
1 INCREASING 

_250C OR -400C :' PERFORMANCE 

TO +85°C C BEST OVERALL 

PERFORMANCE 

{ 
1 INCREASING 

S , PERFORMANCE 
-55°C TO + 125°C T 

U BeST OVERALL 
PERFORMANCE 

PACKAGE OPTIONS: 

D HERMETIC OIP, CERAMIC OR METAL 
E CERAMIC LEAOLESS CHIP CARRIER 
F CERAMIC FLATPACK 
G CERAMIC PIN GRID ARRAY 
H HERMETIC METAL CAN 
J J·LEADED CERAMIC 
M HERMETIC METAL CAN DIP 
N PLASTIC OR EPOXY SEALED DIP 
P PLASTIC LEADED CHIP CARRIER 
Q CERDIP 
R SMALL OUTLINE "SO" PACKAGE 
S PLASTIC QUAD FLATPACK 
T To-92 STYLE PACKAGE 
W NON HERMETIC CERAMIC/GLASS DIP 
Y SINGLE·IN·lINE "SIP" PACKAGE 
Z CERAMIC LEADED CHIP CARRIER 

EXAMPLES: 

AD521 KCHIPS 
AD7524AD 
AD536ASHl883B 
AD7512DIKD 

'MONOLITHIC CMOS CHIPS IN THE AD75XX SERIES 
WERE FORMERLY DESIGNATED AD75XXlCOM/CHIPS 
AND AD75XXIMIUCHIPS AND MAY APPEAR ON PRICE 
lISTS WITH THOSE DESIGNATIONS. CONSULT ANALOG 
DEVICES FOR CURRENT PRICING OF AD75XX CHIPS. 

Figure 1. Model-Number Designations for Standard Analog Devices Monolithic and Hybrid Ie Products. S, T and U 
Grades have the Added Suffix, /8838 for Devices that Qualify to the Latest Revision of MIL-STD-883, Level 8. 

*For some models, the combination [digit][letter] [two or three digits] is used instead of ADXXXX, e.g., 2S80. 
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DEVICE TYPE AND MDDEL NUMBER 

DEVICE TYPE: 

ADC ANALOG-'fO.DlGITAL CDNYERTER 
AMP INSTRUMENTATIDN AMPLIFIER 
BUF BUFFER (YOLTAGE FOLLOWER) 
CMP COMPARATOR 
DAC DIGITAL-TO-ANALOG CDNYERTER 
JAN MIL438510 SLASH SHEET 
LlU HIGH SPEED SERIAL DATA RECEIVER 
MAT MATCHED TRANSISTOR 
MUX MULTIPLEXER 
OP PROPRIETARY OPERATIDNAL AMPLIFIER 
PKD PEAK DETECTOR 
PM SECOND-SOURCE,INDUSTRY SPECIFICATIONS 
REF YOLTAGE REFERENCE 
RPT PCM LINE REPEATER 
SMP SAllPLE-AND-HOLD AMPLIFIER 
SW ANALOG SWITCH 
SSM SOUD STATE MUSIC PRODUCT 
TMP TEMPERATURE SENSOR 

B~OPTIDN 

PIlI OFFERS MOST 0"17O"C, -DG/+IIOC AND -to"/+85"C 

=~:ow::=~~~:a:A:e ~ 
MODEL NUMBER AND THE ELECI'RICAL GRADE. FOR 
EXAMPLE, TO ORDER DAC-OIEQ wmt BURtfoIN, THE 
PART NUMBER 18 DAC-a88lEQ. 

I ELECTRICAL GRADE +_ 
SELECT ELECTRICAL GRADE 
FROM DATA SMElT. 

-

MIL.SfII.4I83, CLASS B, REVISIDN C OPTION 

PIII-IIOC TO +125"C DEVICES ARE AVAILABLE 
WITH IIIL-8TI).883, CLASS B SCREENING AS 
STANDARD PRODUCTS. TO ORDER AN 883 PART, 
_PLY ADD 11E DESlCJNATION 1883 TO THE PART 
NUIIBER. FOR EXAMPLE, THE IJAC.OIAQ, SCREENED 
TO THE 883 REQUlREilENTS WOULD BE ORDERED 
AS A DAC-OIAQ/II3. CONTACT FACTORY FOR IB3 
DEVICE SPECIFICATIONS. 

PACKAGE SUFFIX 

PACKAGE TYPE: 

H 8-LEAD 'fO.78 CAN 
J 8-LEAD TD-811 CAN 
K .a-LEAD 'fO.loo CAN 
o NOT USED 
P EPOXY DIP 
PC PLASTIC LEADED CHIP CARRIER 
Q 16-LEAD CERAMIC DIP 
R 2O-LEAD CERAMIC DIP 
RC 2O-POSITIDN LCC' 
S SMALL OUTLINE PACKAGE 
T 211-LEAD CERAMIC DIP 
TC 211-POSmoN LCe-
U NOT USED 
V 24-lEAD CERAMIC DIP 
X , ... EAD CERAMIC DIP 
Y 14-LEAD CERAMIC DIP 
Z 8-LEAD CERAMIC DIP 
·AYAILAllLE WITH 111.-811).883 PROCESSING 
ONLY. 

Figure 2. Precision Monolithics Division's Product Designations 

ORDERING FROM ANALOG DEVICES 
When placing an order, please provide specific information regarding model type, number, option designations, quantity, ship-to and 
bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All shipments are F.O.B. 
factory. Please specify if air shipment is required. 

Place your orders with our local sales office or representative, or directly with our customer service group located in the Norwood 
facility. Orders and requests for quotations may be telephoned, sent via fax or telex, or mailed. Orders will be acknowledged when 
received; billing and delivery information is included. 

Payments for new accounts, where open-account credit has not yet been established, will be C.O.D. or prepaid. Analog Devices' min
imum order value is two hundred fifty dollars ($250.00). 

When prepaid, orders should include $2.50 additional for packaging and postage (and a 5 % sales tax on the price of the goods if you 
are ordering for delivery to a destination in Massachusetts). 

You may also order Analog Devices parts through distributors. For information on distributors, please see pages 9-12 and 9-13 at the 
back of this volume. 

WARRANTY AND REPAIR CHARGE POLICIES 
All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and service for one 
year from the date of their shipment by Analog Devices, Inc., except that components obtained from others are warranted only to the 
extent of the original manufacturers' warranties, if any, except for component test systems, which have a 180-day warranty, and 
(J.MAC and MACSYM systems, which have a 90-day warranty. This warranty does not extend to any products which have been sub
jected to misuse, neglect, accident, or improper installation or application, or which have been repaired or altered by others. Analog 
Devices' sole liability and the Purchaser's sole remedy under this warranty is limited to repairing or replacing defective products. 
(The repair or replacement of defective products does not extend the warranty period. This warranty does not apply to components 
which are normally consumed in operation or which have a normal life inherently shorter than one year.) Analog Devices, Inc., shall 
not be liable for consequential damages under any circumstances. 

THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER 
WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
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Product Families Not Included in the Reference Manual 
(But Still Available) 
The information published in this Reference Manual is intended to assist the user in choosing components for the design of new 
equipment, using the most cost-effective products available from Analog Devices. The popular product types listed below may have 
been designed into your circuits in the past, but they are no longer likely to be the most economic choice for your new designs. 
Nevertheless, we recognize that it is often a wise choice to refrain from redesigning proven equipment, and we are continuing to 
make these products available for use in existing designs. Data sheets on these products are available upon request. 

Model Model Model Model 

ADiOI ADC-912 DACI138 SW-OI/02 
AD201 ADCI130 DACl146 SW-75 1017511 
AD301 ADCI131 DAC-I408A 2B24 
AD301AL ADC1143 DACI508A 2B34 
AD363R AD DAC-08 DAC-8212 2B52 
AD364R ADDAC71 DAS1153 2B53 
ADS03 ADDAC72 DAS1157 2B56 
ADS04 ADEB770 HDS-1240E 2B57 
ADS06 ADSP-1008A HDS-1250 2B58 
AD507SHl883B ADSP-I009A HOS-050/050Al050C 2B59 
AD510 ADSP-IOIOA HOS-060 4B Series 
ADSI5 ADSP-IOIOB HTC-030OA 40 
ADSI8 ADSP-1012A HTS-OOIO 171 
AD533 ADSP-1016A HTS-0025 233 
AD535 ADSP-I024A JM385 1011 130111 1302 277 
ADS45 ADSP-I080A MUX-88 285 
AD567 ADSP-I081A OP-08 290 
AD611 ADSP-1101 OP-43 292 
AD651 ADSP-l110A OP-44 310 
AD689 ADSP-1401 OP-65 426 
AD757 ADSP-1402 OP-lll 429 
AD 1175 ADSP-1410 OP-147 434 
AD 1322 ADSP-3128A OP-150 436 
AD 1403 ADSP-3201 OP-166 442 
AD2004 ADSP-3202 PM-119 451 
AD2006 ADSP-3210 PM-219 453 
AD2020 ADSP-3211 PM-148/248 460 
AD5200 Series ADSP-3212 PM-ISS 741A 
AD5210 Series ADSP-3220 PM-I56 751 
AD7110 ADSP-3221 PM-157 756 
AD7240 ADSP-3222 PM-355 947 
AD7520 CAV-l21O PM-356 950 
AD7521 CMP-08 PM-562 968 
AD7522 CMP-404 PM-725 
AD7523 DAC-OI PM-741 
AD7525 DAC-02/03 PM-0820 
AD7530 DAC-05/06 PM-7541 
AD7531 DAC-12QS PM-7574 
AD7541 DAC-20 SHA-l144 
AD7546 DAC71172 SMP-81 
AD7576 DAC-86 SSM-2044 
AD7772 DAC-88 SSM-2045 
AD9502 DAC-89 SSM-2047 
AD9611 DAC-210 SSM-2100 
AD9686 DAC-888 SSM-2132 
ADC-908 DACI136 SSM-2300 
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Substitution Guide for Product Families 
No Longer Available 

The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable functions and 
performance may be obtained with newer models, but-as a rule-they are not directly interchangeable. The closest recommended 
Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is listed, or for further 
information, contact your local sales office. 

Closest Closest Closest 
Recommended Recommended Recommended 

Model Equivalent Model Equivalent Model Equivalent 

AD 108/208/308 AD705 AD2008 None ADC-14I1l7I ADll70 
AD 108A1208A1308A AD705 AD2009 None ADCllOO AD1170 
ADl11l2111311 AD790 AD2016 None ADC1102 AD7870 
AD246 AD204/AD208 AD2022 None ADCl103 AD7572A 
AD295 AD210 AD2023 None ADC1105 AD7550/AD7552 
AD293 AD210 AD2024 None ADC1109 AD7572A 
AD294 AD210 AD2025 None ADCllll AD574A 
AD345 AD132111324 AD2027 None ADC1121 AD7880 
AD351 AD790 AD2028 None ADC1123 AD7880 
AD362 AD 1362 AD2033 None ADCl133 AD574A 
AD367 None AD2036 None ADC-QU AD574A1AD674A 
AD368 None AD2037 None AD DACIOO AD561 
AD369 None AD2038 None ADG200 None 
AD370/371 AD767 AD2040 None ADG201 ADG201A 
AD376 AD 1376 AD2050 None ADLH0032G/CG AD843 
AD381 AD744 AD2051 None ADLH0033G/CG AD9620/ AD9630 
AD382 AD744/AD845 AD2060 None ADM501 None 
AD386 AD1154 AD2061 None ADP501 None 
AD392 AD664 AD2070 None ADREFOI REF-Ol 
AD501 AD711 AD2071 None ADREF02 REF-02 
ADS02 AD711 AD3554 None ADSHC-85 AD585 
AD505 AD509 AD3860 AD567 ADSHM-5 HTC-0300A 
ADS06SHl883B AD42626 ADSOI0/6020 AD9000 AMP-OIBX AMP-OlAX 
AD508 AD517 AD5240 AD ADC85 AMP-O1 BX/883C AMP-OIAXl883C 
ADS 11 AD711 AD6012 AD565A AMP-05BX AMP-05AX 
ADS 12 AD711 AD7115 AD7111 AMP-05BX/883C AMP-05Z/883C 
ADS 13 AD711 AD7513 ADG201A APIl620/1718 Consult ADI II ADS14 AD711 AD7516 AD7510DI BDM 1615/16/17 None 
ADS16 AD711 AD7519 None BUF-03BJ/883C BUF-03AJ/883C 
ADS20 ADS24 AD7527 AD7548 CAV-0920/1020 AD9020/9060 
AD523 AD549 AD7544 AD7548 CAV-1202 AD9007 
ADS28 AD7111744 AD7550 None CAV-1205 AD9007 
ADS30 ADS33 AD7552 None CMP-OIZ CMP-OlJ 
ADS31 ADS32 AD7555 AD1175K CMP-05BJ CMP-05CJ 
ADS40 ADS44 AD7560 None CMP-05BZ CMP-05CZ 
ADS 59 ADS57/AD558 AD7570 AD7579/AD7580 CMP-05GJ CMP-05CJ 
ADS65 ADS65A AD7571 AD7579/AD7580 CMP-404BY CMP-404AY 
ADS66 ADS66A AD7583 AD7880+MUX CMP-404BY /883C CMP-404A Y /883C 
AD612 ADS24 AD9011 AD9002 DAC-02ACXl DAC-02CCXl 
AD614 AD524 AD9521 AD640 DAC-05AXI DAC-02CCXl 
AD801 AD711 AD9615 AD96111 AD9617 DAC-05EXI DAC-02CCXl 
AD 1145 AD7846 AD9685 AD96685 DAC-I0BX DAC-IOFX 
AD1147/48 AD669 AD9687 AD96686 DAC-IOCX DAC-IOGX 
AD1332 None AD9688 AD9002/ AD9028 DAC-lODF AD568 
ADl408 AD558 AD ADC-816 AD7820/AD7821 DAC-I0H None 
ADl508 AD558 ADC-8S AD673 DAC-I0Z None 
ADl678 AD678 ADC-I0Z ADS74A DAC-12QZ AD667 
AD1679 AD679 ADC-12QL AD7578 DAC-12M AD7845 
AD 1779 AD779 ADC-12QM AD574A1AD674A DAC-14QM DACI136 
AD2003 AD2021 ADC-12QZ ADS74A1AD674A DAC-16QM DACI136 
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Closest Closest Closest 
Recommended Recommended Recommended 

Model Equivalent Model Equivalent Model Equivalent 

DAC-lOOAAQ7 DAC-lOOACQ7 HOS-IOOAH/SH None OP-12CZ OP-12AZ 
DAC-IOOAAQ8 DAC-lOOACQ8 HOS-200 AD9620/30 OP-12GZ OP-12FZ 
DAC-lOOABQ7 DAC-lOOACQ7 HTC-0300 HTC-0300A OP-14DZ OP-14CZ 
DAC-lOOABQ8 DAC-lOOACQ8 HTC-OSOO HTC-0300A OP-14GRBC OP-14GBC 
DAC-IOOBBQSI DAC-lOOACQSI IPA-17Sl IPA-1764 OP-14J/883C OP-14AJ/883C 

883C 883C IRDC1730-33 AD2S80A/82A OP-lSBJ OP-lSAJ 
DAC-IOOBCQ7 DAC-IOOBBQ7 MAH-080l AD900S OP-lSBZ OP-lSAZ 
DAC-lOODDQ7 DAC-IOOCCQ7 MAH-IOOI AD900S OP-16BJ OP-16AJ 
DAC-3l2BR DAC-3l2ER MAS-080l AD900S OP-17BZ/883C OP-17 AZ/883C 
DAC-888AX DAC-888EX MAS-IOOI AD900S OP-17CJ OP-17AJ 
DAC-888BX DAC-888EX MAS-1202 AD900S OP-17FJ OP-17EJ 
DAClOO9 AD767 MAT-OI/883C MAT-OlAH/883C OP-17FZ OP-17EZ 
DACl106 ADS68 MAT-02BH MAT-02AH OP-20CJ OP-20BJ 
DACl108 ADS68 MAT -02BH/883C MAT -02AH/883C OP-2IGRBC OP-2IGBC 
DAClll2 DACl2QS MATV-0811 AD9012/48 OP-2ISBJ OP-2ISAJ 
DAClll8 AD767 MATV-08l6 AD90 I 2/48 OP-2ISBJ/883C OP-2ISAJ/883C 
DAC1l22 AD7S4lA MATV-0820 AD9012/48 OP-2ISBZ OP-2ISAZ 
DAC1l2S AD7S33 MCI-1794 AD2S80Al82A OP-2ISCZ/883C OP-2ISBZ/883 
DACI132 AD667 MDA Family AD9712BIl3B OP-2IBJ OP-2IAJ 
DAC-1408-6P DAC-1408-8P MDH Family AD97l2BIl3B OP-2IBZ OP-2IAZ 
DAC-I408-7P DAC-1408-8P MDMS Family AD9712BIl3B OP-21EJ OP-2IAJ 
DAC-1408-7Q DAC-I408-8Q MDS Family AD9712BIl3B OP-220BJ OP-220AJ 
DAC-1408-GQ DAC-1408-8Q MDSL Family AD9712BIl3B OP-22AJ OP-22AJ/883C 
DACl420 None MOD-IOOS/20 AD9020/60 OP-ZZEJ OP-22AJ/883C 
DACl4Z2 None MUX-08AQ MUX-08BQ OP-32BZ OP-32AZ 
DACl423 None MUX-24AQ MUX-24EQ OP-32BZ/883C OP-32AZ/883C 
DAClS08A-8Q DAC-1408-8Q MUX-Z4BQ MUX-24FQ OP-3ZFZ OP-32EZ 
DAS1l28 AD1341 MUX-16AT MUX-16ET OP-SOBY OP-SOAY 
DASllSO None MUX-16BT MUX-16FT OP-SOBY 1883C OP-SOA Y 1883C 
DASllSI None OP-OIHJ OP-OlJ OSC-17S4 OSC-17S8 
DASllSS None OP-OIHZ OP-OIHP PKD-OIBY PKD-OlAY 
DASllS6 None OP-02BJ OP-02AJ PKD-O lBY 1883C PKD-OlAY/883C 
DRCl60SI06 Consult ADI OP-02BJ/883C OP-02AJ/883C PM-lllY PM-lllJ 
DRCl70S/1706 Consult ADI OP-02EJ OP-07DJ PM-llY/883C PM-lllJ/883C 
DRCl76S/66 AD2S6S/66 OP-02EP OP-I77GP PM-139AY PM-139AY/883C 
DSCl60S/06 Consult ADI OP-OZEZ OP-177GZ PM-IS6AZ PM-lS6AZ/883C 
DSCl70S/1706 Consult ADI OP-02J OP-02AJ PM-IS7J PM-175J/883C 
DSCl76S/66 AD2S6S/66 OP-02/883C OP-02AZ/883C PM-lS7J/883C PM-lS7 AJ/883C 
DTMI716/l7 AD2S6S/66 OP-04DY OP-04CY PM-208AJ PM-108AJ/883C 
HAS-0802 HASl202A OP-04GBC OP-04NBC PM-208AZ PM-108AZ 
HAS-IOO2 HASl202A OP-04Y/883C OP-04A Y/883C PM-308AZ PM-lOO8GZ 
HAS-1202 HASl202A OP-OSZ OP-OSAZ PM-308J PM-lOO8G 
HDD-lOlS AD971ZA OP-OS/883C OP-OSAZ/883C PM-4136RC OP-IlARC/883C 
HDD-1409 None OP-06BJ/883C OP-06AJ/883C PM-S62AV PM-S62HV 
HDG-080S AD9701 OP-06EZ OP-06GZ PM-S6ZBV PM-S62HV 
HDH-0802 AD9713B OP-06FZ OP-06GZ PM-S62FV PM-S62HV 
HDH-IOO3 AD9713B OP-08AJ PM-IOO8AJ PM-S62GV PM-S62HV 
HDH-120S AD9713B OP-08AJ/883C PM-IOO8AJ/883C PM-741J OP-02AJ 
HDL-380S ADV4S3/ADV478 OP-08AZ/883C PM-lOO8AZ/883C RACl763 None 
HDL-3806 ADV453/ADV478 OP-08CZ/883C PM-IOO8AZ/883C RDCl602/03 RDCl702/03 
HDM-l21O AD6681 AD9713B OP-08EJ PM-IOO8EJ RDCl700 Consult ADI 
HDS-08IOE AD97l2B OP-08EZ PM-IOO8EZ RDCl702 Consult ADI 
HDS-0820 AD9713B OP-09ARC/883C OP-llARC/883C RDCl704 Consult ADI 
HDS-lOlSE AD97l2B OP-09FY OP-09EY RDCl7ll None 
HDS-1025 AD9713B OP-12BZ OP-12AZ RDCI72l AD2S46 
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Closest Closest Closest 
Recommended Recommended Recommended 

Model Equivalent Model Equivalent Model Equivalent 

RDCI725 Consult ADI 2B35 None 280 281 
RDCI726 Consult ADI 2S20 AD2S80Al82A 282J 292A 
RDCI728 Consult ADI 5S70/5S72 AD2S75 283J 292A 
RDCI767 Consult ADI 9S70171172 None 287 None 
RDC1768 Consult ADI 9S75/76/79 None 288 AD210 
RSCTl621 AD2S80Al82A 41 AD515A 301 310 (Module) 
RTI-1200 RTI-711 Series 42 AD549 302 310 (Module) 
RTI-1201 RTI-711 Series 43 AD549 311 AD549 
RTI-1202 RTI-711 Series 44 AD845 350 None 
RTM Series Consult ADI 45 AD744 424 ADS34 
SACI763 None 46 AD844 427 None 
SBCDl752/53/56/57 None 47 AD845 428 AD538 
SCDX1623 None 48 AD845 432 None 
SCM 1677 None SO AD844 433 434 
SDC1602/3/4 Consult ADI 51 AD844 435 AD734 
SDC1700 Consult ADI 52 AD707 440 442 
SDC1702 Consult ADI 102 AD845 450 AD652 
SDCI703 Consult ADI 106 AD711 452 None 
SDC1704 Consult ADI 107 AD711 454 AD537 
SDCI711 None 108 AD845 456 AD537 
SDCI721 AD2S46 110 AD845 458 460 
SDCI725 Consult ADI 118 AD7I1 602JIO AD524 
SDCI726 Consult ADI 120 AD844 602JI00 ADS24 
SDCI728 Consult ADI 141 40 602KI00 AD524 
SDC1767 Consult ADI 142 AD845 603 ADS24 
SDC1768 Consult ADI 143 AD845 605 AD524 
SERDEX f1MAC-5000 146 AD382 606 AD625 
SHA-IA ADS85 148 AD549 610 AD625 
SHA-2A AD781 149 AD844 752 759 
SHA-3 ADS85 153 ADS17 901 904 
SHA-4 AD585 161 None 903 905 

II SHA-5 None 163 None 906 905 
SHA-6 AD1154 165 None 907 921 
SHA11I4 ADS85 170 None 908 921 
SHA-l134 None 180 AD OP-07 909 921 
SMP-I0BY SMP-I0AY 183 AD707 915 904 
SMP-I0BY/883C SMP-I0AY/883C 184 AD707 926 927 
SPA-1695 None 220 233 931 None 
SSCTl621 AD2S80A/82A 230 233 932 None 
SSCTl622/23 None 231 233 933 None 
STM Series Consult ADI 232 233 935 None 
SW-OIBQ SW-OIFQ 234 233 942 None 
SW-7510AQ SW-7510EQ 235 233 944 None 
SW-7510BQ SW-75IOFQ 260 AD707 946 None 
SW-751lAQ SW-1577BQ 261 OP-177 948 947 
THC-Family HTC-0300A 272 None 951 None 
THS-Family HTC-0300A 273 None 952 970 
TSL1612 Consult ADI 274J 284J 956 None 
IS 10/20 ADZS80A/82A 275 ADZ 10 959 960 
IS 14/24144/64174 AD2S83 276 None 971 921 
IS60/61 AD2S80A/82A 279 286J 972 974 

973 975 
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Technical Publications 
Analog Devices provides a wide array of FREE technical publi
cations. These include Data Sheets, Catalogs, Application Notes 
and Guides and four serial publications: Analog Productlog, a 
digest of new-production information; DSPatch"', a newsletter 
about digital signal-processing (applications); Analog Briejings®, 
current information about products for military/avionics and the 
status of reliability at ADI; and Analog Dialogue, our technical 
magazine, with in-depth discussions of products, technologies 
and applications. 

In addition to the free publications, a group of technical refer
ence books are available at reasonable cost. Subsystem products 
are supported with hardware, software, and user documentation, 
at prices related to content. 

Brief descriptions of typical publications appear below. For cop
ies of any items, to subscribe to any of our free serials or to 
request any other publications, please get in touch with the 
nearest sales office or the Analog Devices literature center; 
phone (617) 461-3392, fax (617) 821-4273. 

DATABOOKS AND CATALOGS 
Data Acquisition Products Reference Manuals. Contain selec
tion guides, data sheets and other useful information about all 
Analog Devices ICs, hybrids, modules and subsystem compo
nents recommended for new designs. The current series consists 
of: 

AMPLIFIER REFERENCE MANUAL-1992. Data sheets 
and selection guides to Operational Amplifiers, Comparators, 
Instrumentation Amplifiers, Isolation Amplifiers, Mixed-Signal 
ASICs, Power Supplies. (Available FREE) 

SPECIAL LINEAR REFERENCE MANUAL-1992. Data 
sheets and selection guides to Analog Multipliers/Dividers, Sig
nal Compression Components, RMS-to-DC Converters, Mass 
Storage Components, ATE Components, Special Function Com
ponents, Matched Transistors, Temperature Sensors, Signal 
Conditioning Components, Automotive Components, Digital 
Signal Processing Products, Mixed-Signal ASICs, Power Sup
plies. (Available FREE) 

DATA CONVERTER REFERENCE MANUAL-1992: 
Volumes I and 2. Data sheets and selection guides on AID and 
D/A Converters, V/F and FN Converters, Synchro/Resolver-to
Digital Converters, SampleITrack-Hold Amplifiers, Switches 
and Multiplexers, Voltage References, Data-Acquisition Sub
systems, Analog I/O Ports, Communications Products, Bus 
Interface and I/O Products, Application-Specific ICs, Digital 
Panel Meters, Power Supplies. (Available FREE) 

AUDIONIDEO REFERENCE MANUAL-1992. Data sheets 
and selection guides on Operational Amplifiers, Audio AID and 
D/A Converters, Video AID and D/A Converters, Special Func
tion Audio Products, Special Function Video Products, and 
Digital Signal Processing Products, plus 42 Application Notes. 

MILITARY PRODUCTS DATABOOK-1990 (in two vol
umes). Information and data on products available with process
ing in accordance with MIL-STD-883. 

Volume 2: PMI Division products-including Class S 
Volume 1: All other Analog Devices products 

DATA-ACQUISITION AND CONTROL CATALOG-1990. 
Tutorial and Configuration Guide, with Product Reference and 
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Index. Bus-Compatible I/O Boards for: IBM PS/2,* IBM PC/ 
XT/ AT,* STD Bus, VMEbus, MULTIBUS.t Distributed I/O 
Subsystems-fixed-function front ends, programmable units, 
and distributed control systems. Modular Signal Conditioners 
-analog and digitizing. Analog Signal-Conditioning Panels
isolated and nonisolated. Digital Subsystems-16- and 24/32-
channel. Software-DOS drivers and applications packages. 

POWER SUPPLIES:j:-Linear Supplies.DC-DC Converters. 
12-page Short-Form Catalog listing AC/DC Power Supplies, 
Modular DC/DC Converters, Power-Supply Test Procedures, 
Transients, Thermal Derating, Mechanical Outlines of Packages 
and Sockets. 

APPLICATION NOTES Available individually upon request: 
AID Converters 
"AD671 12-Bit, 2-MHz ADC Digitizes CCD Outputs for 

Imaging Applications" [EI455] 
"AD7672 Converter Delivers 12-Bit 200-kHz Sampling 

Systems" [EBB] 
"Asynchronous Clock Interfacing with the AD7878" [E1334] 
"Bipolar Operations with the AD7572" [EIOIO] 
"Evaluation Board for the AD7701lAD7703 Sigma-Delta AID 

Converters" [EI483] 
"FIFO Operation and Boundary Conditions in the AD1332 

and AD1334" [E1355] 
"How to Obtain the Best Performance from the AD7572" 

[EI038] 
"Implement Infinite Sample-and-Hold Circuits Using Analog 

Input/Output Ports" [E 1359] 
"Simple Circuit Provides Ratiometric Reference Levels for 

AD782X Family of Half-Flash ADCs" [EI412] 
"Simultaneous and Independent Sampling of Analog Signals 

with the AD1334" [£1358] 
"The AD7574 Analog-to-Microprocessor Interface" [E694] 
"Using Multiple AD1334s in Many-Channel Synchronous 

Sampling Applications" [EI435] 

Amplifiers 
"A Balanced-Input High-Level Amplifier" [AN-ll2] 
"Active Feedback Improves Amplifier Phase Accuracy" 
[AN-107]"AD9617/AD9618 Current-Feedback Amplifier Macro-

Models" [EI460] 
"An IC Amplifier User's Guide to Decoupling, Grounding, 

and Making Things Go Right for a Change" [AN-202] 
"An Ultralow-Noise Preamplifier" [AN-136] 
"An Unbalanced Virtual-Ground Summing Amplifier" [AN-I13] 
"Applications of High-Performance BiFET Op Amps" [E727] 
"JFET-Input Amps Are Unrivalled for Speed and Accuracy" 

[AN-108] 
"Low-Cost Two-Chip Voltage-Controlled Amplifier and Video 

Switch" (AD539) [E957] 
"Using the AD9610 Transimpedance Amplifier" [EI097] 
"Video VCAs and Keyers Using the AD843 and AD811" 

[AN-216] 

Analog Brieftngs is a registered trademark of Analog Devices, Inc. 
DSPatch is a trademark of Analog Devices, Inc. 
Word~Slice is a registered trademark of Analog Devices, Inc. 

*PCJXT I AT, PS/2 and Micro Channel are trademarks of International 
Business Machines Corporation. 

tMUL TIBUS is a trademark of Intel Corporation. 
+This publication is available in North America only. 



Analog Signal-Processing and Measurement 
"A Function Generator and Linearization Circuit Using the 

AD7569" [EI369] 
"Precision Surface Measurements Using the AD2S58" [E1486] 
"RMS-to-DC Converters Ease Measurement Tasks" [EI519] 
"Understanding and Applying the AD734I1AD7371 Switched-

Capacitor Filters" [EI373] 
"Using the AD834 in DC to 500-MHz Applications: RMS-to

DC Conversion, Voltage-Controlled Amplifiers, and Video 
Switches" [AN-212] 

"Video VCAs and Keyers Using the AD843 and AD811" 
[AN-216] 

Audio 
"A Balanced Mute Circuit for Audio Mixing Consoles" 

[AN-122] 
"A Constant-Power 'Pan' Control Circuit for Microphone 

Audio Mixing" [AN-I23] 
"A High-Performance Compandor for Wireless Audio Systems" 

[AN-I33] 
"An Automatic Microphone Mixer" [AN-134] 
"A Two-Channel Dynamic Filter Noise Reduction System" 

[AN-125] 
"High Performance Stereo Routing Switcher" [AN-I2I] 
"Interfacing Two 16-Bit ADI856 (ADI851) Audio DACs with 

the Philips SAA7220 Digital Filter" [AN-207] 

D/ A Converters 
"AD7528 Dual 8-Bit CMOS DAC" [E757] 
"Analog Panning Circuits Provide Almost Constant Output 

Power" [AN-206] 
"Circuit Applications of the AD7226 Quad CMOS DAC" [E873] 
"Dynamic Performance of CMOS DACs in Modem Applica

tions" [EII72] 
"8th Order Programmable Low-Pass Filter Using Dual12-Bit 

DACs" [AN-209] 
"Exploring the AD667 I2-Bit Analog Output Port" [E875] 
"Gain Error and Tempco of CMOS Multiplying DACs" [E630C] 
"Generate 4 Channels of Analog Output Using AD7542 12-Bit 

D/A Converters and Control the Lot with Only Two Wires" 
[E909] 

"Interfacing the AD7549 Dual 12-Bit DAC to the MCS-48 and 
MCS-51 Microcomputer Families" [E941] 

"Replacing the ADII45 with the AD7846" [EI467] 
"Simple Interface Between D/A Converter and Microcomputer 

Leads to Programmable Sine-Wave Oscillator" (AD7542) 
[E889] 

"The AD7224 DAC Provides Programmable Voltages Over 
Varying Ranges" [E91O] 

"Three-Phase Sine-Wave Generation Using the AD7226 Quad 
DAC" [E924] 

"Understanding and Preventing Latchup in CMOS DACs" 
[AN-I09] 

"Voltage Adjustment Applications of the DAC-8800 
TrimDAC'", an Octal 8-Bit D/A Converter" [AN-142] 

Digital Signal-Processing 
"Considerations for Selecting a DSP Processor" (ADSP-2IOOA 

vs. TMS320C25) [E1306] 
"Considerations for Selecting a DSP Processor" (ADSP-2101 

vs. TMS320C50) [AN-233] 
"Considerations for Selecting a DSP Processor" (ADSP-2111 

vs. DSP56000) [AN-231] 

"Digital Control System Design with the ADSP-2100 Family" 
[AN-227] 

"Implement a Cache Memory in Your Word-Slice® System" 
[E1062] 

"Sharing the Output Bus of the ADSP-140l Microprogram 
Sequencer" [E 1059] 

"Using Digitally Programmable Delay Generators" [E1518a] 
"Variable-Width Bit Reversing with the ADSP-14IO Address 

Generator" [EI061] 

Disk-Drive Electronics 
"Microstepping Drive Circuits for Single Supply Systems" 

[E1229A] 
"Simple DAC-Based Circuit Implements Constant Linear 

Velocity (CLV) Motor Speed Control" [E1236] 

Modeling 
"AD9617/AD9618 Current-Feedback Amplifier Macro-

Models" [EI460] 
"OP-42 Advanced SPICE Macro-Model" [AN-II7] 
"OP-64 Advanced SPICE Macro-Model" [AN-1I0] 
"OP-260 Advanced SPICE Macro-Model" [AN-126] 
"OP-400 SPICE Macro-Model" [AN-120] 
"OP-470 SPICE Macro-Model" [AN-132] 
"SPICE-Compatible Op Amp Macro-Models" [AN-138] 

Practice 
"An IC Amplifier User's Guide to Decoupling, Grounding, 

and Making Things Go Right for a Change" [AN-202] 
"How to Reliably Protect CMOS Circuits Against Power

Supply Overranging" [C1499] 

Resolver (Synchro) to Digital Conversion 
"Circuit Applications of the 2S81 and 2S80 Resolver-to

Digital Converters" [EII40] 
"Dynamic Characteristics of Tracking Converters" [EII41] 
"Dynamic Resolution-Switching on the IS74 Resolver-to

Digital Converter" [E9l9] 
"Using the 2S80 Series Resolver-to-Digital Converters with 

Synchros: Solid-State Scott-T Circuit" [EI361] 
"Why the Velocity Output of the IS74 and IS64 Series RID 

Converters is Continuous and Step-Free Down to Zero 
Speed" [E893] 

Sample-Holds 
"Applications of the SMP-04 and the SMP-08/SMP-18 Quad

and Octal Sample-and-Hold Amplifiers" [AN-204] 
"Applying IC Sample-Hold Amplifiers" [E931] 
"Generate 4 Channels of Analog Output Using AD7542 12-Bit 

D/A Converters and Control It All with Only Two Wires" 
[E909] 

"Implement Infinite Sample-and-Hold Circuits Using Analog 
Input/Output Ports" [EI359] 

Switches and Multiplexers 
"ADG20IA/202A and ADG2211222 Performance with Reduced 

Power Supplies" [EI052] 
"Bandwidth, OFF Isolation, and Crosstalk Performance of the 

ADG5XXAA Multiplexer Series" [EI340] 
"RoN Modulation in CMOS Switches and Multiplexers; What 

it Is and How to Predict its Effect on Signal Distortion" 
[EI470] 

Temperature Measurement 
"A Cost-Effective Approach to Thermocouple Interfacing in 

Industrial Systems" [E730] 
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"Use of the AD590 Temperature Sensor in a Remote Sensing 
Application" [E920] 

V/F Converters 
"Analog-to-Digital Conversion Using Voltage-to-Frequency 

Converters" [E994A] 
"Operation and Applications of the AD654 IC V-to-F 

Converter" [E923] 
"Using the AD650 Voltage-to-Frequency Converter as a 

Frequency-to-Voltage Converter" [EI539] 

Video Applications 
"Animation Using the Pixel Read Mask Register of the 

ADV47X Series of Video RAM-DACs" [E1316] 
"Changing Your VGA Design from a 171/176 to an ADV471" 

[EI260] 
"Design and Layout of a Video Graphics System for Reduced 

EMI" [E1309] 
"Improved PCB Layouts for Video RAM-DACs Can Use 

Either PLCC or DIP Package Types" [EI225] 
"Low Cost Two-Chip Voltage-Controlled Amplifier and 

Video Switch." (AD539) [AN-213] 
"Video Formats & Required Load Terminations." [AN-205] 

FREE APPLICATION GUIDES 
1992 Short Form Designers' Guide. A 142-page summary of Ana
log Devices products, including data converters, amplifiers, 
transducers, audio/video components, voltage references, 
switches and multiplexers, data-acquisition subsystems-and 
components for analog and digital signal processing, audio/ 
video, disk drives, automotive electronics, ATE, and communi
cations. It features new-product descriptions, specifications, and 
block diagrams-and provides selection guides, selection trees, 
and characteristics tables, plus a comprehensive index to all 
products. 

Analog CMOS Switches and Multiplexers. A 16-page short form 
guide to high-speed CMOS switches, CMOS switches with 
dielectric isolation and CMOS multiplexers. Also included are 
reliability data and information on single-supply operation. 

Applications Guide for Isolation Amplifiers and Signal Conditioners. 
A 20-page guide to specifications and applications of galvanically 
isolated amplifiers and signal conditioners for industrial, instru
mentation and medical applications. 

CMOS DAC Application Guide 3rd Edition by Phil Burton 
(1989-64 pages). Introduction to CMOS DACs, Inside CMOS 
DACs, Basic Application Circuits in Current-Steering Mode, 
Single-Supply Operation Using Voltage-Switching Mode, The 
Logic Interface, Applications. 

Digital Signal Processing-a 20-page brochure outlining the Ana
log Devices approach to DSP, mixed-signal processing and sig
nal computing. Includes philosophies, fixed- and floating-point 
architectures, products, benchmarks, applications, tools (hard
ware, software, and third-party), support-and migration paths 
to the future. 

ESD Prevention Manual- Protecting ICs from electrostatic dis
charges. Thirty pages of information that will assist the reader 
in implementing an appropriate and effective program to ensure 
protection against electrostatic discharge (ESD) failures. 

High-Speed Data Conversion. A 24-page short-form guide to 
video and other high-speed A/D and D/ A converters and accesso
ries, in forms ranging from monolithic ICs to card-level products. 
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High-Speed Op Amp Selection Guide. A 4-page quick-reference 
chart outlining specs and characteristics of high-speed op amps, 
further subdivided into precision, low-noise, FET -input, trans
impedance, general-purpose and buffer classifications. Includes a 
worldwide sales directory. 

Instrumentation Amplifier Application Guide, by Charles Kitchin 
and Lew Counts. Its 44 pages include basic instrumentation
amplifier ("in-amp") theory, design considerations, applications, 
specifications, and products-plus a brief bibliography and two 
indexes (by topic and by device model number). 

Multiple Digital-to-Analog Converter Integrated Circuits Selection 
Guide. A 32-page guide for the designer who wants to save space 
and cost in applications calling for from two to eight or more 
DACs and resolutions from 6 to 18 bits. Devices include triple 
6-, 8-, and lO-bit video DACs, dual 18-bit audio DACs, 8-bit 
octuples, and 12- and 14-bit quads. 

Resolver-to-Digital Converter Selection Chart. A 40-page collection 
of accuracy and speed data for use in the design of systems com
bining Analog Devices monolithic integrated-circuit RDCs with 
a variety of resolvers. Topics include single- and multi-speed 
resolvers, speed-accuracy charts, resolver charts for nine differ
ent manufacturers, and definitions of terms. 

RMS-to-DC Conversion Application Guide 2nd Edition by 
C. Kitchin and L. Counts (1986-61 pages). RMS-DC Conver
sion: Theory, Basic Design Considerations; RMS Application 
Circuits; Testing Critical Parameters; Input Buffer Amplifier 
Requirements; Programs for Computing Errors, Ripple and 
Settling Time. 

Sampling Analog-to-Digital Converter Integrated Circuits-1992 
Short-Form Selection Guide. Its 28 pages cover 35 different mod
els with resolutions from 8 to 16 bits, and 12-bit resolution up 
to 20 MSPS. Besides block diagrams and key specs of each 
product, the booklet includes a detailed discussion of selection 
issues and a selection table sorted by resolution and speed. 

Signal Computing. A 16-page brochure describing the present 
and future of product designs that require synchronous, real
time execution of complex mathematical signal-processing algo
rithms. In it, chipsets (e.g., a DSP teamed with appropriate 
analog ports) provide the hardware platform; and prepackaged 
third-party software, written by experts in a variety of fields 
(but modified to meet the needs of individual designs) provides 
the problem-solving configuration. So (for example) the same 
processor can be used as a PC-based sound coprocessor, or an 
embedded audio processor in digital TVs, or a host processor in 
digital cellular telephones. Some illustrations are provided, using 
Analog Devices products. 

Surface Mount IC.* A 28-page guide to ICs in SO and PLCC 
packages. Products include op amps, rms-to-dc converters, 
DACs, ADCs, VFCs, sample-holds and CMOS switches. 

DIGITAL SIGNAL PROCESSING MANUALS 
Available at no charge for single copies; write on letterhead. 

ADSP-2101IADSP-2102 USER'S MANUAL-Architecture. 
[Fixed-point processor] Introduction; Computational Units; 
Data Moves, Program Control; Timer; Serial Ports; System 
Interface; Memory Interface; Instruction Set Overview; Appen
dixes; Index. 190 pages. 

*This publication is available in North America only. 



ADSP-2111 USER'S MANUAL-Architecture. [Fixed-point 
processor] Introduction; Computational Units; Data Moves; Pro
gram Control; Timer; Host Interface Port; Serial Ports; System 
Interface; Memory Interface; Instruction Set Overview; Appen
dixes; Index. 218 pages. 

ADSP-21020 USER'S MANUAL. [Floating-point processor] 
Introduction; Computational Units; Program Sequencing; Data 
Addressing; Timer; Memory Interface; Instruction Summary; 
Assembly Programmer's Tutorial; Hardware System Configura
tion; Appendixes; Index. 394 pages. 

TECHNICAL REFERENCE BOOKS 
Can be purchased from Analog Devices, Inc., at the prices 
shown. If more than one book is ordered, deduct a discount of 
$1.00 from the price of each book. Price of the entire set of 10 
books is $177.00-a bargain for your department's library (in 
effect, the Amplifier Applications and High-Speed books come 
free). VISA and MasterCard are welcome; phone (617) 461-3392 
or fax (617) 821-4273. Or send your check for the indicated 
amount to Analog Devices, Inc., P.O. Box 9106, Norwood, MA 
02062-9106. 

NEW-AMPLIFIER APPLICATIONS GUIDE, by the 
Applications Engineering Staff of Analog Devices and edited by 
Walt Kester, published by Analog Devices (1992). 648 pages of 
timely and practical information on amplifiers-including opera
tional, audio, instrumentation, video, and log amps. Topics 
include: Introduction; Precision transducer interfaces; High
impedance, low current; Single-supply, low-power; Audio; Fil
tering, Driving ADCs; Video and other high-speed applications; 
Nonlinear circuit applications; Unusual applications; Subtleties; 
Hardware techniques; Simulation; and a complete Index. $20.00 

ANALOG-DIGITAL CONVERSION HANDBOOK: Third 
Editiun, by the Engineering Staff of Analog Devices, edited by 
Daniel H. Sheingold. Englewood Cliffs, NJ: Prentice Hall 
(1986). A comprehensive gnide to ND and D/A converters and 
their applications. This third edition of our classic is in hard
cover and has more than 700 pages, an Index, a Bibliography, 
and much new material, including: video-speed, synchro
resolver, VIF, high-resolution, and logarithmic converters, ICs 
for DSP, and a "Guide for the Troubled." Seven of its 22 chap
ters are totally new. $32.95 

DIGITAL SIGNAL-PROCESSING APPLICATIONS 
USING THE ADSP-2100 FAMILY, by the Applications Staff 
of Analog Devices, DSP Division; edited by Amy Mar (628 
pages). Englewood Cliffs NJ: Prentice Hall (1990). Bridge the 
gap between DSP algorithms and their real-world implementa
tion on state-of-the-art signal processors. Each chapter tackles a 
specific application topic, briefly describing the algorithm and 
discussing its implementation on the ADSP-2100 family of 
DSP chips. Comprehensive source-code listings are complete 
with comments and accompanied by explanatory text. Programs 
are listed on a pair of supplementary diskettes-furnished with 
the book. Application areas include fixed- and floating-point 
arithmetic, function approximation, digital fIlters, one- and two
dimensional FFTs, image processing, graphics, LP speech cod
ing, PCM, ADPCM, high-speed modem algorithms, DTMF 
coding, sonar bearnforming. Additional topics include memory 
interface, multiprocessing, and host interface. The book can 
serve as a companion to Digital Signal Processing in VLSI. 
Now in paperback; its price includes a diskette. 

NEW PRICE-$30.00 

DIGITAL SIGNAL PROCESSING IN VLSI, by Richard J. 
Higgins. Englewood Cliffs NJ: Prentice Hall (1990). An intro
ductory 614-page gnide for the engineer and scientist who needs 
to understand and use DSP algorithms and special-purpose DSP 
hardware ICs-and the software tools developed to carry them 
out efficiently. Real-World Signal Processing; Sampled Signals 
and Systems; The DFT and the FFT Algorithm; Digital Filters; 
The Bridge to VLSI; Real DSP Hardware; Software Develop
ment for the DSP System; DSP Applications; plus Bibliography 
and Index. $38.00 

DIGITAL SIGNAL PROCESSING LABORATORY Using 
the ADSP-2101 Microcomputer, by Vinay K. Ingle and John G. 
Proakis (Northeastern University). Englewood Cliffs NJ: Pren
tice Hall (1991). Contents: Introduction to the ADSP-2100/2101 
family; ADSP-2101 instruction set overview; Overview of devel
opment tools; Getting started with the ADSP-2101; Laboratory 
experiments using the ADSP-2101; FIR fIlter implementation; 
IIR fIlter implementation; Fast Fourier transform implementa
tion; Applications in communications; Adaptive fIlters and their 
applications; References; Index. $24.00 

HIGH-SPEED DESIGN SEMINAR, published by Analog 
Devices (1990). A 496-page guide to the practical application of 
high-speed semiconductor devices in processing of analog sig
nals. Topics include: data conversion, digital video applications, 
high-speed sample-holds and operational amplifiers, nonlinear 
signal processors (including log amps), comparators and pin 
electronics, time-delay generators, phase-locked loops, direct 
digital synthesis, computer graphics and RAMDACs, and high-
speed techniques. $20.00 

MIXED-SIGNAL DESIGN SEMINAR, published by Analog 
Devices (1991). Contents: Introduction to mixed-signal process
ing of real-world signals and signal conditioning; Linear and 
nonlinear analog signal processing; Fundamentals of sampled
data systems; ADCs for DSP applications; DACs for DSP appli-
cations; Sigma-delta ADCs and DACs; Digital signal-processing 9 
techniques; DSP hardware; Interfacing ADCs and DACs to dig-
ital signal processors; Mixed-signal processing applications; 
Mixed-signal circuit techniques; Index. $22.00 

NONLINEAR CIRCUITS HANDBOOK: Designing with 
Analog Function Modules and ICs, by the Engineering Staff of 
Analog Devices, edited by Daniel H. Sheingold. Norwood MA: 
Analog Devices, Inc. (1974). A 540-page gnide to multiplying 
and dividing, squaring and rooting, rms-to-de conversion, and 
multifunction devices. Principles, circuitry, performance, speci
fications, testing, and application of these devices-<:ontains 325 
illustrations. $5.95 

SYNCHRO & RESOLVER CONVERSION, edited by Geoff 
Boyes. Norwood, MA; Analog Devices, Inc. (1980). Principles 
and practice of interfacing synchros, resolvers, and Inductosyns* 
to digital and analog circuitry. $11.50 

TRANSDUCER INTERFACING HANDBOOK: A Guide to 
Analog Signal Cunditioning, edited by Daniel H. Sheingold. Nor
wood MA: Analog Devices, Inc. (1980). A book for the elec
tronic engineer who must interface transducers for temperature, 
pressure, force, level, or flow to electronics, these 260 pages 
tell \low transducers work -as circuit elements-and how to 
comlect them to electronic circuits for effective processing of 
their signals. $14.50 

*Inductosyn is a registered trademark of Farrand Industries, Inc. 
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Worldwide Sales Directory 
North American Sales Offices and Representatives 
Alabama: *404-263-3719, 205-534-0044 
Alaska: *206-575-6344, *714-641-9391 
Arizona: 602-949-0048 
Arkansas: *214-231-5094 
California: *714-641-9391, *408-559-2037 
Colorado: 303-443-5337 
Connecticut: '516-366-0765, *617-329-4700 
Delaware: *215-643-7790 
Florida: *407-660-8444 
Georgia: *404-263-3719,404-263-0320 
Hawaii: *714-641-9391 
Idaho: 303-443-5337, *206-575-6344 
Illinois: *708-519-1777 
Indiana: *708-519-1777 
Iowa: *708-519-1777 
Kansas: 913-829-2800 
Kentucky: 205-534-0044 
Louisiana: *214-231-5094 
Maine: *617-329-4700 

North American Distributors 
Alabama: Alliance 505-292-3360; Allied 205-
721-3500; Bell 205-837-1074; Hall-Mark 205-
837-8700; Pioneer 205-837-9300 
Arizona: Alliance 505-292-3360; Allied 602-437-
9080; Bell602-966-7800; Hall-Mark 602-437-
1200; Wyle 602-437-2088 
California: Alliance 505-292-3360; Allied 415-
770-0590,818-882-6981,213-373-8828,714-727-
3010,916"632-3104,619-279-2550,415-952-
9599; Bell 310-826-6778, 916-652-0414, 408-
734-8570,818-879-9494,714-895-7801,619-268-
1277; Hall-Mark 818-773-4500, 714-727-6000, 
619-268-1201,408-432-4000,916-624-9781; 
Pioneer 800-535-1430, 213-320-4820, 619-434-
4107,408-954-9100; Semi-Dice 310-594-4631, 
714-952-2216,408-980-9777,800-325-6030 (in 
CAl, 800-626-4411, 800-345-6633 (outside CA, 
MA); Wyle 714-863-9953,818-880-9000,800-
288-9953,916-638-5282,800-627-9963,408-727-
2500, 619-565-9171 
Colorado: Alliance 505-292-3360; Allied 303-
790-1664; Bell 303-691-9010; Hall-Mark 303-
790-1662; Wyle 303-457-9953 
Connecticut: Alliance 617-756-1910; Allied 203-
272-7730; Bell. 203-269-6801; Hall-Mark 203-
271-2844; Pioneer 203-929-5600 
Florida: Alliance 505-292-3360; Allied 305-978-
3008,904-346-0761,407-831-3331,813-541-
4660; Bell 407-339-0078; Chip Supply 407-298-
7100; Hall-Mark 407-830-5855, 305-971-9280, 
813-541-7440; Pioneer 407-834-9090, 305-428-
8877 
Georgia: Alliance 505-292-3360; Allied 404, 
497-9544; Bell404-662-0923; Hall-Mark 404~ 
623-4400; Pioneer 404~623-1 003 
Illinois: Alliance 505-292-3360; Allied 708-918-
0250,708-535-0038,708-860-0007; Bell 708-
640-1910,217-328-1077; Hall-Mark708-860-
3800; Newark 312-784-5100; Pioneer708-495-
9680 
Indiana: Alliance 505-292-3360; Allied 317-875-
0448; Bell 317-875-8200, 219-423-3422; 
Hall-Mark 317-872-8875; Pioneer 317-573-0880 
Iowa: Alliance 505-292-3360; Allied 515-223-
6488; BeIl319-395-0730 

"Analog Devices, Inc., Direct. Sales Offices 
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Maryland: *410-992-1995 
Massachusetts: *617-329-4700 
Michigan: 313-489-1500, *313-348-5795 
Minnesota: *708-519-1777 
Mississippi: *404-263-3719,205-534-0044 
Missouri: 314-521-2044,913-829-2800' 
Montana: 801-466-9336, *714-641-9391 
Nebraska: 913-829-2800 
Nevada: *408-559-2037, *714-641-9391 
New Hampshire: *617-329-4700 
New Jersey: *516-366-0765 (north), *215-
643-7790 (south) 
New Mexico: 505-828-1300 
New York: *315-682-5571, *516-366-0765 
(metrol, 716-425-9100 (upstate) 
North Carolina: *404-263-3719,919-460-7771 
North Dakota: 708-519-1777 
Ohio: 216-247-0060, 614-792-5171 
Oklahoma: *214-231-5094 

Kansas: Alliance 505-292-3360; Allied 913-599-
6227; Hall-Mark 913-888-4747 
Kentucky: Alliance 505-292-3360; Allied 502-
452-2293; Bell 800-582-7492, 800-445-8795 
Louisiana: Alliance 505-292-3360; Allied 504-
885-1195 
Maryland: Alliance 505-292-3360; Allied 301-
381-1560; Bell 410-290-5100; Hall-Mark 301-
988-9800; Pioneer 301-921-0660 
Massachusetts: Alliance 617-729-5800,617-
756-1910; Allied 508-667-7921, 617-255-0361; 
Bell 508-474-8880; Hall-Mark 508-667-0902, 
508-935-9777; Pioneer 617-861-9200; 
Semi-Dice 508-238-8344; Wyle 617-272-7300 
Michigan: Alliance 505-292-3360; Allied 313-
462-0190,616-949-8200; Bell 800-582-7492, 
313-347-6633; Hall-Mark 313-416-5800; Pioneer 
616-698-1800,313-525-1800 
Minnesota: Alliance 505-292-3360; Allied 612-
881-0838; Bell 612-941-1493; Hall-Mark 612-
881-2600; Pioneer 612-944-3355 
Missouri: Alliance 505-292-3360; Allied 314-
291-7031; Bell 314-647-2355; Hall-Mark 314-
291-5350; Pioneer 314-542-3077 
Nebraska: Alliance 505-292-3360; Allied 402-
697-0038 
New Hampshire: Alliance 617-756-1910; Allied 
603-883-3006 
New Jersey: Alliance 505-292-3360; Allied 201-
428-3350, 609-234-7769; Bell 201-227-6060; 
Hall-Mark 609-235-1900, 201-515-3000; Pioneer 
201-575-3510 
New Mexico: Alliance 505-292-3360; Bell 505-
292-2700 
New York: Alliance 617-756-1910; Allied 516-
248-2360,908-572-9600,914-452-1470,716-425-
3850; Hall-Mark 716-425-3300,516-737-0600; 
Pioneer 716-381-7070, 516-921-8700, Semi-Dice 
516-234-7676 
North Carolina: Alliance 505-292-3360; Allied 
919-876-5845; Bell 919-821-4041 ; Hall-Mark 
919-872-0712; Pioneer 919-544-5400, 704-527-
8188,919-460-1530 
Ohio: Alliance 505-292-3360; Allied 513-771-

Oragon: *206-575-6344 
Pennsylvania: *215-643-7790 (east), 412-
745-8441 (west) 
Rhode Island: *617-329-4700 
South Carolina: 919-460-7771 
South Dakota: *708-519-1777 
Tennessee: *404-263-3719,404-263-0320 
(east), 404-534-0044 (west) 
Texas: *214-231-5094 
Utah: 801-466-9336 
Vermont: *617-329-4700 
Virginia: *410-992-1995 
Washington: *206-575-6344 
West Virginia: 412-745-8441 
Wisconsin: *708-519-1777 
Wyoming: 801-466-9336 
Puerto Rico: *407-660-8444, 809-753-8905 
Canada: 416-821-7800,613-564-0014, 
514-697-0801, 604-465-6892 

Mexico: *617-329-4700 

6990,216-248-4200,614-785-1270; Be1l800-
348-4619, 513-435-8660, 513-434-8231; 
Hall-Mark 216-349-4632,614-888-3313; Pioneer 
216-587-3600,513-236-9900,614-221-0043 
Oklahoma: Alliance 505-292-3360; Allied 918-
664-0844; Hall-Mark 918-254-6110; Pioneer 
918-665-7840 
Oregon: Alliance 505-292-3360; Allied 503-245-
4225; Bell 503-644-1500; Wyle 503-643-7900 
Pennsylvania: Alliance 505-292-3360; Allied 
717-975-3570, 412-367-4124; Bell 215-953-2800, 
800-525-6666; Hall-Mark 215-355-7300; Pioneer 
215-674-4000,412-782-2300 
South Carolina: Alliance 505-292-3360; Allied 
803-288-8835; BeIl800-322-7908 
Tennessee: Alliance 505-292-3360; Allied 901-
367-2895; Bell 615-367-4400 
Texas: Alliance 505-292-3360; Allied 817-595-
3500,512-389-3771,214-553-4370,214-570-
5196,915-779-6294,713-446-8005,713-455-
3993; Bell 214-690-0466; Hall-Mark 214-343-
5000,512-258-8848,214-553-4300,713-781-
6100; Pioneer 512-835-4000,214-386-7300, 
713-495-4700,512-377-3440; Wyle 512-345-
8853,214-235-9953,713-879-9953,800-888-
9953 
Utah: Alliance 505-292-3360; Allied 801-261-
5244; Bell 801-255-9611 ; Hall-Mark 801-973-
4737; Wyle 801-974-9953 
Vermont: Alliance 617-756-1910; Allied 
603-883-3006 
Virginia: Alliance 505-292-3360; Allied 
804-363-8862,703-644-9515 
Washington: Alliance 505-292-3360; Allied 
206-547-2827; Bell 206-867-5410,213-826-6778; 
Hall-Mark 206-547-0415; Wyle 206-881-1150 
Wiaconsin: Alliance 505-292-3360; Allied 414-
796-1280; Bell 414-547-8879; Hall-Mark 414-
797-7844; Pioneer 414-784-3480 
Canada: Future 514-694-7710, 613-820-8313, 
416-638-4771,604-294-1166,403-436-2858,416-
612-9200; Zentronic. 403-482-3038,604-273-
5575,403-295-8838,416-564-8600,613-226-
8840,418-654-1077,204-694-1957,514-737-
9700, 416-798~7710, 416-564-9600 



International Direct Sales Offices 
Austria: (222) 88 55 04-0 
Belgium: (03) 237 1672 
Denmark: (42) 84 58 00 
France: (1) 46 66 25 25, 7641 91 83 
Germany: 089/57 005-0, 030/391 9035, 
04181/8051,0221168 60 06, 0711/88 1133 

International Distributors 
Australia: N.S.D. Australia (3) 8900970, (2) 
646-5255, (7) 845-1911, (8) 211-8499 
Austria: A.D.E.C. (0222) 88 92 876-0, 
RS-Componenets (02852) 505 
Belgium: Betea (02) 725 1080, TEXIM 
ELECTRONICS (02) 460 52 82 
Brazil: Hicad Sistemas Ltda. (11) 531-9355 
Bulgaria: K2 ELECTRONICS (92) 890412 
Czechoslovakia: AMTEK SPOL. S.R.O. (5) 750 
988, TESLA PIESTANY (838) 522306 
Denmark: MER-EL A/S (42) 57 10 00 
Finland: Oxxo Oy 90-3455 377 
France: DIMACEL COMPOSANTS (1) 40 87 70 
00, AVNET Diffusion (1) 49 65 26 26, RS 
COMPONENTS 44 84 72 72, SCAIB (1) 46 87 
2313 
Germany: SASCO GmbH 089/46 11·0, 
Semitron 07742180 01 ·0, SPOERLE Elektronic 
06103130 4'(), 0341/59 23 22 
Greece: MICRELEC (1) 539 02 69 
Hong Kong: General Engineers 8339013 
Tektron Electronics (HK) Ltd. 388-0629 

EUROPEAN HEADQUARTERS 

India: (812) 586301 
Israel: (052) 911 415 
Italy: (2) 66500120, (11) 2487789, (6) 86 200 
306 
Japan: (3) 32636826, (6) 3721814 
Korea: (2) 554-3301 

Hungary: SMD Technology KFT(1) 1895315 
India: Analog Sales (212) 342150, (11) 6862460, 
(812) 560506 
Italy: DeMico (2) 95343600, Hellis S.A.S. (536) 
804104, LA Tecknica Due (11) 2425905, 
Pantronic S.R.L. (6) 6276209, Special-Ind (2) 
66805177, Tecknica Due (438) 555447 
Korea: Tong Baek Electronics (2) 715·6625, 
Analog World (2) 7015993 

Malaysia: Excelpoint Systems (PTE) Ltd. 
03-2448929 
Mexico: Canadien (83) 652020 
Netherlands: TEXIM ELECTRONICS B. V. 
(05427) 333 33, TME Components B. V. 
073-211010 
New Zealand: N.S.D. Australia (61 3) 8900970 
Norway: BIT ELEKTRONIKK 02 98 13 70 
People's Republic of China - Beijing: 
Excelpoint Company Limited, (1) 500 7788, Ext 
1625 
Poland: ALFINE (61) 301 450 

Netherlands: (1620) 815 00 
Sweden: (8) 282 740 
Switzerland: (1) 820 01 02, (21) 803 25 50 
United Kingdom: 093225 33 20, 0506 30306, 
0932246200 

Romania: TOP 9+ (400) 12787 
Portugal: ATD Electronica (1) 847 2200, 
Comelta (1) 942 4106 
Singapore: Excelpoint Systems PTE 741·8966 
South Africa: Analog Data Products CC (1 1 ) 
444-8160 
Russia: ARGUS TRADING LTD. (7095) 945 
2777, TESLA PIESTANY (838) 522306 
Spain: Comelta (1) 7543001, Selco (1) 326 4213 
Sweden: Integrerad Elektronik 08-80 46 85 
Switzerland: Eljapex AG (56) 27 57 77 
Taiwan: Andev Technology Co., Ltd. (2) 
763-0910, Jeritronics Ltd. (2) 882 0710, Lite-On 
Inc. (2) 918 6699 
Turkey: ELEKTRO (1) 337 22 45 
United Kingdom: Arrow Electronics (UK) 
Limited 0234270 777, Avnet-Access 0462 
480888, Jermyn Distribution (0732) 743 743, 
Phoenix Electronics Limited 0555 515 66, Polar 
Electronics Limited 0525 377 093 
Yugoslavia: ALMA-ELECTRONIC (41) 428 678, 
ELECTRA (40) 826545 

EdelsbergstraBe 8-10, W-SOOO Munchen 21, Germany; Tel: 089157005-0, Fax: 089157 005-257 

WORLDWIDE HEADQUARTERS 
One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A. 
Tel: (617) 329-4700, (1-800) 262-5643 (U.S.A. only); Twx: (710) 394-6577; Fax: (617) 326-8703; Telex: 924491 
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Product Index 
Alphanumeric by Model Number 

Model Paget Model Paget 

ACI226 .............................. SL 10-5 AD396 .................................. C I 
AC2626 ............................... SL 9-5 AD503 .................................. D 

*AD2S34 ................................. C I AD504 .................................. D 
*AD2S44 ................................. C I AD506 .................................. D 
*AD2S46 ................................. C I AD507 ............................... A 2-37 
*AD2S47 ................................. C I AD509 ............................... A 2-41 
*AD2S65 ................................. C I AD510 .................................. D 
*AD2S66 ...................... , .......... C I AD515 .................................. D 
*AD2S75 ................................. C I AD515A .............................. A 2-45 
*AD2S80A ................................ C I AD517 ............................... A 2-51 
*AD2S8IA ................................ C I AD518 .................................. D 
*AD2S82A ................................ C I AD521 . ' .............................. A 4-17 
*AD2S83 ................................. C I AD522 ............................... A 4-23 
*AD2S90 ................................. C I AD524 ............................... A 4-27 
*AD2S93 ................................. C I AD526 ............................... A 4-39 
*AD2S99 ................................. C I AD532 ............................... SL 2-9 
*AD2SIOO ., .............................. C I AD533 ..•............................... D 
*AD2S110 ................................ C I AD534 .............................. SL 2-15 
*AD28mspOI .............................. C I AD535 .................................. D 
*AD28msp02 .............................. C I AD536A .............................. SL 4-7 
ADIOI .................................. D AD537 ................................. C II 
AD201 .................................. D AD538 .............................. SL 2-23 
AD202 ................................ A 5-7 AD539 ........................... AV, SL 2-27 
AD203SN ............................. A 5-19 AD542 ............................... A 2-57 
AD204 ................................ A 5-7 AD544 ............................... A 2-57 

*AD206 ............................... A 5-31 AD545 .................................. D 
AD208 ............................... A 5-41 AD545A .............................. A 2-65 
AD210 ............................... AS-55 AD546 ............................... A 2-69 
AD230 .................................. C I AD547 ............................... A 2-57 

*AD231 .................................. C I AD548 ............................... A 2-81 
*AD231A ................................. C I AD549 ............................... A 2-89 
*AD232 ....................... " .......... C I AD557 .................................. C I 
*AD232A ................................. C I AD558 .................................. C I 
*AD233 .................................. C I AD561 .................................. C I 
*AD233A ......... , ....................... C I AD562 .................................. C I 
*AD234 .................................. C I 
*AD235 .................................. C I 
*AD236 .................................. C I 

AD563 .................................. CI ~ 
AD565A ................................. CI .. 
AD566A ................................. C I 

*AD237 .................................. C I AD567 .................................. D 
*AD238 .................................. C I AD568 .................................. C I 
*AD239 .................................. C I AD569 .................................. C I 
*AD241 .................................. C I AD570 ................................. C II 

AD301 .................................. D AD571 ................................. C II 
AD346 ................................. C II AD572 ................................. C II 
AD363 ................................. C II AD573 ................................. C II 
AD364 ................................. C II AD574A ............................... C II 
AD365 ................................ A 4-9 AD575 ................................. C II 
AD380 ............................... A 2-31 AD578 ................................. C II 
AD389 ................................. C II AD579 ................................. C II 
AD390 .................................. C I AD580 ................................. C II 
AD394 ........................• " ........ C I AD581 ................................. C II 
AD395 .................................. C I AD582 ................................. C II 

*New product. 
t A ~ Amplifor Reference Manual; AV ~ AudiolVideo Reference Manual; C I ~ Dara Con.".,.,.r Reference Manual, Volume I; C II = Dala Converrer Reference 
Manual, Volume II; D ~ Dala Sheel; ; SL ~ Specwl Linear Reference Manual. 
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AD583 ................................. elI *AD680 ................................. ell 
AD584 ................................. elI *AD682 ................................. ell 
AD585 ................................. C II AD684 ................................. ell 
AD586 ................................. C II *AD688 ................................. ell 
AD587 ................................. elI AD689 .................................. D 
AD588 ................................. C II AD693 .............................. SL 10-39 
AD589 ................................. C II AD694 .............................. SL 10-51 
AD590 ............................... SL 9-7 AD704 .............................. A 2-137 
AD592 .............................. SL 9-17 AD705 .............................. A 2-145 
AD594/595 ............................ SL 10-9 AD706 .............................. A 2-153 
AD596/597 ........................... SL 10-17 AD707 .............................. A 2-161 
AD598 .............................. SL 10-23 AD708 .............................. A 2-169 

*AD600 ............................ AV, SL 3-7 AD711 ........................... AV, A 2-177 
*AD602 ............................ AV, SL 3-7 AD712 ........................... AV, A 2-189 
* AD606 ...................... ........ SL 3-25 AD713 ........................... AV, A 2-201 
AD611 .................................. D *AD720 ............................ AV, SL 7-9 

*AD620 ............................... A 4-51 *AD730 .............................. SL 7-13 
*AD621 ............................... A 4-67 *AD734 ........................... AV, SL 2-55 

AD624 ............................... A 4-71 AD736 .............................. SL 4-31 
AD625 ............................... A 4-83 AD737 .............................. SL, 4-39 

*AD626 ................................ A 4-95 AD741 .............................. A 2-213 
AD630 .............................. SL 2-35 AD743 .............................. A 2-217 
AD632 .............................. SL 2-43 AD744 .............................. A 2-229 

*AD633 ........................... AV, SL 2-47 *AD745 .............................. A 2-241 
AD636 .............................. SL 4-15 AD746 .............................. A 2-253 
AD637 .............................. SL 4-23 *AD766 .................................. C I 
AD639 ............................... SL 7-5 AD767 .................................. C I 
AD640 .............................. SL 3-31 AD770 ................................. ell 
AD642 .............................. A 2-101 *AD773 .............................. AV, C II 
AD644 .............................. A 2-107 *AD774B ................................ C II 
AD645 .............................. A 2-113 *AD776 ................................. C II 
AD647 .............................. A 2-121 AD779 ................................. ell 
AD648 .............................. A 2-127 *AD781 ................................. C II 
AD650 ................................. elI *AD783 ................................. C II 
AD651 .................................. D AD790 ................................ A 3-5 
AD652 ................................. C II *AD795 .............................. A 2-261 
AD654 ................................. elI * AD796 ................... ........... A 2-267 

*AD660 .................................. D *AD797 .............................. A 2-271 
AD664 .................................. C I *AD800 .............................. SL 7-19 
AD667 .................................. C I *AD802 .............................. SL 7-19 
AD668 .................................. C I *AD805 .............................. SL 7-23 

*AD669 .................................. C I *AD810 .............................. A 2-277 
AD670 ................................. C II *AD811 ........................... AV, A 2-281 
AD671 ................................. C II *AD817 .............................. A 2-295 
AD673 ................................. C II * AD820 .............................. A 2-299 
AD674A ................................ C II * AD822 ..... ......................... A 2-299 

*AD674B ................................ C II AD827 ........................... AV, A 2-301 
*AD675 .................................. C II AD829 ..... ...................... A V, A 2-309 
*AD676 ................................. elI *AD830 .............................. A 2-321 
*AD677 .................................. D AD834 ........................... AV, SL 2-67 
AD678 ................................. elI AD840 ..... ...................... A V, A 2-327 
AD679 ................................. ell AD841 ........................... AV, A 2-335 

*N ew product. 
t A = Amplifor Reference Manual; AV = AudiolVideo Reference Manual; C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference 
Manual, Volume II; D = Data Sheet; ; SL = Special Linear Reference Manual. 
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AD842 ........................... AV, A 2-343 AD2004 .................................. D 
AD843 ........................... AV, A 2-351 AD2006 .................................. D 
AD844 ........................... AV, A 2-363 AD2010 ............................. " .. C I 
AD845 ........................... AV, A 2-375 AD2020 '" ............ " ................. D 
AD846 ........................... AV, A 2-383 AD2021 ................................. C I 
AD847 ........................... AV, A 2-395 AD2026 ............................. " .. C I 
AD848 ........................... AV, A 2-407 AD2700 ................................ C II 
AD849 ........................... AV, A 2-407 AD2701 ................................ C II 

*AD880 ............................... SL 5-5 AD2702 ................................ C II 
AD890 ............................... SL 5-7 AD2710 ...................... , ......... C II 
AD891 ............................... SL 5-9 AD2712 ................................ C II 
AD891A ............................. SL 5-11 AD5200 Series ............................. D 
AD892 .............................. SL 5-13 AD5210 Series ............................. D 

*AD896 .............................. SL 5-15 AD5539 .......................... AV, A 2-415 
*AD897 .............................. SL 5-27 *AD7001 ................................. C I 
*AD899 .............................. SL 5-29 *AD7002 ................................ C I 
AD1139 ....................... " ........ C I *AD7005 ................................. C I 
AD1154 ................................ C II *AD7008 ................................. C I 
AD1170 ................................ C II AD7110 .................................. D 
AD1175 .................................. D AD7111 .............................. AV, C I 
AD1315 .............................. SL &-7 AD7118 .............................. AV, C I 

*AD1317 .............................. SL &-15 AD7224 ................................. C I 
*AD1320 .............................. SL &-27 AD7225 ................................. C I 
AD1321 .............................. SL 6-33 AD7226 ................................. C I 
AD1322 .................................. D AD7228 ................................. C I 

*AD1324 .............................. SL 6-45 * AD7228A ................................ C I 
AD1334 ................................ C II *AD7233 ................................. t I 

*AD1341 ................................ C II AD7237 ................................. C I 
AD1362 ................................ C II AD7240 .................................. D 
AD1376 ................................ C II *AD7242 ................................. C I 
AD1377 ................................ C II *AD7243 ................................. C I 

*AD1378 ................................ C II *AD7244 ................................. C I 
AD1380 ................................ C II AD7245 ................................. C I 

*AD1382 ................................ C II *AD7245A ................................ C I 
*AD1385 ................................ C II AD7247 ................................. C I 
ADl403/1403A ............................ C II AD7248 ................................. C I 

*AD1671 ................................ C II * AD7248A ................................ C I 
*AD1674 ................................ C II *AD7306 ................................. C I 
*AD1849 .................................. D AD7341 ................................. C I 
*AD1851 .............................. AV, C I AD7371 ................................. C I 
AD1856 .............................. AV, C I AD7501 ................................ C II 
AD1860 .............................. AV, C I AD7502 ................................ C II 

*AD1861 .............................. AV, C I AD7503 ................................ C II 
*AD1862 .............................. AV, C I AD7506 ................................ C II 
*AD1864 .............................. AV, C I AD7507 ................................ C II 
*AD1865 .............................. AV, C I AD7510DI .............................. elI 
*AD1866 .............................. AV, C I AD7511DI .............................. C II 
*AD1868 .............................. AV, C I AD7512DI .............................. elI 
*ADl876 ............................. AV, C II AD7520 .................................. D 
*ADl878 ............................. AV, C II AD7521 .................................. D 
*ADi879 ............................. AV, C II AD7522 .................................. D 
*AD1885 ................................. AV AD7523 ........................ '" ....... D 

"New product. 
t A = Amplifier &ference Manual; AV = AudiolVUko Reference Manual; C I = Data Converrer Reference Manual, Volume J; C II = Data Converter Reference 
Manual, Volume II; D = Data Sheet; ; SL = Special Linear Reference Manual. 
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AD7524 ................................. C I * AD7775 ................................ C II 
AD7525 .................................. D *AD7776 ................................ ell 
AD7528 ................................. C I * AD7777 ................................ C II 
AD7530 .................................. D * AD7778 ................................ C II 
AD7531 .................................. D AD7820 ................................ ell 
AD7533 ................................. C I AD7821 ................................ ell 
AD7534 ................................. C I AD7824 ................................ C II 
AD7535 ................................. C I AD7828 ................................ C II 
AD7536 ................................. C I *AD7837 ................................. C I 
AD7537 ................................. C I AD7840 ................................. C I 
AD7538 ................................. C I AD7845 ................................• C I 
AD7541 .................................. D AD7846 ................................. C I 
AD7541A ................................ C I *AD7847 .................... , ............ C I 
AD7542 ................................. C I AD7848 ................................. C I 
AD7543 ................................. C I * AD7868 ..................•............. C II 
AD7545 ................................. C I *AD7869 ................................ ell 
AD7545A ................................ C I AD7870 ................................ C II 
AD7546 .................................. D AD7871 ................................ C II 
AD7547 ................................. C I AD7872 ................................ C II 
AD7548 ................................. C I *AD7874 ................................ ell 
AD7549 ................................. C I *AD7875 ................................ ell 

*AD7564 ................................. C I *AD7876 ................................ ell 
*AD7568 ................................. C I AD7878 ................................ ell 

AD7569 ................................ ell *AD7880 ................................ ell 
AD7572 ................................ ell *AD7884 ................................ C II 

*AD7572A ............................... C II *AD7885 ................................ C II 
AD7574 ................................ C II * AD7886 ................................ C II 
AD7575 ................................ C II * AD7890 ................................ C II 
AD7576 .................................. D *AD7891 ................................ ell 
AD7578 ................................ C II *AD7892 ................................. C II 
AD7579 ................................ ell * AD7893 ................................ C II 
AD7580 ................................ ell AD9000 ................................ ell 
AD7581 ................................ C II AD9002 ................................ C II 
AD7582 ................................ C II AD9003 ............•................... ell 

* AD7586 ................................ C II *AD9003A ................................. D 
AD7590DI .............................. C II *AD9005A ............................... ell 
AD759IDI .............................. C II AD9006 ................................ C II 
AD7592DI .............................. C II *AD9007 .................................. D 
AD7628 ................................. C I AD9012 ................................ C II 
AD7669 ................................ ell *AD9014 ................................ ell 
AD7672 ................................ C II AD9016 ................................ ell 

*AD7701 ................................ C II *AD9020 ............................. AV, C II 
* AD7703 ................................ C II AD9028 ................................ ell 
*AD7710 ................................ C II *AD9032 ................................ C II 
*AD7711 ................................ C II *AD9034 ................................ ell 
*AD7712 ................................ ell AD9038 ................................ C II 
*AD7713 ................................ ell *AD9040 ................................ C II 
AD7716 (AD79024) ......................... ell AD9048 ............................. AV, C II 
AD7769 ................................ C II *AD9058 ................................ ell 
AD7772 .................................. D *AD9060 ............................. AV, C II 

* AD7773 ................................ C II *AD9100 ................................ ell 
*AD7774 ................................ ell *AD9101 .................................. D 

*New product. 
t A = Amplifier Reference Manual; AV = AudioNideo Reference Manual; C I = Va,.. Convener Reference Manual, Vol ..... I; C 11 = Va,.. Convener Reference 
Manual, Volume II; 0 = Va,.. Sheel; ; SL = Special Linear Reference Manual. 
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AD9300 ............................. AV, C II *ADC-912A .............................. C II 
AD9500 .............................. SL 6-57 ADC1l30/1131 ............................. D 
AD9501 .............................. SL 6-67 ADC1140 ............................... C II 
AD9502 .................................. D 

*AD9505 ............................ .546-79 
ADC1143 ................................. D 
ADDAC-08 ............................... D 

AD9610 .............................. A 2-431 ADDAC71 ............................... D 
AD9611 .................................. D ADDACn ............................... D 
AD9617 .............................. A 2-439 AD DAC80 ............................... C I 
AD9618 .............................. A 2-447 AD DAC85 ............................... C I 

*AD9620 .............................. A 2-455 AD DAC87 ................................ C I 
AD9630 .............................. A 2-461 *ADDS-21XX-SOFTWARE ..................... D 
AD9686 .................................. D *ADDS-21XX-EZ ............................ D 
AD9696 .............................. A 3-13 *ADDS-2100A-ICE ........................ AV, D 
AD9698 .............................. A 3-13 *ADDS-21XX-ICE ........................... D 
AD9701 ................................. C I *ADDS-21XXX-SOFTWARE .................... D 
AD97l2 ................................. C I *ADDS-21XXX-EZ ........................... D 

*AD97l2B ................................. D ADEB770 ................................ D 
AD9713 ................................. C I ADG201A ............................... C II 

*AD9713B ................................. D ADG201HS .............................. C II 
*AD9nO ................................. C I ADG202A ............................... C II 
*AD9nl ................................. C I ADG211A ............................... C II 
AD9768 ................................. C I ADG212A ............................... C II 
AD9901 ................................. C I ADG221 ................................ C II 

*AD9950 ................................. C I ADG222 ................................ C II 
*AD22001 ............................. SL 11-5 * ADG408 ................................ C II 
*AD22002 ............................. SL 11-5 *ADG409 ................................ C II 
*AD22030 ............................. SL 11-6 *ADG411 ................................ C II 
*AD22050 ............................. SL 11-6 *ADG412 ................................ C II 
*AD22055 ............................. SL 11-7 *ADG441 ................................ C II 
*AD22100 ............................. SL 11-7 *ADG442 ................................ C II 
*AD22150 ............................. SL 11-8 *ADG444 ................................ C II 
*AD22180 ............................. SL 11-8 *ADG445 ................................ C II 
*AD22181 ............................. SL 11-9 ADGS06A ............................... C II 
AD75004 ................................ C I ADGS07A ............................... C II 

*AD75019 ................................ C II ADGS08A ............................... C II 
*AD75062 ............................. A 4-107 ADGS09A ............................... C II 
*AD75068 ............................. A 4-107 ADG526A ............................... C II 
*AD75069 ................................ C I ADG527 A ............................... C II 
*AD75089 ................................ C I ADGS28A . . . . . . . . . . . . . . . . . . . . . . . . ....... C II 
*AD7S090 ................................ C I ADG529A . . . . . . . . . . . . . . . . . . . . . . . . ....... C II 
*AD79024 (AD7716) ......................... C II AD OP-07 ............................ A 2-467 
AD96685 .............................. A 3-21 AD OP-27 ............................ A 2-473 
AD96687 .............................. A 3-21 AD OP-37 ............................ A 2-481 
AD ADC7l .............................. C II ADSP-1008A .............................. D 
AD ADCn .............................. C II ADSP-1009A .............................. D 
AD ADC80 .............................. C II ADSP-lOI0A .............................. D 
AD ADC84 .............................. C II ADSP-lOI0B .............................. D 
AD ADC85 .............................. C II ADSP-1012A .............................. D 

*ADC-170 ................................ C II ADSP-1016A .............................. D 
ADC-908 ................................. D ADSP-1024A .............................. D 
ADC-910 ................................ C II ADSP-1080A .............................. D 
ADC-912 ................................. D ADSP-I081A .............................. D 

*New product. 
t A = Amplifier Reference ManU<ll; AV = AudiolVideo Reference ManU<ll; C I = Data Converter Reference ManU<ll, Volume.!; C" = Data Converter Reference 
Manual, Volume II; D = Data Sheet; ; SL = Special Linear Reference Manual. 
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ADSP-1101 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
ADSP-1110A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
ADSP-I401 0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 oD 
ADSP-1402 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0 D 
ADSP-1410 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
ADSP-2100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, D 
ADSP-2100A 000000000 0 0 0 0 0 0 0 0 0 0 0 AV, C I, SL 12-2 
ADSP-2101 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I, SL 12-2 
ADSP-2102 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I, SL 12-2 

*ADSP-2105 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I, SL 12-2 
*ADSP-2106 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I, SL 12-2 
*ADSP-2111 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I, SL-12-2 
*ADSP-2112 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I, SL 12-2 
*ADSP-21msp50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I, SL 12-2 
*ADSP-21msp51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I, SL 12-2 

ADSP-3128A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00000000000000 D 
ADSP-3201 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
ADSP-3202 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
ADSP-3210 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
ADSP-3211 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
ADSP-3212 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
ADSP-3220 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
ADSP-3221 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
ADSP-3222 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 

*ADSP-21010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D, SL 12-2 
*ADSP-21020 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I, SL12-2 
*ADVI0l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0000000000000000 C I 

ADV453 00000 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I 
ADV471 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I 

*ADV473o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I 
*ADV475o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I 
ADV476 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I 

*ADV477 000000000000000000000000000000000 C I 
ADV478 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I 

*ADV7120 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I 
*ADV7121 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I 
*ADV7122 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I 
*ADV7141 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I 
*ADV7146 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I 
*ADV7148 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I 
*ADV7150 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I 
*ADV7151 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I 
*ADV7152 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I 

ADVFC32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C II 
*ADXL02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SL 11-9 
*ADXL50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SL 7-27, SL 11-10 
AMP-Ol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 4-115 
AMP-02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 4-137 
AMP-03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 4-149 

*AMP-04 000000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 A 4-159 
AMP-OS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 4-165 
ASICs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 6-1, SL 13-1 
BUF-03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 2-489 

"New product. 
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CAV-1210 00000000000000000000000000000000 D 
CMP-Ol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 3-27 
ClMP-02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 3-35 
CMP-04 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 3-43 
CMP-05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 3-51 
CMP-08 0 0 0 0 0 0 0 0 00000000000000000000000000 D 
CMP-404 00000000000000000000000.0000000000 D 
DAC-QS 000000000000000000000000000000000 D 
DAC-QZ 000000000000000000000000000000000 D 
DAC-Ol 0000000000000000000000000000000000 D 
DAC-02/03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
DAC-05; 0 0 0000000000000000000000000000000 D 
DAC-06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
DAC-08 000000000000000000000000000000000 C I 
DAC-I0 000000000000000000000000000000000 C I 
DAC-12QS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 

*DAC-16 000000000000000000000000000000000 C I 
DAC-20 0 0 0 0 0 0 0 0 00000000000000000000000000 D 
DAC71172 (see AD DAC71172) 
DAC80 (see AD DAC80) 
DAC85 (see AD DAC85) 
DAC-86 0 0 0 0000000000000000000000000000000 D 
DAC87 (see AD DAC87) 
DAC-88 0000000000000000000000000000000000 D 
DAC-89 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 D 
DAC-l00o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I 
DAC-21O 000000000000000000000000000000000 D 
DAC-312o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000000 C I 
DAC-888 00000000000000.000000000000000000 D 
DACI136 0 0 0 0 00000000000000000000000000000 D 
DACI138 000000000000000000000000000000000 D 
DACl146 0 0 0 0 0 0000000000000000000000000000 D 
DAC-I408A 0 0 0 ·0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
DAC-1508A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
DAC-8012 0 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I 
DAC-8043 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 • C I 
DAC-8143 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I 
DAC-8212 000000000000000000.0000000000000 D 
DAC-8221 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I 
DAC-8222 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I 
DAC-8228 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I 
DAC-8229 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I 
DAC-8248 o. 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C I 
DAC-8408 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I 
DAC-8412 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ·0 0 C I 

*DAC-8413 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 C I 
*DAC-8420 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 

DAC-8426 0 0 0 0 0 0 0 0·0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 oC I 
DAC-8800 o. 0 0 0 0 0000000000000000.00000 AV, C I 
DAC-8840 000. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AV, C I 

*DAC-8841 0000000000 0 0 0 0 0 0 • 0 0000000000 AV, C I 
DAS1152 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C II 
DAS1153 000000000000000000000000000000000 D 

t A = Amplifier Reference Manual; AV ,;, Audio/vilko Reference Manual; C I = Datil Converrer Reference Manual, Volume I; elI = Datil C_er Reference 
Manual, Volume II; D = Datil Sh«t; ; SL = Speciol Linear Reference Manual. 
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DAS1l57 ................................. D OP-65 ................................... D 
DAS1l58 ............................... C II OP-77 ............................... A 2-715 
DASllS9 ............................... C II OP-80 ............................... A 2-727 
DRCI745 ................................ C I OP-90 ............................... A 2-739 
DRCI746 ................................ C I OP-97 ............................... A 2-751 
HDS-1240E ............................... D OP-1l1 .................................. D 
HDS-1250 ................................ D *OP-I13 .............................. A 2-761 
HOS-050A ................................ D OP-147 .................................. D 
HOS-()6() ................................. D OP-150 .................................. D 
HTC-0300A ............................... D *OP-160 .............................. A 2-765 
HTS-OOI0 ................................ D OP-166 .................................. D 
HTS-0025 ................................ D *OP-176 .............................. A 2-789 

*IPAI764 ................................. C I OP-177 .............................. A 2-791 
JM38510111301l11302 ......................... D OP-200 .............................. A 2-803 
LIU-Ol ................................. C I OP-207 .............................. A 2-813 
MAT-Ol .............................. SL 8-5 *OP-213 .............................. A 2-761 
MAT-02 ............................. SL 8-11 OP-215 .............................. A 2-819 
MAT-03 ............................. SL 8-23 OP-220 .............................. A 2-827 
MAT-04 .......................... AV, SL 8-33 OP-221 .............................. A 2-835 
MUX-08 ................................ C II OP-227 .............................. A 2-843 
MUX-16 ................................ C II OP-249 ........................... AV, A 2-855 
MUX-24 ................................ C I OP-260 ........................... AV, A 2-873 
MUX-28 ................................ C II OP-270 .............................. A 2-893 
MUX-88 ................................. D OP-271 ........................... AV, A 2-909 
OP-Ol ............................... A 2-497 *OP-275 ........................... AV, A 2-919 
OP-02 ............................... A 2-503 *OP-282 .............................. A 2-927 
OP-04 ............................... A 2-511 *OP-285 .............................. A 2-939 
OP-05 ............................... A 2-519 OP-290 .............................. A 2-943 
OP-06 ............................... A 2-529 *OP-295 .............................. A 2-953 
OP-07 ............................... A 2-537 *OP-297 .............................. A 2-959 
OP-08 .................................. D OP-400 .............................. A 2-975 
OP-09 ............................... A 2-547 *OP-413 .............................. A 2-761 
OP-lO ............................... A 2-555 OP-420 .............................. A 2-987 
OP-Il ............................... A 2-547 OP-421 .............................. A 2-993 
OP-12 .......................•....... A 2-567 *OP-467 .............................. A 2-999 
OP-14 ............................... A 2-511 OP-470 ............................. A 2-1005 
OP-IS ............................... A 2-571 OP-471 .......................... AV, A 2-1021 
OP-16 ............................... A 2-571 *OP-482 .............................. A 2-927 
OP-17 ............................... A 2-571 OP-490 ............................. A 2-1037 
OP-20 ............................... A 2-585 *OP-495 .............................. A 2-953 
OP-21 ............................... A 2-591 *OP-497 ............................. A 2-1049 
OP-22 ............................... A 2-597 *OSC1758 ................................ C I 
OP-27 ............................... A 2-609 PKD-Ol .......................... AV, SL 7-33 
OP-32 ............................... A 2-621 PM-0828 ................................. D 
OP-37 ............................... A 2-633 PM-I08 ............................. A 2-1061 
OP-41 ............................... A 2-645 PM-lll/211 ............................ A 3-59 
OP-42 ............................... A 2-657 PM-1l9/219 ............................... D 
OP-43 ................................... D PM-139 ............................... A 3-65 
OP-44 ................................... D PM-148/248 ............................... D 
OP-50 ............................... A 2-671 PM-ISS ................................... D 
OP-61 ............................ AV, A 2-683 PM-155A ............................ A 2-1065 
OP-64 ............................ AV, A 2-701 PM-156 .................................. D 

"New product. 
t A = Ampli/in' Reference Manual; AV = AudioNitko Reference Manual; C I = Dara Converw Reference Manual, Volume I; C II = Dara Converter Reference 
Manual, Volume II; D = Dara Sheet; ; SL = Special Linear Reference Manual. 
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PM-156A ............................ A 2-1065 SMP-81 .................................. D 
PM-157 .................................. D SSM-20B ...............................• AV 
PM-157A ............................ A 2-1065 SSM-2014 ................................ AV 
PM-211 ............................... A 3-59 SSM-20IS ................................ AV 
PM-239 ............................... A 3-65 SSM-2016 ......................... AV, A 4-18S 
PM-248 .................................. D SSM-2017 ......................... AV, A 4-193 
PM-355 .................................. D SSM-2018 ................................ AV 
PM-356 .................................. D SSM-2024 ................................ AV 
PM-562 .................................. D SSM-2100 ................................ D 
PM-725 .................................. D SSM-2110 ................................ AV 
PM-741 .................................. D SSM-2120 ................................ AV 
PM-747 .................................. D SSM-2122 ................................ AV 
PM-1008 ................................. D SSM-212S ................................ AV 
PM-1012 ............................ A 2-1065 SSM-2126 ................................ AV 
PM-2108 ............................ A 2-1061 SSM-2BI ................................ AV 

*PM-6012 ................................ C I SSM-2B2 ................................. D 
PM-7224 ................................ C I SSM-2B4 ................................ AV 
PM-7226 ................................ C I SSM-2B9 ................................ AV 
PM-7226A ............................... C I SSM-2141 ......................... AV, A 4-201 
PM-7524 ................................ C I SSM-2142 ......................... AV, A 4-207 
PM-7528 ................................ C I *SSM-2143 ......................... AV, A 4-213 
PM-7533 ................................ C I SSM-2210 ................................ AV 
PM-7541 ................................. D SSM-2220 ................................ AV 
PM-7541A ............................... C I SSM-2300 ................................ D 
PM-7542 ................................ C I SSM-2402 ............................ AV, C II 
PM-7543 ................................ C I *SSM-2404 ............................ AV, C II 
PM-7545 ................................ C I SSM-2412 ............................ AV, C II 
PM-7S48 ................................. C I SW-OI ................................... D 
PM-7S74 ................................. D SW-02 ................................... D 
PM-7628 ................................ C I SW-06 ................................. C II 
PM-764S ................................ C I SW-201 ................................. C II 
REF-OI ................................. C II SW-202 ................................. C II 
REF-02 ................................ C II SW-7S10 ................................. D 
REF-03 ................................. C II SW-7S11 ................................. D 
REF-OS ................................. C II *TMP-Ol ............................. SL 9-25 
REF-08 ................................. C II IB21 ............................... SL 10-63 
REF-IO ................................. C II IB22 ............................... SL 10-67 
REF-43 ................................. C II IB31 ............................... SL 10-71 
RPT-82 ................................. C I IB32 ............................... SL 10-79 
RPT-83 ................................. C I IB41 ............................... SL 10-87 
RPT-85 ................................. C I IBSI ............................... SL 10-91 
RPT-86 ................................. C I *IS74 ................................... C I 
RPT-87 ................................. C I 2B20 ............................... SL 10-95 
SDCI740IRDCI740 ......................... C I 2B22 ............................... SL 10-99 
SDCI7411RDC1741 ......................... C I 2B23 .............................. SL 10-103 
SDCI742IRDCI742 ......................... C I 2B24 .................................... D 
SHA-II44 ................................ D 2B30 .............................. SL 10-107 
SMP-04 ................................ C II 2B31 .............................. SL 10-107 
SMP-08 ................................ C II 2B34 .................................... D 
SMP-lO ................................ C II 2B50 ............................... SL 10-113 
SMP-II ................................ C II 2BS2 .................................... D 

*SMP-18 ................................ C II 2B53 .................................... D 

'New product. 
t A = Amplifor &ference Manual; AV = AudiDNideo Reference Manual; C I = Data Can'tJeTter Reference Manual, Volume I; C II = Data Converter Reference 
Manual, Volume II; D = Data Sheet; ; SL = Specilll Linear Reference Manual. 
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2BS4/2BSS .......................... SL 10-117 920 ..................... C I, C II, A 7-1, SL 14-1 
2BS6 .................................... D 921 ..................... C I, C II, A 7-1, SL 14-1 
2BS7 .................................... D 922 ..................... C I, C II, A 7-1, SL 14-1 
2BS8 .................................... D 923 ..................... C I, C II, A 7-1, SL 14-1 
2BS9 .................................... D 925 ..................... C I, C II, A 7-1, SL 14-1 
2S50 ................................... C I 927 ..................... C I, C II, A 7-1, SL 14-1 
2S54 ................................... C I 928 ..................... C I, C II, A 7-1, SL 14-1 
2S56 ................................... C I 940 ..................... C I, C II, A 7-2, SL 14-2 
2S58 ................................... C I 941 ..................... C I, C II, A 7-2, SL 14-2 
2S80A .................................. C I 943 ..................... C I, C II, A 7-2, SL 14-2 
2S81A .................................. C I 945 ..................... C I, C II, A 7-2, SL 14-2 
2S82A .................................. C I 947 ..................................... D 
3B Series ............................. SL 10-3 949 ..................... C I, C II, A 7-2, SL 14-2 
4B Series ................................. D *950 ..................................... D 
5B Series ............................. SL 10-3 953 ..................... C I, C II, A 7-2, SL 14-2 
6B Series ............................. SL 10-3 955 ..................... C I, C II, A 7-1, SL 14-1 

*7B Series ........................... SL 10-123 958 ..................... C I, C II, A 7-2, SL 14-2 
40 ...................................... D 960 ..................... C I, C II, A 7-2, SL 14-2 
171 ..................................... D 962 ..................... C I, C II, A 7-2, SL 14-2 
233 ..................................... D 964 ..................... C I, C II, A 7-2, SL 14-2 
277 ..................................... D 965 ..................... C I, C II, A 7-2, SL 14-2 
281 ................................. A 5-69 966 ..................... C I, C II, A 7-2, SL 14-2 
284J ................................. A 5-63 967 ..................... C I, C II, A 7-2, SL 14-2 
285 ..................................... D 968 ..................................... D 
286J ................................. A 5-69 970 ..................... C I, C II, A 7-1, SL 14-1 
289 ................................. A 5-75 974 ..................... C I, C II, A 7-1, SL 14-1 
290 ..................................... D 975 ..................... C I, C II, A 7-1, SL 14-1 
290A ................................ A 5-81 976 ..................... C I, C II, A 7-1, SL 14-1 
292 ...........................•......... D 977 ..................... C I, C II, A 7-1, SL 14-1 
292A ................................ A 5-81 
310 ..................................... D 
426 ..................................... D 
429 ..................................... D 
434 ..................................... D 
436 ..................................... D 
442 ..................................... D 
451 ..................................... D 
453 ..................................... D 
460 ..................................... D 
741A .................................... D 
751 ..................................... D 
755 ................................. SL 3-47 
756 ..................................... D 
757 ..................................... D 
759 ................................. SL 3-47 
9021902-2 ................• C I, C II, A 7-1, SL 14-1 
904 ..................... C I, C II, A 7-1, SL 14-1 
905 ..................... C I, C II, A 7-1, SL 14-1 

*New product. 
t A = Ampllfl8/" Reference ManWll; AV = Audio/Videa Reference ManWll; C I = Data ConfJeTter Reference ManWlI, Volume I; C II = Data COfI'DeTter Reference 
ManWlI, Volume II; D = Data Sheet; ; SL = Special Linear Reference Manual. 
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