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How to Find Product Data in this Datohook 

HOW TO FIND PRODUCT DATA IN THIS DATABOOK 

The Databook contains Data Sheets for all products recommended for new designs, lists of Available 
Products not databooked here (data sheets upon request), and a Substitution Guide for products no longer 
available, plus a wealth of background information. 

THERE ARE TWO VOLUMES 
VOLUME I contains technical data on our integrated circuits and hybrids for data acquisition, plus 
abbreviated data on certain Volume II products that are well-suited to new designs and do not yet have 
integrated-circuit equivalents. 
VOLUME II has all data-acquisition products manufactured in the form of modules, cards, instruments, 
and discrete-assembly subsystems. 

DO YOU KNOW THE MODEL NUMBER? 
If it's an Analog Devices model number, look it up in the alphanumeric Index (Section 2) to find the 
Volume, Section, and Page numbers. 
If you're looking for a form-and-function-compatible version of a product originally brought to market 
by some other manufacturer (second source), add our "AD" prefix and look it up in the Index. 

IF YOU DON'T KNOW THE MODEL NUMBER 
There are two ways to find a device to perform your function: 

l. FIND YOUR FUNCTION IN THE LIST ON THE OPPOSITE PAGE 
Use the "bleed tabs" to turn directly to the appropriate Section. You will find one or more functional 
Selection Guides at the beginning of the Section. The Selection Guide will help you find the 
products that are closest to satisfying your need, and their Volume-Section-Page locations. Use it to 
compare all products in the ~ategory by salient criteria, no matter which Volume their technical data 
resides in. 

2. IF THE FUNCTION IS NOT LISTED BY A NAME THAT YOU RECOGNIZE 
Find it in the diagram (opposite page) or in the Index (Section 2). The Index will help you find the 
Selection Guides for products in that functional category. Then use the Selection Guide(s) to find the 
Volume-Section-Page locations of products that will come closest to satisfying your need. 

A RELATED PRODUCT MAY BE WHAT YOU REALLY WANT 
Text in each section often mentions related or complementary product categories having a greater or 
lesser degree of functional integration. 

IF YOU CAN'T FIND IT HERE ... ASK! 
See Worldwide Service Directory in last pages of this Volume. 
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© Analog Devices, Inc., 1982 
All Rights Reserved 

Information furnished by Analog Devices is believed to be accurate and reliable. However,no responsibilit)is as
sumed by Analog Devices for its use; nor for any infringements of patents or other rights of third partiesIVhich 
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Analog 
Devices. 

Specifications and prices shown in this Databook are subject to change without notice. 

Products in this book may be covered by one or more of the following patents. Additional patents are pending. 
See individual data sheets for fu rther information: 

U.S.: 3,007,114,3,278,736, 3,355,670, 3,441,913, 3,467,908, 3,500,218, 3,530,390, 3,533,002, 3,685,045, 3,729,660, 
3,747,088, 3,793,563, 3,803,590, 3,842,412, 3,868,583, 3,872,466, 3,887,863, 3,890,611, 3,906,486, 3,909,908, 
3,932,863, 3,940,760, 3,942,173, 3,946,324, 3,950,603, 3,961,326, 3,978,473, 3,979,688, 4,016,559, 4,020,486, 
4,029,974, 4,034,366, 4,092,698, 4,123,698, 4,136,349, 4,141,004, 4,213,806, 4,250,445, 4,270,118, 4,268,759)-, 
4,054,829,4,286,225. U.K.: 1,310,591, 1,310,592, 1,364,233, 1,470,673, 1,470,674, 1,537,542, 1,531,931, 1,571,869, 
1,590,136,1,590,137. France: 70.10561, 71.28952, 74.25263, 7608238. West Germany: 20 14034,21 39560, Italy: 
933,798, Canada: 1,025,558,1,035,464, 984,015, 1,006,236, 1,054,248. Sweden: 7603320-8. 
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General Introduction 

Analog Devices designs, manufactures, and sells worldwide 
sophisticated electronic components and subsystems for use in 
precision measurement and control. More than six hundred :~ 
standard products are produced in manufacturing facilities located 
throughout the world. These facilities encompass all relevant 
technologies, including bipolar, I2L, CMOS, and hybrid integrated 
circuits-and assembled products in the form of potted modules, 
printed-circuit boards, and instrument packages. 

State-of-the-art technologies have been utilized (and, in many 
cases, invented) to provide timely, reliable, easy-to-use 'advanced 
designs at realistic prices. More than fifteen years of successful 
applications experience and continuing vertical integration insure 
that these products are oriented to user needs. The continuing 
application of present state-of-the-art and the invention of future 
state-of-the-art processes strengthens the leadership position of 
Analog Devices in data-acquisition products. 

MAJOR PROGRESS 
Since the publication of our one-volume Databook, Data Acquis
ition Components and Subsystems Catalog, in 1980, more than 60 
significant new products have been introduced. They are identified 
by bullets Ce) in the Index and in the table of contents for each 
section of this Databook. The sheer mass of new products, the 
impressive volume of technical data on our large and rapidly 
growing line of precision integrated circuits, and the increasing 
diversity of our modular and subsystem product lines for precision 
data acquisition and control have led us to take the logical step 
of dividing the Databook into two Volumes, retaining within 
each the functional organization that our customers have found 
so useful. 

INTEGRATED CIRCUITS 
The list of product-category "bleed tabs" opposite the "How to 
Find It" Guides on the inside front cover of this Volume is a 
functional summary of our integrated-circuit and hybrid compo
nent and subsystem product classes. The complete Index, starting 
on page 2-1, provides a detailed alphanumeric panorama of 
products and functions, irrespective of technology, appearing in 
either or both Volumes of this Databook. 

Among the most significant of our new products, in terms of 
both user applications and advancement of the technology, are 
the monolithic 16-bit AD7581 CMOS D/A converter; the 
monolithic 8-channel 8-bit AD7581 CMOS data-acquisition 
system with data continuously available in 8 channels of on-board 
memory; the AD547 family of monolithic drift-trimmed high
performance FET-input op amps and its AD647 matched-dual 
version; the AD7528 monolithic dual D/A converter; the high
performance AD293/294 hybrid isolation amplifiers, based on an 
ingenious thick-film printed transformer and a significant advance 
in isolator circuit design; and the fLMAC-4000 Intelligent Single
Board Data-Acquisition System and its high-performance plug-in 
analog signal conditionerS-with available software for using 
popular micro- and minicomputers as host computers. 

TECHNICAL SUPPORT 
Analog Devices offers extensive technical literature, which dis
cusses the technology and applications of products for precision 
measurement and control. Besides comprehensive data sheets, of 
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which there are many outstanding examples in this book, we 
offer Application Notes, Application Guides, Technical Hand
books (at reasonable prices), and two serial publications: Analog 
Productlog which provides brief information on new products 
being introduced, and Analog Dialogue, our technical journal, 
which provides-in-depth discussions of new developments in 
analog and digital circuit technology as applied to data-acquisition 
and control. We maintain a mailing list of engineers, scientists, 
and technicians with a serious interest in our products. In addition 
to data-book catalogs-such as this one-we also publish several 
short-form catalogs, including a Short-Form Guide to our entire 
product line. You will find our publications described on page 
1-'15 at the back of the book. 

SALES OFFICES 
Backing up our design and manufacturing capabilities and our 
extensive array of publications is a network of sales offices and 
representatives throughout the United States and most of the 
world. They are staffed by experienced sales and applications 
engineers, and many of them.maintain a local stock of Analog 
Devices products. Our Worldwide Service Directory· appears on 
pages 1-16 and 1-17 at the back of the book. 

STANDARDS 
Many products comply with MIL-STD-883B and/or other cus
tomer requirements. Analog Devices Semiconductor has complete 
capabilities for'100% screening of devices per Methods 5004 and 
5005 of MIL-STD-883B; generic data is available on many of 
our products. Our CMOS facility in the Republic of Ireland has 
received plant approval from the European standardization 
authority; its quality-assurance procedures and capabilities have 
met the standards of CECC CCENELEC Electronic Components 
Committee), which are. essentially compatible with what are 
known in the U.S.A. as MIL-M-3851O and MIL-STD-883B. A 
summary of our IC quality assurance procedures appears in 
Section 19 of Volume I. 

PRODUCTS NOT CATALOGUED HERE 
On page 1-3, at the back of this book, you will find a table 
listing the sections (bleed tabs) to be found in the other Volume 
of the Databook. In the pages that follow it, you will find Selection 
Guides listing salient characteristics of products in categories 
that.are tQ be found exclusively in that volume. 

For maximum usefulness to designers of new equipment, without 
unwieldy size, we have limited the contents of the Databook to 
products most likely to be used for the design of new circuits 
and systems. If the data sheet for a product you are interested 
in is not in either Volume turn to page 1-13, at the back of this 
book, where you will find a list of older products for which data 
sheets are available upon request. On page 1-14 you will find a 
guide to substitutions for products no longer available. 

PRICES 
At Analog Devices, we recognize that accurate, up-to-date prices 
of our products are an important consideration in making a 
choice among the many available product families. However, 
since prices are subject to change, current price lists and/or 
quotations are available upon request from our sales offices. 

(this section continues at the back of the book) 



Comprehensive Index to Both Volumes 

AlphanumericaUy by Product 
Alphabetically by Function JI( 'I' 

PRODUCT OR FUNCTIONt .. 

AC2626 General-Purpose Temperature Probe . . . . . . , . . . . , . , . . . . . . . . , .. 

Vol. I 

AD lOlA General-Purpose Low-Cost MIL-Temp IC Op Amp ................ 4 - 17 
AD 20lA General-Purpose Low-Cost Industrial-Temp IC Op Amp ... , ........ , . 4 - 17 

.AD293 Hybrid Industrial Isolation Amplifier . . . . . . ... , . , . . . . , , . . . . . . . 5 - 27 

.AJ;)294 Hybrid Medical Isolation Amplifier . • • . . . . , . . . , . , , . , . . . , . . , . . 5 - 27 
AD 30lA General-Purpose Low-Cost Commercial-Temp IC Op Amp ............. 4 - 17 
AD 30lAL Low-Drift, Low-Cost Commercial-Temp IC Op Amp .............. 4 - 17 

.AD 346 High-Speed Sample-and-Hold Amplifier ....................... 14 - 7 
AD362 Precision Sample-and-Hold with 16-Channel Multiplexer ............... 15 - 5* 
AD363 Complete 16-Channel I2-Bit Integrated-Circuit DAS ................. 15 - 13* 
AD364 Fast, Complete I6-Channel I1P-Compatible I2-Bit DAS ................ 15 - 25* 
AD 370/371 Complete Low-Power 12-Bit D/A Convert.r ................... 10 - II 

.AD 380 Wideband Fast-Senling FET-Input Op Amp ..................... 4 - 21 

.AD 381 High-Speed Low-Drift FET-Input Op Amp .................. " . 4 - 23 

.AD 382 High-Speed Low-Drift FET-Input Op Amp : .................... 4 - 25 

.AD 390 Quad I2-Bit I1P-Compatible D/A Converter : .................... 10 - IS 
AD503 High Accuracy Low-Offset FET-Input IC Op Amps ................. 4 - 27 
AD504 High-Accuracy IC Operational Amplifier ....................... 4 - 31 
AD506 High-Accuracy Low-Offset FET-Input IC Op Amps ................. 4 - 27 
AD507 IC Wideband Fast-Slewing, General-Purpose IC Op Amp ............... 4 - 39 
·AD509 High-Speed Fast-Senling IC Op Amp ......................... 4 - 43 
AD510 Low-Cost, Laser-Trimmed, Precision IC Op Amp .................. 4 - 47 
AD515 Precision, Low-Power FET-Input Electrometer Op Amp ............... 4 - 51 
AD5I7 Low-Cost, Laser-Trimmed Precision IC Op Amp ................... 4 - 57 
AD5I8 Low-Cost, High-Speed, IC Operational Amplifier ................... 4 - 63 
AD52I IC Precision Instrumentation Amplifier .......... , .............. 5 - 9 
AD522 High-Accuracy Data-Acquisition Instrumentation Amplifier ............. 5 - 15 
AD524 Precision Instrumentation Amplifier .......................... 5 - 19 
AD532 Internally Trimmed Integrated Circuit Multiplier . . . . . . . . . . . . . . . . . . . 6 - II 
AD533 Low-Cost IC Multiplier, Divider, Squarer, Square-Rooter .............. 6 - 17 
AD534 Interhally Trimmed Precision IC Multiplier ...................... 6 - 21 
AD535 Internally Trimmed Integrated-Circuit Divider . . . . . . . . . . . . . . . . . . . . 6 - 29 
AD536A Integrated-Circuit True-RMS-to-DC Converter ................... 7 - 7 
AD537 Integrated-Circuit Voltage-to-Frequency Converter '" ..... ' .......... 12 - 7 

.AD539 Wideband 2-Channel, 2-Quadrant, Log-Linear Multiplier. . . . . . . . . . . . . . . 6 - 35 
AD540 High-Accuracy, Low-Cost, FET-Input Op Amp ................... 4 - 67 
AD542 Precision Low-Cost BIFET Op Amp ......................... 4 - 71 
AD544 High-Speed Implanted FET-Input Op Amp ...................... 4 - 77 
AD545 Precision, Low-Drift FET-Input Op Amp ...................... 4 - 83 

.AD547 Ultra-Low-Drift BIFET Operational Amplifier . . . . . . . . . . . . . . . . . . . . 4 - 87 
AD558 DACPORTTM Low-Cost Complete I1P-Compatible 8-Bit DAC ............ 10 - 17 

Interfacing the AD558 to Microprocessors (Application Note) .....•......... 21 - 31 
AD56I Low-Cost IO-Bit Monolithic D/A Converter. ' ...................•. 10 - 25 
AD562 IC 12-Bit D/A Converter ............................... 10 - 33 
AD563 IC I2-Bit D/A Converter with Reference ........................ 10 - 33 
AD565 Complete High-Speed I2-Bit Monolithic D/A Converter ............... 10 - 39 

.AD565A Complete High-Speed I2-Bit Monolithic D/A Converter ............... 10 - 43 
AD566 Low-Cost High-Speed I2-Bit Monolithic DI A Converter ............ ... 10 - 51 

.AD566A Low-Cost High-Speed 12-Bit Monolithic D/A Converter ..... ' ......... 10 - 55 
AD567 Microprocessor Compatible 12-Bit D/A Converter ................... 10 - 63 
AD570 Low-Cost Complete IC 8-Bit AID Converter ................... .. 11 - II 
AD57I Integrated-Circuit IO-Bit AID Converter ........................ 11 - IS 
AD572 I2-Bit Successive-Approximation IC AID Converter . . . . . . . . . . . . . . . . . . II - 23 

.AD573 Fast, Complete IO-Bit AID Converter with IJ.P Interface ............... 11 - 31 

.AD574A Fast, Complete I2-Bit AID Converter with ,.,.r Interface .............. 11 - 39 
AD578 Very Fast, Complete I2-Bit AID Converter . I •.................... 11 - 47 

.AD579 Very Fast Complete IO-Bit AID Converter ...................... II - 53 
AD580 High Precision 2.5-Volt IC Reference ..................... ' .... 8 - 5 
AD58I High Precision IO-Volt IC Reference ......................... 8 - 9 
AD582 Low-Cost Sample/Hold Amplifier ...... , ..................... 14 - 9 
AD583 IC Sample-and-Hold, Gated Op Amp . . . . .. . . . . . . . . . . . . . . . . . ... 14 - 13 
AD584 Pin-Programmable Precision Voltage Reference .................... 8 - 15 
AD589 Two-Terminal IC 1.2-Volt Reference ......................... 8':' 21 

Vol. II 

9-5 

5 - 7* 
5 - 7* 

15 - 5 
IS - 9 
15 - 13 

AD590 Two-Terminal IC Temperature Transducer ...................... 9 - 5* 9 - 7 
AD612/614 Self-Contained Wideband High-Performance Instrumentation Amplifier ..... 5 - 23 
AD636 Low-Level True-RMS-to-DC Converter . . . . . . : . . . . . . . . .. . . . . . . . 7 - 13 
AD642 Precision Low-Cost Dual BIFET Op Amp ....................•.. 4 - 93 

tFunctions are listed alphabetically and are intermixed with products listed in alphanumeric order. Products with numerical model numbers 
or prefixes follow at the end of the alphabetic listing. ' 
eNew product since 1980 Data-Acquisition Components and Subsystems Catalog 
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Vol.I 

.AD644 Dual High-Speed Implanted FET-Input Op Amp .........•....•.... 4 - 99 

.AD647 Ultra-Low-Drift Dual BIFET Op Amp ....................•.•. 4 - lOS 
AD650 Voltage-to-Frequency and Frequency-to-Voltage Converter ....•....•.... 12 - IS 

.AD673 Fast, Complete 8-Bit ADC, with .... p Interface. . . . . . . . . . ........... 11 - 59 
AD 741JIKlLlS Lowest Cost High-Accuracy IC Op Amps ............•...•. 4 - III 
AD 1403/1403A Low-Cost Precision 2.5-Volt IC Refere'nce ...•............•. 8 - 25 
AD 1408 8-Bit Monolithic Multiplying D/A Converter •...•..........•..•. 10 - 71 
AD 1508 8-Bit Monolithic Multiplying D/A Converter .•.............•...•. 10 - 71 
AD2004 4 1I2·Digit DPM for System Applications ..•...........••...... 
AD2006 AC·Powered 3 II2-Digit DPM with Sperry Display ... . . . . . . . . . . . . . . 
AD2009 3 1I2-Digit Line-Powered Digital Panel Meter ••..•.........•....• 
AD2010 Low·Cost 3 1I2·Digit DPM for OEM Applications. . . . . . • . . . ...•.. 
AD2016 Low·Cost 3 1I2·Digit Line·Powered DPM with LED Display . . . . . . . . .. ' .. 
AD2021 Low·Cost 3 1/2.Digit Logic-Powered DPM with LED Display ..........• 
AD2024 Line-Powered 4 1I2-Digit DPM with LED Displays . . . . . . . . . . . . . . . . . 
AD2025 Line-Powered 4 3/4·Digit DPM with LED Displays . . . . . . . . . . . . . . . . . 
AD2026 Low·Cost 3·Digit Analog-Panel-Meter Replacement . . . . . . . . . . . . . . . . . 
AD2027 Logic·Powered 4 1I2-Digit DPM with LED Displays .............. . . 
AD2028 Logic·Powered 4 3/4-Digit DPM with LED Displays .... . . . . . .... . 
AD2033 True-rms/dB Multirange Line-Powered 3 lI2·Digit DPM .......... .. 
AD2036 6·Channel Scanning Digital Thermocouple Thermometer . . . . . . . . . . . . 
AD2037 6-Channel Scanning Digital Voltmeter ...............•...... 
AD2038 6-Channel Scanning Digital Thermometer • . . . . . . . . . . . . . . . ... . 
AD2040 Low-Cost Temperature Indicator for AD590 Sensor .. : . . . . . . . . . .. . 

.AD2050 Intelligent Thermocouple Meter for User-Specified Sensor ........... . 

.AD2051 Intelligent Thermocouple Meter for User-Selected Sensor ........... . 
AD2700/2702 ± 10-Volt Precision Reference Series . . . . . . . . . . . . . . . . . . . . 8 - 29 

.AD2710 ± 10.OOO-Volt Ultra-High Precision Reference Series ................. 8 - 33 

.AD 3554 Wideband, Fast-Settling, FET-Input Op Amp ................... 4 - 115 

.AD 3860 Complete Voltage-Output 12-Bit DAC ....................... 10 - 75 
AD 5200 12·Bit Successive-Approximation High-Accuracy ADC· . . . . . . . . . . . . . . . II - 63 

.AD 5210 l2-Bit Successive-Approximation High-Accuracy ADC ............... 11 - 67 

.AD 5240 Very Fast Complete 12-Bit AID Converter ................•.... 11 - 73 
AD7110 CMOS Digitally Controlled Audio Attenuator .................... 10 - 79 

.AD7111 LOGDACTM CMOS Logarithmic D/A Converter ...............•.. 10 - 85 

.AD7118 LOGDACTM CMOS Logarithmic D/A Converter .................. 10 - 91 
AD7501 CMOS 8-Channel Multiplexer ..............:........... . .16 - 5 
AD7502 CMOS Dual 4-Channel Multiplexer ......................... 16 - 5 
AD7503 CMOS 8-Channel Multiplexer . . . . . . . . . . . . . . . . . . . . . . . . . . . .16 - 5 
AD7506 CMOS 16-Channel Multiplexer ..................•......•.. 16 - 9 
AD7507 CMOS Dual 8-Channel Multiplexer ......................... 16 - 9 
AD7510DI Dielectrically Isolated CMOS Quad SPST Switches ................ 16 - 13 
AD7511DI Dielectrically Isolated CMOS Quad SPST Switches ......•......... 16 _ 13 
AD75l2DI Dielectrically Isolated CMOS Dual SPDT Switches ................ 16 - 13 
AD7520 CMOS IO-Bit Monolithic Multiplying D/A Converter ................ 10 - 97 
AD7521 CMOS 12-Bit Monolithic MUltiplying D/A Converter .. , ............. 10 - 97 
AD7522 CMOS IO-Bit Buffered Multiplying D/A Converter ................. 10 - 105 
AD7523 CMOS 8-Bit MUltiplying DI A Converter . . . . . . . . . . . . . . . . . . . . . . .10 - III 
AD7524 CMOS 8-Bit Buffered Multiplying DAC ....................... 10 - liS 
AD7525 3 1I2-BCD Monolithic CMOS Digitally Controlled Pot ............... 10 - 121 

.AD7527 CMOS IO-Bit (Systems) D/A Converter ....................... 10 - 127 

.AD7528 CMOS Dual-8-Bit Buffered Monolithic Multiplying DAC . . . . . . . . . . . . . .10 - 139 
AD7530 CMOS 10-Bit Monolithic Multiplying D/A Converter ......... '.' ..... 10 - 147 
AD7531 CMOS 12-Bit Monolithic Multiplying D/A Converter '" ............. 10 - 147 
AD7533 CMOS Low-Cost 10-Bit Multiplying DAC ...................... 10 - lSI 
AD7541 CMOS 12-Bit Monolithic Multiplying DAC ..................... 10 - 157 

.AD7541A CMOS 12-Bit Monolithic Multiplying DAC .................... 10 - 163 
AD7542 Microprocessor-Compatible 12-Bit DAC ....................... 10 - 165 
AD7543 CMOS Serial-Input 12-Bit DAC ........................... 10 - 173 

.AD7544 CMOS 12-Bit 6-Word FIFO D/A Converter ..................... 10 - 181 

.AD7545 CMOS 12-Bit Buffered MUltiplying DAC ...................... 10 - 189 
.....--.AD7546 CMOS 16-Bit Multiplying DAC .-."'.-.-'-"-""';', "';~;""";"':--:":-:":--;-':-'~'-:"':":"'~-:-:10 - 197 

AD7550 CMOS 13-Bit Monolithic AID Converter ....................... 11 - 81 
.AD7552 CMOS 12-Bit-Plus-Sign Monolithic AID Converter ............... .. 11 - 89 

AD7555 CMOS 4 112 - 5 1I2-Digit ADC Subsystem ..................... 11 - 101 
AD7574 CMOS Microprocessor-Compatible 8·Bit AID Converter . . . . . . . . . . . . . .. 11 - 113 

.AD7581 CMOS .... P-COmpatible 8-Bit 8-Channel DAS ..................... 11- 121 

.AD7590DI DI CMOS Latched Quad SPST Switch ...................... 16 - 21 

.AD7591DI DI CMOS Latched Quad SPST Switch ...................... 16 - 21 

.AD7592DI DI CMOS Latched Dual SPDT Switch ...................... 16 - 21 
AD ADC80 12-Bit Successive-Approximation IC AID Converter . . . . . . . . . . . . . .. 11 - 129 

.AD ADC84/85 Fast, Complete 12-Bit AID Converters ...:.............. .. 11 - 137 
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eRTI-1261 High-Performance Analog-Output Card for STD Bus .............. . 

RTM Series 5VA Resolver Output Transformers :. . . . . . . . . . . . . . . . . . . . .. 
SACI763 SynchrolResolver-to-Analog Converter ...................... . 
Sales Offices of Analog Devices . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . I - 16 
Sample-Hold Amplifiers, see also ,AID Converters ....................... 14 - I 
Samplerrrack-Hold Amplifiers, see also AID Converters ................... 14 - I 
SBCDI752 Synchro/Resolver-to-Digital (13 BCD +'Sign), O°C to ± ISO°C ......... . 
SBCDI753 SynchrolResolver-to-Digital (14 BCD), O°C to ± ISO°C ... , ......... . 
SBCDI756 Synchro/Resolver-to-Digital (13 BCD + Sign), O°C to 360°C .......... . 
SBCDI757 SynchrolResolver-to-Digital (14 BCD), O°C to 360°C ., ............ . 
SDCI700 Synchro/Resolver-to-Digital (12 Bits) . .' ..................... . 
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SDCI702 Synchro/Resolver-to-Digital (10 Bits) ....................... . 
SDCI704 Synchro/Resolver-to-Digital (14 Bits) ....................... . 
SDCI725 SynchrolResolver-to-Digital (12 Bits), Low Profile ................ . 
SDCI726 Synchro/Resolver-to-Digital (10 Bits), Low Profile ................ . 

eSDCI727 High-Resolution Synchro-to-Digital (18 Bits) ................... . 
eSDCI740/174111742 Synchro-to-Digital Converters ...................... 13 - 5 

Self-Powered Instruments, Subsystems, and Systems 
Digital Panel Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Signal Conditioners . . . . . . . . . . . . . . '. . . . . . . . . . . . . . . . . . . . . '.' 
Microcomputer Analog 110 Subsystems . . . . . . . . . . . . . . . . . . . . . . . . . . . 
I1MAC Measurement and Control Subsystems ...................... . 
MACSYM Measurement And Control SYsteMs ...................... . 
Linear-IC Test Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

SHAII44 High-Resolution 14-Bit Sample-and-Hold Amplifier .......... : ..... 14 - 29 
Signal Conditioners as Components, see also: . . . . . . . . . . . . . . . . . . . . . . . . . I - 4 

Instrumentation Amplifiers .'. . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . 5 - I 
Isolation Amplifiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 - I 
Data-Acquisition Subsystems ................................ 15 - I 
Digital Panel Instruments . . . . . . . . . . . . . ". . . . . . . . . . . . . . . . . . . . 
I1MAC Intelligent Single-Board Meas. & Control Subsystem . . . . . . . . . . . . . . . . 
MACSYM Computer-Based Measurement And Control SYsteM ............. . 

SPAI695 5VA-Output Power Amplifier for SynchrosJResolvers ............... . 
Squaring (Analog Multipliers) . . . . . . • . . . . . . . . . . . . . . . . . : . . . . . . . . 6 - I 
Square Rooting (Analog Dividers) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 - I 
STM Series 5VA Synchro Output Transformers ....................... . 
Strain Gage Signal Conditioners . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I - 4 

see also Signal Conditioners 
Switches, CMOS ................ '.' ...................... 16 - I" 
Switches, Dielectrically Isolated ................................ 16 - I 
Switches, Dual ........... ,. . . . . . . . . . . . .. . .............. 16 - I 
Switches, Quad ........................................ 16 - I 
Synchro Power Amplifiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 - I 
Synchro-to-Digital Converters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13 - I 
Synchro-to-Linear Converters . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 - I 
Technical Publications of Analog Devices ........................... I - 15 
Temperature Indicators ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Temperature Transducers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 - I 
Temperature Transmitters, see Signal Conditioners ...................... I - 4 
Testers, Linear Integrated Circuits .............................. 18 - I 
THC Series Fast Samplerrrack-and-Hoid Amplifiers . . . . . . . . . . . . . . . . . . . . . 
Thermocouple Cold-Junction Compensators, see Signal Conditioners 
Thermocouple Signal Conditioners, see Signal Conditioners 
Thermometers, Digital, see Digital Panel Instruments .................... I - 8 
THS Series Ultra-Fast Samplerrrack-and-Hoid Amplifiers ................ . . 
Track-Hold Amplifiers, see also AID Converters ....................... 14 - I 
Transducers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 - I 
Transducers, Temperature-to-Current (AC2626, AD590) . . . . . . . . . . . . . . . . . . . 9 - I 
Transmitters, 4-to-20mA, see Signal Conditioners . . . . . . . . . . . . . . . . . . . . . . . I - 4 
Transmitters, Temperature, see Signal Conditioners. . . . . . . . . . . . . . . . . . . . . . I - 4 
TSLl612 2-Speed Processor for Coarse/Fine Synchros/Resolvers .............. . 
,UMAC-4000, see I1MAC-4000 or "Micromac" 
Vector Generator, Digital ................................... 13 - I 

see also App. Note: Generating Waveforms and Vectors ..•............... 21 - 43 
V/F Converters ........................................ 12 - I 
Voltage References . . . . . . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 - 1* 
Voltage-to-Current Converters, see Signal Conditioners .................... 1-4 
Voltage-to-Frequency Converters ............................... 12 - 1 
Voltmeters, Digital, Scanning, (Digital Panel Instruments) .................. 1-6 
2B20 4-to-20mA-Voltage-to-Current Converter ....................... . 
2B22 Isolated 4-to-20mA Voltage-to-Current Converter ................... . 

e2B24 Loop-Powered Isolator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2B30 Strain-GagelRTD Signal Conditioner ......................... . 
2B31 Strain-Gage/RTD Signal Conditioner with X'ducer Excitation ...... ' ....... . 

e2B34 Four-Channel RTD/Strain-Gage Conditioner ..................... . 
2B35 Precision Triple-Output Transducer Power Supply .. . . . . . . . . . . . . . . . . . 

e2B50 Isolated Thermocouple Signal-Conditioner ....................... . 
e2B52 Isolated Two-Wire Thermocouple Temperature Transmitter ...........•.. 
e2B53 Two-Wire Thermocouple Temperature Transmitter .................. . 

2B54 Low-Level 4-Channel Multiplexed Isolated Conditioner . . . . . . . . . . . . . . . . . 
2B55 4-Channel Multiplexed Isolated Conditioner . . . . . . . . . . . . . . . . . . . . . . . 
2B56 High-Accuracy Thermocouple Cold-Junction Compensator .............. . 
2B57 Low-Cost Two-Wire Temperature Transmitter for AD590 .............. . 
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e2B58 Two-Wire Linearized RTD Temperature Transmitter .................. . 
e2B59 Low-Cost 2-Wire RTD. Temperature Transrhi!ter ..................•. 

48 Fast-Settling Differential FET-Input Op Amp ...................... . 
50/51 Fast-Settling, Wideband, loomA Output FET-Input Op Amp ............ . 
52 Low-Noise, Low-Drift Precision FET-Input Amplifier .................. 4 - 139 
171 High-Voltage Differential FET-Input Amplifier .........•............ 4 - 141 
234 Low-Noise Wideband Chopper-Stabilized Amplifier ................... 4 - 143 
235 Economy, Guaranteed Low-Noise Chopper-Stabilized Amplifier ............. 4 - 143 
261 Low-Noise, Non-Inverting Chopper Amplifier ...................... 4 - 145 
277 Precision Isolation Amplifier with Op-Amp Front End . . . . . . . . . . . . . . . . .. 
281 100kHz Isolator Excitation Oscillator .......................... . 
2841 Economy High-Performance Self-Contained Isolation Amplifer ........... .. 
2861 High-CMV, High-Performance Synchronized Isolation Amplifier ........... . 
289 Precision Wide-Bandwidth' Synchronized Isolation Amplifier ............... 5 - 35 
290A Low-Cosi Single-Channel Isolation Amplifier . . . . . . . . : . . . . . . . . . . . . . 
292A Low-Cos! Multi-Channel Isolation Amplifier ..................... . 
429 Accurate Wideband, Multiplier, Divider, Square-Rooter ................. 6 - 37 
433 Programmable Multifunction Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . 6 - 39 
436 High-Accuracy Two-Quadrant A!lalog Divider ... . . . . . . . . . . . . . . . . . .. 
442 Wideband, High-Accuracy· True-RMS·to-DC Converter ................. 7 - 19 
450 High-Performance 10kHz Voltage~to-Frequency Converter ... ' ............ . 
451 Low-Cost, Versatile 10kHz Frequency-to-Voltage Converter ............... 12 - 21 
453 Low-Cost, Versatile 100kHz FN Converter ......... ," ............. 12 - 21 
454 Versatile 20kHz Voltage-to-Frequency Converter .................... . 
456 Low-Cost 10kHz Full-Scale Voltage-to-Frequency Converter .............. . 
458 lookHz-Full-Scale High-Accuracy V/F Converter .................... . 
460 IMHz-Full-Scale High-Accuracy V/F Converter ............ ' ........ . 
75~NIP 6-Decade High"Accuracy Log/Antilog Amplifiers ................... 6 - 41 
757N/P 6-Decade High-Accuracy Log-Ratio Amplifiers .................... 6 - 43 
759N/P Economy Wideband Log/Antilog Amplifiers ..................... 6 - 41 
902/902-2 Dual15V loomA ACIDC Power Supply module .................. 1-11 
903 Single 5V 500mA ACIDC Power Supply module .. . . . . . . . . . . . . . . . . . . . 1 - 11 
904 Dual 15V SOmA ACIDC Power Supply module .................. , ... 1 - 11 
905 Single 5V lA ACIDC Power Supply module ....................... 1 - 11 
906 Single 5V 250mA ACIDC Power Supply module .. . . . . . . . . . . . • . . . . . . . 1 - 11 
915 Dual15V 25mA ACiDC P~wer Supply module ...................... 1-11 
920 Dual 15V 200mA ACiDC Power Supply module . ..' . . . . . . . . . . . . . . . . . . 1 - 11 
921 Dual 12V 240mA ACiDC Power Supply module ................•.... 1 - II 
922 Single 5V 2A ACIDC Power Supply module ....................... 1 - II 
923 Triple ± 15V loomA, 5V 500mA ACiDC Power Supply module .............. 1-11 
925 Dual 15V 350mA ACiDC Power Supply module .. . . . . . . . . . . . . . . . . . . . 1 - 11 

e926 Triple ± 15V 150mA, 5V 300mA AC/DC Power Supply module ............. 1 - 11 
e927 Triple ± 15V 150mA, 5V lA AC/DC Power Supply module ............... 1 - II 
e928 Single 5V 3A ACIDC Power Supply module .............•...•...... 1 - 11 

940 5V to ± 15V l50mA DClDC Converter module ..•...........•....... 1-11 
941 5V to ± 12V 150mA DClDC Converter module ................•..... 1 - 11 
943 5V to 5V lA DClDC Converter module. . . . . . . . . . •. . . . . • • . . . . • . . . 1 - 11 
945 28V to ± 15V 150mA DClDC Converter module ....•.........••...•• 1 - 11 
949 5V to ± 15V 60mA DClDC Converter module .............•........ 1 - 11 
951 5V to ± 15V 410mA DClDC Converter module .....................• 1 - 11 
952 Dual 15V lOOmA ACiDC Power Supply (chassis) . • . . . . . . . . . . . . . . . . . . . 1 - 11 
953 12V to ± 15V 150mA DClDC Converter module . . . . . . . . . . . . . . . . . . . . . 1 - 11 
955 Single 5V lA AC/PC Power Supply (chassis) . • . . . . • • . . . . • . . . . . . . . ... 1 - 11 

e957 5V to 5V l00mA DClDC Converter module ...................... ~ . 1 - II 
e958 5V to 5V loomA DClDC Converter module ....................... 1 - 11 
e959 5V to ± 12V 40mA DCIDC Converter module ...................... 1 - 11 
e960 5V to ± 12V 40mA DClDC Converter module ...................... I - 11 
e961 5V to ± 15V 33mA DClDC Converter module ....•.... . .. . • . . . . . . . . I - 11 
e962 5V to ± 15V 33mA DCIDC Converter module ...................... 1- 11 
e963 12V to ± '15V 33mA DClDC Converter module. . . . . . . . . . . . . . . . . . • . . . I - 11 
e964 12V to ± 15V 33mA DCIDC Converter module ...................... I - 11 
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970 Dual15V 200mA ACIDC Power Supply (chassis) ..................... 1- 11 
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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: 

1. 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 
Many of the data sheets in the Databook have an Ordering Guide. Use it to specify the correct part number for the exact 
combination of options you want. I.C. and hybrid part numbers are created using one of these two systems: 

Figure 1 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- or 4-digit model number, an alphabetic performanceltemperature-range 
designator, a package designator, and a MIL-screening designator (where applicable). One or two additional letters may 
immediately follow the digits ("A" for second-generation redesigned ICs, "DI" for dielectrically isolated CMOS switches, 
e.g., ADS36AjH, AD7s12DIKD). 

Figure 2 shows the somewhat different numbering scheme used by our Computer Labs Division for hybrid circuits. The 
n,umber starts with a three-character alphabetic prefix, followed by a hyphen, a three- or four-digit number, and alphabetic 
designators (as applicable) to indicate additional functional designations or options, packaging options, and MIL-screening 
options. 

lOR 2LETIERS 
PROVIDE ADDITIONAL 
GENERAL INFORMAT10N 
A: SECOND GENERATION 
DI: DIELECTRICALLY 
ISOLATED 
Z: OPERAT10N ON :t 12V SUPPLIES 

PERFORMANCE
TEMPERATURE RANGE 
DESIGNATOR' 

{

I I INCREASING 
J , PARAMETRIC 

o TO + 70'C ~ PERFORMANCE 

M BEST OVERALL 
PERFORMANCE 

. {: t ~~~~~~CE 
- 25"C TO + 8S C C BEST OVERALL 

PERFORMANCE 

{ 
t INCREASING 

~ PERFORMANCE 
-SS'C TO+12S'C U BEST OVERALL 

PERFORMANCE 

.... 

- -
STANDARD PRODUCT 
SCREENED IN ACCORDANCE 
WITH MIL-STD 883_ SEE 
QUALITY ASSURANCE IN 

""- VOLUME I. 
1883B: SCREENED TO 
MIL-STD 883, CLASS B 
1883: SCREENED TO 
MIL-STD 883, PER 
METHOD S008 

PACKAGE OPTIONS: 

D HERMETICALLY SEALED DIP, 
CERAMIC OR METAL 

E LEADLESS CHIP CARRIER 
F CERAMIC FLATPACK 
H METAL' CAN, HERMETICALLY 

SEALED 
M METAL-CAN DIP, HERMETICALLY 

SEALED-COMPUTER LABS 
N PLASTIC DIP 
Q CERDIP 
CHIPS MONOLITHIC CHIP' 

EXAMPLES: 
AD521KCHIPS 
AD7S24AD 
AD536ASH/883B 
AD7512DIKD 

'MONOLITHIC CMOS CHIPS IN THE AD75XX 
SERIES WERE FORMERLY DESIGNATED 
AD75XX/COM/CHIPS AND AD75XXlMIUCHIPS 
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 IC Products 
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EXAMPLES: 

H A S- 12 02 M 

MILITARY OPTIONS 
1883: SCREENED TO 
MIL-STD 883, PER 
METHOD 5008 
B: SCREENED 
TO MIL-STD 883 
CLASS B 

PACKAGE OPTION 
M OR H 
HERMET1CALLY 
SEALED 
METAL-CASE DIP 

HYBRID;ljJ ~ HERMETIC AID METAL CASE 

CONVERTER 2.2". 
12-BIT . 

HYBRID ;ljH{JJD S- 1015 E, HDS-1015
EL HERMETIC 

DIA METAL 
CONVERTER CASE 

10-BITS , HDS-1015EMB 
15"5 TO 0.1% L 100% SCREENED 
(VOLTAGE) TO MIL-STD B83 
ECL CLASSB 

Figure 2, Computer Labs Video Hybrid Product 
Designations 



-----------SECOND SOURCE 
In addition to our many proprietary products, we also man.ufactur~(device~lh,at are.fit::-"form-, and function-compatible 
(and often superior in performance and reliability) to popular prodlfcts that originated elsewhere. For such products, we 
add the prefix "AD" to the familiar model number. (Example: ADDAC85MIL-CBI-V/883). 

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 TWX 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. On all 
orders under fifty dollars ($50.00), a five-dollar ($5.00) processin~ charge is required. 

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). 

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 f.1MAC and MACSYM systems, which have a 90-day warranty. This warranty does not 
extend to any products which have been subjected 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 FITNES.S FOR A PARTICULAR PURPOSE. 

ORDERING GUIDE VOL. 1,3-3 



VOL. 1,3-4 ORDERING GUIDE 



Operational Amplifiers 

Selection Guides 

General Purpose Op Amps 

High Accuracy Op Amps 

Fast/Wideband Op Amps 

Selection Principles and Definitions of Specifications 

AD101A1201A/301A/301AL General-Purpose IC Op Amps 

eAD380j/K/L/S Wideband, Fast-Settling FET Operational Amplifier 

eAD381j/K/L/S High Speed, Low Drift FET Operational Amplifier 

eAD382j/K/L/S High Speed, Low Drift FET Operational Amplifier 

AD503j/K/S FET-Input IC Op Amps 

AD504j/K/L/M/S High-Accuracy Low-Drift IC Op Amp~ 

AD506j IK/L/S FET-Input IC Op Amps 

AD507j IK/S Wideband General-Purpose IC Op Amps 

AD509j IK/S High-Speed Fast-Settling IC Op Amps 

AD510j IK/L/S High-Accuracy Low-Drift IC Op Amps 

AD515j/K/L Electrometer IC Op Amps 

AD517j/K/L/S High-Accuracy Low Drift IC Op Amps 

AD518j/K/S Fast Wideband IC Op Amps 

AD540j/K/S FET-Input IC Op Amps 

AD542j IK/L/S Trimmed Implanted FET (TRIFET) IC Op Amps 

AD544j/K/L/S Trimmed Implanted FET (TRIFET) IC Op Amps 

AD545j/K/L/M Low Bias Current FET IC Op Amps 

eAD547j/K/L/S Ultra Low Drift BIFET Operational Amplifiers 

AD642j IK/L/S Dual AD542 Trimmed Implanted FET (TRIFET) Op Amps 

eAD644j IK/L/S Dual High-Speed Implanted FET-Input Operational Amplifiers 

eAD647jHlKH/LH/SH Ultra-Low Drift BIFET Operational Amplifiers 

AD7411C/j/K/L/S Internally Compensated IC Op Amps 

eAD3554A/B/S Wideband, Fast-Settling FET-Input Op Amps 

eADLH0032G/CG Ultra Fast FET Operational Amplifiers 

eADLH0033G/CG High-Speed Buffer Amplifiers 

AD OP-07/A/D/C/E High-Accuracy Low-Drift IC Op Amps 

HOS-0501050A/050C Ultra Fast Hybrid IC Op Amps 

eHOS-100AH/SH Wide Bandwidth, High-Speed Buffer Amplifiers 

52j/K High-Accuracy Low-Bias FET-Input Op Amps 

171j/K High-Output Op Amps 

2Hj/K/L Low Noise-Wideband Chopper Stabilized Amplifier 

235j/K/L Inverting Chopper-Stabilized Op Amps 

261j/K Noninverting Chopper Op Amps 
eNew product since the 1980 Data-Acquisition Components and Subsystems Catalog 
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High CMR 

Low Offset 
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Low Bias 
Current 

Fast Settling 

Wideband 
(Unity Gain) 

High Slew 
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Module 
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II 
/ HIGH ACCURACY 

/ / 
LOW Vos DRIFT / 

/ LOW BIAS CURnENT 

/ FETINPUT / 

;;iY;i~)~ftft!ft/1 ~ ~ 9,; ~ ~ ~ ~ ~ 

~ f I f $ $ ~ ~ ~ f ~ f $ 
Monolithic, Bipolar Input • • • • 

Technology J-FET 
Dual J-FET • • 

Multi-Device Hybrid • • 
Technology Module • • • • • 

High Open ;:;'IOOdB • • • • • • • • • • • 
Loop Gain ;;'140dB • • • 

High CMR >100dB • • • • • · • 
Low Offset "';SmV • • • • • • • • • • • 

Voltage "';lmV • • • • • • • 
"';SOpV • • • • · Low Offset "';Spvtc • • • • • • • • • • • 

V,vs_ Temp ';;lpVtC • • • • • • 
"';0_6pVtC • • • • • • 

Low Bias ';;SOpA • • · · · • • 
Current "';SpA • • • 

"';O.SpA • 
Fast Settling ';;lps to 0.1% 

"';Sps to 0.01 % • 
Wideband ;;'2MHz • • 

(Unity Gain) ;;'IOMHz 

High Slew ;;'IOVlps • 
Rate ;;'30Vlps • 

;;'100Vlps 
;;'1000Vlps 

Low Noise (0.1 to 10Hz) • • • • • • • • • 
2pV pop 

High Voltage Out ;;'100V • 
High Current Out ';;.20mA 
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I FAST/WIDEBAND / 
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/ / 
GAIN 

FETINPUT BUFFER 

hlt};/ /;/;}; hM01lj; I ~ ~ ~ ~ $ ~ ~ ~ ~. ~. ~ ~ ~ 
Monolithic Bipolar Input • • • 

Technology J-FET 
Dual J-FET 

Multi-Device Hybrid • • • • • • • • 
Technology Module • • 

High Open ;;'lOOdB • • • • • • 
Loop Gain ;;'14odB 

High CMR >100dB 

. Low Offset ";;5mV • • • • • • • • • 
Voltage ";;lmV • 

";;50/-LV 

Low Offset ";;5/-LV/oC • • 
V,vs. Temp ";;l/-LV/oC 

";;0.6/-LV/oC 

Low Bias ";;50pA · • · · · · Current ";;5pA 
";;0.5pA 

Fast Sen ling ";;l/-Ls to 0.1% • • • • • • • • • · ";;5/-Lsto 0.01% • • • • • • 
Wideband ;;'2MHz • • · • • • • • • 

(Unity Gain) ;;'10MHz • • • • • • • • • • • 
High Slew ;;'10VI/-Ls · · · · · · · Rate ;;'30VI/-Ls • • 

;;'100VI/-Ls • • · • • • • • 
;;'1000VI/-Ls • 

Low Noise (0.1 to 10Hz) • • 
2/-LV p-p 

High Voltage Out ;;'lOOV 
High Current Out ;;'20mA • • • • • • • • • 
Low Power ";;75mW 

Second Source • • • • • 
Temperature Range 

o to +70
o
C • • • • • • • • 

-25°C to +85'C • • • • 
_55°C to +12SoC • • • • • • • • • • • 

Dice Availability • 
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Volume II 
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The amplifiers listed in this catalog 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 in ele'ctronic circuits. The technical data included 
here· cover the properties of some 36 op-amp families, com
prising about 100 distinct types. Some are general purpose, 
others provide near-optimum performance for specific classes 
of applications. 

They differ in a variety of ways, for example, circuit technolo
gy, circuit architecture, input properties, output properties, 
operating temperature range and in terms of the many per
formance specifications. 

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'preci
sion measurement 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, we have . 
provided on page 4-16 a bibliography that should make avail
able up to 99% of information needed now and then, with 
".fanout" to the vast body of literature that - with some re
dundancy - will provide the remainder. It should come as no 
surprise to successful users of Analog Devices op amps that a 
number of the references are to the applications sections of 
data sheets included in this catalog. 

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 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. 

To properly choose an operational amplifier for any given 
set of requirements, the designer must have: 

1. A complete definition of the design objectives. 
.Signallevels, accuracy desired, bandwidth require
ments, circuit impedance, environmental 
conditions and other factors must be well defined 
before selection can be effectively undertaken. 

·In addition to the products listed here, which are recommended for 
new designs, a number of older products are still available; data sheets 
are available upon request. 

Orientation 
Operational Amplifiers 

2. Firm understanding of what the manufacturer means • 
by the numbers published for the parameters. 
Frequently, any two manufacturers may have com-
parable published specifications, which may have been 
arrived at using differing measurement techniques. 
This creates a·pitfall in op amp selection. To avoid 
these difficulties, the designer must know what the 
published specifications mean and how these para-
meters are measured and then must be able to translate 
these published specifications in terms meaningful to 
the design requirements. 

There are three fundamental aspects to the rational selection 
of an operational amplifier for a given application: (1) es
tablishing the circuit architecture, (2) defining the per
formance levels, and (3) choosing the amplifier(s). 

1. To obtain a circuit building block to implement a defined 
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 dif
.ference between two voltages, one may either purchase an in
strumentation or isolation amplifier, or design a suitable sub
traction 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. Many 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 on both 
the overall circuit requirements and the characteristics of avail
able op amps, the designer should interpret the desired overall 
performance in terms of the parameters of op amps, and es
tablish acceptable ranges of parameters, and their variation 
with time, temperature, supply voltage, etc. Examples of the 
key parameters axe the input offset voltage, input bias and gff
set currents, and the high-frequency performance and transient 
behavior of the op-amp block (and its effect on the closed
loop circuit) for large and small signals. It will be helpful to 
develop an application checklist, which includes such con
siderations as the character of the input signals and their im
pedanc~, the output load, the desired accuracy - static and 
dynamic - and the 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 define 
their specifications, and how definitions can differ in a way 
that may be misleading. A set of definitions used by Analog 
Devices follows the next section. 

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 influence the choice of amplifier. 
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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 imped
ance? Time/frequency characteristics? 

Environmental conditions: What is the maximum 
range of temperature, time, and supply voltage over 
which the circuits must operate (to the required 

. accuracy) without readjustment? 

Accuracy desired: The accura:cy requirement deter
mines 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 
must, of course, be defined in terms meaningful to 
the application with regard to bandwidth, DC offset, 
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 application. 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 generally 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 discussions 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: 

A) If DC information is not of interest, a suitable 
blocking capacitor can be connected at the ampli
fier input and all of the "drift" specifications may 
usually be ignored, and 

B) Where high frequency (> 10MHz) characteristics 
are of primary importance, the choice will be limited 
to those amplifiers designated "Wide Bandwidth/Fast 
Settling." 

Where DC information is required and where frequency 
requirements are relatively modest (full power response 
below 100kHz, unity gain of less than 1.5MHz) 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, temperature, etc. For ex
ample, if the closed-loop gain is 1000, the open-loop gain 
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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 specifications for 
full linear response and slewing rate should be chosen such 
that they are not exceeded at the highest frequency of 
operation. 

Offset and Drift Considerations 
In the majority of op-amp applications, final selection is 
determined 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 bandwidth requirements and temperature range 
have been established at this point.) 

1. What input impedance must the circuit present to the 
signal source?This depends primarily on the source 
impedance, Rs' and the amount of loading error which 
is acceptable. Most amplifier circuits are designed around 
either the inverting or noninverting circuit of Figure 1. The 
choice is often made between the two to accommodate the 
impedance requirement. Input impedance for the inverting 
circuit is approximately equal to the summing impedance, 
Ri and the upper limit on the magnitude of Ri is determined 
by the allowable drift error because of input bias current as 
discussed below. The noninverting 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 common mode impedance of 
the amplifier Rem. 

2. How much drift error can be tolerated? The question is 
related to the input signal level, es' and the required accuracy. 
For example, to amplify or otherwise manipulate a DC 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 1 volt signal and 
0.01 % accuracy would be 100JIV. 

When this has been defined, the allowable limits of offset 
voltage (eos)' bias current (ib), and difference current can 
be calculated by the equations of Figure 1. 

Figure 1 gives the equations which relate offset voltage 
(eos)' bias current (ib), difference current (id) and the 
external circuit impedances to the drift error, V d, for both 
the inverting and the noninverting circuits. From these 
equations it can be seen how the input impedance require
ments of the foregoing paragraphs are related to the drift 
error. 

For example, in the case of the inverting circuit, an offset 
error voltage, ibRi' is generated by the bias current flowing 
through the summing impedance. This error increases for 
increasing Ri. Since Ri 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 Ri 
can be used with an amplifier which has lower bias current. 



,-":iE-- i 

Rt r. (Rt + Ri\ J eo = - Ai Les + eo. -R-t -) + Ib Ri 

~'----v----' 
Signal Input Drift Error = Vd 

Rt r. Rt + Ri . .1 
eo = - Ai Le• + eo. --R-t- + Id R~ 

'-v-' • 
Signal Input Drift Error = Vd 

Input Impedance RIN "" Ri 

% Drift Error = 100Vd 
e, 

·0 

For RC = 0 

and R.« Ri 

For Rc = Ri Rt/(Ri + Rt) 

and Rs« Ri 

Figure 1A. Inverting Configuration 

eo 

R2 + Ri r. . 1 
eo = --R-i- Les + eos + Ib RSJ for Rc = 0 

~ '---.r---' 
Signal Drift Error = Vd 

R2 + Ri [ . J Ri R2 eo = --R-. - es + eDS + Id Rs for RC = R. - ---
I Ri + R2 
~~ 
Signal Drift Error = Vd 

Input Impedance R'N "" RCM 

% Drift Error = 100Vd 
es 

Figure 18. Noninverting Configuration 

Where it will otherwise function properly, the noninverting 
circuit generally makes a better choice for high input 
impedance circuits. Also, for the same source and input 
impedance requirement, 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 
Rs for the noninverter and this will always be less than the 
input impedance, Ri' of the inverter. Input impedance of the 
noninverter (approximately RCM) is typically 107 ohms . 
even for the least expensive bipolar amplifiers and up to lOll 
ohms for FET types. 

Unfortunately, however, the noninverting configuration can- II 
not always be used since it is not convenient to use for many J 

circuit functions such as integration or summation. A further 
limitation occurs in high accuracy applications, where com-
mon mode errors may rule out this circuit configuration. 

Initial offsets can usually be zeroed at room temperature so 
that only the maximum temperature excursion (lH) from 
+2S

o
C need be considered. For example, over the range of 

-2S oC to +8S
o
C, the maximum temperature excursion (boT) 

from +2S
o
C would be 60°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, Rf, and to 
measure this potential with a high impedance amplifier as 
shown in Figure 2B. 

This approach has several disadvantages as compared to the 
circuit of Figure 2A. First the noninverting amplifier intro
duces common mode errors which do not occur for Figure 
2A. Second, an ideal current meter would have zero 
impedance whereas, Rf in Figure 2B may become very 
large since this resistor determines the sensitivity of the 
measurement. Third, the changes of input impedance, Rcm' 

eo 

R [
. (Rt + R i) . 1 eo = - t Is + eos ~ + IbJ 

S';;;, Drift er;or = If 

Input Impedance R'N = (R~t+R~d ) ( 1 +1 A{3) 

where 1/(3=1 + R~(Rs+RRd) % Drift Error = 10?'e 
5 d Is 

Figure 2A. Current Amplifier 

eo = Rt i, + eo. + ib Rt for R. > Rt 

~ • Drift'Error = Vd 

Input Impedance R'N '" RI 

% Drift Error = 1ROO~d 
, t I. 

eo 

Figure 28. Voltage Amplifier with Sampling Resistor 
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for the noninverting amplifier with temperature will cause 
variable loading on Rf and hence a change in sensitivity. 

The current amplifier of Figure 2A circumvents all of these 
difficulties 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 
consideration is current noise, and bias current drift. 
Measuring accuracy is largely the ratio of current noise and 
drift to signal current, is. To obtain the drift of error current 
If referred to the input, use the following expression. 

/:::,. Ie = [/:::,. eos ( Rf + Rs) + /:::,. iB] /:::,. T 
/:::"T - RfRs /:::"T 

Now, to make a proper selection you must pick an amplifier 
with an error current, If' over the operating temperature 
which is small compared to the signal current, is. Do not 
overlook current noise which may be more important than 
current drift in many applications. 

Gain Bandwidth Considerations, Expanded Discussion 
From ~he previous discussion, it is apparent that most 
general purpose operational amplifiers will usually give 
adequate performance for the DC and audio frequency range 
applications. However, to obtain unity gain bandwidth above 
2MHz, full power response above 20kHz and slewing rate 
above 6V //J.sec, in general, requires special design techniques. 
All amplifiers 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 
impedance levels of the external feedback circuit can be the 
major limitation in high frequency applications. For example, 
in Figure lA, if Rf were one megohm, and stray capacitance, 
Cs, were one picofarad th~n the closed loop bandwidth 
would be limitedto 160kHz (l/(21TRFCS» regardless of 
how fast the amplifier is. Moreover, output slewing rate will 
be limited by how fast Cs can be charged which in turn is 
related to signal level, es, and input impedance, Ri, by 
deoldt = -es/RjCs. 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 Rf must 
be large to obtain high input impedance. 

Another advantage of the noninverting circuit (Figure 1 B) 
is that input impedance, being determined by potentiometric 
feedback, does not depend on the impedance levels for Rl 
and R2. Therefore, a low impedance can be used for R2 so 
that stray capacitance of Cs will not limit the circuit's band
width. In this case the minimum value for Ri is constrained 
only by the output current rating of the amplifier. Again the 
trade-off between the frequency response and input 
impedance of the inverting and noninverting circuits must 
be evaluated in light of the common mode rejection error 
introduced by the noninverter. 
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For greater emphasis wideband applications can be separated 
into two categories - steady state and transient. Since the 
amplifier requirements for the two are somewhat different, 
these categories will be discussed separately. 

A. Steady State Applications 
Steady state applications involve amplifying or otherwise 
manipulating continuous sinusoidal, complex or random 
waveforms. In these applications the significant issues in 
choosing an amplifier are as follows: 
1. Is DC coupling required? If DC information is of no 
consequence, then the 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 these circuits 
can be small at DC but large at high frequencies. 

>-----+-(18. 

Figure 3. DC Feedback Minimizes Output Offset 
for AC Applications 

2. What closed loop gain and bandwidth are required? 
Closed loop gain, G, is dictated by the application. To a first 
approximation the intersection of the open and closed loop 
gain curves in Figure 4 gives the closed loop bandwidth, 
fel (-3dB). For high gain, wideband requirements, it may be 
necessary, or more economical, to use two amplifiers in 
cascade each at lower gain. 

3. What loop gain is required or alternatively what gain 
stability, output impedance and/or linearity are necessary? 
The available loop gain at a particular frequency or over a 
range of frequencies is very often more important than 
closed loop bandwidth in selecting an amplifier. Loop gain 
as illustrated in Figure 4, is defined as the difference, in dB, 
or as the ratio, arithmetically, of the open to closed loop 
gain (A(3 = A/G). You will find in most of the equations 
defining the closed loop characteristi,c of a feedback 
amplifier that the loop gain (A(3 ) is the determining factor 
in performance. Some of the more notable examples of this 
point are as follows: 



Figure 4. Closed Loop Bandwidth and Loop Gain 

a. Closed loop gain stability = b.G/G 
b.G/G = (D.A/ A) [1/( 1 + A{3)] where D.A/ A is the 
open loop gain stability, usually about 1 %I°C. 

b. Closed loop output impedance = Zocl = Z o /(l + A{3), 
where Zo is the open loop output impedance, 
usually 200 to 5000 ohms. 

c. Ciosed loop nonlinearity = LcI = Lol/O + A/3), where Lol 
is the open loop linearity, usually less than 5%. 

Loop gain of 100, or 40dB, is adequate for most applications 
and this is readily achievable at DC and low frequencies. But 
note that loop gain decreases with increasing frequency 
which makes it difficult to obtain large loop gains at high 
frequencies. For this reason it may be necessary to use a 
10MHz unity gain amplifier in order to obtain adequate 
feedback over a 10kHz bandwidth. 

4. What full power response and/or slew rate are required? 
You should examine your expected output waveform and 
select an amplifier whose slewing rate exceeds the maximum 
rate of change of output signal. For a sinusoidal waveform 
with a peak voltage output equal to the rated amplifier 
output the frequency should not exceed fp' the full power 
response of the amplifier. As the output signal voltage is 
reduced below the rated output voltage, the usable maximum 
frequency can be extendel proportiona£ely. If you do not 
observe these restrictions you will get distortion and 
unexpected DC offsets at the output of the amplifier. 

'1 
For some monolithic amplifier des~s available today their 
frequency response is not a simple 6dB roll-off; the response 
may be shaped with external RC components for improved 
performance. Using feed forward or phase lag compensation 
networks, gain-bandwidth product and/or full power response 
may be shaped to meet varying design requirements. Most in
ternally compensated op amps offer a stable 6dB per octave 
roll-off with specified unity gain-bandwidth and slew rate 
thereby limiting maximum speed and response to those 
published specifications. 

B. Transient Applications 
In applications such as AID and DIA 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 trans.ient 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 defined 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 to a given error in the linear 
range. 

Eo + t.E-... 

ERROR j -FINALVALUE,Eo---

BANO I 

SLEWING RECOVERY LINEAR SETTLING 

- SETTLING TIME TO ± t.E-1 

OR ± ~ x 100% 
Eo 

Figure 5. Typical Settling Time Characteristics 

The time and frequency response of a linear, bilateral network 
or amplifier are related by well known mathematics. For ex
ample, the step response for a well behaved, ideally linear, 
6dB/octave amplifier with a closed loop bandwidth of Wcl 
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 pre
dicted from the open loop specifications such as slew rate, 
small signal bandwidth, etc. 

Analog Devices specifies settling time for the condition of 
unity gain, relatively low impedance levels, and no 
capacitive loading. A full-scale step input is used to deter
mine 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 
scale step transition. 
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FINAL VALUE 7 = 2-
Wei 

2.37 4.67 6.97-T 

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

Setding 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 
limiting factor on system resolution. In the general case, ampli
fier noise can be characterized by a voltage source in series with 
the summing junction and a current source in parallel with the 
summing 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 amp
lifier 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. 

Consideration must also be given to noise sources other than 
the amplifier whenever determining total system noise. RF 
noise may be fed into an amplifier through any connecting wire, 
including power supply and output leads. Adequate shielding 
and low-pass filters on all incoming leads will usually prevent 
noise pick-up. 

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 of any impedance and has a value: 
en =v 4KTBR 
where en = the rms value of the noise volta~e 

K = Boltzman's Constant (1.38 x 10 3 joules/K) 
T = absolute temperature of the resistance, OK 
B = the bandwidth in which the noise is measured 

Since noise is related to the bandwidth over which the meas
urement is made, no noise specification is meaningful unless 
the bandwidth for the specification is given. Although the 
Thermal Noise equation may appear unwieldy for practical 
noise calculations, all that is required to enable rapidapproxi
mations is to apply a few simple rules of thumb. 
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Rules of Thumb 
(1) Remember that a 100kn resistor generates 40nV rms in 

a 1Hz bandwidth. The noise voltages generated by other values 
of resistances in other bandwidths can be calculated by remem
bering that the noise is proportional to the square root of the 
resistance and the bandwidth; i.e. 

en (rms) = (40nV/YHz) ( j""-R--(B-W-») 
ViOOkn 

(2) To convert the rms noise to a pop value, a conversion 
factor of 6.6/lV p-p//lV rms is applied for less than 0.1 % pro
bability of noise peaks exceeding cakulated limits. 

(3) The total rms noise contribution due to several noise 
sources is determined by the square root of the s~m of the 
squares: 

e 2 n 

If any noise source is less than a third of another, it may be 
neglected. The resulting error will be approximately 5%. 

(4) Restricting the bandwidth of a system to the minimum 
usable and using the lowest impedances possible are ways to 
reduce noise. 

DESIGN EXAMPLE 
Figure 7 A 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. 

COMPONENT CAUSE OUTPUT CONTRIBUTION 

RIN Johnson Noise y'4KTBRIN (RF/RINI 

RS Johnson Noise ,j4KTBRs (RF/RIN + 11 

RF Johnson Noise ,j4KTBRF 

in, Amp. Current Noise in1RF 

i.., Amp. Current Noise (i..,Rsl (RF/RIN + 11 

en Amp. Voltage Noise en IRF/RIN: 1) 

T~TAL NOISE =J(eAON GI' +[eAs (G + 11]' + e' A, + lin, RFI' +[lin2 Rsl (G + 1~' + [en (G + 11]' 

Figure lA. 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, AD504, or a low noise type amplifier is being used 
with a 50kn source impedance. The two major noise sources, 
in addition to the AD504M input voltage noise of 0.6/lV pop, 
are the Johnson noise (58/lV pop) and current noise (lOO/lV 
pop). 



GAIN = 100 
BW = 0.01 TO 10Hz 
RS - SOkl1 
RF = 10kl1 
RIN = 10011 

11 RESISTOR NOISE: RF • 13nV/y'Hi 
RIN • (1.3nV/y'Hz) 100 

10kl1 

Rs • (28nV/0iZ) 101 - 2.8~VIy'HZ 

TOTAL RESISTOR NOISE IN 10Hz BW = 
(2.8~V/0iZ) (./lOHz) 6.6~V p·p/~V rms = S8~V p.p 

2) AMPLIFIER CURRENT NOISE: (50pA p.p) (SOk) (101) - 2S~V 
(50pA p.p) (10k) - O.S/'V 

3) AMPLIFIER VOLTAGE NOISE: (0.6"V p.p) (101) = 60.6~V p.p 

TOTAL OUTPUT NOISE = ./(252)' + (60.6)' + (S8)' '" 265~V p.p 

Figure 7B. Design Example 

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 hasi 
been narrowed to the manageable number of types in any 
group, distinctions can be drawn in terms of other require
ments or considerations. 

Temperature Range and Nomenclature: Analog Devices oper
ational-amplifier nomenclature uses suffixes to permit ready 
identification of the temperature range for which device 
operation to meet critical specifications has been designed 
or selected. The most popular range comprises the "com
mercial" temperatures from 0 to 70°C; it is designated by 
suffixes such as J, K, L, M, in order of increasingly tighter 
specs (e.g., AD74IL). Also popular is the "military" range, 
-55°C to +12SoC, designated by S, T, U, (e.g.,"ADSlOS)j not 
all families have types with specified performance in this range. 
There are a few types designed for operation in die "in-' 
dustrial" range, -25°C to +8S

o
C, designated by A, B (e.g., 

model SIB). Wide-range types will generally meet the same or 
better specs in a narrower temperature range. A few types are 
second-sources for products originally introduced by other 
manufacturers. In those instances, the generic nomenclature is 
used (AD74IC) or enlarged upon, if superior selections are 
offered (e.g., AD30IAL). 

There are nine divisions by class of application, based on 
optimization of one or more key specifications. Versions 
of many devices in this class are available to meet require
ments of MIL-STD-883B; the availability of such devices 
will be noted on the data sheets. 

1. General-Purpose ICs. Amplifiers in this group include our 
lowest-cost devices. They are best-suited for general purpose 
designs with moderate drift requirements, down to S/lV / C 
max (AD30IAL), and gain-bandwidth to 8MHz (AD30IA). 
Typical applications include summing, inverting, impedance 

buffering (followers), and active filtering. They are also use- __ 
ful for developing nonlinear transfer functions, with appro- • 
priate external circuitry. 

Bipolar monolithic technology is used for ,all types. The 
AD74I is internally compensated; it does not require external 
capacitance for frequency compensation. On the other hand, 
the AD30IA's ability to be externally compensated, by either 
lag or feedforward circuitry, permits circuits with a wide range 
of dynamic performance characteristics to be handled. Extend
ed-temperature-range equivalents are the ADlOIA, AD20IA, 
and AD741. 

2. Low Bias-Current, High Input-Impedance, FET-Input ICs. 
These types use the inherently high impedance and low 
leakage current of junction field-effect transistors (FET's) 
to deal with configurations that either provide the mea
surement of low currents or require the use of high-resist
ance circuitry. 

Typical applications range from general-purpose high-im
pedance circuitry to integrators, current-to-voltage converters, 
and log-function generation, to measurements with high-im
pedance transducers, such as photomultipliers, flame detectors, 
pH cells, and radiation detectors. 

The performance range is from the 7SfA (75 x 10-15 A) maxi
mum bias current of the ADSISL electrometer to the SOpA 
max of the general purpose, lowest-cost ADS40J. The AD542 
is a low-cost, laser-wafer-trimmed (LWT) monolithic implanted 
FET input amplifier with low offset and drift. The ADS44 is 
similar, but has higher speed. Low bias current does not ne
cessarily imply large voltage offsets; the ADSISK combines a 
ISOfA (O.ISpA) max bias current with 1.0mV max offset and 
I5/lV/oC max voltage drift; comparable figures for the 
ADS47L are 2SpA, O.2SmV and I/lV/oC. 

The types of amplifiers in this group either are completely 
monolithic or employ matched FET's and a special bipolar 
amplifier chip designed to accommodate the input FET's 
electrically. In nearly all the IC's, thin-film resistors are 
deposited on the chip at critical circuit locations to ensure 
stability i low offsets and drift are achieved by laser-trimming 
of circuit balance. All FET-input op amps from Analog 
Devices are manufactured to meet their published bias-current 
specifications after full warmup (some manufacturers specify 
initial current, which is lower than warmed-up bias current). 
Our published max bias-current specification applies to either 
input (some manufacturers call "bias current" the average of 
the two input currents). Bias current of junction FET's ap
proximately doubles for every 10° C increase of temperature. 

3. FET-Input Dual ICs. The AD642, AD 644, and AD647 are 
a single-chip pair of trimmed implanted-FET-input (TRIFET) 
op amps similar to the ADS42, AD644, and ADS47 with low 
warmed-up bias current (3SpA max - K, L, S), low offset 
voltage (O.SmV max - L), low offset-voltage drift (2.5/lV/C 
max - L), and excellent Vos matching (O.25mV max - L). 
Besides applications calling for more than one FET-input op 
amp at low cost per function, the AD647 is especially useful 
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in applications calling for matched duals, such as log-ratio 
amplifiers, FET-input instrumentation amplifiers, and buf
fering of differential signals. The AD644, a wideband version, 
was designed for fast DAC amplifiers, sample and hold, filters 
and wideb3.!ld instrument amplifiers. 

4. Electrometers. This class comprises the lowest bias-current 
devices, the ADS1S. The ADs1SL, with its 7sfA input bias 
current, 1mV max offset, and 2sp.V/oC offset temp co; has 
differential inputs, and can be used in voltage measurements 
at high impedance, as a follower, or in current measurements, 
as an inverter, or even differentially. 

5. High-Accuracy Low-Drift Differential-Input ICs. "Chopper
less" low-drift designs with differential inputs, optimized for 
voltage offset and drift, dc open-loop gain, and CMR, should 
be considered for high-accuracy instrumentation, low-level 
transducer bridge circuits, precision voltage comparators, and 
for impedance buffer designs. 
Performance of internally compensated premium amplifiers in 
this group ranges from the ADOP-07 A's 2Sp.V max offset volt
age and 0.6p.V/oC drift, and the ADS17L's SOp.V max offset 
voltage and 1.3p.V/C drift, combined with InA max bias cur
rent O.SnA max over the temperature range), and CMR of 
llOdB'min, to the low-cost AD741L's maximum offset of 
O.SmV and max offset tempco of Sp.V t C, with 100nA max 
bias current over the temperature range, and CMR of 90dBmin. 

The ADOP-07 is a superior second source to other OP-07 
families; for example, ADOP-07 AH has minimum gain of 
3 x 106 VN compared to 3 x 105 VIV. 

Among uncompensated op amps, the premium range is from 
the ADS04M, with O.SmV maximum offset voltage, O.Sp.vtc 
max drift, 100nA max bias current over the temperature range, 
and llOdB CMR, to the low-cost AD301AL, with max offset 
of O.SmV, max drift of Sp.V t C, max bias current of 4SnA 
over the temperature range, and minimum CMR of 90dB. For 
applications in which low noise is essential, the ADS04M has 
100%-tested guaranteed maximum voltage noise of 0.6p.V pop, 
for the frequency range 0.1 to 10Hz, and maximum spot noise 
of 13, 10, and 9nV/YHZ and 0.6, and 0.3pA/YHZ, at 100Hz, 
and 1000Hz, respectively. 

External dynamic compensation permits considerably greater 
bandwidths, at higher gains, than are available with the 
compensated ADS17 and ADs10 families. For example, with 
a 3.9pF compensating capacitor, the ADS04's typical small
signal bandwidth is 100kHz at a gain of 200, vs. l.SkHz for the 
internally compensated ADS10;under the same conditions, the 
full-power bandwidth of the ADS04 is 30kHz, vs. l.SkHz for 
the ADSlO. With feedforward compensation, the AD301AL 
has a full-power bandwidth in excess of 150kHz, for inverting 
applications. 

The AD741J/K/L and the AD301AL are selected from 
production lots of the generic AD741 and AD101A types. 
The ADS04, ADS10, and ADS17 are thermally balanced 
for low drift and high gain (independent of output loading), 
with inputs that are bootstrapped for high CMR and protected 
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against overloads to prevent bias-current degradation due to 
reverse breakdown. Thin-film resistors, deposited on the chip, 
are another key to the stability of these amplifiers. The AD 51 0 
and the ADS17 employ super-beta input transistors to achieve 
low bias current, and they are laser-trimmed at the wafer-probe 
stage (LWT) to achieve their excellent offset-voltage specifi
cations at low cost. Since the bias currents are always of one 
polarity, they can be nulled at a given temperature with simple 
circuitry; and the change over the temperature range will be 
considerably less than for low-cost FET-input amplifiers having 
comparable specifications. 

Extended-temperature-range equivalents are ADs04Sj ADS lOS, 
AD714S, and ADS17S. 

6. Wide Bandwidth, Fast-Settling ICs. High-speed op amps 
are characterized by high slewing rates, fast setding time, 
and wide bandwidth. Fast setding time is especially im
portant in applications with rapidly changing or switched 
analog data, in buffers, d/a converters, and multiplexer cir
cui try; wide small-signal bandwidth is important in preampli
fication and in handling low-level wideband ac signals; high 
slewing rate is associated with fast setding time and is also 
important in handling ac signals having large magnitudes with 
minimal distortion, since the large-signal bandwidth is closely 
related to the slewing rate. 

The products in this category with outstanding specifications 
are models HOS-oSO, AD3SS4 and AD380. Settling of the 
hybrid HOS-OsO is to within 0.01% in 300ns in the invert
ing connection. Model AD3S54 max slewing rate is 1000VI 
p.s inverting, and small-signal unity~ain bandwidth is 70MHz; 
full-power bandwidth is 16MHz, min. In addition, all of these 
devices will deliver ±100mA of output current at ±10V, an 
important factor in video and line-driver circuitry, and in 
driving capacitive loads. For example, the current required 
to sustain SOOV Ip.s in a 100pF load is 1= C dV Idt = SOmA. 
AD380 is optimized for setding time: 2S0ns maximum to 
0.01 %, inverting or noninverting, with output of ±SOmA 
at ±10V. 

There are three families of monolithic ICs listed in this cate
gory, with slewing rates ranging from 2SV/p.s min to 100V/p.s 
min. The ADS09S is the fastest slewing (100V/p.s min) and 
settling (SOOns min to 0:1% and 2.Sp.smin to 0.01%). The 
ADS07K is the best all-around performer, with small-signal 
bandwidth of 3SMHz, slewing rate of 2SV/p.s min, and typi
cal settling to 0.1 % within 900ns, in addition to open-loop dc 
gain of 105 min, drift of lSp.VtC max, and bias current of 
lSnA max. The ADS18J. is the lowest in cost, yet it slews at 
sOV Ip.s min, and typically settles to within 0.1 % in 800ns, 
with single-capacitor compensation. 

Extended-temperature-range equivalents are models ADS07S, 
ADS09S and ADS18S. 



DEFINITIONS OF SPECIFICATIONS 

Absolute Maximum Differential Voltage 
Under most operating conditions, feedback maintains the error 
voltage between inputs to nearly zero volts. However, in some 
applications, such as voltage comparators, the voltage between 
the inputs can become large. This specification defines the 
maximum voltage which can be applied between inputs with
out 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 nooutput for 
a common-mode voltage, that is, when both inputs are at the 
same potential. However, due to slightly different gains be
tween the plus and minus inpu ts, or variations in offset voltage 

'as a function 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 re.: 
flects the equivalent common-mode error voltage (CME) be
tween the inputs. Common-mode rejection ratio (CMRR) is 
defined as the ratio of common-mode voltage to the resulting 
common-mode error voltage. Common-mode rejection is often 
expressed logarithmically: CMR (in dB) = 20 10glO (CMRR). 

The precise specification of CMR is complicated by the fact 
that the common-mode voltage error can be a highly nonlinear 
function of common-mode voltage and also varies with tem
perature. As a consequence, CMR data published by Analog 

'Devices are average figures, assuming an end-point measure-
ment over the common-mode range specified. The incremental 
CMR about small values of common-mode voltage may be 
greater than the average CMR specified (on the other hand, the 
incremental CMR may be less in the neightborhood of large 
CMV). Published CMR specifications for op amps pertain to 
very low-frequency voltages, unless specified otherwise; CMR 
decreased with increasing 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 defined as any voltage (above or below ground) 
that could be observed at both inputs. The maximum com
mon-mode voltage is defined as that voltage which will pro
duce less than a specified value of common-mode error. This 
establishes the maximum input voltage for the voltage-follower 
connection. 

Drift vs. Supply 
Offset voltage, bias current, and difference current vary as 
supply voltage is varied. Usually, dc errors due to this effect 
are negligible compared to drift with temperature. No infer
ence may be drawn from this low-frequency specification con
cerning the effects of rapid variation of voltage at the supply 
terminals. 

Drift vs. Temperature 
Offset voltage, bias current, and difference current all change, 
or "drift", from their initial values with temperature. This is 

by far the most important source of error in most precision 
applications. The temperature coefficients (temp cos} of those 
parameters are all defined as the average slope over a specified 
temperature range. Drift can be a nonlinear function of tem
perature (though it is often quite linear over limited tempera
ture ranges); the slopes generally are greater at the extremes of 
temperature than around normal ambient (+2S oC), which gen
erally means that for small temperature excursions in the vi
cinity of +2S

o
C, the specification is conservative. 

Analog Devices precision operational amplifiers are specified 
by three- (or more-) point m'easurements, at 25° C and at the 
high and low extremes of the range (TH, TL), with the ampli
fier adjusted to zero at room temperature. The sum of the, 
magnitudes of the drifts in the two ranges must be less than 
the specified drift rate (p.V t C or nAt C) multiplied by the 
total temperature range (modified "butterfly"), or, in some 
cases, the magnitude of the drifts in both ranges must be less 

True Butterfly Spec Modified Butterfly Spec 

6eos = 

"T 
leosH 1+ leosL I 

TH -TL 

t:. ~~s is the max, drift coefficient permissible 

than the specified drift rate multiplied by the respective tem
perature ranges ("true butterfly"). 

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

Drift vs. Time 
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 line
arly for healthy devices. For example, voltage drift for a chop
per-stabilized amplifier might be quoted at IJ,LV/day, whereas 
cumulative drift over 30 days might not exceed SJ,LV, or lSJ,LV 
in a year (e.g., model 23S). 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 out
put will not respond to large signal changes as fast as the s,mall
signal bandwidth characteristics would predict, primarily be
cause of slew-rate limiting in the output stages. Full-power re
sponse 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 
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sinusoidal input signal will produce full output at rated load 
without exceeding a pre-determined distortion level. There is 
no industry-wide accepted value for the distortion level which 
determines the full-linear-response limitation, but we use 3% 
as a maximum acceptable limit for modules. 

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 a 
dc offset voltage that 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 if interest is the 
maximum frequency at which full output swing may be ob
tained, irrespective of distortion. This is termed "full peak re
sponse" and can often be found in a plot of output voltage 
swing vs. frequency. 

Initial Bias Current 
Bias current is defined as the current required at either input 
from an infinite source impedance to drive the output to zero 
(assuming zero common-mode voltage). For differential ampli
fiers, bias current is present at both the negative and the posi
tive input. All Analog Devices specifications pertain to the 
larger of the two, not the average. For single-ended amplifiers 
(i.e., chopper types), bias current refers to the current at the 
input terminal. 

Analog Devices specifies initial bias current, Ib, as the bias 
current at ejther input, specified at +25°C ambient with the 
input junctions at normal operating temperature (some manu
facturers 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 temperatu~es may warm up to ZOoC or more 
above ambient, the "initial bias current" spec 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. The input circuitry of differential 
amplifiers is generally symmetrical, so that bias currents at 
both inputs tend to be equal and tend to track with changes in 
temperature and supply voltage. Therefore, difference current 
is often about 0.1 times the bias current at either input, 
assuming that init:al bias current has not been compensated 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 resistance loads 
at both inputs. 

Input Impedance 
Differential input impedance is defined as the impedance 
between the two input terminals at +ZSoC, assuming that the 
error voltage is nulled or very near zero volts. To a first approxi
mation, dynamic impedance can be represented by a capacitor 
in parallel with a resistor. 
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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 +ZSoC. 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 cir
cuitry). However, common-mode impedance on the plus input 
sets the upper limit on closed-loop input impedance for the 
non-inverting configuration. Common-mode 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 10° of temperature rise. 
As a function of common-mode voltage, the resistive com
ponent is defined as the average resistance for a common-mode 
change from zero to the maximum common-mode voltage. 
Incremental resistance may be less than the specified average 
value, especially at full-scale for some FET-input amplifiers. 

Input Offset Voltage 
Offset voltage is defined as the voltage required at the input 
from zero source impedance to drive the output to zero; its 
magnitude is measured by closing the loop (using low values of 
resistance) to· establish a large fixed gain, measuring the ampli
fied error at the outPl;lt, and dividing the measured value by 
the gain. 

The initial offset voltage is specified at +ZSOC and rated supply 
voltage. In most amplifiers, provisions are made to adjust in
itial offset to zero .with an external trim potentiometer. 

Input Noise 
Input voltage- and current-noise characteristics can be speci
fied and analyzed in much the same way as offset-voltage and 
bias-current characteristics. In fact, long-term drift can be con
sidered as noise which occurs at very low frequencies. The 
primary difference is that, when evaluating noise performance, 
bandwidth 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 to 1Hz (or 0.1 to 10Hz) is 
specified as peak-to-peak, with a 3.3a uncertainty, signifying 
that 99.9% of the observed peak-to-peak excursions will fall 
within the specified limits. Wideband noise is specified as rms. 
For some types, spectral-density plots or "spot noise", at spe
cific frequencies, in flV IVfu. or pA/Vfu., are provided. 

Open-Loop Gain 
Open-loop gain is defined 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 appli
cations, the frequency dependence of gain is important; for 
this reason, the typical open-loop gain as a function of fre

. quency is published for each amplifier type. See also unity gain 
small-signal response. 



Overload Recovery 
Overload recovery is defined as the time required for the out
put voltage to recover to the rated output voltage from a satu
rated condition caused by a 50% overdrive. Published specifi
cations apply for low impedances and contain the assumption 
that overload recovery is not degraded by stray capacitance in 
the feedback 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 cur
rent supplied 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 de
ttease, distortion 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 defined as the time elapsed from the applica
tion of a perfect step input to the time when the amplifier out
put has entered and remained within a specified error band 
symmetrical about the final value. Settling time, therefore, in
cludes 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 set
tle to a given error in the linear range. It may also include a 
"long tail" due to the time required to reach thermal equilib-

rium, or the settling time of compensation circuits. Settling • 
time is usually specified for the condition of unity gain, rela- ~ 

tively low impedance levels, and no (or a specified value of) 
capacitive loading, and any specified compensation. A full-
scale unipolar step input is u~ed, 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 rationally predicted from the other dynam~c specifications. 

Slewing Rate 
The slewing rate of an amplifier, usually in volts per micro
second (VIlls), defines the maximum rate of change of output 
voltage for a large input ~tep change. 

Unity-Gain Small-Signal Response 
Unity-gain small-signal response is the frequency at which the 
open-loop gain falls to 1 V IV, or OdE under a specified com
pensation condition. "Small signal" indicates that, in general, 
it is not possible to obtain large output voltage swing at high 
frequencies because of distortion due to slew-rate limiting or 
signal rectification. For amplifiers with symmetrical response 
for signals applied to either input, the dynamic behavior will 
be consistent for both inverting and non-inverting configura
tions. However, if feedforward compensation is used, fast re
sponse will be available only on the negative input, restricting 
fast applications of the device to the inverting mode. 
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A BRIEF BIBLIOGRAPHY ON OP AMPS 

BOOKS (Not available from Analog Devices except where 
noted) 

IC Op-Amp Cookbook by Walter Jung, Howard Sams & Co., 
Second Edition, 1980, down-to-earth and practical 
paperback 

Linear Integrated Circuit Applications by George B. Clayton, 
The Macmillan Press Ltd., London, 1975 

Modern Operational Circuit Design, by J. I. Smith, John Wiley 
& Sons, Inc., 1971 

Nonlinear Circuits Handbook, edited by D. H. Sheingold. 
1976. $5.95. Analog Devices, Box 796, Norwood, MA 
02062 

Operational Amplifiers and Linear IC's, by R. F. Coughlin 
and F. F. Driscoll, Prentice-Hall, Second Edition, 1982. 
Practical textbook 

Operational Amplifiers, Theory and Practice, by J. K. Roberge, 
J. Wney & Sons, 1975. Authoritative book on op amp 
principles and circuitry; contains extensive material on 
compensation to optimize dynamic performance 

Transducer Interfacing Handbook, edited by D. H. Sheingold. 
1980. $14.50. Analog Devices, Box 796, Norwood, MA 
02062 . 

ARTICLES AND APPLICATION NOTES (Available Upon 
Request; ask for specific issue of Analog Dialogue) 

"Analog Signal Handling for High Speed and Accuracy" by 
A. P. Brokaw, ANALOG DIALOGUE 11-2 

"Current Inverter with Wide Dynamic R~ge" by Barrie 
Gilbert, ANALOG DIALOGUE 9-1,1975 
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"How to Select Operational Amplifiers", Application Note 
Section 21 of Volume I 

"An IC-Amplifier User's Guide to Decoupling, Grounding, and 
Making Things Go Right for a Change," by A. P. Brokaw, 
Application Note Section 21 of Volume I 

"Laser-Trimming on the Wafer, A Powerful New Tool for Ie's" 
by R. Wagner, ANALOG DIALOGUE 9-3, :i975( 

"Noise and Operational Amplifier Circuits" by L. Smith and 
D. Sheingold, ANALOG DIALOGUE 3-1, 1969 

"Op Amps as Electrometers," ANALOG DIALOGUE 5-2, 1971 

"Settling Time of Operational Amplifiers" by R. Demrow, 
ANALOG DIALOGUE 4-1,1970 

"Simple Rules for Choosing Resistance Values in Adder
Subtractor Circuits" by D. Sheingold, ANALOG 
DIALOGUE 10-1, 1976 

"Specifying and Measuring a Low-Noise FET-Input IC Op 
Amp" by Bill Maxwell, ANALOG DIALOGUE 8-2, 1974 

"How to Test Operational Amplifier Parameters", Application 
Note Section 21 of Volume I 

USEFUL TUTORIAL MATERIAL IN DATA SHEETS 

Electrometer Circuitry, see AD515 and Models 310/311 

High-Speed Amplifiers, see AD518 and Models SO/51 

Low-Drift Differential Op Amp Performance, see AD504 

Low-Level Applications of Chopper-Stabilized Amplifiers: 
Inverting, see Models 234, 235 
Non-Inverting, see Model 261 
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General Purpose Low Cost 
IC Operational Amplifier 

ADlO1A, AD201A, AD301A, AD301AL I 
FEATURES 
Low Bias and Offset Current 
Single Capacitor External Compensation 

for Operating Flexibility 
Nullable Offset Voltage 
No Latch-Up 
Fully Short Circuit Protected 
Wide Operating Voltage Range 

GENERAL DESCRIPTION 
The Analog Devices AD lOlA, AD201A, AD301A and 
AD301AL are high performance monolithic operational ampli
fiers. All the circuits feature full short circuit protection, ex
ternal offset voltage nulling, wide operating voltage range, and 
the total absence or "latch-up". Because frequency compensa
tion is performed externally with a single capacitor (30pF 
maximum), the ADI01A, AD201A, AD301A and AD301AL 
provide greater flexibility than internally compensated ampli
fiers since the degree of compensation can be fitted to the 
specific sys'tem application. 

The AD101A and AD201A have identical specifications in the 
TO-99 package; the former guaranteed over the -SSoC to 
+12S°<:: temperature range, and the latter over -2SoC to +8SoC. 
The AD201A is also available in the mini-DIP package for high 
performance operation over the 0 to +70°C temperature range. 
The AD301A is specified for operation over the 0 to +70°C 
temperature range in both the TO-99 and mini-DIP packages. 
The AD301AL is the highest accuracy version of this series. 
Improved processing and additional electrical testing allow the 
user to achieve precision performance at low cost. The device 
provides substantially increased accuracy by reducing errors 
due to offset voltage (O.SmV max), offset voltage drift 
(S.OJ1V/C max), bias current (30nA max), offset current 
(SnA max), voltage gain (80,000 min), PSRR (90dB min), 
and CMRR (90dB min). The AD301AL is also specified 
from 0 to +70° C and is available in the TO-99 can or 8-pin 
mini-DIP. 

ADIOI SERIES FUNCTIONAL BLOCK DIAGRAMS 

TO-99 MINI DIP 

TOP VIEW 

SCHEMATIC DIAGRAM 
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SPECIFICATIONS (typical @ +25°C and ±15V dc, unless otherwise specified) 

ABSOLUTE MAXIMUM RATINGS ADIOIA, AD201A, AD301A, AD301AL 

Supply Voltage 
ADlOlA, AD20lA 
AD30lA, AD30lAL 

Power Dissipation' 
TO-99 (Metal Can) 
Dual In-Line (Mini-DIP) 

Differential Input Voltage 

Input Voltage1 

Output Short Circuit Duration3 

Operating Temperature Range 
ADlOlA 
AD20lA (TO-99) 
AD20lA (Mini-DIP) 
AD3o'lA, AD30lAL 

Storage Temperature Range 

Lead Temperature (Soldering, 60sec) 

±22V 
±18V 

unless otherwise specified 

sOOmW 
sOOmW 

"±30V 

±lsV 

Indefinite 

-55°C to +12s
o

C 
-25°C to +8s

o
C 

o to +70°C 
o to +70

o
C 

-6s
o

C to +lsOoC 

300°C 

ELECTRICAL CHARACTERISTICS (T A = +25
0 

C unless otherwise specified)4 

ADIOIA/AD201A 

Parameter Conditions Min Typ Max 

Input Offset Voltage Rs';;;;lO~n 0.7 2.0 

Input Offset Current 1.5 10 

Input Bias Current 30 75 

Input Resistance 1.5 4 

Supply Current Vs = ±20V 1.8 3.0 
Vs = ±lsV 

Large Signal Voltage Gain Vs = ±lSV, VOUT = ±10V, 50 160 
RL~ 2kn 

The Following Specifications Apply Over the Operating Temperature Ranges4 

Input Offset Voltage Rs';;;;lOkn 3.0 

Input Offset Current 20 

Average Temp. Coefficient TA(min)';;;;TA ';;;;TA(max) 3.0 15 
of Input Offset Voltage 

Average Temp. Coefficient +2soC';;;;TA ';;;;TA (max) 0.01 0.1 
of Input Offset Current TA (min)';;;;TA ';;;;+2S°C 0.02 0.2 

Input Bias Current 100 

Large Signal Voltage Gain Vs = ±lsV, VOUT = ±IOV, 
RL~2kn 25 

Input Voltage Range Vs = ±20V ±lS 
Vs = ±lsV 

Common Mode Rejection Ratio RS ';;;;SOkn 80 96 

Supply Voltage Rejection Ratio Rs,;;;;sOkn 80 96 

Output Voltage Swing Vs = ±lSV, RL = lOkn ±12 ±14 
Vs = ±lsV, RL = 2kn flO ±13 

Supply Current TA = TA (max), Vs = ±20V 1.2 2.5 

AD301A 

Min Typ 

2.0 

3 

" 70 

0.5 2 

1.8 

25 160 

6.0 

0.01 
0.02 

15 

±12 

70 90 

70 96 

±12 ±14 
±10 ±13 

I The maximum desirable junction temperature of the AD,lOlA is + 150° C; that of the AD201A, AD 301A and AD 30iAL is 
+lOO°C. For operating at elevated temperatures, devices must be derated based upon a thermal resistance of +lS0°CIW, 
junction to ambient, or +4SoCIW, junction to case. The thermal resistance of the Dual In-Line package is +160°CIW, junction 
to ambient. 

2 For supply voltages less than ± lSV, the absolute maximum input voltage is equal to the supply voltage. . 
• For the AD301A and AD301AL continuous short circuit is allowed for case temperatures to +70°C and ambient temperatures 
to +SSOC. 

• Unless otherwise specified, these specifications apply for supply voltages and ambient temperatures of ±SV to ±20V and -SSoC 
to +12SoC for the ADIOIA, ±SV to ±20V and -2SoC to +8SoC for the AD201AH (0 to +70°C for the AD201AN), and ±SV to 
±lSV and 0 to +70°C for the AD301A and AD301AL. 

Specifications subject to change without notice. 
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AD301AL 

Max Min Typ Max Units 

7.5 0.3 0.5 mV 

50 3 5 nA 

250 IS 30 nA 

1.5 4 Mn 

rnA 
3.0 1.8 3 rnA 

80 300 V/mV 

10 0.5 1 mV 

70 5 10 nA 

30 2 5 Ilvlc 

0.3 0.01 0.1 nA/oC 
0.6 0.01 0.1 nAlC 

300 30 45 nA 

40 lQO VIm V 

V 
±12 V 

90 100 dB 

90 100 dB 

±12 ±14 V 
±10 ±13 V 

1.8 3 rnA 



Applying the ·Ie Operational Amplifier 
ORDERING GUIDE 

PACKAGE 
MODEL TEMP RANGE ORDER NUMBER· OPTION·· 

AD301AL o to +70
o
C AD301AL TO-99, N8A 

AD201A -25°C to +8S
o
C AD201A TO-99, N8A 

AD301A o to +70°C AD301A TO-99, N8A 
ADIOIA -55°C to +12S

o
C ADIOIAH TO-99 

·Add package type letter: H = TO-99, N = Mini DIP. 
··See Section 20 for package oudine information. 

FREQUENCY COMPENSATION CIRCUITS 
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Figure 1. Single Pole Compensation 
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TYPICAL PERFORMANCE CURVES 
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FEATURES 
High Output Current: SOmA @ ± 10V 
Fast Settling to 0.1%: 130ns 
High Slew Rate: 330V/JA.s 
High Gain-Bandwidth Product: 3S0MHz 
High Unity Gain Bandwidth: 40MHz 
Low Offset Voltage (1 mV for AD380K, L, S) 

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/flS and will output ± 10V 
and ± 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 differen tial. 

The AD380 is especially designed for use in applications, such 
as fast AID, D/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 military version, the S, 
specified from - SsoC to + 125°C. All grades are packaged in 
hermetically sealed TO-8 style cans. The S grade is available 
screened to MIL-STD-883, Level B. 

Wide band, Fast-Settling 
FET Operational Amplifier 

AD380 I 

AD380 FUNCTIONAL BLOCK DIAGRAM 

12-PIN TO-8 STYLE 
TOP VIEW 

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

suitable for driving terminated 200n twisted pair outputs. 

2. The fast settling output (2S0ns to 0.01%) makes the AD380 
an ideal choice for video AID and 01 A 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 (3S0MHz) ensures low 
distortion in high frequency applications. 

S. Laser trimming techniques reduce offset voltage to ImV on 
the AD380K, Land S grades. 
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SPECIFICATIONS (typical @ + 25°C and Vs 

MODEL AD380J 

OPEN LOOP GAIN 
VOUT = ± IOV,RL ;;.,200n 25,000 min 

OUTPUT CHARACTERISTICS 
Voltage {fi' RL = 200n, TA = min to max ± 12V(± 10Vmin) 
Output Impedance (Open Loop) won 
Short Circuit Current 100mA 

DYNAMIC RESPONSE 
Unity Gain, Small Signal 40MHz 
Gain-Bandwidth Product2 350MHz' 
Full Power Response 6MHz 
Slew Rate 330VlJ.ls 
Settling Time: 10V Step to 1% 90ns 

IOVsteptoO.1% 130ns 
IOVsteptoO.OI% 250ns 

INPUT OFFSET VOLT AGE3 2.0mVmax 
vs. Temperature4 50J.lVrCmax 
vs. Supply, T A = min to max ImVlVmax 

INPUT BIAS CURRENT 
Either InputS' 200pAmax 
Input Offset Current 20pA 

INPUT IMPEDANCE 
Differential 101~16pF 
Common Mode 101~16pF 

INPUT VOLTAGE RANGE 
Differential6 :!:20V 
Common Mode ± 12V (± IOV min) 
Common Mode Rejection, VIN = ± 10V 60dBmin 

POWER SUPPLY 
Rated Performance ±15V 
Operating :!:(IOt020)V 
Quie~cent Current 12mA (l5mA max) 

VOLTAGE NOISE 
O.IHztoIOOHz 4J.l V p-p (0.5J.l V rms) 
100Hz to 10kHz 5J.lVp-p(IJ.lVrms) 
10kHz to IMHz 50J.lVp-p(6J.lVrms) 

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

PACKAGE OPTION7 

TO-8 Style (H12A) AD380]H 

NOTES 
'The AD380SH is offered screened to MlL-STD-883, Level B. 
2Gain-Bandwidth Product measured at f = IOMHz, Cp = OpF. 
'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at 
TA = +2S'C. 

'Input Offsel Voltage Drift is specified with the offset voltage unnulled. Nulling 
will induce an additional 3 ... VI"ClmV of nulled offset. 

'Bias Current specifications are guaranteed maximum at either input after 5 

SETILING TIME - ns 

Output Settling Time vs. 
Output Voltage Swing and Error 
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= ± 15V dc unless otherwise specified) 

A0380K AD380L AD380S1 

* * 

* 

* 
* 
* 
1.0mVmax ** 
20J.lV/oCmax 10J.lV/oCmax 20f,tV/oCmax 

100pAmax 

* 

* 

- 55°C to + 125°C 

AD380KH AD380LH AD389SH 

minutes of operation at T A = + 2S·C. For higher temperatures, the current 
doubles every IO·C. 

·Defined as the maximum safe voltage between inputs, such that neither exceeds 
:!: 10V from ground. 

7See Section 20 for package outline information. 

*Specifications same as AD380J. 
"Specifications same as AD380K. 
Specifications subject to change without notice. 

TYPICAL APPLICATION 

+Vs 

VOUT 

~ 

Noninverting Unity Gain Amplifier 
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FEATURES 
High Slew Rate: 30V l/ls 
Fast Settling to 0.01%: 700ns 
High Output Current: 10mA 
Low Drift (5/lVtC-AD381 L) 
Low Offset Voltage (0.25mV-AD381L) 
Low Input Bias Currents (25pA-AD381 L, K) 
Low Noise (2/lV pop) 

PRODUCT DESCRIPTION 
The AD381 is a hybrid operational amplifier combining the 
very low input bias current advantages of a FET input stage 
with a high speed output stage. 

The offset voltage (0.2SmV maximum for AD381L) and off
set voltage drift (S/lvtc maximum for AD381L) are excep
tionally low for a high speed operational amplifier. 

In addition to superior low drift performance, the AD381 
offers the lowest guaranteed input bias currents of any wide
band FET amplifier with SOpA max for the J grade and 2SpA 
max for the K and L grades. Since Analog Devices, unlike 
most other manufacturers, specifies input bias currents with 
the amplifiers warmed-up, our FET amplifiers are specified 
under actual operating conditions 

The AD381 is especially designed for use in applications, such 
as precision, high speed data acquisition systems and signal 
conditioning circuits that require excellent inpu t parameters 
and a fast output. 

The AD381 if offered in three commercial versions, J, K and 
L specified from 0 to +70

o
C and two military versions, the 

Sand T, specified from -55°C to +12S
o
C. All grades are 

packaged in hermetically sealed TO-99 style cans. The Sand T 
grades are available screened to MIL-STD-883, Level B. 

High Speed, Low Drift 
FET Operational Amplifier 

AD381 I 

AD381 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 

TAB 

TO-99 STYLE 
TOP VIEW 

1. Advanced laser trimming techniques reduce offset voltage 
drift to S/lV/oC max and offset voltage to only 0.2SmV 
max on the AD381L. 

2. Analog Devices FET processing provides 2SpA max (lOpA 
typical) bias currents, specified after 5 minutes of warm-up. 

3. The AD381's high slew rate (30VI/ls) and high gain-band
width product (SMHz) makes it an ideal choice for sample 
and hold and high speed integrator circuits. 

4. The fast settling time (700ns + 0.01%) makes the AD381 
ideal for D/A and AID converter applications. 

5. The AD381 is capable of driving lkn loads over the 
commercial temperature range. 

OPERA TlONAL AMPLIFIERS VOL. 1,4-23 
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SPECIFICATIONS (typical @ +25°C and Vs = ±15V dc unless otherwise specified) 
MODEL 

OPEN LOOP GAIN 
VOUT = ±lOV, RL ;;;;. 2kn 

OUTPUT CHARACTERISTICS 
Voltage @ RL = lkn, TA = min to max 
Voltage@ RL = 2kn, TA = min to max 
Voltage@ RL = 10kn, TA = min to max 
Shorr Circuit Current 

DYNAMIC RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 
Settling Time: lOY Step to 0,1% 

lOY Step to 0.01% 

INPUT OFFSET VOLTAGE 3 

vs. Temperature4 

vs. Supply 

INPUT BIAS CURRENTs 
Either Input 
Input Offset Current 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differential6 

Common Mode 
Common Mode Rejection, Yin =±10V 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

VOLTAGE NOISE 
O.HOHz 
10Hz 
100Hz 
1kHz 
10kHz 

TEMPERATURE RANGE 
Operating, Rated Performance 
Storage 

PACKAGE OPTION7 

TO-99 Style (H08B) 

NOTES 

AD38lJ 

60,000 min 

±12V (±lOV min) 
±12V (±lOV min) 
±13V (±12V min) 
20mA 

SMHz 
SOOkHz 
30Vlp.s 
700ns 
l.2p.s 

l.OmV max 
lSp.V/Cmax 
200p.V/v max 

lOpA (SOpA max) 
SpA 

1012 nll7pF 
1012 nll7pF 

±20V 
±12V (±lOV min) 
76dB 

±lSV 
±(S to lS)V 
3.3mA (SmA max) 

2p.V pop 
70nV/yTh 
4SnVNHz" 
30nV/y% 
2SnV/y% 

o to +70
o

C 
-6So~ to +lSOoC 

AD381JH 

I The AD381SH and AD38lTH are offered screened to MIL-STD-883. 
Level B. 

2The AD381S, T have an ,::>utput voltage oof ± 12V (±}OV min) for a lkn 
load from Tmin to +100 C. From + 100 C to + 125 C the output current 
is7mA. 

3 Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at T A = +25' C. 

• input Offset Voltage Drift is specified with the offset voltage un nulled. 
Nulling will induce an additional 3/lVtC/mV of nulled offset. 

TYPICAL APPLICATION 

+Vs 

CL 

~lOpF 
VOUT 

Unity Gain Follower 

VOL. 1,4-24 OPERA TIONAL AMPLIFIERS 

AD38lK AD38lL AD38lS' 

100,000 min 

.2 .2 

O.SmV max 
10p.V/Cmax 
100J..lV/V max 

0.2SmV max 
Sp.VloCmax 10p.V/C max Sp.vtc max .. 

10pA (2SpA max) 
2pA 

80dB min 

.. 

AD38lKH AD381LH AD38lSH AD38lTH 

S Bias Current specifications are guaranteed maximum at either input 
after 5 minutes of operation at TA = +2SoC. For higher temperatures, 
the current doubles every 100 C. 

6 Defined as the maximum safe voltage between inputs •. such that 
neither exceeds ± IOV from ground. 

'See Section 20 for package outline information. 
·Specifications same as A0381J. 
··Specifications same asAD381K. 
•• ·Specifications same as A0381S. 
Specifications subject to change without notice. 

10~----~------~------~~---'--~---r----~ 

~ 5~-----+------~--~--+-~--~~----~------; 
~ 
w 

" ~ 
S o~-----+------~--~--+-----~------~------; 
> ... 
~ 
::> o 

-5~-----+------~--~--~~---1~-----r------; 

-10 ~0-------:0.f:.2:------"*------::~.....::l'----;:l::-~---+----~ 

Output Settling Time vs. Output Voltage Swing and Error 



NANALOG 
WDEVICES 

FEATURES 
High Slew Rate: 30V/Jls 
Fast Settling to 0.1%: 750ns 
High Output Current: 50mA min 
Low Drift (5JlVfC-AD382L) 
Low Offset Voltage (0.2SmV-AD382L) 
Low Input Bias Currents (25pA-AD382L, K) 
Low Noise (2JlV pop) 

PRODUCT DESCRIPTION 
The AD382 is a hybrid operational amplifier combining the 
very low input bias current advantages of a FET input stage 
with high slew rate and line driving capability of a high power 
output stage. 

The offset voltage (0.2SmV maximum for AD382L) and off
set voltage drift (SJlV fc maximum for AD382L) are excep
tionally low for a high speed operational amplifier. 

Inaddition to superior low drift performance, the AD382 
offers the lowest guaranteed input bias currents of any wide
band FET amplifier with SOpA max for the J grade and 2SpA 
max for the L grade. Since Analog Devices, unlike most other 
manufacturers, specifies input bias current with the ampli
fiers warmed-up, our FET amplifiers are specified under 
actual operating conditions. 

The AD382 is especially designed for use in applications, 
such as precision high speed data acquisition systems and 
signal conditioning circuits, that require excellent input 
parameters and a fast, high power ou tput. 

The AD382 is offered in three commercial versions, J, K and 
L specified from 0 to +70° C and two military versions, the S 
and T specified from -SSoC to +12S°C. All grades are packaged 
in hermetically sealed TO-8 style cans. The Sand T grades are 
available screened to MIL-STD-883, Level B. 

High Speed, Low Drift 
FET Operational Amplifier 

AD382 I 

AD382 FUNCTIONAL BLOCK DIAGRAM • 

NC 
NC f,:;\ . 

, 17\ 0 NC· 

\2.J @ OFFSET (.;\ r,Q\ 
NUL~0 ~V+ I _ 

INVERTING 3 9 OUTPUT 
INPUT + I 

NONINVERTI~G 4 (D0FFSET 

INPU\ v-® 0 0 ,LL 

~ 
12-PIN, TO-8 STYLE 

TOP VIEW 

PRODUCT HIGHLIGHTS 
1. Laser trimming techniques reduce offset voltage drift to 

SJlVfC max and reduce offset voltage to only 0.2SmV 
max on the AD382L. 

2. Analog Devices FET processing provides 2SpA max 
(lOpA typical) bias currents specified after S minutes of 
warm-up. 

3. Low voltage noise and outstanding offset performance 
make the AD382 a true precision FET amplifier. 

4. The fast settling output (7S0ns to 0.1 %) makes the AD382 
an ideal choice for DI A and AID converter amplifier 
applications. 

S. The AD382's high output current (SOmA minimum at 
±10 volts for commercial temperature range versions makes 
it suitable for driving terminated (200n) twisted pair 
outputs .. 

OPERA TIONAL AMPLIFIERS VOL. 1,4-25 



SPECIFICATIONS (typical @+25°C and Vs = ±15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GAIN 

VOUT =±lOV, RL = 200n 
RL = lkn 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 200n, TA = min to max 
Voltage@ RL = lOkn, TA = min to max 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 
Settling Time to 0.01% 

INPUT OFFSET VOLTAGE3 

vs. Temperature4 

vs. Su rply, T A = min to max 

INPUT BIAS CURRENTs 
Either Input 
Input Offset Current 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differen tial6 

Common Mode 
Common Mode Rejection, VIN = ±lOV 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

VOLTAGE NOISE 
0.1-10Hz 
10Hz 
100Hz 
1kHz 
10kHz 

TEMPERATURE RANGE 
Operating, Rated Performance 
Storage 

PACKAGE OPTION 7 

TO-8 Style (H12A) 
NOTES: , 

AD382J 

30,000 min 
100,000 min 

±12V (±lOV min) 
±13V (±12V min) 
80mA 

5MHz 
500kHz 
30V/J.l.s 
1.3J.1.s 

1.0mV max 
l5J.1.V/oCmax 
200JlVIV max 

10pA (50pA max) 
SpA 

1012 nl17pF 
1012 nl17pF 

±20V 
±12V (±lOV min) 
76dB min 

±lSV 
±(S to 18)V 
3.SmA (6mA max) 

2J.1.Vp·p 
70nV/VHz 
45nV/y'lli 
3 On V IVHz 
25nV/VHz 

o to +70o
C 

-65°C to +150°C 

AD382JH 

1 The AD382S and AD382T are offered screened to MIL-STD-883, 
Level B. . 

2The AD382S, T have an output voltage of ± l2V (± lOY min) for 
a 200.0 load from T min to +lOO°C. From +lOO°C to +l2SoC the 
output current is 7mA. 

31nput Offset Voltage specifications are guaranteed after S minutes 
of operation at T A = +2SoC. 

41nput Offset Voltage Drift is specified with th~ offset voltage unnulled. 
Nulling will induce an additional 31lV fC/mV of nulled offset. 

TYPICAL APPLICATION 

+Vs 

Your 

Unity Gain Follower 

VOL. 1,4-26 OPERA TIONAL AMPLIFIERS 

AD382K 

40,000 min 
150,000 min 

AD382L AD382S1 

0.25mVmax 0.5mV max 
10JlV/oC max 
100JlV/V max 

5J.1.V/C max 10J.l.V/C max 

10pA (2SpA max) 
2pA 

SOdB min 

AD382KH 

.. 

AD382LH AD382SH 

5 Bias Current specifications are guaranteed maximum at either input 
after S minutes of operation at TA = +2SoC. For higher temperatures, 
the current doubles every lO°C. 

• Defined as the maximum safe voltage between inputs, such that 
neither exceeds ± lOY from ground. 

7 See Section 20 for package outline information. 

• Specifications same as AD382J. 
··Specifications same as AD382K. 
···Specifications same as AD382S. 
Specifications subject to change without notice. 

10 

AD382T1 

5JlV/C max 

AD382TH 

-10L-______ L-______ L_~ __ ~~ ______ L_ __ ~a_L_ __ ~ 

o 0.2 0,6 O.B 1 1.2 1.4 
OUTPUT SETTLING TIME - 1'5 

Output Settling Time vs. Output Voltage Swing and Error 
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High Accuracy 
,Low Offset Ie FET -Input Op Amps 

FEATURES 
Low Ib: 1SpA max (ADS03J, ADSOGJ) 

SpA max (ADS06L) 
Low Vos: 1mV max (ADS06L) 
Low Drift: 2spvfc max (ADS03K, ADS06K) 

10pvfc max (ADS06L) 

PRODUCT DESCRIPTION 
The AD503j IAD506j, AD503K/AD506K, AD506L and 
AD503S/AD506S are IC FET input op amps that provide 
the user with input currents of a few pA, high overall per
formance, low cost, and accurately specified, predictable 
operation. The devices achieve maximum bias currents as low 
as SpA, minimum gain of 75,000, CMRR of BOdB, and a mini
mum slew rate of 3V Ips. They are free from latch-up and are 
short circuit protected. No, external compensation is required 
as the internal 6dB/octave rolloff provides stability in closed 
loop applications. 

The AD503 is suggested for all general purpose FET input 
amplifier requirements where low cost is of prime importance. 
The AD506, with specifications otherwise similar to the 
AD503, offers significant improvement in offset voltage and 
nulled offset voltage drift by supplementing the AD503 con
figuration with internal laser trimming of thin film resistors 
to provide typical offset voltages below 1mV. 

The AD503 and AD506 are especially designed for applica
tions involving the measurement of low level currents or small 
voltages from high impedance sources, in which bias current 
can be a primary source of error. Input bias current con
tributes to error in two ways: (1) in current measuring con
figurations, the bias current limits the resolution of a current 
signal; (2) the bias current produces a voltage offset which is 
proportional to the value of input resistance (in the case of an 
i~verting configuration) or source impedance (when the non
inverting "buffer" connection is used). The AD503 and 
AD506 IC FET input amplifiers, therefore, are of use where 
small currents are to be measured or where relatively low 
voltage drift is necessary despite large values of source resistance. 

All the circuits are supplied in the TO-99 package; the AD503j, 
K and AD506j, K and L are specified for 0 to +70° C tempera
ture rang~ operation~ the AD503S and AD506S for operation 
from -55 C to +125 C. 

·AD503, AD506 I 

AD503, AD506 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 

GUARD PIN 

v-

TO-99 
TOP VIEW 

1. The AD503 and AD506 op amps meet their published input 
bia's current and offset voltage specs after full warmup. Con
ventional high speed IC testing does not allow for self
heating of the chip due to internal power dissip ation under 
operating conditions. 

2. The bias currents of the AD503 and AD506 are specified 
as a maximum for either input. Conventional IC FET op 
amps generally specify bias currents as the average of the 
two input currents. 

3. Offset voltage nulling of the ADS03 and ADS06 is ac
complished without affecting the operating current of the 
FET's and results in relatively small changes in temperature 
drift characteristics. The additional drift induced by nulling 
is only ±O.BpV 1°C per millivolt of nulled offset for the 
AD506 and ±2.0pV/C per millivolt of nulled offset for the 
AD503, compared to several times this for other IC FET 
op amps. 

4. The gain of the AD503 and AD506 is measured with the 
offset voltage nulled. Nulling a FET input op amp can cause 
th~ gain to decrease below its specified limit. The gain of 
the AD503 and AD506 is fully guaranteed with the offset 
voltage both nulled and unnulled. 

5. Bootstrapping of the input FET's achieves a superior CMRR 
of BOdB, while reducing bias currents and maintaining them 
constant through the CMV range. 

OPERA TlONAL AMPLIFIERS VOL. 1,4-27 
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SPECIFICATIONS (typical @+25°C and ±15V dc, unless otherwise noted) 

PARAMETER AD503J AD503K AD503S 

OPEN LOOP GAIN1 

VOUT= ±IOV, RL ~ 2kn 20,000 min (50,000 typ) 50,000 min (120,000 typ) 
TA = min to max, 15,000 min 40,000 min 25,000 min 

OUTPUT CHARACfERISTICS 
Voltage @ RL = 2kn, TA = min to max ±IOV min (±13V typ) 

@ RL = 10kn, TA = min to max ±12V min (±14V typ) 
Load Capacitance2 7S0pF 
Short Circuit Current 25mA 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 1.0MHz 
Full Power Response 100kHz 
Slew Rate, Unity Gain 3.0V/lls min (6.0V/lls typ) 
Settling Time, Unity Gain (to 0.1%) lOlls 

INPUT OFFSET VOLTAGE3 50mV max (20mV typ) 20mV max (SmV typ) 
vs. Temperature, TA = min to max 751lV/oC max (30IlV/oC typ) 2SIlV/oC max (lOIlV/C typ) SOIlV/oc max (20IlV/oC typ) 
vs. Supply, TA = min to max 400IlV/V max (ZOOIlVIV typ) ZOOIlV/V max (lOOIlV/V typ) 

--INPUT BIAS CURRENT 
Either Input4 ISpA max (SpA typ) 10pA max (Z.SpA typ) 

INPUT IMPEDANCE 
Differential 10ll nllzpF 
Common Mode 1012 nllzpF 

INPUT NOISE 
Voltage, O.lHz to 10Hz lSIlV (p-p) 

5Hz to 50kHz S.OIlV (rms) 
f = 1kHz (spot noise) 30.0nV/YHZ 

INPUT VOLTAGE RANGE 
DifferentialS ±3.0V 
Common Mode, TA = min to max ±10V min (±lZV typ) 
Common Mode Rejection, VIN= ±10V 70dB min (90dB typ) SOdB min (90dB typ) 

POWER SUPPLY 
Rated Performance ±lSV 
Operating ±(S to lS)V ±(S to ZZ)V 
Quiescent Current 7mA max (3mA typ) 

TEMPERATURE 
Operating, Rated Performance o to +70o C -55°C to +lZSoC 
Storage -65°C to +lS0oC 

PACKAGE OPTlONS: 6 TO-99 Style (HOSB) AD503JH ADS03KH ADS03SH 

NOTES: 
I Open Loop Gain is specified with Vos both nulled and unnulled. 
2 A conservative design would not exceed SOOpF of load capacitance. 
3 Input offset voltage specifications are guaranteed after S minutes of operation at TA ,,+2S°C. , 
4 Bias current specifications are guaranteed after S minutes of operation at TA " +2SoC. For higher temperatures, the current doubles every lOoC .. 
5 See comments in Input Considerations Section. 
6 See Section 20 for package outline information. 

·Specifications same as for ADS03J. 
• • Specifications same as for ADS03K. 
Specifications subject to change without notice. 
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ADS06J ADS06K 

1000pF 
* 

3.smV max (l.OmV typ) l.smV max (O.smV typ) 
* ** 

4 0llV (p-p) 
81lV (rms) 

80nV/0h 

±4V 

7mA max (SmA typ) 

ADS06]H 

100llV/V max (sOIlVIV typ) 

ADs06KH 

ADS06L 

75,000 min (100,000 typ) 
50,000 min 

1.0mV max (0.4mV typ) 
10llV/oC max (sIlV/oC typ) 
100llVIV max (sOIlV/V typ) 

SpA max (2pA typ) 

61lV (rms) 

2snV/.j'ih 

ADs06LH 

+Vs 

-Vs 

Standard Offset Null Circuit 

ADS06S 

25,000 min 

l.smV max (O.smV typ) 
sOIlV/oC max (20IlV/oC typ) 
100llV/V max (sOIlVIV typ) 

±(s to 22)V 

ADs06SH 

OPERATIONAL AMPLIFIERS VOL. 1,4-29 
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APPLICATIONS CONSIDERATIONS 
Bias Current 
Most IC FET op amp manufacturers specify maximum bias 
currents as the value immediately after turn-on. Since FET bias 
currents double every 10°C and since most FET op amps have 
case temperature increases of lSoC to 20°C above ambient, 
initial "maximum" readings may be only 'A of the true warmed 
up value. Furthermore, most IC FET op amp manufacturers 
specify Ib as the average of both input currents, sometimes 
resulting in twice the "maximum" bias current appearing at 
the input being used. The total result is that 8X the expected 
bias current may appear at either input terminal in a warmed 
up operating unit. 

The ADS03 and ADS06 specify maximum bias currents at 
either input after warmup, thus giving the user the values he 
expected. 

Improving Bias Current Beyond Guaranteed Values 
Bias currents can be substantially reduced in the ADS03 and 
ADS06 by decreasing the junction temperature of the device. 
One technique to accomplish this is to reduce the operating 
supply voltage. This procedure will decrease the power dissi
pation of the device, which will in turn result in a lower 
junction temperature and lower bias currents. The supply 
voltage effect on bias current is shown in Figure 1. 
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Figure 1. Normalized Bias Current vs. Supply Voltage 

Operation of the ADS03K and ADS06K at ±SV reduces the 
warmed up bias current by 70% to a typical value of 0.7 SpA. 

A second technique is the use of a suitable heat sink. Wakefield 
Engineering Series 200 heat sinks were selected to demonstrate 
this effect. The characteristic bias current vs. case temperature 
above ambient is shown in Figure 2. Bias current has been 
normalized with unity representing the 2SoC free air reading. 
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Figure 2. Normalized Bias Current vs. Case Temperature 
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Note that the use of the model 209 heat sink reduces warmed 
up bias current by 60% to 1.0pA in the ADS03/ADS06K. 

Both of these techniques may be used together for obtaining 
lower bias currents. Remember that loading the output can 
also affect the power dissipation. 
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Figure 3. Input Bias Current vs. Temperature 

Input Considerations 

70 

The common mode input characteristic is shown in Figure 4 . 
Note that positive common mode inputs up to +13.S volts 
and negative common mode inputs to -Vs are permissible, 
without incurring excessive bias currents. To prevent possible 
damage to the unit, do not exceed VCM = Vs. 
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Figure 4. Input Bias Current vs. Common Mode Voltage 

Like most other FET input op amps, the ADS03 and ADS06 
display a degraded bias current specification when operated 
at moderate differential input voltages. The ADS03 maintains 
its specified bias current up to a differential input voltage of 
±3V typically, while the ADS06's bias current performance is 
not significantly degraded for Vdiff ~4V typically. Above 
Vdiff = ±3V in the ADS03 and Vdiff = ±4V in the ADS06, the 
bias current will increase to approximately 400pA. This is 
not a failure mode. Above ±10V differential input voltage, the 
bias current will increase 100pA/Vdiff (in volts), and other 
parameters may suffer degradation. 
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FEATURES 
Low Vas: 500pV max (AD504M) 
High Gain: 106 min (AD504L, M, S) 
Low Drift: 0.5pvfc max (AD504M) 
Free of Popcorn Noise 

PRODUCT DESCRIPTION 
The Analog Devices ADS04], K, L, M and SIC operational 
amplifiers provide ultra-low drift and extremely high gain, com
parable to that of modular amplifiers, for precision applica
tions. A new double integrator circuit concept combined with 
a precise thermally balanced layout achieves gain greater than 
106

, offset voltage drift of less than 1pV /0 C, small signal unity 
gain bandwidth of 300kHz, and slew rate of 0.12V/ps. Because 
of monolithic construction, the cost of the ADS04 is signifi
cantly below that of modules, and becomes even lower with 
larger quantity requirements. The amplifier is externally 
compensated for unity gain with a single 470pF capacitor; 
no compensation is required for gains above SOO. The inputs 
are fully protected, which permits differential input voltages 
of up to ±Vs without voltage gain or bias current degradation 
due to reverse breakdown. The output is also protected from 
short circuits to grou~d and/or either supply voltage, and is 
capable of driving 1000pF of load capacitance. The ADS04J, 
K, Land M are supplied in the hermetically sealed TO-99 
package, and are specified for operation over the 0 to +70° C 
temperature range. The ADS04S is specified over the -SSoC 
to +12S

v
C temperature range and is also supplied in the TO-99 

package. 

High Accuracy 
Ie Operational Amplifier 

AD504 I 
ADS04 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 

OFFSET NULL 

v-

TO-99 
TOP VIEW 

1. Fully guaranteed and 100% tested IpV / C maximum voltage 
drift combined with voltage offset of SOOpV (ADS04L). 

2. Fully protected input (±Vs) and output circuitry. The input 
prote'ction circuit prevents offset voltage and bias current 
degradation due to reverse breakdown, and is of critical 
importance in this type of device whose overall performance 
is strongly dependent upon front-end stability. 

3. Single capacitor compensation eliminates elaborate stabi
lizing networks while providing flexibility not possible with 
an internally compensated op amp. This feature allows 
bandwidth to be optimized by the user for his particular 
application. 

4. High gain is maintained independent of offset nulling, 
power supply voltage and load resistance. 

S. Boot:;trapping of the critical input transistor quad produces 
CMRR and PSRR compatible with the tight IpV/oC drift. 
CMRR and PSRR are both in the vicinity of 120dB. 
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SPECIFICATIONS (typical @ +250 C and ±15V dc unless otherwise noted) 

PARAMETER 

OPEN LOOP GAIN 
VOS = ±lOV, RL;>2kil 
Tmin~TA ~Tmax 

OUTPUT CHARACTERISTICS 
Voltage at RL;>2kil, Tmin~TA~Tmax 
Load Capacitance 
Output Current 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal, Cc = 390pF 
Full Power Response, Cc = 390pF 
Slew Rate, Unity Gain, Cc = 390pF 

INPUT OFFSET VOLTAGE 
Initial Offset, Rs~lOk 
vs Temp, Tmin~TA ~Tmax, Vos nulled 

Tmiri~TA~Tmax, Vos unnulledt 
vs Supply 
@ Tmin~TA ~Tmax 
vs Time 

INPUT OFFSET CURRENT 
@TA = 2SoC 

INPUT BIAS CURRENT 
Initial 
Tmin to Tmax 
vs Temp, Tmin to Tmax 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT NOISE 
Voltage,O.1 to 10Hz 

100Hz 
1kHz 

Current,O.1 to 10Hz 
100Hz 
1kHz 

INPUT VOLTAGE RANGE 
Differential or Common Mode, Max Safe 
Common Mode Rejection, VIN = ±IOV 

POWER SUPPLY 
Rated Performance 
Operating 
Current, Quiescent 

TE~PERATURE RANGE 
Operating, Rated Performance 

(Tmin to Tmax) 
Storage 

PACKAGE OPTION: l TO-99 Style (H08B) 

• Specifications same as for AD504}. 

ADS04J 

2S0,OOO min (4 x 106 typ) 
l2S,OOO min (106 typ) 

±lOV min (±13V typ) 
lOOOpF 
lOrnA min 
2SmA 

300kHz 
l.SkHz 
O.12Vlps 

2.SmV max (O.SmV tyg) 
s.opvfc max (O.SpVI C typ) 
lOpVloC max (1.SpVfC typ) 
2SpVIV max 
40pVIV 
20pV/mo 

40nA max 

200nA max 
300nA max 
300pA/oC 

O.SMil 
lOOMilll4pF 

1.0pV (p-p) 
lOnV/VHz(rms) 
8nV/y'Hz(rms) 

SOpA(p-e,L 
O.6pA/v'Hz(rms) 
O.SpA/y'Hz(rms) 

±VS 
94dB min (120dB typ) 

±lSV 
±(S to lB)V 
±4.0mA max (±1.SmA typ) 

o to +70
o

C 
-6SoC to +lSOoC 

ADS04}H 

tThis parameter is not 100% tested. Typically, 90% of the units meet this limit. 
Specifications subject to change without notice. 

'I See Section 20 for package outline information. 

NOTE 
Analog Devices 100% tests and guarantees all specified maximum and 
minimum limits. Certain parameters, because of the relative difficulty 
and. cost of 100% testing, have been specified as "typical" numbers. At 
ADI, "typical" numbers are subjected to rigid statistical sampling and 
outgoing quality control procedures, resulting in "typicals" that are 
indicative of the performance that can be expected by the user. 
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ADS04K 

SOO,OOO min (4 x 106 typ) 
2S0,OOO min (106 typ) 

l.SmV max (O.SmV typ) 
3.0p.vfc max (O.Spvtc typ) 
s.Op.vfc max (l.SpVfC typ) 
lSpVIV max 
2SpVIV max 
lSpV/mo 

lSnA max 

lOOnA max 
lSOnA max 
2S0pAfc 

1.OMil 

100dB min (120dB typ) 

±3.0mA max (±1.SmA typ) 

ADS04KH 

ADS04L 

106 min (B x 106 typ) 
SOO,OOO min (106 typ) 

O.SmV omax (O.2mV tyg) 
l.OpVI C max (O.3pVI C typ) 
2.0pV/oC max (1.0pVfC typ) 
10pVIV max 
lSpVIV max 
10pV/mo 

10nA max 

BOnA max 
IDOnA max 
200pAfc 

1.3 Mil 

110dB min (120dB typ) 

±3.0mA max (±l.SmA typ) 

ADS04LH 



ADS04M 

106 min ( 8 X 106 typ) 
500,000 min (106 typ) 

O.SmV omax (0.2mV tyg) 
O.S/lV/ C max (0.2/lV/ C typ) 
l.O/lV/C max (O.S/lV/oC typ) 
10/lV/v max 
lS/lV/v max 
10/lV/mo 

10nA max 

BOnA max 
100nA max 
200pA/C 

0.6/lV (p-p) max 
10nV/y'fu max 
9nV/YHz max 

SOpA p-p max 
0.6pA/y'Hz max 
0.3pA/y'Hz max 

110dB min (120dB typ) 

±3.0mA max (±l.SmA typ) 

ADS04MH 

ADS04S(ADS04S/883) 

106 min (8 x 106 typ) 
250,000 min 

O.SmV max 
l.O/lV/C max (0.3/lV/oC typ) 
2.0/lVtC max (l.O/lV/oC typ) 
10/lV/V max 
20/lV/V max 
10/lV/mo 

10nA max 

80nA max 
200nA max 
200pA/C 

1l0dB min (l20dB typ) 

±3mA max (±l.SmA typ) 

-55°C to +12S
o
C 

-65°C to +lSOoC 

ADS04SH 

• 
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OFFSET VOLTAGE DRIFT AND NULLING 
Most differential operational amplifiers have provisions for ad
justing the initial offset voltage to zero with an external trim 
potentiometer. It is often not realized that there is a resulting 
increase in voltage drift which accompanies this initial offset 
adjustment. The increased voltage drift can often be safely 
ignored in conventional amplifiers, since it may be a small per
centage of the specified voltage drift. However, the voltage 
drift of the AD504 is so small that this effect cannot be 
ignored. 

To achieve low drift over temperature, it is necessary to main
tain equal current densities in the input pair. Unless the ini
tial offset nulling circuit is carefully arranged, the nulling cir
cuits will themselves drift with temperature. The resulting 
change in the input transistor current ratio will produce an 
additional input offset voltage drift. This drift component 
can actually be larger than the unnulled drift. 

Typically, IC op amps are nulled by using an external poten
tiometer to adjust the ratio of two resistances. These resis
tances are part of a network from which the inpu t stage emit
ter currents are derived. Most commercially available op amps 
use diffused resistors in their internal nulling circuitry, which 
typically display lar}e positive temperature coefficients of the 
order of 2000ppml C. As a result of the failure of the external 
potentiometer resistance to track the diffused resistors over 
temperature, the two resistance branches will drift relative to 
one another. This will cause a change in the emitter current 
ratio and induce an offset drift with temperature. 

In the AD504, this problem is reduced an order of magnitude 
by the use of thin film resistors deposited on the monolithic 
amplifier chip. These resistors, which make up the critical bias 
network from which the input stage emitter current balance is 
determined, display typical temperature coefficients of less 
than 200ppm/ C, an order of magnitude improvement over 
diffused types. Thus, when the initial offset of the AD504 is 
trimmed using a low TC pot in combination with the thin film 
network, the drift induced by nulling even relatively large off
sets is extremely small. This means that AD504 units of all 
three grades (J, K, L) will typically yield significantly better 
temperature performance in nulled applications than an all
diffused amplifier with comparable initial offset. 

Since the intrinsic offset drift of the amplifier is improved by 
nulling, the direct measurement of any additional drift induced 
by differing temperature coefficients of resistors would be ex
tremely difficult. However, the induced offset drift can be es
tablished by calculating the change in the emitter current ratio 
brought about by the differing TC's of resistances. From the 
change in this ratio, the offset voltage contribution at any 
temperature can be easily calculated. 

A simple computer program was written to calculate induced 
offset drift as a function of initial offset voltage nulled. This 
calculation was made assuming zero TC of the amplifier 
resistors, and TC's of 200ppm/oC and 2000ppm/oC for the 
null pot. These results are very nearly equivalent to the case 
where the pot has zero temperature coefficient and the am
plifier resistors drift. The results of these calculations are 
summarized graphically in Figure 1. 

Figure 1 shows the variation of induced voltage drift with 
nulled offset voltage for: . 

a. AD504 op amp. 
b. 725 typ op amp. 
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N.ote that as a result of nulling 1.4mV of offset, the AD504 
induces 30X less offset drift (only O.05p.V/'C) than the 725 
type op amp with its actual diffused resistor values and the rec
ommended lOOk pot to trim the offset. Actual induced drifts 
from this source for the AD504 may be even lower in the prac
tical case when me'tal film resistors or pots are used for nulling, 
since their TC's tend to closely match the negative TC's of the 
thin film resistors on the AD504 chip. 

725 TYPE OF AMP 
(RECOMMENDED Vas 

NULL POT) 

AD504 
(RECOMMENDED Vas NULL 

POT) 

-3 -2 -1 

u 1.7 
3; 
:1 
I 1.5 

t;: 
a: 1,3 
o 

1.1 

0.9 

0.7 

0.7 

0.9 

1.1 

1,3 

1.5 

1.7 

NULLED OFFSET 
VOLTAGE - mV 

Figure 1. Induced Offset Drift vs. Nulled Offset Using Manu
facturer's Recommended Adjustment Potentiometer 

NULLING THE AD504 
Since calculations show that superior drift performance can be 
realized with the AD504, special care should be taken to null 
it in the most advantageous manner. Using the actual values of 
resistors in the AD504, it is possible to calculate, under worst 
case conditions, that the total adjustment rage of the AD504 
is approximately BmV. Since the amplifier may often be trim
med to within 1p.V, this represents an adjustment of 1 part in 
BOOO. This type of accuracy would require a pot with 0.0125% 
resolution and stability. Because of the problems of obtaining 
a pot of this stability, a slighdy more sophisticated nulling op
eration is recommended for applications where offset drift IS 
critical (see Figure 2a). 

.,' I .2' 

~ .~ 
RP 

Figure 2a. High Resolution, High Stability Nulling Circuit 



NULLING PROCEDURE 
1. Null the offset to zero using a commercially available 

pot (suggest Rp = 10kn). 

'2. Measure pot halves R1 and R2. 

3. Calculate: 

R ' - R, X SOkn R' _ R2 X SOkn 
, - SOkn - R,' 2 - SOkn - R2 

4. Insert R1' and R2' (closest 1 % fixed metal film resistors). 

S. Use an industrial quality 100kn pot (Rp) to fine tune 
the trim. 

For applications in which stringent nulling is not required, the 
user may choose a simplified nulling scheme as shown in Fig
ure 2b. For best results the wiper of the potentiometer should 
be connected directly to pin 7 of the op amp. This is true for 
both nulling schemes. 

Figure 2b. Simplified Nulling Circuit 

INPUT BIAS CURRENT 
The input bias current vs. temperature characteristic is dis
played in Figure 3. 
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Figure 3. Input Bias Current vs. Temperature 

GAIN PERFORMANCE 
Most commercially available monolithic op amps have gain 
characteristics that vary considerably with: 

1. Offset Nulling. 

2. Load Resistance. 

3. Supply Voltage. 

Careful design allows the ADS04 to maintain gain well in . 
excess of 106

, independent of nulling, load or supply voltage. 

Nulling - The gain of a 741 op amp varies considerably with 
nulling (see Figure 4). 

Vas UNNULLED +1.SmV Vos NULLED 

J ~ / 
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/<:,,,,,,,<, 

V I 
4- 2.5V --

-10 +10 -10 

OUTPUT - VOL TS OUTPUT -V 

Figure 4. Gain Error Voltage Before and After Nulling a 
Typical 741 Op Amp 

The gain of the ADS04 is independent of nulling. 
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Figure 5. Gain Error Voltage Before and After Nulling 
theAD504 

Load Resistance - The gain of the ADS04 is flat with load 
resistance to 1kn loads and below. 

lOOk '---'----J---L-'-'_~--'--L ....... 
lk 10k lOOk 

LOAD RESISTANCE - n 

Figure 6. Gain vs. Load Resistance 

+10. 

+10 

Supply Voltage - The gain of the ADS04 stays well above 1M 
down to Vs = ±SV. 

10M .---,----.-----r---,------, 

z 
g 

lML-~'6~--~--'~12~-~'1~5--~±18 

SUPPLY VOLTAGE - V 

Figure 7. Gain vs. Supply Voltage 

OPERA T/ONAL AMPLIFIERS VOL; 1,4-35 



z 
~ 
t:J ... 

1.0 

0.9 

00 O.B 
9° 
zO 
~ c: 0.7 
0< 
0" we 
N"; 0.6 
::; 
< 
~ 
~ 

0.5 

0.4 

~ 
~~ 

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

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

o 10 20 30 40 50 60 70 
TEMPERATURE _·C 

Figure 8. Normalized Open Loop Gain vs. Temperature 

NOISE CHARACTERISTICS 
An op amp with the precision of the ADS04 must have cor
respondingly low noise levels if the user is to take advantage 
of its exceptional dc characteristics. Of primary importance 
in this type of amplifier is the absence of popcorn noise and 
minimum IIf or "flicker" noise in the O.OIHz to 10Hz fre
quency band. Sample noise testing is done on every lot to 
guarantee that better than 90% of all devices will meet the 
noise specifications. 

Separate voltage and current noise levels referred to the input 
are specified to enable the designer to calculate or optimize 
signal-to-noise ratio based on any desired source resistance. 
The spot noise figures are useful in determining total wide
band noise over any desired handwidth (see Figure 9). 
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Figure 9. Spot Noise vs. Frequency 

10k 

The key to success in using the ADS04 in precision low noise 
. applic3;tions is "attention to detail". 

Here are a few reminders to help the user achieve optimum 
noise performance from the ADS04. 

1. Use metal film resistors in the source and feedback 
networks. 

2. Use fixed resistors instead of potentiometers for nulling 
or gain setting. 

3. Take advantage of the excellent common-mode noise 
rejection qualities of the ADS04 by connecting the input 
differentially. 
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4. Limit the bandwidth of the system to the minimum pos
sible consistent with the desired response time. 

5. Use input guarding to reduce capacitive and leakage noise 
pickup. . 

6. Avoid ground loops and proximity to strong magnetic or 
electrostatic fields, etc . 
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Figure 10. RMS Noise vs. Source Resistance 

DYNAMIC PERFORMANCE 
The dynamic performance of the ADS04, although comparable 
to most general purpose op amps, is superior to most low drift 
op amps. Figure 11 shows the small signal frequency response 
for both open and closed loop gains for a variety of compen
sating values. Note that the circuit is completely stable for 
Cc = 390pF with a -3dB bandwidth of 300kHz; with Cc = 0, 
the -3dB bandwidth is 50kHz at a gain of 2000. 
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Figure 11. Small Signal Gain vs. Frequency 



More important, at unity gain (390pF), full power bandwidth 
is (Figure 12) 2kHz which corresponds to a 0.12VIJ,Ls slew rate. 
At a gain of 10 (39pF), it increases to 20kHz, corresponding 
to 1.2V IJ,Ls, a considerable improvement over "725 type" 
amplifiers. 
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III III c = 3.9pF I III 
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III ~ III \ l\ C = OpF_4-'f-+-H+1-H 
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Figure 12. Output Voltage Swing vs. Frequency 

Figure 13 shows the voltage follower step response for 
Vs ::: ±15V, RL ::: 2kf2, CL ::: 200pF and Cc ::: 390pF. 
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The common mode rejection of the AD504 is typically 120dB, 
and is shown as a function of frequency in Figure 14. 
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Figure 14. CMRR vs. Frequency 

The power supply rejection ratio of the AD504 is shown in 
Figure 15. ' 
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THERMAL PERFORMANCE 
Temperature Gradients 
Most modular and hybrid operational amplifiers are extremely 
sensitive to thermal gradients. The transient offset voltage 
response to thermal shock for a high performance modular op 
amp is shown in Figure 18. 
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Figure 18. Response to Thermal Shock for High Performance 
Modular Op Amp 

The graph shows the transient offset voltage resulting from a 
thermal shock when the amplifier's temperature is abruptly 
changed from 25°C to 50°C by dipping it into a hot silicon 
oil bath. Note the large overshoot (approximately 60J,LV) and 
long settling time (2.5 minutes). Also note the hysteresis of 
about 30J,LV. 

Monolithic technology affords the AD504 significant improve
ments in this area. Thermal transients in the AD504 are small 
and over with quickly (see Figure 19). 
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Figure 19. Response to Thermal ShocK for AD504 

In Figure 19, a 50°C step change in ambient temperature, ap
plied to the can via a room temperature heat sink, then a 75°C 
thermal probe and back to the heat sink, results in settling to 
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the final value within 30 seconds, for both increases and de
creases in temperature. Note that the offset goes directly to 
its final value, with no spikes or hysteresis. 

Warmup Drift 
Modular and hybrid op amps have historically been plagued by 
excessive thermal time constants. Figure 20 shows the typical 
warmup drift of a high performance modular op amp. 
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Figure 20. Warmup Voltage Drift for High Performance 
Modular Op Amp 

Note that although warmup drift is low (20J,LV), it requires a 
long time to settle (>20 minutes). 

Monolithic technology results in significant reduction of ther
mal time constants (see Figure 21). 
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Figure 21. Warmup Voltage Drift for AD504 and 741 Type 
OpAmp 

Note that warmup drift remains low (lOJ,LV), but that the ther
mal time constant decreases significantly to about 2 minutes. ' 
If a heat sink were used, total settling time would be com
pleted within 30 seconds. Note that the 741 type op amp has 
a significantly longer warmup drift and thermal time constant. 
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WDEVICES 

Ie, Wideband, Fast Slewing, 
General Purpose Operational Amplifier 

FEATURES 
Gain Bandwidth: 100MHz 
Slew Rate: 20V Ips min 
IB: 15nA max (AD507K) 
Vos: 3mV max (AD507K) 
Vos Drift: 15pVtC max (AD507K) 
High Capacitive Drive 

PRODUCT DESCRIPTION 
The Analog Devices AD507J, 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 AD507 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 sample/ 
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 nullable. The AD507J and K are specified over the 
o to +70oC temperature range, the AD507S over the full mili
tary temperature range, -55°C to +12S°C. All devices are 
packaged in the hermetic TO-99 metal can. 

AD507 I 
ADS07 FUNCTIONAL BLOCK DIAGRAM 

FREOUENCY 
COMPENSA nON 

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
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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SPECIFICATIONS. (typical at +25°C and ±15V dc, unless otherwise noted) 

PARAMETER 

OPEN LOOP GAIN 
RL = 2Hl, CL = SOpF 
@ T min to T max 

OUTPUT CHARACTERISTICS 

ADS07J 

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

Voltage @ RL = 2kU, CL = SOpF, Tmin to Tmax 
Current @Vo = ±10V 

±10V min (±12V typ) 
±10mA min (±20mA typ) 
25mA Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 

@A = 1 (open loop) 
@ A = 100 (closed loop) 

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

INPUT OFFSET VOLTAGE 
Initial 
Avg vs Temp, Tmin to Tmax 

vs Supply, Tmin to Tmax 

INPUT BIAS CURRENT 
Initial 
Tmin to Tmax 

INPUT OFFSET CURRENT 
Initial 
Tmin to Tmax 
Avg vs Temp, Tmin to Tmax 

INPUT IMPEDANCE 
Differential 
Common Mode 

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

INPUT VOLTAGE RANGE 
Differential, Max Safe 

35MHz 
1MHz 
320kHz min (600kHz typ) 
±20Vlps min (±3SVlps typ) 
900ns 

S.OmV max (3.0mV typ) 
lSpV/C 
200pVIV max 

25nA max 
40nA max 

2SnA max 
40nA max 
O.SnA/C 

40MU min (300MU typ) 
1000MU 

100nV/yfu 
30nV/yfu 
12nV/yfu 

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

±12.0V 
±11.0V 
74dB min (lOOdB typ) 

POWER SUPPLY 
Rated Performance 
Operating 
Current, Quiescent 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 

PACKAGE OPTION:! TO-99 Style (HOSA) 

• Specifications same as ADS07J . 
•• ADS07S/883 minimum order 10 pieces. 
I See Section 20 for package outline information. 
Specifications subject to change without notice . 

OV 

±lSV 
±(S to 20)V 
4.0mA max (3 .0mA typ) 

o to +70°C 
-25°C to +SSoC 
-65°C to +lS0°C 

ADS07]H 

..::r-L
v 

INPUT 

+5V - - - - - - - --

90% --- ------ i--t 
OUTPUT I tN 

10% - _______ ~-t 
OV I I I ...... AT_SLEWRATE 

I ! I AV/AT 

ADS07K 

100,000 min (l50,OOO typ) 
85,000 min 

400kHz min (600kHz typ) 
±2SVlps min (±35Vlps typ) 

3.0mV
o 
max (1.5mV ~yp) 

lSpVI C max (8pVI C typ) 
100pVIV max 

lSnA max 
2SnA max 

lSnA max 
2SnA max 
0.2nA/oC 

SOdB min (lOOdB typ) 

AD507KH 

Slew Rate Definition and Test Circuit 
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ADS07S(ADS07S/883 )00 

100,000 min (l50,OOO typ) 
70,000 min 

±10V min (±12V typ) 
±lSmA min (±22mA typ) 
25mA 

400kHz min (600kHz typ) 
20Vlps min (±35Vlps typ) 

4mV max (O.SmV tYf) 
20pV/oC max (SpVI C typ) 
100pV/V max 

lSnA max 
35nA max 

lSnA max 
35nA max 
0.2nA/oC 

~SMU min (SOOMU typ) 

SOdB min (lOOdB typ) 

-SSOCto +12S oC 
-6SoC to +150oC 

ADS07SH 



APPLICATION CONSIDERATIONS 
The AD507 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 AD507 is fully compensated internally for all closed loop 
gains above 10; however, it is necessary to load the amplifier 
with 50pF. In many applications this minimum capacitive load 
will be provided by the load or by a cable at the output of the 
AD507, making an additional 50pF unnecessary. Figure 1 
shows the suggested configuration for general purpose use for 
closed loop gains above 10. 

The O.IJ,LF ceramic power supply bypass capacitors are consid
erably more important for the AD507 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.IJ,LF capacitor equalizes the 
supply grounds while the O.IJ,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 appr9priate terminal (pin 7. [V+] 
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 100kn 

~
. 5 OFFSET NULL 

2kn 

1 +V 

·NOT REQUIRED FOR LOAD OR 
CABLE CAPACITANCE ;;'50pF 

OUTPUT 

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

Low Gain Conditions 
For low closed loop gain applications, the AD507 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 50pF minimum load 
capacitance recommended for uncompensated applications is 
not required when the AD507 is used in the compensated 
mode. This compensation results in a unity gain frequency of 
approximately 10 to 12MHz. 

Applying the AD507 
The excellent input characterisitcs of the AD507 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 
AD507 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 50% larger than the 
compensation capacitor. Because the AD507 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 2kn resistor 
in series with the wiper arm of the 100kn 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+. 

C, -30pF 

Figure 2. Configuration for Unity Gain Applications 

HIGH CAPACITIVE LOADING 
Like all wideband amplifiers, the AD507 is sensitive to capa
citive loading. Unlike many, however, the AD507 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 configurations. 

In an inverting gain of ten configuration, the internally com
pensated amplifier will drive more than 200pF in addition to 
the recommended 50pF load, or a total of over 250pF. LInder 
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 AD507 will 
increase in high gain configurations which reduce closed loop 
bandwidth. 

In any wideband application, it is essential to return the load 
currents 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 AD507, when it is used with large feedback 
resistors. The AD507 input capacitance (typically 2 or 3pF), 
together with addi~ional 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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Sk!1 input source impedance, will result in an underdamped 
transient response, and long settling time. A small (1.5 to 
3.0pF) 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 
canc~l 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 bypass 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. 

CS·2pF 

Figure 3. Fast Settling Time Configuration 
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r.ANALOG 
WDEVICES 

FEATURES 
Fast Settling Time (100% Tested) 

0.1% in 500ns max 
0.01% in 2.5ps max 

High Slew Rate: 100V/IlS min 
Low los: 25nA max 
Guaranteed Vos Drift: 30llVtC max 
High CMRR: BOdS min 
Drives 500pF 
Low Price 

APPLICATIONS 
01 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. The AD509K 
and AD509S are 100% tested to settle to 0.1% in 500ns max 
and 0.01% in 2.51ls max, with typical perfonnance that is 
twice as fast. Other comparable dynamic parameters include a 
small signal bandwidth of 20MHz, slew rate of 100V Ills 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 is8mV max, nullable to zero, and 
offset voltage drift is limited to 30llVtC max. PSRR and 
CMRR are typically 90dB. 

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

All devices are supplied in the TO-99 package. The AD5091 
and AD509K are specified for 0 to +70

o
C temperature range; 

the AD509Sfor operation from -55°C to +125°C. 

High Speed, 
Fast Settling Ie Op Amp 

AD509 I 

AD509 FUNCTIONAL BLOCK DIAGRAM 

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
1. The AD509K and AD509S are 100% tested for minimum 

slew rate and guaranteed to settle to 0.01% of its final 
value in less than 2.5Ils. 

2. The AD509 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. 

3. The AD509 will drive capacitive loads of 500pF without 
any deterioration in settling time. Larger capacitive loads 
can be driven by tailoring the compensation to minimize 
settling time. 

4. Common Mode Rejection, Gain and Noise are compatible 
with a 0.01% accuracy device: 
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SPECIFICATIONS (typical @ +25°C and ±15V dc, unless otherwise specified) 

MODEL 

OPEN LOOP GAIN 
RL = 2kn 
® T A = min to max 

OUTPUT CHARACTERISTICS 
Voltage ® RL = 2krl, TA = min to max 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response, V 0 = ± 1 OV 
Slew Rate, RL = 2krl, Vo = ±10V. CL = 50pF 
Settling Time 

to 0.1% 
to 0.01% 

INPUT OFFSET VOLTAGE 
Initial 
TA = min to max 
Avg vs. Temperature, T A = min to max 

vs. Supply, T A = min to max 

INPUT BIAS CURRENT 
Initial 
TA = min to max 

INPUT OFFSET CURRENT 
Initial 
TA = min to max 

INPUT IMPEDANCE 
Differential 

INPUT VOLTAGE RANGE. 
Differential, max safe 
Common Mode Voltage Range 

TA =min to max 
Common Mode Rejection, V cm = ±5V 

TA :;min to max 

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

POWER SUPPLY 
Rated Performance 
Operating 
Current, Quiescent 

TEMPERATURE RANGE 
Rated Performance 
Storage 

PACKAGE OPTION:! TO-99 Style (HOBA) 

·Specification same as ADS09 J. 
"Specification same as AD509K. 

AD509J 

7,500 min (15,000· typ) 
5,000 min 

±10V min (±12V typ) 

20MHz 
1200kHz min (1.6MHz. typ) 
80VIJ.ls min (120VIJ.ls typ) 

200ns 
1.0J.ls 

10mV max (5mV typ) 
14mV max 
20J.lV/C 
200J.lV/V max 

2S0nA max (l2SnA typ) 
500nA max 

50nA max (20nA typ) 
100nA max 

40Mrl min (100Mrl typ) 

:!:15V 

±IOV 

74dB min (90dB typ) 

100nV/VHz 
30nV/VHz 
19nV/VHz 

±15V 
±(5 to 20)V. 
6mA max (4mA typ) 

o to +70
o

C 
-65°C to +150o C 

AD509JH 

1 See Section 20 for package outline information. 

Specifications subject to change without notice. 

+Vs 

-Vs 

AD509K 

10,000 min (15,000 typ) 
7,500 min 

1500kHz min (2.0MHz typ) . 
500ns max (200ns typ) 
2.5J.1s max (l.OJ.ls typ) 

8mV max (4mV typ) 
11mV max 
30J.lV/oC max (20J.lV/C typ) 
100J.lVIV max 

200nA max (lOOnA typ) 
400nA max 

25nA max (lOnA typ) 
50nA max 

50Mrl min (lOOMrl typ) 

BOdB min (90dB typ) 

ADS09KH 

Simplified Nulling Circuit 
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AD509S 

100VIJ.ls min (120VIJ.ls typ) 
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APPLYING THE ADS09 

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 % (l2-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 factors, there is no simple approach to 
predicting its final value to different levels of accuracy. In 
particular, 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 :t.t1E -I 
OR :t.~ xl00% 

Figure 1. Settling Time 

The ADS09K and ADS09S are 100% tested and guaranteed 
to settle to 0.1 % in SOOns and 0.01% in 2.SJIs (see Test 
Circuit, Figure 2). Note that the devices are tested compen
sated, at a gain of one, with a SOpF capacitive load. There is 
no appreciable degradation in settling time when the capaci
tive 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 

5pF 

2k!! 

DECOUPLING CAPACITORS 
OMmEO FOR CLARITY 

SCOPE 

Figure 2. AD509 Settling Time Test Circuit 

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 
1.5JIs. The top trace represents the output signal; the bottom 
trace represents the error signal. 

OUTPUT 

ERROR 
SIGNAL 

I 
rl 

.-
.0 

4 

u~ 

I __ f>~$lf-

L.. ... • m 

41-P~~1-

Figure 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., Skrl; 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 15pF capacitor, with a 
SOOpF capacitive load on the output. Note that settling time 
to 0.01 % is still under 2.0JIs. 

OUTPUT 

ERROR 
SIGNAL 

I 
II • .0 

+ 
J~'" 

1 
m 

1 

1--r:.l--

1-- ':t--

Figure 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.SJIs. 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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The O.lJ..LF 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.lpF 
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 
directly connected to the appropriate terminal (pin 7 [V+ I). 

INVERTING 
INPUT 

NON INVERTING 
INPUT 

O.1I'F 
CERAMIC DISC 

~ 
TO SIGNAL 

~'-------, COMMON POINT 

O.1I'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-OUTPUT D-TO-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 settling time of the combination depends on the settling 
time of the DAC and the output amplifier. A good approxima
tion is: 

ts TOTAL = .J(ts DAC)2 + (ts AMP) 2 

Some IC DACs settle to final output value in 100-500 nano
seconds. Since most IC op amps require a longer time to settle 
to ±O.l % or ±0.01 % of final value, amplifier settling time can 
dominate total settling time. And for a l2-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. 

VOL. 1,4-46 OPERA TlONAL AMPLIFIERS 

In addition, it is suggested that all connections be short and 
direct, and as physically close to the case as possible, so 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 lN9l4 types are suitable for more. 
routine uses. 

Capacitors in critical locations are polystyrene, teflon, or 
polycarbonate to minimize dielectr,ic 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 ill any feedback networks used 
with the amplifier. ~inimize noise pickUp. 

III 
." 

... ' 
g~ 
Z.., 
...... ....., 
o~ 

0 
> 

120 

100 

80 

80 

40 

20 

-20 
10 

..... 
~ ... 

" >' 
3 OpF ... 

I I X>! F 

I 
100 lk 

1I11 
op'lI 

I'- ~ 30P~ 
~~ 

" 1 Op ..... iNk 
"'1'-: '''~ ~. .. 

""~~. ~." .... ..... 
10k lOOk 1M 10M 100M 

FREQUENCY - Hz 

Figure 7. Open Loop Frequency Response for Various Cc's 

Figure 8 shows the ADS09K connected as an output amplifier 
with the ADS6SK, high speed l2-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 l2-bit accuracy over the operating 
temperature range. 

Figure 8. AD507 as an Output Amplifier for a Fast Current
Output D-to-A Converter 
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WDEVICES 

Low Cost, Laser 
Trimmed, Precision IC Op Amp 

FEATURES 
Low Cost 
Low Vas: 25J.1V max (AD510L), 100JlV max (AD510J) 
Low Vas Drift: 0.5JlVfC max (AD510L) 
Internally Compensated' 
High Open Loop Gain: 106 min 
Low Noise: 1JlV POp 0.01 to 10Hz 

PRODUCT DESCRIPTION 
The ADS 10 is the first low cost high accuracy IC op amp 
available. Analog Devices' precise thermally-balanced layout 
combined with high-yield IC processing provides truly super
lative op amp performance at the lowest possible cost. The 
device is internally compensated, thus eliminating the need 
for an additional external capacitor. 

A truly precision device, the AD510 achieves laser trimmed 
offset voltages less than 25JlV max and offset voltage drifts of 
0.5JlV/C max (nulled). Bias currents and offset currents are 
available at less than lOnA and 2.5nA respectively, while open 
loop gain is maintained at over 1,000,000, even under loaded 
conditions. Designed along a thermal axis, the ADS 10 is un
affected by thermal gradients across the monolithic chip 
caused by current loading. 

The ADS 10 has fully protected inputs, permitting differential 
input voltages of up to ±V s without voltage gain or bias current 
degradation due to reverse breakdown. The output is also pro
tected from short circuits and drives 1000pF of load capaci
tance without oscillation. 

The ADS 10 is specifically designed for applications requiring 
high precision at the lowest possible cost, such as bridge instru
men'ts, stable references, followers and analog computation. 
Packaged in a hermetically-sealed TO-99 metal can, the AD510 
is available in three versions of performance 0, K and L} over 
the commercial temperature range, 0 to +70

o
C and one version 

(5) over the full military temperature range, -55~C to +125°C. 

AD510 ,. 

AD510 FUNCTIONAL BLOCK DIAGRAM 

4 

-Vs 

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
1. Offset voltage drift is guaranteed and 100% tested.on all 

models with a controlled temperature drift bath with the 
offset voltage nulled. Offset voltage on the AD510L is 
tested following a 3 minute warm-up. 

2. The AD510 offers fully protected input (to ±V s) and output 
circuitry. The input protection circuit prevents offset vol
tage and bias current degradation due to reverse breakdown, 
a critical factor in high accuracy op amps where overall 
performance is strongly dependent on front-end stability. 

3. Internal compensation eliminates the need for elaborate and 
costly stabilizing networks, often required by many high 
accuracy IC of> amps. 

4. A thermally balanced layout maintains high gain (1,000,000 
min, K, Land 5) independent of offset nulling, power sup
ply voltage and output loading. 

5. Bootstrapping of critical input transistors produces CMRR 
and P5RR of 1l0dB min and 100dB min, respectively. 
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SPECIFICATIONS (typical @+25°C and +15V dc unless otherwise noted) 
AD510SH 

MODEL AD510]H AD510KH AD510LH (AD510SH/883B) 

OPEN LOOP GAIN 
VOS = ±lOV, RL > 2kf2 250,000 min 106 min 

Tmin to T max 125,000 min 500,000 min 250,000 

OUTPUT CHARACfERISTICS 
Voltage @ RL ~ 2kf2, T min to Tmax ±10V min 
Load Capacitance 1000pF 
Output Current lOrnA min 
Short Circuit Current 2SmA 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 300kHz 
Full Power Response l.5kHz 
Slew Rate, Unity Gain O.lOVIJ.,Ls 

INPUT OFFSET VOLTAGE 
Initial. Offset, Rs ~ lOkf2 100J.,LV max SOJ.,LV max 2SJ.,LV max ** 
vs. Temp., T min to T max 3.0J.,LV/C max 1.0J.,LV/C max O.SJ.,LV/oC max 
\o"j. Supply 25J.,LVIV max 10J.,LV/V max 

TmintoTmax 40J.,LVIV max lSJ.,LVIV max 20J.,LV/V max 

INPUT OFFSET CURRENT 
Initial SnA max 4nA max 2.5nA max 

TmintoTmax 8nA max 6nA max 4nA max 10nA max 

INPUT BIAS CURRENT 
Initial 25nA max 13nA max lOnA max 
T min to Tmax 40nA max 20nA max lSnA max 30nA max 
vs. Temp, T min to T max ±100pA/C ±50pA/oC ±40pA/oC 

INPUT IMPEDANCE 
Differential 4Mf2 6Mf2 ** 
Common Mode 100Mf2114pF 

INPUT NOISE 
Voltage, O.lHz to 10Hz IJ.,LV p-p 

f = 10Hz 18nV/$z 
f = 100Hz 13nV/y'th 
f = 1kHz 10nV/v"ih 

Current, f = 10Hz O.SpA/Vfu 
f = 100Hz 0.3pA/y'Hz 
f = 1kHz 0.3pA/YHZ 

INPUT VOLTAGE RANGE 
Differential or Common Mode 

max safe ±VS 
Common Mode Rejection, V in = 

±lOV 94dB min 1l0dB min 
Common Mode Rejection, T min 

to Tmax 94dB 100dB min 

POWER SUPPLY 
Rated Performance ±15V 
Operating ±(S to 18)V ±(S to 22)V 
Current, Quiescent 4mA max 3mA max 

TEMPERATURE RANGE 
Operating Rated Performance o to +70°C -SSoC to +f2SoC 
Storage -6S

o
C to +lS0

o
C 

PACKAGE OPTIONS: 1 TO-99 Style (H08B) ADSIOjH AD510KH AD510LH AD510SH 

NOTES, 
• Specifications same as AD510JH. 
• • Specifications same as.AD510KH. 
I See Section 20 for package oudine information. 
Specifications subject to change without notice. 

VOL. 1,4-48 OPERA TlONAL AMPLIFIERS 



Applying the AD510 
TYPICAL 

NON-INVERTING AMPLIFIER CONFIGURATION 

NULLING THE AD510 
Nulling the AD510 can be achieved using the high resolution 
circuit of Figure 1. 

1. Null the offset to zero using a commercially available pot 
(approximately 10k!1). 

2. Measure pot halves, RI and R2. 

, RI x 50k!1 ,R2 x 50k!1 
3. Calculate ... R I = R2 = --=---

50k!1 - RI 50k!1 - R2 

4. Insert RI' and R2' (closest 1 % fixed metal film resistors). 

5. Use an industrial quality 100k!1 pot (rp ) to fine tune the trim. 

Nulling to within 1 microvolt can be achieved using this tech
nique. For best results, the wiper of the potentiometer should 
be connected directly to pin 7 of the op amp. 

~~ t r' <D 2. ® w .~ 

. 
rp 

Figure 1. High Resolution, High Stability Nulling Circuit· 

THE AD510L IN A SIMPLE INSTRUMENTATION AMPLIFIER 
The circu.it of Figure 2 illustrates a simple instrumentation 
amplifier suitable for use with strain gauges, thermocouples 
and other transducers. It provides high input impedance to 
ground at each of the differential input terminals and excellent 
common mode rejection. 

+15V 

-15V 

INPUT 

INPUT 
>-------0 OUTPUT 

+ 0---------; 

Figure 2. Instrumentation Amplifier 

The configuration shown is designed for a gain of 10, however 
the gain can be varied upwards by adding a gain select 
resistor RS. In operation, amplifier Al provides a gain of 1019 
for signals at the negative input terminal. This output feeds the 
inverting amplifier A2, which has a gain of 9, resulting in an 
overall gain of 10. For signals at the positive input, the output 
of Al is at ground potential and the amplifier A2 provides a 
gain of 10. Thus, the circuit has a gain of 10 for differential 
signals and 0 for common mode signals; the very high CMRR 
and open loop gain of the AD510L automatically produces 
common mode rejection of at least 25,000 at dc at a gain of 
10 and over 1,000,000 at a gain of 1000. The common mode 
rejection, of course, depends upon the resistor ratios and their 
specified tolerance. Less accurate resistors can be used if the 
network is trimmed. 

For gains of 10 the frequency response is down 3dB at 500kHz, 
for gains of 1000, 2kHz. Full output of ±lOV can be attained 
up to 1800Hz. 

The common mode rejection at 60Hz is limited by the finite 
gain bandwidth of Al causing a phase lag on the negative input 
signal. At 60Hz the CMRR measures 72dB at a gain of 1000 
and 62dB at a gain of 10. 
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Figure 3. Small Signal Gain vs. Frequency 
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r.ANALOG 
WDEVICES 

Precision, low-Power 
FET -Input Electrometer Op Amp 

FEATURES 
Ultra Low Bias Current: 0.075pA max (AD515L) 

0.150pA max (AD515K) 
0.300pA max (AD515J) 

Low Power: 1.5mA max Quiescent Current 
(O.SmA typ) 

Low Offset Voltage: 1.0mV max (AD515 K & L) 
Low Drift: 151lVfC max (AD515K) 
Low Noise: 41lV POp, 0.1 to 10Hz 
Low Cost 

PRODUCT DESCRIPTION 
The AD515 series of FET-input operational amplifiers are 
second generation electrometer designs offering the lowest in
put bias currents available in any standard operational amplifier. 
The AD515 also delivers "Iaser-trimmed offset voltage, low drift, 
low noise and low power, a combination of features not pre
viously available in ultra-low bias current circuits. All devices 
are internally compensated, free of latch-up, and short circuit 
protected. 

The AD515 delivers a new level of versatility and preci~ion to a 
wide variety of electrometer and very high impedance buffer 
measurement situations, including photo-current detection, 
vacuum ion~auge measurement, long term precision integra
tion, and low drift sample/hold applications. The device is also 
an excellent choice for all forms of biomedical instrumentation 
such as pH/pIon sensitive electrodes, very low current oxygen 
sensors, and high impedance biological micro probes. In addi
tion, the low cost and pin compatibility of the AD515 with 
standard FET op amps will allow designers to upgrade the per
formance of present systems at little or no additional cost. 
The 1015 ohm common mode input impedance, resulting from 
a solid bootstrap input stage, insures 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, as well as reducing 
common mode input capacitance from 0.8pF to 0.2pF. 

The AD515 is available in three versions of bias current and 
offset voltage, the "J", "K", and "L"; all are specified for 
rated performance from 0 to +70

o
C and supplied in a hermetic

ally sealed TO-99 package. 

AD515 I 

AD515 FUNCTIONAL BLOCK DIAGRAM 

GUARD PIN (CONNECTEO TO CASE) 
TAB 

v-

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
1. The AD515 provides the lowest bias currents available in an 
integrated circuit amplifier. 

• The ultra low input bias currents are specified as the·max
imum measured at either input with the device fully 
warmed up on ±15 volt supplies at +25°C ambient with 
no heat sink. This parameter is 100% tested. 

• By using ±5 volt supplies, input bias current can typically 
be brought below 50fA. 

2. The input offset voltage on all grades is laser trimmed to a 
level typically less than 5001lV. 

• The offset voltage drift is the lowest available in an FET 
electrometer amplifier. 

• If additional nulling is desired, the amount required will 
have a minimal effect on offset drift (approximately 

. 31lVtC per millivolt). 

3. The low quiescent current drain of 0.8mA typical and 
1.5mA maximum, which is among the lowest available in opera
tional amplifier designs of any type, keeps self-heating effects 
to a minimum and renders the AD515 suitable for a wide range 
of remote probe situations. 

4. The combination of low input n'oisevoltage and very low in
put noise current is such that for source impedances from much 
over one Megohm up to 1011 ohm, the Johnson noise of the 
source will easily dominate the noise characteristic. 
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SPECIFICATIONS (typical @ +25°C with Vs = ±15V dc, unless otherwise specified) 

MODEL 

OPEN LOOP GAIN I 
VOUT = ±10V, RL ~ 2kn 

RL ~ lOkn 
TA = min to max RL ~ 2kn 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kn, T A = min to max 

@ RL = IOkn, TA =mintomax 
Load Capacitance2 

Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate Inverting Unity Gain 
Overload Recovery Inverting Unity Gain 

INPUT OFFSET VOLTAGE 3 

vs. Temperature, TA = min to max 
vs. Supply, TA = min to max 

INPUT BIAS CURRENT 
Either Input4 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT NOISE 
Voltage, O.lHz to 10Hz 

f = 10Hz 
f = 100Hz 
f = 1kHz 

Current, 0.1 to 10Hz 
10Hz to 10kHz 

INPUT VOLTAGE RANGE 
Differential 
Common Mode, TA = min to max 
Common Mode Rejection, VIN = ±10V 
Maximum Safe Input VoltageS 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

TEMPERATURE 
Operating, Rated Performance 
Storage 

AD515J 

20,OOOVIV min 
40,OOOV/V min 
15,OOOV/V min 

±IOV min (± 12V typ) 
±12V min (±13V typ) 
1000pF 
lOrnA min (25mA typ) 

350kHz 
5kHz min (16kHz typ) 
0.3V//J.s min (1.0V//J.s typ) 
100/J.s max (16/J.s typ) 

3.0mV max (O.4mV typ) 
50/J.V/C max 
400/J.VIV max (50/J.VIV typ) 

300fA max 

1.6pF1I1013 n 
0.SpF1I101 5 n 

4.0/J.V (I?:£) 
75nV/yHz 
55nWv'Hz" 
50nV/VHZ 
O.003pA (p-p) 
O.01pA rms 

±20V min 
±10V min (±12V typ) 
66dB min (94dB typ) 

±Vs 

±15V typ 
±5V min (±lSV max) 
1.5mA max (O.SmA typ) 

o to +70
o

C 
-65°C to +150

o
C 

PACKAGE OPTIONS6
: TO-99 Style (HOSB) AD515JH 

NOTES 
I Open Loop Gain is specified with or without nulling of VOS. 

AD515K 

40 ,OOOV IV min 
100,OOOV/V min 
40,OOOV/V min 

1.0mV max (0.4mV typ) 
'15/J.V/oC max 
100/J.VIV max 

150fA max 

SOdB min 

AD515KH 

2 A conservative design would not exceed 7S0pF of load capacitance. 
31nput Offset Voltage specifications are guaranteed after S minutes of operation at T A = +2So C. 
4 Bias Cu'rrent specifications are guaranteed after S minutes of operation at TA = +2SoC. For 

higher temperatures, the current doubles every + lo°C. 
S If it is possible for the input voltage to exceed the supply voltage, a series protection resistor 

should be added to limit input current to O.SmA. The input device can handle overload 
currents of O.SmA indefinitely without damage. See next page. 

6 See Section 20 for package outline information. 

• Specifications same as ADSISJ. 
Specifications subject to change without notice. 

AD515L 

25,OOOV/V min 
. 50,OOOV/V min 

25,OOOV/V min 

1.0mV max (O.4mV typ) 
25/J.V/oC max 
200/J.V/V max 

75fA max 

70dB min 

AD515LH 

Standard Offset Null Ci(cuit 
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LAYOUT AND CONNECTION CONSIDERATIONS 
The design of very high impedance measurement systems intro
duces 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 AD515, 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 AD515 can comfortably 
drive a long signal cable. 

2. The use of guarding techniques is essential to realizing the 
capability of the ultra-low input currents of the AD515. 
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 pick
up and serves an additional function of reducing the effective 
capacitance to the input line. The. case of the AD515 is brought 
out separately to pin 8 so that the case can also be connected 

·Applying the AD515 
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 Curren:·to- Voltage Converter Inverting 
Configuration 

OPTIONAL Rp 

to the guard po~ential. This technique virtually eliminates poten
tialleakage paths across the package insulation, provides a 

EO=Vs(1+!!.E) 
Rs 

ZIN = 10" nuO.2pF 
noise shield for the sensitive circuitry, and reduces common
mode input capacitance to about O.2pF. Figure 1 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 non-inverting applica
tions. If pin 8 is not used for guarding, it should be connected 
to ground or a power supply to reduce noise. 

O-:T 
6 

~V+ 
(BOTTOM VIEW) 

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

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

3. Printed circuit board layout and construction is critical for 
achieving the ultimate in low leakage performance that the 
AD515 can deliver. The best performance will be realized 
by using a teflon IC socket for the AD515; 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 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. 

Figure 3. Very High Impedance Non-Inverting Amplifier 

INPUT PROTECTION 
The AD515 is guaranteed for a maximum safe input potential 
equal to the power supply potential. The unique bootstrapped 
input stage design also allows differential input voltages of up 
to ±20 volts (or within 10 volts of the sum of the supplies) 
while maintaining the full differential input resistance of 
1013 n, as shown in Figure 10. This makes the AD515 suitable 
for low speed comparator situations employing a direct connec
tion .to a 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 converting 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 AD515 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 O.5mA (for example, 200kn for a 100·volt 
overload). This simple scheme will cause no significant reduc
tion in performance and give complete overload protection. 
Figures 2 and 3 show proper connections. 
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COAXIAL CABLE AND CAPACITANCE EFFECTS 
If it is not possible to attach the ADS 1S virtually on top of the 
signal source, considerable 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 coax
ial 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 cable with graphite lubricant will reduce the noise, but 
short rigid lines are better. Cable movements will also make 
small changes in the internal cable capacitance and capacitance 
to other objects. Since the total charge on these capacitances 
cannot be changed instantly, a noise voltage results as pre
dicted from: flY = Qj6C. Noise voltage is also generated by 
the motion of a conductor in a magnetic field. 

The conductor-to-shield capacitance of coaxial cable is nor
mally about 30pF/foot. Charging this capacitance can cause. 
considerable stretching of high impedance signal rise-time, thus' 
cancelling the low input capacitance feature of the ADS 1 S. 
There are two ways to circumvent this problem. For inverting 
signals or low-level current measurements, the signal is carried 
on the line connected to the inverting input and shielded (guar
ded) by the ground line as shown in Figure 2. Since the signal 
is always at virtual ground, no voltage change is required and 
no capacitances are charged. In many circumstances, this will 
de-stabilize the circuit; if so, capacitance from output to invert
ing input will stabilize the circuit. 

Non-inverting and buffer situations are more critical since the 
signal line voltage and therefore charge will change, causing sig
nal delay. This effect can be reduced considerably by connect
ing the cable shield to 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 destabilize and 
oscillate. If so, capacitance from positive input to ground must 
be added to make the net capacitance at pin 3 positive. This 
technique can considerably -reduce the effective capacitance 
which must be charged. 

Typical Performance Curves 
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ELECTROMETER APPLICATION NOTES 
The AD515 offers the lowest 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. Performing 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 AD515 and perhaps extending its 
performance limits. 

1. As with all junction FET input devices, the temperature 
of the FET's 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 lOOC;'therefore, every effort should be 
made to minimize device operating temperature. 

2. ,The heat dissipation can be reduced initially by careful 
investigation of the application. First, if it is possible to re
duce the required power supplies, this should be done since 
internal power consumption contributes the largest compo
nent of self-heating. To minimize this effect, the quiescent 
current of the AD515 has been reduced to a level much 
lower than that of any other electrometer-grade device, but 
additional performance improvement can be gained by low
ering the supply voltages, to ±5 volts if possible. The effects 
of this are shown in Figure 8, which shows typical input bias 
current and quiescent current versus supply voltage. 

3. Output loading effects, which are normally ignored, can 
cause a significant increase in chip temperature and there
fore bias current. For example, a 2kn load driven at 10 
volts at the output will cause at least an additional 25 milli
watts dissipation in the output stage (and some in other 
stages) over the typical 24 milliwatts, thereby at least dou
blLng 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 2kn load, to reduce this 
additional dissipation, we recommend restricting the load 
impedance to be at least 10kn. 
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ADSlS CIRCUIT APPLICATION NOTES 
The ADS 15 is quite simple to apply to a wide variety of appli
cations because of the pre-trimmed 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 thisdevice 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 destabilized 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 
desired to limit bandwidth and thereby reduce wideband noise. 

Selection of passive
1 
components employed in high impedance 

situations is critical. High-megohm 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-megohm resistors is a glass body sprayed 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 ADS 15 is usually unnecessary and 
probably undesirable. At the large source impedances where 
these effects matter, obtaining quality, matched resistors will 
be difficult. 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 40%. Noise currents driving 
the resistors also add, but in the AD515 are significant only 
above 10 11 n. 

+ 

OUTPUT 

(ALL RESISTORSOF SAME NUMBER SHOULD BE MATCHED ,o.1%1 

(BUFFER Al BOOSTS COMMON MODE Z,N BY DRIVING CABLE SHIELDS 
AT COMMON MODE VOLTAGE AND NEUTRALIZING CM CAPACITANCE 1 

Figure ". Very High Impedance Instrumentation Amplifier 
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L..-__ ....... _-+-<> RESET 

(NEGATIVE PULSEI 

OUT 

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

WW-LEVEL CURRENT TO VOLTAGE CONVERTERS 
Figure 2 shows a standard low-level current-to-voltage conver
ter. To obtain higher sensitivity, it is obvious to simply use a 
higher value feedback resistor. However, high value resistors 
above 109 n 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 gain, but the precision perfonnance of the AD515 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 non-invert

. ing terminal thus forcing that voltage at the inverting terminal. 
The current is sensed by RF, and the AD521 instrumentation 
amplifier converts the floating differential signal to a single
ended output. 

I. 
10'n 

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



r.ANALOG 
WDEVICES 

Low Cost, Laser 
Trimmed, Precision IC Op Amp 

FEATURES' 
Low Input Bias Current: 1nA max (AD517L) 
Low Input Offset Current: O.25nA max '(AD517L) 
Low Vos: 50llV max (AD517L), 150llV max (AD517J) 
Low Vos Drift: 1.31lVfC (AD517L) 
Internal Compensation 
Low Cost 

PRODUCT DESCRIPTION 

1" 

The AD5l7 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 AD517 is laser trimmed at the wafer level (LWT) to pro
duce offset voltages less than 50[JV and offset voltage drifts 
less than 1.31lV/C unnulled. 5uperbeta input transistors pro
vide extremely low input bias currents of InA max and offset 
currents as low as 0.25nA max. While these figures are com
parable to presently available BIFET amplifiers ~t room tem
perature, the AD5l7 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 AD 517 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 AD5l7 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 1000pF. 

The AD5l7 is well suited to applications requiring high pre
cision and excellent long-term stability at low cost, such as 
stable references, followers, bridge instruments and analog 
computation circuits. 

The circuit is packaged in a hermetically sealed TO-99 metal 
can, and is available in three performance versions 0, K, and 
L) specified over the commercial 0 to +70

o
C range; and one 

version (AD 5175) specified over the full military temperature 
range, -55°C to +125°C. The AD5l75 is also available with 
processing to the requirements of MIL-5TD-883, Level B. 

AD517 
AD517 FUNCTIONAL BLOCK DIAGRAM. 

4 

-Vs 

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 

6 OUTPUT 

NC 

1. Offset voltage is 100% tested and guaranteed on all models. 
Testing is performed following a 5 minute warm-up period. 

2. The AD517 exhibits extremely low input bias currents 
without sacrificing CMRR (over 100dB) or offset voltage 
stability. 

3. The AD5l7 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). 

5. The AD5l7 can directly replace 725, 108, and AD510 am
plifiers. In addition, it can replace 74l-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 ~ulling, and power supply variations. 
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SPECIFICATIONS (typical @+25°C and ±15V dc unless otherwise noted) 

MODEL ADSI7] ADSl7K ADSl7L ADS17S 1 

OPEN LOOP GAIN 
Vo = ±10V, RL ~ 2H2 106 min 
Tmin to Tmax 500,000 min 2S0,000 

OUTPUT CHARACfERISTICS 
Voltage @ RL ~ 2kn, Tmin to Tmax ±1OV min • 
Load Capacitance 1000pF • 
Output Current lOrnA min • 
Short Circuit Current 2SmA • 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 2S0kHz • 
Full Power Response l.SkHz • 
Slew Rate, Unity Gain 0.10VIJ,Ls • 

INPUT OFFSET VOLTAGE 
Initial Offset, Rs ~ 10kn lS0J,LV max 7SJ,LV max SOJ,LV max .* 

vs. Temp., Tmin to Tmax 3.0J,LVtCmax 1.8J,LV/C max 1.3J,LV/oC max ...... 

vs. Supply 2SJ,LV/v max 10J,LV/v max ** .* 

(Tmin to Tmax) 40J,LV/v max lSJ,LV/V max ** 20J,LV/V max 

INPUT OFFSET CURRENT 
Initial InA max 6.7SnA max 0.2SnA max .* 

Tmin to Tmax l.SnA max 1.2SnA max 0.4nA max 2nA max 

INPUT BIAS CURRENT 
Initial SnA max 2nAmax InA max .* 

Tmin to Tmax 8nAmax 3.SnA max l.SnA max 10nA max 
vs. Temp, Tmin to Tmax ±20pA/C ±10pA/C ±4pAfc .* 

INPUT IMPEDANCE 
Differential lSMnll1.spF 20Mn 111.SpF ** .* 

Common Mode 2.0x1011 n * 

INPUT NOISE 
Voltage, 0.1Hz to 10Hz 2J,LVp-p 

f = 10Hz 3SnV/YHZ 
f = 100Hz 2SnV/$z 
f = 1kHz 20nV/$z 

Current, f = 10Hz· O.OSpA/y'iTz 

f = 100Hz 0.03pA/yHZ 

f= 1kHz 0.03pA/y'HZ 

INPUT VOLTAGE RANGE 
Differential or Common Mode max Safe ±VS • 
Common Mode Rejection, Yin = ±10V 94dB min 110dB min ** .* 

Common Mode Rejection, Tmin to Tmax 94dB min 100dB min ** .* 

POWER SUPPLY 
Rated Performance ±lSV 

Operating ±(S to 18)V ±(S to 22)V 
Current, Quiescent 4mAmax 3mAmax ** .* 

TEMPERATURE RANGE 
Operating Rated Performance o to +70

o
C -SSoC to +12SoC 

Storage -6SoC to +1S0oC • 

PACKAGE OPTION: 2 TO-99 Style (H08B) ADS17JH ADS17KH ADS17LH ADS17SH' 

NOTES 
*Specifications same as ADS17] 
··Specifications same as ADS17K 
1 The ADS17S is available processed and screened to the requirements of MIL-STD-883, Level B. 
2 See Section 20 for package outline infonnation. 
Specifications subject to change without notice. 
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NULLING THE AD517 
The internally-trimmed offset voltage of the AD 517 will be low 
enough for most circuits without further nulling. However, in 
high precision applications, the AD517 may be nulled using 
either of the following methods: 

Figure 1A shows a simple circuit using a 10kn, 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 11lV is desired. This circuit has the advantage 
that potentiometer i?stabilit~ effects are reduced by a factor 
of ten. Values of RI 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 RI and R2. 

3. Calculate: 

R I _ R2 x 50kn 
2 - 50kn-R2 

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

5. Use a lOOk, ten-turn pot for Rp to complete the nuJling. 

1 

A. Simple 

Rl' 

~'-------~~~------~~8 

B. High Precision 

Figure 1. 'Nulling Circuits 

AN INSTRUMENT INPUT AMPLIFIER USING THE AD517L 
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 

R2 
10k 1% 

R1 
10Mn 
1% 

Applying the AD517 
+15V 

6 

R10 
90k 0.02% 

R11 
9k 0.02% 

R12 
900n 0.02% 

R13 
100n 0.02"10 

Figure 2. Stable Instrument Input Amplifier 

Input impedance of this amplifier is 10 megohms, determined 
by resistor R 1 . 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. 

Gain switching is accomplished in the feedback network. The 
divider consisting of RIO' RU ' R12 and R13 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 R9 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 AD517 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 of the 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 AD517. 
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r.ANALOG 
WDEVICES 

Low Cost, 
High Speed, IC Operational Amplifier 

FEATURES 
Low Cost 
High Slew Rate: 70V/ps 
Wide Bandwidth: 12MHz 
60° Phase Margin (At Unity Gain Crossover) 
Drives 300pF Load 
Guaranteed Low Offset Drift: 
, 15pVtC Max (AD51BK) 
Pin Compatible With 11B·Type 

Op Amp Series 
MI L-STD·883 Availability 

PRODUCT DESCRIPTION 
The ADS18J, ADS 18K, and ADS18S are high speed precision 
monolithic operational amplifiers designed for applications 
where slew rate and wide bandwidth are required, but low 
cost an~ ease of use are essential. The devices are internally 
compensated for unity gain applications with a 60° phase 
margin to insure stability, a minimum unity gain slew rate of 
SOV/ps, and a typical bandwidtl) of 12MHz. In addition, in 
inverting applications external feed forward compensation 
may be added to increase the slew rate to over 1 OOV Ips, 
and nearly double the bandwidth. If desired, settling time to 
0.1 % can be reduced to under Ips with a single external 
capacitor. 

The ADS18's dc performance is consistent with its precision 
dynamic characteristics. The devices feature offset voltages 
below 2mV, maximum offset drifts of lSpV/oC, and offset 
currents below SOnA max. 

The high slew rate, fast settling time, ease of use, and low cost 
of the ADS18 make it ideal for use with D/A and AID 
converters, as well as active filters, sample·and·hold circuits, 

, and as a general purpose, fast, wideband amplifier. The 
ADS18 is supplied in the TO-99 package. The ADS18J and 
ADS18K are specified for operation over the 0 to +700 C 
temperature range; the ADS18S for operation from -SSoC to 
+12SoC. ' 

AD518 1 

ADS18 FUNCTIONAL BLOCK DIAGRAM 

BALANCE 
COMPENSATION 2 

BALANCE 
COMPENSATION 1 

-INPUT 

PRODUCT HIGHLIGHTS 

v
TO·99 

TOP VIEW 

OUTPUT 

BALANCE 
COMPENSATION -3 

1. The ADS18 offers the user high speed performance and 
flexibility previously unavailable at low cost ........ . 

• Internal compensation for unity gain applications 
• Capability to increase slew rate to over 1 OOV Ips and 

double the bandwidth by an external feedforward 
technique 

• Capability to reduce settling time to under Ips to 
0.1 % with a single external capacitor 

• Differential input capability 

2. The phase margin of the ADS18, uncompensated at the 
unity gain crossover frequency, is 60°, providing 
unconditional stability for all conditions. This conservative 
phase margin represents a clear improvement over that of 
the 118 series IC op amps currently available. 

3. The static performance of the AD518 is consistent with its 
excellent dynamic performance, providing offset voltage 
drift under lSpV/oC, CMRR of BOdB, and offset current 
below SOnA. 
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SPECIFICATIONS (typical @ +250 C and Vs = ±15V dc unless otherwise specified) 

PARAMETER 

OPEN LOOP GAIN 
RL;;" 2k11. Vo = ±lOV 
@ T A = min to max 

OUTPUT CHARACTERISTICS 
Voltage@ RL;;" 2k11, TA = min to max 
Current@ Vo = ±lOV . 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Slew Rate, Unity Gain 
Settling Time to 0.1 % 

(Single Capacitor Compensation) 
Phase Margin, Uncompensated at Unity 

Gain Crossover Frequency 

INPUT OFFSET VOLTAGE 
Initial, RS';; 10k11 
@ T A = min to max 
Avg vs. Temp, T A = min to max 
Avg vs. Supply, T A = min to max 

INPUT BIAS CURRENT 
Initial 
@·TA = min to max 

INPUT OFFSET CURRENT 
Initial 
@ T A = min to max 

INPUT IMPEDANCE 
Differential 

INPUT VOLTAGE RANGEl 
Common Mode. max safe 
Operating, Vs = ±lSV 
Common Mode Rejection Ratio 

POWER SUPPLY 
Rated Performance 
Operating 
Current, Quiescent 

TEMPERATURE RANGE 
Rated Performance 
Storage 

PACKAGE OPTION: 2 TO-99 Style (HOSA) 

NOTES 
I The inputs arc shunt with back-to-back diodes; if the differential 
input exceeds ± I volt, a resistor should be used to limit the input 
current to lOrnA. 

2 See Section 20 for package outline information. 
·Specifications same as AD518J. 
Specifications subject to change without notice. 
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ADSl8J 

25,000 min (100,000 typ) 
20,000 min 

±12V min (±13V typ) 
±lOmA 
25mA 

l2MHz 
50V/l1s min (70V/l1s typ) 

800ns 

10mV max (4mV typ) 
l5mV max 
1011V/oC 
65dB min (SOdB typ) 

SOOnA max (l20nA typ) 
750nA max 

200nA max (30nA typ) 
300nA max 

0.5M11 min (3.0M11 typ) 

±VS 
±ll.SV 
70dB min (100dB typ) 

±lSV 
±(5 to 20)V 
lOrnA max (SmA typ) 

o to +70o C 
-6SoC to +lSOoC 

AD51SjH 

ADSl8K 

, 50,000 min (100,000 typ) 
25,000 min 

4mV max (2mV typ) 
6mV max 
lSI1V/oC max (SI1V/oC typ) 
80dB min (90dB typ) 

250nA max (l20nA typ) 
400nAmax 

50nA max (6nA typ) 
100nA max 

80dB min (lOOdB typ) 

7mA max (SmA typ) 

AD51SKH 

ADSl8S 

50,000 min (100,000 typ) 
25,000 min 

4mV max (2mV typ) 
6mV max 
20I1V/oC max (10IlV/C typ) 
80dB min (90dB typ) 

250nA max (l20nA typ) 
400nA max 

SOnA max (6nA typ) 
100nA max 

SOdB min (lOOdB typ) 

7mA max (5mA typ) 

AD51SSH 



ST ABILI1Y & PHASE MARGIN 
Perhaps one of the most meaningful ways to express the 
relative stability of a closed loop amplifier is in terms of phase 
margin. Phase margin is measured at that frequency where the 
open loop gain of the amplifier becomes unity or OdB. It is 
the additional amount of phase shift that, if introduced in the 
loop, would make the loop unstable. 

At very low frequencies the gain of most operational 
amplifiers is generalIy large. Moreover, the amplifier output 
signal is very nearly in phase with the differential input signal. 
This output is, therefore, nearly 180° out of phase with the: 
feedback signal applied to the inverting input. At sufficiently 
high frequencies the gain of the amplifier begins to decrease as 
a function of frequency, with the resulting consequence of a 
lagging phase characteristic. That is, as the gain falls with 
increasing frequency, the phase of the output signal at a given 
frequency will lag the phase of the input signal. The phase 
shift depends most critically on the slope of the gain curve 
with respect to the logarithm of the frequency at the 
frequency where the phase is measured. If the gain changes 
more rapidly than 12dB/octave over a substantial frequency 
range, the minimum resulting phase shift may exceed 180°. 

To insure amplifier stability, it is necessary that the phase 
shift near the unity gain frequency (12MHz inthe AD518) is 
less than 180°. Moreover, it is generally required that the 
phase shift be substantially below the critical stability point 
to insure proper system performance. If the unity gain phase 
shift approaches 180°, the system will be on the verge of 
oscillation. As a result, there will be a large peak in the closed 
loop response near the unity loop gain frequency. This 
sharply peaked frequency response generally causes an 
undesirable small signal transient response with a poorly 
damped overshoot. 

The term phase margin refers to the difference between 180° 
and the actual frequency-dependent phase shift at the system 
unity gain frequency. It is the margin between the actual 
system phase shift and the critical phase shift at which 
oscillation will occur. Not only does it indicate the relative 
immunity to oscillation, but it also gives some indication 
about the peaking and overshoot that can be expected. 

The simple pole or frequency response of a single R-C network 
has a gain slope of 6dB/octave. This response has an 
associated phase shift which is asymptotic to -900

• Linear 
systems which are dominated by this characteristic in their 
open loop response are stable. They show no overshoot or 
ringing in their smalI signal transient response. Additional 
poles, either above or below the unity loop gain frequency, 
will add phase shift. As phase shift increases up to a lagging 
phase of about 120°, representing a 60° phase margin, little 
or no peaking will result. As the unity gain phase shift 
increases, peaking becomes more and more evident. For 
example, as the phase shift reaches 160° (20° of phase 
margin), between 9 and lOdB of peaking will occur. 

The AD518 has been designed for a 600 phase margin at the 
unity gain cr<?ssover frequency, for absolute stability and 
absence of ringing and overshoot. (Note the transient response 
of the AD518 in Figure 1.) Note also in Figure 2 that the 
phase shift at 12MHz, the unity gain crossover frequency, is 
120°, representing 60° of phase margin. 
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Figure 1. Transient Response of the AD518 
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Figure 2. Amplitude and Phase Response of the AD518 

THE FLEXIBILITY OF THE AD518 
MINIMUM SETTLING TIME APPLICATIONS 
For applications where a minimum settling time is desired, the 
settling time of the AD518 may be reduced significantly by 
employing the compensation scheme suggested in Figure 3. 

5pF 

10k 
INPUT ()--JVIIIf--~ 

OUTPUT 

5k 

Figure 3. Minimum Settling Time Compensation 

Using the O.lJ.LF capacitor from Pin 5 to V+ (Pin 7), the 
settling time to 0.1 % is reduced from 2J.Ls to 800ns. 
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HIGHER BANDWIDTH OR 
HIGHER SLEW RATE APPLICA nONS 
For applications where higher bandwidth is desired, the 
bandwidth of the AD518 may be increased to nearly 
25MHz by using the feedforward technique shown in 
Figure 4. 

Sk 

3k 

Sk 
INPUT O--'l/lJ'V-~~ 

OUTPUT 

2.Sk 

Figure 4. High Bandwidth Configuration 

For applications where higher slew rate is desired, the slew 
rate of the AD518 may be nearly doubled using the technique 
shown in Figure 5. 

5k 

Sk 
INPUT O-..J\I\/Ir-...... -::-\ 

OUTPUT 

lk 

Figure 5. High Slew Rate Configuration 

Note that the techniques of Figures 4 and 5 may be used in 
conjunction with each other to both double the bandwidth 
to 25MHz and increase the slewrate to 100-140VIJ.ls. 

USING THE AD518 
The connection scheme employed when using the AD518 is 
considerably more important than for low frequency, general 
purpose amplifiers. The primary purpose of the O.IJ.lF bypass 
capacitors shown in Figure 6 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, 
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while the O.lpF capacitor from V+ to signal ground should be 
returned to signal common. This 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. 

When using the AD518, this decoupling configuration should 
be used in conjunction with the configuration of Figures 3, 
4 and 5, depending on the specific application. 

Note that the diagram shows each individual capacitor directly 
connected to the appropriate terminal. 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. 

FEEDFORWARD 
COMPo 

INVERTING 

I O.1~F (CERAMIC DISC) 

... TO SIGNAL COMMON 

~ID--+----o OUTPUT 

NON-INVERTING O.l11F 
(CERAMIC DISC) 

Figure 6. General Purpose Connection Diagram 

NULLING THE AD518 

f.\ ~~~k 17'\ 
~ 

.12ook 

~V+ 
OTHER IC HIGH SPEED AMPLIFIERS AVAILABLE 

AD507 

AD509 

35MHz Gain Bandwidth 
Slew Rate of 25Vlps min 
Bias Current of 15nA max 
Offset Voltage Drift of 15pVtC max 

Settles to 0.01% in IJ.Ls 
Settles to 0.1% in 200ns 
Slew Rate of 100Vlps min 
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WDEVICES 

High Accuracy, Low Cost, 
FET-Input Operational Amplifier 

FEATURES 
Low Cost 
Low Ib: 25pA max (K) 
Low Vos: 20mV max (K) 
Low Vos Drift: 25jJ.V/oC max (K) 
High Differential Input Voltage 

Capability: ±20V 

PRODUCT DESCRIPTION 
The ADS40 is the lowest cost, high accuracy FET-input op 
amp available which provides the user with low bias currents, 
high overall performance, and accurately specified predictable 
operation. The device offers maximum bias currents as low as 
2SpA, offset voltages below 20mV, maximum offset voltage 
drift below 2SjJ.V I C and a minimum gain of 50,000. 

All devices are free from latchup and are short-circuit 
protected. No external compensation is required as the 
internal 6dB/octave roll-off provides stability in closed loop 
applications. 

The ADS40 is suggested for all FET-input amplifier require
ments where low cost is of prime importance. Its performance 
is comparable to modular FET op amps, but its IC 
construction reduces the price significantly below that of 
modules. 

All versions of the ADS40 are supplied in, the hermetically
sealed, B-pin, TO-99 package. The ADS40J and ADS40K 
are specified for 0 to +70oC applications, while the ADS40S 
is offered for operation over the full military temperature 
range of -55°C to +12S°C. 

AD540 I 

ADS40 FUNCTIONAL BLOCK DIAGRAM 

TAB 

v-

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
1. The ADS40 op amp meets specified input bias current and 

offset voltage values after full warm-up. Conventional high 
speed IC testing does not allow for self-heating of the chip 
due to internal power dissipation under operating 
conditions. 

2. The bias currents of the ADS40 are specified as a maximum 
for either input. Conventional Ie FET op amps generally 
specify bias .currents as the average of the two input 
currents. 

3. Unlike many FET-input op amps, the ADS40 allows a 
maximum differential input voltage of ±20V dc. Standard 
"bootstrapped" FET-input op amps permit maximum 
differential input voltages of only about ±3V. 

4. Offset nulling of the ADS40 is accomplished without 
affecting the operating current of the FET's and results 
in relatively small changes in temperature drift characteris
tics. The additional drift induced by nulling is only 
±2.0jJ.V/C per millivolt of nulled offset, compared to 
several times this for other IC FET op amps. 

5. The gain of the ADS40 is measured with the offset 
voltage nulled. Nulling a FET-input op amp can cause the 
gain to decrease below its specified limit. The gain of the 
ADS40 is fully guaranteed with the offset voltage both 
nulled and unnulled. 
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SPECIRCATIONS (typical @+25°C and Vs = ±15V dc unless otheiwise specified) 

MODEL 

OPEN LOOP GAIN! 
Vout = ±IOV, RL;;;;' 2kn 
TA = min to max 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kn, TA = min to max 
Voltage @ RL = lOkn, T A = min to max 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 

INPUT OFFSET VOLTAGE2 

vs. Temperature 
vs. Supply, T A = min to max 

INPUT BIAS CURRENT 
Either Input3 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differen tial4 

Common Mode 
Common Mode Rejection, Yin = ±IOV 

POWER SUPPLY 
Rated Performance 
Operating' 
Quiescent Current 

TEMPERATURE RANGE 
Operating, Rated Performance 
Storage 

PACKAGE OPTIONS: 5 TO-99 Style (H08B) 

NOTES: 
I Open Loop Gain is specified with VOS both nulled and unnulled. 
2 Input Offset Voltage specifications are guaranteed after 5 minutes 

of operation atTA = +2SoC. 
S Bias Current specifications are guaranteed after 5 minutes of 

operation at TA = +2SoC. For higher temperatures, the current 
doubles every 10° C. . 

ADS40J ADS40K ADS40S 

20,000 min 50,000 min •• 
15,000 min 25,000 min •• 

±10V min (±13V typ) 
±12V min (±HV typ) 
2SmA 

1.0MHz 
100kHz 
6.'oV/jls 

SOmV max 20mV max •• 
7SjlV/C max 2SjlV/oC max sopvtc max 
400pV IV max 300jlVN max •• 

SOpA max 2SpA max 

1OIo nll2pF 
101l nll2pF 

±20V 
±IOV min (±12V typ) 
70dB min 

±ISV 
±(S to 18)V 
7mA max (3mA typ) 

o to +70oC 
-65°C to +ISOoC 

ADS40]H ADS40KH ADS40SH 

4Defined as voitage between inputs, such that neither exceeds 
± lOV from ground. 

S See Section 20 for package outline information. 

• Specifications same as ADS40J. 
•• Specifications same as ADS40K. 

Specifications subject to change without notice. 

-Vs 

Standard Offset Nulling Circuit 
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APPLYING THE ADS40 
The ADS40 is especially designed for low cost applications 
involving the measurement of low level currents or small 
voltages from high impedance sources in which bias current 
can be a primary source of error. Input bias current 
contributes to error in two ways: (1) in current measuring 
configurations the bias current limits the resolution of a 
current signal; (2) the bias current produces a voltage offset 
which is proportional to the value of input resistance (in the 
case of an inverting configuration) or source impedance (when 
the non-inverting "buffer" connection is used). The ADS40 
FET-input operational amplifier is, therefore, of use where 
small currents are to be measured or where relatively low 
voltage drift is necessary despite large values of source 
resistance. 

APPLICATIONS CONSIDERA nONS 
BIAS CURRENTS. Most IC FET op amp manufacturers 
specify maximum bias currents as the value immediately after 
turn-on. Since FET bias currents double every lOoC and since 
most FET op amps have case temperature increaseS of lSoC to 
20°C above ambient, initial "maximum" readings may be only 
~ of the true warmed-up value. Furthermore, most IC FET op 
amp manufacturers specify Ib as the. average of both input 
currents, sometimes resulting in twice the maximum bias 
current appearing at the input being used. The total result is 
that SX the expected bias current may appear at either input 
terminal in a warmed-up operating unit. 

The ADS40 specifies maximum bias current at either input 
after warm-up, thus giving the user the values he expected. 

IMPROVING BIAS CURRENT BEYOND GUARANTEED 
VALUES. Bias currents can be substantially reduced in the 
ADS40 by decreasing the junction temperature of the devices. 
One technique to accomplish this is to reduce the operating 
supply voltage. This procedure will decrease the power 
dissipation of the device, which will in turn result in a lower 
junction temperature and lower bias currents. 'The supply 
voltage effect on bias current is shown in Figure 1. 
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Figure 1. Normalized Bias Current vs. Supply Voltage 

Operation of the ADS40K at ±SV reduces the warmed-up 
bias current by 70% to a typical value of SpA. 

A sec~nd technique is the use of a suitable heat sink. 
Wakefield Engineering Series 200 heat sinks were selected to 
demo~strate this effect. The characteristic bias current vs. 
case temperature above ambient is shown in Figure 2. Bias 
current has been normalized with unity representing the 2SoC 

Applying the AD540 
free air reading. Note that the use of the Model 209 heat sink 
reduces warmed-up bias current by 60% to 10pA in the 
ADS40K. 
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Figure 2. Normalized Bias Current vs. Case Temperature 

Both of these techniques may be used together for obtaining 
lower bias currents. Remember that loading the output can 
also affect the power dissipation. 
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Figure 4. Bias Current vs. Common Mode Voltage 

INPUT CONSIDERATIONS. Unlike some FET-input 
operational amplifiers, the ADS40 accommodates differential 
input voltages of up to ±20V .... without any degradation in 
bias current. In certain time-dependent applications, such as 
charge amplifiers and integrators, large differential input 
voltages temporarily occur which may exceed the rated value 
of a typical FET op amp (approximately ±3V differential), 
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By utilizing un-bootstrapped FET's at the inputs, the AD540 
assures the user of expected performance at large differential 
input voltages .... without the use of protective diodes or 
resistors. 

OFFSET VOLTAGE DRIFT. Most commercially available 
IC FET op amps are nulled by adjusting the FET operating 
currents, causing the offset voltage temperature coefficients 
to vary 3 to 6pV/oC per miIIivolt of offset nulled. Thus a 
conventional FET op amp with 20m V initial offset, when 
nulled may display an additional offset drift of 60 to 
120pV 1°C, in addition to its nulled value. 

The AD540 achieves nulling without disturbing the operating 
currents of the FET's, thus allowing a substantial reduction in 
drift. Figure 5 graphically displays the offset drift perform
ance of the AD540, nulled and unnulled. As can be seen, 
nuIIing the device can result in either positive or negative 
offset drifts given by the slope AV os/AT. The nulled curves 
represent the maximum changes in drift, indicating perform
ance considerably better than many other IC FET op amps 
which null Vos by varying the operating currents of the 
FET's. 
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Figure 5. Vos vs. Temperature 

NOISE PERFORMANCE. The noise spectral density vs. 
frequency for the AD540 is given in Figure 6. The curve 
shows approximately 300nV/.y'ih at 10Hz, declining in a 
1If fashion (1/f for power, llJf for voltage) to approximately 
12nV/.y'ih at higher frequencies. 

Current noise in the AD540 is approximately 0.001pA/YHZ at 
low frequencies. Above 300Hz, the current noise generated 
by the op amp increases at a 3dB/octave rate, determined by 
wenCjn, where en = spectral noise density and Cin = input 
capacitance. In most practical applications, the current noise 
from source or feedback resistors wiII be larger than the low 
frequency current noise from the amplifier. 

At high frequencies, the total circuit current noise is equal to 
wenC, where C is the sum of all input and feedback capacitors. 
In well-shielded circuits, C is usually 10 to 100pF, so that the 
wenC can be a significant factor. Thus the user should 
attempt to minimize C. 
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Figure 6. Noise Spectral Density vs. Frequency 

DYNAMIC PERFORMANCE. The AD540 is internally 
compensated to achieve a -3dB bandwidth of 1MHz (see 
Figure 7). At unity gain the full power bandwidth is 50kHz 
minimum, and typically 100kHz. Slew rates are 3V Ips mini
mum and 6V/ps typical (see Figure 8 and Figure 9). 
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r.ANALOG 
WOEVICES Precision Low Cost BIFET Op Amp 

FEATURES 
Low Bias Current: 25pA max, warmed-up 

(AD542K,L), 50pA max (AD542J) 
Low Offset Voltage: O.5mV max (AD542L), 

1.0mV max (AD542K) 
Low Offset Voltage Drift: 5J.lVtC max 

(AD542L), 10/lVtC max (AD542K) 
20/lVtC max (AD542J) 

Low Quiescent Current: 1.5mA max 
Low Price 

PRODUCT DESCRIPTION 
The ADS42 is a precision, monolithic FET-input operational 
amplifier fabricated \'.'ith the most advanced BIFET and 
laser trimming technologies. The ADS42 offers bias currents 
significantly lower than currently available BIFET devices: 
2SpA max, wanned-up for the ADS42K and L, SOpA max for 
the ADS42j. In addition, the offset voltage is laser trimmed to 
less than O.SmV on the ADS42L and 1.0mV on the ADS42K 
utilizing Analog's exclusive laser-wafer-trimming (LWT) proc
ess. When combined with the ADS42's low offset voltage 
drift (S/lV/C max for "L", IO/lV/oC max for "K"), these 
features offer the user IC perfonnance truly superior to exist
ing BIFET op amps - and at low, BIFET pricing. 

The key to BI-FET technology is the ion-implanted jFET. 
lon-implantation (as opposed to diffusion) pennits the fab
rication of precision, matched jFETs on a monolithic bipolar 
chip. Analog Devices optimizes the BIFET process to produce 
bias currents lower than other popular BIFET op amps and 
specifies each device for the maximum value at either input in 
the fully warmed-up condition. Additional benefits of this op
timization include low voltage noise (2/lV pop, 0.1 - 10Hz), 
and low quiescent current. 

The ADS42 is recommended for any operational amplifier 
application requiring excellent dc perfonnance at low and 
moderate costs. Precision instrument front ends requiring 
accurate amplification of millivolt level signals from megohm 
source impedances will benefit from the device's excellent 
combination of low offset voltage and drift, low bias current 
and low lIf noise. High common mode rejection (BOdB, 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. Additionally, band
width and slew rate are much increased over presently avail
able precision, bipolar op amps. 

The ADS42 is available in three versions: the "j", "K" and 
"L", all specified over the 0 to '+70oC temperature range and 
one version, "S", over the -55°C to +12S

o
C military oper

ating temperature range. All devices are packaged in the 
hermetically-sealed, TO·99 metal can. 

AD542 I 

ADS42 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 

TAB 

v-

TO-99 
TOP VIEW 

1. Improved BIFET processing on the ADS42 results in the 
lowest bias current available in a BIFET 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 user that the 
ADS42 will meet its published specifications in actual use. 

3. Laser-wafer-trimming reduces offset voltage to as low as 
O.SmV max (ADS42L), thus eliminating the need for ex
ternal nulling in many situations. 

4. If offset nulling is. required, the additional offset voltage 
drift induced will be minimal. (Offset voltage drift can 
increase an additional 3/lV/C per mV of offset nulled.) 

5. Low voltage noise (2/lV, pop), and low offset voltage drift 
enhance the ADS42's perfonnance as a precision op amp. 

6. The l.SmA max quiescent current enables the device to be 
used in numerous portable applications where low battery 
drain is essential. This is achieved without sacrificing open 
loop gain or the ability to drive up to a lOrnA load. 
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SPECIFICATIONS (typical @ +25°C and Vs = ±15V dc unless otherwise specified) 

MODEL AD542J AD542K AD542L AD542SH (AD542SH/883B)1 

OPEN LOOP c,::;AIN2 

Vout = ±lOV, R L ;;:. 2kn 100,000 min 250,000 min 

TA = min to max 100,000 min 250,000 min 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kn, "fA = min to max ±lOV min (±12V typ) 
Voltage @ RL = 10kn, TA = min to max ±12V min (±13V typ) 
Short Circuit Current 25mA 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 1.0MHz 
Full Power Response 50kHz 
Slew Rate, Unity Gain 3.0V/p.s 

INPUT OFFSET VOLTAGE3 2.0mVmax 1.0mV max O.SmV max 
vs. Temperature 20p.V/oC max 10p.V/oC max 5p.V/oC max l5p.V/oC max 

\'s. Supply, TA = min to max 200p.V/V max 100p.VIV max .. 
INPUT BIAS CURRENT 

Either Input4 50pA max 25pA max 
Input Offset Current SpA 2pA 

INPUT IMPEDANCE 
Differential 1012n1l6pF 
Common Mode 1012 nl16pF 

INPUT VOLTAGE RANGE 
DifferentialS ±20V 
Common Mode ±lOV min (±12V typ) 
Common Mode Rejection, Yin = ± lOV 76dB min 80dB min 

POWER SUPPLY 
Rated Performance ±15V 
Operating ±(5 to l8)V 
Quiescent Current 1.5mA max 

VOLTAGE NOISE 
O.l-IOHz 2p.V p-p . 

10Hz 70nV/.JHz' 
100Hz 45nV/y'Hz" 
1kHz 30nV/..,..'fu 
10kHz 25nV/..,..'fu 

TEMPERATURE RANGE 
Operating, Rated Performance o to +70

o
C -55 to +125°C 

Storage -65 to +150
o

C 

PACKAGE OPTION: 6 TO-99 Style' (HOSB) AD542JH AD542KH AD542LH AD542SH 

:-10TES, 
1 The ADS42S11/883B is an ADS42S11 which is inspected and processed 

to the requirements of MIL-STD-883, Level B, 
~ Open Loop Gain is specified with VOS both nulled and unnulled. 
'Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at TA = +2 SoC. 

5 Defined as voltage between inputs, such that neither exceeds 
± lOV from ground. 

• Bias Current specifications are guaranteed maximum at either 
Input after 5 minutes of operation at TA = +2S"C. For higher 
temperatures, the current doubles every lO°C, 

VOL. 1,4-72 OPERATIONAL AMPLIFIERS 

• See Section 20 for package outline infonnation. 

·Specifications same as ADS42J. 
• ·Specifications same as AD542K. 

Specifications subject to change without notice. 
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Figure 21 b. Unity Gain Follower 
Pulse Response (Small Signal) 

Figure 22b. Unity Gain Inverter 
Pulse Response (Large Signal) 
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Figure 20. Offset Voltage Null Circuits 

Figure 21c. Unity Gain Follower 

Figure 22c. Unity Gain Inverter 
Pulse Response (Small Signal) 



SCOPE PROBE, 20pF OR LESS 

4.99k 

4,99k 
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lMV/DIV 
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ERROR-~ 

Figure 23. Settling Time Test Circuit 
Fast settling time (8ps to 0.01 % for 20V p-p step), low power 
and low offset voltage make the AD542 an excellent choice 
for use as an output amplifier for current output D/A con
verters such as the AD7541. 

VERROR IMV/DIV 

INPUT 10VIDIV 

Figure 24. Settling Characteristic Detail 

The upper trace of the oscilloscope photograph of Figure 23 
shows the settling characteristic of the AD542. The lower 
trace represents the input to Figure 22. The AD542 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. 

VOUT 

Figure 25. O. 1 Hz to 10Hz Band Pass Filter 

The low frequency (1/£) 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 ADS42 make it ideal for 
lIf noise testing circuits. The circuit of Figure 24 is O.lHz to 

10Hz band pass filter with second order filter characteristics. 

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 AD542K 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 AD542. 

BIPOLAR 
ANALOG INPUT 

±10V 

R21k 

Cl147pF 

R3 
5k 

R45k 

R5 C247pF 
lOOk 

BIPOLAR 
OFFSET R71MH 

RS 
10k 

NOTES: 
I, R3/R4 MATCH 0.05% OR BETTER. 
2. Rl, R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED 

Figure 26a. AD542 Used as DAC Output Amplifier 

Figure 26a illustrates the AD7541 12-bit digital-to-analog 
converter, connected for bipolar operation. Since the digital 
input can accept bipolar numbers and VREF can accept a bi
polar analog input, the circuit can perform a 4-quadrant 
multiplication. 

VREF IN, 20V p.p, 33kHz 

10V/DIV VERT, 
5",/DIV HORIZ, 

VOUT, 

5V/DIV VERT 
5",/DIV HORIZ. 

SETTLING TIME: 101" TO 
0.01% ON 20V STEP 

10V 5V 51" 

Figure 26b. Voltage Output DAC Settling Characteristic 

The photo above shows the output of the circuit of Figure 
26a. 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 47p~ capacitor across the feedback 
resistor compensates for the DAC output capacitance, and the 
150pF load capacitor serves to minimize output glitches. 

. Low amplifier~ or log ratio amplifiers are useful in 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 
AD542 make it suitable for wide dynamic range log ampli
fiers. Figure 22 is a schematic of a log ratio circuit employing 
the AD542 that can achieve less than 1 % conformance error 
over 5 dec'ades of current input, InA to 100pA. For voltage 
inputs. the dynamic range is typically 50mV to 10V for 1 % 
error, limited on the low end by the amplifiers' input offset 
voltage. 

OPERA TlONAL AMPLIFIERS VOL. 1,4-75 



v, 

lOOk 

+15V 

NOTES 

lk OR -lV LOG,a V, IV z 

} 

VOUT"-lVLOG,a 1,/12 

• Rl 

15.4k 

lk 
RTC TEL LABS 
+3500ppm OSl 

CIRCUIT SHOWN FOR NEGATIVE V OR liN. 
-15V FOR POSITIVE INPUTS, 01 = PNP, AND VA' -lSV. 

Figure 27. 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 {3> 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 II/lSI 

This circuit is arranged to take the difference of the VBE'S of 
Q1A and Q1B, thus producing an output voltage proportional 
to the log of the ratio of the inputs: 

KkT 
VOUT = -K (VBE A - VBE B) =- q (In II/lSI -In 12/152) 

VOUT=-KkT/qIn 11/12 

The scaling constant, K is set by R1 and RTC to about 16, 
to produce 1 V 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.LA" and de
creases smoothly at lower input kvels. This circuit needs no 
additional frequency compensation for stable operation from 
input current sources, such as photo diodes , that may have 
lOOpF 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 = -lO.OOV and adjust "Balance" for VOUT = O.OOV. Next 
apply Vl = -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 ADS42 make it suitable for electrometer appli
cations such as photo diode preamplifiers and picoampere 
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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 ADS42 can deliver. The input guarding scheme shown in 
Figure 28 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. 

~T 
6 

"V+ 

(BOTTOM VIEW) 

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

Figure 28. Board Layout for Guarding Inputs with TO-99 
Package 

INPUT PROTECTION 
The ADS42 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 ADS42 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 ADS42 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 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 1.0mA (for example, lOOkn 
for a 100 volt overload). This simple scheme will cause no 
significant reduction in performance and give complete over
load protection. Figure 29 shows proper connections. 

Figure 29. AD542 Input Protection 
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FEATURES 
Low Bias Current: 2SpA max, warmed-up 
Low Offset Voltage: sOOJ..tV max 
Low Offset Voltage Drift: Sp.vtc max 
Low Input Voltage Noise: 211V POp 
Low Quiescent Current: 2.SmA max 
High Slew Rate: 13V/p.s 
Fast Settling to ±0.01%: 3p.s 
Low Total Harmonic Distortion: 0.001S% at 1kHz 

PRODUCT DESCRIPTION 
The ADS44 is a high speed monolithic FET-input operational 
amplifier fabricated with the most advanced bipolar, J FET and 
laser trimming technologies. The ADS44 offers bias currents 
significantly lower than currently available monolithic FET
input devices: 2SpA max, warmed-up for the ADS44K and L, 
SOpA max for the ADS44J. In addition, the offset voltage is 
laser trimmed to less than O.SmV on the ADS44L and 1.0mV 
on the ADS44K utilizing Analog's laser-wafer-trimming (LWT) 
process. When combined with the ADS44's low offset voltage 
drift (Sp.V/C max for "L", lOp.V/C max for "K"), these 
features offer the user IC performance truly superior to exist
ing FET-input op amps-and at low, monolithic pricing. 

The key technology required for monolithic JFET-input op 
amps is the ion-implanted JFET. Ion-implantation (as opposed 
to diffusion) permits the fabrication of precision, matched 
JFET's on a monolithic bipolar chip. Analog Devices optimizes 
the process to produce bias currents lower than other popular 
FET-input op amps and specifies each device for the maximum 
value at either input in the fully warmed-up condition. Addi
tional benefits of this optimization include low voltage noise 
(2p.V POp, O.l-lOHz), and low quiescent current. 

The ADS44 is recommended for any operational amplifier 
application requiring excellent ac and dc performance at low 
cost. The 2MHz bandwidth and low offset of the ADS44 make 
it an excellent choice as an output amplifier for current out- . 
put D/A Converters such as the AD7S41, l2-Bit CMOS DAC. 
High common mode rejection (BOdB, min on the "K" 
and "L" versions) and open-loop gain ensures better than 
"12-bit" linearity in high impedance buffer applications. 

The ADS44 is available' in four versions: the "J", "K" and 
"L" are specified over the 0 to +70oC temperature range and 
the "S" over the -55°C to +12So C operating temperature 
range. All devices are packaged in the hermetically-sealed, 
TO-99 metal can. 

High Speed 
Implanted FET-Input Op Amp 

AD544 I 

ADS44 FUNCTIONAL BLOCK DIAGRAM 

TAB 

V-leASE) 

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
1. Improved bipolar and JFET processing on the ADS44 

results in the lowest bias current available in a high speed 
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 user that the 
ADS44 will meet its published specifications in actual use. 

3. Laser-wafer-trimming reduces offset voltage to as low as 
O.SmV max (ADS44L), thus eliminating the need for ex- -
ternal nulling in many situations. 

4. If offset nulling is required, the additional offset voltage 
drift induced will be minimal. (In some devices, offset 
voltage drift can increase an additional 3p.V / C per mV 
of offset nulled.) 

5. Low voltage noise (2I1V, pop), and low offset voltage drift 
(Sp.V/C) enhance the ADS44's performance as a precision 
op amp. 

6. The high slew rate (13 .OV Il1s) and fast settling time to 
0.01% (3.0I1s) make the ADS44 ideal for D/A, AID, sample
hold circuits and high speed integrators. 

7. Low harmonic distortion (0.0015%) makes the ADS44 an 
ideal choice for audio applications. 
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SPECIFICATIONS (typical @ +25°C and Vs = ±15V dc unless otherwise specified) 
MODEL ADS44J ADS44K ADS44L 

OPEN LOOP GAIN 2 

VOUT = ±lOV, RL ~ 2kfl 30,000 min 50,000 min 

TA = min to max RL = 2kfl 20,000 min 40,000 min 

OUTPUT CHARACTERISTICS 
Voltage@ RL = 2HZ, TA = min to max ± lOY min (:I: l2V typ) 
Voltage @ RL = lOkn, TA = min to max ±12V min (±13V typ) 
Short Circuit Current 2SmA 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 2.0MHz 
Full Power Response 200kHz 
Slew Rate, Unity Gain 13.0V/J.ls (S.OV/J.ls min) 
Total Harmonic Distortion, f = 1kHz 0.0025% 

INPUT OFFSET VOLTAGE3 2.0mV max l.OmV max O.SmV max 

vs. Temperature 20J.lV/oC max lOJ.lV/oC max SJ.lV/oC max 

vs. SU2~1~:> TA = min to max 200J.lV/V max 100J.lVIV max .. 
INPUT BIAS CURRENT 

Either Input4 SOpA max (10 typ) 2SpA max (10 typ) 
Input Offset Current SpA 2pA 

INPUT IMPEDANCE 
Differential lOl2nl\6pF 
Common Mode 10l2Q113pF 

INPUT VOLTAGE RANGE 
DifferentialS ±20V 
Common Mode ±lOV min (±12V typ) 
Common Mode Rejection, VIN = ±IOV 74dB min 80dB min 

POWER SUPPLY 
Rated Performance ±ISV 
Operating ±(S to IS)V 

Quiescent Current 2.SmA max (l.8mA typ) 

VOLTAGE NOISE 
0.1-10Hz 2J.1V p-p 

10Hz 3SnV/v'HZ 

100Hz 22nV/y'lli 

1kHz 18nV/y'lli 

10kHz 16nV/y'lli 

TEMPERATURE RANGE 
Operating, Rated Performance o to +70

o
C 

Storage -65°C to +lSO°C 

PACKAGING OPTIONS6 : 

TO-99 Style (H08B) AD544JH AD544KH AD544LH 

NOTES 
1 The AD544S/883 is an AD544S which is inspected and processed 
to the full requirements of MIL-STD-883, Level B. A complete 
listing of the tests is available on request. 

• Defined as voltage between inputs. such that neither exceeds ± lOV 
from ground. 

'Open Loop Gain is specified with Vas both nulled and unnulled. 
'Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at TA = +25°C. 

4 Bias Current specifications are guaranteed maximum at either input 
after 5 minutes of operation at TA = +25°C. For higher temperatures, 
the current doubles every lo°C. 
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• See Section 20 for package outline information. 

·Specifications same as AD544J. 
··Specifications same as AD544K. 

Specifications subject to change without notice. 

ADS44S (AD544SH/SS3B)1 

ISJ.lV/oC max 

-55°C to +12S
o
C 

ADS44SH 
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Figure 21b. Unity Gain Follower 
Pulse Response (Small Signa/) 

Figure 22b. Unity Gain Inverter 
Pulse Response (Large Signa/) 
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Figure 23a. Settling Time Test Circuit 

VERROR.1mV/0IV 

V,N = 10VIDIV 

Figure 23b. Settling Characteristic Detail 

The fast settling time (3.0J.Ls to 0.01% for 20V pop step) and 
low offset voltage make the AD544 an excellent choice as an 
output amplifier for current output D/A converters such as 
the AD7541. The upper trace of the oscilloscope photograph 
pf Figure 23b shows the settling characteristics of the AD544. 
The lower trace represents the input to Figure 23a. The AD544 
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. 

11_ 4.99kU 

- U'",NPUT 

TYPICAL CAPACITANCE 
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LOAD RESISTORS 

RL CL UP TO 

2kU - 1S00pF 
10kU - 600pF 
20kll - SOOpF 

4.99kU • 

RL 
2kU to 
20kU 

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 f~edback is returned to the amplifier summing 

junction via the low pass filter formed by the lOOn series 
resistor and the load capacitance, CL' 
The low input bias current (35pA), low noise, high slew rate 
and high bandwidth characteristics of the AD544 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 leakage performance that the AD544 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. 

O-:T 
6 

~Vt 
(BOTTOM VIEW) 

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

Figure 25. Board Layout for Guarding Inputs with 
TO·99 Package 

INPUT PROTECTION 
The AD544 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 10 12 n. 
This makes the AD544 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 converting 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 AD544 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 1.0mA (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':::'A FOR TRANSIENTS LESS THAN 1 SECOND 

Rp= 10~~A FOR CONTINUOUS OVERLOADS 

Figure 26. AD544 Input Protection 
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RS 
lOOk 

BIPOLAR 
ANALOG INPUT 

tl0V 

BIPOLAR 
OFFSET R71Mll 

RS 
10k NOTES: 

1. R3/R4 MATCH 0.05% OR BETTER. 
2. Rl. R2 USED ONLY IF GAIN 

ADJUSTMENT IS REQUIRED V-

Figure 27a. AD544 Used as DAC Output Amplifiers 

Figure 27b. Large Signal Response 

Figure 27c. Small S~gnal Response 

Figure 27a "illustrates the lO-bit digital-to-analog converter, 
AD7 5 33, connected for bipolar operation. Since the digital in
put can accept bipolar numbers and VREF ca~ accept a' bipolar 
analog input, the circuit can perform a 4-quadrant multiplying 
function. The photos exhibit the response to a step input at 
VREF' 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 
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dependent on the offset voltage of the amplifier. The AD544K 
with trimmed offset will minimize the effect. The Schottky 
protection diodes recommended for use with many older 
CMOS DACs are not required when using the AD544. 

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 AD544 
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. 
The state variable filter (Figure 28) is stable, easily tuned and 
is independent of circuit Q and gain. The use of the AD544 
with its low input bias current simplifies the resistor (R3, R4) 
selection for the passband center frequency, circuit Q and 
voltage gain. 

R210Mn 

fo • CENTER FREQUENCY = 1/2" Rc 

Qo • QUALITY FACTOR. R1~~2 
Ho = GAIN AT RESONANCE' R2/RI 

R3' R4 '" 108/f. 

00, IS ADJUSTABLE BY VARYING R2 
fo, IS ADJUSTABLE BY VARYING R OR C 

Figure 28. Band Pass State Variable Filter 

VOUT 

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 
15ps. 

The droop rate is very low 25 X 10-9 V Ips due to the low 
input bias currents of the AD544. Care should be taken to 
minimize leakage paths. Leakages around the hold capacitor 
will increase the droop rate and degrade performance. 
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WDEVICES 

. , FEATURES 
Low Offset Voltage: O.SmV max (AD54SL), 

0.25mV max (AD54SM) 
Low Offset Voltage Drift: Sp.vtc max (AD545L), 

3p.VtC max (AD54SM) 
Low Power: 1.SmA max 
Low Bias Current: 1pA max (AD54SK, L, M) 
Low Noise: 3p.V pop, 0.1 to 10Hz 
Low Cost 

PRODUCT DESCRIPTION 
The AD545 is a precision FET-input operational amplifier with 
overall performance far superior to the general purpose IC 
FET-input op amp. The device is fabricated using a low leakage 
FET paired with a low power op amp. Bias current is specified 
as 2pA max for the AD545J and lpA max for theAD545K, 
Land M. Offset voltage is laser trimmed to 0.5mV max for the 
AD545L, O.25mV max for the AD545M. All devices also 
feature low voltage noise and power consumption. The AD545 
is internally compensated, short circuit protected and free of 
latch-up. 

The AD545 series offers a broad combination of performance 
features previously unavailable from a single device. For pre
cision applications the AD545M specifies a O.25mV max offset 
voltage, 3p.V/C max drift and lpA max bias current. The 
AD545J, with a lmV max offset voltage, 25p.V/C 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 iongauge measurements. The 
versatility of the AD545 is further enhanced by its excellent 
low frequency noise (3p.V pop, 0.1 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, as well as reducing common mode 
input capacitance from 0.8pF to O.2pF. 

The AD545 is available in four versions of bias current and 
offset voltage, the "J ", "K", "L", and "M". All are specified 
from 0 to +70

o
C and supplied in a hermetically sealed TO-99 

package. 

Precision, Low Drift 
FET -Input Op Amp 

AD545 I 

AD545 FUNCTIONAL BLOCK DIAGRAM 

GUARD PIN (CONNECTED TO CASE) 
TAB 

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
1. The offset voltage on the AD545 is laser trimmed to a level 

typically less than 250p.V. Offset voltage drift is signifi
cantly lower than previously available FET-input devices 
(3p.V/oC max for the AD545M). If additional external 
nulling is desired, the effect on drift is minimal (approxi
mately 3p.V/C per millivolt, nulled). 

2. Bias current is specified as the maximum measured at either 
input with the device fully warmed up on ±15V supplies 
at +25°C ambient. 

3. The low quiescent current drain of O.8mA typical, and 
1.5mA max, is among the lowest of any Ie op amp and 
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 megohm up to 1011 ohm, the Johnson noise 
of the source will easily dominate the noise characteristics. 
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SPECIFICATIONS (typical @ +25°C with Vs = ±15V dc, unless otherwise specified) 

MODEL 

OPEN LOOP GAIN 1 

VOUT = ±10V, RL;;a. 2kn 
RL;;a.IOkn 

TA = min to max RL ;;a. 2kn 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kn, TA = min to max 

@ RL = 10kn, TA = min to max 
Load Capacitance2 

Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate Inverting Unity Gain 
Overload Recovery Inverting Unity Gain 

INPUT OFFSET VOLTAGE3 

vs. Temperature, TA = min to max 
vs. Supply, TA = min to max 

INPUT BIAS CURRENT 
Either Input4 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT NOISE 
Voltage, O.lHz to 10Hz 

f= 10Hz 
f= 100Hz 
f = 1kHz 

Current, 0.1 to 10Hz 
10Hz to 10kHz 

INPUT VOLTAGE RANGE 
Differential 
Common Mode, TA = min to max 
Common Mode Rejection, VIN = ±10V 
Maximum Safe Input Voltages5 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

TEMPERATURE 
Operating, Rated Performance 
Storage 

PACKAGE OPTION6 

TO-99 Style (HOSB) 

·Specifications same as ADS4SJ. 

NOTES 

ADS4SJ 

20,OOOVIV min 
40,OOOVIV min 
lS,OOOVIV min 

±10V min (±12V typ) 
;!:12V min (±13V typ) 
SOOpF 
lOrnA min (2SmA typ) 

700kHz 
SkHz min (l6"kHz typ) 
O.3V//ls min (l.OV//ls typ) 
100/ls max (16/ls typ) 

l.OmV max 
2S/lVtCmax 
400/lV/V max (SO/lVIV typ) 

2pAmax 

1.6pFII1013 n 
O.SpF1l1015 n 

3.0/lV (p-p) 
SSnV/y'Hz 
4SnV/,jHz 
3SnV/,jHz 
O.OlpA (p-p) 
O.03pA rms 

±20Vmin 
±10V min (±12V typ) 
66dB min (SOdB typ) 
±VS 

±lSV typ 
±SV min (±lSV max) 
l.SmA max (O.SmA typ) 

o to +70°C 
-6S

u
C to +lS0u C 

ADS4SJH 

I Open Loop Gain is specified with or without nulling of VOS. 
'A conservative design would not exceed SOOpF of load capacitance. 

ADS4SK 

40,OOOV/V min 
SO,OOOVIV min 
2S,OOOVIV min 

1.0mVmax 
lS/lV/oC max 
200/lVIV max 

1pAmax 

70dB min 

ADS4SKH 

'Input Offset Voltage specifications are guaranteed after S minutes of operation at TA = +2S·C . 
.. Bias Current specifications are guaranteed after 5 minutes of operation at TA E +2SoC. For higher 

temperatures, the current doubles every + lO·C. 
'If it is possible for the input voltage to exceed the supply voltage, a series protection resistor should 
be added to limit input current to O.SmA. The input devices can handle overload currents of O.SmA 

.!ndefinitely without damage. 
• See Section 20 for package outline information. 
Specifications subject to change without notice. 
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+Vs 

-Vs 

Standard Offset Null Circuit 

ADS4SL 

40,OOOVIV min 
SO,OOOV/V min 
40,OOOVIV min 

O.SmVmax 
S/lV/oC max 
200/lV/V max 

1pAmax 

76dB min 

AD545LH 

ADS4SM 

40,OOOV/V min 
SO,OOOV IV min 
40,OOOVIV min 

O.2SmVmax 
3/lV/oC max 
200/lV/V max 

1pA max 

~/lV (p-p) max 

76dB min 

AD54SMH 



LAYOUT AND CONNECTION CONSIDERATIONS 
The design of very high impedance measurement systems intro
duces 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. 

2. The use of guarding techniques is essential to realizing the 
capability of the low input currents of the AD545. Guarding 
is achieved by applying a low impedance bootstrap poten
tial 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; there
fore, 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 the additional function of 
reducing the effective capacitance to the input line. The 
case of the AD545 is brought out separately to pin 8 so 
that it can also be connected to the guard potential. This 
techniq\le virtually eliminates potential leakage paths across 
the package insulation, provides a noise shield for the sensi
tive circuitry, and reduces common-mode input capacitance 
to about 0.2pF. 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 typi
cal inverting and non-inverting 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 in 
achieving low leakage performance. The best performance 
will be realized by using a teflon IC socket for the AD545 
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. 
The guard ring is connected to a low impedance potential at 

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

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 AD545 offers one of the lowest input bias currents availa
ble in an integrated circuit package. Performing accurate 
measurements with this device requires careful attention to 
detail; the notes given here will aid the user in' realizing the full 
measurp.ment potential of the AD545 and extending its per
formance limits. 

1. As with all junction FET input devices, the te~perature of 
the FET's themselves is all-important in determining the in
put 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 mini
mize device operating temperature 

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

3. Ou tpu t loading effects, which are normally ignored, can 
cause a significant increase in chip temperature and there
fore bias current. For example, a 2kQ load driven at 10 volts 
at the output will cause at least an additional 25 milliwatts 
dissipation in the output stage (and some in other stages) 
over the typical 24 milliwatts, 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 10kn. . 

EO=V~(1+~1 

ZIN • 10" nuO.2pF 

Figure 2. Very High Impedance Non-Inverting Amplifier 
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FEATURES 
Ultra Low Drift (1J,LVfC-AD547L) 
Low Offset Voltage (O.25mV-AD547L) 
Low Input Bias Currents (25pA-AD547L, K) 
Low Quiescent Current (1.5mA) 
Low Noise (2J,LV p.p) 
High Open Loop Gain (110dB-AD547K, L, S) 

PRODUCT DESCRIPTION 
The AD547 is a monolithic, FET input operational amplifier 
combining the very low input bias current advantages of a 
BIFET op amp with offset and drift performance previous
ly available only from high quality bipolar amplifiers. 

The exclusive Analog Devices laser wafer trim process trims 
both the input offset voltage and offset voltage drift to levels 
far lower than any competing BIFET amplifier (lmV, SJ,Lvtc
ADS47JH, O.2SmV, IJ,LVtC-ADS47LH). 

In addition to superior low drift performance, the ADS47 
offers the lowest guaranteed input bias currents of any BIFET 
amplifier with SOpA max for the J grade and 2SpA max for 
the L grade. Since Analog Devices. unlike most other manu
facturers, specifies input bias current with the amplifiers 
warmed-up, our BIFET amplifiers are specified under actual 
operating conditions. 

The ADS47 is especially designed for use in applications, 
such as instrumentation signal conditioning and analog 
computation, that require a high degree of precision at low 
cost. 

The ADS47 is offered in three commercial versions, J, K and 
L specified from 0 to +70

o
C and one military version, the S, 

specified from -55°C to +12So C. All grades are packaged in 
hermetically sealed TO-99 cans. The S grade is available fully 
screened to MIL-STD-883, Level B. 

Ultra Low Drift 
BIFET Operational Amplifier 

AD547 I 
ADS47 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 

TAB 

v-

TO-99 
TOP VIEW 

1. Advanced laser wafer trimming techniques reduce offset 
voltage drift to IJ,LV tc max and reduce offset voltage to 
only O.2SmV max on the ADS47L. 

2. Analog Devices BIFET processing provides 2SpA max 
(lOpA typical) bias currents specified after 5 minutes of 
warm-up. 

3. Low voltage noise, high open loop gain and outstanding 
offset performance make the ADS47 a true precision 
BIFET amplifier. 

4. The low quiescent supply current, typically 1.1mA, en
ables the ADS47 to bring a new level of precision to appli
cations where low p~wer consumption is essential. 

5. A further benefit on the ADS47's low power consumption 
and low offset voltage drift is a minimal warm-up drift after 
power is applied (typically 7J,LV shift for the ADS47L). 
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SPECIFICATIONS (typical @·+25°C and Vs = ±15V dc unlessotherwise specified) 

MODEL ADS47J ADS47K ADS47L ADS47SH (ADS47SH/883B)' 

OPEN LOOP GAIN2 

Vout = ±iOV, RL ~ 2kn . 100,000 min 2S0,OOO min 

TA = min to max 100,000 min 250,000 min 

OUTPUT CHARACTERISTICS 
Voltage@ RL = 2kn, TA = min to max ±10V min (±12V typ) 
Voltage @ RL = 10kn, TA = min to max ±12V min (±13V typ) 
Short Circuit Current 2SmA 

FREQUENCY RESPONSE, 
Unity Gain, Small Signal 1.0MHz 
Full Power Response 50kHz 
Slew Rate, Unity Gain 3.0Vll1s 

INPUT OFFSET V~LTAGE3 l.OmVmax O.SmV max 0.2SmV max 
vs. Temperature SI1V/ Cmax 211V/oCmax ,1l1Vfc max SJ.l.V/oC max 
vs. Supply, TA = min to max 200J.l.VN max 100J.l.V/V max .. 

INPUT BIAS CVRRENT 
Either Input lOpA (SOpA max) lOpA (2SpA max) 
Input Offset Current SpA 2pA 

INPUT IMPEDANCE 
Differential 1012nll6pF 
Common Mode 1012nll6pF 

INPUT VOLTAGE RANGE 
Differential6 

±20V 
Common Mode ±10V min (±12V typ) 

80dB mi~ Common Mode Rejection, VIN = ±10V 76dB min 

POWER SUPPLY 
Rated Performance ±lSV 
Operating ±(S to 18)V . . 
Quiescent Current l.SmA max (l.lmA typ) 

VOLTAGE NOISE 
0.1-10Hz 2J.l.V p-p typ 
10Hz 70nV/y'fu' 
100Hz 4SnV/y'Hz' 
1kHz 30nV/..j'fu 
10kHz 2SnV/..j'fu 

TEMPERATURE RANGE 
Operating, Rated Performance o to +70

o
C 

Storage -65°C to +lS0
o
.C 

PACKAGE OPTION' 
TO-99 STYLE (H08B) ADS47]H 

NOTES 
'The ADS47SH is offered screened to MIL-STD-883, Level B. 
'Open Loop Gain is specified with VOS both nulled and unnulled. 
3 Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at TA = +2SoC. . 

• Input Offset Voltage Drift is specified with the offset voltage 
unnulled. Nulling will induce an additional 31'VI"C/mV of 
nulled offset. 
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!J.l.V p-p max 

-55°C to +12S
o
C 

ADS47KH ADS47LH ADS47SH 

I Bias Current specifications are guaranteed maximum at either 
input after 5 minuteS of operation at TA = +2SoC. For higher 
temperatures, the current doubles every 10· C. 

6 Defined as the maximum safe voltage between inputs, such iliat 
neither exceeds ± 10V from ground. 

7 See Section 20 for package outline information. 
·Specifications same as ADS47]. 
··Specifications same as ADS47K. 
Specifications SUbject to change without notice. 

Standard Null Circuit 
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Figure 21a. Unity Gain Follower 
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Figure 21b. Unity Gain' Follower 
Pulse Response (Small Signal) 

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

+10 r---....,.--...,.---r-~""'7I'-"7'"'., 

-S~--+--~~~~--+--, 

. -10~0 ---!--~:----7---->"""""'~"--~ 

OUTPUT SETTLING TIME -~. 

Figure 15. Output Settling Time vs. 
Output Swing and Error (Circuit of 
FfQure 20) 

(WHEREVER JQHNSON NOISE IS GREATER THAN 
AMPLIFIER NOISE, AMPLIFIER NOISE CAN BE 
CONSIDERED NEGLIGIBLE FOR APPLICATION) 

10,oOO~-+---+--+----1f--,It"C':+--~SI 

1000~-+---+---+~~~~+-~~ 

100t--+----:t-""'--+--A1oJo'-++--, 

v~ 

AMPLIFIER 
GENERATEO NOISE 

SOURCE IMPEDANCE - n 

Figure 18. Total Noise vs. Source 
Resistance ' 

r-----'---'-----'--'--- ~~~5t~ERTICAl 

VERROA·~ 

VOUT 

Figure 20. Settling Time Test Circuit 

Figure 21c. Unity Gain Follower 

Figure 22c. Unity Gain Inverter 
Pulse Response (Small Signal) 



APPLICATION NOTES 
The ADS47 was designed for high perfonnancc op-amp appli
cations that require true dc precision. To capitalize on all of 
the perfonnances available from the ADS47 there are some 

. practical error sources that should be considered in using this 
precision BIFET. 

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

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

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

(BOTTOM VIEW) 

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

Figure 23. Board Layout for Guarding Inputs with 
TO-99 Package 

GUARDING 
The low input bias current (2SpA) and low noise character
istics of the ADS47 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 perfonnance avail
able from ADS47. The input guarding scheme shown in 
Figure 23 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; 
to minimize noise and leakage, they must be carried in rigid 
shielded cables. 

OFFSET NULLING 
The ADS47 has low initial offset voltage to compliment its 
excellent drift performance. Even so, in some applications it 
is necessary to null out even this low offset voltage. Precision 
bipolar amplifiers such as the ADS10 or AD OP-07 ideally 
have zero drift when their offset is nulled to zero, this is not 
the case for FET input amplifiers. A BIFET amplifier will 
typically exhibit a change of 3pV/oC in drift for each mV of 
offset voltage nulled. 

In view of this fact the circuit of Figure 24 is recommended 
for the most critical applications. The current in the ADS90 is 
proportional to absolute temperature. This current through 
the lSQ resistor generates a small drift proportional to the 
setting of the null potentiometer. This drift just cancels the 
drift induced by nulling. This circuit will typically remove all 
but ±O.SJJ.V t C per m V of nulled offset. For best results the 
lSQ resistor should be connected directly to the V- pin of II 
the AD547. This prevents any signal from coupling into the j 

null terminals via changing currents in the supply rails. 

INPUT PROTECTION 
The AD547 is guaranteed for a maximum safe inpu t potential 
equal to the power supply potential. The input stage design 
also allows for differential input voltages of up to ±O.S volts 
while maintaining the full diffcrential input resistance of 
lO12Q. This makes the AD547 suitable for 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 fonn of input protection. Many elcctro
meter type devices, especially CMOS designs, can require 
elaborate zener protection schemes which often compromise 
overall performance. The AD547 requires input protection 
only if the source is not current-limited and, as such, is 
similar to many JFET-input designs. (The failure would be due 
to overheating from excess current rather than voltage break
down.) If this is the case, a resistor in series with the affectcd 
input tcrminal is required so that the maximum overload cur
rent is 1.0mA (for example, 100kQ for a 100 volt overload). 
This simple scheme will cause no significant reduction in 
performance and give complete overload protection. Figure 
25 shows proper connections. 

+V 

Figure 24. t;Jffset Nulling Circuit 

SOURCE 

Rp TYPICALL Y 100kn TO 1Mn 

:...J'C ~P Rp = l~A FOR TRANSIENTS LESS THAN 1 SECOND 

Rp= ~ FOR CONTINUOUS OVERLOADS 
100jJA 

Figure 25. Input Protection 
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A PRECISION INSTRUMENTATION AMPLIFIER 
The instrumentation amplifier Of Figure 26 utilizes the out
standing characteristics of the AD547 to provide high per
formance at a reasonable cost. 

The low drift, low bias currents and high open loop gain pro
vide both high accuracy and linearity. The input amplifiers Al 
and A2 are AD547Ls selected for their low offset charac
teristics (0.25mV of offset voltage and 1,..LVtC drift) and 
low bias currents (25pA max). The use of the AD547Ls as 
the input guarantees a maximum input offset voltage drift 
of 2/J.VtC with an input offset voltage of 0.5mV max 
untrimmed. A3 is an AD74IJH and A4 is an AD547J. These 
serve two unrelated but critical purposes, A4 is the output 
amplifier and A3 is an active data guard. 

RS , 
lOOkn 

RS 
lOOkn 

DATA 
GUARD 

NOTES 
Rs AND RG ARE .1%, .10ppml"C 
R3 AND R4 ARE .1%, 'SOppmI"C, 
RS, R6, R7, RS ARE A MATCHED NETWORK, 
'0.01%, '2ppml"C TRACKING TC. 

Figure 26. Precision FET Input Instrumentation Amplifier 

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, 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 
AD547 make it suitable for wide dynamic range log ampli
fiers. Figure 27 is a schematic of a log ratio circuit employing 
the ADS47 that can achieve less than I % conformance error 
over 5 decades of current input, InA to IOOIlA. For voltage 
inputs. the dynamic range is typically 50mV to 10V for 1 % 
error, limited on the low end by the amplifier's input offset 
voltage. 
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Figure 27. 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 Ql has t3 > 100, which is the case 
for the specified transistor, the base-emitter vol tage on side 1 
is to a close approximation: 

VBE A = kT/q In 11/151 

This circuit is arranged to take the difference of the VBE's of 
Q1A and Q1B, thus producing an output voltage proportional 
to the log of the ratio of the inputs: 

KkT 
VOUT = -K (VBE A - VBE B) = - -q (In 11/151 -In 12 11 52) 

VOUT = -K kT/q In 11/12 

The scaling constant, K is scr by R1 and RTC to about 16, 
to produce 1 V change in output voltage per decade difference 
in input signals. RTC is a special resistor with a +3 500ppm/C 
temperature coefficient, which makes K inversely proportional 
'to temperature, compensating for the "Ttl 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 lOOIlA, and de
creases smoothly at lower input levels. This circuit needs no 
additiohal 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 re,sponse. 

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 VOUT = O.OOV. Next 
apply VI = -;lO.OOV, V2 = -1.00V and a,djust gain for VOUT = 
+ 1.00V. Repeat this procedure until gain and balance readings 
are within 2mV of ideal values. 
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FEATURES 
Matched Offse~ Voltage 
Matched Offset Voltage Over Temperature 
Matched Bias Current 
Crosstalk -124dB at 1kHz 
Low Bias Current: 35pA max Warmed Up 
Low Offset Voltage: 500J,.tV max 
Low Input Voltage Noise: 2p.V p-p 
High Open Loop Gain 
Low Quiescent Current: 2.8mA max 
Low Total Harmonic Distortion 
Standard Dual Amplifier Pin Out 

PRODUCT DESCRIPTION 
The AD642 is a pair of matched high speed monolithic FET
input operational amplifiers 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 2SpA for the AD642K 
and Li 7SpA max, matched to 3SpA 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, 1.0mV and 
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
brication of precision, matched JFETs on a monolithic bipolar 
chip. This optimizes the process to produce matched bias 
currents which have lower initial bias currents than other 
popular FET input op amps. Laser-wafer trimming each am
plifier'sinput offset voltage assures a tight initial match, this 
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 cost solution for true instrumentation 
amplifiers, log ratio amplifiers, and output amplifiers for four 
quadrant multiplying D/A converters such as the AD7S41. 

The AD642 is available in three versions: the "J", "K" and 
"L", all specified over the 0 to +70oC temperature range and 
one version, "S", over the -55°C to +12So C military oper
ating temperature range. All devices are packaged in the 
hermetically-sealed, TO-99 metal can. 

Precision Low Cost 
Dual BIFET Op Amp 

AD642 I 

AD642 FUNCTIONAL BLOCK DIAGRAM __ 

v-

TO-99 
TOP VIEW 

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 pu blished specifications in ac tual use. 

3. Laser-wafer-trimming reduces offset voltage to as low as 
O.SmV max and matched side to side to O.2SmV (AD642L), 
thus eliminating the need for external nulling. 

4. Low voltage noise (2p.V, 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. 

OPERATIONAL AMPLIFIERS VOL. 1,4-93 



SPECIFICATIONS (typical @ +25°C and Vs = ±15V dc unless otherwise specified) 
MODEL AD642JH AD642KH AD642LH AD642SH(AD642SH/883B)1 

OPEN LOOP GAIN 
VOlTf = ±lOV, RL ~ 2kn 100,000 min 250,000 min 

TA = min to max 100,000 min 250,000 min 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kn, TA = min to max ±lOV min (±12V typ) 
Voltage @ RL = 10kn, TA = min to max ±12V min (±13V typ) 
Short Circuit Current 2SmA 

FREQUENCY RESPONSE 
Unity Gain, Small Signal loOMHz 
Full Power Response 50kHZ 
Slew Rate, Unity Gain 3.0Vllls 

INPUT OFFSET VOLTAGE1 2.0mV max loOmV max O.SmV max 

Tmin -Tmax 3.SmV max 2.0mVmax 1.0mV max 
vs. Supply, TA = min to max 200llVIV max lOOIlV/V max 

INPUT BIAS CURRENT 
Either Input3 10pA, 7SpA max lOpA, 3 SpA max 
Input Offset Current SpA 2pA 

MATCHING CHARACTERISTICS4 

Offset Voltage loOmV max O.SmV max 0.2SmVmax 
Offset Voltage 3.SmV max 2.0mV max loOmV max 

Tmin-Tmax 
Input Bias Current 3SpA max 2SpA max 
Crosstalk-1kHz 20V p-p -124dB . 

INPUT IMPEDANCE 
Differential 10llnl16pF 
Common Mode 1OIlnl16pF 

INPUT VOLTAGE RANGE 
Differential s ±20V 
Common Mode ±IOV min (±12V typ) 
Common Mode Rejection, VIN = ±IOV 76dB min 

POWER SUPPLY 
Rated Performance ±lSV 
Operating ±(S to 18)V 
Quiescent Current 2.8mA max 

VOLTAGE NOISE 
0.1·10Hz 2pV p-p 
10Hz 70nV/.jfu" 
100Hz . 4SnV /.jHZ" 
1kHz 30nV/.jHz" 
10kHz 25 n V /..jIh 

TEMPERATURE RANGE 
Operating, Rated Performance o to +70

o
C 

Storage -65°C to +lS0o C 

PACKAGING OPTIONS6 

TO-99 Style (H08B) AD642JH 

NOTES 
I The AD642SH/883B is an AD642SI1 which is inspected and 

processed to the full requirements of MIL-STD·883. Level B. A 
complete listing of the tests is available on request. 

'Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at TA = +2Soe. 

3 Bias current specifications are guaranteed maximum at either 
input after 5 minutes of operation at TA = +25°C. For higher -
temperatures, the current doubles every 10°C. 
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80dB min 

-55°C to +12S
o

C 

AD642KH AD642LH AD642SH 

~ Matching is defined as the difference between parameters of 
the two amplifiers. 

'Defined as the maximum safe voltage between inputs. such that 
neither exceeds ± IOV from ground. 

·See Section 20 for package outline information. 

·Specifications same as AD642JH. 
• ·Specifications .. me as AD642KH. 

Specifications subject to change without notice. 
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Figure 21a. Unity Gain Follower 
Pulse Response (Large Signa/) 

Figure 22a. Unity Gain Inverter 

VOL. 1,4-96 OPERATIONAL AMPLIFIERS 

Figure 21 b. Unity Gain Follower 
Pulse Response (Small Signa/) 

Figure 22b. Unity Gain Inverter 
Pulse Response (Large Signa/) 
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Figure 23. Settling Time Test Circuit 

Fast settling time (8ps to 0.01 % for 20V pop 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. 
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Figure 24. Settling Characteristic 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. 

Figure 25. O.1Hz to 10Hz Band Pass Filter 

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 25 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 
better linearity over the gain range of 1 to 1000. Amplifier Al 
is an AD642L for low input offset voltage (250J,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 drive, and does not require close 
matching between sections; thus it may be an AD642J. 
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NOTES 
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R3 AND RC ARE 11%, !5OppmrC. 
AS, R6, R1, R8 ARE A MATCHED NETWORK, 
10.01%. :t2ppmfC TRACKING 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. .' 

RS 
'OOk 

~1:fslE~R 

RS ,01< 

• BIPOLAR 

ANAL:t~~JNPUT 

NOTES 
1. R3/A4 MATCH 0.05% OR BETTER 
"J. R1, R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED 

Figure 27a. AD642 Used as DAC Output Amplifier 

Figure 27a illustrates the AD754112-bit digital-to-analog 
converter, connected for bipolar operation. Since the digital 
input can accept bipolar numbers and VREF can accept a bi
polar analog input, the circuit can perform a 4-quadrant 
multiplication. 

VREF IN, 20V p.p, 33kHz 

10V/DIV VERT, 
5",/DIV HORIZ. 

VOUT, 

5V/DIV VERT 
5",/DIV HORIZ. 

SETTLING TIME: 10,., TO 
0.01% ON 20V STEP 

Figure 27b. Voltage Output DAC Settling Characteristic 

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 47pF capacitor across the feedback 
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resistor compensates for the DAC output capacitance, and the 
ISOpF load capacitor serves to minimize output glitches. 

Low amplifiers or log ratio amplifiers are useful in 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 Ibg ratio circuit employing 
the AD642 that can achieve less than I % conformance error 
over 5 decades of current input, InA to 1001lA. For voltage 
inputs. the dynamic range is typically 50mV to lOV for I % 
error, limited on the low end by the amplifiers' input offset 
voltage. 

lOOk 

+15V 

GAIN 

lk 

NOTES 

} 

Vour"-lVLOG,O 1,112 

lk OR -lV LOG,O V,N 2 

Rl 

1S.4k 

lk 

RTC TEL LABS 
+3500ppm a81 

CIRCUIT SHOWN FOR NEGATIVE V OR liN· 
-15V FOR POSITIVE INPUTS, al "PNP, AND VA" -15V. 

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 QI has {3 > 100, which is the case 
for the specified transistor, the base-emitter voltage on side I 
is to a close approximation: 

VBE A = kTlq In 11/151 

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

KkT . 
VOUT = -K (VBE A - VBE B) = - -q (In 11/151 -In IzIIsz) 

VOUT = -K kTlq In 11 lIZ 

The scaling constant, K is set by R 1 and RTC to about 16, 
to produce 1 V change in output voltage per decade difference 
in input signals. RTC is a special resistor with a +3 500ppmtC 

, 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 1001lA, 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. 

VOL. 1,4-98 OPERA TIONAL AMPLIFIERS 

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 VOUT = O.OOV. Next 
apply VI = -lO.OOV, 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 (3 SpA) 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. 

1 8 +V~ 

INP~UTS 0>. ~ 7 INPUTS 

~w, ~~ 
2 6 

GUARD 2 '""" ~ .~r:r-
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 iO.S volts while 
maintaining the full differential input resistance of 101Zn. 
This makes the AD642 suitable for low speed voltage com
'parators directly connected to a high impedance source. 

Many instrumentation situati~ns, 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 inpu t 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 thim 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 1.0mA (for example, lOOkn 
for a 100 volt overload). This simple scheme will cause no 
significant reduction in performance and give complete over
load protection. Figure 30 shows proper connections. 

• II Rp = Vp FOR TRANSIENTS LESS THAN 1 SECOND f p lmA 

Rp";o'tA FOR CONTINUOUS OVERLOADS 

Figure 30. AD642 Input Protection 
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FEATURES 
Matched Offset Voltage 
Matched Offset Voltage Over Temperature 
Matched Bias Currents 
Crosstalk -124dB at 1kHz 
Low Bias Current: 35pA max Warmed Up 
Low Offset Voltage: 500/lV max 
Low Input Voltage Noise: 2/lV POp 
High Slew Rate: 13V!/ls 
Low Quiescent Current: 4_5mA max 
Fast Settling to ±0.01%: 3/ls 
Low Total Harmonic Distortion: 0.0015% at 1kHz 
Standard Dual Amplifier Pin Out 

PRODUCT DESCRIPTION 
The AD644 is a pair of matched high speed monolithic FET
input operational amplifiers fabricated with the most advanced 
bipolar, J FET and laser trimming technologies. The AD644 
offers matched bias currents that are significantly lower than 
currently available monolithic dual FET input operational 
amplifiers: 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 J FETs on a monolithic bipolar 
chip. This process optimizes the ability to produce matched 
amplifiers which have lower initial bias currents than other 
popular FET input 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 
temperature 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 wideband in
strumentation amplifiers, low dc drift active filters and output 
amplifiers for four quadrant multiplying D/A converters such 
as the AD7S41, 12-bit CMOS DAC. 

The AD644 is available in four versions: the "J", "K" and 
"L" are specified over the 0 to +70

o
C temperature range and 

the "S" over the -SSoC to +12SoC operating temperature 
range. All devices are packaged in the hermetically-sealed, 
TO-99 metal can. 

Dual High Speed 
Implanted FET -Input Op Amp 

AD644 I 

AD644 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 

v-

TO-99 
TOP VIEW 

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 0.25mV (AD644L), 
thus eliminating the need for external nulling. 

4. Improved bipolar and J FET processing on the AD644 result 
in the lowest matched bias current available in a high speed. 
monolithic FET op amp. 

S. Low voltage noise (2/lV pop) and high open loop gain en
hance the AD644's performance as a precision op amp. 

6. The high slew rate (13 .OV l/ls) and fast settling time to 
0.01 % (3.0/ls) 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 
applica tions. 

8. The standard dual amplifier pin out allows the AD644 to 
replace lpwer performance duals without redesign. 
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SPECIFICATIONS (typical @ +25°C and Vs = ±15V dc unless otherwise specified) 
MODEL AD644I AD644K AD644L AD644S (AD644S/883B)1 

OPEN LOOP GAIN 
VOUT = ±lOV, RL ~ 2kU 30,000 min 50,000 min 
TA = min to max, RL = 2kU . 20,000 min 40,000 min 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kU, TA = min to max ±IOV min (±12V typ) 
Voltage @ RL = 10kU, TA = min to max ±12V min (±l3V typ) 
Short Circuit Current 2SmA 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 2.0MHz 
Full Power Response 200kHz 
Slew Rate, Unity Gain 13.0V/~s (B.OV/~s min) 
Total Harmonic Distortion, f = 1kHz 0.0015% 

INPUT OFFSET VOLTAGE2 2.0mV max 1.0mV max O.SmV max 
Input Offset Voltage Tmin-Tmax 3.SmVmax 2.0mVmax 1.0mV max 
vs. Supply, TA = min to max 200~V/V max 100~V/V max 

INPUT BIAS CURRENT 
Either Input3 10pA (7SpA max) 10pA (3 SpA max) 
Input Offset Current 10pA SpA 

MATCHING CHARACTERISTICS4 

Input Offset Voltage l.OmVmax O.SmVrnax 0.2SmV max 
Input Offset Voltage Tmin -Tmax 3.SmVmax 2.0mVmax 1.0mV max 
Input Bias Current 3SpA max 2SpA max 
Crosstalk -124dB . 

INPUT IMPEDANCE 
Differential 1'012U1I6pF 
Common Mode I012n1!3pF 

INPUT VOLTAGE RANGE 
DifferentialS ±20V 
Common Mode ±12V (±lOV min) 
Common Mode Rejection, VIN = ±lOV 76dB min BOdB min 

POWER SUPPLY 
Rated Petformance ±lSV 
Operating ±(S to IB)V 
Quiescent Current 3.SmA (4.SmA max) 

VOLTAGE NOISE 
O.I-IOHz 2~V p-p 
10Hz 3SnV/v'Hz" 
100Hz 22nV/y'Hz" 
1kHz 1 BnV/y'Hz" 
10kHz l6nV/y'Hz" 

TEMPERATURE RANGE 
Operating, Rated Performance o to +70

o
C _SSoC to +12SoC 

Storage -6SoC to +lSOoC 

PACKAGING OPTIONS6 : 

TO-99 Style (H08B) AD644JH AD644KH AD644LH AD644SH 

NOTES. 
I The AD644S/883B is an AD644S which is inspected and processed 

to the requirements of MIL-STD-883, Level B. A complete listing 
of the tests is available on request. 

'Input Offset Voltage specifications are guaranteed after S minutes 
of operation at TA = +2SoC. 

• Matching is defined as the difference between parameters of the two amplifiers. 
I Defined as voltage between inputs, such that neither exceeds ± 10V from ground. 
S See Section 20 for package outline information. 

• Bias Current specifications are guaranteed maximum at either input 
after S minutes of operation at TA = +2SoC. For higher temperatures, 
the current doubles every 10°C. 

VOL. 1,4-100 OPERA TIONAL AMPLIFIERS 

·Specifications same as AD644]. 
··Specifications same as AD644K. 

Specifications subject to change without notice. 
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Figure 4. Input Bias Current vs. 
Supply Voltage 
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Figure 7. Change in Offset Voltage 
vs. Warm-Up Time 
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Figure 10. Open Loop Voltage Gain 
vs. Supply Voltage 
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Figure 2. Output Voltage Swing vs. 
Supply Voltage 
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Figure 5. Input Bias Current vs. 
Temperature 
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Temperature 
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Figure 14. Output Settling Time vs. Output 
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Figure 19. T.H.D. Test Circuits 

Figure 21a. Unity Gain Follower 
Pulse Response (Large Signa/) 

SQUARE 
WAVE 
INPUT 

4.99kO 

Figure 22a. Unity Gain Inverter 
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Figure 21b. Unity Gain Follower 
Pulse Response (Small Signa/) 

Figure 22b. Unity Gain Inverter 
Pulse Response (Large Signa/) 
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Figure 15. Noise Spectral Density 
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SCOPE PROBE, 20pF OR LESS 

4.99k 

4.99k 

VOUT 

SCOPE VERTICAL 
IMV/OIV 

V - Y,N - VOUT 
ERROR-~ 

Figure 23a. Settling Time Test Circuit 

VERROR,lmV/OIV 

Y,N = IOV/OIV 

Figure 23b. Settling Characteristic Detail 

The fast settling time (3.0J.ls to 0.01 % for 20V pop step) and 
low offset voltage make the AD644 an excellent choice as an 
output amplifier for current output D/A converters such as 
the AD7541. 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 

- l..r.NPUT 

TYPICAL CAPACITANCE 
LIMIT FOR VARIOUS 
LOAD .RESISTORS 

~ Cl UPTO 

2krl - 1500pF 
10krl - 600pF 
20krl - 500pF 

4.99kn 

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 i 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 

junction via the low pass filter formed by the lOOn series 
resistor and the load capacitance, CL • 

The low input bias current (3 SpA), 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 J 

low leakage 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. 

+Vs 

I as . 
INP~UTS t:l:>t. @ ~ 7 INPUTS 

~w v~ 

'"'''' ~ .!r:Y-'" 
Figure 25. Board Lay~ut 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 converting 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 over~ll perfor
mance. The AD644 requires input protection orily 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 1.0mA (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 = l'::A FOR TRANSIENTS LESS THAN I SECOND 

Rp= IO~A FOR CONTINUOUS OVER LOADS 

Figure 26. AD644 Input Protection 
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10k NOTES: 
1. RJ/R4 MATCH 0.05% OR BETTER. 
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ADJUSTMENT IS REQUIRED V-

Figure 27a. AD644 Used as DAC Output Amplifiers 

Figure 27b. Large Signal Response 

Figure 27c. Small Signal Response 

Figure 27a illustrates the 10-bit digital-to-analog converter, 
AD7533 , connected for bipolar operation. Since the digital in
put can accept bipolar numbers and VREF ca~accept a bipolar 
analog input, the circuit can perform a 4-quadrant multiplying 
function. The photos exhibit the response to a step input at 
VREF' 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 
dependenron the offset voltage of the amplifier. The AD644K 
with trimmed offset will minimize the effect. The Schottky 
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. 

R210M!! 

10 = CENTER FREQUENCY = 1/2. Rc 

Qo = QUALITY FACTOR = R2~~2 
Ho = GAIN AT RESONANCE = R2/R, 

R3 = R~ ~ 108 /10 

Qo. IS ADJUSTABLE BY VARYING R2 

10. IS ADJUSTABLE BY VARYING R OR C 

Figure 28. Band Pass State Variable Filter 

VOUT 

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 
lSps. 

The droop rate is very low 25 X 10-9 V Ips 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 

~ 
+iNPUT 

GAIN = (+V'N ~?-V'NI 
INSTRUMENTATION AMPLIFIER WITH GAIN OF TEN 

Figure 30. Wide Bandwidth Instrumentation 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 10pV/oC, CMRR of BOdB over 
the range of dc to 10kHz and a bandwidth of 200kHz (-3dB) 
at 20V pop output. The circuit of Figure 30 can be configured 
for a gain range of 1 to 1000 with a typical nonlinearity of 
0.01% at a gain of 10. 
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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,uV max 
Low Input Voltage Noise: 2/-N POp 
High Open Loop Gain: 108dB 
Low Quiescent Current: 2.8mA max 
Low Total Harmonic Distortion. 
Standard Dual Amplifier Pin Out 

PRODUCT DESCRIPTION 
The AD647 is an ultra low drift dual JFET amplifier that 
combines high performance and convenience in a single 
package. 

The AD647 uses the most advanced ion-implantation and 
laser wafer drift trimming technologies to achieve the highest 
performance currently available in a dual JFET. Ion-implan
tation permits the fabrication of matched J FETs on a mono
lithic bipolar chip. Laser wafer drift trimming trims both the 
initial offset voltage and its drift with temperature to provide 
offsets as low as 100,uV (2S0,uV max) and drifts of 2.S,uV/oC 
max. 

In addition to outstanding individual amplifier performance, 
the AD647 offers guaranteed and tested matching performance 
on critical parameters such as offset voltage, offset voltage 
drift and bias currents. 

This high level of performance 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 also offers high levels of performance for 
Digital to Analog Converter output amplifiers, and filtering 
applications. 

The AD647 is offered in four performance grades, three 
commercial (the J, K, and L) and one military (the S). All 
are supplied in hermetically sealed 8-pin TO-99 packages. 

Ultra-Low Drift 
Dual BIFEl Op Amp 

AD647 I 
AD647 FUNCTIONAL BLOCK DIAGRAM 

v-

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
1. The AD647 is guaranteed and tested to tight matching 

specifications to ensure high performance and to elimi
nate the selection and matching of single devices. 

2. Laser wafer drift trimming reduces offset voltage and off
set voltage drifts to 2S0,uV and 2.5,uV/C max. 

3. Voltage noise is guaranteed at 4,uV pop max (0.1 to 
10Hz) on K, Land S grades. 

4. Bias current (3SpA K, L, S; 7SpA J) is specified after 
five minu tes of operation. ' 

S. Total supply current is a low 2.8mA max. 

6. High open loop gain ensures high linearity in precision 
instrumentation amplifier applications. 

7. The standard dual amplifier pin out permits the direct sub
stinition of the AD647 for lower performance devices. 

OPERATIONAL AMPLIFIERS VOL. 1,4-105 
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SPECIFICATIONS (typical @ +25°C and Vs = ±15V dc unless otherwise specified) 
MODEL AD647JH AD647KH AD647LH AD64 7SH(AD64 7SH/883 8)1 

OPEN LOOP GAIN 
VOUT = ±lOV, RL ;;;. 2kn 100,000 min 250,000 min 

TA = min to max 100,000 min 250,000 min 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kn, TA = min to max ±lOV min (±12V typ) 
Voltage @ RL = 10kn, TA = min to max ±12V min (±13V typ) 
Short Circuit Current 25mA 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 1.0MHz 
Full Power Response 50kHz 
Slew Rate, Unity Gain 3.0V/J.l.s 

INPUT OFFSET VOLTAGE 2 1.0mV max 0.5mV max 0.25mV max 
vs. Temperarure 1O.OJ.l.V/oC max 5J.1.V/C max 2.5J.1.V/C max 
vs. Supply, TA = min to max 200J.l.V/V max lOOJ.l.V/v max 

INPUT BIAS CURRENT 
Either Input3 10pA (75pA max) 10pA (35pA max) 
Input Offset Current SpA 2pA 

MATCHING CHARACTERISTICS4 

Offset Voltage 1.0mV max O.SmV max 0.2SmV max 
vs. Temperature, Tmin -Tmax lOJ.l.V/oC max 5.0J.l.V/oC max 2.5J.1.V/C max 

Input Bias Current 35pA max 25pA max 
Crosstalk-1kHz 20V pop -124dB . 

INPUT IMPEDANCE 
Differential 1012 n116pF 
Common Mode 10 12 nl16pF 

INPUT VOLTAGE RANGE 
DifferentialS ±20V 
Common Mode ±10V min (± 12V typ) 
Common Mode Rejection, VIN = ±10V 76dB min 

POWER SUPPLY 
Rated Performance ±15V 
Operating ±(5 to 18)V 
Quiescent Current 2.8mA max 

VOLTAGE NOISE 
0.1-10Hz 2J.1.V pop 
10Hz 70nV/yrHz' 
100Hz 45nV/....,'i'h 
1kHz 3 0 n V /.Jlli'" 
lqkHz 25 n V /.Jlli'" 

TEMPERATURE RANGE 
Operating. Rated Performance o to +70°C 

, Storage -65°<: to +150°C 

PACKAGING OPTION6 

TO-99 Style (H08B) AD647JH 

NOTES 
1 The AD647SH/883B is an AD647SH which is inspected and 
processed to the full requirements of MIL-STD-883, Level B. A 
complete listing of the tests is available on request. 

"Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at TA = +2SoC. 

3 Bias current specifications are guaranteed maximum at either 
input after 5 minutes of operation at TA = +2SoC. For higher 
temperatures. the current doubles every 10°C. 

VOL. 1,4-106 OPERA TlONAL AMPLIFIERS 

80dB min 

4J.1.V pop max . 

-55°C to +125°C 

AD647KH AD647LH AD647SH 

• Matching is defined as the difference between parameters of 
the two amplifiers. 

5 Defined as the maximum safe voltage between inputs, such that 
neither exceeds ± IOV from ground. 

• See Section 20 for package outline information. 

• Specific ations same as AD64 7 J H. 
··Specifications same as AD647KH. 
Specifications subject to change without notice. 
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Figure 21b. Unity Gain Follower 
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APPLICATION NOTES 
The AD647 is fully specified unqer 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 JFET amplifier doubles with every lOoC 
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. 

RS ,""" 
BIPOLAR 
OFFSET 

BIPOLAR 
ANALOG INPUT 

il0V 

NOTES: , 
1. AJ/A. MATCH 0.05% OR BETTER. 
2. R1, R2 USED ONLY IF GAIN ADJUSTMENT IS REOUIRED 

Figure 23. AD647 Used as DAC Output Amplifier 

Applications 
A CMOS DAC AMPLIFIER 
The output impedance of a CMOS DAC, such as the AD754I, 
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 AD647, 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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USING THE AD647 IN LOG AMPLIFIER APPLICATIONS 
Log amplifiers or log ratio amplifiers 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 5 decades of current input, InA to 100/JA. For voltage 
inputs, the dynamic range is typically 50mV to 10V for 1% 
error, limited on the low end by the amplifiers' input offset 
voltage. 

',--_-1 
v, 

NOTES 

lk ' OR -lV lOG,O V, Nz 

} 

VOUT--1VLOG,0 1,/12 

R' 
15,"k 

RTC TEl LABS 
+3500ppm 081 

CIRCUIT SHOWN FOR NEGATIVE V OR liN. 
FOR POSITIVE INPUTS, 01 .. PNP, AND VA" -1SV. 

Figure 25 .. 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 Ql has (3) 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 11/151 

This ~ircuit is ~rranged to take the diffe~ence of the VBE 's of 
QIA and QIB, thus producing an output voltage proportional 
to the log of the ratio of the inputs: 

KkT 
VOUT = -K (VBE A - VBE B) = - -q (In 11/151 -In 12 /152) 

VOUT = -K kTlq In 11/12 

The scaling constant, K is set by RI and RTC to about 16, to 
produce a IV change in output voltage per decade difference 
in input signals. RTC is a special resistor with a +3500ppmtC 
temperature coefficient, which makes K inversely proportional 
to temperature, compensating for the "T" in kT Iq. 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 100/JA, 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 pro~ide 
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 VOUT = O.OOV. Next 
apply VI = -IO.OOV, V2 = -'1.00V and adjust gain}or 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 filter 
circuits for low frequency ranges large .value resistors are used 
to generate the low pass filter function. Input bias currents 
passing through these resistors will generate an additional off
set voltage that will also be I?assed to the output of the filter. 

The use of the AD647 wiJI 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 AMPLIFIER 
The circuit shown in Figure 26 uses the AD647 to construct 
an ultra high precision instrumentation amplifier. In this type 
of application the matching characteristics of a monolithic 
dual amplifier are crucial to ensure high performance. 

DATA 
GUARD 

R7 AB 
10kn lOkn 

Nons 
As AND FIG ARE ~'''''. :10ppml"C 
Rl ANO A4 ARE 11%. tSOppm/"C 
RS, RB, R7, RB ARE ... M,\TCHEO ~i:TWORK. 
to.Ol%. t2pprnfC TRACKING TC 

Figure 26. Precision FET Input Instrumentation Amplifier 

The use of an AD647L as the input amplifier AI, guarantees 
maximum offset voltage of 250/JV, drift of 2.5/JV/oC and bias 
currents of 35pA. 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 configuration, a great deal of care 
should be taken when selecting the external components. 
CMRR will depend on the matching of resistors RI, 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 
Precision I nput Characteristics 

Low Vos: 0.5mV max (L) 
Low Vos Drift: 5pVtC max (L) 
Low Ib: 50nA max (L) 
Low los: 5nA max (L) 
High CMRR: 90dB min (K, L) 

High Output Capability 
Aol = 25,000 min, 1kn load (J, S) 

Tmin to T max 
Vo = ±10V min, 1kn load (J, S) 

GENERAL DESCRIPTION 
The Analog Devices AD741 series are high perfonnance 
monolithic operational amplifiers. All the devices feature 
full short circuit protection and internal compensation. 

The Analog DevicesAD741J,AD741K, AD741L andAD741S 
are specially tested and selected versions of the standard 
AD741 operational amplifier. Improved processing and ad
ditional electrical testing guarantee the user precision perform
ance at a very low cost. The AD741J, K and L substantially 
increase overall accuracy over the standard AD741C by pro
viding 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 example, the AD741L features maximum 
offset voltage drift of SpV/C, offset voltage of O.SmV max, 
offset current of SnA max, bias current of SOnA max, and a 
CMRR of 90dB min. The AD741S offers guaranteed perfonn
ance over the extended temperature range of -5 S° C to 
+12So C, with max offset voltage drift of lspvfc, max off
set voltage of 4mV, max offset current of 2SnA, and a mini
mum CMRR of BOdB. 

Low Cost 
High Accuracy Ie Op Amps 

AD741 SERIES· I 

AD741 SERIES FUNCTIONAL DIAGRAMS 

INVERTING INPUT 2 - 7 V+ 

OFfSETNULL(B8NC 
NON INVERTING INPUT 3 + 8 OUTPUT 

TO-99 
TOP VIEW 

HIGH OUTPUT CAPABILITY 

v- 4 5 O~FSET NULL 

8-PIN MINI DIP 
TOP VIEW 

Both the AD741J and AD741S offer the user the additional 
advantages of high guaranteed output current and gain at low 
values of load impedance. The AD741J guarantees a 
minimum gain of 25,000 swinging ±lOV into a lkn load 
from 0 to +700 C. The AD741S guarantees a minimum gain 
of 25,000 swinging ±lOV into a lkS1 load from -55°C to 
+12S

o
C. 

All devices feature full short circuit protection, high gain, high 
common mode range, and internal compensation. The 
AD741J, K and L are specified for operation from 0 to 
+700 C, and are available in both the TO-99 and mini-DIP 
packages. The AD741S is specified for operation from 
-55°C to +12S o C, and is available in the TO-99 package. 
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SPECIFICATIONS (typical @ +25°C and ±15V dc, unless otherwise specified) 
AD74IC AD741 

Model Min Typ Max Min 

OPEN LOOP GAIN 
RL = lkn, Vo = ±IOV 
RL = 2kn, Vo = ±IOV 20,000 200,000 50,000 
TA = min to max RL = 2kn 15,000 25,000 

OUTPUT CHARACTERISTICS, 
Voltage @ RL = lkn, TA = min to max 
Voltage @ RL = 2kn, TA = min to max ±10 ±13 ±\O 
Short Circuit Current 25 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 1 
Full Power Response· 10 
Slew Rate 0.5 
Transient Response (Unity Gain) 

Rise Time CL .;;; 10V p-p 0.3 
Overshoot 5.0 

INPUT OFFSET VOLTAGE 
Initial, Rs';;; 1 Okn, Adj. to Zero 1.0 6.0 
TA = min to max 1.0 7.5 
Average vs. Temperature (Untrimmed) 
vs. Supply, TA = min to max 

INPUT OFFSET CURRENT 
Initial 20 200 
TA = min to max 40 300 
Average vs. Temperature 

INPUT BIAS CURRENT 
Initial 80 500 
TA = min to max 120 800 
Average vs. Temperature 

INPUT IMPEDANCE DIFFERENTIAL 0.3 2.0 0.3 

INPUT VOLTAGE RANGE 1 

Differential, max Safe 
Common Mode, max Safe ±12 ±13 ±12 
Common Mode Rejection, 

RS = .;;; 10kn, TA = min to max, 
VIN = ±12V 70 90 70 

POWER SUPPLY 
Rated Performance ±15 
Operating 
Power Supply Rejection Ratio 30 150 
Quiescent Current 1.7 2.8 
Power Consumption 50 85 

TA = min 
TA = max 

TEMPERATURE RANGE 
Operating Rated Performance 0 +70 -55 
Storage -65 +150 -65 

NOTE . 
I For supply voltages less than ± lSV, the absolute maximum input voltage is equal to the supply voltage. 
Specifications subject to change without notice. 

+Vs 

-Vs 

Typ 

200,000 

±13 
25 

1 
10 
0.5 

0.3 
5.0 

1.0 
1.0 

20 
85 

80 
300 

2.0 

±13 

90 

±IS 

30 
1.7 
50 
60 
45 

Standard Nulling Offset Circuit 
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Max Min 

50,000 

25,000 

±10 

5.0 
6.0 

200 
500 

500 
1,500 

80 

±5 
150 
2.8 
85 
100 
75 

+125 0 
+150 -65 

AD741J 
Typ Max Units 

200,000 V/V 
V/V 
V/V 

±13 V 
V 

25 rnA 

1 MHz 
10 kHz 
0.5 Vlp,s 

0.3 p,s 
5.0 % 

1.0 3.0 mV 
4.0 mV 
20 p,V/C 

30 100 p,V/v 

5 50 nA 
100 nA 

0.1 nAloC 

40 200 nA 
400 nA 

0.6 nAloC 

1.0 Mn 

±30 V 
±15 V 

90 dB 

±15 V 
±18 V 

p,V/v 
2.2 3.3 rnA 
50 85 mW 

mW 
mW 

+70 °c 
+150 °c 



SPECIFICATIONS (typical @ +25°C and ±15V dc unless otherwise specified) , 
AD741K AD741L AD741S 

Model Min I Typ Max Min Typ Max Min Typ Max Units 

OPEN LOOP GAIN 
RL = lkU, Vo = ±10V : 50,000 200,000 V/V 
RL = 2kU, Vo = ±10V 50,000 200,000 50,000 200,000 V/V 
TA = min to max RL = 2kU 25,000 25,000 25,000 V/V 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 1HZ, TA = min to max V 
Voltage @ RL = 2kU, TA = min to max ±1O ±13 ±10 ±13 ±1O ±13 V 
Short Circuit Current 25 25 25 rnA 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 1 1 1 MHz 
Full Power Response 10 10 10 kHz 
Slew Rate 0.5 0.5 0.5 V/j.ls 
Transient Respone (Unity Gain) 

Rise Time 0.3 0.3 0.3 j.ls 
Overshoot 5.0 5.0 5.0 % 

INPUT OFFSET VOLTAGE 
Initial, RS .;;; 10kU, Adj. to Zero 0.5 2.0 0.2 0.5 1.0 2 mV 
TA = min to max 3.0 1.0 4 mV 
Average vs. Temperature (Untrimmed) 6.0 15.0 2.0 5.0 6.0 15.0 j.lV/oC 

vs. Supply, TA = min to max 5 15.0 5 15.0 30 100 j.lV/V 

INPUT OFFSET CURRENT 
Initial 2 10 2 5 2 10 nA 
TA = min to max 15 10 25 nA 
Average vs. Temperature 0-;"02 0.2 0.02 0.1 0.1 0.25 nA/C 

INPUT BIAS CURRENT 
Initial 30 75 30 50 30 75 nA 
TA' = min to max 120 100 250 nA 
Average vs. Temperature 0.6 1.5 0.6 1.0 0.6 2.0 nA/C 

INPUT IMPEDANCE DIFFERENTIAL 2 2 2 MU 

INPUT VOLTAGE RANGEl 
Differential, max Safe ±30 ±30 ±30 V 
Common Mode max Safe ±15 ±15 ±15 V 
Common Mode Rejection, 

Rs .;;; 10kU, TA = min to max 
VIN = ±12V 90 100 90 100 90 100 dB 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 V 
Operating ±5 ±22 ±5 ±22 ±5 ±22 V 
Power Supply Rejection Ratio j.lV/V 
Quiescent Current 1.7 2.8 1.7 2.8 2.0 2.8 rnA 
Power Consumption 50 85 50 85 50 85 mW 

TA = min 60 100 mW 
TA = max 115 75 mW 

TEMPERATURE RANGE 
Operating Rated Performance 0 +70 0 +70 -55 +125 °c 
Storage -65 +150 -65 +150 -65 +150 °c 

NOTE 
1 For supply voltages less than ± lSV, the absolute maximum input voltage is equal to the supply voltage. 
Specifications subject to change without notice. 

ORDERING GUIDE 

Temperature Initial Off-
Model Range Package! Set Voltage 

AD741CN o to +70
o
C MINI-DIP (NSA) 6.0mV 

AD741CH o to +70
o
C TO-99 6.0mV 

AD741JN o to +70°C MINI-DIP (NSA) ,3.0mV 
AD741JH o to +70°C TO-99 3.0mV 
AD741KN o to +70

o
C ' MINI-DIP (NSA) 2.OmV 

AD741KH o to +70
o
C TO-99 2.0mV 

AD741LN o to +70
o
C MINI-DIP (NSA) O.SmV 

AD741LH o to +70
o
C TO-99 O.SmV 

AD741H -55°C to +12S
o

C TO-99 S.OmV 
AD741SH _55°C to +12SoC TO-99 2.0mV 
AD741SH/SS3B -55°C to +12S

o
C TO-99 2.0mV 

I See Section 20 for package outline information. 

MIL-STANDARD-883 

The AD741S and AD741 are available with screening to 

MIL-STD-883, Method 5004, Class B. 

ABSOLUTE MAXIMUM RATINGS 

Absolute Maximum Ratings 

Supply Voltage 
Internal Power Dissipation 
Differential Input Voltage 
Input Voltage 
Storage Temperature Range 
Lead Temperarure 

(soldering, 60 seconds) 

AD741,J, K, L, S 

±22V 
SOOmWI 
±30V 
±lSV 
-65°C to +lS0

o
C 

300°C 

Output Short Circuit Duration Indefinite2 

NOTES 

AD741C 

±lSV 
SOOmW 
±30V 
±lSV 
-65°C to +lS0

o
C 

300°C 

Indefinite 

I Rating applies for case temperature to + 125°C. Derate TO·99 linearity 
at 6.5mWfC for ambient temperatures above +70°C. 

2 Rating ~plies for ,shorts to ground or eithe! supply at case temperatures 
to +125 C or ambIent temperatures to +75 C. 
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Typical Performance Curves 
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r.ANALOG 
WDEVICES 

Wideband, 
Fast-Settling FET -Input Op Amp 

FEATU,RES 
Very High Slew Rate: 1000V/IlS 
Fast Settling: 150ns max to ±0.05% 
Gain Bandwidth Product: 1.7GHz typical 
High Output Current: 100mA min @ VOUT = 10V 
Full Differential Input 

PRODUCT DESCRIPTION 
The AD3554 is a FET-input, hybrid operational amplifier 
that features an excellent combination of high slew rate, fast 
settling time and large gain-bandwidth product. The AD3 5 54 
has a full differential input with matched input FETs for low 
offset voltage. 

The AD3554 can supply ±100mA at 10.volts. The slew rate 
is 1000VIIls minimum; 1200VIIls is typical. Settling time 
to ±0.05% of final value is only 150ns when configured as a 
unity gain amplifier. The user can optimize the combination 
of bandwidth, slew rate, and settling time for a particular ap
plication by selecting the external compensation capacitor. 

The AD3554 is recommended for any operational ampli-
fier application where speed and bandwidth are important 
considerations. The high slew rate and fast settling time make 
the AD3554 an excellent choice for use in fast D/A con
verters, fast current amplifiers, integrators, waveform gener
ators and multiplexer buffers. 

The AD3554 is available in three versions: the "A" and "B" 
are specified over the -25°C to +85°C temperature range and 
"s" over the -55°C to +125°C operating temperature range. 
All devices are packaged in the hermetically-sealed TO-3 style 
metal can. 

AD3554 I 

AD3554 FUNCTIONAL BLOCK DIAGRAM 

TO-3 STYLE 
BOTTOM VIEW 

PRODUCT HIGHLIGHTS 
1. The high slew rate (lOOOV Ills min) and fast settling time 

to 0.01% (250ns max) make the AD3554 ideal for D/A, 
AID, sample-hold circuits and high speed integrat~rs. 

2. Laser trimming techniques reduce offset voltage to as low 
as 1mV max (AD3554B), thus eliminating the need for 
external nullling in many applications. 

3. Very high gain-bandwidth product (1. 7GHz typically at 
A = 1000) makes the; AD3554 an ideal choice for high 
frequency amplifier applications. 

4. FET inputs result in a low bias current (50pA max, 10pA 
typ) in a high gain-bandwidth product operational amplifier. 

5. Full differential input makes the AD3554 ideal for all 
standard operational amplifier applications such as high 
speed integrators, differentiators, high gain amplifiers, 
etc. 

6. The 100mA at 10V output makes the AD3554 suitable 
for many applications that require high output power, 
such as cable drivers. 
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SPECIFICATION S (typical @+25°C and Vs = ±15V dc unless otherwise specified) 
MODEL 

OPEN LOOP GAIN 
No Load 
RL = lOOn 

OUTPUT CHARACTERISTICS 
Voltage (a? 10'" ±IOOmA 
Output Resistance, Open Loop Ql) f = 10Mllz 
Current @ Vo = ±IOV 

FREQUENCY RESPONSE 
Bandwidth (OdB, Small Signal, CF = 0)' 
Gain-Bandwidth Product, CF = 0,' 

G= 10V/V 
G = lUOV/V 
G = 1000VN 

Full Power Bandwidth, CF = 0, Vo = 20V P-P, 
RL = lOOn' . 

Slew Rate, CF = 0, Vo = 20V P-P, 
RL = lOOn 

Settling Time', A = -I, to ±1% 
to ±O.I% 
to ±O.OS% 
to +0.01% 

INPUT OFFSET VOLTAGE 
vs. Temperature 
vs. Supply, TA = min to max 

INPUT BIAS CURRENT 
Either Input2 

vs. Supply Voltage 

INPUT IMPEDANCE 
Differential . 
Common'Mode 

INPUT VOLTAGE RANGE 
Max Safe Input Voltage 
Common Mode 
Common Mode Rejection, VCM - +7V, -10V 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

INPUT NOISE 
Voltage,fo = 1Hz 

fo = 10Hz 
fo = 100Hz 
fo = 1kHz 
fo = 10kHz 
fo = 100kHz 
fo = IMHz 
fB = 0.3Hz to 10Hz 
fB = 10Hz to IMHz 

Current, fB = 3Hz to 10Hz 
fB = 10Hz to IMHz 

TEMPERATURE RANGE 
Operating, Rated Performance 
Storage 

PACKAGE OPTION3 TO-3 Style (H08-C) 

NOTES 

AD3S54A 

106dB (lOOdB min) 
96dB (90dB min) 

±llV (±10V min) 
20n 
±I25mA (±IOOmA min) 

90MHz (70MHz min) 

225MHz (I50MHz min) 
725MHz (425MHz min) 
1700MHz (lOOOMHz min) 

19MHz (l6MHz min) 

1200VIIls (lOOOVIlls min) 
60t1s 
120ns 
140ns (l50ns max) 
200ns (250ns max) 

0.5mV (2.0mV max) 
20llVtC (50IlV/oC max) 
80llV/V (3001lVN max) 

IOpA (50pA max) 
IpAN 

10" nll2pF 
10" nll2pF 

±Vcc 
±(IVcc 1-4) 
78dB (44dB min) 

±15V 
±(5 to 18)V 
28mA (4SmA max) 

12SnV/y'Hz (450nV/v'ih max)' 
50nV 1y'Hz (I60nV 1y'Hz max)' 
2SnV/y'Hz (90nV/y'Hz max)', 
15nV/y'Hz (SOnV/y'Hz" max)' 
10nV/y'HZ (3 5 nV/y'HZ max)' 
8nV/v'ih (2SnV/..JH'Z max)' 
7nV/y'Hz (2SnV/v'ih max)' 
21lV, p-p (71lV, p-p max) 
81lV, rms (2SIlV, rms max) 
4SfA, p-p 
2pA, rms 

-2SoC to +8SoC 
-6SoC to +IS0°C 

AD3554AH 

AD3SS4B 

O.2mV (1.0mV max) 
81lV/oC (I51lV/oC max) 

AD3554BH 

I This parameter is guaranteed but not tested. This specification is, 
established to a 90% confidence level. 

a Bias Current specifications are guaranteed maximum at either input 
at TA = +2S·C. For higher temperatures, the current doubles every 
IO'C. 

'See Section 20 for package outline information. 
·Specifications same as AD3S54A. 

VOL. 1,4-116 OPERA TlONAL AMPLIFIERS 

• ·Specifications same as AD3554B. 
Specifications subject to change without notice. 

TYPICAL APPLICATION 
5.6kn 

5600 

VOUT 

~ 
X10 Inverting Amplifier 

AD3SS4S 

121lVtC (251lVtC max) 

AD3554SH 



r.ANALOG 
WDEVICES 

FEATURES 
2nd Source; Replaces All LH0032G 
High Slew Rate; SOOV Ills 
Wide 70MHz Bandwidth 
Operation Guaranteed -SSoC to +12SoC (ADLH0032G) 
High Input Impedance of 1012 n 
2mV Input Offset Voltage 

APPLICATIONS 
High Speed DAC Comparators 
ADC and SHA Input Buffers 
High Speed Integrators 
Video Amplifiers 

GENERAL DESCRIPTION 
The ADLH0032G and ADLH0032CG are high slew rate, high 
input impedance, differential operational amplifiers, suitable 
for numerous applications in high-speed signal processing. 
These second source devices are the same in every character
istic as other LH0032G/LH0032CG amplifiers, and thus are 
particularly suited for comparator applications due to their 
high allowable differential input capabilities (±1SV), ease of 
output clamping, and high output drive capabilities. 

Featuring a wide 70MHz bandwidth, high input impedance 
(10 12 n), and high output drive capacity, the ADLH0032G 
and ADLH0032CG have already been designed into such' 
applications as summing amplifiers in high-speed DACs, Buffer 
Amps in ADCs and high-speed SHAs, as well as other applica
tions normally reserved for special purpose video amplifiers. 

The ADLH0032G is guaranteed over the entire MIL tempera
ture range from -SSoC to +12S oC, while the commercial grade 
ADLH0032CG is guaranteed from -25°C to +8S~C. Both 
devices are packaged in a TO-8 metal can package. The 
ADLH0032G is available screened to MIL-883B.requirements 
(see ordering guide). 

Ultra Fast FET 
Operational Amplifier 

,ADLH0032Gj ADLH0032CG 
ADLH0032G/ADLH0032CG 

FUNCTIONAL BLOCK DIAGRAM 

INVERTED 
, INPUT 

NC 

OUTPUT 
COMPENSATION 

TO-8 PACKAGE 
BOTTOM VIEW 

...------4t-----oV+ 

OUTPUT 

'"'"" { 0"""' 

NON·INV 
INPUT 

V-

Figure 1. Offset Null 

V+ 

V-

Figure 2. Output Short Circuit Protection 
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SPECIFICATIONS 
Model ADLH0032G, ADLH0032CG 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ±18V 
Power Dissipation 
Differential Input Voltage 

See Characteristic Curves 
±30V 

Input Voltage 
Operating Temperature Range 

Storage Temperature Range 

ADLH0032G 
ADLH0032CG 

Lead Temperature (soldering, lOsec) 

±VS 
-55°C to +125°C 
-25°C to +85°C 
-65°C to +150°C 
300°C 

ADLHOO32G 
Parameter Conditions 

DC ELECTRICAL CHARACTERISTICS I 
Input Offset Voltage2 TJ = +25°C 

Input Offset Current:': TJ = +25°C 

Input Bias Current2 TJ = +25°C 

Average Offset Voltage Drift 
Large Signal Voltage Gain VOUT = ±10V, F = 1kHz, 

RL = lkn, TC = +25°C 
VOUT = ±lOV, RL = lkn, 

F = 1kHz 
Input Voltage Range 
Outj:!ut Voltage Swing Rl = lkn 
Power Supply Rejection Ratio ~VS = ±10V 
Common Mode Rejection Ratio 6VIN = lOV 
Supply Current Tc = +25°C 

AC ELECTRICAL CHARACTERISTICS3 

Slew Rate Ay_ = +1, 6VIN = 20V 
Settling Time 

to 1 % of Final Value Ay = -1, ~VIN = 20V 
Settling Time 

to 0.1 % of Final Value Ay = -1, ~VIN = 20V 
Small Signal Rise Time Av = +1, ~VIN = IV 
Small Signal Delay Time Ay = +1,6VIN = IV 

MTBF4 
Meantime Between Failures 2.03 X 106 Hours 

PACKAGE OPTIONs 

I These specifications apply for Y S = ± lSY and -550 C to + 125° C 
for the ADLHOO32G and -25°C to +8So C for the ADLH0032CG. 

2 Due to high speed automatic test techniques employed these parameters 
are correlated to junction temperature. 

3 These specifications apply for YS = ±15Y, RL = 1kn, TC = +2SoC. 
4 ADLHOO32G/883 calculated per MIL-HNBK 217, Ground; Fixed; 
Temperature (Case) = 70°C. 

S See Section 20 for package outline information. 
6 Refer to Package Type G = TO-8 Hermetically Sealed Can. 
7 Specifies processing to MIL-883B. 
SpeCifications subject to change without notice. 

min 

60 

57 
. ±1O 

±1O 
50 
50 

350 

ORDERING INFORMATION6 

typ 

2 

5 

10 

25 

70 

±12 
±13.5 
60 
60 
18 

500 

100 

300 
8 
10 

H12A 

max 

5 
10 
25 
25 
100 
50 
50 

20 

20 
25 

Model 
ADLH0032CG 
ADLH0032G 
ADLt-I0032G/883 7 

Temperature Range 
-25°C to +85°C 
-55°C to +125°C 
-55°C to +125°C 
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ADLHOO32CG 
min typ max Units 

5 15 mV 
20 

10 50 pA 
5 nA 

25 200 pA 
15 nA 

25 50 /.J.V/C 

60 70 dB 

57 dB 
±10 ±12 V 
±10 ±13 V 
50 60 dB 
50 60 dB 

20 22 rnA 

350 500 V//.J.s 

100 ns 

300 ns 
8 20 ns 
10 25 ns 

H12A 



Applying the ADLH0032G/ ADLH0032CG 
POWER SUPPLY DECOUPLING 
The ADLH0032G/ADLH0032CG, like most high-speed cir
cuits, are sensitive to stray capacitances and layout. Power sup
plies should be bypassed as near to ±V (Pins 10 and 12) as 
possible, using low inductance capacitors such as O.Ol,uF disc 
ceramics. Components for compensation should also be 
located close to the appropriate pins to reduce stray capaci
tances. A large ground plane area for low-impedance ground 
paths is highly recommended. 

HEAT SINKING 
The ADLH0032G/ADLH0032CG are specified for operation 
without any heat sink. Since internal power dissipation does 
create a significant temperature rise, improved bias current 
performance can be achieved by using a small heat sink such 
as the Thermalloy 2241 or equivalent. Since the case of the 
ADLH0032G/ADLH0032CG has no internal connection, it 
may be electrically connected to the heat sink. This, however, 

will affect the stray capacitances to all pins, therefore requiring 
adjustment of all circuit compensation values. 

INPUT CAPACITANCE 
Inverting Input: 
For optimum performance, the inverting input should be 
compensated by a small capacitance, around lOpF, across the 
feedback resistor. This is because the;: SpF input capacitance 
may cause significant time constants with high-value resistors. 
The capacitor value may be changed somewhat depending on 
the effects of layout and closed loop gain. 

Noninverting Input: 
To divert leakage currents away from the noninverting input 
and to reduce the effective input capacitance, it is desirable 
to bootstrap the case and/or a guard conductor to the in
verting input. The resulting input capacitance of a unity gain 
follower configured this way will be less than 1 picofarad. 

TYPICAL APPLICATIONS 
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Figure 3. DC to Video Log Amplifier 
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Figure 4. High Impedance, High Speed Comparator Figure 6. Unity Gain Follower 

3-BpF 

Figure 5. Current Mode Multiplexer 

·USE POL YSTYRENE DIELECTRIC 
FOR MINIMUM DRIFT 

Figure 7. High Speed Sample and Hold 
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Typical Performance Curves 
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r.ANALOG 
WDEVICES 

FEATURES 
2nd Source- Replaces All LH0033G Series 
Wide Bandwidth-dc to 100MHz 
High Slew Rate-1500V/ps 
Operates on Single or Dual Power Supplies 
Operation Guaranteed -55°C to +125°C (ADLH0033G) 
High 1011 n Input Impedance 

APPLICATIONS 
High-Speed Line Drivers 
Video I mpedance Transformation 
High-Speed AID I nput Buffers 
Nuclear Instrumentation Amplifiers 
Coaxial Cable Drive 

. GENERAL DESCRIPTION 
The ADLH0033G and ADLH0033CG are superhigh speed 
(lsOOVIJ,ts slew rate) and high input impedance (1011 m 
buffer amplifiers, designed to replace all LH003 3 series 
amplifiers in applications such as high-speed line drivers or as 
high impedance buffers for fast AID converters and com
parators. 

The ADLH0033G and ADLH0033CG are rated for operation 
over the voltage range of ±SV to ±20V. The ADLH0033G is 
guaranteed over the temperature range of -55°C to +12s

o
C, 

while the commercial grade ADLH0033CG is guaranteed over 
the range of -2 S° C to +8 S° C. 

Guaranteed operation over temperature of the ADLH0033G 
is achieved by using specially selected junction FET's and the 
latest state-of-the-art laser trimming techniques. They are 
available in the industry standard 12 pin TO-8 metal can. 
Screening to the requirements of MIL-883B is available. 

OPERATION WITHIN AN OP AMP LOOP 
When using the ADLH0033G/ADLH0033CG as a current 
booster or isolation buffer with op amps such as LH0032, 
118, 741, etc., an isolation resistor of at least 47n must be 

INPUT 

OFFSET 
PRESET 
(OPEN) 

..-_.----<l +15V 

l..J\i1v\,-+it--...... ---<l -15V 
loon 

Figure 1. Offset Adjustment 

High Speed 
Buffer Amplifiers 

ADLH0033G/ADLH0033CG I 

ADLH0033G/ADLH0033CG 
FUNCTIONAL BLOCK DIAGRAM 

INPUT 

NC 

NC 
BOTTOM VIEW 

TO-S PACKAGE 

OUTPUT 

used between the op amp's output and the input of the 
ADLH0033G. 

HEAT SINKING 
To assure maximum output drive capability of the 
ADLHOOBG/ADLH0033CG over temperature, heat sinks 
should be used. The cases are electrically isolated from the 
circuit and thus may be connected to system grounds. 

POWER SUPPLY BYPASSING 
To prevent oscillation, power supply bypassing is recommended. 
Use low-inductance ceramic disc caps, keeping lead lengths as 
short as possible (1/4" to 112" max from device package), 
connected between ground plane and each supply lead. Use 
one or two O.lJ,tF caps in parallel with a 4.7pF tantalum for 
best results. . 

V+ 

Figure 2. Short Circuit Protection Using Current 
Limiting Resistors (RUM) 
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SPECIFICATIONS 
ADLH0033G ADLH0033CG 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (V+ -'V-) 
Maximum Power Dissipation (see curves) 
Maximum Junction Temperature 
Input Voltage 
Continuous Output Current 
Peak Output Current 
Operating Temperature ADLH0033G 

ADLH0033CG 
Storage Temperature Range 
Lrad Temperature (Soldering, 10 sec.) 

40V 
1.5W 
175°C 
Equal to Supplies 
±IOOmA 
±250mA 
-55°C to +12SoC 
-25°C to +8S

o
C 

-6S
o

C to +ISO°C 
300°C 

ADLHOO33G 
Parameter Conditions min rvP 
DC ELECTRICAL CHARACTERISTICS I 

Input Bias Current Tc = 2S
0

C2 0.1 

Input Impedance RL = Ikn 1010 lOll 

Voltage Gain VIN = IVrms, f= Ikllz, 0.97 0.98 
R) = IkH, Rs = lOoHl 

Output Offset Voltage Rs = 100kn, Tc = 2SvC 5 
Rs = 100Hl 

Output Offset Voltage TC Rs = 100kn, -SSoC"'Tc"'12SoC 50 
Output Impedance VIN = IV nns, f= 1kHz 6 

RS = 100kn, RL = lkn 
Output Voltage Swing RL = Ikn ±12 ±13 

RL = lOOn, Tc = 25°C ±9 
Vs = ±SV, RL = lkn 6 

Supply Current. VIN = OV, Vs = ±ISV 20 
Vs = ±SV 18 

Power Consumption VIN = OV, Vs = ±ISV 600 
Vs = ±5V 180 

AC ELECTRICAL CHARACTERISTICS (Tc = 25°C Vs = ±ISV Rs = SOn, RL = lkn) 

Slew Rate VIN = ±lOV 1000 1500 
Bandwidth VIN =IV rms - 100 
Phase Nonlinearity BW = I to 20MHz 2 
Rise Time ~VIN = O.SV 2.9 
Propagation Delay ~VIN = O.SV 1.2 
Hannonic Distortion f>lkHz <0.1 

MTBF3 
Meantime Between Failure 5.5 X 106 hours 

PACKAGE OPTION4 H1:lA -
1 Unless otherwise specified, these specifications apply for +ISV applied to pins 1 and 12, -ISV 
applied to pins 9 and 10, and pin 6 connected to pin 7. 

2 Unless otherwise noted, specifications apply over a temperature range, -SSoC';TC';;;+12S'C 
for the ADLHOO33G, and -2SoC';;;TC';+8SoC for the ADLHOO33CG. Typical values shown 
are for TC = 25°C. . 

'ADLHOO33G/883 calculated per Mil Handbook 217. Ground: Fixed; Temperature (case) = 70°C. 
4See Section 20 for package outline information. 
S Specifies processing to MIL-883B. . 
Specifications subject to change without notice. 
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ADLHOO33CG 
max min typ max Units 

0.15 nA 
10 5 nA 

10 10 1011 n 

1.0 0.96 0.98 l.0 ,V/V 

10 12 20 mV 
15 25 mV 
100 50 100 JJ.V/C 
10 6 10 n 

±12 ±13 V 
±9 V 

6 V pop 

22 21 24 rnA 
18 rnA 

660 630 720 rnW 
180 rnW 

1000 1400 V/JJ.s 
100 MHz 
i Degrees 
3.2 ns 
.1.5 ns 
<0.1 % 

ORDERING INFORMATION 

Model 
ADLH0033CG 
ADLH0033G 
ADLH003 3G/883 5 

Temperature Range 
-25°C to +8S

o
C 

-55°C to + 125°C 
-55°C to +12S

o
C 



Applying the ADlH0033GjADlH0033CG 
LAYOUT CONSIDERATIONS 
As is the case with any high-speed design, proper layout is 
critical to avoid the introduction of unnecessary errors due to 

high-frequency coupling, stray capacitance, and the like. 

Large ground planes should he used whenever possible to 
provide a low resistance, low inductance circuit path, as well 
as shielding the effects of high-frequency coupling. Sockets 
should be avoided, as the increased inter-lead capacitance can 
degrade bandwidth. Input and output connections should be 
kept as short as practical. 

OFFSET ADJUSTMENT 
The ADLH0033G/ADLH0033CG are factory trimmed for 
output voltage offsets well within the guaranteed limits, 
thereby eliminating the need to calibrate each device in
dividually. To use this feature, simply connect Pin 6 (OFFSET 
PRESET) to Pin 7 (OFFSET ADJUST). 

When it is desirable to eliminate any errors due to output 
offsets, the circuit of Figure 1 may be used to adjust these 
errors to zero. 

SHORT CIRCUIT PROTECTION 
The circuit of Figure 2 is used to protect the ADLH0033GI 
ADLH0033CG from short circuits on the output. The value 
of RUM is determined by the following: 

V+ V
RLIM::::-=-

Isc Isc 

Where Isc = Output Current under short circuit condi
tions ~100mA. 

Note that output voltage swing will also be somewhat limited 
in this configuration; however, decoupling of Pins 1 and 9 
through disc type capa<;itors to ground as shown in Figure 2 
will restore full output swing and slew rate. 

OPERATION WITH ASYMMETRICAL SUPPLIES 
Since Symmetrical Power Supplies may not always be desirable 
or available, the ADLH0033G/ADLH0033CG is designed to 
operate on Asymmetrical Supplies. This causes an apparent 
output offset; however, this is because of the amplifier's gain 
of less than unity. To accurately predict the outpu t voltage 
shift due to Asymmetrical Supplies, use the following formula: 

(V+ - V-) 
AvO:::: (l-Av) --2- = 0.005 (V+-V-) 

Where Av = No Load Voltage Gain, typically 0.99 
V+ = Positive Supply Voltage 
V- = Negative Supply Voltage 

Of course, these apparent offsets may be adjusted to zero by 
using the circuit shown in Figure 1, OFFSET ADJUSTMENT. 

CAPACITIVE LOADING 
The ADLH0033G/ADLH0033CG have been designed to drive 
capacitive loads of several thousand picofarads (such as 
coaxial cable) without oscillation. In these applications, peak 
current resulting from (C X dv/dt) should be limited below the 
absolute maximum peak current rating of ±250mA. 

Also, power dissipation due to driving capacitive loads plus 
standby power should be kept below the total power rating 
of 1.5W. 

v+ 

INPUT 

v-
SElECT Cl FOR OPTIMUM 
PULSE RESPONSE 

Figure 3. Coaxial Cable Drive 
Rl 

79.5 

v-

Figure 4. Wideband Two Pole High Pass Filter 

+15V 

-15V 

Figure 5. High Speed Peak Detector 

INPUT 

v-

Figure 6. High Speed Shield/Une Driver 
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Typical Performance Curves 
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r.ANALOG 
WDEVICES 

FEATURES 
Ten Times More Gain Than Other OP-07 Devices 

(3.0M min) 
Ultra-Low Offset Voltage: 10J.N 
Ultra-Low Offset Voltage Drift: O.2J.NtC 
Ultra-Stable vs. Time: O.2J.lV/month 
Ultra· Low Noise: O.35J.lV POp 
No External Components Required 
Monolithic Construction . 
High Common Mode Input Range: ±14.0V 
Wide Power Supply Voltage Range: ±3V to ±18V 
Fits 725, 108A/308A, 741 Sockets 

PRODUCT DESCRIPTION 
The AD OP-07 is an improved version of the industry-standard 
OP-07 precision operational amplifier. 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 applica
tions. Input offset voltages as low as lOJ.1V, bias currents of 
0.7nA, internal compensation and device protection eliminate 
the need for external components and adjustments. An input 
offset voltage temperature coefficient of 0.2J.1VtC and long
term stability of 0.2J.1V Imonth eliminate recalibration or loss 
of initial accuracy. 

A true differential operational 'amplifier, the AD OP-07 has a 
high common mode input voltage range (±14V) high common 
mode rejection ratio (up to 126dB) and high differential input 
impedance (50Mn); these features combine to assure high ac
curacy in non inverting configurations. Such applications in
clude instrumentation amplifiers, where the increased open
loop gain maintains nigh linearity at high closed-loop gains. 

The AD OP-07 is available in five performance gr~des. The AD 
OP-07E, AD OP-07C and AD OP-07D are specified for opera
tion over the 0 to +70

o
C temperature range, while the AD 

OP-07A and AD OP-07 are specified for -55°C to +125°C 
operation. Processing to the requirements of MIL-STD-883, 
Class B, is available on the AD OP-07 and AD OP-07 A. All 
devices are packaged in TO-99 hermetically-sealed metal cans. 

Ultra-Low Offset 
Voltage Op Amp 

AD OP-07 I 
AD OP-07 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 

-Vs 

TO-99 

TOP VIEW 

1. Increased open-loop voltage gain (3.0 million, min) results 
in better accuracy and linearity in high closed-loop gain 
applications. 

2. Ultra-low 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, ultra-low input offset 
. voltage and full device protection eliminate the need for 

additional components. This reduces circuit size and com
plexity 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 instrumen
tation applications. 

5. 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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SPECIFICATIONS (TA =+25°C, \Is = ±15V, unless otherwise specified) 

MODEL AD OP-07E ADOP-07C 

PARAMETER SYMBOL MIN TYP MAX MIN TYP MAX 

OPEN LOOP GAIN Avo 2,000 5,000 1,200 4,000 
1,800 4,500 1,000 4,000 
300 1,000 300 1,000 

OUTPUT CHARACTERISTICS 
Maximum Output Swing VOM ±12.5 ±13.0 ±12.0 ±13.0 

±12.0 ±12.8 ±1l.5 ±12.8 
±10.5 ±12.0 ±12.0 
±12.0 ±12.6 ±11.0 ±12.6 

Open-Loop Output Resistance Ro 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 (Note 3) 

No External Trim TCVos 0.3 1.3 0.5 1.8 
With External Trim TCVOSN 0.3 1.3 0.4 1.6 

(Note 3) 
Long Term Stability Vosrrime 0.3 1.5 0.4 2.0 

INPUT OFFSET CUR~ENT 
Initial los 0.5 3.8 0.8 6.0 

0.9 5.3 1.6 8.0 
Average Drift TClos 8 35 12 50 

(Note 3) (Note 3) 

INPUT BIAS CURRENT 
Initial IB ±1.2 ±4.0 ±1.8 ±7.0 

±1.5 ±5.5 ±2.2 ±9.0 
Average Drift TCIB 13 (Note 3)35 18 (Note 3}50 

INPUT RESISTANCE 
Differential RIN 15 50 8 33 
Common Mode RIN CM 160 120 

INPUT NOISE 
Voltage en p-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 in p-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 ±13.5 ±13.0 ±13.5 
Common Mode Rejection Ratio CMRR 106 123 100 120 

103 123 97 120 

POWER SUPPLY 
Current, Quiescent IQ 3.0 4.0 3.5 5.0 
Power Consumption PD 90 120 105 150 

6.0 8.4 6.0 8.4 
Rejection Ratio PSRR 94 107 90 104 

90 104 86 100 

OPERATING TEMPERATURE 
RANGE Tmin, Tmax 0 +70 0 +70 

PACKAGE OPTIONS -
TO-99 Style ~ (H08B) AD OP-07EH AD OP-07CH 
Mini-Dip - (N8A) AD OP-07EN AD OP-07CN 

NOTES: 
'The AD OP-07A and AD OP~7 are available processed to MIL-STD-883, Class B. Order AD OP~7AH-883B or AD OP-07H-883B. 
2 Input offset voltage measurements are performed by au~omated test equipment approximately 0.5 seconds after application of 

power. Additionally, AD OP~7A offset voltage is measured five minutes after power supply application at 25· C, -5 S· C and + 12 S· C. 
'Parameter is not 100% tested; 90% of units meet this specification. , . 
• Long T~rm Input Offset Voltage Stability refers to the averaged trend line of Vos vs. Time over extended periods oftime 

and is extrapolated from high temperature test data. Excluding the initial hour of operation, changes in Vas during the first 
30 operating days are typically 2.SI'V - Parameter is not 100% tested: 90% of units meet this specification. 

• See Section 20 for package outline information. 
Specifications subject to change without notice. 
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ADOP-07D 
MIN TYP MAX 

1,200 4,000 
1,000 4,000 
300 1,000 

±12.1) ±13.0 
±1l.5 ±12.8 

±11.0 ±12.6 
60 

0.6 
0.17 

60 150 
85 250 
±4 

(Note 3) 
0.7 2.5 

0.7 2.5 
(Note 3) 

0.5 3.0 

0.8 6.0 
1.6 8.0 
12 

(Note 3) 
50 

±2.0 ±12 
±3.0 ±14 

18 (Note 3) 50 

7 31 
120 

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 

±13.0 ±14.0 
±13.0 ±13.5 
94 110 
94 106 

3.5 5.0 
105 150 
6.0 8.4 

90 104 
86 100 

0 +70 

AD OP-07DH 
AD OP-07DN 



AD OP-07A 1 AD OP-07 1 

MIN TYP MAX MIN TYP MAX TEST CONDITIONS UNITS 

3,000 5,000 2,000 5,000 RL~2H1, Va = tlOV V/mV 
2,000 4,000 1,500 4,000 RL~2kn, Va = ±10V, Tmin to Tmax V/mV 
300 1,000 300 1,000 RL~500n, Va = ±0.5V, Vs = ±3V V/mV 

±12.5 ±13.0 12.5 ±13.0 RL~10kn V 
±12.0 ±12.B 12.0 ±12.B RL~2kn V 
±10.5 ±12.0 10.5 ±12.0 RL~lkn V 
±12.0 ±12.6 12.0· ±12.6 RL~2kn, Tmin to Tmax V 

60 60 Va = 0,10 =0 il • 0.6 0.6 AVCL = +1.0 MHz 
0.17 0.17 RL~2k V//J.s 

10 25 30 • 75 Note 2 /J.V 
25 60 60 200 Note 2, Tmin to Tmax /J.V 
±4 ±4 Rp = 20kn mV 

0.2 0.6 0.3 1.3 Tmin toTmax /J.v/oc 
0.2 0.6 0.3 1.3 Rp = 20kn, Tmin to Tmax /J.v/oc 

0.2 1.0 0.2 1.0 Note 4 /J.V/Month 

0.3 2.0 0.4 2.B nA 
O.B 4.0 1.2 5.6 Tmin to Tmax nA 
5 25 B 50 Tmin toTmax pA/oC 

±0.7 ±2.0 ±1.0 ±3.0 nl\ 
±1.0 ±4.0 ±2.0 ±6.0 Tmin to Tmax nA 
B 25 13 50 Tmin to Tmax pA/oC 

30 BO 20 60 Mn 
200 200 Gil 

0.35 0.6 0.35 0.6 O.lHz to 10Hz, Note 3 !lV~ 
10.3 1B.0 10.3 1B.0 fa = 10Hz, Note 3 nVI Hz 
10.0 13.0 10.0 13.0 fo = 100Hz, Note 3 nV/YHz 
9.6 11.0 9.6 11.0 fo = 1kHz, Note 3 nV/y'Hz 
14 30 14 30 O.lHz to 10Hz, Note 3 PA~ 
0.32 0.80 0.32 0.80 fa = 10Hz, Note 3 pAl Hz 
0.14 0.23 0.14 0.23 fa = 100Hz, Note 3 pA/Vfu 
0.12 0.17 0.12 0.17 fa = 1kHz, Note 3 pA/Vfu 

±13.0 ±14.0 ±13.0 ±14.0 V 
±13.0 ±13.5 ±13.0 ±13.5 Tmin to l"max V 
110 126 110 126 VCM = ±CMVR dB 
106 123 106 123 VCM = ±CMVR, Tmin to Tmax dB 

3.0 4.0 3.0 4.0 Vs = ±15V mA 
90 120 90 120 Vs = ±15V mW 
6.0 8.4 6.0 8.4 Vs = ±3V mW 

100 110 100 110 Vs = ±3V to ±lBV dB 
94 106 94 106 Vs = ±3V to ±lBV, Tmin to Tmax dB 

-55 +125 -55 +125 °c 

AD OP-()7AH AD OP-07H 
- -
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ............................ ±22V Storage Temperature Range ............ -6SoC to +lS00C 
Internal Power Dissipation (Note 1) ........ '; ... SOOmW Operating Temperature Range 
Differential Input Voltage ..................... ±30V OP-07A, OP-07 .................. -SSoC to +12S

o
C 

Input Voltage (Note 2) ....................... ±22V OP-07E, OP~07C, OP-07D ............... 0 to +70
0

C 
Lead Temperature Range (Soldering, 60sec). . . . . . . . 300° C O~tput Short Circuit Duration ............... Indefinite 

NOTES: 
Note 1: Maximum package power dissipation vs. ambient temperature. 

Maximum Ambient Derate Above Maximum 
Package Type Temperature for Rating Ambient Temperature 

TO-99 (H) BOoC 7.1mWlC 

Note 2: For supply voltages less than ±22 V, the absolute maximum input voltage is equal to the supply voltage. 

+15V 

loon 

loon 

-15V 
("'10Hz FILTER) 

2.5Mn 

'INPUT REFERRED NOISE = 2~gOO = ;5.~~Om = 200nV/cm 

SEE NOISE PHOTO. NEXT PAGE 

Low Frequency Noise Test Circuit 

200kn 

50n 

>----4I~-oVo 

Vos=~ 

Offset Voltage Test Circuit 

ALL OTHER PINS 
ARE NOT CONNECTED 

-lav 

Burn-In Circuit 
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The AD OP-07 may be directly substituted for other OP-07's 
as well as 725, 108/208/308, 108A/208A/308A, 714, OP-05 
or LM11 devices, with or without removal of external fre
quency compensation or offset nulling components. If used to 
replace 741 devices, offset nulling components must be re-

Figure 1. Optional Offset Nulling Circuit and 
Power Supply Bypassing 

Applying the AD OP-07 
moved (or referenced to +Vs). Input offset voltage of the AD 
OP-07 is very low, uut if additional nulling is required, the cir
cuit shown in Figure 1 is recommended. 

The AD OP-07 provides stable operation with load capaci
tances up to 500pF and ±IOV swings; larger capacitances 
should be decoupled with son 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
tion will be obtained when both inpu t 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 nois:! 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 
0.011lF ceramic capacitor as shown in Figure 1. 

Performance Curves (typical @TA = +250 C, Vs = ±15V, AD OP-07 Grade Device unless otherwise noted) 
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Typical Performan,ce Curves 
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r.ANALOG 
WDEVICES 

FEATURES 
80ns Settling to 0.1%; 200ns to 0.01% 
100MHz Gain Bandwidth Product 
55MHz 3dB Bandwidth 
100mA Output @ ± 10V 

APPLICATIONS 
D/A Current Converter 
Video Pulse Amplifier 
CRT Deflection Amplifier 
Wideband Current Booster 

GENERAL DESCRIPTION 
The HOS-OSO, HOS-OSOA, and HOS-OSOC op amps are very 
high speed wide band operational amplifiers designed to comple
ment the Analog Devices' lines of high speed data acquisition 
products. They feature a 100M Hz gain bandwidth product; slew 
rate of 300Vfj.Ls; and settling time of 80ns to :!: 0.1%. 

The HOS-OSOA, HOS-OSO, and HOS-OSOC have typical input 
offset voltages of IOmV, 2SmV, and 4SmV, respectively. 

All models have a rated output of :!: 100mA minimum, and an 
exceptional noise spec of only 7j.LV rms, dc to 2MHz; they are 
ideally suited for a broad range. of video applications. 

FAST -SETTLING OP AMPS 
At one time, operational amplifiers could be specified according 
to slew rates, bandwidth, and drive capability; and these param
eters would be sufficient. Settling time was not considered until 
the use of high speed video Df A converters became widespread. 

The conversion speed of the DfA can be limited by the settling 
time of the output amplifier, so it has become essential to select 
an op amp whose settling time is compatible with the DfA 
converter. 

The increased emphasis on settling time has, in some cases, 
created a preoccupation with slew rates in the minds of some 
designers. But slew rate is only one component in establishing 
settling time. 

The amount of overshoot, and the ringing which are present at 
the end of a step function change also have an effect. These 
parameters, in turn, are influenced by the bandwidth (or lack of 
it) when operating the op amp with closed loop gains greater 
than one. 

The HOS-OSO Series stands up under close scrutiny of these 
characteristics because of its 100MHz gain bandwidth product. 
The use of these amplifiers in a wide variety of applications has 
confirmed their suitability for video circuits. 

The HOS-OSO is also available with MIL-883 processing. Model 
numbers change from HOS-OSO to HOS-OSOB; and HOS-OSOA 
to HOS-OSOAB. 

Fast Settling 
Video Operational Amplifier 

HOS-050, 050A, 050C I 
HOS-OSOfA/C,FUNCTIONAL BLOCK DIAGRAM II 
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Figure 1. HOS-050 Frequency Response 
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SPECIFICATIONS (typical @ + 25°C and ± 15V unless othelWise specified) 
Model 

ABSOLUTE MAXIMUM RATINGS 
SupplyVoltages(Vs) 
Power Dissipation 
Input Voltage 
Differential Input Voltage 
Operating Temperature Range (case) 
Junction Temperature 
Storage Temperature Range 
Lead Temperature (soldering, 10sec.)· 

DC ELECTRICAL CHARACTERISTICS 

Parameter Conditions 

Open Loop Gain RL = 1000 
Rated Output RL = >1000 

Voltage 
Current 

(not short circuit protected) 
Voltage RL = >2000 

Input Offset Voltage Adjustable to Zero 
Initial @ + 25°C 
vs. Temperature 
vs. Power Supply Voltage 

Input Bias Current 
Initial @ +25°C 
vs. Temperature 

Input Offset Current 
Initial @+2SoC 

Input Impedance 
Differential }In parallel with 5pF 
Common Mode 

Input Voltage Range 
Common Mode 
Differential 
Common Mode Rejection 

Input Noise RFF = 1000; RFB = IkO 
dcto 100kHz 
dct02MHz 

AC ELECTRICAL CHARACTERISTICS· 

Parameter Conditions 

Slew Rate A = -I;RFF = RFB = 5000; 
Load = 1000 

N oninverting Slew Rate A = 2; RFF = RFB = ioooo; 
Load"; 1000 

Overload Recovery 50% Overdrive 

Gain Bandwidth Product RFF = RFB = 5000 
Small Signal Bandwidth, - 3dB A = -I;RFF = RFB = 5000 

A = -I;RFF = RFB = 10000 
A = -2;RFF ~ RFB = 5000; 

RFB = 10000 
A = -4;RFF = RFB = 2500; 

RFB = 10000 
Output Impedance 
Noninverting Bandwidth, - 3dB A = 2;RFF = RFB = 10000; 

1000 load; lOpF capacitance 
S·volt pop output 
4-volt POp output 
2-voltp-poutput 

A = 3; RFF = 5000; 
RFB = 10000; 1000, 10000; 
or 20000 load; lOpF 
capacitance 

lO-volt p-p output 
S-volt Pop output 
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HOS·050 

:!:18V 
See Figure 2 
:!:Vs 
:!:Vs 
- 55°C to + 125°C 
175°C 
-65°Cto + 150°C 
300°C 

Min Typ 

100 

:!: 10/8 

:!:IOO 
:!:1O 

25 
50 
0.5 

I 
Doubles 

:!: 100 

10.0 

1010 

:!:IO 

70 

5 
7 

Min Typ 

300 

320 
400 

100 
45 
35 

35 

30 

25 
30 
55 

17 
25 

HOS·050A 

Max Min Typ Max 

· · 
· · 

35 10 IS 
ISO 20 35 · 
2 · · · 

· 
· · 

:!: 18 · · :!: 18 · · 
· · 

Max Min Typ Max' 

· 
· · 
· · · 
· 
· <I · 
· · · 
· · 

HOS-05OC 

Min Typ Max Units 

· dB 

· V 

· rnA · V 

45 65 mV 
75 200 jJ-vrc · mVN 

· · nA · 110°C 

· nA 

· 0 · 0 

· · V · V · dB 

· jJ-Vrms · jJ-Vrms 

Min Typ Max Units 

· V/jJ-s 

· V/jJ-s · ns 

· MHz · MHz · MHz 

· MHz 

· MHz · 0 

· MHz · MHz · MHz 

· MHz · MHz 



AC ELECTRICAL CHARACTERISTICS· (Continued) HOS-050 HOS050A HOS-050C 
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Units 

Noninverting Bandwidth, - 3dB A = 5; RFF = 5000; 
(continued) RFB = 20000; 1000, 10000, 

or 2000Oloadll0pF 
capacitance 

5-volt pop output 15 * * MHz 
4-volt Pop output 30 * * MHz 
2-volt pop output 40 * * MHz 
I-volt Pop output 40 * * MHz 

Full Power Bandwidth Output = + lOV/- 8V @ ± l00mA; 
5% distortion 

SettlingTimetoO.l% A = - I;RFF = RFS = 5000 
Inverting VOUT = ±5V 

(See Figure 5) VOUT = ±2.5V 
Noninverting A = 2;RFF = RFB = 5000 

Max Load capacitance = 75pF 
VOUT = ±5V 
VOUT = ±2.5V 

Harmonic Distortion A = -1;Load = 10000 
(See Figure 9) Signal = 4MHz; 2V outP4t 

Noninverting Harmonic A = 2; RFF = RFB = 10000; 
Distortion (See Figure 10) Load = 10000; 

Signal = 4MHz; 2V output 

Power Supply 
Voltage Rated performance 
Voltage Operating range 
Current Quiescent 
Power Consumption Quiescent 
Power Dissipation 

Temperature Range 
Operating (Case) (See Figure 2 for 
Storage Derating Information) 

Meantime Between Failures MIL-HNBK217;Ground; 
(MTBF) Fixed; Case = 70°C 

883B Processing 

Notes: 
'Specification for Inverting Mode unless otherwise noted. 
'Specification same as HOS.oSO 

5 * * 

200 * * 
135 * * 

-63 * * 

-59 * * 

± 15 * * 
± 12 ± 18 * * * 

±20 ±25 * * * 
0.6 * * 

1.25 * 

-55 +125 * * -25 
-65 +150 * * * 
2.78 * * 
x 106 

Individual socket assemblies (one pcr pin) arc available from AMP as pan number 6·330808.0. 
Specifications subject to change without notice. 

PIN DESIGNATIONS· 

PINS FUNCTION 

1 +V 
2 GROUND 
3 OFFSET ADJ' 
4 OFFSET ADJ' 
5 -INPUT 
6 + INPUT 
7 NC 
8 GROUND 
9 -V 
10 -V 
11 OUTPUT 
12 +V 

'SEE SECTION 20 (H12AI FOR 
PACKAGE OUTLINE INFORMATION. 

'PINS FOR CONNECTING 
OPTIONAL OFFSET POTENTIOMETER. 

MHz 

ns 
ns 

dB 

dB 

Vdc 

* Vdc 

* rnA 
W 

* W 

+85 °C 

* °C 

Hours 
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VOLTAGE AMPLIFIERSICURRENT BOOSTERS 
Video op amps such as the HOS-OSO are generally characterized 
by high gain bandwidth products, fast settling times, and high 
output drive. 

One of the most common uses of video op amps is for DI A 
converter output voltage amplification or current boosting. 
Figure 3 is one example of this type of application. In this circuit, 
the internal resistance of the Df A is the feed forward resistor for 
the op amp. 

Figure 3. Inverting Unipolar or Bipolar Voltage Output 

The HDS Series DfA converters are fast-settling, current output 
D/As available in 8-, 10-, and 12-bit resolutions. Both TTL and 
ECL versions are available, and settling times range from IOns 
for 8-bit units through 40ns for 12-bit units. 

The circuit which is shown will provide a negative unipolar 
output with binary coding on the input, and bipolar offset ground
ed. It will provide a bipolar output with complementary offset 
binary coding on the input, and bipolar offset connected to 10 • 

An approximation of the total settling time for the Df A op amp 
combination is calculated by: 

Ts = v'TD2+ T02 
where T D is DfA settling time and To is HOS-OSO settling time. 

This approximation is valid because both the D/A and the HOS
OSO exhibit 6dBfoctave roll-off charateristics (single pole response); 
and the combination of low DfA output capacitance and op amp 
input capacitance does not materially affect the formula. 

The user of the HOS-OSO should remember the current flowing 
in the feedback resistor (RI) must be subtracted from the output 
available from the HOS~OSO. 

There is a tendency, because of this fact, to use a high value of 
feedback resistor to assure maximum current drive being available 
for driving low impedances; but this approach may create unde
sirable side effects. 

Calculating the minimum load that can be driven under two 
conditions of feedback resistor values will serve to illustrate the 
difference. 

Assume the feedback resistor value is soon. If output voltage of 
the HOS-OSO is.1O volts, and output current is 100mA, minimum 
load would be: 

Eo max lOY lOY 
1250 minimum load 

lomax - IRFB 100mA - 20mA 80mA 

where: Eo max = peak voltage needed 
10 max = maximum continuous current HOS-OSO can 
produce 
IRFB = current in feedback resistor at peak voltage 

VOL. 1,4-134 OPERATIONAL AMPLIFIERS 

Assume the feedback resistor value is s,ooon. Minimum load 
would be: 

Eo max lOY __ lOY _ 1020 minimum load 
lOOmA - 2mA - 98mA -

Designs which strive for driving a minimum load (by increasing 
the feedback resistor) can create settling problems because of a 
fundamental characteristic of op amp circuits . . . the higher the 
feedback resistance, the slower the system response. 

This phenomenon is the result of increased impedance for driving 
stray capacitances in the circuit employing the op amp, and 
fixed capacitances in the summing node. 

Impedances need to be kept as low as possible consistent with 
low distortion; and stray capacitances need to be eliminated to 
the maximum possible extent. A large ground plane structure is 
recommended to help assure low ground impedances. In addition, 
O.IJ.LF ceramic capacitors and 3-IOJ.LF tantalum capacitors con
nected as close as possible to power supply inputs will decrease 
the potential for parasitic oscillations and other noise signals. 

Another argument for limiting the size of the feedback resistor 
is because of its effect on bandwidth. Bandwidth of the HOS-OSO 
op amp and the value of the feedback resistor are inversely 
related. 

At any given gain of the op amp, the gain setting with the widest 
bandwidth will be the one which employs the lower value of 
feedback. As an example, a gain of I can be achieved with RFF 
= RFB = soon; or RFF = RFB = I ,ooon. Small-signal bandwidth 
for the first combination is typically 4SMHz; bandwidth for the 
second is typically 3SMHz. 

OFFSET AND GAIN ADJ~STMENT 
Figure 4 shows a method of using the HOS-OSO op amp which 
allows adjusting the offset and gain of the output voltage. 

Figure 4. HOS-050 Offset and Gain Adjust 

As shown, the gain of the circuit is established by the equation: 

G = _ (RFB) 
RFF 

where RFB is the total of ~AIN and Gain Adjust. 

Once the user has established the desired gain for the illustrated 
circuit, the value of RFB can be used to determine the correct 
value of RoFFSET with the equation: 

(
Vee x RFB) 

ROFFSET = - .:lEo 

where .:lEo is the desired amount of offset on the output. 



Assume ±Yee = ± ISY; RGAIN = 9000; Gain Adjust = 1000; 
the desired change on the output = ± I volt. 

Under these conditions, ROFFSET will be ISkO: 

_ (ISY x [19yOO + 100]) ROFFSET 

ROFFSET ~ (ISlkyY) 

ROFFSET = 15,0000 

Figure 4 shows bipolar output operation. If unipolar output is 
desired, the appropriate Y cc should be removed from the Offset 
Adjust potentiometer. 

The 0.1 flF capacitor attached to the wiper ann of the Offset 
Adjust control isolates the control and helps prevent adjustment 
noise from appearing on the output of the HOS-050. 

CFB can be any value between 0 and 20pF, depending on the ' 
value of RGA1N; and should be selected to optimize settling time 
for the particular circuit layout in which the HOS-050 is being 
used. 

The Gain Adjust control should be a low value, low inductance 
cermet trimming potentiometer. 

Note: RFF, RGA1N, CFB and ROFFSET must be located as close to 

the summing node of the HOS-050 as physically possible. This 
helps prevent additional capacitance in the summing node and 
corresponding bad effects on frequency response and settling 
times. 

Variable controls (such as Offset Adjust and Gain Adjust) should 
never be tied to the summing node of the op amp. Their correct , 
electrical locations are those shown in Figure 4. 
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Figure 5. Settling Time - Inverting Mode 

SETTLING TIME MEASUREMENT 
Although there are som~ exceptions, most members of industry 
are in agreement on the description which says settling time is: 

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. 

The well-informed user needs to be alert to the consequences of 
settling time specs which do not meet that description. 

This definition encompasses the major components which comprise 

settling time. They include (1) propogation 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 his 
application. 

Figure 6 is the test circuit for measuring settling time to 0.1 %. 
This method creates a "false" summing junction and the error 
band is observed at that point. 

R" 

SUMMING NODE ERROR = 

OUTPUT ERROR [RF:F~ RFB] 

Figure 6. Settling Time Test Circuit for 0.1% Settling 

If one were to attempt the measurement at the "true" summing 
junction of the op amp, the results would be misleading. All 
scope probes will add capacitance to the input and will change 
the response of the system. Making the measurement at the 
output of the amplifier is also impractical, since scope nonlinearities 
and reading inaccuracies caused by overdriving the scope preclude 
accurate measurements to the tolerances which are required. 

The false summing junction method causes the amplifier to 

subtract the output from the input; only one-half the actual 
error appears at the false junction, and it can be measured to 
the required accuracies. 

The false junction is clamped with diodes to limit the voltage 
excursion appearing 'at that point. This is necessary because the 
amplifier will be overdriven and one-half its input voltage will 
appear at the junction. Without the clamps, the scope used for 
making the measurement would be overdriven and its recovery 
time would mask the settling time of the amplifier. 

The test circuit for measuring settling time to 0.01%, Figure 7, 
is simply an extension of the same basic technique. Measuring 
to the closer tolerance requires additional gain in the circuit 
driving the oscilloscope. , 

Figure 7. Settling Time Test Circuit for 0.01% Settling 

IMPEDANCE MATCHING 
The characteristics of the HOS-050 operational amplifier make 
it an ideal choice for matching the impedances of video circuits 
to the impedances of transmission lines. 

In this application, source and load terminating resistors will 
cause the output voltage to be halved at the end of the cable 
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being driven by the op amp. This makes it necessary to set the 
gain of the circuit to provide twice the desired voltage. 

Three different values of resistors and cables are "phantomed" 
into the figure as examples of possible characteristic impedances 
which might be used. Figure 8 is not meant to imply the HOS-OSO 
can drive three cables simultaneously. 

c,. 

v,. VOUT 

Figure 8. HOS-050 Impedance Matching 

NONINVERTING OPERATION 
The vast majority of video operational amplifiers display marked 
differences in settling times and bandwidths when operated in a 
noninverting mode instead of the inverting mode. There are a 
number of valid reasons for this characteristic. 

Most high-speed op amps use feed-forward compensation for 
optimizing performance in the inverting, mode. This is necessary 
to obtain wide gain-bandwidth products while maintaining dc 
performance in these types of devices. In effect, the op amp has 
a wide band ac channel which is not perfectly matched to the dc 
channel. 

Feed-forward techniques enhance the performance of the op 
amp in the inverting mode by increasing the slew rate and small
signal bandwidth. These techniques, however, also decrease the 
amplifier's tolerance to stray capacitances, so must be em'ployed 
judiciously. 

The overall input capacitance of the op amp is kept as low as 
possible in the design; and any mismatch in the capacitance of 
the two channels appears as an error in the output. Because of 
the inherently low total input capacitance of the op amp, even a 
small capacitive mismatch between channels shows up as a large 
effective error signal. 

Decreasing the channel mismatch can be achieved only by com
plicating the design of the op amp with additional components, 
and rigorous selection of those components in the manufacturing 
process. 

As a consequence, the mismatch is reduced to the smallest practical 
value consistent with the economics of producing and using the 
op amp. But it remains a mismatch, and manifests itself as a 
difference in performance in the inverting versus non inverting 
modes. 

There are video op amps available at low cost which use a 741-type 
amplifier for high dc open loop gain in the noninverting channel. 
The user of these kinds of designs may sometimes gain an economic 
advantage, but at a high cost in performance. Bandwidths for 
noninverting applications are often measured in kHz, not MHz, 
for this approach. 

A video op amp is acting as a voltage mode device at both inputs 
when operating in the.noninverting mode. This contrasts with 
the inverting mode, where it is operating as Ii current mode 
device. . 
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The Analog Devices HOS-OSO has different performance charac
teristics when operating as a noninverting amplifier, but the 
care used in the design makes the differences less pronounced 
than they are in many competing units. 

The HOS-OSO can be considered a true differential video op 
amp. It requires little or no external compensation because its 
rolloff characteristics approach a 6dB/octave slope. This helps 
the user determine summing' errors and loop response; and 
helps assure the stability of the system. 

The performance parameters for both inverting and noninverting 
operation are shown elsewhere in this data sheet (see SPECIFI
CATIONS section and figures). A comparison of the characteristics 
will highlight the similarities in performance, with the exceptions 
noted above. 
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Figure 9. Harmonic Distortion - Inverting 

IRFF = RFB = 1k; A = 2) 

0- - - -0 2V P-P; RL = 150n 

~ - - ... 4V P-P; RL = 150n 

_40~l-+-~~====~2~V~P~-!P~;R~L~=~1~k ____ ~ 
4V P-P; RL = 1k 

i! -50~~~~~----~------~~ 
3: 
9 
~ -55~+-~-~~~~~~~~~~~~-~ 

CD 
'0 

-60~~---+~==~~~----------~ 

0.5 1 4 

OUTPUT FREQUENCY - MHz 

Figure 10. Harmonic Distortion - Noninverting 

IN SUMMARY ... A CAVEAT 
Settling time specifications, bandwidth capabilities, harmonic 
distortion performance, and other parameters for video op amps 
cannot possibly include all possible situations and applications. 

A multitude of seemingly insignificant conditions can have a 
major impact on the unit and its ability to operate in any given 
circuit. 

The potential user is strongly urged to evaluate the effectiveness 
of the HOS-OSO in the actual circuit in which it will be used. 
In many instances, the application conditions are different from 
the conditions used in specifying; there is no substitute for a 
trial in the proposed circuit to determine if the op amp will 
provide the desired results. 



r.ANALOG 
WDEVICES 

FEATURES 
Wide Bandwidth - dc to 125MHz 
High Slew Rate -1500V/ps 
Operation Guaranteed -55°C to +125°C (SH) 
High Output Drive - ±10V with 100n Load 
MI L-STD-883 Processing Available 

APPLICATIONS 
Current Boosters 
High Speed AID Input Buffers 
Nuclear Instrumentation Amplifiers 
Coaxial Cable Drive 
High Speed Line Drivers 
Video I mpedance Transformation 

GENERAL DESCRIPTION 
The HOS-IOOSH and HOS-IOOAH Bipolar Buffer Amplifiers 
are high-speed, voltage follower/buffers designed to provide 
high-current drive at frequencies from dc to over 12SMHz, as 
well as providing ±10mA into lkn loads (±lOOmA peak) at 
slew rates of lS00Vlps. Both units also exhibit excellent phase 
linearity (2°), and low distortion «0.1%). 

For commercial temperature ranges the HOS-lOOAH is speci
fied for operation over the range of -2SoC to +8SoC (case). 
The HOS-IOOSH is specified for operation over the military 
range of -SSoC to +12SoC (case). Further, the HOS-lOOSH 
may be processed to the requirements of MIL-STD-883. 

The HOS-IOOSH and HOS-IOOAH are intended to fulfill a 
wide range of buffer applications, such as video impedance 
transformation, high impedance input buffers for AID con
verters and comparators, as well as high-sp~ed line drivers and 

Figure 1. Schematic Diagram HOS-100 

Wide Bandwidth, 
High Speed Buffer Amplifiers 

HOS-100AH, 100SH I 
HOS-IOOSHIHOS-IOOAH 

FUNCTIONAL BLOCK DIAGRAM ' 

GND 

TO-S PACKAGE 
BOTTOM VIEW 

nuclear instrumentation amplifiers. Additionally, both ampli
fiers will continuously drive SOn coaxial cables or serve as 
yoke drives in high resolution CRT displays. 

They arc; particularly well suited for current booster applica
tions (Figure 2) within an op-amp loop where input impedance 
and bias current requirements are less stringent than in FET 
design. 
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SPECIFICATIONS 
HOS-100SH HOS-100AH 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

DC ELECTRICAL CHARACTERISTICS 1,2 

Input Bias Current TC = 2SoC S 20 S 
2S 

Input Impedance VIN = 1 V rms, f = 1kHz 100 200 100 200 
RL = 1k, TC = 2SoC 

Voltage Gain VIN = IV rms, f = 1kHz 
RL = 1k, TC = 2SoC 

0.9S 0.97 1.0 0.94 0.96 

Output Offset Voltage Rs = son, Tc = 2SoC S 10 10 
2S 

Ou tpu ~ Offset Voltage T C RS = son 2S 7S 2S 
Output Impedance VIN = IV rms, f = 1kHz 8 12 8 

Rs = soon, RL = 1k 
Ou tpu t Voltage Swing Rs = son, RL = 1k ±12 ±13 ±12 ±13 

Vs = ±SV, RL = 1k 6 6 

Supply Current VIN = OV, Tc = 2SoC 
Vs = ±lS 13 16 IS 
Vs =±S 10 10 

Power Consumption VIN=OV, Vs=±lSV 
Tc = 2SoC 

390 480 4S0 

AC ELECTRICAL CHARACTERISTICS3 

Slew Rate VIN =±10V 1000 lS00 10001400 
Bandwidth VIN == IV rms 100 12S 100 12S 
Rise Time 6VIN = O.SV 2 2 
Propagation Delay 6VIN = O.SV 1.S 1.S 
Phase Nonlinearity BW = 1 to 20MHz 2 2 
Harmonic Distortion <0.1 <0.1 

>SSO,OOO hours 

PACKAGE OPTIONS H12A 

NOTES 
I Unless otherwise noted, these specifications apply for +lSV applied to Pin 12, and -lSV .applied to Pin 10. 
2 Unless otherwise noted, specifications apply over a temperature range, -SSoC " TS1 " +12So C for the HOS-I00SH, and 

- 2SoC <; TC <; +8SoC for the HOS-I00AH. Typical values shown are for TC = +2S C. 
3 These specifications all measured with following conditions: TC = +2SoC, Vs = ±lSV, RS = son, RL = lk. 
4 HOS-I00~H/883 calculated using MIL Handbook 217. Ground: Fixed, Temperature (case) = 70°C. 
5See Section 20 for package outline information. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (V+ - V-) ..................... .40V 
Maximum Power Dissipation ................... l.SW 
Input Voltage ................ Equal to Supply Voltage 
Maximum Continuous Output Current .......... ±100mA 
Maximum Peak Output Current ............... ±2S0mA 
Operating Temperature Range (Case) ..... -SSoC to +12SoC 
Storage Temperature ................ -6SoC to +lS0oC 

ORDERING INFORMATION 

Model 

HOS-lOOAH 
HOS-100SH 
HOS-100SH/883 1 

Temperature Range 

-2SoC to +8SoC 
-SSoC to +12SoC 
-SSoC to +12SoC 

2S 

1.0 

2S 
3S 
7S 
12 

20 

600 

UNITS 

p.A 
p.A 
kn 

VN 

mV 
mV 
p.V/C 
n 

V 
V 

rnA 
rnA 
mW 

V/p.s 
MHz 
ns 
ns 
Degrees 
% 

Lead Temperature (Soldering, 10 sec) ........... +300
o
C 

Maximum Junction Te_~erature .............. +17SoC 
1 Specifies 100% processing to MIL-STD·883 per Method S008. 
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r.ANALOG 
WDEVICES 

FEATURES 
Guaranteed Low Noise 1.5J1V p-p max (0.01 to 1 Hz) 
Low Voltage Drift: 1J1VtC max (52K) 
Low Bias Current: 3pA, max 
High CMR: 100dB, min 
High Voltage Gain: 120dB, min 
Wide Power Supply Range: ±9V to ±18V 
Excellent Long Term Stability: 5J1V/month 
Fast Thermal Response 

APPLICATIONS 
Low Level Instrumentation Preamp 
High I mpedance Precision Buffer 
Long Term Integrator 
Current to Voltage Converter 
Precision Voltage Regulator 
Preamp for 16-Bit Resolution V/F Converters 

GENERAL DESCRIPTION 
Model 52, a low noise, high accuracy FET input operational 
amplifier was designed for handling microvolt signals from 
high impedance (>lOOkn) sources. It features guaranteed low 
voltage noise·(1.5J1V p-p max, 0.01 to 1Hz bandwidth) with 
low input offset voltage drift (3J1V/C max, 52J; IJ1V/C max 
52K). Unlike most available low drift amplifiers, model 52 
voltage drift is unaffected by trimming the initial offset 
voltage (0.5mV max). The low input bias current (3pA max) 
is held constant over the entire ±10V common mode voltage 
range. High voltage gain (120dB; min) and high CMR (lOOdB, 
min) complete the performance profile. Model 52 is an excel
lent choice for high accuracy, high resolution linear signal 
processing applications. 

By incorporating anew low noise N-channel m'onolithic FET 
input stage, thermal stability, voltage noise and differential sig
nal performance are improved to a level previously obtainable 
only in the best bipolar amplifier designs. Model 52 is an ex
cellent choice to replace chopper stabilized amplifiers where 
significant sources of error are introduced from zero beating, 
"chopper spikes" and ground loop currents. 

The guaranteed accuracy performance of model 52 suggests 
critical applications such as low noise, low drift "front-end" 
preamplifiers for A to D converters and DVM's. For highim
pedance buffering applications, model 52 offers low input 
bias current, high linear common mode rejection, complete 
protection from input transients (offset voltage and bias cur
rent will not degrade due to reverse breakdown) and freedom 
from latch up when the common mode voltage range is ex
ceeded. Model 52 is supplied in a reliable, compact epoxy 
module package. Output is protected from shorts to ground 
and/or supply voltage and is capable of driving up to O.OIJ1F 
load capacitance. 

For detailed information, contact factory_ 

low Noise, Low Drift 
Precision FET Amplifier 

MODEL 52 I 

~ 
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IMPROVED OFFSET VOLTAGE STABILITY 

0.1 

0.01 

0.001 
10k 

Model 52 has been designed for the lowest possible input 
voltage drift over the 0 to + 70° C temperature range. In most 
operational amplifier designs, trimming is accomplished by 
unbalancing the current in the input stage. This trimming 
technique introduces an additional 2 to 12J1V/C for each 
millivolt of Eos that is nulled. To provide performance con
sistent with low offset voltage drift, model 52 incorporates a 
three-point trim (see connection diagram) whereby a com
pensating voltage is introduced without unbalancing the input 
stage currents. By virtue of this trim scheme, there is no 

, degradation in T.C. when Eos is nulled and the specified per
formance is achieved. 

IMPROVED NOISE PERFORMANCE 

§ 

~ 
I 

0-

I 
w 
III 

~ 
I 

Input noise limits signal resolution in low level signal processing 
applications. The FET input stage of model 52 reduces noise 
current significantly from that of bipolar amplifiers, permit
ting high source impedance applications. Model 52 also offers 
voltage noise levels appreciably below that of other FET am
plifiers. To illustrate the excellent low nqise performance of 
model 52, Figure 1 shows typical input voltage noise in a 0.01 
to 1 Hz bandwidth. Noise is typically less than IJ1V pop and is 
free of noise spikes. 

III 

0- ~ .-+-:-1f-+-+----:-+-+-l-+--I 
::l w ......"....,.,~~"'"'-
0..", 

~ ~ .-+.-I~+-+:--:+-+-l-+--I 

~~~±=~~=c~~~~ 
TIME 

Figure 1. Voltage Noise 0.01 to 1Hz Bandwidth 
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SPECIFICATIONS (typical @+25°C and ±15V unless otherwise noted) 

MODEL 

OPEN LOOP GAIN 
DC ZkU Load 

RATED OUTPUT I 

Voltage. 2kU Load 
Current 
Maximum Load Capacitance 
Impedance, Open Loop 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power 
Slew Rate 
Overload Recovery 
Settling Time, ±0.1 %, ±10V Step 
Settling Time, ±0.01 %, ±10V Step 

INPUT OFFSET VOLTAGE 
Initiall , @ +ZSoC 
With External Trim Potentiometer 
vs. Temperature (0 to +70°C) 
vs. Supply Voltage 
vs. Time 
Warm-Up Drift, S Minutes 

INPUT BIAS CURRENT 
Initial, @ +ZSoC 
vs. Temperature (0 to +70

o
C) 

vs. Supply Voltage 

INPUT DIFFERENCE CURRENT 
Initial, @ +2SoC 
vs. Temperature (0 to +70°C) 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT NOISE 
Voltage,O.OlHzto 1Hz 

10Hz to 10kHz 
f = 1Hz 
f = 10Hz 
f = 100Hz 
f = 1kHz 

Current, O.OlHz to 1Hz 
f = 1Hz 
f = 10Hz 
f = 100Hz 
f = 1kHz 

INPUT VOLTAGE RANGE 
Common Mode Voltage 
Common Mode Rejection, CMV = ±10V 
Max Safe Differential Voltage 

POWER SUPPLY] 
Voltage, Rated Performance 
Voltage. Operating 
Current. Quiescent 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 

MECHANICAL 
Case Size 
Weight 
Mating Socket 

·Specifications same as model 52J. 
I Protected for shon circuit to ground. 
2 With no external trim potentiometer connected. 

52J 

l20dB min (l30dB typ) 

±10V min 
±SmAmin 
O.OlIlF 
750 

SOOkHz 
4kHz min 
O.ZSVIIlS min 
l301ls 
100lls 
15 OilS 

±SOOIlV max 
Adjustable to Zero 
±31lV/oC max 
±ZIlV/% 
±SIlV/Month 
±SIlV 

-3pA max (-lpA typ) 
x2l+10oC 
±O.OlpA/% 

1011 U1I3.SpF 
lOll UII3.SpF 

l.SIlV pop max (lIlV pop typ) 
31lV rms max (21lV rms typ) 
70nV/v"ikrms 
ZSnV/.J'Hzrms 
ZOn V IVHZrms 
13nV/v'furms 
O.lpAV 
7fA/yHz rms 
Z.SfA/YHz rms 
3.SfA/y'HZ rms 
6fA/y'HZ rms 

±10V min 
100dB min (I06dB typ) 
±VS 

±lSV 
±(9 to 18)V 
±SmA 

o to +70
o
C 

_ZSoC to.+8SoC 
-SSoC to +lZSoC 

LIZ" x LIZ" x 0.4" 
16g 
AC1008 

3 Recommended power supply. ADI model 904. ± 15V @ 50mA output. 

Specifications subject to change without notice. 
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52K OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

rl.13MAX (2S.7)--j-.l. 

",k r--I'T(~~·~tX 
(5to6.4)r~ 
.- .-J I- 0.04 DIA 

(1.02) 

1 Optional 1kO external trim pot. Input 
offset voltage may be adjusted to zero 
with trim pot connected as shown. With 
trim pins left open, input offset voltege 
will be :l:O.5mV, maximum. 

·Common Supply connection not required. 

MATING SO'CKET 
ACI008 

~
1.40(35.6)---l 

I ~ I---..L 
I g \ . I 0 I 0.09 (2.3) 

0.5 (12.7) I ---. 
~ 

0.1601A -
(4.1) 

fO
TRIM 

Jil+V~~ 
cor.\.(Q) * 

~~'IN-
fO: IN + -v;·(O 

ou+,~ 
rQ>:TRIM ~R~ 

lOA If 

BOTTOM VIEW 

1 
1.40 

(35.6) 

J 
*No connection required on Model 52. 

FREQUENCY RESPONSE 
From the plot of Open Loop Voltage Gain 
and Phase Shift (see Figure 2) versus Fre
quency, it can be seen that model 52 is stable 
for all closed loop gains_ Even at the cross
over frequency of 500kHz, model 52 has a 
phase margin of 75 ° . 

'" " I 
z 180 
<1: 
Cl 

! ... 135 Cl 
<I: 
!:i I 
0 90 t;: > 
~ ~ g 45 

~ Z 

~ ~ 

0.1 10' 100 lk 10k lOOk 1M 

FREQUENCY - Hz 

Figure 2. Open Loop Frequency Response 
andCMR 



r.ANALOG 
WDEVICES 

FEATURES 
High Output Voltage: ±140V 
High CMR: 100dB min 
Operates With a Wide Range of Power Supplies 
High CMV: ±(IVsl- 10V) 

APPLICATIONS 
High Voltage Compliance Current Source 
High Voltage Follower With Gain 
High Voltage Integrator 
Diff. Amp for High CMV Bridge Applications 
Reference Power Supply 

GENERAL DESCRIPTION 
Model 171 is a high performance FET input op amp designed 
for operation over a wide range of supply voltages. This module 
features an output range of ±15V to ±140V at lOrnA, a mini
mum CMRR of 100dB and a high common mode voltage rating 
of ±(VS -10V) min. DC offset is less than ±lmV, and maximum 
drift of either ±50 or ±15pV/C is available in the J or K ver
sions. Bias current is less than 50pA (171]) or 20pA (171 K), 
doubling per +lO

o
C increase of temperature. The model 171 

also features small signal bandwidth of 3MHz for unity gain, 
full-power bandwidth of 15kHz, and slew rate of 10Vlps. 
These operating characteristics make model 171 an excellent 
choice for high voltage buffer applications, followers with gain, 
off-ground signal measurements and reference power supplies. 

Excellent power supply rejection of 7 pV IV enables model 171 
to be powered by inexpensive, low regulation supplies, without 
sacrificing any of the 171 's inherent high performance. The 
supplies also need not be symmetrical. Any combination of 
power supply voltages between thelimits.of 15 to +300V for 

For detailed information, contact, factory. 

High Voltage 
Differential FET Amplifier 

MODEL 171 I 

171 APPLICATION 
PROGRAMMABLE MASS SPECTROMETER 

VOLTAGE SOURCE 

+200 TO 
+450V 

r-F=---....:....:....:....-------O COMMON 

1---<)---_ 
-200 TO 
-450V 

} 

~~E~¢~~. 
METER 
PLATES 

the positive side and 15 to -300V for negative side is acceptable 
provided the total voltage across the amplifier is within the 
range of 30 to 300V. 

Model 171 's output is completely short circuit protected by the 
use of a current limit scheme. This type of protection provides 
a short circuit output that is only slightly greater than the rated 
output current for normal operation. With this design the 
module and external circuitry are pr·otected, internal heat dissi
pation and the associated high temperature rise are limited, and 
added reliability is built in. 

POWER SUPPLY VOLTAGES 
Model 171 offers the flexibility of operating with an extensive 
range and combination of power supply voltage. The chart 
above shows a chart of permissible combinations of supply 
voltages for the 171. The model 171 maintains its normal 
operating characteristics when using asymmetrical power 
supply configurations. 
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SPE-CIFICATIONS (typical @+25°C and ±125V unless otherwise notad) 

MODEL 

OPEN LOOP GAIN 
RATED OUTPUT 

Voltage 
Current 
Maximum Load Capacitance 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Slewing Rate 
Full Power 
Settling Time to ±O.l %, ± I OV Step 
Overload Recovery 

INPUT OFFSET VOLTAGE 
Initial Offset, +25° CI 

Avg. vs:Temp (0 to +70°C) 
vs. Supply Voltage 
ys. Time 

INPUT BIAS CURRENT 
Initial Bias, +25° C 

vs. Temp (0 to +700 C) 
Difference Current 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT NOISE 
Voltage, 0.01 to 1.0Hz 

10Hz to 10kHz 
5Hz to 50kHz 

INPUT VOLTAGE RANGE 
Common Mode Voltage 
Common Mode Rejection 
Common Mode Rejection 
Max Safe Differential Voltage 

POWER SUPPLY 
Voltage, Rated Specification 
Voltage, Operating 
Current, Quiescent 

TEMPERATURE RANGE 
Rated Specification 
Operating 
Storage 

171) 

±(IVs l-lOV) min 
±IOmA min 
1000pF 

3MHz 
lOVIJ,Ls min 
15kHz min 
2Sf.J.s 
SJ,Ls 

±lmV 
±SOJ,LV/oC max 
±7f.J.V/V 
±2S0J,LV/mo 

-SOpA max 
x 2/10°C 
±IOpA 

1011 nll3.5pF 
1011 n 113.5 pF 

4J,LVp-p 
2.Sf.J.V rms 
6J,LV rms 

±( Ivs I-IOV) min 
'100dB min 
114dB 
±VS 

±2S to ±IS0V dc 
±IS to ±IS0V dc 
±6mA typ 

o to +70°C 
-2S

c
C to +8S

o
C 

-40°C to +IOO°C 

171K 

-20pA max 

* 
±SpA 

MECHANICAL 
Case Size 
Weight 
Mating Socket 

2.41" X 1.82" x 0.61" 
80g 
AC 10 37 

·Specifications same as .1711 

I No external trim connection required. 
Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

1---2.41 MAX 161.21-\ 

:r,::1 I 115.51 . . 

L- 0 0 0 0 
• 0.25 MAX 16.41 

0.20 MIN 15.11 

EXT. 
TRIM 
POT 

~ 1k~ -IN 

I 
TRIM 

+IN ~ 
.82 MAX 
46.21 

~ 
80TTOM VIEW 

+Vs 

~4.40 
-Vs 2 PLACES 

O.IGRIO...:.j I-
12.51 

MATING SOCKET 

Dimensions shown in inches and (mm). 

0.07 MAX L'OMAXI2 ... , ~1.781 

r-I g q v3MAXII2701 
0.141 CIA THRU CSK FAR 
SIDE 82° to 0.230 D/A 

0.06 12REQ'O) 

~.5211 .. t06 
_r-::-::'=-::=-=-~_""""~~--':L~'.521 

~ 0.600 (15.24t 

IN 

! 

~~ 

f 
4EQSPACES 
ON 0.300 (7.62) 

~~A-l 
+IN -l ~~~;'yp 10.761 

MATING SOCKET ACI037 

SINGLE SUPPLY OPERATION 
The model 171 requires at least ±IS volts 
applied across it in order to operate 
properly. The 171 may be operated from 
a single floating supply voltage by using 
the power supply offsetting scheme 
shown in Figure 1. When this configura
tion is used, the 171 is capable of opera
ting over its specified input and output 
voltage range. 

Figure 1. Single Supply Operation 
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WDEVICES 

FEATURES 
Ultra-Low Noise: 0.7/lV Pop, 0.01Hz to 1Hz BW (234) 

0.5/lV Pop, 0.01Hz to 1Hz BW (235) 
Very Low Offset Drift: 0.1/lVtC, 1pAtC (234L) 

0.1/lVtC, O.SpAtC (235L) 
Excellent Long Term Stability: 5/lV/year (235) 
Fast Settling: 4J.1s to 0.01%, 2.5MHz BW (235) 

APPLICATIONS 
Precision Integration 
Servo/Null Detector Loops 
MicrovoltlPicoamp Measurements 
Bridge Amplifier 
Controlled Current Source 
Balance Scales and Weighing Instruments 

GENERAL DESCRIPTION 
Analog Devices' models 234, 235 are high performance, 
economy chopper-stabilized op amps that meet the demands 
of critical laboratory and industrial applications requiring 
ultra-low noise, exceptional long term offset stability and 
versatility. Both models feature compact plug-in modular 
design, and are ideally sUited for new design applications, or 
upgrading of existing systems, where both improved per
formance and cost savings can be realized. 

Model 234: The model 234 is designed for wideband applica
tions and features lO'V/V open loop gain, 2.5MHz unity gain 
bandwidth, full power response to 500kHz and settling time 
of 4/ls (to 0.01%, 10V step, 20k!'! load). The model 234 also 
features low input voltage noise of 0.7/lV Pop (O.OlHz to 1Hz 
BW), low offset voltage drift of 1/lVtC (234]), 0.03/lV/oC 
(234K) or O.l/lV/C (234L) and long term stability of ±2/lV/ 
month. 

Incorporating MOSFET choppers and discrete components 
(vs. IC op amps) for the main and stabilizing amplifier chan
nels, this inverting design is virtUally free of input chopper 
spikes and offers reduced modulation ripple for quieter wi,de
band performance. These characteristics are especially de
sirable when operating from high source impedances (above 
lOOk!'!) at wide bandwidths. To illustrate the improvements 
in noise and bandwidth performance, over previous Analog 
Devices' designs, comparative data is set forth in the follow
ing sections comparing models 232 and 233,with 234. 

Model 235: The model 235 is recommended for applications 
where lowest cost and lowest noise are required. The model 
235 features low input voltage noise of 0.5/lV pop (O.OlHz to 
1Hz BW), low offset voltage drift of O.S/lV/C (235J), 
0.25/lV/C (235K), 0.1/lV/oC (235L) and,a long term 
stability of 5/lV /year. 

For detailed information, contact factory. 

Low Noise 
Chopper Stabilized Amplifiers 

MODELS 234, 235 I 
MODEL 234 COMPARATIVE INPYT NOISE (RTI) 
PERFORMANCE IN A DC TO 1kHz BANDWIDTH 

250k 10k 

This combination of noise and drift performance makes 
model 235 ideally suited for demanding applications such as 
balance scales and weighing instruments requiring high ac
curacy and excellent long-term stability without the use of 
"front panel" balance pots or periodic internal adjustment. 

Model 235 has been designed to virtually eliminate intermodu
lation problems caused by "beating" against power line fre
quencies. The chopper's ultra-stable oscillator is precisely set 
at the factory to a frequency that minimizes ineractions with 
harmonics of 50Hz, 60Hz and 400Hz power lines. 

APPLICATIONS 
In general, the models 234, 235 inverting amplifiers should 
be considered where long term stability of offset voltage must 
be maintained with time and temperature for precision designs, 
or wherever maintenance-free operation of instruments and 
remote circuits is essential. Typical applications include low 
drift amplification of microvolt signals, integration of low 
duty-cycle pulse trains and analog computing for general 
purpose designs. Low input noise and stable offset voltages 
also make 234, 235 an ideal preamp for precision low fre
quency applications such as DVMs, 12- to 16-bit A to D 
converters, and for error amplifiers in servo and null de
tector systems. 
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SPECIFICATIONS (typical @+25°C and ±15V unless otherwise noted) 
MODEL 234J 234K 

OPEN LOOP GAIN 
DC , 2k ohm load 10' V/V min 

RATED OUTPUT 
Voltage ±lOV min 
Current ±SmA min 

Load Capacitance Range- O-IOOOpF min 

FREQUENCY! 
Unity Gain, Small Signal 2.SMHz 
Full Power Response 500kHz min 
Slew Rate 30VIJls 

SETTLING TIME to 0.01 % 

20k!l load, 10V step 4Jls 

INPUT OFFSET VOLTAGE 
Initial Offset 

1 
±SOJlV max ±20JlV max 

vs. Temp, 0 to +70
o

C ±1.0JlV/oC max ±0.3JlV/oC max 
vs. Supply Voltage ±0.2JlV/% 
vs. Time ±2JlV/month 
vs. Turn On, 10 sec to 10 min ±3JlV 

INPUT BIAS CURRENT 
Initial, @ +2S

o
C ±lOOpA max 

vs. Temp, 0 to +70°C ±4pA/C max ±2pA/C max 
vs. Supply Voltage ±O.SpA/% 

INPUT IMPEDANCE 
Inverting Input to Signal Ground 300k ohms 

INPUT NOISE 
Voltage, 0.01 to 1Hz 

0.1 to 10Hz 
10Hz to 10kHz 

Current, 0.01 to I Hz 
'0.1 to 10Hz 

INPUT VOLTAGE RANGE 
(-) Input to Signal Ground 

POWER SUPPLY (V dc)3 
Rated Performance 
Operating 

TEMPERATURE RANGE 
Rated Specifications 
Operating 
Storage 

NOTES 

0.7JlV p-p 
1.5/lV p-p 
2JlVrms 
2pA p-p 
4pA p-p 

±ISV max 

±lSV@ SmA 
±(12 to 18)V 

o to +70
o
C 

_25°C to +85°C • 
-2SoC to +100

o
C • 

• Specifications same as model 234J. 
··Specifications Same as model 23SJ. 

I Model 235 overload recovery. 10 sec ryp. 

I~V { 

..... I .. J !.t..J IA ... ..... ... 
. ~-.. ..... IV rv .,.. 

~A ~ IJM ~) ,r\ A J 
I"'N -If ~ ,.~ [ltV ... ", iii I~ 

ISEC :-- I--

5PA{ ~ ~ .N ~ .A . .& I~ f"'" 

Vo• MODEL 235 
0.01 -1Hz 

Vo. MODEL 233 
0.01 - 1Hz 

10 • MODEL 235 
0.01- 1Hz 

Model 235 Voltage and Current Noise. Model 233 Voltage 
Noise Shown for Comparison. 
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234L 235J 23SK 23SL 

5 x 10'VNmin 

O.OIJlF 

IMHz 
5kHz min 
0.3VIJls min 

N/A N/A N/A 

±20JlVmax ±25JlV max ±15JlV max 
;:0. IJlV/0 C max ±O.SJlV/oC max ±0.2SJlV/oC max ±O.lJlV/oC max 

±O.IJlV/% 
±SJlV/year . 

±SOpA tnax 
?~SpA/C max 

±SOpA max 
O.SpA/oC max ±lpA/oC max IpA/C max . 0.2pA/% .. 

O.SJlV pop 
3.5JlV pop 
5JlV rms 
10pA pop 
30pA pop 

2JlVp-p max :~V pop max .. 
.. 

• Externally adjustable to zero. ' 
'Recommended power supply: Analog Devices model 904, ±ISV dc@ SOmA. 

Specifications subject to change without notice. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

t--" 1.51 MAX (38.11---1 

0.41 MAXTI I 
(10.41 _L . 

L-.....-O ------.O.....---l 
r-- --II-°i~~rIIA 
L 0 20 MIN (501 0.25 MAX (6.41 

1 
1.51 MAX 

'~'1 

+V, 

IN (-~ I -v, 

~ OUT+ 

TRIM 

BOTTOM VIEW - I--- 0.1 GRID 
(2.541 

NOTES: 
*Connect Trim Terminal to Common 

if Trim Pot is n'ot used. 

1. SG Tied to Common. 
2. Mating Socket AC10l0. 
3. Weight: 27 grams. 
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Low Noise 
Non-Inverting Chopper Amplifier 

FEATURES 
Non·lnverting Input 
109 n Common Mode Impedance 
Protected MOSFET Chopper 
Ultra Low DriftO.1tNfC, Max (261K) 
Guaranteed Low Noise of O.4JlVp-p (0.01 to 1 Hz) 
Low Cost 

APPLICATIONS 
Microvolt & Millivolt Measurements 
Meter & Recorder Preamplifier 
Semiconductor Strain Gage Amplifier 
Biological Sensors 
Potentiometer Buffer 

GENERAL DESCRIPTION 
Model 261 is a low cost non·inverting chopper amplifier fea· 
turing ultra low drift of O.lJlV/C, open loop gain of greater 
than 10 million V/V and guaranteed low noise performance of 
0.4JlV p-p max in a 0.01 to 1Hz bandwidth. It is ideally suited 
for low level pre·amplifier applications where high input im· 
pedance and low noise are essential. 

Model 261 also offers a solution to beat frequency problems 
caused by a low frequency carrier mixing with harmonics of 
the ac line. Its carrier frequency of 3500Hz is nearly a decade 
higher than that of models previously available. The required 
harmonic of the ac line that could cause interference with a 
3500Hz carrier has negligible energy content and beat frequen
cies are eliminated. As a further protection against interfering 
signals, model 261 has been completely shielded internally. 
This protective shield reduces interference due to RF signals, 
as well as carrier signals from adjacent chopper amplifiers. 

Still another advantage of the 261 due to its higher chopper 
frequency and shielded design is an output signal that is free 
from both distonion and chopper spikes. The result is a design 
that can process low level signals while maintaining low dis
tortion and high signal to noise ratios. ' 

CHOPPER VS. CHOPPER-STABILIZED 
Most conventional ultra-stable amplifiers are chopper-stabilized 
to achieve low drift. In these units, the higher frequency signal 
components are separated and directly amplified, while the 
low frequency and dc components are separately chopped, 
amplified, demodulated, and then summed with the high 
frequency components in an output stage. This method pro-

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 4-27. 

MODEL 261 I 
,MODEL 261 FUNCTIONAL BLOCK DIAGRAM 

Camp, Capacitor 

(external) 

+IN 

-IN 

Oscillator 

vides wide bandwidth and excellent performance at the ex
pense of increased cost and complexity. Since many require-

, ments for ultra-low drift amplification involve only dc and low 
frequency signals, the additional high frequency amplifier 
stage found in most chopper-stabilized amplifiers has been 
eliminated from the model 261. This design approach has 
made it possible t'o achieve a practical non-inverting configura
tion, which retains the advantages of low cost and small size. 
The input stage of the model 261 chops the signal at a 3500Hz 
rate, resulting in a maximum useful-3dB bandwidth of about 
100Hz. For increased flexibility in meeting specific design re
quirements, terminals are provided for an external compensa
tion capacitor, which determines the amplifier's gain-bandwidth 
product. 

INPUT IMPEDANCE 
One of the prime advantages of the non-inverting amplifier is 
the capability of bootstrapping the input impedance up to the 
level of the common mode impedance. For the model 261, 
this means that the 40kn open loop input resistance will be 
multiplied by the oper. loop gain times (he feedback factor. 
With a typical open loop gain of 40 x 106

, closed loop gains 
of up to 1600 will allow the user to realize 109 n input resis
tance. Even at a gain of 10,000, the effective input resistance 

. 40 x 106 

will be over 100 megohms. (I.e.) (40k,U)----wr- = 160Mn. 
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SPECIFICATIONS (typical @ +25°C and ±15V dc unless otherwise noted) 

Model 261} 

OPEN LOOP GAIN 
DC rated load lO'V/V min 

RATED OUTPUT 
Voltage ±10Vmin 
Current ±SmAmin 
Load CaEacitance Range o to O.OOI~F 

FREQUENCY RESPONSE 
Small Signal, -3dB 100Hz 
Full Power Response 2-S0Hz min 
Slewing Rate 100V/simin 
Overload Recover~ 300ms 

INPUT OFFSET VOLTAGE 1 

External Trim Pot SOkn 
Initial Offset, +2SoC' ±2SiJ.V max 
Avg vS'Temp (0 to +70°C) ±O.3iJ.V 1° C max 

Supply Voltage ±O.IiJ.V /% 
Time ±Y;ziJ.V/month 

Warm-Up Drift <3~V in 20 minutes. 
INPUT BIAS CURRENT 

Initial Bias, +2SoC, + Input ±300pA max 
Avg vs Temp (0 to +70

0
C) ±10pA/oC max 

Initial Bias, +2SoC, - Input ±lOnA max 
Avg vs Supply Voltage ±3pA/% 

INPUT IMPEDANCE 
Differential 40knII0.Ol~F 
Common Mode 109 nIl0.02~F 

INPUT NOISE 
Voltage, 0.01 to 1Hz, pop 0.4iJ.V max 

0.01 to 10Hz, p-p 1.0iJ.V max 
Current, 0.01 to 1Hz, pop 8pA 

0.01 to 10Hz, E-E 20pA 

INPUT VOLTAGE RANGE 
Common Mode Voltage ±O.SVmin 
Common Mode Rejection 300,000 
Max Safe Differential Voltage ±20V 
Max Safe Common Mode Voltage ±20V 

POWER SUPPL y2 
Voltage, Rated Specification ±(14 to 16)V 
Voltage, Operating ±(13 to 18)V 
Current, Quiescent ±7mA 

TEMPERATURE RANGE 
Rated Specifications o to +70°C 
Operating -2SoC to +8SoC 
Storage -SSoC to +12SoC 

MECHANICAL 
Case Size I.S" x I.S" X 0.62" 
Mating Socket ACI022 
Weight 1.7S oz. (SOg) 

1 Ground trim terminal if trim potentiometer is not used. 
2 Recommended power supply, ADI model 904, ±lSV @ SOmA output. 
·Specifications same as for model 261J. 
Specifications subject to change without notice. 
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261K 

±O.IiJ.V/0C max 

±1.0V min 

OUTLINE DIMENSIONS 
Dimensions'shown in inches and (mm). 

0.62 

111 
TpI--1'~~~X---l 

r- -l f- O·r,.~i)A. 
L 0.20 MIN •• 0.25 MAX. 

15'064) 

1,·5'M!X 
138.11 

C 

TEXTSEL 

CAP 

INI·) 

INI'I 

OM 

·v. 
o'!):.. 

TRIM' 

,-, 
I 

h' EXT. 
I POT. 

I I SOk 
I ) 

, __ I I 
I 
I ' ____ 1 

BOTTOM VIEW --l t-- O.ll;~io 

1. Trim terminal should be grounded if potentiometer 
is not used. 

2. See Note 1 below for cap value. Use Polycarbonate, 
Mylar, Mica, Glass, or Polystyrene capacitor for 
best performance. 

Notes 

MATING SOCKET 
ACI022 

~ '.!,' ~ I I 0.093 
10).3~ 

1o----140-----l 

-r- ---o:~-i +vso T 
I COMo 

o INI-) I 1.40 
105 I ·Vso J -'-1'---4IN

(+1 : I 
OUTo 

i : TRIMQ--__ _ 

0}6_ ,- ---~---EY I I r 
op I I I ~ 

r--o~~ 

1. R.O. is connection for compensation capacitor. 
2. Bottom View Shown. 
3. Mounting holes 0.141 Dia., countersunk 82" to 

0.23" Dia. 
4. All in line pins spaced 0.2". 
5. Dimensions in inches. 
6. Markings printed on socket. 



Instrumentation & Isolation Amplifiers 

Selection Guide· 

Orientation and Definitions of Specifications 

AD521j/K/L/S Monolithic IC Resistor-Programmable Amplifiers 

AD522A/B/S Hybrid IC Resistor-Programmable Amplifiers 

eAD524j/K/L/S Precision Instrumentation Amplifier I 

AD612A/B/C/D/E Hybrid IC jumper-Programmable Amplifiers 

AD614A/B/C/D/E Hybrid IC jumper-Programmable Amplifiers 

eAD293A/B/S Hybrid Industrial Isolation Amplifier 

eAD294A Hybrid Medical Isolation Amplifier 

289j/K/L High-Performance Synchronizable Self-Contained Isolation Amplifier 

eNew product since 1980 Data-Acquisition Components and Subsystems Catalog 
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Selection Guide 
Instrumentation & Isolation Amplifiers 
The abbreviated specifications listed here permit a choice on the basis of the key parameters of instrumentation amplifiers, 
depending on which parameters are critical for the application. Complete and detailed specifications can be found in the 
data-sheet section. 

Descriptive information on instrumentation and isolation amplifiers and a guide to specifications are provided on the 
following pages. Devices that perform instrumentation-amplifier functions can also be found in section 15 (Data Acquisition 
Subsystems). 

All specifications are typical at rated supply voltage and load, and TA = 2SoC, unless otherwise noted. 

SELECTION GUIDE - INSTRUMENTATION AMPLIFIERS 

~ 

GAIN 
Range V/v 
Nonlinearity (G = 100) - % max 

RATED OUTPUT - V dc/rnA 

DYNAMIC RESPONSE 
Small Signal (-3dB) 

G = 1000 
Full Power Frequency 
Slew Rate - V/p.s 

OFFSET VOLTAGE 
Input Offset Voltage 

vs. Temperature 
Output Offset Voltage 

vs. Temperature 

INPUT BIAS CURRENT - nA max 

INPUT IMPEDANCE 
Common Mode - n 

COMMON MODE 
REJ ECTION RATIO 

min @ 1kn Source Unbalance. 
CMV=±lOV 

G= 1- dB 
G = 10 - dB 
G= 1000 - dB 

Volume I 
Page 

I Processing to MlL-STD-883B available. 
'DC to 60Hz. 

Monolithic IC HybridlC 
AD521J(K)(L)(S)1 AD522A(B)(S)1 

0.1 to 1000 1 to 1000 
0.2(0.2)(0.1 )(0.2) 0.01(0.00S)(0.005) 

±1O/±1O ±10/±S 

40kHz 300Hz 
100kHz 1.5kHz 
10 0.1 

3(1.5)(1)(l.S)p.V max ±400(200)(200)p.V max 
lS(1S)(2)(S)p.Vtc ±6(2)(6)p.VtC 
400(1200)(100)(200)p.V max 
400(IS0)(7.5)(1S0)p.vtC. 

±80(40)(40)(40) ±2S(1S)(2S) 

6 X 1010 109 

70(74)(74)(74)2 7S(80)(8S) de to 30Hz 
~0(94)(94)(94)2 90(9S)(90) de to 10Hz 
100(110)(110)(110)2 100(110)(100) de to 1Hz 

5-9 S-lS 
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Monolithic 
AD524J(K)(L)(S) 

1 to 1000 
0.02(0.01)(0.005)(0.02) 

±10/±S 

2SkHz 
-
S 

2S0(100)(2S)(100)p.V 
3 (1.5 )(0.5)( 1.5 )p.V /0 C 
ImV(SOOp.V)(250p.V)(500p.V) 
SO(20)( 1 0)(20)p.V t C 

SO(70)(10)(SO) 

109 

70(7S)(80)(70) 
90(9S)(100)(90) 
115(12S)(130)(190) 

5-19 

Hybrid IC Hybrid IC 
AD612A(B)(C) AD614A(B) 

1 to 1024 1 to 1024 
0.001 0.001 

±lO/±S ±1O/±5 

10kHz 20kHz 
- -
1 1 

±200p.V ±200p.V 
±S(2)(1)p.Vtc ±S(2)p.V/oC 

+100 +100 

109 109 

74 74 
80 80 
94 94 

5-23 5-23 



SELECTION GUIDE - ISOLATION AMPLIFIERS 

if/. ~ ~ / HYBRID / 

!.., Q 
, ~ ~!.., ~ "" ~~ 8 ~!.., ,,",,, ~ 

~ ~ !.., .:.~ # ~ ~ !..,~ -?' ~ $~:§ l Ii /J/;t;llti 
.::; q,; "" ;./ Q .;:) C ... ~ ~ 

~ 
"i It ~~~~~ !~ I~ Il!lllV ~ ~ ~ "i t: '\" . ~ 

Max Input/Output CMV ±2500V de pk max • • • • • • • 
±1500V de pk max • • 
±850V de pk max 

Nonlinearity ±O.OI20/0 • 
±O.O250/0 • 
±O.O500/0 • • • • 
±O.1000/0 • • • 

Output Voltage ±5V • 
±10V • • • • • • • • 

Gain Range 1-1000V/V • • • • 
1-100V/v • • • • 
1-10V/v • 

Synchronized Operation With External Oscillator • • 
With Internal Oscillator • • • 

Output Amplifier • • • • • 
Isolated Power Out • • • • • • 
Defibrillation Protection I • • • 
Three Port Isolation • • • • 
Volume I 

Page 5-35 - - - - - 5-27 5-27 5-27 

Volume II 
Page 5-23 5-27 5-27 5-17 5-17 5-15 5-7 5-7 5-7 

See Signal Conditioners for other analog/analog products with input/output 
isolation-including current-<lutput devices. 
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Orientation 
Instrumentation & Isolation Amplifiers 
An instrumentation amplifier is a committed "gain block" that 
measures the difference between the voltages existing at its 
two input terminals, amplifies it by a precisely set gain - usually 
from 1 Y N to 1000V IV or more - and causes the result to 
appear between a pair of terminals in the output circuit. 
Referring to Figure 1, 

Y s - V R = G (V+- V-) 

An ideal instrumentation amplifier responds only to the differ
ence between the input voltages. If the input voltages are equal 
(Y+ = Y-= YCM, the common-mode voltage), the output of 
the ideal instrumenta~ion amplifier will be zero. 

OFFSET 
ADJUST 

vaUT; V'N l'IRGi! 
OR 

VaUT'; V'N l'IRG.Rsil 

Figure 1. Basic Instrumentation Amplifier 
Functional Diagram 

LOAD 

An amplifier circuit which is optimized for performance as an 
instrumentation-amplifier gain block has high input impedance, 
low offset and drift, low nonlinearity, stable gain, and low 
effective output impedanc~. It is commonly used for applica
tions which capitalize on these advantages. Examples include: 
transducer amplification - for thermocouples, strain-gage 
bridges, current shunts, and biological probes, preamplification 
of small differential signals superimposed on high common
mode voitages, signal conditioning and (moderate) isolation 
for data acquisition, and signal translation for differential and 
single-ended signals wherever the common "ground" is noisy 
or of questionable integrity. 

Instrumentation-amplifiers are usually chosen in preference 
to user-assembled op-amp circuitry, because they offer op
timized, specified performance in low-cost, easy-to-use, 
compact packages. If the application calls for high com
mon-mode voltages (typically, voltages in excess of the amplifier 
supply voltage), or if isolation impedances must be very high 
(e.g., lOtOn, with galvanic isolation, as in medical and indus
trial applications), the designer should consider an isolation 
amplifier. 
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SPECIFYING INSTRUMENTATION AMPLIFIERS 
The instrumentation amplifier chosen for a given application 
will be the lowest-cost device that satisfies the performance 
and environmental requirements. In addition to the products 
listed here, which are recommended for new designs, a number 
of older products are still available; data sheets are available 
upon request. It is essential that the designer have a firm un
derstanding of the specifications of instrumentation ampli
fiers and of the contributions of the various sources of error 
to the total error. The data sheets provide much useful applica
tion data on these devices, as well as examples of basic error 
analyses. 

Definitions of the key specifications follow a brief discussion 
of instrumentation-amplifier architectures. For more-complete 
information on the fundamentals and applications of instru
mentation amplifiers, a number of publications are available 
from Analog Devices.! ,2,3 

INSTR UMENT ATION-AMPLIFIER ARCHITECTURE 
All Analog Devices instrumentation amplifiers have two high
impedance input terminals, a set of terminals for gain
programming, an "output" termina1, and a pair of feedback 
terminals, labeled sense and reference, as well as terminals for 
power supply and offset trim. * 
Two basic circuit concepts are employed. The AD522, AD612 
and AD524 use variations of the well-known three-op-amp 
configuration, consisting of a differential input-output gain 
stage and subtractor stage. Gain (~1 Y IV) is set by the choice 
of a' single gain -setting resistor, RG' When the sense (V s) feed
back terminal is connected to the output terminal, and the 
reference terminal (YR) is connected to power common, 
the output voltage appears between the output terminal and 
power common. 

The Ys and YR terminals may be used for remote sensing - to 
establish precise outputS in the presence of line drops; they 
may be used with an inside-the-Ioop booster follower to obtain 
power amplification without loss.of accuracy; and they may be 
used to establish an output current that is precisely propor
tional to the difference signal. A voltage applied to the YR 
terminal will bias the output by a predetermined amount. It is 
important always to maintain very low impedance (in relation 
to the specified Ys and YR input impedances), when driving 
the Ys and YR inputs, in order not to introduce common-mode, 
gain, and/or offset errors. In devices using the 3-amplifier con
figuration, the YR terminal is sometimes used for "tweaking" 
common-mode rejection. 

I "Isolation and Instrumentation Amplifiers Designer's Guide, 1978 
edition, available upon request. 
2 "A User's Guide to IC Instrumentation Amplifiers," by J. Riskin, 
1978, available upon request. 
3 Transducer Interfacing Handbooks, D.H. Sheingold, ed., 1980, 
$14.50, Analog Devices, Inc., P.O. Box 796, Norwood, MA 02062. 
-In Model 612, sense is internally connected to the output terminal. 



SPECIFICATIONS 
Specification tables are generally headed by the legend: "speci
fications are typical at Vs = ±15V, TA = +25°C, and rated 
load, unless otherwise noted." This tells the user that these are 
the normal operating conditions under which the device is test
ed. Deviations from these conditions might degrade (or im
prove) performance. When deviations from the "normal" con
ditions are likely (such as a change in temperature), the sig
nificant effects are usually indicated within the specs. 
"Typical" means that the manufacturer's characterization 
process has shown this number to be "average," but individual 
devices vary . 

Specifications not discussed in detail are self-explanatory and 
require only a basic knowledge of electronic measurements. 
Such specs are not uniquely applicable to instrumentation 
amps. 

GAIN These specifications refer to the linear transfer function 
of the device; for example, the AD522 gain equation is: G = 
1 + 20~~000 V/V. The value of RG for a given gain value is: 

RG = 20~,~~0 il. For example, if G is to be 100 VIV, 

RG = 2020.2 ohms. 

Gain Range Specified at 1 to 1000, for example, the device 
may work at higher gains (1 V IV is minimum, except for the 
AD521), but the manufacturer does not specify performance 
outside the range. In practice, noise and drift may make higher 
gains impractical for a given device. 

Equation Error (or "Gain Accuracy") The number given by this 
specification describes deviation from the gain equation when 
RG is at its nominal value (or, in the case of model 612, when 
connected for a given gain). The user can trim the gain or com
pensate for gain error elsewhere in the overall system. Systems 
using microprocessors (or computers, or other digital "intelli
gence") can be made self-calibrating, to take into account the 
lumped gain errors of all the stages in the analog portion of the 
system, from transducer to aid converter. 

Nonlinearity (or Gain Nonlinearity) Nonlinearity is defined as 
the deviation from a straight line on the plot of output vs. in
put. The magnitude of linearity error is the maximum deviation 
from a "best straight line," with the output swinging through 
its full-scale range. Nonlinearity is usually specified in percent 
of full-scale output range. 

Gain vs. Temperature These numbers give the deviations from 
the gain equation as a function of temperature. 

SETTLING TIME is defined as that length of time required for 
the output voltage to approach and remain within a certain (±) 
tolerance of its final value. It is usually specified for a fast step 
that will drive the output through its full-scale range and it in
cludes slewing time. Since several factors contribute to the 

overall settling time, fast settling to 0.1 % does not necessarily 
mean proportionally fast settling to 0.01 %, nor is settling time 
necessarily proportional to gain. Principal contributing factors 
include slew-rate limiting, underdamping (ringing), and thermal 
gradients ("long tails"). 

VOLTAGE OFFSET Voltage offset and common-mode re
jection (see below) specifications are often considered the key 
figures of merit for instrumentation amplifiers. While initial 
offset can be adjusted to zero, shifts in offset voltage with time 
and temperature introduce errors. Systems that involve "in
telligent" processors can correct for offset errors in the whole 
measurement chain, but such applications are still relatively in
frequent; in most applications, the instrumentation amplifier's 
contribution to system offset error must be defined. 

Voltage offset and offset drift in instrumentation amplifiers 
are functions of gain.4 The offset, measured at the output, is 
equal to a constant plus a term proportional to gain. For an 
amplifier with specified performance over a gain range from 1 
to 1000, the constant is essentially the offset at unity gain, and 
the proportionality term (or slope) is equal to the change in 
output offset between G = 1 and G = 1000, divided by 999. To 
refer offset to the input (RTI), divide the total output offset 
by the gain. Since offset at a gain of 1000 is dominated by the 
proportional term, the slope is often called the "RTI offset, 
G = 1000." At any value of gain, the offset is equal to the 
unity-gain offset plus the product of the gain and the "RTI 
offset, G = 1000". 

The same considerations apply to the offset drift. For example, 
the maximum RTI drift of the AD522B is specified at 25JlV/oC 

° 25 ° . at G = 1, 2JlVI Cat G = 1000, and (G+ 2) JlVI C at any arbl-

trarygain in the range. Thus, the outputdriftis (25 + 2G}JlVtC 
at any gain, G, in the range. The data sheets provide offset
vs.-gain plots, but the function is easily computed in the man
ner described above. 

Voltage offset as a function of power supply level is also speci
fied RTI at one or more gain settings. 

INPUT BIAS AND OFFSET CURRENTS Input bias currents 
are those currents needed to bias the input transistors of a dc 
amplifier or to supply the junction-leakage of FET's. FET-input 
devices have lower bias currents than those using bipolar tran
sistors, but FET leakage currents increase dramatically with 
temperature, approximately doubling 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 concern than the magnitude of the bias currents. Input 
offset current is the difference between the two input bias 
currents. 

4There is a good explanation of the specification of offset in 
instrumentation amplifiers in ANALOG DIALOGUE 6-2 
(1972), p. 14 
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Important Note 
Although instrumentation amplifiers have differential 
inputs, there must be a return path for ~he bias currents. 
If it is not provided, those currents will charge stray 
capacitances, causing the output to drift uncontroll
ably or to saturate. Therefore, when amplifying out
puts of "floating" sources, such as transformers and 
thermocouples, as well as ac-coupled sources, there 
must still be a dc path from each input to common, 
or to the guard terminal. If a dc return path is im
practicable, an isolator must be used. 

COMMON-MODE REJECTION (CMR) is a measure of the 
change in output voltage when both inputs are changed by 
equal amounts. CMR is usually specified for a full-range com
mon-mode voltage change (CMV), at a given frequency, and a 
specified imbalance of source impedance (e.g. lkn source un
balance, at 60Hz). CMR is a logarithmic expression of the 
common-mode rejection ratio (CMRR): CMR = 20 10glO 
(CMRR). The common-mode rejection ratio is defined as the 
ratio of the signal gain, G, to the ratio of common mode signal 
appearing at the output to the input CMV. 

In most instrumentation amplifiers, the CMR increases with 
gain, because the front-end configuration does not amplify 
common-mode signals, and the amount of common-mode sig
nalappearing at the output stays relatively constant as the 
signal gain (G) increases. 

However, at higher gains, amplifier bandwidth decreases. Since 
differences in phase shift through the differential input stage 
will show up as common-mode errors, CMR becomes more fre
quency-dependent at high gains. 

ISOLATION AMPLIFIERS 
The isolation amplifier (or isolator) has an input circuit that 
is galvanically isolated from the power supply and the output 
circuit. Isolators are intended for applications requiring safe, 
accurate measurement of dc and low-frequency voltage or 
current 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 measurements where dc and line-fre
quency leakage must be maintained at levels well below certain 
mandated minima. * Principal applications are in electrical en
vironments of the kind associated with medical equipment, 
conventional and nuclear power plants, automatic test equip
ment, and industrial process-control systems. 

Analog Devices Isolators described in this catalog use electro
magnetically coupled high-frequency carrier techniques for 
communication of power to and signals from the input circuit. 

*I;xamples of such requirements may be found in UL STD 544 and 
SWC (Surge Withstand Capability) in IEEE Standard for Transient 
Voltage Protection 472-1974. -

1 Analog Devices Isolation and Instrumentation Amplifiers Designer's 
Guide" (1980) 
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CHOOSING AN ISOLATOR 
The choice of an isolator depends on the desired functional 
characteristics and the required specifications. Functional 
characteristics include such considerations as number of chan
nels, range of output common-mode (output to power sup
ply), nature of the front-end amplifier (amplification only or 
general op-amp functioning), and the availability of isolated 
power for additional external front-end circuitry. Key specifi
cations include performance specs and "absolute 'maximin" 
mandated safety specifications. Definitions of specifications 
follow this section. In addition to the products listed here, 
which are recommended for new designs, a number of older 
products are still available; data sheets are available upon re
quest. In addition to the useful applications information on 
the data sheets published here, a designers' guide l 

, available 
upon request, provides information useful to the circuit 
designer. ' 

Functional Characteristics The basic design of both amplifiers 
is identical. As shown in Figure 1, an amplifier is divided into 
three isolated sectiot:ts-input, output, and power-coupled 
together by a single transformer. A power oscillator (which 
maybe powered by system power or a separate power source) 
furnishes isolated power to the input amplifier, plus a carrier, 
which is modulated by the amplified input signal, coupled 
across the isolation barrier to the output section, demodulated, 
and buffer-amplified by a system-powered output amplifier. 

Two significant innovations are responsible for the small size 
and excellent performance of these amplifiers. The first is an 
ultra-compact transformer, using screened wiring and well
conceived assembly technology. The second is an improve
ment in the use of the flyback (unclamped) portion of a 
blocking-oscillator waveform as the modulated signal carrier 
(U.S. Patent 4,286,225). 

Figure 1. AD293/AD294 BlockDiagram 



As the block diagram shows, the synchronizable oscillator 
requires a two-wire power supply, which may be different (and 
(and isolated) from the power supply f~r the output ampli
fier, A2. The oscillator's output is coupled to (and loaded by, 
but isolated from) the circuitry connected to the other five 
identical transformer windings. One winding delivers power to 
the input amplifier, AI. 

The flyback portion of the oscillator waveform is amplitude
modulate by Al's output signal, then coupled through separ
ate transformer windings to a demodulator (I) in the ampli
fier's feedback path. Since Al is an operational amplifier, the 
feedback signal must replicate the input signal (gain, from 1 to 
loOV/V, is equal to 1 + Rs/RG)' and the transformer flux 
during flyback must be whatever is necessary to make this 
happen. The common flux, through an identical winding, 
applied to an identical demodulator (II), causes its output to 

be very nearly identical to the voltage at the output of the 
first demodulator, i.e., an accurately amplified version of the 
input signal. The other winding connected to Demodulator II 
provides a reference signal. The output of the demodulator is • 
filtered and buffered by output amplifier, A2, which may be 
connected for gain values from 1 to lOV/V. 

The AD293 and AD294 are 3-port isolators; the input, output, 
and power sections are mutually isolated from one another. 
The use of separate substrates for the spiral-winding triplets 
of the transformer makes possible isolation of ±2S00V (peak 
or continuous) for the AD293, and ±8000V (peak, lOms 
pulse) for the AD294, between the input and output/power 
circuits. The high-temperature-fired dielectrics between the 
individual windings permit SOOV rms of isolation between the 
output and power ports. 
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r.ANALOG 
WDEVICES 

Integrated Circuit 
Precision Instrumentation Amplifier 

FEATURES 

Programmable Gains from 0.1 to 1000 
Differential Inputs 
High CMRR: 110dS min 
Low Drift: 2p.vfc max (L) 
Complete Input Protection, Power ON and Power OFF 
Functionally Complete with the Addition of Two Resistors 
Internally Compensated 
Gain Bandwidth Product: 40MHz 
OutPut Current Limited: 25mA 
Very Low Noise: 0.5p.V p-p,0.1Hzto 10Hz, RTI @ G = 1000 
Extremely Low Cost 

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
facturers (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-match cd 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 inpu ts, 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 n) 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 accuracy and operating temperature range. 
The economical ")" grade, the low drift "K" grade. and the 
lower drift, higher linearity "L" grade are specified from 0 to 
+70

o
C The "S" grade guarantees performance to specification 

over the full MIL-temperature range: -SSoC to +12SoC and is 
available screened to MIL-STD-883, Class B. All versions are 
packaged in a hermetic 14-pin DIP. 

AD521 I 
ADS21 FUNCTIONAL BLOCK DIAGRAM 

TO-1l6 

PRODUCT HIGHLIGHTS 
1. The AD521 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 t 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 lSV 
beyond the supply voltages and 30V differential at the 
inputs. 

S. Internally compensated for all gains, the ADS 21 also offers 
the user the provision for limiting bandwidth. 

6. Offset nulling can be achieved with an optional trim pot. 

7. The ADS 21 offers su perior dynamic performance 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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SPECIFICATIONS (typical @ Vs = ±15V, Rl = 2kn and TA = 25°C unless otherwise specified) 

MODEL 

GAIN 
Range (For Specified Op<ration, Note 1) 
Equation 
Error from Equation 
Nonlinearity (Note 2) 

1';;c;.;;lOoo 
Gain Temperature Coefficient 

OUTPUT CHARACTERISTICS 
Rated Output 
Output at Maximum Operating Temperature 
Impedance 

DYNAMIC RESPONSE '.' 
Small Signal Bandwidth (±3dB) 

G=I 
G= 10 
G = 100 
G=I000 

Small Signal, ± 1.0% Flatness 
G=I 
G= 10 
G = 100 
G = 1000 

Full Peak Response (Note 3) 
Slew Rate, I';;G';; 1000 
Settling Time (any 10V step to within IOmV of Final Value) 

G = I 
G= 10 
G= 100 
G = 1000 

Differential Overload Recovery (±lOV Input to within 
10mV of Final Value) (Note 4) 

G = 1000 
Common Mode Step Recovery (30V Input to within 
10mV of Final Value) (Note S) 

G = 1000 

VOLTAGE OFFSET (may be nulled) 
Input Offset Voltage (Vos 1) 

vs. Temperature 
vs. Supply 

Output Offset Voltage (VOSQ) 
vs. Temperature 
vs. Supply (Note 6) 

INPUT CURRENTS 
Input Bias Current (either input) 

vs. Temperature 
vs. Supply 

Input Offset Current 
vs. Temperature 

INPUT 
Differential Input Impedance (Note 7) 
Common Mode Input Impedance (Note 8) 
Input Voltage Range for Specified Performance 

(with respect to ground) 
Maximum Voltage 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'l kn 
source unbalance 

G=I 
G= 10 
G = 100 
G = 1000 

NOISE 
Voltage RTO (p-p)@O.IHz to 10Hz (Note 10) 

RMS RTO, 10Hz to 10kHz 
Input Current, rms, 10Hz to 10kHz 

REFERENCE TERMINAL 
Bias Current 
Input Resistance 
Voltage Range 
Gain to Output 

POWER SUPPLY 
Operating Voltage Range 
Quiescent Supply Current 

TEMPERATURE RANGE 
Specified Performance 
Operating 
Storage 

,PACKAGE OPTION:' TO-116 Style (D14A) 

• See Section 20 for package oudine information. 

·Specifications same u AD521JD. 
··Specifications same as AD521KD. 
Specifications subject u.. chan,e without notice. 

AD521JD 

I to 1000 
G= RS/RGV/V 
(to.2S-0.004G)% 

0.2% max 
±(3 ±o.OSG)ppm/oC 

tIOV, ±lOmA min 
±IOV @ SmA min 
o.Hl 

>2MHz 
300kHz 
200kHz 
40kHz 

7SkHz 
26kHz 
24kHz 
6kHz 
100kHz 
IOV/ps 

7ps 
Sps 
lOps 
Bps 

SOps 

lOps 

3mV max (2mV typ) 
ISpVI"C max (7pV/oC typ) 
3pV/% 
400mV max (200mV tyg) 
400pVI"C max (lSOpV/.C typ) 
O.OOSVoso /% 

80nA max 
InAI"Cmax 
2%/V 
20nA max 
2S0pAI"Cmax 

3 X 109 nll1.8pF 
6 x 1010 n1l3.0pF 

±IOV 

30V 
Vs tlSV 

70dB min (74dB typ) 
90dB min (94dB typ'l 
100dB min (104dB typ) 
100dB min (lIOdB typ) 

3pA 
10Mn 
tl0'.' 

tSV to ±18V 
SmA max 

o to +70
o

C 
-2SoC to +8SoC 
-6SoC to +ISOoC 

ADS21JD 
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AD521KD 

l.SmV max (O.SmV typ) 
~pvl"c max (l.SpVrC typ) 

200mV max (30mV ty!') 
~sopvl"c max (SOpVrC typ) 

40nA max 
~OOPA/o C max 

10nAmax 
12SpAfCmax 

74dB min (80dB typ) 
94dB min (I00dB typ) 
104dB min (l14dB typ) 
1I0dB min (l20dB typ) 

ADS21KD 

ADSllLD 

0.1% max . 

LOrn V max (O.SmV typ) 
2pVI"Cmax 

100mV max 
7SpVI"Cmax 

ADS21LD 

ADS2ISD 
(AD521SD/883B) 

t(lS to.4G)ppmI"C 

-SSoC to +12SoC 
-SSoC to +12SOC 

ADS21SD 



NOTES: 

1. Gains below 1 and above 1000 are realized by simply ad
justing the gain setting resistors. For best results, voltage at 
either input should be restricted 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 nigh 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 Recovery is the time it takes the ampli
fier to recover from a pulsed 30V differential input with 15V 
of common mode voltage, to within lOmV of final value. The 
test input is a 30V, lOps 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 exces!' 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.) 

5. 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, lOps pulse at a 1kHz rate. (When a com-
mon mode signal greater than Vs -0.5V 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 th~rmal time 
constant, but will not damage the device.) 

6. Output Offset Voltage versus Power Supply ~hange is 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. 

Applying the AD521 

9. Maximum Input Voltage (differential or at either input) is 
30V when using ±15V supplies. A more general specification is 
that neither input may exceed either supply (even when 
Vs = 0) by more than 15V and 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 observed during 2 
of 3 separate 10 second periods with the test circuit of Fig-
ure 10. 

DESIGN PRINCIPLE 
Figure 1 is a simplified schematic of the AD521. A differential 
input voltage, VIN, appears across RG causing an imbalance in 
the currents through Ql and Qz, ~I=VlN/RG' That imbalance 
is forced to flow in Rs because the collector currents of Q3 
and C4 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 
AD521) is equal to~I X Rs. The feedback amplifier, AFB 

f h f 
. VIN 

per orms t at unctIOn. Therefore, VOUT = --X Rs or 
~~ % ~ 
VlN RG' 

+V 

EXTERNAL 
R., 

-~=t:,J 

EXTERNAL 
__ 61- Rs 

VOUT _ V,N 
ors-liG 

OR -~=~ 

/' 
61=~ IX~ llx 

SENSE 

OUT 

L..---4--I------o REF 

I ~ 

Figure 1. SimplifiedAD521 Schematic 

/ 
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APPLICATION NOTES FOR THE AD521 
These notes ensure the AD521 will achieve the high level of 
performance necessary for many diversified IA applications. 

1. Gains below 1 and above 1000 are realized by adjusting 
the gain setting resistors as shown in Figure 2 (the resistor. 
Rs between pins 10 and 13 should remain 100kn ±15%. 
see application note 3). For best results. the input vOltage 
should be restricted to ±IOV especially for gain equal to 
or less than 1. 

2. Provide a return path to ground for input bias currents. The 
AD521 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 and/ 
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. 

V+ 

+IN 

-IN 

V-

I 
I 
I 
I 

I I .... _____ ..J 

OPTIONAL 
OFFSET 
TRIM 

OUTPUT 

OUTPUT 
L...---OSIGNAL 

COMMON 

GAIN VALUE OF RG 

0.1 lMn 
1 l00kn 
10 10kn 
100 lkn 
1000 loon 

Figure 2. Operating Connections for AD521 

3. The resistors between pins 10 and 13. (RSCALE) must equal 
100kn ±15% (Figure 2). If RSCALE is too low (below 85kn) 
the output swing of the AD521 is reduced. At values below 
80kn and above 120kn the stability of the AD521 may be 
impaired. 

4. Do not exceed the allowable input signal range. The line
arity of the AD521 decreases if the inputs are driven within 
5 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 AD521 as a buffer. as shown in Figure 4 •. The resis
tor R/2 matches the impedance seen by both AD521 in
puts so that the voltage offset caused by bias currents will 
be minimized. 

VOL. 1,5-12 INSTRUMENTA TlON & ISOLATION AMPLIFIERS 

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 V,N::::;VS= 10V 



5. 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 AD521 to the particular appli
cation as illustrated by Figure 5. In cases of extremely high 
load capacitance the compensation circuit may be changed 
as follows: 

1. Reduce 680n to 24n 
2. Reduce BOn to 7.5n 
3. Increase 1000pF to O.IJ,LF 
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 0.16VIJ,Ls. 

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 little or no 
attenuation. Therefore, it is advisable to decouple the V
supply line to the output common or to pin 11.1 

V+ 

+0-------1 

;-0-----.-, 

V-

GAlt~=* 

----, 
I 
I 
I 
I 
I 

1000pF : ____ ..J 

1 
Cx = lOOrrft when ft is the desired bandwidth. 

(ft in kHz, Cx in J,LF) 

Figure 5. Optional Compensation Circuit 

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 1mV 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 

1 For further details, refer to "An I.C. User's Guide to Decoupling, 
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. 

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, 
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 primarily with the output offset. At any gain it ean 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 IRG). 
Since the sense terminal is the inverting inpu.t to the output 
amplifier, the additional gain to the output is controlled by 
Rl and Rz. This gain factor is 1 + Rz/R1 . 

RS 

v, 

VOUT 

-"""------"""-0 OUTPUT COMMON 

Figure 6. Circuit for utilizing some of the unique features of the 
AD521. Note that gain changes introduced by changing R1 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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Where offset errors are critical, a resistor equal to the parallel 
comhination 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. 

RS 

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. 

V,.C!!, 
L --4,,_}----------

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 CMR R of the 
AD521. 

+15V----~~------------_.----------~----------------~ 

lOOk 

COMMON ----... ___ ...... ___ ---==_1 

-15V----_~-+-----------_4I---------_t----_t-+_-----J 

~------------------~--------~_~---------------------~--~COMMON 

Figure 8. Test circuit formeasuring 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. 
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r.ANALOG 
WDEVICES 

High Accuracy Data Acquisition 
Instrumentation Amplifier 

FEATURES 
Performance 
Low Drift: 2.01lVtC (AD522B) 
Low Nonlinearity: 0.005% (G = 100) 
High CMRR: >110dB (G = 1000) 
Low Noise: 1.5/1V .p-p (0.1 to 100Hz) 
Low Initial VOS: 100/1V (AD522B) 
Versatility 
Single-Resistor Gain Programmable: 1:::;;; G:::;;; 1000 
Output Reference and Sense Terminals 
Data Guard for Improving ac CMR 
Value 
Internally Compensated 
No External Components except Gain Resistor 
Active Trimmed Offset, Gain, and CMR 

PRODUCT DESCRIPTION 
The AD522 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 AD522 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 gauges, 
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 AD522 was designed to provide highly accurate signal con
ditioning under these severe conditions. It provides output off
set voltage drift of less than lOIlV/C, input offset voltage drift 
of less than 2.0/1V/oC, CMR above 80dB at unity gain (110dB 
at G = 1000), maximum gain nonlinearity of 0.001% at G = 1, 
and typical input impedance of 109 n. 

AD522 

AD522 FUNCTIONAL BLOCK DIAGRAM 

14-PIN DIP 

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 AD522 the best features of both mono
lithic and modular instrumentation amplifiers, thus providing 
extremely cost-effective precision low-level amplification. 

The AD522 is available in three versions with differing accu
racies and operating temperature ranges; the "A", and "B" 
are specified from -25°C to +85°C, and the "S" is guaran-
teed over the military /aerospace temperature range of -55 ° C 
to + 12 S° C. All versions are packaged in a 14-pin DIP and are 
supplied in a pin configuration similar to that of the popular 
AD521 instrumentation amplifier. 
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SPECIFICATIONS 1 (typical @ +VS = ±15V, R L = 2kn & T A = +25°C unless otherwise specified) 
MOpEI 
GAIN 

Gain Equation 

Gain Range 
Equation Error 

G=I 
G = 1000 

Nonlinearity, max (see Fig. 4) 
G = I 
G = 1000 

vs. Temp, max 
G=I 
G 1°09 

OUTPUT CHARACTERISTICS 
Output Rating 

DYNAMIC RESPONSE (see Fig. 6) 
Small Signal (-3dB) 

G=I 
G = 100 

Full Power GBW 
Slew Rate 
Settling Time to 0.1%, G = 100 

to 0.01%, G = 100 
to 0.01%, G = 10 
to 0.01%, G = I 

VOLTAGE OFFSET 
Offsets Referred to Input 

Initial Offset Voltage 
(adjustable to zero) 

G=I 
vs. Temperature, max (see Fig. 3) 

G = I 
G = 1000 
I <G< 1000 

vs. Supply, max 
G = I 
G = 1000 

INPUT CURRENTS 
Input. Bias Current ° 

InItIal max, +2S C 
vs. Temperature 

Input Offset Current 
Initial max, +2SoC 
vs. Temperature 

INPUT 
Input Impedance 

Differential 
Common Mode 

Input Voltage Range 
Maximum Differential Input, Linear 
Maximum Differential Input, Safe 
Maximum Common Mode, Linear 
Maximum Common Mode Input, Safe 

Common Mode Rjection Ratio, 
Min @ ±IOY, Ikn Source 
Imbalance (see Fig. S) 

G = I (de to 30Hz) 
G = 10 (de to 10Hz) 
G = 100 (de to 3Hz) 
G = 1000 (dc to 1Hz) 
G = I to 1000 (dc to 60Hz) 

NOISE 
Voltage Noise, RTI (see Fig. 4) 

O.lHz to 100Hz (p-p) 
G=I 
G = 1000 

10Hz to 10kHz (rms) 
G = I 

TEMPERATURE RANGE 
Specified Performance 
Operating 
Storage 

POWER SUPPLY 
Power Supply Range 
Quiescent Current, max@ ±15V 

PACKAGE OPTIONS 3,4 
Hermetic, Metal (HYI4D) 

I Specifications guaranteed after 10 minute warm-up. 

ADS22AD 

I + 2 (lO') 
Rg 

I to 1000 

0.2% max 
1.0% max 

O.OOS% 
0.01% 

2ppm/o~ (lppm/OCotyp) 
SOppml C (2Sppml C typ) 

±IOV@ SmA 

300kHz 
3kHz 
l.SkHz 
O.IVIJ1.s 
O.Sms 
Sms 
2ms 
O.Sms 

±400J1.V max (±200J1.V typ) 

±SOJ1.y/C(±IOJ1.V/oC typ) 
±6J1.V/oC 

±(~ + 6)J1.V/C 

±20J1.V/% 
±0.2J1.V/% 

±2SnA 
±IOOpA/C 

±20nA 
±IOOpA/oC 

±IOV 
±20V 
±IOV 
±ISV 

7SdB (90dB typ) 
90dB (lOOdB typ) 
100dB (l 10dB typi 
100dB (l20dB typ) 
7SdB (S8dB typ) 

-2SoC to +SSoC 
-SSoC to +12SoC 
-6SoC to +ISO°C 

±(5 to IS)V 
±IOmA 

ADS22AD 

'The AD522SD is available processed to MIL-STD-883. Level B. 
'Sec Section 20 for package outline information. 
4 Analog Devices reserves the right to ship ceramic packages (H14A) 

in lieu of metal packages (HY14D). 
·Spccifications same as AD522A. 
"Specifications same as AD522B. 
Specifications subject to change without notice. 

VOL. 1,5-16 INSTRUMENTA TION & ISOLA T/ON AMPLIFIERS 

ADS22BD 

O.OS% max 
0.2% max 

0.001% 
O.OOS% 

±200J1.V max (± I OOJ1.V typ) 

±2SJ1.V/C (±SJ1.V/oC typ) 
±2J1.V/oC 

±(~ + 2)J1.V/C 

SOdB (lOOdB typ) 
9SdB (1IOdB typ) 
100dB (l20dB typ) 
I IOdB (>1 20dB typ) 
SOdB (SSdB typ) 

±SmA 

ADS22BD 

±200J1.V max (±IOOJ1.V typ) 

±IOOJ1.V/oC (±IOJ1.V/oC typ) 
±6J1.V/C 

±( 1~0 + 6)J1.V/oC 

±2SnA 
±IOOpA/oC 

±20nA 
±IOOpA/oC 

7SdB (90dB typ) 
90dB (lIOdB typ) 
100dB (l20dB typ) 
!OOdB (>120dB typ) 

ADS22SD 



GENERAL APPLICATION CONSIDERATIONS 
Figure 1 illustrates the ADS22 wiring configuration when used 
in a typical bridge amplifier application. In any low-level, high 
impedance, noise-dominated environment, proper shielc!ing and 
grounding are requisite for optimum performance j a recommen
ded technique is shown. 

NOTES; 
1. GAI~ RESISTOR RG SHOULD BE <5ppmrC (VISHAY TYPE RECOMMENDED). 
2. SHIELDED CONNECTIONS TO RG RECOMMENDED WHEN MAXIMUM SYSTEM BANDWIDTH 

AND AC eMR IS REQUIRED, AND WHEN RG IS LOCATED MORE THAN SIX INCHES FROM 
A0522. NO INSTABILITIES ARE CAUSED BY REMOTE RG LOCATIONS. WHEN NOT USED. 
THE DATA GUARD PIN CAN BE lEFT UNCONNECTED. 

3. POWER SUPPLY FILTERS ARE RECOMMENDED FOR MINIMUM NOISE IN NOISY ENVIRON· 
MENTS . 

•. NO TRIM RECUIRED FOR MOST APPLICATIONS. IF REQUIRED. A 10k!"/:. 25ppmrC. 25 TURN 
TRIM POT (SUCH AS VISHAY 1202·Y·1041}IS RECOMMENCED. 

Figure 1. Typical Bridge Application 

Direct coupling of the ADS 22 inputs makes it necessary to 
provide a signal ground return for input amplifier bias currents. 
This can be achieved by direct coimection as shown, or through 
an indirect path of less than IMn 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 10 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 

Error Source Specification 

Gain Nonlinearity to.002% max, G = 10 
(from Spec. Sheet and Fig. 4) 

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 generallyacceptablej 
no stability problems are caused. Bear in mind that a leakage 
impedance of 200Mn between RG pins will cause an 0.1 o/~ gain 
error at G = 1. Unity gain is not trimmable. 

TYPICAL APPLICATION AND ERROR BUDGET ANALYSIS 
(See Figure 1 and Table 1) 
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 1 lists 
error sources and their effect on system accuracy. 

The total effect on absolute accuracy is less than ±0.2%, allowing 
adjustment-free 8-bit operation. In computer or microproces
sor controlled data-acquisition systems, automatic recalibration 
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 by the change in value of internal resistors over 
the operating temperature range. An "intelligent" system can 
correct for these errors with an autom~tic 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 ADS 22 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 

Effect on Absolute Effect on Resolution 
Accuracy, %of F.S. %ofF.S. 

to.002 to.002 

Voltage Drift 256V/"C + 2.0IN/"C = 4.5JlV/"C 
am 

to.011 

R.T.1. = 0.00055%/
o
C 

(from Spec. Sheet) 

CMR 86dB (from Spec. Sheet, CMR vs. F ±0.005 ±0.005 
vs. G, typical curve) 

Noise, R.T.O. 15JlV (p.p) R.T.O. (from Spec. Sheet, ±0.0015 to.0015 
(0.1 to 100Hz) Noise \'S. G typical curve) 

Offset Current ±50pA/oC x 1k source imbalance ±0.000125 
Drift (Spec. Sheet) = ±50JlV/"C = 

±1.25JlV R.T.1. 

Gain Drift 60ppm/oC ±O.lS 
(add lOppm/oC for (Spec. Sheet) 
external RG) 

Table 1. Error Sources 
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these errors can not be corrected by calibration. Common mode 
rejection of the AD522 is active laser-trimmed to the limits of 
thin-film resistor stability. Further trimming could improve 
CMR on a short term 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 
±0.0065% of full scale and are the major contributors to reso
lution error. 

10\! 

Figure 2. Optional CMR Trim 

PERFORMANCE CHARACTERISTICS 
Offset Voltage and Current Drift: The AD522 is available in 
four 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. 

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. Noise vs. gain is shown on the same graph. 

~ 
~ 

. 
II . 

TYPICAL NOI"~ RTO, 0.1 ~O lOkH,I.'W'14 2 
ALLA0522 

E 0.01 

~ 

~ 0.Q1 

; 
1 0.0 1 

~ 
ffi 0,008 

~ 
~ 0.006 

:; 

! 0.004 

~ 

v~ 

lL V 

~1~~EARITY.AD522A 

MAXlluM NO~LlNJARI'Tt,%"'" 
2~l'TY.ALll A0522 ~~ 
0 

"---r-tt~ 
/1 

v' 1/ 

/ / 
/ V 
V 
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~' 

1.0 ~. 

~ 

1 

Figure 4. Gain Nonlinearity and Noise (RTO) vs. Gain 

Common Mode Rejection: CMR is rated at ±lOV and lkn 
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 5 illustrates 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. 

G-l000 

120~~G.'00 
G.,or-t--

TYPICAL CMR. AD5228 
lliH SOURCE IMBALANCE 

40 I-- t ('0V~lT). COMMON MODE INPUT VOLTAGE, 

NOTE 

20 ~ ~~~~~~~ ~:E1~~~~~~I~~~SC~ARN ..---r-r--.--+---+--+--t1 
VS. GAIN AND fREQUENCY fOR 

0~,_~AO~52~2A~A~NO~SL'~ I+.-I_l~~~~~~--L-L~,~ 

Figure 5. Common Mode Rejection vs. Frequency and Gain 
0 

G~10:~ Ty.leAL SMALL 'SIGNAL 
FREOUENCY RESPONSE 

0 
0-100 

R:~p'riNS! ·"' .. 1. "" RE-SPONSE 
ERROR ERROR 

0 
G .. 10 f'.-. 

~ 
0 

G-l r'\. 

"'" k 'M 

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 1Oppm/ 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 (25ppm) 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 output 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. 

Figure 7. Output Current 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 trim by the ratio 10k/Rref. For example, if 
the reference source impedance is In, CMR will be reduced to 
BOdB (lOkn/ln = 10,000 = BOdB). 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 

ADVANCE TECHNICAL DATA 

FEATURES 
Low Nonlinearity: 0.005% (G = 1) 
High CMRR: 130dB (G = 1000) 
Low Offset Voltage: 50J..l.V 
Low Offset Voltage Drift: 0.5J..l.V/oC 
Gain Bandwidth Product: 25MHz 
Pin Programmable Gains of 1, 10, 100, 1000 
Complete Input Protection, Power On - Power Off 
No External Components Required 
Internally Compensated 

PRODUCT DESCRIPTION 
The ADS24 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 ADS24 suitable for use in 
many data acquisition systems. 

The ADS24 has an output offset voltage drift of less than 20f.1 vrc, 
input offset voltage drift of less than O.Sf.1 vrc, CMR above 
90dB at unity gain (l20dB at G = 1000) and maximum nonlinearity 
ofO.OOS% at G = 1. In addition to the outstanding dc specifications 
the ADS24 also has a 2SMHz gain bandwidth product (G = 

100). To make it suitable for high speed data acquisition systems 
the ADS24 has an output slew rate of SV/f.1s and settles in ISf.1s 
up to a gain of 100. 

As a complete amplifier the ADS24 does not require any external 
components for fixed gains of 1, lO, 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 fault conditions. 

The ADS24 IC instrumentation amplifier is available in four 
different versions of accuracy and operating temperature range. 
The economical "1" grade, the low drift "K" grade and lower 
drift, higher linearity "L" grade are specified from 0 to + 70°C. 
The "S" grade guarantees performance to specification over the 
full MIL-temperature range: - SSOC to + 12SoC and is available 
screened to MIL-STD-883, Class B. 

AD524 I 
AD524 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The ADS24 has low guaranteed offset voltage, offset voltage 

drift and low noise for precision high gain applications. 

2. The ADS24 is functionally complete with pin programmable 
gains of 1, 10, 100 and 1000. 

3. Input and output offset nulling terminals arc provided for 
very high precision applications and to minimize offset voltage 
changes in gain ranging applications. 

4. The ADS24 is fully input protected for both power on and 
power off fault conditions. 

S. The ADS24 offers superior dynamic performance with a gain 
bandwidth product of 2SMHz, full peak response of 7SkHz 
and a settling time·of ISf.1s to 0.01% of a lOV step (G = 

100). 
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SPECIFICATIONS (typical @ Vs = ±15V, RL = 2KO and TA = +25°C unless otherwise specified) 
Model ADS24J AD524K AD524L AD524S 

GAIN 
Gain Equation 

(External Resistor Gain 

~+1:!:20% Programming) 

Gain Range I to 1000 
Pin Programmable 
Gain Error, Max 

G= I :!:O.OS% :!:0.02% :!:0.02% 
G= 10 :!:0.2S% :!:O.I% :!:O.OS% 
G = 100 :!:O.S% :!:0.2S% :!:O.I% 
G = 1000 :t5% :!:2.S% :tl% 

Nonlinearity, max 
G= I :!:0.01% :!:O.OOS% 
G=IO :!:O.OI% :!:O.OOS% 
G = 100 :!:O.OI% 
G = 1000 :!:O.OI% 

Gain vs. Temperature 
G= I Sppml"C 
G = 10 Sppml"C 
G = 100 IOppml'C 
G = 1000 2Sppml"C 

OUTPUT RATING :!: IOV(II SmA 

DYNAMIC RESPONSE 
Small Signal - 3dB 

G= I IMHz 
G=IO 400kHz 
G = 100 150kHz 
G = 1000 25kHz 

Slew Rate 
G= I 2.SV/~s 

G = 10-1000 S.OV/~s 

Settling Time 100.01 % 
G = Ito 10 IS~s 

G = 100 15~s 
G = 1000 75~s 

VOLTAGE OFFSET (May be Nulled) 
Input Offset Voltage, max 250~V 100~V SO~V 

vs. Temperature, max 2~VI"C I~V/'C O.S~V/'C 2~V/'C 

Output Offset Voltage, max ImV 500~V 250~V 

vs. Temperature, max 100fLVI"C 5OfLV/'C 20~VI'C 2OfLVI'C 
Offset Referred to the 

Input vs. Supply 
G=I 75dB 80dB 8SdB 
G= 10 85dB 95dB 100dB 
G= 100 90dB 100dB 105dB 
G= 1000 100dB 1I0dB I15dB 

INPUT CURRENT 
Input Bias Current, max :!:50nA :!:20nA :!: IOnA 

vs. Temperature :!: 100pAI'C 
Input Offset Current, max :!:35nA :!: ISnA :!: 10nA 

vs. Temperature :!: 100pAI'C 

INPUT 
Input Impedance 

Differential 10'0 
Common Mode 10'0 

Input Voltage Range 
Max Differ. Input Linear :!:IOV 
Max Common Mode Linear :!:IOV 

Common Mode Rejection Ratio de 
to 60Hz with IkOSource Imbalance, min 

G= I 70 75 80 
G= 10 90 95 100 
G = 100 110 115 120 
G = 1000 115 125 130 

NOISE 
Voltage Noise, 1kHz 

Y(7nV/v'Hz)2+ (90~/v'Hz)2 R.T.!. 

R.T.O Y(90nV/v'Hz)2+ (7nV/v'Hz x G)2 

TEMPERATURE RANGE 
Specified Performance Oto +70'C - 55'C to + 125'C 
Storage +6S 0 Cto + 150°C 

POWER SUPPLY 
Power Supply Range :!:6Vto :!:18V 
Quiescent Current 5mAmax 3.5mA 

PACKAGE OPTIONS' 
Hermetic I6-Pin Ceramic DIP DI6A 
Plastic I6-PinDIP NI6A 

NOTES 
I Sec Section 20 for package outline infonnation. 
'Specifications sam, as AD524J. 
*·Spccifications same as AD524K. 

Specifications subject to change without notice. 
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APPLICATION NOTES ON THE ADS24 
1. The AD524 has internal high accuracy pretrimmeq. resistors 

for pin programmable gains of 1, 10, 100 and 1000. One of 
the preset gains can be selected by pin strapping the appropriate 
gain terminal and RGz together. 

-INPUT 

G = 100 
G = 1000 

RG2 

+INPUT 

+Vs 

10kH 

10kH 
-Vs 

VOUT 

OUTPUT 
SIGNAL 
COMMON 

Figure 7. Operating Connections for G = 100 

2. The AD524 can be configured for gains other than those that 
are internally preset. There are two methods to do this. The 
first shown in Figure 8a uses just an external resistor to 
program the gain. 

dS
'5k~INPUTRGl 

OR 2.105kH 
1kfl 

RG2 '-0---4 
+ INPUT 0-----1 

VOUT 

'---0 REFERENCE 

G = 40.000 + 1 = 20.000 
-Vs "_ 2.1ii5 

Figure 8a. Operating Connections for G = 20 

The second technique uses the internal resistors in parallel 
with an external resistor Figure 8b. This technique minimizes 
the gain adjustment range and reduces the effects of temperature 
coefficient sensitivity. 

4kll VOUT 

RG2 REFERENCE 

+INPUTo----~ 

"RIG = '0 = 4444.44H G = 400g~4~"44 + 1 =20.0 
"RIG = ,00 = 404.04H 
"RIG = '000 = 40.04H -Vs 

"NOMINAL (±20%) 

Figure 8b. Operating Connections for G = 20, Low Gain 
T.C. Technique 
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3. The AD524 may also be configured to provide gain in the 
output stage. Figure 9 shows an H pad attenuator connected 
to the reference and sense lines of the AD524. 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 

G = 1000 
RG2 

+INPUT 

Figure 9. Gain of 2000 

Output 
Gain RI,R3 R2 

Nominal 
Gain 

2 5kO 2.26kO 2.02 
5 2.05kO l.05kf! 5.01 

10 lkO 4.42kf! 10.1 

Table 1. Output Gain Resistor Values 

VOUT 

4. To minimize noise, shielding should be provided for the 
inputs. An active data guard is configured to improve ac 
common mode rejection by "bootstrapping" the capacitances 
of the input cabling, thus minimizing differential phase shift. 
This will also reduce degradation of system bandwidth. 

~~~_VOUT 

~-~-OREFERENCE 

Figure 10. Differential Shield Drivers 

Figure 11. Improved Differential Shield Driver 



r.ANALOG 
WDEVICES 

Self-Contained High Performance 
Wide Band Instrumentation Amplifiers 

FEATURES 
Pin-Programmable Gain: 1 to 1,024 in Binary Steps 
Fast Settling: 20~s max to 0.05%, @ G = 128 (AD614A,B) 
High Gain Accuracy: ±0.02% max (AD612C) 
Gain Nonlinearity: ±0.001% 
Low Gain TC: ±10ppmfC max 
Low Offset Drift: ±1~vfc max, RTI, G = 1024 (AD612C) 
High CMR: 94dB min @ G = 1,024 
Hybrid Construction 

APPLICATIONS 
Low Level High Speed Data Acquisition Systems 
Bridge Amplifiers for Resistance Transducers 
Precision Current Amplifiers 
Preamplifier for Recorder Instrumentation 

PRODUCT DESCRIPTION 
The AD612, AD614 are self-contained, high accuracy, high 
speed hybrid instrumentation amplifiers designed for data 
acquisition applications requiring speed and accuracy under 
worst-case operating conditions. Three versions (A, B, C) of 
the AD612 are availabl,e which provide superior dc character
istics with good dynamic performance, while the AD614 (A 
& B) versions provide superior dynamic performance with good 
dc characteristics. 

The AD612, AD614 contain precision thin-film resistor net
works that allows the user to set the gain in binary· steps from 
1 to 1024 V IV by strapping the appropriate gain pins. In addi
tion the excellent tracking characteristics of the active laser
trimmed thin-film resistors provide maximum gain drift of 
±10ppmtC max. . 

The AD612, AD614 are designed to provide high speed and high 
accuracy signal conditioning. They feature input offset drift 
of 1~VtC max, output offset drift of ±75~V/oC max, CMR of 
74dB min at unity gain (94dB min at G = 1024) in the highest 
accuracy version (AD612C) or 160kHz small signal bandwidth 
and settling time to 0.01 % of 30~s max in the high speed 
version (AD614A or B). 

APPLICATIONS 
The AD612, AD614 offer exceptional quality and value to the 
data acquisition designer, either as a signal conditioner per 
channel or as a high speed instrumentation amplifier in multi
channel data acquisition systems, analytical instruments and 
transducer interfacing. 

High CMR, input protection, low noise and excellent tempera
ture stability make the AD612, AD614 an excellent choice for 
precise measurement and control in harsh industrial environ
ments. The high speed of the AD612,AD614 provide higher 
throughput rates in multichannel data acquisition systems. 

For detailed information, contact factory. 

AD612, AD614 I 

AD612, AD614 FUNCTIONAL BLOCK DIAGRAM 

INTERCONNECTION DIAGRAM AND SHIELDING 
TECHNIQUES 
Figure 1 shows the interconnection diagram for the AD612, 
AD614 along with the recommended shielding and grounding 
techniques. Because the AD612, AD614 are direct coupled, a 
ground return path for amplifier bias currents must be pro
vided either by direct connection (as shown) or by an implicit 
ground path having up to 1Mn resistance between signal 
ground and amplifier common. For best performance, sensi
tive input and gain setting terminals should be shielded from 
noise sources especially at high gains. The AD612, AD614 
provide a guard terminal to drive the input cable shield at the 
input common mode voltage. This feature greatly reduces 
noise pickup and improves CMRR by maintaining the shield 
at the common mode voltage. 

[ ( ) ] 

NOTES 
Eo' (21 X (E, ~ E21 + ~2E2) X (C-M'R 'OPTIONAL INITIAL OFFSET TRIM POT. 

"RECOMMENOED FOR LONG LEAD LENGTHS 
OR HIGH BANDWIDTHS . ...... ~ 

GAIN INPUT 
(NOTE 11 SIGNAL 

CMR ERROR I. GAIN SHOWN IS EOUAL TO 2. GAIN IS SELECTABLE. IN 
BINARY STEPS. BY PIN STRAPPING. 

2. IN NOISY ENVIRONMENTS BYPASS CAPACITORS ARE 
RECOMMENDED. 

Figure 1. Typical Bridge Application 
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SPECIFICATIONS (typical @ +25°C and Vs = ±15V, unless otherwise noted) 
HIGH ACCURACY HIGH SPEED 

MODEL 

GAIN 
Gain Range, in Binary Steps 
Gain Temperature Coefficient 
Gain Accuracy, RL = 10Hl 
Gain Nonlinearity 

RATED OUTPUT 
Voltage 
Current 
Impedance 

INPUT CHARACTERISTICS 
Absolute Max Voltage 
Common Mode Voltage 
Differential and Common Mode Impedance 

OFFSET VOLTAGES 
Input Offset Voltage 

Initial@ +2S°C (Adjustable to Zero)' 
vs. Temperature (G = 1024)(-2SoC to +8SoC) 
vs. Supply (G = 1024) 

Output Offset Voltage G = I 
Initial @ +2SoC (Adjustable to Zero) 
vs. Temperature (-2SoC to +8SoC) 

INPUT BIAS CURRENT 
Initial @ +ZSoC 

vs. Temperature (-2S OC to +8SoC) 

INPUT DIFFERENCE CURRENT 
Initial @ +2SoC 

vs. Temperature (-2SoC to +8SoC) 

INPUT VOLTAGE NOISE, G. = 1024 
O.OIHz to 10Hz 
10Hz to 10kHz 

OUTPUT VOLTAGE NOISE, (G= 1) 
O.OIHz to 10Hz 
10Hz to 10kHz 

COMMON MODE REJECTION RATIO 
Ikn Source Imbalance, dc to 60Hz 

G = I 
G = 1024 

DYNAMIC RESPONSE 
Slew Rate 
Sn dl Signal Bandwidth (-3dB) 

G= 1 
G= 128 
G = 1024 

Settling Time to 0.01% 20V pop Output Step 
G = I 
G = 128 

Settling Time to O.OS% 20V P-P.Output Step 
G = I to 128 
G = 1024 

POWER SUPPLy2 
Voltage, Rated Performance 
Voltage, Operating 
Current, Quiescent 

TEMPERATURE RANGE 
Rated Performance 

,Storage 

AD612A 

I to 1024VIV 
±IOppm/C max 
±O.I% max 
±0.001% 

±IOV min 
±SmAmin 
O.1Sn 

±Vs 
±IOV min 
lo9nl13pF 

±200pV 
±SpV/C max 
±2SpVIV 

±2mV 
±200pV/oC max 

+IOOnA max 
±O.SnA/oC 

±2nA 
±lOpA/C 

IpV pop 
2pVrms 

20p.V pop 
SOpVrms 

74dB min 
94dB min 

IVlps 

100kHz 
60kHz 
10kHz 

200ps max 
lOOps max 

60ps max 
lS0ps max 

±lSV 
±8V to ±18V 
±8mA 

-2S0C to +8SoC 
-SSoC to +12SOC 

lOne mmute warm-up. 

AD612B AD612C 

±0.04% max ±0.02% max 

±2pV/C max ±lpV/C max 

±ISOpV/C max ±7SpV/oC max 

AD614A 

I to 1024V/V 
±IOppm/C max 
±O.I% max 
±0.001% 

±IOV min 
±SmA min 
O.lsn 

±Vs 
±IOV min 
109nl13pF 

±200pV 
±SpV/oC max 
±2SpV/V 

±2mV 
±200pV/oC max 

+IOOnA max 
±O.SnA/C 

UnA 
±IOpA/C 

IpV pop 
2p.Vrms 

20pV pop 
SOp.Vrms 

74dB min 
94dB min 

IVIp.s 

100kHz 
160kHz 
20kHz 

40p.smax 
30p.s max 

20p.smax 
70psmax 

±lSV 
±8V to ±18V 
±8mA 

_25°C to +8SoC 
-SSoC to +12SoC 

·Specifications sune as AD612A. 
··Specifications same IS AD614A. • Recommend model 904, it SV @ tSOmA. Specifications subject to chan~ without notice. 

PIN CONFIGURA nON 

GAINPROG 1 24 +INPUT 

X1024 12 
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AD614B 

±0.04% max 

±2pV/C max .. 
±ISOpV/C max 



. TYPICAL ERROR BUDGET ANALYSIS 
The error calculations for a typical transducer application 
shown in Figure 1 (350n bridge, 1mVIV FS, 10Vexcitation) 
are listed in Table 1. 

Assumptions: AD612C is used, G = 1024V IV, temperature 
range is +25°C ±10°C, source imbalance is lOOn, common 
mode noise::. is 0.05V rms (60Hz) on the ground- return. 

Error 
Gain Nonlinearity 
Gain Accuracy 
Gain Drift 
Voltage Offset Drift 

Offset Current Drift 

Noise 

Total Output Error 

% of FS (lOV) 
±0.001% 
±0.02% 
±0.01% 
±0.11% 

±0.0004% 

±0.01% 

Calculations 

±llmVtC (RTO) 
x.6.T x 1I1OV 

±10pA/C x G x.6.T 
x 350n x l/10V 

±0.15% Worst Case 

Table 1. Error Budget Analysis 

OPERATING INSTRUCTIONS 
Install AD612, AD614 as shown in the diagram of Figure 1. 
Gain setting, offset trim and use of reference and guard termi
nals are described below. 

Gain Setting: The AD612, AD614 operates at G = 1 without 
pin strapping. For binary gains 2 thru 256, strap appropriate 
gain pin (3 thru 10) to the gain programming pin (1). For gain 
512, strap both pins 10 and 11 to pin 1; for gain 1024, strap 
pins 10, 11 and 12 to pin 1. The exceptional gain accuracy and 
gain drift of the AD612, AD614 are provided by the internal 
laser-trimmed thin-film resistor network. 

If a nonbinary gain is required, an external resistor (RG) can 
be connected between pins 1 and 2 to set the gain according to 
the formula G = 1 + (80k/RG)' For RG a precision resistor 
with a 10ppm/oC temperature coefficient is recommended. 

Figure 2 shows a way to reduce the effects of RG on gain ac
curacy and drift by using part of the internal resistor network 
in parallel with an external resistor to set the gain. Since the 
current flowing through the external resistor in Figure 2 is a 
small part of the total current, the effect of the external resis-
tor is reduced by the ratio. . 

G-1+~ 
FORG-ID 

RG-~ 
-B.B9kn 

: RE)(T -40.2kn 

( 
RiIltemal ) 

Rintemal + Rextemal 

Figure 2. Nonbinary Gain Setting 

Applying the AD612, AD614 
Reference Output: Normally tied to load low, the reference 
terminal (pin 13) may be connected to a stable reference 
voltage, EREF, to permit adjustment of the output level 
between ±10V, independent of ipitial offset adjustments. 
Source impedance of EREF will be critical to CMR rating since 
the impedance at pin 13 is 16kn and forms a balanced bridge 
network around the output amplifier stage. (For example, a 
60n imbalance results in a CMR of 49dB; 16kn/60n= 49dB). 
The use of a buffer amplifier, as shown below, will eliminate 
these difficulties. Reference source stability becomes critical • 
when operating a,t low gains since any shifts may be referred 
to the input as RTI offset errors; i.e., .6.EREF/G = Offset Er-
ror (RTI). 

Common Mode Rejection: CMR is dependent on source im
pedance imbalance, signal frequency and amplifier gain. CMR 
is specified at gains 1 and 1024 with ±lOV CMV and 1kn 
source imbalance over the frequency range of dc to 60Hz. 
Figure 5 shows the typical CMR performance vs. gain and 
frequency. For AD612, AD614 CMR is typically 26dB above 
the specified minimum. 

Figures 6 and 7 illustrate the effect of source imbalance on 
CMR performance at dc (Figure 6) and at 60Hz (Figure 7) 
for several gains. CMR is typically 120dB at 60Hz and a 1kn 
source imbalance. At Gain = 1, CMR is maintained greater 
than 80dB for source imbalances up to 100kn. 

Output Noise: As one would expect, total output voltage noise 
increases with gain and frequency. Figure 9 shows the typi
cal wideband (10Hz to 10kHz) output noise performance vs. 
gain for on and 100kn source resistances. 

Figure 10 shows output noise for several source resistances. 

Bandwidth and Setding Time: Bandwidth (-3dB) is relatively 
constant with gain (see Figure 11) and is typically 100kHz 
at gain 1. At 4VIV and below, gain starts peaking at about 
20kHz. Full power response and slew rate are 16kHz and 
1V/p.s (typ) respectively, independent of gain. 

Settling time response to ±10V step output is relatively con
stant and gain insensitive, except for gains below 4 V IV. 
AD612, AD6l4 have two speed selections with the AD612A, 
B, C being the slower versions and the AD614A, B, the faster 
versions. Settling times are specified to 0.01 % for gains 1 and 
128, and 0.05% for gains 1, 128 and 1024. Figure 12 shows 
typical settling times vs. gain for both versions to 0.01% and 
0.05% accuracies. Settling time-to 0.01 % for gains greater than 
128 are not shown because of the effects of voltage noise at 
the higher gains. 
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Figure 3. Total Offset Voltage (Typical) vs. Gain (RTO) 
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Figure 10. Output Voltage Noise vs. Bandwidth 
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WDEVICES 

FEATURES 
High Common Mode Voltage: AD293 ± 2500V peak max 

AD294 ± 8000V peak max 
Nonlinearity: ± 0.05% max (AD293B) 
Adjustable Input & Output Gain: 1V/v to 1000V/v 
Complies with NEMA ICS1-111 
Meets UL Std 544 Leakage: 2.0J.lA max @ 115V ac, 60Hz 
Hermetically Sealed Hybrid Construction 
Military Versions Available 
Low Cost: 

APPLICATIONS 
Off Ground Signal Measurement 
Industrial Control 
Nuclear & Military Instrumentation 
High Voltage Protection for Data Acquisition Systems 
Medical Diagnostic and Patient Monitoring Equipment 

GENERAL DESCRIPTION 
The AD293/AD294 are low-cost, high-accuracy, high reliability 
hybrid isolation amplifiers designed specifically for industrial, 
medical and military applications. The AD293 is available in 
three selected versions for industrial and military use; two of 
which are graded for nonlinearity, the AD293A (±0.1% max) 
and the AD293B (± O.OS% max). The third version, AD293S1 
883B, is designed for extended temperature operation ( - SsoC 
to + 12S°C) offering screening and testing per MIL-STD-883B. 
The AD294A provides low leakage and higher CMV capability 
required for medical applications. Using modulation techniques 
with a proprietary hybrid magnetic transformer, the AD2931 
AD294 provides isolation from ground loop and leakage paths 
and guarantees common mode voltage protection up to ± 2S00VI 
± 8000V peak respectively. All versions provide a small signal 
(- 3dB) frequency response from dc to 2.SkHz and a large 
signal (full power) frequency response from dc to 2S0Hz at a 
gain of 1VIV. Gain, from 1VIV to 1000VIV, can be programmed 
at either the input section or output section allowing for user 
flexibility. 

The AD293/AD294 are available in hermetically sealed 40 pin 
DIP ceramic packages that insure quality performance, high 
stability, and high reliability. Input/output pin spacing comply 
with NEMA (ICS 1-111) separation specifications which is 
necessary for many industrial applications. 

WHERE TO USE THE AD293/AD294 
Industrial: In process control systems, high CMV instrumentation 
and multi-channel computer interface systems, the AD293 
provides guaranteed protection against high transient voltages, 
lethal ground fault currents and high common mode voltages. 

Hybrid Industrial/ 
Medical Isolation Amplifier 

AD293/AD294 I 
AD293, AD294 FUNCTIONAL BLOCK DIAGRAM 

Medical: In biomedical and patient monitoring equipment such 
as ECG recorders, diagnostic systems and blood pressure 
monitors, the AD294A offers protection from lethal ground 
fault currents as well as 8kV peak defibrillator pulse inputs. 

Low level signal recording and monitoring is achieved with the 
AD294A's low input noise (lOI-LV p-p @ G = 100VIV) high 
CMR (lOOdB min @ 60Hz). 

Military: In servo systems and instrumentation the AD293S/883B 
provides isolation from both ground loops and high common 
mode voltages. 

DESIGN FEATURES AND USER BENEFITS 
Adjustable Gain: Gain can be selected at either the input, 
output, or both. Thus, circuit response can be tailored to the 
user's application. The input gain can be selected from 1VIV to 
lOOVIV with a single resistor. The output gain can be selected 
from 1VIV to lOVIV with or without compensation. The 
AD293/AD294 provides the user with flexibility for circuit 
optimization wi thou to requiring external active components. 

Buffered Output: The AD293/AD294 prevent i~accuracies 
related to low impedance loads by providing an uncommitted 
output amplifier capable of supplying ± lOY @ 2mA min. 

Isolated Power: Low level isolated power provides - l3V @ 
200I-LA. This feature permits the AD293/AD294 to enhance 
system designs by eliminating the need for a separate isolated 
dc/dc converter. . 
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SPECIFICATIONS 
MODEL 

GAIN 
Range 

Formula (Input) 

(typical @ + 25"C, & Vs = 15V unless otherwise noted) 

AD293A AD293B AD293S/883Bt AD294A 

I tolOOOVIV 

GIN = (I + I~~ ); R(; ~ Ikll; GIN max = 100 

(Output) GOUT = (I + :,~ ); t ,,-; GOlrr ,,-; 10; GOlrr max = 10 

Deviaiion from Formula 
vs. Temperature ( -25'Cto + 85'C)1 (Gain ~ I) 

(Gain >1) 
Nonlinearity (:t 5V swing)l.3 

INPUT VOLTAGE RATINGS 
Linear Differential Range 
Max Safe Differential Input 

Continuous 
I Minute 

Max CMV (Inputs to Outputs) 
Continuous(ac ordc) 
ac, 60Hz, I minute Duration 
Pulse, IOms Duration, I pulse/IO sec 

CMR 
Rs :5 I kll Balanced Source Impedance 
Rs:5 Ik ')ource Impedance Imbalance 
Rs:5 5k Balanced Source Impedance 
Rs::; 5k Source Impedance Imbalance 

Leakage Current, Input to Output 
(0 115Vac,60Hz 

Input Impedance, G = I 
Differential 
Overload 
Common Mode 

Input Difference Current 
Initial (0 ,+ 25 'C 
vs. Temperature 

Input Noise(G = 100V/V) 
Voltage 

0.05Hzto 100Hz 
10Hz to 1kHz 

Current 
0.05Hzto 100Hz 

FREQUENCY RESPONSE 
Small Signal ( - 3dB)G = IVIVto IOOVIV 
Full Power, 20V POp Output 

G= IV/V (GIN = IVIV,GOVT = IVIV) 
G = lOOV!V(GIN = IOOVIV,GOVT = IVIV) 
G = 10VIV(GIN = IVIV,GOVT = IOVlV) 

Slew Rate 

OFFSET VOLTAGE, REFERRED TO INPUT 

Initial, «I + 25'C, max 
vs . Tern pera lUre 

:t1.0% 
::t 50ppml'C max 
::t 100ppm/'C max 
::to.I%max 

:t IOVmin 

120Vrmsmax 
240V rms max 

:t 2500V peak 
2500Vrms 

115dB 
IOOdBmin 

2fLArmsmax 

150pFii10811 
lOOkll 
30pFii(5 x 101Oll) 

2nA (7nA max) 
2pAI"C 

50pAp-p 

2.5kHz 

250Hz 
250Hz 
2.skHz 
9.IV/ms 

:to.05%max 

( - 25°C to + 85'C) max 

vs. Supply Voltage 

(:t25:t IJO)J.LVI'C (:t5:t"tQQ)fLV/'C. 

RATED OUTPUT 
Voltage, 5kll Load 
Output Impedance 
Output Ripple, (dc to 100kHz) Bandwidth 

POWER SUPPLY 
Voltage, Rated Performance 
Voltage, Operating 

Current,Quiescent«(u Vs = :t 15V). 

ISOLATED POWER 

TEMPERATURE RANGE 
Rated Performance 
Operating 

CASE DIMENSIONS 

NOTES: 
·Specificationssamc as AD293A 
t883B MIL version to be available in January, 1982. 

75fLVIV 

:t IOVmin 
<Ill 
4mVp-p 

:t 15Vdc :t5% 
:t 15Vdc:t 10% 
+ lOrnA, -lmA 

-:- 25'C to + 85'C 
- 4O'C to + IOO'C 

2.64" x 0.86" X 0.35" • 

'Gain temperature: drift is specified as a percentage of output signallcvd. 
lGain nonlinearity is specified as a pcrccntagcof IOV pk-pkoutpul span. 
lRccommcndcd power supply, ADI Mood 904, ~ 15V ((II SOmA output. 

Specifications arc subject to change without notice. 
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- 55'C to + 125'C 
- 55'C to + 125'C 

:t3500Vpeak 
3500Vrms 
:t 8000V peak 

IISdB 
lOOdBmin 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (~). 

I 0.671--1 
-(17.18) I 

0.29I42) -1 -'-H~i~;:) 

0.20or- 1 
15.12~ T 

I 0.600 115.36) I 
-MAX-! 

AD2931 
AD294 

TOP VIEW 

i 0.021 
.. 10.54) 

, MAX 

1 
1.1 

J 
RECOMMENDED MATING SOCKET: AUGAT 
NO. 240-AG39D ITO PRESERVE THE HIGH 
CMV INTEGRITY OF THE AD2931AD294 RE
MOVE ALL UNUSED SOCKET PINS.) 

PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 
1 Ro 40 HI-IN 
2 COMIN 

3 -Vos TRIM 38 INPUT RLTER 
4 LO-IN 37 -13V 
5 +Vos TRIM 36 NC 

16 +Vosc 25 Ens TRIM 
17 COMosc 24 VOUT 
18 -15V 23 FEEDBACK 
19 +15V 22 OUTPUT FILTER 
20 SYNC 21 COMouT 



Understanding the Isolation Amplifier Performance 
Synchronization: Due to their hybrid transformer design and 
low power operation, RFI levels emitted by the AD293/AD294 
are very low. A synchronization terminal is provided for use in 
high accuracy multi-channel applications. By connecting the 
synchronization terminals together and driving them with a 
TTL device, the AD293/AD294 internal oscillators will syn
chronize and "beat frequency" interference will be eliminated. 

High Reliability: The AD293/AD294 are designed specifically 
to provide highly reliable operation in extremely harsh environ
ments. These devices are available in hermetically sealed 
ceramic packages which use hybrid techniques and incorporate a 
revolutionary new hybrid magnetic transformer eliminating 
traditional wire wound methods. The AD293Sj883B is manufac
tured and tested per MIL-STD-883B having a calculated MTBF 
of 1,682,369 hours. 

INTERCONNECTIONS AND SHIELDING TECHNIQUE 
To preserve the high CMR performance of the AD293/AD294, 
care must be taken to keep the capacitance balanced about the 
input terminals. Use twisted shielded cable, for the input signal, 
to reduce inductive and capacitive pickUp. The cable shield 
should be connected to the common mode signal source and as 
close as possible to their respective terminal connections so 
pick-up can be minimized (shown in Figure 1). 

+Vs -Vs 

Figure 2. AD2931AD294 Block Diagram 

Incorporating the carrier isolation technique, both power and 
signals are transferred between the amplifier's input stage and 
output circuitry via TI. The input signal is filtered and appears 
at the input of the inverting amplifier AI. This signal is then 
amplified by AI, with.its gain (lVIV to 100VIV) determined by 
the value of resistance connected between RG and COMIN . The 
output of Al is modulated, carried across the isolation barrier 
by signal transformer T1, and demodulated. The demodulator 
output voltage is filtered and then buffered by A2. Output gain 
(lVIV to 1OVIV) and frequency compensation is determined by 
the value of resistance and capacitance selected between A2's 
feedback, V OUT, and COM terminals. The 200kHz asymmetric 
square wave power Qscillator drives the primary windings of 
transformer TI. The secondary windings of T1 then energizes 
the input power supply and drives both the modulator and 
demodulator. 

Eo INTERELECTRODE CAPACITANCE AND TERMINAL 
RATINGS 

NOTES: 
1. GAIN RESISTOI:IS RG• RA AND Ra. 1% 50ppml"C METAL FILM TYPE. 

2. INPUT GAIN =1 + ~; RG :31k; MAX INPUT GAIN =100VIV. 

RT == 1000 AND CT = 100pF (OPTIONAL); REQUIRED ONLY FOR 
CAPACITIVE LOADS >1000pF .. 

3. OUTPUT GAIN = RR~ Ra ; 1 '" OUTPUT GAIN '" 10. 

4. CIF = 21TF(~7.5 X 104) FARADS. 

5. COF = 21T;(105) FARADS. 

6. Ro IS REQUIRED ONLY FOR THE AD294 TO PROVIDE PROTECTION 
AGAINST DEFIBRILLATOR PULSES. USE TWO 240kH 1/2 WAn RESISTORS. 
WHEN MOUNTING. PLACE THEM IN SERIES AND AWAY FROM THE PCB. 

Figure 1. Basic Isolator Interconnection 

THEORY OF OPERATION 
The AD293/AD294 attribute their outstanding performance to 
the innovation of a hybrid magnetic ceramic transformer T 1 
(shown in the block diagram of Figure 2). Windings are 
screened on two ceramic alumina substrates which are placed 
together separated by a ceramic isolation barrier. Then an 
E-core is carefully fitted around the substrates to complete the 
transformer. 

Capacitance: Interelectrode terminal capacitance effects are 
developed from stray capacitance that couple the input and 
output terminals together. The difference shown in Figure 3 
between the' AD293 and AD294 is a result of the separate 
transformer designs. Each terminal capacitance is shunted by 
leakage resistance exceeding 3.4 x 109.0. 

Terminal Ratings: CMV performance is given in peak pulse 
and continuous 'ac or dc peak ratings. Contil1ous peak ratings 
apply from dc up to the normal full power response frequen
cies. Figure 3 illustrates the AD293/AD294 ratings between 
terminals. 

[
7PF 

AD293 2500V rms MAX 

AD294 [;~OOV PEAK MAX 

AD293 n~g~v rms MAX 

AD294 [~:OOOV PEAK MAX 

Figure 3. Interelectrode Capacitance and Terminal Ratings 

INSTRUMENTATION & ISOLATION AMPLIFIERS VOL. 1,5-29 

• 



OFFSET AND GAIN TRIM PROCEDURES 
The calibration procedure, shown in Figure 4, illustrates the 
recommended techniques which can be used to minimize output 
error. In this example, the output span is + lOY to -lOY and 
gain = lOOVN (GIN = lOVIV; GOUT = IOVIV). 

Eo 

Figure 4. Recommended Offset & Gain Adjustments 

Offset Adjustment 
l. Set GOUT = IVIV by disconnecting RB from COM. 
2. Apply EIN = 0 volts and adjust RIN for Eo = 0 volts. 
3. Connect RB to COM. 
4. Adjust ROUT for Eo = 0 volts. 

Gain Adjustment 
S. Set GOUT = IVIV by disconnecting RB from COM. 
6. Apply EIN = + l.OOOV and adjust RG for Eo + lO.OOOV. 
7. Connect RB to COM. 
8. Apply EIN = + O.IOOV and adjust RG for Eo + IO.OOOV. 

LEAKAGE CURRENT LIMITS 
The low coupling capacitance between input and output yields a 
ground leakage current of less than 2/-LA rms of 11SV ac, 60Hz 
in the AD293/AD294 which meet standards established by VL 
STD S44. 

For medical applications, the AD294 is designed to improve on 
patient safety current limits proposed by the F.D.A., V.L., 
A.A.M.1. and other regulatory agencies. 

In patient monitoring equipment, such as ECG recorders, the 
AD294A, will provide adequate isolation without exposing the 
patient to potentially lethal microshock hazards. With the use of 
passive components for input protection, this design limits input 
fault currents even under amplifier failure conditions. 

PERFORMANCE CHARACTERISTICS 
Phase vs. Frequency: The phase vs. frequency responses, for 
the AD293/AD294, is shown in Figure S. The bandwidth is 
sufficient for the majority of isolation applications where 
accurate signal measurements must be made in the presence of 
noise and high common mode voltages. 
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Figure 5. Typical ADi931AD294 - Phase vs. Frequency 
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Common Mode Rejection: Input-to-output CMR is dependent 
on source imp'edance imbalance, input signal frequency and 
amplifier gain. CMR is rated at 11SV ac, 60Hz and lkfl 
(AD293)/Skfl (AD294) source impedance imbalance at a gain of 
IVIV. Figure 6 illustrates the CMR vs. frequency characteristics 
for the AD293/AD294. CMR approaches 144dB at dc with 
sources impedance as high as Ikfl(AD293)/Skfl (AD294). 
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Figure 6. Typical AD2931AD294 - CMR \IS. Frequency 

Figure 7 illustrates the effect of source impedance imbalance on 
CMR performance at 60Hz for various gain settings. CMR is 
maintained greater than 60dB for source imbalances up to 
IOOkH. As shown, increasing isolator gain increases CMR. 

!l00r--t-7~~tr--,r-'~~jE~~-l--I-tt--l---r-tii 
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-TEST CIRCUIT _ nil 1.1.02911. SkU 1.1.02941 EACH RESISTOR 
CMR VALVE GIVEN FOR WORST CASE RESISTOR COMBIN"T10N 

,. 
SOURCE IMPEDANCE-I! 

Figure 7. Typical AD2931AD294 - CMR vs. Source Impe
dance 

Input Voltage Noise: Voltage noise, referred to input, is 
dependent on gain and bandwidth as illustrated in Figure 8. 
RMS voltage noise in a bandwidth from O.OSHz to 100kHz is 
shown on the horizontal axis. The noise in a bandwidth from 
O.OSHz to 100Hz is typically S/-L V pk-pk at a gain of 1000VIV. 
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Figure 8. Typical AD2931AD294 - Input Noise vs. 
Frequency 



The peak-to-peak value is derived by multiplying the rms value 
eft' F = 100Hz (0. 75J-l V rms) by 6.6. 

For applications requiring improved noise performance, 
additional low pass filters may be placed at either the input or 
output sections to selectively roll-off noise and undesired signals 

. beyond the bandwidth of interest. 

Gain Nonlinearity vs. Gain 
Figure 9, shows the AD293/AD294 gain nonlinearity vs. gain as 
a function of output gain. As input gain is increased, gain 
nonlinearity increases. Although, as output gain is increased to 
ten, gain nonlinearity decreases. 
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Figure 9. Typical AD2931AD294 - Gain Nonlinearity vs. 
Gain as a Function of Output Gain 

Full Power Bandwidth vs. Gain 
Figure 10 shows the - 3dB full power bandwidth vs. gain with 
the input and output gain curves shown separately. As shown, 
the - 3dB full power bandwidth with gain provided at the input 
is typically 330Hz. But with gain provided only at the output, 
the - 3dB full power bandwidth approaches the small signal 
bandwidth. 

% 
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Figure 70. Typical AD2931AD294 - Full Power Bandwidth 
vs. Gain 

Gain Nonlinearity vs. Output Swing 
The gain nonlinearity vs. output swing, for the AD293/AD294, 
is illustr~ted in Figure 11. As shown, increasing either the input 

• '2 
OUTPUT SWING - pop 

Figure 17. Typical AD2931AD294 - Gain Nonlinearity vs. 
.Output Swing 

Applications 
gain or the output swing will cause the gain nonlinearity to 
increase. Here the input gain is varied from IVN to 100VN. 

OPTIMIZING THE AD293/AD294 
The AD293/AD294 can be optimized for many applications as 
shown by the performance charts on the previous page. Gain 
and filtration can be implemented on both the input and output 
stages while providing true galvanic isolation. Provisions for an 
additional two poles of filtration are also available without the 
addition of external operational amplifiers. Due to their low 
power consumption and novel transformer design, the beat 
frequency problem normally associated with adjacent isolation 
amplifiers is eliminated. A sync terminal is provided for 
applications where ultra-sensitive circuitry might interpret the 
isolator carrier frequency. 

SELECTING GAIN 
The AD293/AD294 contain both input and output amplifiers 
(see Figures 1 and 2), the gains of which can be set independently. 
The selection of a particular combination tailors isolator 
properties to the application, minimizes errors, and optimiz<;s 
frequency response. 

Nonlinearity is the deviation of response from a straight line. 
This error arises from slight differences in responses of the 
input demodulator I and demodulator II, their respective 
transformer windings responses, and rectification of carrier 
signal in the input stage due to large signal amplitudes in this 
section: Hence, linearity is best obtained by raising output gain 
and lowering input gain. 

Gain errors are deviations in slope from the predicted gain 
equation. Gain errors are attributable to the difference in gain 
between demodulators I and II. These errors are quite small, 
due to the highly predictable and uniform nature of the thick
film transformer. The gain drift of this portion of gain error is 
also small. Since this gain error source dominates at unity gain, 
the unity gain temperature coefficients of these units is very 
small. As input gain is taken, errors arise due to the inaccuracies 
of the internal feedback resistor R8, and user selected RG • 

Failure of these resistors to temperature track introduces a gain 
TC. R8 is trimmed within ± 2% and has a TC of ± 100ppm/oC. 
Since the temperature coefficient of R8 is not user controllable, 
best gain TC at low gains is favored by taking output gain. The 
output stage also contributes gain error only when gain is taken. 
Here, both the feedback and gain resistors are user supplied and 
can be made as accurate as desired. 

Offset errors are apparent both in the input stage and in the 
transformer-output stage combination. Provisions are available 
to eliminate these initial offset errors at both the input and 
output stages through trim potentiometers. These errors' also 
have temperature dependence where at unity gain, output offset 
drift dominates. Taking output gain multiplies output drift by 
the gain taken. Taking input gain helps dilute output stage 
offset drift and is recommended where offset drift is to be 
minimized. 

Errors due to small signal and large signal bandwidth limitations 
can also be optimized in the AD293/ AD294. Small signal 
bandwidth is limited by lack of gain as frequency is raised, a 
condition caused by the necessity to limit bandwidth internally 
to preserve stability in the AI, modulator, input demodulator 
loop. The input stage contains most of the small signal bandwidth 
limitations thus, taking input gain limits small signal bandwidth 
(see Figure 10). The demodulators limit slew rate and large 
signal bandwidth. Apparent slew rate at the isolator output is 
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multiplied by gain taken in the output stage. With maximum 
gain taken in the output stage, large signal bandwidth for 
moderate swings approaches small signal bandwidth (shown in 
Figure 10). Thus applying input gain, limits bandwidth while 
output gain enhances it. 

FILTRATION 
With the AD293/AD294, the addition of filtration can be, 
implemented in a number of different configurations without 
the use of external operational amplifiers. Capacitors can be 
placed in series with the input or output terminals or configured 
in combination with the gain setting resistors to tailor performance. 
An input filter terminal and an output filter terminal are 
provided, for user selectable filtration. Characteristics are 
determined by the formulas shown in Figure 1. 

REDUCING NORMAL MODE VOLTAGE 
A prime isolator function is the rejection of common mode 
signals. The extremely high input to output resistance of 
isolators allows excellent rejection of dc common mode voltages. 
As frequency rises, the small capacitance across the isolation 
barrier causes an-ac common mode current to flow through that 
barrier, which is proportional to applied common mode voltage, 
frequency and barrier capacitance. Since the isolation mechanism 
(transformer Tl) is more initimately connected to the input low 
terminal than the input high terminal, the bulk of common 

MEDICAL APPLICATIONS 
In medical applications, a good connection to the patient, even 
on the third wire cannot be guaranteed due to electrode 
resistance to and through the skin. Illustrated in Figure 12 is a 
medical front end with right leg drive powered by the AD294A. 
Here the common mode drive amplifier helps force common 
mode current to flow in the third wire in preference to the 
differential input wires. The FET input has low noise current to 
avoid development of voltage noise in the input protection 

DIODES - FD333 
A·H - RESISTOR NETWORK 
OP-AMP LM346 

1% 1% 

mode current flows through the input low terminal. Any 
resistance in series with the input source and the input low 
terminal then develops a normal mode voltage, which may 
consti~ute objectionable interference. 

An isolator cannot separate normal mode interference from the 
desired signal without help, but interference can be rejected in 
several ways. 

Conversion of common mode current to n'ormal mode voltage 
can be reduced by minimizing resistance in the input low lead. 
In the AD293/AD294 CMR is enhanced and input trimming 
sacrificed by returning the input signal to pin 2. With known 
stable source resistances common mode current to normal mode 
voltage conversion can also be cancelled as shown in Figure 13. 

ISOLATED INDUSTRIAL APPLICATIONS 
As illus.trated in Figure 14, the AD293 can be applied where 
differential signal sources are used such as an isolated strain 
gauge. With a third wire connected to the common mode 
potential of that source, a common mode current is forced to 
flow thorough the third wire and through the isolation barrier; 
thus, sparing the differential input wires the necessity of 
conducting the common mode current. In this manner, the 
isolator is responsive to only the differential inputs while 
ignoring the passage of common mode currents. Input gain is 
selected via RG and determined by the input gain formula. 

resistors. These resistors protect the input from defibrillator 
pulses with the AD294A having the capability of withstanding 
an 8kV pulse. The patient is also protected from fault currents 
due to input component failure. It is necessary to connect the 
third wire to establish the input common mode level. If not 
connected the input common mode level, with respect to 
common of the input section power supplies, will cause the 
isolator to drift out of its linear range. Layout is also very 
important, both for common mode rejection and isolation. 

E 
100kH 

F 
100kH 

SkU 

NC 

Figure 12. Multilead Medical Application Using the AD294A with Right Leg Drive 
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o1pF. MUST WITHSTAND FULL CMV 

Figure 13. Improving CMR by Cancellation 

ALL 100kll RESISTORS PART OF A RESISTOR NETWORK 

Figure 14. Isolated Strain Gauge Using Front End of 
A 0293 
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10K 
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CURRENT LOOP INTERFACE 
Illustrated in Figure IS, the AD293 provides an isolated sensor 
interface that is compatible with standard 4-to-20mA current 
loops. Here high common mode rejection and high common 
mode voltage suppression are easily attained with the AD293. 
The AD293 conditions the OV to lOY input signal and provides 
a proportional voltage at the isolator's output. Then the 
circuitry shown converts it into a 4 to 20mA current, which in 
turn, may be applied to the loop load RL . 

+ 24V1OOP 

FOR 0- + 10V IN 
4-20mA OUT - VLOOP 

Figure 15. Isolated Current Loop Interface 

TEMPERATURE MEASUREMENT AND COLD 
JUNCTION COMPENSATION 
Illustrated in Figure 16, the AD293 can be used for isolated 
temperature measurements while providing cold junction 
compensation. With the circuitry connected as shown, the 
LM334 must be thermally connected to the cold junction 
terminal for an accurate temperature measurement to be made 
of this terminal. The soon potentiometer will set the gain 
accuracy while the lOOn potentiometer establishes offset 
trimming. Using this configuration, accurate temperature 
measurements of the industry's popular J type thermocouple 
can be Q1ade with the AD293 providing the added isolation 
feature. Gain and filtration can be addressed as required. 

Figure 16. Temperature Measurement & Cold Junction Compensation 
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DRIVING CAPACITIVE LOADS 
For driving cap active loads greater than 1000pF, compensation 
should be implemented as shown in Figure 17. Here a 100pF 
capacitor and lOon resistor are used to insure that the AD293 
output stage remains stable. These components can also be 
changed to tailor frequency response to the particular application. 
The lOon resistor isolates the output of the AD293 while the 
100pF provides response lead. 

Figure 17. Driving Capacitive Loads 

INCREASING OUTPUT DRIVE CAPABILITY 
For applications requiring increased output drive, Figure 18 
illustrates a single solution. Here the output voltage of the 
AD293 is conditioned and applied to the drive circuitry. RA will 
supply the output stage with unity gain as connected. For gain 
to be added to the output stage, connect RB as shown. Output 
gain ~ill be determined by the output equation previously 
stated in the specifications. Ro and Co should also be implemented 
so output stability will be insured. With this output drive 
circuitry, 200n loads can be easily driven with ± lOY (£i SOmA. 

+15V 

10k 

Figure 18. Increasing Output Drive Capability 
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r.ANALOG 
WDEVICES 

Precision, Wide Bandwidth, 
Synchronized Isolation Amplifier 

FEATURES 
Low Nonlinearity: ±O.012% max (289L) 
Frequency Response: (-3dB) dc to 20kHz 

(Full Power) dc to 5kHz 
Gain Adjustable 1 to 100VIV, Single Resistor 
3·Port Isolation: ±2500V CMV Isolation Input/Output 
Low Gain Drift: ±O.005%tC max 
Floating Power Output: ±15V @ ±5mA 
120dB CMR at 60Hz: Fully Shielded Input Stage 

MODEL 289 I 
MODEL 289 FUNCTIONAL BLOCK DIAGRAM 

Meets UL Std. 544 Leakage: 2J,.LA rms max, @ 115V ac, 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.012% max 
(289L), ±O.025% max (289K), ±O.05% max (289). All ver
sions of the '289 provide a small signal frequency response 
from dc to 20kHz (-3dB) and a large signal response from dc 
to 5kHz (full power) at a gain of 1VIV. This new design offers 
true 3-port isolation, ±2500V dc 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 isola.tion, model 289 interrupts 
ground loops and leakage paths and minimizes the effect of 
high voltage transients. It provides 120dB 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 
m<;>tors and relays. 

WHERE TO USE THE MODEL 289 
The model 289 is designed to interface single and multichannel 
data acquisition systems with dc sensors such as thermo
couples, strain gauges and other low level signals in harsh in
dustrial environments. 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 computerized 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. 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 5-23. 

DC POWER 

1Q1:---------(- ~~RV~OM 

DESIGN FEATURES AND USER BENEFITS 
Isolated Power: The floating power supply section provides 
isolated ±15V outputs @ ±5mA. Isolated power is regulated to 
within ±5%. This feature permits model 289 to excite floating 
signal conditioners, front-end buffer amplifiers and remote 
transUucers such as thermistors or bridges, eliminating the need 
for a separate isolated dc/dc converter. 

Adjustable Gain: A single external resistor adjusts the model 
289's gain from 1 VIV to lOOVIV 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 2kn 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. 544 leakage, 2IJA rms @ 115V ac, 60Hz. 
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SPECIFICATIONS (typical @ +25°C and Vs = +14.4V to +25V dc unless otherwise noted) 

Model 

GAIN (NONINVERTING) 
Range 

Formula 

D~viation from Formula 

289J 289K 289L 

I to 100V/V 

G = I + ~~k(~H> 
±I.S% max 

,·s. Temperature (0 to +70°C)1 ISppm/oC typ (SOppmtC max) 
Nonlinearity. (±SV Swing)l,) ±O.OS'lb max 

INPUT VOLTAGE RATINGS 
Linear Diff<rential Range (G = I V/V) 
Max Safe Differential Input 

Continuous 
I Minute 

Max CMV (Inputs to Outputs) 
Continuous ac or de 
ac, 60Hz, I Minute Duration 

CMR, Inputs to Outputs 60llz 
RS .;; I HI. Balanced Source Impedance 
RS';; Ik!l, HI IN Lead Only 

Max Leakage Current, Input to Output @ 

IISV rms, 60Hz ac 

INPUT IMPEDANCE 
Differential 
Overload 
Common Mode 

INPUT DIFFERENCE CURRENT 
Initial @ +2SoC ° 
vs. Temperature (0 to 70 C) 

INPUT NOISE (GAIN = 100V/V) 
Voltage 

O.OSHz to 100Hz 
10Hz to 1kHz 

Current 
O.OSHz to 100Hz 

FREQUENCY RESPONSE 
Small Signal -3dB 

G= IV/V 
G = 100V/V 

Full Power, 10V p'P Output 

±0.02S% max ±0.012% max 

±IOV min 

120V rms 
240V rms 

±2S00V peak max 
2S00V rms 

120dB 
104dB min 

2J.lA rms max 

33pFIII08 n 
100kn 
20pFliS X IOlOn 

IOnA (7SnA max) 
O.ISnA/oC 

3pArms 

20kHz 
Skllz 

G=IV/V 5kHz 
G = 100V/V 3.Skllz 

Full Power, 20V p'p Output 
G= IV/V 2.3kHz 
G = 100V/V 2.3kHz 

Slew Rate 0.14VIJ.ls 

Settling Time' ±O.OS%. ±IOV Step 400J.ls 

OFFSET VOLTAGE, REFERRED TO INPUT 
Initial, @ +2S°C ±s ±¥}- mV max 

vs. Temperature (0 tu +70°C) ±20 ± 2~0 max ±IS ± I~O max 

vs. Supply Voltage (+ISV to +20V change) ±2 ±*J.lVIV 

RATED OUTPUT 
Voltage, 2k!2 Load 
Output Impedance 
Output RIpple, O.IMHz Bandwidth 

No Signal IN 
+IOVlN 

ISOLATED POWER SUPPLY 
Voltage 
Accuracy 
Current 
Regulation No Load to Full Load 
Ripple. O.IMHz Bandwidth, No Load 

Full Load 

POWER SUPPLY. SINGLE POLARITYs 

Voltage, Rated Performance 
Voltage, Operating 
Current, Quiescent (@ Vs = + I SV) 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 

CASE DIMENSIONS 

NOTES, 
I Gain temperature drift is specified as a percentage of output signal level. 
J Gain nonlinearity is specified as a percentage of IOV pk-pk output span. 

±IOV min 
<In(dc to 100Hz) 

SmV pop 
SOmV P'p 

±ISV de 
±IO% 
±SmA,min 
±S% 
2SmV p'p 
7SmV P'P 

+14.4V to +2SV 
+8.SV to +2SV 
+2SmA 

o to +70°C 
_lSoC to +75°C 
_SSoC to +8SoC 

1.5" X 2.0" X 0.75" 

J When isolated power output is used, nontincility increases by to.OO2%/mA of current drawn. 
4G = I VIV, with 2'pole, S~lIl output filter. 
'Recommended power supply, AD! model 904, tlSV @·SOmAoutput. 
Specifications subject to change without notice. 
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T 
0.093 
(2.291 
REF 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

r--2.02 (51.181 MAX---j -, 
0.75 

MODEl 289 (18.951 
MAX 

L J 
0.04 (1.021 DIA 

LQ.20 TO 0.25 
(5 TO 6.41 

.~w" 1 
1.51 

(38.11 

~'-t-+++H+I +O-/UT-+-,

10

H-+t ] 

SHIELDED MATING SOCKET. 
AC1214 

0.08 
(2.031 

2.7 (68.581 REF -----i.~1 MAX 

~ I COPPER CLAD SHIELD t 
2:fr S2 "I' I. O~O 
FJ~EEDTHROUGH WIRE Ii (12.7. MAX 

~~l 
1.51 

(38.11 

~1 
COPPER CLAD 

SHIELD 

INTERCONNECTIONS AND SHIELDING 
TECHNIQUE 
To preserve the high CMR performance 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 
outline drawing above (screened area). The LO 
INIISO 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 ACi,214 is illustrated in 
Figure 1. 

Best CMR performance will be achieved 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. 



Analog Computational Circuits 

Selection Guide 

General Information and Definitions of Specifications 

AD532j/K/S General-Purpose Internally Trimmed IC 4-Quadrant Multiplier/Divider 

AD533j/K/L/S Lowest-Cost IC 4-Quadrant Multiplier/Divider 

AD 5 3 4 j /K/L/S/T Highest-Performance Internally Trimmed I C 4-Quadran t Multiplier/Divider 

AD535j/K High-Performance Internally Trimmed IC 2-Quadrant Divider 

eAD539 Wideband Low-Distortion Dual-Channel Two-Quadrant Log/Linear Multiplier· 

429A/B Wideband 4-Quadrant Multiplier Module 

433j/B Multifunction Device: Y(Z/X)m 

755N/P 6-Decade, High Accuracy Log, Antilog Amplifiers 

757N/P 6-Decade, High Accuracy Log, Antilog Amplifiers 

759N/P Economy, Wideband Log/Antilog Amplifiers 

eNew product since 1980 Data-Acquisition Components and Subsystems Catalog 
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Selection Guide 
Analog Computational Circuits 
In this Selection Guide, analog computational circuit products are partitioned into five categories: 

1. General-purpose devices capable of optimization as multipliers or dividers 
2. Internally trimmed devices optimized as multipliers 
3. Internally trimmed devices optimized as dividers 
4. Multifunction devices 
5. Log/antilog amplifiers 

Complete and detailed specifications, descriptions, and application information can be found in the data sheets. 
General information and definitions of important specifications can be found in the following pages. t Specifications 
are typical at rated supply voltage and load, and TA = +25°C, unless noted otherwise. 

1. GENERAL-PURPOSE EXTERNALLY TRIMMED DEVICES Vol I Vol II 
Type 

AD5 3 3J /KILIS 

Characteristics 

Lowest cost general-purpose 4-quadrant multiplier, external trim to 0.5% 
max total error (L) 

2. INTERNALLY TRIMMED MULTIPLIERS 

Type 

AD532J/K/S 

Model 429A/B 

ADS 34J /K/LIS/T 

AD539J/S 

Characteristics 

General-purpose 4-quadrant multiplier, differential inputs, standard pinouts, 
internally trimmed to 1.0% max total error (K), 0.04%tC max (S) 

Wide-bandwidth 4-quadrant multiplier, full-power response to 2MHz 
min, slewing rate 120V/ps min, -3dB bandwidth 10MHz, small-signal, 
1 % settling-time 500nsj pretrimmed to 0.5% max error ~B) 

High-accuracy internally trimmed 4-quadrant multiplier featuring 
0.25% max total error (L), low noise (90pV rmS, 10Hz - 10kHz), and 
versatile differential input configuration. . 

Wideband low distortion dual-channel 2-quadrant log/linear multiplier, 
signal bandwidth 35MHz 

3. INTERNALLY TRIMMED DIVIDERS 

Type 

Model 436A/B 

AD535J/K# 

Characteristics 

High-accuracy 2-quadrant divider-only, pretrimmed to 0.25% max 
error (B,.denominator [Vx1 range from +O.lV to +10V [lVzl~ I Vx l1), 
2% max error over temperature (B), 1% max error 0 to +70° C. 

2-quadrant divider, pretrimmed for 0.5% max total error (K version) for 
10: 1 denominator range. Differential inputs permit choice of denomi
nator range. Differential inputs permit choice of denominator polarity. 

4. MULTIFUNCTION DEVICES 

Type 

Model 43 3J /B 

Characteristics 

Programmable multifunctiQn device, y(Z/x)m (lOV/EREF), one 
quadrant, m adjustable from 0.2 to 5, max division error 25mV 
(B, Vz from O.OlV to 10V, Vx from O.lV to 1OV, Vz ~Vx)' 1% max 
over temperature. 

tLetter suffIXes denote temperature range and performance grade. J IK/L are specified for 
o to +70°C; AlB are specified for -25°C to +8SoC; SIT are specified for -55°C to +12SoC. 
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5 . LOG/ANTILOG AMPLIFIERS 

Type 

Model 755N/P 

Model 759N/P 

Model 757N/P 
Log-ratio 

Characteristics 

High performance: ±l % max log-conformity error for 6 decades of current 
(lnA to lmA) and 4 decades of voltage (lmV to lOY), and 0.5% max 
conformity error for 4 de'cades of current (lOnA to 100J.LA) and 3 decades 
of voltage (lmV to IV). Antilog output range: 4 decades, lmV to lOY, 
K = 1, 2, 2/3 V /decade, Iref = 10J.LA (externally adjustable). 

Small size and low cost: 1.13" X 1.13" X 0.4" module, wide bandwidth 
200kHz @ lJ.LA, ±2% max log-conformity error for 5 decades of current 
(lOnA to lmA) or 4 decades of voltage (1.0mV to lOY), and ±l % max 
conformity error for 4 decades of current (20nA to 200J.LA). Log operating 
range: 6 decades of current (InA to lmA) and 4 decades of voltage 
(lmV to 10V). Antilog output range: 4 decades (lmV to lOY), 
K = 1,2, 213 V /decade, Iref = 10J.LA (externally adjustable). 

Input dynamic range, 6 decades of current (lnA to lmA), either channel, 
log conformity error ±1.0% max; for 4 decades (lOnA to 100J.LA), log 
conformity error ±0.5% max. Log of voltage by using external resistors. 
K = 1 V /decade, ± 1 %, max, or externally programmable. Can be used 
for antilog operations. 
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Orientation 
Analog Computational Circuits 
The devices catalogued in this section accept analog voltages 
and multiply, divide, square, and/or square-root them, depend
ing on device properties and connections. 

Multiplication For two inputs, Vx and Vy, a multiplier will 
provide the output, Eout = Vx Vy/Eref' where Eref is a dimen
sional constant, usually of lOV nominal value. If Eref = lOY, 
Eout = lOV when Vx arid Vy are lOY. Multipliers are used for 
modulation and demodulation, fixed and variable remote gain 
adjustment, power measurement, and mathematical operations 
in analog computing, curve fitting, and linearizing. 

If the inputs may be of either positive or negative polarity, and 
the output polarity is in a correct relationship for multiplica
tion, the device is called a "four-quadrant" multiplier, reflect
ing the 4 quadrants of the x-v plane. 

Squaring If Vx = Vy = Yin, a multiplier'S output will be 
Yin 2 IEref. A four-quadrant multiplier, used as a squarer, will 
have an output that is positive, whether Yin is positive or nega
tive. Squarers are useful in frequency doubling, power, meas
urement of constant loads, and mathematical operations. 

Division For a numerator input, V z, and a denominator input, 
Vx, an analog divider will provide the output, 
Eaut = Eref(VzlVx)' If Eref = lOY, Eout will be lOV or less 
for Vz ~Vx' Vx is of a single polarity and will not provide 
meaningful results if it approaches zero too closely. If Vz may 
be of either positive or negative polarity, the device is de
scribed as a: r'two-quadrant" divider, and the output will 
reflect the polarity of Vz. Analog dividers are used to compute 
ratios-such as efficiency, attenuation, or gain; they are also 
used for fixed and variable remote gain adjustment, ratiometric 
measurements, and for mathematical operations in analog 
computing. 

Square rooting For a numerator input, Yin, and a denominator 
input, Eo (the output fed back to the denominator input), the 
output of a divider is Eo = Eref(Vin/Eo); hence Eo =y'ErefVin. 
A square-rooter works in one quadrant; some devices require 
external diode circuitry to prevent latchup if the input polarity 
changes, even momentarily. Square roots are used in vector 
and rms computation, to linearize flowmeters, and for mathe
matical operations in analog computing. 

CHOOSING A MULTIPLIER, DIVIDER, etc. 
A number of devices are listed here, differing in internal archi
tecture, external functional configuration, device technology, 
and performance specifications. Some have essentially fixed ref
erences; others have an actively variable or programmable ref
erence as a third input (multifunction devices), and one type 
(model 433) performs the one-quadrant operation, Eo = 
Vz(Vy/Vx;)m, where m is an exponent adjustable from 115 to 
5. With one exception (model 436 precision 2-quadrant , 
divider), all of the devices listed here can be used for any of 
the functions defined above. 

Considerable information on these functions, the nature of 
devices to perform them, and extensive discussions of their 
applications can be found in two publications available from 
Analog'Devices. 1,2 A wealth of information is also to be 
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found in the data sheets for the individual devices, published 
in this section. In addition to the products listed here, a num
ber of popular earlier products are still available; data sheets 
are available upon request. 

Internal Architecture All of the devices in this selection rely on 
the logarithmic properties of silicon P-N junctions. With the 
exception of models 433 and 436, the circuit employed is 
basically like that of the "Gilbert cell" (its 4-quadrant-multi
plying circuitry and performance are described in (1) and (2), 
with further references to original sources). The input voltages 
are converted to currents, the currents are multiplied together 
and divided by a reference, and the net output current, IxIy/Iref, 
is converted to voltage by feedback around the output amplifier. 
The feedback terminals are available as inputs for applications 
involving division. In the ADS 313

, the Iref terminals are avail~ 
able for external programming or variation; thus, the ADS 31 
is a 3-variable "multifunction" IC which can divide without ex
ternal feedback. This versatile feature offers greater bandwidth 
as a divider. 

Basic 4-0uadrant Variable-Transconductance Multiplier Circuit 
2 V V. 

10 = (/3 + '5) - (/4 +16) = ~ 

x 

EXTERNAL RESISTORS ARE 
CONNECTED HERE TO ADJUST m, 
DIRECT CONNECTION YIELDSm ·1, 

7 1 -kT-
1 
-V;-----, 

mq "vz • 
+ 2· 

• • I 
• 

11· 

• • • 
L _____________________ ~ 

Eo~ - Vy -10 [vz]m 
VREF Vx 

REF 
9V(±5%) 
@1mA 
50ppmrC 

Functional Block Diagram of Model 433 

In multifunction devices like Model 433, the feedback cur
rents of the input op amps are used to develop logarithmic 

1 Multiplier Application Guide, available,upon request 
2Nonlinear Circuits Handbook, D. H. Sheingold, ed., 1976, 536pp., 
$5.95, P.O. Box 796, Norwood MA 02062 

3 Data sheet available upon request. 



voltages across transistor base-emitter junctions; these voltages 
are summed and differenced and produce an exponential cur
rent proportional to Vy Vz/Vx via another transistor junction in 
the input path of the output amplifier. Thus, the output volt
age is proportional to VyVz/Vx ; an internally generated refer
ence voltage is available as a fixed reference for the odd input 
in two-variable operations. In the 433, the internal emitter
voltage difference proportional to log (VzlVx ) can be amplified 
or attenuated by the appropriate connection of a resistive at
tenuator with an attenuation ratio, m; since the antilog of 
m(log Vz/Vx) is (VzlVx)ffi, the output of the 433 is propor
tional to Vy(VZ/VX)ffi. In the model 436 divider, the inputs 
are scaled and linearly combined, before the log-antilog com
putation takes place; the result is that the numerator (of 
Vz/Vx) may have positive or negative values. The 436 circuit 
is optimized and trimmed for performance as a dedicated 
divider; it has a fixed reference. Its circuit principles are 
discussed in some detail on the data sheet. 

External functional configuration As noted earlier, with the 
exception of the model 43 6 dedicated divider, all of the devices 
listed here can be used for multiplication, division, squaring, 
and/or square-rooting (MDSSR), by the appropriate connec
tion of external jumpers. As an example, the ADS34 is shown 
connected for multiplication, and the ADS3S, which has sim
ilar architecture but is optimized for division, is shown con
nected for division and square-rooting. Performance of pre
trimmed devices is optimized in specified modes of operation, 
usually multiplication. The data sheets show how devices are 
connected for the various modes of operation; where appro
priate, the trim circuits and procedures for optimizing per
formance are provided. 

Some devices have differential inputs, which provide a great 
deal of flexibility. They permit polarity changes without ex
ternal inversion, direct subtraction of inputs, insertion of bias 
voltages for additive constants, and direct multiplication of the 
results of differential measurements. 

sions. The pretrimmed IC's (AD534, AD535 and AD532) use 
laser trimming of thin-film-on-silicon chips at the wafer stage 
and buried-Zener reference circuitry, as well as thermally 
balanced input stages and "core" circuitry, for overall maxi
mum errors to 0.25%, and linearities as yet unmatched in the 
industry. 

Performance Multiplier performance, specifications and test 
circuitry are described in great detail in the NONLINEAR 
CIRCUITS HANDBOOK. Here is a brief digest of the factors 
relating to low-frequency performance. 

In theory, a multiplier has an output which is ideally the prod
uct of two input variables, X and Y, divided by the fov scaling 
voltage. However, the practical multiplier is subject to various 
offset errors and nonlinearities, which must be accounted for 
in its application. This discussion is intended to assist the 
designer in understanding and interpreting multiplier and 
divider specifications and obtaining insight into device 
performance. 

In practice (see the figure), the multiplier may be considered 
as having two parts, one (M) contains the input circuitry and 
the multiplying cell; the other is the gain-conditioning op 
amp,A. 

I-~X'-;'- - - - - -------1 
I M = 10 + F (X',Y') R 

I Z (DIVIDE INPUT) 

I 
I 
I Xo 

OUT 

Y 
+XY 

= 1"0 (MULTIPLY) 

= .1~Z (DIVIDE) 

Functional Block Diagram of Typical Multiplier/Divider 

Technologies The devices described here are either monolithic 
integrated circuits or high-performance modules. For any 
application, the user will evaluate a device on the basis of its 
performance in the desired mode(s). The modules provide the 
highest performance: speed (model 429), accuracy as a divider 
(436), and accuracy in multifunction applications (433). On 
the other hand, the IC's provide economy of cost and space, and 
the availability of "mil-temp" range (-55°C to +125°C) ver-

- Also summed at the op-amp input is the feedback variable, Z. 

BASIC RELATIONSHIP: (Xl - X2)(Y I - Y2) = IOV (Zl- Z2) 

V.Vy=IOVEo 

Multiplier 

+ 
DENOMINATOR 

V. 

Xl 

X2 OUT 

AD535 

Yl 

Zl 

Z2 

In multiplication, Z is connected to the output circuit. In di
vision, Z and X are the inputs, and Y is connected to the output. 
The figure shows a model used for considering errors, Xo 
and Yo are input offset voltages, Zo is the offset-referred-to
the-input of the output amplifier, and F(X', Y') is the non
linearity, viewed as the departure from the ideal multiplication, 

~~~ ,The output equation, including the errors is of the form 

.-----------1~ .... --oOUT, Eo 

R LOAD 
OUTPUT, Eo (MUST BE PROVIDED) 

+ 
_ NUMERATOR, Vz 

Yl Z2 

Y2 
Y2 _ ~ 

Divider Square Rooter 
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Eo XY ± [XoY ± XYo ± Zo f(X'Y~ lOB lOB lOB 

Product Xoffset Yoffset Output Nonlinearity 
offset and feed through 

Linear Feedthrough 
"y,,' "X" 

The errors are included in the bracketed tenn, except for gain 
error, which is the departure of "B", the gain-error term, from 
its nominal value of unity. The effects of input offsets (called 
"linear feedthrough") can be set to zero by applying external 
input biases, the output offset can be set to zero by biasing the 
output amplifier, and the gain can be externally calibrated by 
adjusting the reference or the feedback resistance. The remain
ing departure from the idealout:put for any combination of 
input values is the irreducible linearity error, or nonlinearity, 
a function of X and Y that differs from device to device and, 
with temperature, within a given device. The component of 
nonlinearity for X:;: 0 is called "Y feedthrough" and for 
Y:;: 0, it is called "X feedthrough". 

The "total error" specification includes the effects of all these 
errors. Although a guide to performance, it may produce an 
excessively conservative design in some applications. For ex
ample, output offset is not important if the output is to be 
capacitively coupled or the initial offset is nulled. Gain error 
is not important if system gain is to be adjusted elsewhere in 
the system or if gain is not a critical factor in system perfonn
ance. If frequent calibration of offset and scale-factor errors 
is available (e.g., in a "smart" instrument, via software) non
linearity becomes the limiting parameter. In such cases, im
provements in predicted error can be achieved by using the 
approximate linearity equation: 

f(X,Y) == IVxl €x + IVy I €y 

were €x and €y are the specified fractional linearity errors 
(%/100) and Vx and Vy are the input signals. 

When multipliers are fed back for use in division applications, 
it is important to recognize that maximum multiplication 
errors are increased approximately in proportion to the inverse 
of the denominator voltage (lOVIVx), and bandwidth is 
decreased in proportion to denominator voltage. Pretrimmed 
multipliers used in such applications, with wide dynamic range 
of X (e.g., 10:1), will always benefit greatly by the trimming 
of offsets, especially Zo (affects offsets) and Xo (affects gain), 
for small values of X. 

DEFINITIONS OF SPECIFICATIONS· 
Accuracy is defined in tenns of total error of the multiplier at 
room temperature and constant nominal supply voltage. Total 
error includes the sum of the effects of input and output dc 
offsets, nonlinearity, and feedthrough. Temperature depend
ence and supply-voltage effects are specified separately. 

Scale Factor The scale-factor error (or gain error) is the dif
ference between the average scale factor and the ide'al scale 

-These are general definitions. Further definitions are provided as foot
notes to the specification tables; they should be read carefully. 
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factor (e.g., (lOV)_1 ). It is expressed in percent of the output 
signal. Temperature dependence is specified. 

Output Offset refers to the offset voltage at theoutput-ampli
fier stage. This offset is usually minimized at manufacture and 
can be trimmed where high accuracy is desired. Output offset 
vs. temperature is also specified. 

Linearity Error or Nonlinearity is the maximum difference 
between actual and "best-straight-line" theoretical output, for 
all pairs of input values, expressed as a percentage of full scale, 
with all other dc errors nulled. It is the irreducible minimum 
error. It is usually expressed in terms of X and Y nonlinearity, 
with the named input swinging over its full-scale range and the 
other input at (±) lOV. Y nonlinearity is considerably less than 
X nonlinearity in "Gilbert-cell" multipliers. This specification' 
includes nonlinear feedthrough. 

X or Y Feedthrough is the signal at the output for any value of 
X or Y input in the rated range, when the other input is zero. 
It has two components, a linear one, corresponding to an input 
offset at the zero input, which can be trimmed out (but can 
drift and has a temperature specification), and a nonlinear one, 
which is irreducible. Feedthrough is usually specified at one 
frequency (50Hz) for a 20V pop sine wave input. It increases 
with frequency, and plots of typical feedthrough vs. frequency 
are provided on multiplier data sheets. 

Noise is specified and measured with both inputs at zero signal 
and zero impedance (i.e., shorted). For low-frequency applica
tions, filtering the output of the multiplier may improve small
signal resolution significantly. 

Dynamic Parameters include: small-signal bandwidth,full
power response, slew (ing) rate, small-signal amplitude error, 
and settling time. 

Small-signal bandwidth is the frequency at which the output 
is down 3dB from its low-frequency value (i.e., by about 30%) 
for a nominal output amplitude of 10% of fu}l scale. 

Full-power response is the maximum frequency at which 
the multiplier can produce full-scale voltage into its rated load 
without noticeable distortion. 

Slew(ing) rate is the maximum rate of Change of output 
voltage for the product of a full-scale dc voltage and a full
scale step input. . 

Small~signal amplitude error is defined in relation to the fre
quency at which the amplitude response, or scale factor, is in 
error by 1%, measured with a small (10% of full-scale) signal. 

Settling time, for the product of a ±10V step and 10Vdc, is 
the total length of time the output takes to respond to an input 
change and stay within some specified error band of its final 
value. Settling time cannot be accurately predicted from any 
other dynamic specifications; it is specified in terms of a pre
scribed measurement. 

Vector error is the most-sensitive measure of dynamic 
error. It is usually specified in terms of the frequency at which 
a phase error of 0.01 radians (0.57°) occurs. ' 



LOGS AND LOG RATIOS 
In the logarithmic mode, the ideal output equation is 

lin 
Eo = -K log (-1-) 

10 ref 

Eo can be positive or negative; it is zero when the ratio is 
unity, i.e., lin = lref. K is the output scale constant; it is 
equal to the number of output volts corresponding to a de
cade· change of the ratio. In the 755 and 759 log amplifiers, 
K is pin-programmable to be either 1 V, 2V, or 2/3V, or exter
nally adjustable to any value ~ 21.3V; in the model 757 log
ratio amplifier, K may be either a preset value of 1 V, or an 
arbitrary value adjustable by an external resistance ratio. 

lin is a unipolar input current within a 6-decade range (1 nA 
to lmA); it may be applied directly, as a current, or derived 
from an input voltage via an input resistor (in which case, 
the ratio becomes Ein/(Rinlref) = Ein/Eref. In models 755 and 
759, the magnitude of Iref is internally fixed at 10J.LA (Eref = 
O.lV) or externally adjusted; but model 757 is a log-ratio 
amplifier, in which both lin and Iref (or Ein and Eref, using 
external scaling resistors) are input variables. 

Each of the log amplifiers is available as a "P" or "N" op
tion, depending on the polarity of the input voltage. Loga
rithms may be computed only for positive arguments, there
fore the reference current must be of appropriate polarity to 
make the ratio positive. "N" indicates that the input current 
(or voltage) for the log mode is positive; "P" indicates that 
only negative voltage or current may be applied in the log 
mode. The polarity of K also differs: K is positive for "N" 
versions and negative for "P" versions. Thus, +lOV applied 
to model 7S5N, with K= +lV, would produce an output vol
tage, Eo = -IV log (100) = -2Vi on the other hand, -lOY 
applied to model 7SSP, with K = lV, would produce an out
put voltage, Eo = - (-1 V) log (100) = +2V. The figure shows, 
in condensed form, the outputs of P and N log-amps, with dif
fering K valu~s, for voltage and current inputs. 

Log amplifiers in the log mode are useful for applications re
quiring compression of wide-range analog input data, linear
ization ~f 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. 

ANTILOGS 
In the antilogarithmic (exponential) mode, the ideal output 
equation is 

Eo = Eref explO (- Ein/K) 

·A decade is a 10:1 ratio, two decades is 100:1, etc. For example, 
if K = 2, and the ratio i.s 10, the magnitude of the output would be 
'lv, and its polarity wOl,lld depend on whether the ratio were greater" 
or less than unity. If the input signal then changed by a factor of 
1000 (3 decades), the output would change by 6V. 

10 
K = 2 

K =-2 
MODEL 755P 

-INPUT CURRENT -10 
MODEL 755N 

tlNPUT CURRENT 
( 

K =-2 

MODEL 755P 
-INPUT VOLTS 

C 

Log of Current 

III 
f-

H 
t5 

t4 

t3 

t2 

tl 

-1 

-2 

-3 

-4 

-5 

K=2 

MODEL 755N 
+INPUT VOLTS 

Log of Voltage 

) 

Output vs. Input of Model 755N & 755P in Log Connection 
(Log Input Scales), Showing Voltages, and Polarity Relationships 

Ein can be positive or negative; when it is zero, Eo = Eref· 
However, Eo is always of single polarity, positive for "N" 
versions, negative for "P" versions. Thus, for 759P, connect
ed for K = -2V, if Ein = +4V, and Eref = -O.lV, then 

Eo = -0.1 V·lO-4/-2, or -10V; if Ein = -4V, then 

Eo = -0.1 V·1O-(-4)/-2 = -lmV. The figure on the next page 
shows, in condensed form, the outputs of P and N log amps, 
connected for antilogarithmic operation, with different K 
values. 

Antilog amplifiers are useful for applications requiring expan
sion of compressed data, linearization of transducers having 
logarithmic outputs, analog function fitting or function gener
ation, to obtain relationships or generate curves having volt
age-programmable rates of growth or decay, and in analog 
computing, for such functions as compound multiplication 
and division of terms having differing exponents. 
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(LINEAR) 

Antilog Operator Response Curves, Semilog Scale 

Eo = EREF 10 V/N/-K 

LOG-ANTILOG AMPLIFIER PERFORMANCE 
Considerable information regarding log- and antilog-amplifier 
circuit design, performance, selection, and applications is to 
be found in the NONLINEAR CIRCUITS HANDBOOK'. 
Several salient points will be covered here, and specifications 
will be defined .. 

A log/antilog amplifier consists of an operational amplifier 
and an element with antilogarithmic transconductance (i.e., 
the voltage into the element proriuces a current that is an 
exponential function of the voltage). As the figure shows, for 
logarithmic operations, the input current is applied at the op
amp summing point, and the feedback circuit causes the am
plifier output to produce whatever voltage is required to pro
vide a feedback current that will exactly balance the input 
current. 

In antilog operation, the input voltage is applied directly to 
the input of the antilog element, producing an exponential 
input current to the op-amp circuit. The feedback resistance 
transduces it to an output voltage. 

755 

l'N o--t--"--+--I 
(SUMMING 
POINT) 

"">----~_o OUT 

+15V COM -15V TRIM Eo. 

a) Log/Antilog Amplifier Connected in the Log Mode (K = 1) 

" 
1 Nonlinear Circuits Handbook, Analog Devices, Inc., 1974, 1976, 
536pp, edited by D. H. Sheingold, $5.95; send check or complete 
MasterCard data to P.O. Box 796, Norwood MA 02062 
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b) Log/Antilog Amplifier Connected in the Exponential Mode 

The wide range of log/exponential behavior is made possible 
by the exponential current-voltage relationship of transistor 
base-emitter junctions, 

1= Io(eqV/kT - 1) :::: IoeqV/kT 

and V = (kT /q) In (1110) 

where I is the collector current, 10 is the extrapolated cur-
rent for V = 0, V is the base-emitter voltage, q/k (11605° K/V) 
is the ratio of charge of an electron to Boltzmann's constant, 
and T is junction temperature kelvin. In log/antilog devices, 
two matched transistors are connected so as to subtract the 
junction voltages associated with the input and reference cur
rents, making the ratio independent of 10 's variation with 
temperature. 

t:N (kT/q) In (linlIo) - (kT/q) In (lreflIo) 
= (kT/q) (In lin -In IreC) + (kT/q) (In 10 -In 10) 
= (kT/q) In (lin/lreC) 

The temperature-dependence of gain is compensated for by a 
resistive attenuator that uses a temperature-sensitive resistor 
for compensation. The attenuator also produces amplification 
of K to the specified nominal values, e.g., from the basic 
59mV/decade (kT/q) In10 at room temperature) to 
IV/decade. 

Errors are introduced by the offset current of the amplifier, 
and the offset voltage, for voltage inputs; by inaccuracy of the 
reference current (or the effective reference voltage, for volt
age inputs) in fixed-reference devices; and by inaccuracy of 
setting K. Additional errors are introduced by drift of these 
parameters with temperature. At any temperature, if these 
parameters are nulled out, there remains a final irreducible dif
ference between the actual output and the theoretical output, 
called log-conformity error, which is manifested as a ':nonline
arity" of the input-output plot on semilog paper. Best log con
formity is realized away from the extremities of the rated signal 
range. For example, log-conformity error of model 755 is ±l% 
maximum, referred to the input, over the entire 6-decade range 
from InA to lmA; but it is only ±0.5% maximum over the 4-
decade range from 10nA to 100pA. 

Errors occurring at the input, and log-conformity errors, can 
only be observed at the output, but it is useful to refer them to 
the input (RTI). Equal percentage errors at the input, at what-



ever input level, produce equal incremental errors at the out
put, for a given value of K. For example, if K = I, and the RTI 
log-conformity error is + 1 %, the magnitude of the output error 
will be 

Error = Actual output - ideal output 
1Y·log(1.0l lllref} -lY·logO/fref} 
1 Y·log1.01 = 0.0043Y = 4.3mY 

If, in this example, the input range happens to be 5 decades, 
the corresponding output range will be 5 volts, and the 4.3mY 
log-conformity error, as a percentage of total output range, 

. will be less than 0.1 %. Because this ambiguity can prove con
fusing to the user, it is important that a manufacturer specify 
whether the error is referred to the input orthe output. The 
table below indicates the conversion between RTI percentage 
and output error-magnitudes, for various percent errors, and 

. various values of K. 

LOG OUTPUT ERROR (mY) 

% ERROR RTI K= lY K= 2Y K = (213}Y 

0.1 0.43 0.86 0.28 
0.5 2.2 4.3 1.4 
1.0 4.3 8.6 2.9 
2.0 8.6 17. 5.7 
3.0 13. 26. 8.6 
4.0 17. 34. 11. 
5.0 21. 42. 14. 

10.0 41. 83. 28. 

For antilog operations, input and output errors are interchanged. 

To arrive at the total error, an error budget should be made up, 
taking into account each of the error sources, and its contribu
tion to the total error, over the temperature range of interest. 

Dynamic response of log amps is a function of the inpu t level. 
Small-signal bandwidths of ac input signals biased at currents 
above lilA tend to be roughly comparable. However, below 
lilA, bandwidth tends to be in rough proportion to current 
level. Similarly, rise time depends on step magnitude and 
direction - step changes in the direction of increasing current 
are responded to more quickly than step decreases of current. 

DEFINITIONS OF SPECIFICATIONS 
Log-Conformity Error When the parameters have been adjust
ed to compensate for offset, scale-factor, and reference errors, 
the log-conformity error is the deviation of the resulting func
tion from a straight line on a semilog plot over the range of in
terest. 

Offset Current (los) is the bias current of the amplifier, plus 6 
any stray leakage currents. This parameter can be a significant 
source of error when processing signals in the nanoampere re-
gion. Its contribution in antilog operation is negligible. 

Offset Voltage (Eos) depends on the operational ~plifier used 
for the log operation. Its effect is that of a small voltage in se
ries with the input resistor. For current-logging operations, with 
high-impedance sources, its error contribution is negligible. 
However, for voltage logging, it modifies the value of Yin . 
Though it can be adjusted to zero at room temperature, its 
drift over the temperature range should be considered. In anti
log operation, Eos appears at the output as an essentially con
stant voltage; its percentage effect on error is greatest for small 
outputs. 

Reference Current (Iref) is the effective internally-generated 
current-soUTce output to which all values of input current are 
compared. Iref tolerance appears as a dc offset at the fJutput; 
it can be adjusted towards zero by adjusting the reference cur
rent, adding a voltage to the output by injecting a current into 
the scale-factor attenuator, or simply by adding a constant bias 
at the output's destination. 

Reference Voltage (Eref) is the effective internally generated 
voltage to which all input voltages are compared. It is related 
to lref by the equation: Eref = lrefRin' where Rin is tho: value of 
input resistance. Typically, lref is less stable than Rin; there
fore, practically all the tolerance is due to Iref. 

Scale Factor (K) is the voltage change at the outputfor a dec
ade (i.e., 10: 1) change at the input, when connected in the 
log mode. Error in scale factor is equivalent to a change in gain, 
or slope (on a semilog plot), and is specified in percent of the 
nominal value. 
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r.ANALOG 
l.1li DEVICES 

FEATURES 
Pretrimmed To ±1.0% (AD532K) 
No External Components Required 
Guaranteed ±1.0% max 4·Quadrant 

Error (AD532K) 
Diff Inputs For (X,-X2) (Y'-Y2)/10V 

Transfer Function 
Monolithic Construction, Low Cost 

APPLICATIONS 
Multiplication, Division, Squaring, 

Square Rooting 
Algebraic Computation 
Power Measurements 
I nstrumentation Applications 

PRODUCT DESCRIPTION 
The ADS 32 is the first pretrimmed single chip monolithic 
multiplier/divider. It guarantees a maximum multiplying 
error of ±1.0% and a ±IOV output voltage without the need 
for any external trimming I"esistors or output op amp. Because 
the ADS32 is internally trimmed, its simplicity of use provides 
design engineers with an attractive alternative to modular 
multipliers, and its monolithic construction provides 
significant advantages in size, reliability and economy. Further, 
the ADS 32 can be used as a direct replacement for other IC 
multipliers that require external trim networks (such as the 
ADS30). 

FLEXIBILITY OF OPERATION 
The ADS32 multiplies in four quadrants with a transfer 
function of(XI-X2)(Y I-V 2)/lOV, divides in two quadrants 
with a IOVZ/(XI-X2) transfer function, a~ square roots in 
one quadrant with a transfer function of ± 10VZ. In addi
tion to these basic functions, the differential X and V inputs 
provide significant operating flexibility both for algebraic 
compu tation and transducer instrumentation applications. 
Transfer functions, such as XV /IOV, (X2_V2)/IOV, ±X2/ 
lOY, and IOVZI(X1-X2) are easily attained, and are ex
tremely useful in many modulation and function generation 
applications, as well as in trigonometric calculations for 
airborne navigation and guidance applications, where the 
monolithic construction and small size of the ADS 32 offer 
considerable system advantages. In addition, the high CMRR 
(7SdB) of the diffen:ntial inputs makes the ADS 32 especially 
well qualified for instrumentation applications, as it can 
provide an output signal that is the product of two transducer-
generated input signals. -

Internally Trimmed 
Integrated Circuit Multiplier 

AD532 I 
ADS32 FUNCTIONAL BLOCK DIAGRAM 

Vx \ x, 
I Xl 

VOUT = IX, - Xl:~~' - Vll 

I WITH Z TIED TO OUTPUT) 

OUTPUT 

GUARANTEED PERFORMANCE OVER TEMPERATURE 
The ADS 32J and ADS 32K are specified for maximum multi
plying errors of ±2% and ±l % of full scale, respectively at 
+2SoC, and are rated for operation from 0 to +70°C. The 
ADS 32S has a maximum multiplying error of ± I % of full 
scale at +2S oC; it is also 100% tested to guarantee a maximum 
error of ±4% at the extended operating temperature limits of 
-SSoC and +12SoC. All devices are available in either the 
hermetically-sealed TO-IOO metal can or TO-116 ceramic DIP. 

NC 

ADS32H 

Vl 

-Vs 

TO-IOO 
TOP VIEW 

ADS32D 

Xl GND Vas Vl 

TO-116 
TOP VIEW 

v, +Vs 
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SPECIFICATIONS (typical @ +25°C with Vs = ±15V dc, Vos grounded, unless otherwise specified) 
PARAMETER 

ABSOLUTE MAX RATINGS 
Supply Voltage 
Internal Power Dissipation 
Input Voltage! 

X,Y,Vos,Z 

CONDITIONS 

Rated Operating Temp Range 
Storage Temp Range 
Lead Temperature 60 Sec Soldering 
Output Short Circuit To Ground 

MULTIPLIER SPECIFICATIONS 

ADS32J 

±18V 
SOOmW 

±VS 
o to +70°C 
-6SoC to +lSO°C 
+3000 C 
Indefinite 

Transfer Function 
Total Error(% F.S.) 

(XI-X2)(YI-Y2)/IOV 
Vx = O/±lOV, Vy = O/±lOV ±2%max [±l.S% typ) 
TA = min to max ±2.S% 

vs. Temperature TA = min to max ±0.04%/oC 

Nonlinearity 
X Input 
Y Input 

Feedthrough 
X Input 

Y Input 

vs. Tc:mpcraturc: 

DIVIDER SPECIFICATIONS 
Transfer Function 

Vx = 20V(p-p), Yy = ±lOV 
Vy = 20V(p-p), Vx = ±lOV 

Vx = 20V(p-p), Vy = 0, 
f = 50Hz 

Vy = 20V(p-p), Vx = 0, 
f = 50Hz 

TA = min to max 

Total Error2 Vx = -lOV, Vz = ±lOV 
Vx = -IV, Vz = ±lOV 

SQUARER SPECIFICATIONS 
Transfer Function 
Total Error 

SQUARE ROOTER SPECIFICATIONS 
Transfer Function 
Total Error2 

INPUT SPECIFICATIONS 
Input Resistance 

X, Y Inputs 
Z Input 

Input Bias Current 
X, Y Inputs 
Z Input 
X, Y Inputs 
Z Input 

Input Offset Current 
X, Y Inputs 

Vz = O/+lOV 

TA = min to max 
T A = min to max 

Input Voltage Diff/CM TA = min to max 
X, Y, Z Inputs For Rated Accuracy 

CMRR (X or Y Inputs) X or Y = ±10V 

DYNAMIC SPECIFICATIONS 
Small Signal, Unity Gain 

. Full Power Bandwidth 
Slew Rate 
Small Signal Amplitude Error 
Small Signal 1% Vector Error 
Settling Time 

0.5° phase shift 
±lOV step 

Overload Recovery 

OUTPUT AMPLIFIER SPECIFICATIONS 
Output Impedance 
Output Voltage Swing 

Output Noise 

Output Offset Voltage 

Closed Loop 
TA = min to max 
RL;;' 2kn, CL";; 1000pF 
f = 5Hz to 10kHz 
f = 5Hz to SMHz 

Initial Offset Trimmable To Zero 
vs. Temperature T A = min to max 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage Rated Performance 

Operating 
Supply Current Quiescent 
Power Supply Variation 

Multiplier Accuracy 
Output Offset 
Scale Factor 
Feedthrough 

NOTES, 
I Max input voltage is zero when supplies are turned off. 
'With recommended external trim (see Applications). 
'Specifications same as ADS32J. 
"Specifications same as AD532K. 
Sp~cifications subject to change without notice. 

±0.8% 
±0.3% 

200mV(p-p) max 
[SOmV(p-p) typ) 
lSOmV(p-p) max 
[30mV(p-p) typ) 
2.0mV(p-p)/oC 

10VZI(X1-X2) 
±2% 
±4% 

(XI-X2)2/10V 
±0.8% 

-.JIOVZ 
±1.S% 

10Mn 
36kn 

31lA 
±lOIlA 
10ilA 
±3 01lA 

±0.3IlA 

±lOV 
40dB min 

1.0MHz 
750kHz 
4SV/Ils 
1% at 75kHz 
5kHz 
Ills to 2% 
21ls to 2% 

±lOV min [±13V typ) 
0.6mV(rms) 
3.0mV(rms) 

±15V 
±10V to ±18V 
±6mA max [±4mA typ) 

iO.OS%/% 
i2.SmV/% 
-0.03%/% 
±0.2SmV/% 
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ADS32K 

±1.0% max [±0.7% typ) 
±1.S% 
±0.03%tC 

±O.S% 
±0.2% 

100mV(p-p) max 
[30mV(p-p) typ) 
80mV(p-p) max 
[2SmV(p-p) typ) 
1.0mV(p-p)tc 

±l% 
±3% 

±0.4% 

±1.0% 

41lA max [l.SIlA typ) 
±lSIlA max [±SIlA typ) 
81lA 

. ±2SIlA 

±O.lIlA 

SOdB min 

±30mV max 

ADS32S 

±22V 

±1.0% max [±O.S% typ) 
±4.0%m:x 
±0.04%1 C max 
[±O.Ol%/oC typ) 

±IOV to ±22V 



FUNCTIONAL DESCRIPTION 
The functional block diagram for the ADS32 is shown on 
the first page, and the complete schematic in Figure 1. In the 
multiplying and squaring modes, Z is connected to the output 
to close the feedback around the output op amp. (In the 
divide mode, it is used as an input terminal.) 

The X and V inputs are fed to high impedance differential 
amplifiers featuring low distortion and good common mode 
rejection. The amplifier voltage offsets are actively laser 
trimmed to zero during production. The product of the two 
inputs is resolved in the multiplier cell using Gilbert's 
linearized transconductance technique. The cell is laser 
trimmed to obtain Vout = (XI-X2)(V I-V 2)/10 volts. 
The built-in op amp is used to obtain low output impedance 
and make possible self-contained operation. The residual 
output voltage offset can be zeroed at Vos in critical applica
tions .... otherwise the Vos pin should be grounded. . Figure 1. AD532 Schematic Diagram 

ORDERING GUIDE 
" .. :-:-: 

Model Package Option 1 Max Mult Error Temperature Range 

ADS32JH TO-IOO ~2.0% o to +70
o

C 

ADS32JD TO-116 Style (D14A) ±2.0% Oto +70
o

C 

ADS32KH TO-IOO ±1.0% o to +70°C 

ADS32KD TO-ll6 Style (Dl4A) ±1.0% o to·+70oC 

ADS32SH TO-lOO ±1.0% -55°C to +l2SoC 

ADS32SD TO-116 Style (Dl4A) ±1.0% -55°C to +l2SoC 

1 See Section 20 for package outline information. 
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ADS32 PERFORMANCE CHARACTERISTICS 
Multiplication accuracy is defined in terms of total error at 
+-2SoC with the rated power supply. The value specified is in 
percent offull scale and includes Xin and Yin nonlinearities, 
feedback and scale factor error. To this must be added such 
application-dependent error terms as power supply rejection, 
common mode rejection and temperature coefficients 
(although worst case errpr over temperature is specified for 
the AD532S). Total expected error is the rms sum of the 
individual components, since they are uncorrelated. 

Accuracy in the divide mode is only a little more complex. To 
achieve division, the multiplier cell must be connected in the 
feedback of the output amp as shown in Figure 12. In this 
configuration, the multiplier cell varies the closed loop gain of 
the op amp in an inverse relationship to the denominator 
voltage. Thus, as the denominator is reduced, output offset, 
bandwdith and other multiplier cell errors are adversely af
fected. The divide error and driftare then em • lOV/XI-X2) 
where em represents multiplier full scale error and drift, and 
(XI-X2) is the absolute value of the denominator. 

NONLINEARITY 
Nonlinearity is easily measured in percent harmonic distortion. 
The curves of Figures 2 and 3 characterize ou tpu t distortion 
as a function of input signal level and frequency respectively, 
with one input held at plus or minus lOV dc. In Figure 3 the 
sine wave amplitude is 20V (p-p). 
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.1 

001 

V ~ 
V V V ;:'n".- V - ...... V Yin 

1234517.SlOn121314 
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Figure 2. Percent Distortion vs. Input Signal 

100 

f-- 20Y p.p SIGNAL 

I D.
1O 100 

Xin 

• 10Ic 
FREQUENCY· Hz 

....... V 

....... Yin 

I I 

/ 

A/, 
v/ 

lOOk 

Figure 3. Percent Distortion vs. F,equency 
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AC FEEDTHROUGH 
AC Feedthrough is a measure of the multiplier's zero 
suppression. With one input at zero, the multiplier output 
should be zero regardless of the signal applied to the other 
input. Feedthrough as a function of frequency for the 
ADS32 is shown in Figure 4. It is measured for the condition 
Vx = 0, Vy = 20V(p-p) and Vy = 0, Vx = 20V(p-p) over the 
given frequency range. It consists primarily of the second 
harmonic and is measured in millivolts peak-to-peak. 

1000 

> 100 
E 

10 

I 

Y FEEDTHRU 1.1 

V' 
./ 
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x FEEDTHRU 

10k lOOk 
FREQUENCY Hz 

Figure 4. Feedthrough vs. Frequency 

COMMON MODE REJECTION 

I 

The ADS32 features differential X and Y inputs to enhance 
its flexibility as a computational multiplier/divider. Common 
mode rejection for both inputs as a function of frequency is 
shown in Figure 5. It is measured with Xl = X2 = 20V (p-p), 
(Y I-Y 2) = ±lOV dc and Y 1= Y 2 = 20V(p-p), (XI-X2) = 
±lOV dc. 
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Figure 5. CMRR vs. Frequency 
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DYNAMIC CHARACTERISTICS 
The closed loop frequency response of the ADS 32 in the 
rnultiplier rnode typically exhibits a 3dB bandwidth of 
IMHz and rolls off at 6dB/octave thereafter. Response 
through all inputs is essentially the sarne as shown in 
Figure 6. In the divide mode, the closed loop frequency 
response is a function of the absolu te value of the 
denominator voltage as shown in Figure 7. 

Stable operation is maintained with capacitive loads to 
lOOOpF in all modes, except the square root for which 
SOpF is a safe upper limit. Higher capacitive loads can be 
driven if a lOOn resistor is connected in series with the 
output for isolation. 
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Figure 7. Frequency Response, Dividing 

POWER SUPPLY CONSIDERATIONS 

10M 

Although the ADS32 is tested and specified with ±lSV dc 
supplies, it may be operated at any supply voltage from 
±lOV to ±18V for the J and K versions and ±lOV to ±22V 
for the S version. The input and output signals must be 
reduced proportionately to prevent saturation, however, 
with supply voltages below ±lSV, as shown in Figure 8. 
Since power supply sensitivity is not dependent on external 
null networks as in the ADS 30 and other conventionally 
nulled multipliers, the power supply rejection ratios are 
improved from 3 to 40 times in the ADS32. 
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Figure 8. Signal Swing vs. Supply 

NOISE CHARACTERISTICS 
All ADS32s are screened on a sampling basis to assure that 
output noise will have no appreciable effect on accuracy. 
Typical spot noise vs. frequency is shown in Figure 9" 

Applying the AD532 
5 
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Figure 9. Spot Noise Vi. Frequency 

APPLICATIONS CONSIDERATIONS 

l"-

lOOk 

The performance and ease of use of the ADS 32 is achieved 
through the laser trimming of thin film resistors deposited 
directly on the monolithic chip. This trimming-on-the-chip 
technique provides a nurnber of significant advantages in 
terrns of cost, reliability and flexibility over conventional 
in-package trirnrning of off-the-chip resistors rnounted or 
deposited on a hybrid substrate. 

First and forernost, trimming on the chip elirninates the 
need for a hybrid substrate and the additional bonding wires 
that are required between the resis,tors and the rnultiplier 
chip. By trirnrning rnore appropriate resistors on the ADS 32 
chip itself, the second input terrninals that were once 
comrnitted to external trirnrning networks (e.g., ADS 30) have 
been freed to allow fully differential operation at both the X 
and Y inputs. Further, the requirement for an input 
attenuator to adjust the gain at the Y input has been 
eliminated, letting the user take full advantage of the high 
input impedance properties of the input differential amplifiers. 
Thus, the ADS32 offers greater flexibility for both algebraic 
computation a"nd transducer instrumentation applications. 

Finally, provision for fine trimming the output voltage offset 
has been included. This connection is optional, however, as 
the ADS32 has been factory-trirnmed for total performance 
as described in the listed specifications. 

REPLACING OTHER IC MULTIPLIERS 
Existing designs using IC multipliers that require external 
trimming networks (such as the ADS 30) can be simplified 
using the pin-for-pin replaceability of the ADS 32 by merely 
grounding the X2,"Y2 and Vos tenninals. (The Vos terminal 
should always be grounded when unused.) 

,APPLICATIONS 

MULTIPLICATION 

(OPTIONAL) 

AD532 

Vos 

20k 

+Vs -VS 

VOUT 

V (X, - Xz) (V, - Vz) 
OUT· 10V 

Figure 10. Multiplier Connection 
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For operation as a multiplier, the AD532 should be connected 
as shown in Figure 10. The inputs can be fed differentially to 
the X and Y inputs, or single-ended by simply grounding the 
unused input. Connect the inputs according to the desired 
polarity in the output. The Z terminal i.s tied to the output 
to close the feedback loop around the op amp (see first page). 
The offset adjust Vos is optional and is adjusted when both 
inputs are zero volts to obtain zero out, or to buck out other 
system offsets. . 

SQUARE 

+Vs -Vs 

Figure 11. Squarer Connection 

The squaring circuit in Figure 11 is a simple variation of the 
multiplier. The differential input capability of the AD532 can 
be used, however, to obtain a positive or negative output 
response to the input .... a useful feature for control 
applications, as it might eliminate the need for an additional 
inverter somewhere else. 

DIVISION 

Figure 12. Divider Connection 

The ADS 32 can be configured as a two-quadrant divider by 
connecting the multiplier cell in the feedback loop of the 
op amp and using the Z terminal as a signal inpu t, as shown 
in.Figure 12. It should be noted, however, that the output 
error is given approximately by IOV€m/(XI-X2), where €m 

is the total error specification for the multiply mode; and 
bandwidth by 1m • (XI-X2)/10V, where 1m is the band
width of the multiplier. Further, to avoid positive feedback, 
the X input is restricted to negative values. Thus for single
ended negative inputs (Ov. to -10V), connect the input to X 
and the offset null to X2; for single-ended positive inputs 
(OV to +10V), connect the input to X2 and the offset null 
to·X 1. For optimum performance, gain (S.F.) and offset (Xo) 
adjustments are recommended as shown and explained in 
Table I. 

For practical reasons, the useful range in denominator input 
is approximately 5 OOm V ~ I (X 1 -X 2) I ~ 1 OV. The vol tage 
offset adjust (Vos), if used, is trimmed with Z at zero and 
(XI-X2) at full scale. 
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SQUARE ROOT 

XI 

Xz 

VI 

H ... ..-OVOUT 

Vz + Vs 
1k 

'------t---+----«SF) 
47k 

2.2k 10k 

+Vs -Vs 

Figure 13. Square Rooter Connection· 

The connections for square root mode are shown in 
Figure 13. Similar to the divide mode, the multiplier cell is 
connected in the feedback of the op amp by connecting the 
output back to both the X and Y inputs. The diode Dl is 
connected as shown to prevent latch-up as Zin approaches 

. 0 volts:. In this case, the Vos adjustment is made with 
Zin = +0.1 V dc, adjusting Vos to obtain -l.OV dc in the 
output, Vout = -.J 10VZ. For optimum performance, gain 
(S.F.) and offset (Xo) adjustments are recommended as 
shown and explained in Table I. 

DIFFERENCE OF SQUARES 

+Vs -Vs 

Figure 14. Differential of Squares Connection 

The differential input capability of the ADS32 allows for the 
algebraic solution of several interesting functions, such as 
the difference of squares, X2_y2/10V. As shown in Figure 14, 
the ADS32 is configured in the square mode, with a simple 
unity gain inverter connected between one of the signal 
inputs (Y) and one of the inverting input terminals (-Yin) 
of the multiplier. The inverter should use precision (0.1 %) 
resistors or be otherwise trimmed for unity gain for best 
accuracy. 

TABLE I 

ADJUST PROCEDURE (Divider or Square Rooter) 

DIVIDER 

With: 

Adjust X Z 
Scale Factor -lOY +lOV 
Xo (Offset) -IV +0.1 V 

Repeat if required. 

Adjust for: 

Vout 
±10V 
±10V 

SQUARE ROOTER 

With: Adjust for: 

Z 
+IOV 
+O.lV 

Vout 
-10V 
-IV 



NANALOG 
WDEVICES 

Low Cost IC 
Multiplier,Divider,Squarer,Square Rooter 

FEATURES 
Low Cost 
Simplicity of Operation: Only 

Four External Adjustments 
Max 4-Quadrant Error Below 0.5% 

(AD533L) 
Low Temperature Drift: 0.01%tC 

(AD533L) 
Multiplies, Divides, Squares, Square Roots 

PRODUCT DESCRIPTION 
The Analog Devices ADS 33 is a low cost integrated circuit 
multiplier comprised of a transconductance multiplying 
element, stable reference, and output amplifier on a mono
lithic silicon chip. Specified accuracy is easily achieved by the 
straight-forward adjustment of feedthrough, output zero, 
and gain trim pots. The ADS33 multiplies in four quadrants 
with a transfer function of XV/lOV, divides in two quadrants 
with a 10VZ/X transfer function, and ,uare roots in one 
quadrant with a transfer function of - 10VZ. Several levels 
of accuracy are provided: the ADS33J, ADS33K, and 
ADS33L, for 0 to +70oC operation, are specified for 
maximum multiplying errors of 2%, 1 %, and O.S% respectively 
at +2SoC. The ADS33S, for operation from -55°C to +125°C, 
is guaranteed for a maximum I % multiplying error at +2S°C. 
The maximum error specification is a true measure of overall 
accuracy since it includes the effects of offset voltage, feed
through, scale factor, and nonlinearity in all four quadrants. 

The low drift design of the AD S 33 insures that high accuracy 
is maintained with variations in temperature. The op amp 
output provides ±10 volts at SmA, and is fully protected 
against short circuits to ground or either supply voltage: all 
inputs are fully protected against over-voltage transients with 
internal series resistors. The devices provide excellent ac 
performance, with typical small signal bandwidth of 1.0MHz, 
full power bandwidth of 750kHz, and slew rate of 45V/ps. 

AD533 I 

ADS33 PIN CONFIGURATIONS 

AD533H 

y. 

TO-IOO 
TOP VIEW 

ADS33D 

TO-116 
TOP VIEW 

The low cost and simplicity of operation of the ADS33 make 
it especially well suited for use in such widespread applications 
as modulation and demodulation, automatic gain control and 
phase detection. Other applications include frequency 
discrimination, rms computation, peak detection, voltage 
controlled oscillators and filters, function generation, and 
power measurements. 

All models are available in the hermetically sealed TO-IOO 
metal can and TO-116 ceramic DIP packages. 
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SPECIFICATIONS (typical @+25°C, externally trimmed and Vs = ±15V dc unless otherwise specified) 
PARAMETER CONDITIONS 

ABSOLUTE MAX RATINGS 
Internal Power Dissipation 
Input Voltage l 

, 

Xin. Yin. Zin. Xo. Yo. Zo 
Rated Operating Temp Range 
Storage Temp Range 
Output Short Circuit To Ground 

MULTIPLIER SPECIFICATIONS 
Transfer Function 

Untrimmed 
Total Error (of full scale) 

TA = min to max 
vs. Temperature TA = min to max 
Nonlinearity 

X Input Vx = Vo = 20V(p-p) 
Y Input Vy = Vo = 20V(p-p) 

Feedthrough 
X Input Vx = 20V(p-p). Vy = O. 

f = SOHz 
Y Input Vy = 20V(p-p). Vx = O. 

f = 50Hz 

DIVIDER SPECIFICATIONS 
Transfer Function 

Untrimmed 
Total Error (of full scale) Vx = -lOY dc. Vz = ±IOV dc 

Vx = -IV dc. Vz ~ ±IOV dc 

SQUARER SPECIFICATIONS 
Transfer Function 

Untrimmed 
Total Error (of full scale) 

SQUARE ROOTER SPECIFICATIONS 
Transfer Function 

Untrimmed 
Total Error (of full scale) 

INPUT SPECIFICATIONS 
Input Resistance 

X Input 
Y Input 
Z Input 

Input Bias Current 
X. Y Inputs 
Z Input 
X. Y Inputs TA = min to max 
Z Input TA = min to max 

Input Voltage TA = min to max 
Vx • V y • Vz For Rated Accuracy 

DYNAMIC SPECIFICATIONS 
Small Signal. Unity Gain 
Full Power Bandwidth 
Slew Rate 
Small Signal Amplitude Error 
Sm Sig 1% Vector Error 0.5° phase shift 
Settling Time ±IOV step 
Overload Recovery 

OUTPUT AMPLIFIER SPECIFICATIONS 
Output Impedance 
Output Voltage Swing TA = min to max 

RL;;' 2kn. CL';;; 1000pF 
Output Noise f = Sllz to 10kHz 

f = 5Hz to SMHz 
Output Offset Voltage 
vs. Temperature TA = min to max 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage Rated Performance 

Operating 
Supply Current Quiescent 
Power Supply Variation Includes Effects of 

Recommended Null Pots 
Multiplier Accuracy 
Output Offset 
Scale Factor 
Feedthrough 

1 Max input voltage is zero when supplies are turned off. 
·Specifications same as ADS33}. 
··Specifications same as ADS33K. 
Specifications subject to change without notice. 

ADS33J 

SOOmW 

±VS 
o to +70°C 
-6SoCro +ISO°C 
Indefinite 

XV/lOY 
XY/6V max (XY/IOV min) 
±2,0% max 
±3,0% 
±0.04%/C 

±O.S% 
±O.3% 

ISOmV(p-p) max 

200mV(p-p) max 

10VZ/X 
10VZ/X max (6VZ/X min) 
±1.0% 
±3.0% 

X1 1l0V 
X2/6V max (X21l0V min) 
±O_S% 

-v'IOVZ 
- v'IOVZ max (-y'6VZ min) 
±O.S% 

10Mn 
6Mn 
36kn 

3JJ.A 
±2SJJ.A 
12JJ.A 
±3SJ.lA 

±IOV 

1.0MHz 
7S0kHz 
4SV/J.ls 
1% at 75kHz 
SkHz 
IJJ.sto 2% 
2J.lsto 2% 

lOon 

±IOV min 
0.6mV(rms) 
3.0mV(rms) 
Trimmable To Zero 
O.imV/oC 

±ISV 
±ISV to ±ISV 
±6mA max 

±0.5%/% 
±IOmV/% 
±O.l%/% 
±IOmV/% 
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ADS33K ADS33L ADS33S 

-SSoC to +12S o C 

±1.0% max ±O,S% max ±1.0% max 
±2.0% ±1.0% ±1.5% 
±0.03%/C ±O,OI%/oC ±O.OI%/C 

±O.S% 
±0.2% 

200mV(p-p) max SOmV(p-p) max 100mV (p-p) max 

ISOmV(p-p) max SOmV(p-p) max 100mV (p-p) max 

:to.S% ±0.2% ±O.S% 
±2.0% ±l.S% ±2.0% 

±0.4% ±0.2% ±0.4% 

±0.4% ±0.2% ±0.4% 

7.SJJ.A max SJJ.A max 7.SJJ.A max . 
10J.lA 7JJ.A 7JJ.A . 

±IOV to ±ISV ±IOV to ±ISV ±IOV to ±22V 



MULTIPLIER 
Multiplier operation is accomplished by closing the loop 
around the internal op amp with the Z input connected to 

the output. The Xo null pot balances the X input channel 
to minimize Y feed through and similarly the Yo pot minimizes 
the X feedthrough. The Zo pot nulls the output op amp offset 
voltage and the gain pot sets the full scale output level. 

'l5V -l5V 
20k 

20k 

.,........-t----'1----"2",,0lyk 4 MULTIPLIER 

'Vs Xo Yo Zo -Vs 

TRIM PROCEDURES 

r'-'-t-..... V_0-o= ~~ 
(!lOV) 

1. With X = Y = 0 volts, adjust Zo for OV dc output. 
2. With Y = 20 volts pop (at f = 50Hz) and X = OV, adjust Xo for 

minimum ac output. 
3. With X = 20 volts pop (at f = 50Hz) and Y = OV, adjust Yo for 

minimum ac output. 
4. Readjust Zo for OV dc output. 
5. With X = +lOV dc and Y = 20 volts pop (at f = 50Hz), adjust gain 

for output = Yin' 

NOTE: For best accuracy over limited voltage ranges (e.g., ±SV), gain 
and feedthrough adjustments should be optimized with the inputs in 
the desired range. as linearity is considerably better over smaller ranges 
of input. 

SQUARER 
Squarer operation is a special case of multiplier operation 
where the X and Y inputs are connected together and two 
quadrant operation results since the output is always 
positive. When the X and Y inputs are connected together, a 
composite offset results which is the algebraic sum of the 
individual offsets which can be nulled using the Xo pot alone. 

XC>-----1'--+-"-'--1 
(flOV) 

5k 
GAIN 

7.5k 

TRIM PROCEDURES 

-l5V 

SQUARER 

X2 
r'-'-t-..... --<>Vo =iOv 

10 TO 'lOV) 

1. With X = 0 volts, adjust Zo for OV dc output. 
2. With X = +lOV dc, adjust gain for +lOV dc output. 
3. Reverse polarity of X input and adjust Xo to reduce the output 

error to \4 its original value, readjust the gain to take out the 
remaining error. 

4. Check the output offset with input grounded. If nonzero, repeat 
the above procedure until no errors remain. 

Applying the AD533 
DIVIDER 
The divide mode utilizes the multiplier in a fed-back 
configuration where the Y input now controls the feedback 

. factor. With X = full scale, the gain (Vo/Z) becomes unity 
after trimming. Reducing the X input reduces the feedback 
around the op amp by a like amount, thereby increasing the 
gain. This reciprocal relationship forms the basis of the divide 
mode. Accuracy and bandwidth decrease as the denom
inator decreases. 

ItlO V) ZC>---+-'!'-----vw...., 

(0 TO-lOV) XC>---+-""-i 

7.5k 5k 
GAIN 

TRIM PROCEDURES 
1. Set all pots at mid-scale. 

DIVIDER 

-::;O:.::U:..:T~t---oV ° = lO~Z 

(flOV) 

2. With Z = OV, trim Zo to hold the output constant, as X is varied 
from -lOV dc through -1 V dc. 

3. With Z = OV,X = -lOY dc, trim Yo for OV dc. 
4. With Z = X or -X, trim Xo for the minimum worst-case variations 

as X is varied from -lOY dc to -IV dc. 
5. Repeat steps 2 and 3 if step 4 required a large initial adjustment. 
6. With Z = X or -X. trim the gain for the closest average approach 

to ± 10V dc outpu~ as X is varied from -lOY dc to -3V dc. 

SQUARE ROOTER 

This mode is also a fed-back configuration with both the X 
and Y inputs tied to the op amp output through an external 
diode to prevent latchup. Accuracy, noise and frequency 
response are proportional to yz, which implies a wider 
usable dynamic range than the divide mode. 

.l5V -l5V 
20k 

20k SQUARE ROOTER 

OUT Vo=-,fWvl 
>-=-+-*"'~(O TO -lOY) 

7.5k 

TRIM PROCEDURES 
1. With Z = +0.1 V dc, adjust Zo for Output = -l.OV dc. 
2. With Z = +lO.OV dc, adjust gain for Output = -lO.OV dc. 
3. With Z = +2.0V dc, adjust Xo for Output = -4.47 ±O.l V dc. 
4. Repeat steps 2 and 3, if necessary. Repeat step 1. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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-1 60 -15 

70 

-2 80 -2 
10k 100k 1M 10M 10k 100k 1M 10M 

FREOUENCY - Ifz FREQUErJCY - Hz 

Closed Loop Frequency and Phase Response Divide Mode Frequency Response 

ORDERING GUIDE 

MULT. ERROR ORDER PACKAGE 
MODEL (Max @ +2S oC) TEMP. RANGE NUMBER OPTIONS' 

AD533J ±2.0% o to +70°C ADS33JII TO-IOO 
ADS33jD TO-116 Style (DI4A) 

AD533K ±1.0% o to +70oC . AD533KII TO-IOO 
ADS33KD TO-116 Style (D14A) 

AD533L ±O.S% o to +70°C AD533LH TO-IOO 
AD533LD ':ro-116 Style (DI4A) 

AD533S ±1.0% -55°C to +125°C ADS33SI1 TO-IOO 

AD533SD TO-116 Style (DI4A) 

I See Section 20 for package outline infonnation. 
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r.ANALOG 
WDEVICES 

FEATURES 
Pretrimmed to ±O.25% max 4·Quadrant Error (AD534L) 
All Inputs (X, Y and Z) Differential, High Impedance for 

[(Xl -X2 HY 1 - Y 2 l/10V] +Z2 Transfer Function 
Scale-Factor Adjustable to Provide up to X100 Gain 
Low Noise Design: 90pV rms, 10Hz-10kHz 
Low Cost, Monolithic Construction 
Excellent Long Term Stability 

APPLICATIONS 
High Quality Analog Signal Processing 
Differential Ratio and Percentage Computations 
Algebraic and.Trigonometric Function Synthesis 
Wideband, High-Crest rms-to-dc Conversion 
Accurate Voltage Controlled Oscillators and Filters 

PRODUCT DESCRIPTION 
The ADS 34 is a monolithic laser trimmed four-quadrant multi
plier divider having accuracy specifications previously found 
only in expensive hybrid or modular products. A maximum 
multiplication error of ±O.2S% is guaranteed for the ADS 34L 
without any external trimming. Excellent supply rejection, low 
temperature coefficients and long term stability of the on-chip 
thin film resistors and buried zener reference preserve accuracy 
even under adverse conditions of use. It is the first multiplier 
to offer fully differential, high impedance operation on all in
puts, including the Z-input, a feature which greatly increases 
its flexibility and ease of use. The scale factor is pretrimmed 
to the standard value of IO.OOV; by means of an external resis
tor, this can be reduced to values as low as 3V. 

The wide spectrum of applications and the availability of sev
eral grades commend this multiplier as the first choice for all 
new designs. The ADS 34) (±l % max error), ADS 34K (±O.S% 
max) and ADS34L (±O.2S% max) are specified for operation 
over the 0 to +70

o
C temperature range. The ADS 34S (±l % max) 

and ADS 34T (±O.S% max) are specified over the extended 
temperature range, -SSoC to +12SoC. All grades are available 
in hermetically sealed TO-IOO metal cans and TO-116 ceramic 
DIP packages. 

Internally Trimmed 
Precision I C Multiplier 

AD534 I 
AD534 PIN CONFIGURATIONS 

+Vs NC OUT Z1 -Vs 

14 13 12 11 10 9 8 

Xl X2 NC SF NC V2 

TO-IOO TQ-116 
TOP VIEW 

PROVIDES GAIN WITH LOW NOISE 
The ADS 34 is the first general purpose multiplier capable of 
providing gains up to X100, frequently eliminating the need 
for separate instrumentation amplifiers to precondition the 
inputs. The ADS34 can be very effectively employed as a 
variable gain differential input amplifier with high common 
mode rejection. The gain option is available in all modes, and· 
will be found to simplify the implementation of many function
fitting algorithms such as those used to generate sine and tan
gent. The utility of this feature is enhanced by the inherent low 
noise of the AD534: 90pV, rms (depending on the gain), a 
factor of 10 lower than previous monolithic multipliers. Drift 
and feedthrough are also substantially reduced over earlier 
designs. 

UNPRECEDENTED FLEXIBILITY 
The precise calibration and differential Z-input provide a 
~egree of flexibility found in no other currently available mul
tiplier. Standard MDSSR functions (multiplication, division, 
squaring, square-rooting) are easily implemented while the 
restriction to particular input/output polarities imposed by 
earlier designs has been eliminated. Signals may be summed in
£0 the output, with or without gain and with either a positive 
or negative sense. Many new modes based on implicit-function 
synthesis have been made possible, usually requiring only ex
ternal passive components. The output can be in the form of a 
current, if desired, facilitating such operations as integration. 
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SPECIFICATIONS (typical at +25°C, with ±VS = 15V, R L ~ 2k, unless otherwise stated) 

PARAMETER 

MULTIPLIER PERFORMANCE 
Transfer Function 

Total Error' 

vs. Temperature 
Scale Factor Error 
Temperature-Coefficient of 

Scaling-Voltage 
Supply Rejection 
Nonlinearity. X 

Nonlinearity. Y 

Feedthrough4
• X 

Feedthrough4
• Y 

Output Offset Voltage. 
Drift 

DYNAMICS 
Small-Signal BW 
1 % Amplitude Error 
Slew Rate 
Settling Time to ±l% 

NOISE 
Noise Spectral-Density 

Wideband Noise 

OUTPUT 
Output Voltage Swing 
Output Impedance 
Maximum Output Current-
Amplifier Open-Loop Gain 

INPUT AMPLIFIERS (X. Y and Z)6 
Signal Voltage Range 

Offset Voltage. X. Y 
Drift 

Offset Voltage. Z 
Drift 

CMRR (X. Y. Z) 
Bias Current 
Offset Current 
Differential Resistance 

DIVIDER PERFORMANCE' 

Transfer Function 

Total Error' 

(Note 8) 

SQUARER PERFORMANCE 
Transfer Function 

Total Error' 

SQUARE-ROOTER PERFORMANCE' 
Transfer Function 
Total Error' 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Supply Current 

PACKAGE OPTIONS 9 

H: TO-I00 Package 
0: TO-1l6 Package (DI4A) 

NOTES 
·Specifications same as ADS 34 J. 
··Spccificationssame as AD534K. 

CONDITIONS 

-IOV";;X. Y";+IOV 
TA = min to max 
Vs = ±14V to ±16V 

SF = 10.00V nominal3 

TA = min to max 
±VS=(1SV)±lV 
X = 20V pk-pk 
Y = ±10V 
Y = 20V pk-pk 
X = ±10V 
Y nulled 
X = 20V pk-pk 50Hz 
X nulled 
Y = 20V pk-pk 50Hz 

TA = min ~o max 

VOUT = O.IV rms 
CLOAD = 1000pF 
VOUT 20V pk-pk 
LWOUT = 20V 

SF = 10V 
SF = 3V (Note 5) 
f= 10Hz to SMHz 
f = 10Hz to 10kHz 
f= 10Hz to 10kHz. 
SF = 3V (Note 5) 

TA = min to max 
Unity-Gain. f";; 1kHz 
RL = O. TA = min to max 
f = 50Hz 

Rated Accuracy 
(Diff. or CM) 

Operating (Diff.) 

TA = min to max 

TA= min to max 
50Hz. 20V pk-pk 
Diff. Input = 0 
Diff. Input = 0 

XI>X2 

X= 10V 
-10V";;Z";;+10V 

X=IV 
-IV";; Z 0;;; +IV 

O.IVo;;;Xo;;;lOV 
-10V0;;; Z";;+10V 

-10Vo;;;Xo;;;+10V 

ZIo;;;Z2 
IVo;;;Zo;;;lOV 

Rated Performance 
Operating 
Quiescent 

AD534S 
ADS34J ADS34K ADS34L (ADS 34S/883B)' 

(X,-X'I~~' -V,) +Z, . 
±1.0% max ±O.S% max 10.25% max 

±I.S% ±1.0% ±O.S% ±2.0% max 
±0.022%/C ±O.OIS%/C ±0.008%/oC ±0.02%/C max 
±0.2S% ±0.1% 

±0.02%/C ±O.OI%/C ±0.005%/C 
±0.01% 

±0.4% ±0.2% (0.3% max) ±0.1% (0.12% max) 

±0.01% ±0.01%(±0.1% max) ±0.005% (±0.1% max) 

±0.3% ±O.IS% (0.3% max) ±0.OS%(0.12% max) 

±0.01% ±0.01% (±0.1% max) ±0.003% (±0.1% max) 
±SmV (±30mV max) ±2mV (±ISmV max) ±2mV (±10mV max) 
200~Vt"C 100~V/oC SOO~V/C max 

IMHz 
50kHz 
.20V/~s 

2~s 

O.S~V/Fz. 
o.4~V/~ 
ImVrms 
90~Vrms 

60~V rms 

±llV min 
O.W. 
30mA 
70dB 

±10V 
±12V 
±SmV (±20mV max) ±2mV (±10mV max) 
100~V/oC SO~V/C 
±SmV (±30mV max) ±2mV (±1 SmV max) ±2mV (±10mV max) 
200~V/oC 100~V/C SOO~V/oC max 
SOdB (60dB min) 90dB (70dB min) 
0.8~A (2~A max) 
O.I~A O.OS~A (0.2~A max) 
10Mn 

10V~+Y, 
(X,-X,) 

±0.7S% ±0.3S% ±0.2% 

±2.0% ±1.0% ±O.S% 

±2.S% ±1.0% ±O.S% 

(X,-X,)' 
IOV 

+Z, 

±0.6% ±0.3% ±0.2% 

V 10V(Z, -Z,) + X, 
±l.()oA. ±0.5% ±0.2S% 

±ISV 
±8V to ±ISV ±SV to ±22V 
4mA (6mA max) 

ADS34JH ADS34KH ADS34LH ADS34SH 
ADS34JD ADS34KD ADS34LD ADS34SD 

, Sec Functional Block Diagram, Figure I, (or definition of sections. 

I Th. AD534S and AD534T ar. available Cully processed to MlL-STD-883 Class B. 
• Figur.s giv.n ar. p.rcent offull-scal •. tlOV (i .•.• 0.01%. ImV). 

., The AD'3S is a functional equivalent to the ADS34, has guaranteed performance 

, May be reduced down to 3V using external resistor between -VS and SF. 
4 Irreducible component due to nonlinearity: excludes effect of offsets. 
• Using external resistor adjusted to give SF - 3V. 
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in the divider and square rooter modes and is recommended for such applications. 
• With .xt.rnal z..,rCset adjustm.nt. Z" tX. 
t See Section 20 for package outline information. 
Specifications 9..Ibject to change 'without notice. 

ADS34T 
(ADS34T/883B)' 

±1.0% max 
±O.OI%/oC max 

±O.OOS%/C max 

300~V/C max 

IS0~V/C 

300~V/C max 

.. 

±SV to ±22V 

ADS34TH 
ADS34TD 



ABSOLUTE MAXIMUM RATINGS 

ADS34J, K, L AD534S, T 

Supply Voltage 
Internal Power Dissipation 
Output Short-Circuit to Ground 
Input Voltages, Xl X2 Y I Y 2 Zl Z2 
Rated Operating Temperature Range 

Storage Temperature Range 
Lead Temperature, 60s soldering 

·Same as ADS 34J specs. 

±18V 
SOOmW 
Indefinite 
±VS 
o to +70°C 

±22V 

-65°C to +lS0
o
C • 

+300o C 

OPTIONAL TRIMMING CONFIGURATION 

+Vs 

470k 
50k~~~~-----,---

lk 

-Vs 

TO APPROPRIATE 
INPUT TERMINAL 

Using the AD534 

FUNCTIONAL DESCRIPTION 

Figure 1 is a functional block diagram of the AD534. Inputs 
are converted to differential currents by three identical voltage
to-current converters, each trimmed for zero offset. The prod
uct of the X and V currents is generated by a multiplier cell 
using Gilbert's translinear technique. An on-chip "Buried 
Zener" provides a highly stable reference, which is laser trim- . 
med to provide an overall scale factor of lOV. The differ-
ence between XV/SF and Z is then applied to the high gain 
output amplifier. This permits various closed loop configura
tions and dramatically reduces nonlinearities due to the input 
amplifiers, a dominant source of distortion in earlier designs. 6 
The effectiveness of the new scheme can be judged from the 
fact that under typical cond,itions as a multiplier the nonlinear-
ity on the V input, with X at full scale (±10V), is ±O.005% of 
F.S.; even at its worst point, which occurs when X = ±6.4V, 
it is typically only ±O.05% of F.S. Nonlinearity for signals 
applied to the·X input, on the other hand, is determin~d al-
most entirely by the multiplier element and is parabolic in 
form. This error is a major factor in determining the overall 
accuracy of the unit and hence is closely related to the 
device grade. 

1-----------0 +Vs 

1-------0 -Vs 

TRANSFER FUNCTION 

OUT 

Figure 1. AD534 Functional Block Diagram 
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The generalized transfer function for the AD534 is given by: 

V A{(X1 -X2)(YI -Y2) \ 
OUT = \: SF - (Zl - Z2)} 

where A = open loop gain of output amplifier, typically 
70dB at de 

x, Y, Z = input voltages (full scale = ±SF, peak= 
±1.25SF) 

SF = scale factor, pretrimmed to lO.OOV but 
adjustable by the user down to 3V. 

In most cases the open loop gain can be regarded as infinite, 
and SF will be 10V. The operation performed by the AD534, 
can then be described in terms of equation: 

(XI-X2)(YI-Y2)= 10V(Zl-Z2) 

The user may adjust SF for values between lO.OOV and 3V by 
connecting an external resistor in series with a potentiometer 
between SF and -Vs. The approximate value of the total resist
ance for a given value of SF is given by the relationship: 

RSF=5.4K~ 
10 - SF 

Due to device tolerances, allowance should be made to vary 
RSF by ±25% using the potentiometer. Considerable reduction 
in bias currents, noise and drift can be achieved by decreasing 
SF. This has the overall effect of increasing signal gain with
out the customary increase in noise. Note that the peak input 
signal is always limited to 1.25SF (i.e., ±5V for SF = 4 V) so the 
overall transfer function will show a maximum gain of 1.25. 
The performance with small input signals, however, is improved. 
by using a lower SF since the dynamic range of the inputs is 
now fully utilized. Bandwidth is unaffected by the use of this 
option. 

Supply voltages of ±15V are generally assumed. However, satis
factory operation is possible down to ±8V (see curve 1). Since 
all inputs maintain a constant peak input capability of ±1.25SF 
some feedback attenuation will be necessary to achieve output 
voltage swings in excess of ±12V when using higher supply 
voltages. 
OPERATION AS A MULTIPLIER 
Figure 2 shows the basic connection for multiplication. Note 
that the circuit will meet all specifications without trimming. 

X INPUT 
tlOV FS 
2:12V PK 

Y INPUT 
2:10V FS 
2:12VPK 

x, +Vs +1SV 

X2 

OUTPUT. ±l2V PK 
OUT • (X, - X2;~:' -. Y2) + Z2 

AD534 

SF Z, 

Z2 
OPTIONAL SUMMING 

I 
INPUT. Z. tlOV PK 

I 
V, V 
V2 -Vs -1SV 

Figure 2. Basic Multiplier Connection 
In some cases the user may wish to reduce ac feed through to 
a minirpum (as in a suppressed carrier modulator) by applying 
an external trim voltage (±3OmV range requir~d) to the X or Y 
input (see Optional Trimming Configuration, previous page). 
Curve 4 shows the typical ac feed through with this adjustment 
mode. Note that the Y input is a factor of 10 lower than the X 
input and should be used in applications where null suppres
sion is critical. 
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The high impedance Z terminal of the AD5 34 may be used to 
sum an additional signJ into the output. In this mode the output 
amplifier behaves as a voltage follower with a 1MHz small signal 
bandwidth and a 20VIIls slew rate. This terminal should 
always be referenced to the ground point of the driven system, 
particularly if this is remote. Likewise the differential inputs 
should be referenced to their respective ground potentials to 
realize the full accuracy of the ADS 34. 

A much lower scaling voltage can be achieved without any 
reduction of input signal range using a feedback attenuator as 
shown in Figure 3. In this example, the scale is such that 
VOUT = XV, so that the circuit can exhibit a maximum gain of 
10. This connection results in a reduction of bandwidth to 
about 80kHz without the peaking capacitor CF = 200pF. In 
addition, the output offset voltage is increased by a factor of 
10 making external adjustments necessary in some applications. 
Adjustment is made by connecting a 4.7Mn resistor between 
Zl and the slider of a pot connected across the supplies to 
provide ±300mV of trim range at the output. 

Feedback attenuation also retains the capability for adding a 
signal to the output. Signals may be applied to the high imp ed-

X INPUT 
tlOV FS 
±l2V PK 

Y INPUT 
tlOV FS 
±l2V PK 

X, .Vs +1SV 

X2 

OUTPUT. ±l2V PK 
OUT • (X, -X2 )(V, -Y2 ) 

AD534 
(SCALE'lV) 

SF Z, 90k 

Z2 
OPTIONAL 

10k 
PEAKING 

Y, CAPACITOR 
CF • 200pF 

Y2 ·Vs 

Figure 3. Connections for Scale-Factor of Unity 

ance Z2 terminal where they are amplified by +10 or to the 
common ground connection where they are amplified by + 1. 
Input signals may also be applied to the 10'fer end of the 10kn 
resistor, giving a gain of -9. Other values of feedback ratio, up 
to XlOO, can be used to combine multiplication with gain. 

Occasionally it may be desirable to convert the output to a 
current, into a load of unspecified impedance or dc level. For 
example, the function of multiplication is sometimes followed 
by integration; if the output is in the form of a current, a simple 
capacitor will provide the integration function. Figure 4 shows 
how this can be achieved. This method can also be applied in 
squaring, dividing and square rooting modes by appropriate 
choice of terminals. This technique is used in the voltage-con
trolled low-pass filter and the differential-input voltage-to
frequency converter shown in the Applications Section. 

X INPUT 
.10V F.S. 
.l2VPK 

Y INPUT 

'lev F.S. 
.l2V PK 

X, +Vs 

X2 

AD534 

SF ---1 
lOUT' I 

(X, -X,)(Y,-Y,) • ..!. I 
lOV RS I 

I 
Y, _.J.. 

INTEGRATOR 'T' 
CAPACITOR ,1. 

Y2 ·Vs 
(SEE TEXT) \/ 

Figure 4. Conversion of Output to Current 



OPERATION AS A SQUARER 
Operation as a squarer is achieved in the same fashion as the 
multiplier except that the X and Y inputs are used in parallel. 
The differential inputs can be used to determine the output 
polarity (positive for Xl = Y 1 and X2 = Y 2, negative if either 
one of the inputs is reversed). Accuracy in the squaring mode 
is typically a factor of 2 better than in the multiplying mode, 
the largest errors occurring with small values of output for 
input below IV. 

If the application depends on accurate operation for inputs 
that are always less than ±3V, the use of a reduced value of 
SF is recommended as described in the FUNCTIONAL 
DESCRIPTION section (previous page). Alternatively, a fe~d
back attenuator may be used to ralse the output level. This is 
put to use in the difference-of-squares application to compen
sate for the factor of 2 loss involved in generating the sum 
term (see Figure 7). 

The difference-of-squares function is also used as the basis for 
a novel rms-to-dc converter shown in Figure 14. The averaging 
filter is a true integrator, and the loop seeks to zero its input. 
For this to occur, (V 1N)2 - (V OUT)2 = 0 (for signals whose 
period is well below the averaging time-constant). Hence VOUT 
is forced to equal the rms value of VIN. The absolu te accuracy 
of this technique is very high; at medium frequencies, and for 
signals near full scale, it is determined almost entirely by the 
ratio of the resistors in the inverting amplifier. The multiplier 
scaling voltage affects only open loop gain. The data shown is 
typical of performance that can be achieved with an ADS 34K, 
but even using an ADS 34), this technique can readily provide 
better than 1 % accuracy over a wide frequency range, even for 
crest-factors in excess of 10., 

OPERATION AS A DIVIDER 
The ADS35, a pin for pin functional equivalent to the ADS34, 
has guaranteed performance in the divider and square-rooter 
configurations and is recommended for such applications. 

Figure S shows the connection required for division. Unlike 
earlier products, the ADS34 provides differential operation on 
both numerator and denominator, allowing the ratio of two 
floating variables to be generated. Further flexibility results 
from access to a high impedance summing input to Y 1. As with 
all dividers based on the use of a multiplier in a feedback loop, 
the bandwidth is proportional to the denominator magnitude, 
as shown in curve 8. 

X-INPUT 
(DENOMINATOR) 

+10V FS 
+12V PK 

OPTIONAL 
SUMMING INPUT 

tl0V PK 

I 
I 

V 

X, +Vs +15V 

OUTPUT, 1l2V PK 
X2 • 10V(Z2 -Zd + v, 

(X,-X,) 

OUT 

AD534 

SF Z, 
Z-INPUT 

(NUMERATOR) 

Z2 
1l0V FS, 1l2V PK 

V, 

V2 -Vs -15V 

Figure 5. Basic Divider Connection 

Without additional trimming, the accuracy of the ADS 34K and 
L is sufficient to maintain a 1 % error over a lOV to 1 V denomi
nator range. This range may be extended to 100: 1 by simply 
reducing the X offset with an externally generated trim voltage 
(range required is ±3.SmV max) applied to the unused X input 
(see Optional Trimining Configuration). To trim, apply a 
ramp of +100mV to +V at 100Hz to both Xl and Zl (if X2 
is used for offset adjustment, otherwise reverse the signal po
larity) and adjust the trim voltage to minimize the variation in 
the output. * 
Since the output will be near +lOV, it should be ac-coupled for 
this adjustment. The increase in noise level and reduction in 
bandwidth preclude operation much beyond a ratio of 100 
to 1. 

As with the multiplier connection, overall gain can be intro
duced by inserting a simple attenuator between the output and 
Y2 terminal. This option, and the differential-ratio capability 
of the ADS34 are utilized in the percentage-computer applica
tion shown in Figure 11. This configuration generates an out
put proportional to the percentage deviation of one variable 
(A) with respect to a reference variable (B), with a scale of one 
volt per percent. 

OPERATION AS A SQUARE ROOTER 
The operation of the ADS 34 in the square root mode is shown 
in Figure 6. The diode prevents a latching condition which 
could occur if the input momentarily changes polarity. As 
shown, the output is always positive; it may be changed to a 
negative output by reversing the diode direction and inter
changing the X inputs. Since the signal input is differential, all 
combinations of input and output polarities can be realized, 
but operation is restricted to the one quadrant associated with 
each combination of inputs. 

OUTPUT, t12V PK 
~.j 10V(Z2 -Z,)+X2 

I 
I 
I 
I 

REVERSE I 
X, +Vs THIS AND X ~ RL INPUTS FOR (MUST BE 

NEGATIVE PROVIDED) . 
X2 OUTPUTS I 

I 
OPTIONAL V SUMMING OUT 
INPUT, X, 

AD534 tl0V PK 
SF Z, - Z-INPUT 

I 10V FS 
I + l2VPK 

V Z2 

V, 

V2 -Vs -15V 

Figure 6. Square-Rooter Connection 

In contrast to earlier devices, which were intolerant of capaci
tive loads in the square root modes, the ADS34 is stable with 
all loads up to at least 1000pF. For critical applications, a small 
adjustment to the Z input offset (see Optional Trimming Con
figuration) will improve accuracy for inputs below 1 V. 

·See the AD535 Data Sheet for more details. 
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Applications Section 
The versatility of the ADS 34 allows the creative designer to 
implement a variety of circuits such as wattmeters, frequency 
doublers and automatic gain controls to name but a few. These 
applications along with many other such "idea stimulators" 
are described in detail in the Multiplier Application Guide, 
available upon request from Analog Devices. 

A Xl +VS +1SV 
A-B 
~ 

X2 

OUT OUTPUT 

ADS34 30k 
A2 _B2 

=1W 
SF Zl 

10k 
Z2 

Yl 

-VS -15V 

Figure 7. Difference-of-Squares 

1-4>-----OUTPUT, i12V PK 

.~ 
O.lV 

O.OO5~F 

-------f Yl 
SIGNAL INPUT, 
Es, i5V PK 

-------j Y2 -VS -15V 

NOTES: . 

INPUT, E8 
o TO +10V 

11 GAIN IS Xl0 PER VOLT OF Ee, ZERO TO XSO 
2) WIDEBAND (10Hz - 30kHzI OUTPUT NOISE IS 3mV RMS, TYP 

CORRESPONDING TO A F.S. SIN RATIO OF 70dB 
3) NOISE REFERRED TO SIGNAL INPUT, WITH Ec • i5V, IS 60~V RMS, TYP 
4) BANDWIDTH IS DC TO 20kHz, -ldB, INDEPENDENT OF GAIN 

Figure 8. Voltage-Controlled Amplifier 

Xl +VS +15V 

X2 

10k OUT OUTPUT = (10V) sin 9 

ADS34 4.7k WHERE9·!!.· ~ 
2 10V 

SF Zl 

Z2 

3k 

Yl 

Y2 -VS 
-15V 

USING CLOSE TOLERANCE RESISTORS AND AD534L, ACCURACY OF FIT IS WITHIN 
~0.5% AT ALL POINTS. 9 IS IN RADIANS. 

Figure 9. Sine-Function Generator 

VOL. 1,6-26 ANALOG COMPUTATIONAL CIRCUITS 

THE SF PIN OR A Z·ATTENUATOR CAN BE USED TO PROVIDE OVERALL SIGNAL 
AMPLIFICATION. OPERATION FROM A SINGLE SUPPLY IS POSSIBLE; BIAS Y2 TO Vs/2. 

B INPUT 

(+VE ONLY) 

Figure 10. Linear AM Modulator 

+VS 
+1SV 

Xl 

X2 

OUT OUTPUT' (100V) A ~ B 

ADS34 

SF 22 
(1% PER VOLT) 

Zl 
A INPUT 

(i) 

Yl 

-15V 
Y2 -Vs 

OTHER SCALES, FROM 10%PER VOLT TO 0.1% PER VOLT CAN BE OBTAINED BY 
ALTERING THE FEEDBACK RATIO. 

Figure 11. Percentage Computer 

Xl +VS 
+15V 

X2 

OUT OUTPUT.t5V PK 

ADS34 =(10V)~ 
1 +y 

Zl 
WHERE y = (l~VI 

Z2 
INPUT. Y 
.10V F.S. 

Yl 

-15V 
Y2 -Vs 

Figure 12. Bridge-Linearization Function 



AOJ 8kHz 
2> 

x, +ys 

X, 

AD534 OUTPUT. 

+ 
CONTROL INPUT. EC 

V, 

lOOmV TO 10V • 1kHz PER VOLT 

V, -V, ·15v WITH VALUES SHOWN 

CALIBRATION PROCEDURE: 

WITH Ec ~ 1.0V, ADJUST POT TO SET f· 1.000kHz. WITH EC • B.OV, ADJUST TRIMMER 
CAPACITOR TO SET f· B.OOOkHz. LINEARITY WILL TYPICALLY BE WITHIN 10.1% OF 
F.S. FOR ANY OTHER INPUT. 

DUE TO DELAYS IN THE COMPARATOR, THIS TECHNIQUE IS NOT SUITABLE FOR 
MAXIMUM FREQUENCIES ABOVE 10kHz. FOR FREQUENCIES ABOVE 10kHz THE 
AD537 VOLTAGE TO FREOUENCY CONVERTER IS RECOMMENDED. 

A TRIANGLE-WAVE OF ;5V PK APPEARS ACROSS THE O.Ol~F CAPACITOR; IF USED 
AS AN OUTPUT, A VOLTAGE·FOLLOWER SHOULD BE INTERPOSED. 

Figure 13. Differential-Input Voltage-to-Frequency Converter 

INPUT 
5VRMSFS 
tl0VPEAK 

x, 

X, 

V, 

Y, 

CALIBRATION PROCEDURE: 

AD534 

+V, 

OUT 

Z, 

Z, 

,V, 

MATCH ED TO 0.025% 

·15V 

OUTPUT 
OTO+5V 

WITH 'MODE' SWITCH IN 'RMS + DC' POSITION, APPLY AN INPUT OF +l.00VDC. ADJUST 
ZERO UNTIL OUTPUT READS SAME AS INPUT. CHECK FOR INPUTS OF tl0V; OUTPUT 
SHOULD BE WITHIN 10.05% (5mV). 

ACCURACY IS MAINTAINED FROM 60Hz to 100kHz, AND IS TYPICALLY HIGH BY 
0.5% AT lMHz FOR VIN = 4V RMS (SINE, SQUARE OR TRIANGULAR WAVEI. 

PROVIDED THAT THE PEAK INPUT IS NOT EXCEEDED, CREST·FACTORS UP TO AT 
LEAST TEN HAVE NO APPRECIABLE EFFECT ON ACCURACY. 

INPUT IMPEDANCE IS ABOUT 10k!l; FOR HIGH (10M!l) IMPEDANCE, REMOVE MODE 
SWITCH AND INPUT COUPLING COMPONENTS. 

FOR GUARANTEED SPECIFICATIONS THE AD536A AND AD636 IS OFFERED 
AS A SINGLE PACKAGE RMS·TO·DC CONVERTER. 

Figure 14. Wideband, High-Crest Factor, 
RMS-to-DC Converter 

Typical Performance Curves (typical at +25°C, with VS= ±15V dc, unless otherwise stated) 
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/ 

OUTPUT.RL~ ~NPUTS. SF - IOV 
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8 

Curve 1. Input/Output Signal Range Vs. Supply Voltages 

«
I 

Z 

" :> 

« 
iii 

'-

" ~ 

-----

! 

~ f-----

............. 
............... ~NGVOLTAGE.l0V -r-------

~ALlNG VOL TAGE • 3V - - - r----- -I-

Curve 2. Bias Currents Vs. Temperature (X, Y or Z inputs) 
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Curve 3. Common-Mode-Rejection-Ratio Vs. Frequency 
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Curve 4. AC Feedthrough Vs. Frequency 
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Curve 5. Noise Spectral Density Vs. Frequency 
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-20 ,. 

CONDITIONS V 10Hz .- 10kHz BANDWIDTH 
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V 
V 
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Curve 6 .. Wideband Noise Vs. Scaling Voltage 
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Curve 7. Frequency Response as a Multiplier 
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FEATURES 
Pretrimmed to ±O.S% max Error, 10:1 Denominator 

Range (ADS3SK) 
±2.0% max Error, SO:1 Denominator Range (ADS3SK) 
All Inputs (X, Y and Z) Differential 
Low Cost, Monolithic Construction 

APPLICATIONS 
General Analog Signal Processing 
Differential Ratio and Percentage Computations 
Precision AGC Loops 
Square-Rooting 

PRODUCT DESCRIPTION 
The AD535 is a monolithic laser-trimmed two-quadrant divider 
having performance specifications previously found only in ex
pensive hybrid or modular products. A maximum divider error 
of ±0.5% is guaranteed for the AD535K without any external 
trimming over a denominator range of 10: 1; ±2.0% max error 
over a range of 50:1. A maximum error of ±1% over the 50:1 
denominator range is guaranteed with the addition of two ex
ternal trims. The AD535 is the first divider to offer fully dif
ferential, high impedance operation on all inputs, including the 
z-input, a feature which greatly increases its flexibility and 
ease of use. The scale factor is pretrimmed to the standard 
value of 10.00; by means of an external resistor, this can be 
reduced by any amount down to 3. 

The extraordinary versatility and performance of the AD535 
recommend it as the first choice in many divider and compu
tational applications. Typical uses include square-rooting, ratio 
computation, "pin-cushion" correction and AGC loops. The 
device is packaged in a hermetically sealed, 1O-pin TO-1 00 can 
or 14"-pin TO-116 DIP and made available in a ±l % max error 
version (J) and a ±0.5% max error version (K). Both versions 
are specified for operation over the 0 to +70

o
C temperature 

range. 

Internally Trimmed 
Integrated Circuit Divider 

AD535 I 

AD535 PIN CONFIGURATIONS 

TO-lOO 
(TOP VIEW) 

PRODUCT HIGHLIGHTS 

+Vs NC OUT 21 Z2 NC -Vs 

14 13 12 11 

Xl X2 NC SF NC Yl Y2 

TO-116 
(TOP VIEW) 

1. Laser trimming at the wafer stage enables the ADS 3 5 to 
provide high accuracies without the addition of external. 
trims (±0.5% max error over a 10: 1 denominator range 
for the AD535K). 

2. Improved accuracies over a wider denominator range are 
possible with only two external trims (±0.5% max error 
over a 20:1 denominator range for the AD535K). 

3. Differential inputs on the X, Yand Z input terminals 
enhance the ADS 35's versatility as a generalized analog 
computational circuit. 

4. Monolithic construction permits low cost and, at the 
same time; increased reliabili~y. 
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SPECIFICATIONS,(vs = ±15V, RL~2kn., TA = +25°C unless otherwise stated) 
PARAMETER 

TRANSFER FUNCTION 

TOTAL ERROR 1 

TEMPERATURE COEFFICIENT 

SUPPLY RELATED 
Error 
Vs = ±14V to ±16V 

SQUARE ROOTER 
TOTAL ERROR 1 

BANDWIDTH 

INPUT AMPLIFlERS3 

CMRR 
Bias Current 
Offset Current 
Differential Resistance 

OUTPUT AMPLIFlER3 

Open-Loop Gain 
Small Signal Gain-Bandwidth 

, 1 % Amplitude Error 
Output Voltage Swing 
Slew Rate 
Settling Time 
Output Impedance 
Wide-band Noise 

OUTPUT CURRENT 

POWER SUPPLIES 
Rated Performance 
Operating 
Supply Current 

PACKAGE OPTIONS4 

H: TO-100 
D: TO-116 Style (D14A) 

NOTES: 
• Specifications same as ADS 35]. 

CONDITIONS 

Figure 2 

No External Trims, Figure 2 
1V~X~10V, z~ Ixi 
0.2V~X~ lOY, Z~ Ix I 
with External Trims, Figure S 
O.SV~X~10V, Z~ Ixl 
0.2V~X~ 10V, Z~ Ix I 

lV~X~lOV, Z~lx I 
, O.sV~X~ 10V, Z~I x I 
0.2V~X~10V, Z~IX I 

1V~X~lOV 

0.SV~X~10V 
0.2V~X~10V 

No External Trims, Figure 11 
1V~Z~lOV 
0.2V~Z~10V 

x = 0.2V, f = 10Hz to 10kHz 

X=0.2V 

f = SOHz, 20V pop 

f = SOHz 
VOUT = 0.1 V rms 
CLOAD = 1000pF 
Tmin to Tmax 
VOUT = 20V pop 
VOUT = 20V ±l % 
Unity Gain, f~ 1kHz 
f= 10Hz to SMHz 
f = 10Hz to 10kHz 

Quiescent 

I Figures are given as a percent of full scale (Le. 1.0% = 100mV). 
2 Noise may be reduced as shown in Figure 14. 
3 See Figure 1 for definition of section. 
4See Section 20 for package outline information. 
Specifications subject to change without notice. 
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ADS3SJ 

1.0% max 
S.O% max 

1.0% max 
i.O% max 

O.Ol%tC typ 
0.02%tC typ 
O.OS%tc typ 

0.1 %/V typ 
0.2%/V typ 
O.S%IV typ 

0.4% typ 
0.7% typ 

4.SmV rms typ 

20kHz typ 

60dB min 
2.01lA max 
O.lIlA typ 
1OMn. tyP 

70dB typ 
1MHz typ 
50kHz typ 
±llV min 
20VIIls typ 
21lstyp 
0.1n. typ 
1mV rms typ 
90llVrmstyp 

30mA max 

±lSV 
±8V min, ±18V max 
6mAmax 

ADS3SJH 
ADS3SJD 

ADS3SK 

O.S% max 
2.0% max 

O.S% max 
1.0% max 

AD535KH 
ADS35KD 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Internal Power Dissipation 
Output Short-Circuit to Ground 
Input Voltages, XI, X2, Y I, Y 2, ZI , Z2 
Rated Operating Temp Range 
Storage Temp Range 
Lead Temp, 60s soldering 

FUNCTIONAL DESCRIPTION 

±18V 
SOOmW 
Indefinite 
±Vs 
o to +70

o
C 

-6SoC to +IS0oC 
+300°C 

Figure 1 is a functional block diagram of the ADS 3S. Inputs 
are converted to differential currents by three identical voltage 
to current converters, each trimmed for zero offset. The product 
of the X and Y currents is generated by a multiplier cell using 
Gilbert's trans linear technique with an internal scaling voltage. 

The difference between XY /SF and Z is applied to the high gain 
output amplifier. The transfer function can then be expressed ... 

where A = open loop gain of output amplifier, typically 70dB 
at dc 

X, Y, Z = input voltages 
SF = scale factor, pretrimmed to 10.00V but adjustable 

by the user down to 3V. 

In most cases the open loop gain can be regarded as infinite 
and SF will be 1OV. Dividing both sides of the equation by A 
and solving the VOUT, we get ... 

(Z2 - Zd 
VOUT = 10V (Xl _ X

2 
) + Y I 

1-------0 +Vs 

1-------0 .Vs 

Xl 

TRANSLINEAR 
MUL TlPLIER 

ELEMENT 

Figure 1. AD535 Functional Block Diagram 

SOURCES OF ERROR 

OUT 

Divider error is specified as a percent of full scale (i.e. 10.00V) 
and consists primarily' of the effects of X, Y and Z offsets and 
scale factor (which are trimmable) as shown in the generalized 
equation .... 

[ 
(Z2 - Zd + ZOS ] VOUT = (SF + llSF) + Y I + YOS 

, (XI -X2)+XOS 

Note especially that divider error is inversely proportional to 
X, that is, the error increases rapidly with decreasing denomi
nator values. Hence, the ADS 35 divider error is specified over 
several denominator ranges on preyious page. (See also Figure 
12, ADS 3 S Total Error as a function of denominator values.) 

Overall accuracy of the ADS 3 S can be significantly improved 
by nulling out X and Z offset as described in 'the applications 
sections. Figure 13 illustrates a factor of 2 improvement in 
accuracy with the addition of these external trims. The remain
ing errors stem primarily from scale factor error and Y off-
sets which can be trimmed out as shown in Figure 6. 

Figure 14 illustrates the bandwidth and noise relationships 
versus denominator voltage. Whereas noise increases with 
decreasing denominator, bandwidth decreases, the net result 
given by the expression ... 

EnauT (wid,band) /I 1:6 mVrms 

Ew) 
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External filtering can be added to limit output voltage noise 
even further. In this case ... 

EnOUT (B.W. externally limited) = ~ mVrms 

( ~O) 
where f = bandwidth in MHz of an external filter whose band
width is less than the noise bandwidth of the AD535. Table 1 
provides calculated values of the typical output voltage noise, 
both filtered and unfiltered for several denominator values: 

Noise Limited by 
Noise External Filtering 

X 10Hz to 5MHz 10Hz to 10kHz 

0.2V 8.9mVrms 4.5mV rms 
0.5V 5.6mVrms 1.8mV rms 
IV 4.0'mV rms 0.9mVrms 
10V '1.3mV rms 0.09mVrms 

Table 1. AD535 Calculated Voltage Noise 

APPLICATIONS 
Figure 2 shows the standard divider connection without ex~ 
ternal trims. The denominator X, is restricted to positive 
values in this configuration. X, Y and Z inputs are differential 
with high (80dB typical) CMRR permitting the application of 
differential signals on X and Z (see Figure 3). 

F:..:.......+-()VOUT. IO~Z 

(X MUST BE 
POSITIVE) 

Figure 2. Divider Without External Trims 

\O-,,-,'------_-oVOUT = IO(~:Z-2;2~1) 
x, -X2 MUST BE 
POSITIVE 

Figure 3. Differential Divider Connection 

+15V 

X INPUT 

r:-::.:....-----.--o VOUT = lo;'Z 

Z INPUT 
(X MUST BE 
NEGATIVE) 

'Figure 4. Divider Connection for Negative X Inputs 
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Negative denominator inputs are handled as shown in Figure 4. 
Note that in either configuration, operation is limited to two 
quadrants (i.e. Zis bipolar, X is unipolar). 

A factor of two improvements in accuracy is possible by 
trimming the X and Z offsets as illustrated in Figure 5. To 
trim, set X to the smallest denominator value for which accu
rate computation is required (i.e., X = 0.2V). With Z = 0,' 
adjust the Zo trim for VOUT = O. Next, adjust the Xo trim 
for the best compromise when Z = +X (VOUT = +10V) and 
Z = -X (VOUT = -lOY). Finally, readjust Zo for the best 
compromise at Z = +X, Z = -X and Z = O. The remaining error 
(Figure 13) consists primarily 'of scale factor error, output 
offset and an irreducible nonlinearity component. 

+15V 

50k lOOk 
Xo 
ADJ, 

F:.:....----I--.-o VOUT 

lOOk SOk 
~""'V\h~Zo 

ADJ, 

-15V 

Figure 5. Precision Divider Using Two Trims 

In certain applications, the user may elect to adjust SF for 
values between 10.00V and 3V by connecting an external 
resistor in series with a potentiometer between SF and -Vs. 
The approximate value of the total resistance for a given value 
of SF is given by the relationship: 

SF 
RSF = 5.4K10 _ SF 

Due to device tolerances, allowance should be made to vary 
RSF ±25% using the potentiometer. Note that the peak signal 
is always limited to 1.25 SF (i.e. ±5V for SF = 4). 

The scale factor may also be adjusted using a feedback attenua
tor between VOUT and Y2 as indicated in Figure 6. The input 
signal-range is unaffected using this scheme. 

Scale factor and output offset error can be minimized utilizing 
the four trim circuit of Figure 6. Adjustment is as follows: 

1. Apply X = +0.2V (or the smallest required denominator 
value), Z = 0 and adjust Zo for VOUT = O. 

2. Apply X = O.2V. Then adjust the Xo trim for the best 
compromise when Z = +X (VOUT = +lOV) and Z = 
-X (VOUT = -IOV.) 

3. Apply X = +lOV, Z = 0 and adjust Yo forVOUT = O. 
4. Apply X = +lOV. Then adjust the scale factor (SF) trim 

for the best compromise when Z = +X (VOUT = +10V) 
and Z = -X (VOUT = -lOY). 

5. Repeat steps 1 and 2. 
6. Apply X = O.2V. Then adjust the Z trim for the best 

'compromise when Z = X (VOUT = +lOV), Z = 0 (VOUT = 
0) and Z = -X (VOUT = -lOY). 



+15V 

}-4>---+---'...,..,._<50k 

50k 

SCALE 
FACTOR lOOk 
ADJ, 

-15V 

Figure 6. Precision Divider with Four External Adjustments 

These trim adjustments can be made either by using two cali
brated voltage sources and a DVM, or by using a differential 
scope, a low frequency generator, a voltage source and a 
precision attenuator. As shown in Figure 7, the differential 
scope subtracts the expected ideal output and thus displays 

only errors. Set the, attenuation to I~V . 

SCOPE 

Figure 7. Alternate Trim Adjustment Set-Up 

PIN-CUSHION CORRECTION 
A pin-cushion corrector eliminates the distortion caused by 
flat screen CRT tubes. The correction equations are: 

VlH 
VaH 

and Vav 

where: VaH and Vav are the horizontal and vertical output 
signals, respectively. 

VlH and VIV are the horizontal and vertical input 
signals, respectively. 

L is the length of the CRT tube. 

In typical applications L (expressed in voltage) is roughly equal 
to full scale VlH or VIV. The result is that the expression, 

.J (VlH 2 + VIV 2 + L 2 
), varies less than 2: 1 over the full range 

~f values of VlH and V~. 

Major sources of divider error associated with small denomina
tor values can thereby the minimized. 

V'H e>-<.--------------i 

V,v cH~----------__t--; 

AD535 
DIVIDER, 

AD535 
DIVIDER 

Figure 8. Pin-Cushion Corrector 

TO 
CRT 

VOHj 

DISPLAY II 
Vov I 

Figure 9 shows an AGC loop using an AD535 divider. The 
ADS 3 5 lends itself naturally in this application since it is con-' 
figured to provide gain rather than loss. Overall gain varies 
from 1 to 00 as the denominator is servoed to maintain VauT 
at a constant level. 

INPUT 

L..-__ ~ 

AD536 
rms/dc 

CONVERTER 

(FIXED OR 
ADJUSTABLE) 

Figure 9. AGC Loop Using the AD536 rms/dc Converter 
as a Detector 

Figure 10 shows a method for obtaining the time average as 
defined by: 

- 1 T 
X=T' [ Xdt 

where T is the time interval over which the average is to be 
taken. Conventional techniques typically provide only a crude 
approximation to the true time average, and furthermore, re
quire a fixed time interval before the average can be taken. In 
Figure 10, the ADS 35 is used to divide the integrator output 
by the ramp generator output. Since the ramp is proportional 
to time, the integrator is divided by the time interval, thus 
allowing continuous, true time processing of signals over inter
vals varying by as much as 50: 1. 
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AD535 

x 
RESET 0----. 

Figure 10. Time Average Computation Circuit 

.15V 

~----'--;---'----r-~VOUT'J1cWZ 

10% 

-15V 

~
RL 
(MUST BE 

, PROVIDED) 

~ 

INPUT 

NOTE: Z MUST BE POSITIVE 
IN CIRCUIT SHOWN. IF DIODE 
IS REVERSED. THEN Z MUST 
BE NEGATIVE 

Figure 11. Square Rooter 

r- AD535 ERROh WITH ~O kXTERNAL TRIMS -'--

~ ~ 

~" ~"'" " ~ 
'\ 

'\, ~ MAX AD535J 

"' "'\.."' 
~ " M~X AD535K-1--

TYPICAL ~ "-r- AD534K , TYPICAL AD535J 

......... I I I I r 
0.1% 

0.1 

. rYPICAl ADrl-

10 

DENOMINATOR IN VOLTS 

Figure 12. AD535 Error with No External Trims 
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10% 

i 
<3 

1% 

~ 
~ 

f' MAX SPEC FOR AD535J 
WITH TWO EXT. TRIMS 

"-
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Wideband Low-Distortion Dual-Channel 
Two-Quadrant Log/Linear Multiplier 

ADVANCE TECHNICAL DATA 
FEATURES 
Low-Distortion Principle 
Two Independent Signal Channels 
Signal Bandwidth of 35M Hz 
Linear Control BW of 5MHz 
Accurate. Linear Multiplication 
Wide-Range (>100dB) Log Mode 

APPLICATIONS 
Precise AGC and VCA Systems 
Noise Reduction Systems 
Distortion Analyzers 
Wide-Range VCOs 
Video Switching & Effects 
High-Speed Analog Division 
Logarithmic Signal Cqmpression 

PRODUCT DESCRIPTION 
The AD539 is a wideband, low-distortion two quadrant 
multiplier intended for use in a variety of voltage-controlled 
amplifier and attenuator applications. It provides both line~r 
and logarithmic control modes, with very low residuaLfeedthrough 
of the signal. Two input channels are provided; these may be 
used independently, in which case a very high degree of channel 
isolation is maintained, or differentially, to achieve very low 
distortion and better dynamics in high-speed applications. 

The AD539 also has applications in analog computation, and 
will be preferable to a four-quadrant multiplier in many cases, 
for example, where it is necessary to maintain low feedthrough 
of a signal when the other input is zero. It is als~ possible to 
operate each half of the AD539 as a four-quadrant multiplier if 
desired, thus providing much more bandwidth than previously 
possible from general-purpose analog multipliers. High static 
accuracy is ensured by the use of laser-trimmed thin-film 
resistors and bandgap reference generator which determine 
scaling. . 

SIGNAL CHANNELS 
The input to each of the two signal channels is a voltage of 
nominally ± 2V FS; the loading is approximately 350kH in 
parallel with 3pF. For supply voltages above the specified ± 5V 
larger inputs (up to ± 5V pk) can be tolerated with increased 
distortion. These inputs are with respect to the liP COMM 
node (pin 7). 

Each of the two signal outputs is a current of nominally:±: ImA 
FS. This mode provides the maximum possible bandwidth and 
leaves the user free to choose either simple resistive loads, in 
which case an output swing of up to 2V pk-pk can be tolerated, 
or add external op-amps to provide large output swings at low
impedance. In many cases, a low-cost op-amp of modest 
bandwidth can be used. To facilitate the latter mode, trimmed 

AD539 I 
AD539 PIN CONFIGURATION 

CONT 1 R1 

COMP 2 Z1 

CH1 liP 3 CH10/P 

+Vs 4 +dB 
AD539 

-dB 

CH2 OIP 

10 Z2 

alP COM 8 9 R2 

TO-1I6 

applications resistors are provided on the chip to set the 
nominal scaling voltage to IV, for example, to provide an 
output of 4V when both the signal and control inputs are 2V. 

The intrinsic bandwidth of the signal channels (i.e., into low
impedance loads with no external active elements) is over 
3SMHz (rise-time IOns) with no slew-rate limitations. The 
distortion depends on the drive mode and the combination of 
signal- and control-level; under optimum conditions of use the 
total harmonic distortion can be maintained below 0.05%. 

LINEAR CONTROL INPUT 
The linear control input is also in the voltage-mode, although it 
presents a rather low resistance of soon to the source, a 
consequence of the high-speed design. The nominal full-scale 
control input is + 3V, but linear gain response will continue for 
inputs up to + 3.3V. Negative inputs can be accepted, but 
result in zero signal transmission. Recovery from overload or 
reverse inputs is rapid. The bandwidth of the control system is 
approximately SMHz inthe linear range. The control amplifier 
is compensated by one external capacitor which also serves to 
improve the HF response of the signal channel. This input is 
also with reference to the liP COMM pin. 

LOGARITHMIC CONTROL 
Many signal-processing applications call for logarithmic control, 
of gain or loss. The ADS39 provides this through the use of the 
+ dB and - dB nodes (pins 12 & 13). The sensitivity is 
approximately 3mV/dB, and is not temperature-corrected. In 
many cases the linear control channel will not be needed in the 
logarithmic mode; in special applications, however, it can be 
combined with the logarithmic mode. For example, a linear 
perturbation of gain can be superimposed on a wide-range 
logarithmic control. As another example, a nonlinear control 
characteristic can be obtained by feeding the control signal to 
both the linear and logarithmic inputs. 
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SPECIFICATIONS (TA @ + 25°C and Vs = ± 5V, unless otherwise nOidd) 

PARAMETER CONDITIONS AD539 

SIGNAL INPUTS (Pins 3 & 6) 
Nominal Full Scale Input 
Peak (Clipping) Input 
Input Resistance 
Bias Current 
Offset Voltage 

LINEAR CONTROL INPUT (Pin 1) 
Nominal Full Scale Input 
Peak (Clipping) Input 
Input Resistance 
Offset Voltage 
Gain Linearity(Vx = +O.IVto +3.0V) 

- Vs > 7.5V 

LOGARITHMIC CONTROL INPUTS (Pins 12 & 13) 
Assymptotic Sensitivity (High Attenuation) 

Temperature Sensitivity 

OUTPUTS (Pins 11 & 14) 
Nominal Full Scale Output Current (V x = 3V, Vy = 2V) 
Source Resistance 
Scaling Resistance 21, W I to CH 1 O/P 

22, W2 to CH2 O/P 
Voltage Outputs, VW ) & VW2 (Figure 2) 

Nominal Scaling Voltage 
Accuracy 

Offset Voltage 
Total Harmonic Distortion (Figure 2 Connections) 

(Vx = OVt03V, Vy = lVrms, 1kHz) 
Feedthrough(Vx = 0, Vy = lVrms, 1kHz) 

(Vx = 0, Vy = lVrms lMHz) 
(Vx = 0, Vy = 2V rms 1kHz) 
(Vx = Ot03V, Vy = 0, lMHz) 

DYNAMIC CHARACTERISTICS 
(Outputs Loaded Directly with 50n to ground) 

SignalBandwidth(Vx '7 3V, Vy = lVrms) 
Linear-Control Bandwidth(Vx = lVto2.0V,dc 

Cc = 3000F) 

±2 
±5 
350 min 
10 
5 

+3 
+3.3min 
500 
2 
0.2 

3 
0.03 

±1 
1.25 

6.25 

1.00 
0.2 
lOmax 

0.05 
1 
10 
2 
20 

35 

10 

UNITS 

V 
V 
kH 
f.LA 
mV 

V 
V 
n 
mV 
% 

mV/dB 
dB;oC 

rnA 
kn 

kH 

V 
% 
mV 

% 
mVrms 
mVrms 
mVrms 
mVrms 

MHz 

MHz 

v, 

v" 

Figure 1. Minimal Configuration 

CHI ....---"'-'-1 liP 

v"o-----fil 

Figure 2. Linear 2-Channel Multiplication 

Figure 3. Minimal dB Control Configuration 
-----------------------------------------------------------------POWER SUPPLIES 

(Equal Positive & Negative) Range for Specified Performance 
Range for Specified Performance 4.5min 

7.5 max 
Dissipation Limited (450m W at 25°C) 
Current Consumption: + V s 

l6max 
8.5 

TEMPERATURE RANGE 
, AD539JD 

AD539SD 

PACKAGE OPTION) 
16-Pin Hermetic Ceramic 

-Vs ... .18.5 

Oto + 70 
-55 to + 125 

D16A 
1 See Section 20 for package outline information. 
Specifications subject to change without notice. 

Pin# Mnemonic Function 

1 CONT Linear-Mode CONT Input (Voltage) 
2 COMP HF Compensation for Control System 
3 CHI liP CHI Signal Input (Voltage) 
4 +Vs Positive Supply 
5 -Vs Negative Supply 
6 CH211P CH2 Signal Input (Voltage) 
7 liP COM Analog Ground for Inputs 
8 O/PCOM Analog Ground for Outputs 

V 
V 
V 
rnA 
rnA 

Pin# 

9 
10 
11 
12 
13 
14 
15 
16 

Figure 4. Two Quadrant Division 

Mnemonic Function 

W2 Feedback Resistor for CH2 
22 Aux. Access Resistor for CH2 
CH20/P CH 2 Signal Output (Current) 
-dB Decrementing dB Control Input 
+dB Incrementing dB Control Input 
CHlO/P CHI Signal Output (Current) 
21 Aux. Access Resistor for CH 1 
WI Feedback Resistor for CH 1 

Table 1. Pin Function Description 
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Accurate, Wideband, 
Multiplier, Divider, Square Rooter 

FEATURES: 
1.0%/0.5% Accuracy without 

Trimming (429A1B) 
Low Drift to 1.0mytC max 
Wideband - 10MHz 
0.2% Nonlinearity max (429B) 
External Amplifiers not Required 
MTBF: 169,268 Hours 

APPLICATIONS: 
Fast Divider 
Modulation and Demodulation 
Phase Detection 
I nstrumentation Calculations 
Analog Computer Functions 
Adaptive Process Control 
Trigonometric Computations 

GENERAL DESCRIPTION 
The model 429, an extremely fast multiplier/divider, should be 
considered if bandwidth, temperature coefficient, or accuracy 
are critical parameters. Based on the transconductance princi
ple to achieve high speed, the model 429 offers a unique com
bination of features, those being Y2% max error (429B) and 
lOMHz small signal bandwidth. 

Both models 429A and 429B are internally trimmed achieving 
max errors of 1.0% and 0.5% respectively. By fine trimming 
the offset and feed through with external trim potentiometers 
typical performance may be improved to 0.5% for the 429A 
and 0.2% for the 429B. 

In addition to high accuracy and high bandwidth, the model 
429 offers exceptionally good stability for changes in ambient 
temperature. Model 429B is 100% temperature tested in order 
to guarantee an overall accuracy temperature coefficient of 
only 0.04%/oC max. Additionally, offset drift is held to 
only ImV/C max. To satisfy OEM requirements of low cost, 
the 429 uses transconductance principles with the latest design, 
techniques and components to achieve guaranteed performance 
at competitive prices. 

MULTIPLICATION ACCURACY 
Multiplication accuracy is generally specified as a percentage of 
full scale output. This implies that error is independent of sig-

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 6-7. 

MODEL 429 I 
FEEDTHROUGH VS. FREQUENCY 

10] 10' 10' 10' 10' 

FR EQUENCY - Hz 

nallevel. However, for signal levels less than 2/3 of full scale, 
error tends to decrease roughly in proportion to the input 
signal. A good approximation of error behavior is: 

f (X, Y) ~ I X I Ex + I Y I Ey' where Ex and Ey are the fractional 
nonlinearities specified for the X and Y inputs 

EXAMPLE: For model429A,Ex = 0.5%, Ey ::: 0.3%. What 
maximum error can one expect forx::: 5V, y = IV,providing 
the offset is zeroed out? Can one get less by interchanging 
inputs? 

1. Nominal output is XY/IO::: (5)(1)/10 = 500mV 
2. Expected error is (5) (0.5%) + (1) (0.3%) ::: 

28mV, 5.6% of output (0.28% of F.S.) 
3. Interchanging inputs (1) (0.5%) + (5)"<0.3%) = 

20mV, 4.0% of output (0.20% of F.S.) 

Compare this with the overly conservative error predicted by 
the overall 1 % of full scale specification: 100mV, or 20% of 
output. 

FREQUENCY RELATED SPECIFICATIONS 
Accuracy, and its components, feedthrough, linearity, gain, 
(and phase shift) are frequency dependent. Feedthrough is 
constant up to 100kHz for the Y input, and up to 400kHz for 
the X input. Beyond these frequencies it rises at approximately 
a 6dB/octave rate due to distributed capacitive coupling. 
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SPECIFICATIONS (typical @+25°C and ±15VDC unless otherwise noted) 

MODEL 

MULTIPLICATION 
CHARACTERISTICS 

Output Function. ° 
Error. with Internal Trim. at +2S C 

Error. with External Trim. at +2SoC 
Avg. vs. Temp (-2SoC to +8SoC) 
Avg vs. Supply 

SCALE FACTOR 
Initial Error at +2SoC 

Avg vs. Temp (-2SoC to +8S°C) 
Avg vs. Supply 

OUTPUT OFFSET 
Initial at +2SoC (Adjustable to Zero) 

Avg vs. Temp (-2SoC to +8SoC) 
Avg vs. Supply 

NONILINEARITY 
X Input 

(X = 20V p-p SOHz. Y = ±IOV) 
Y Input 

(Y = 20V p-p SOHz. X = ±IOV) 

FEEDTHROUGH 
X = O. Y = 20V p-p. SOHz 

With External Trim 
Y = O. X = 20V p-p. SOliz 

With External Trim 

BANDWIDTH 
-3dB 
Full Power Response 
Slew Rate 
1% Amplitude Error 
1% Vector Error (0.S7°) 
Differential Phase Shift (8 x - 8 y) 
Small Signal Rise Time 10-90% 
Settling to ± 1 % (± 10V step) 
Overload Recovery 

OUTPUT NOISE 
SHz to 10kHz 
SHz to IOMHz 

OUTPUT CHARACTERISTICS 
Voltage.lkQ load 
Current 
Load Capacitance 

INPUT RESISTANCE 
X Input 
Y Input 
Z Input 

INPUT BIAS CURRENT 
Input X. Y. Z 
Z 

MAXIMUM INPUT VOLTAGE 
For Rated Accuracy 
Maximum Safe 

WARM UP 
To Rated Specifications 

POWER SUPPLy l 

Rated Performance 
Operating 
Quiescent Current 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 

MECHANICAL 
Weight 
Socket 

Case Dimensions 

429A 

XYIIO 
±I% max 
±0.7% 
±O.OS%/oC 
±O.OS%/% 

O.S% 
0.03%/oC 
0.03%/% 

±20mV max 
±2mV/oC 
±lmV/% 

0.5% max 

0.3% max 

SOmV pop. max 
16mV pop 
100mV pop. max 
SOmV pop 

10MHz 
2Mllz min 
120V//ls min 
300kHz min 
SOkHz min 
1° @ IMHz 
40ns 
SOOns 
0.2/ls 

0.6mV rms 
3.0mV rms 

ill V min 
±llmA min 
O.OI/lF max 

IOkQ±S% 
IIkQ±2% 
27kQ±1O% 

±100nA 
±20/lA 

±1O.5V 
±16V 

I second 

±(I4.8 toIS.3)V de 
±(I4to 16)Vdc 
±12mA 

-2SoC to +8SoC 
-2SoC to +8SoC 
-SSoC to +12SoC 

2 oz. 
ACI023 

I.S" x I.S~· x 0.62" 

4298 

±O.S% max 
±0.3% 
±0.04%/C max 

0.2S% 
0.02%/oC 

±]OmV max 
±lmVt"C max 

0.2% max 

0.2% max 

20mV pop. max 
.10mV pop 
30mV pop. max 
20mV pop 

.. 

·~pecifications same as mode1429A. 
1 Recommended power supply, ADI model 904, ±1SV @ SOmA output. 
Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). r-- 1.51 MAX (38.11--j 

r 
0.62 MAX 

115.71 

L""---~_----rT~ 
00 MIN .• 0.25 MAX. 

(5.01 (6.41 r 
1.51 MAX 

1 
Ncl+ r+V, >-
XBAL KOM >-

x+t r- -v, )-

vt+ OUT )-

V BAL I- ~~~ )-
Z 

BOTTOM VIEW --l I-- 0.1 ~~D 

PIN CONNECTIONS 
Bottom View Shown in all Figures. 

Optional Trim Pots 
Shown ·are not Required 

fo~ Rated Accuracy. 

MULTIPLY MODE 

+vs o-Ht-~-..., 

-vs o-+-+-+~+-' 

OUT 

., . 

DIVIDE MODE 

.SQUARE ROOT MOD~ 

IDOl! 
'10% 

o NC 

o XBAL 

OUTo-+---JJI-.. 

OUT BALo-+--~ 
lN914 
TYPE 

All trim pots 20kn. 
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FEATURES 
Versatility: Provides Transfer Characteristics of Several 

Function Modules 
Divides Over a 100:1 Range With a Max Error of 

0.25% (4338) 
Internal Voltage Reference 
Hermetically Sealed Semiconductors 
No External Trims Required 
Low Cost 

APPLICATIONS 
Transducer Linearization 
Signal Processing 
Raising to Arbitrary Powers 
Vector Functions 
Trigonometric Functions (Sine, Cosine, Arctangent) 

GENERAL DESCRIPTION 
The model 433 is an extremely versatile function module 
which implements the transfer function: 

e =~ V (-~) m ,·0.2 ~m~5.0 
o VREF Y Vx 

VREF = +9.0 Volts 

By either jumper connections on the pins, or selection of two 
external resistors the 'user can program the 433 to: multiply, 
divide, square, square root, root of a ratio, square of a ratio, or 
raise voltage ratios to an arbitrary power, m. 

When used with a low cost o'p amp, such as AD741, the model 
433 may be used to compute the true rms value of a varying 
signal. With two such op amps, the 433 can be used to perform 
accurate vector computations over wide ranges of the vector sum. 

Due to its log/antilog circuit approach, signal levels of 100mV 
to 10V may be processed with a maximum output error of 
0.25% F.S. (433B). The allowable input range for the three in
put variables is 0~01 to +10V, for which there is a typical error. 
of ±5mV ±0.3% of the theoretical output voltage for model 
433}, and ±lmV ±0.15% for 433B. 

Because of its small size, accuracy, versatility, and speed (and 
all at low cost), the model 433 will prove to be an essential 
component in equipment requiring!on-the-spot computations 
in real time, or for linearizing a wide range of transducer char
acteristics in medical, industrial, and process control equip
ment. Designed with the OEM's needs in mind, the model 433 
is attractively priced for new equipment designs. 

This two-page data'summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product cah be found in Volume II, page 6-11. 

. Programmable 
Multifunction Module 

MODEL 433 I 

MODEL 433 FUNCTIONAL BLOCK DIAGRAM 

*rwo EXTERNAL RESISTORS CONNECTED HERE fOR 
PROGRAMMING m.JUMPER TERMINALS A, B, C 
AJ) SHOWN FOR m· 1,0. 

r-----7.7---M=.3~ 
m-/"-,,, I q Vz 

- I 
I t l'o'~Vy(.c!L)m I I V

R
" V, 

i 8+,." L ___________ ...J 

PRINCIPLE OF OPERATION 
The model 433 is comprised of log and antilog circuits inter
connected as shown in the Functional Block Diagram. The log 
ratio circuit provides the log of Vx/Vz to terminals A, B, C 
where, for exponents other than unity, it is scaled by two ex
ternal programming resistors (see hook-up diagrams for con
nection and values of these two resistors). The scaled log ratio 
from terminal C is subtracted from a signal proportional to 
the log of Vy . The resulting expression is operated on by the 
antilog circuit, yielding an output of 

eo = ~ V (~)m ,VREF = +9.0 Volts 
VREF y Vx 

The voltage reference circuit is a high stability (0.005%/C) 
voltage source which is generated internally. It is provided as 
an output terminal for user convenience, and may be used as 
a constant at any of the input terminals. 

ONE-QUADRANT DIVIDER 
When connected as a divider, the model 433 B has less than 1,4 % 
output error over an input signal range of 100: 1. This perform
ance is obtained with no external trims, and is nearly twenty 
times better than that attainable with a 0.1 % multiplier/divider 
connected in a feedback loop. 
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SPECIFICATIONS (typical @+25°C and ±15V unless othe~ise noted) 

Model 

Transfer Function 

Reference Terminal Voltage) 
VREF (Internal Source) 
vs Temp. Rated 

Rated Output l 

433) 

10 
e =+--o VREF 

+9.0V ±.S% @ ImA 
±O.OOS%/oC 

+lO.SV@ SmA. min 

4338 OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

r-- 1.51 MAX (38.1)--j 

~
]2MAX 
(15.8) 

l.. .J. 
Input 

Signal Range 
Max Safe Input 
Resistance 

o ~Vx. Vy• Vz ~+lOV. 
Vx• Vy• Vz ~±18V 

.- I I 0.04 DIA 
0.20 to 0.25 --1 !-- (1.02) 

X Terminal 
Y Terminal 
Z Terminal 

External Adjustment of the 
Exponent. m 
Range for m <1 (Root) 

Range'for m > I (Power) 

100kU ±1% 
90kU ±10% 
100kU ±1% 

Rl + R2 
l";m<S.m= --

R2 
(Rl + R2)~200U 

Accuracy (Divide Mode. m = I. Vy = VREF)2.3 

Total Output Error @ +2SoC 
(for specified input range) 
Typical (RTO) 
Max Error (RTO) 
Input Range (Vz ~ Vx) 

Over Specified Temp. Range 

Output Offset Voltage 
(Not Adjustable) 
Initial @ +2SoC 
Offset vs Temp. 

Noise. 10Hz to 1kHz 
Vx = +10V 
Vx = +O.IV 

Bandwidth. Vy• Vz 
Small Signal (-3dB). 10% 
of dc Level 

Vy =Vz =Vx =10V 
Vy=Vz=Vx=IV 
Vy ",:Vz =Vx =O.IV 
Vy=Vz=Vx=O.OIV 

Full Output (Vy or Vz = SV dc. 
±SVac) 

Power Supply Range 
Rated Performance 
Operating 

Temperature Range 
Rated Performance 
Storage 

Mechanical 
Case Size 
Mating Socket 

·Same specifications as 433J. 

±SmV ±0.3% of output 
±SOmV 
O.OIV to 10V. Vz 
O.IV to 10V. Vx 
±l% 

±SmV 
±lmV/C 

100J.LV rms 
SOOt-tV rms 

Vy or Vz 
100kHz 
20kHz 
1kHz 
400Hz 
(Vx) x (SkHz) 

±ISV dc @ lOrnA 
±(12 to 18)V dc 

o to +70
o

C 
-SSoC to +12SoC 

I.S" x I.S" x 0.62" 
ACI038 

I Terminals short circuit protected to ground. 
2 Accuracy is specified in divide mode. Input range is IOmV to IOV 

for specified accuracy when connected as a multiplier. 

• Error is defined as the difference between the measured output and 
the theoretical output for any given pair of specified input voltages. 

Specifications subject to change without notice. 
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±lmV ±O.IS% of output 
±2SmV 

±I% max 

±2mV max 
±lmV/C max 

-2SoC to +8SoC 
-SSoC to +12SoC 

R, 

(5 to 6.4) 

11 REF 

10 Y 

9 X 

8 B 

7 A 

6 Z 

H+vs 

COM 

-Vs 

OUT 

C 

5 

4 

J 

2 

1 

1 
1.51 MAX 

(38.1) 

1 
80TTOM VIEW ~ ~ 0.10 GRID 

(2.5) 

Mating Socket AC1038 

WIRING CONNECTIONS 
Bottom View Shown in All Cases 

DIVIDE MODE (m = 1, Vy=VREF) 

REF 
....... -O'-~l1 

L.----<>_~ 10 

433 

... ·10VZNX 

POWERS m~ 1 
m=(R,+R,)/R, 

(R, + R,I"200ll 

11 

10 

433 

• =~Vy(VZ) m 
• VREF VX 

ROOTSm~·1 

m=R,/(R, +R,) 

(R, "R,) .. zoon 

11 

10 

433 

10 V (vz) m •• =17iiU y \IX 

R, 

+VS 

-VS 

eo 

R, 

R, 
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6-Decade, High Accuracy and 
Wideband Log, AntUog Amplifiers 

MODELS 755N, 755P, 759N, 759P I 
FEATURES 
High Accuracy: Models 755N, 755P 
Wideband: Models 759N, 759P 
Complete Log! Antilog Amplifiers: External Components Not 

Required 
Temperature-Compensated Internal Reference 
6 Decades Current Operation: 1nA to 1mA 
1% max Error: 1nA to 1mA (755) 

20nA to 200J,lA (759) 
4 Decades Voltage Operation: 1mV to 10V 
1% max Error: 1 mV to 10V (755) 

1mVto 2V (759) 
Small Size: 1.1" X 1.1" X 0.4" 

GENERAL DESCRIPTION 
The models 755N, 755P and 759N, 759P are low coSt dc 
logarithmic amplifiers offering conformance to ideal log opera
tion over 6 decades of current (lnA to 1mA) and 4 decades' 
of voltage (lmV to 10V). For high accuracy requirements, 
models 755N, 755P offer maximum nonconformity of 0.5%, 
from 10nA to 1mA, and 1mV to 1 V. For wideband applica
tions, the models 759N, 759P provide fast response (300kHz 
@ ISIG = 10J,lA to ImA) and feature maximum nonconformity 
of 1 %' from 20nA to 200J,lA, and 1mV to 2V. The models 
755N and 759N compute the log of positive (+) input signals, 
while the models 755P, 759P compute the log of negative (-) 
signals. 

Designed for ease of use, the models 755N/P and 759N/P are 
complete, temperature compensated log/antilog amplifiers 
packaged in a compact epoxy-encapsulated module. External 
components are not required for logging currents over the 
complete 6 decade range of 1J,lA to 1mA. Both the scale factor 
(K=2, I, or 2/3 volt/decade) and log/antilog operation are 
selected by simple pin connection. In addition, both the in
ternal 10J,lA reference current as well as the offset voltage may 
be externally adjusted to improve overall accuracy. 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 8-7. 

MODELS 755,759 FUNCTIONAL BLOCK DIAGRAM 

'r - - - - 4 

I ISIG 

. ,,,,:~. ~:,,, 
+15V COM -15V TRIM 

'POSITIVE INPUT SIGNALS. AS SHOWN; USE MOOEL 759N 
NEGATIVE INPUT SIGNALS, USE MOOEL 759P 

The models 755 and 759 arc ideally suited as an alternative 
to in-house designs of OEM applications. Advanced design 
techniques and superior performance place the 755 and 759 
ahead of competitive designs in terms of price, performance 
and package design. 

APPLICA TIONS 
When connected in the current or voltage logging configura
tion, as shown in Figure I, the models 755 and 759 may be 
used in several key applications. A plot of input current 
versus ou tput voltage is also presented to illustrate the log 
amplifier's transfer characteristics. 

10 
KI= 2 

~ 
K = 1 1"-
~ t--.... ~ 

K" 2/3 ...... 
~ ~0-S10-410-3 I 

10-9 10-8 10-7 10-6 ~ ~ l' 2 

-2 

-4 

-6 

MODEL 755N,759N 
··8 

-10 

+ INPUT CURRENT lAMPS), LOG SCALE 

Figure 1. Transfer Function 
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SPECIFICATIONS (typical @+25°Cand ±15V dc unless otherwise noted) 
MODEL 

TRANSFER FUNCTIONS 
Current Mode 

Voltage Mode 

Antilog Mode 

TRANSFER FUNCTION PARAMETERS 
Scale Factor (K) Selections" • 

Error @ +25°C • 
vs. Temptraturc (0 to +70 C) 

Reference Voltage (EREF )' 
Error@ +2SoC 

VS. Temperature (0 to +70°C) 
Reference Current (lREF)' 

Error@ +2S·C • 
vs. Temperature (0 to +70 C) 

MAXIMUM LOG CONFORMITY ERROR 
ISIG RANGE ESIG RANGE 

InA to 10nA 
10nA to 20nA 
ZOnA to lOO"A 
100"A to 200"A 
200"Ato ImA 

ImVto IV 
IVt02V 
2V to 10V 

INPUT SPECIFICATIONS 
Current Signal Range 

Modd 7SSN, 7S9N 
Model 7SSP, 7S9P 

Max Safe Input Cur;,rent 
B.as Current @ +2S C • 

vs. Temperature (0 to +70 C) 
Voltage Signal Range (Log Mode) 

Model 7SSN, 7S9N 

Modd 7SSP, 7S9P 

Voltage Signal Range, Antilog Mod, 
Model 7SSN, 7SSP 

Offset Voltage @ +2S"C (Adjustable to 0) 
vs. Temperature (0 to +70·C) 
vs. Supply Voltage 

FREQUENCY RESPONSE, Sonewave 
Small Signal Bandwidth, -3dB 

islG = InA 

islG = I"A 
islG = JOI'A 
islG = ImA 

RISE TIME 
Increasing Input Current 

10nA to lOOn" 
loonA to I"A 
I"A to ImA 

Decreasing I nput Current 
ImA to IjJA 
II'A to 100nA 
100nA to 10nA 

INPUT NOISE 
Voltage, 10Hz to 10kHz 
Current, 10llz to IOkllz 

OUTPUT SPECIFICATIONS' 
Rated Ou tpu t 

Voltage 
Current 

Log Mode 
Antilog Mode 

Resistance 

POWER SUPPLY' 
Rated Performance 
Operating 
Currt:nr, Quiescent 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 

CASE SIZES (W x Lx fI) 

755N/P 

"0 =-1<log\O ~ 
EREF 

"0 = EREF 10'( ~lli ) 

2, 1,213 VoltlDecade 
±I% max 
±O.04%I·C max 
O.IV 
±3% max 
±o.l%fC max 

IU"A 
±3% max 
±O.I%I·C max 

RTI RTO (K=i) 

±I% ±4.3mV 
±O.S% ±2.17mV 
±D.S% ±2.17mV 
±I% ±4.3mV 
±I% ±4.3mV 

+lnA to +lmA min 
-I"A to -lmA min 

. ±IOmA max 
(0, +) 10pA max 
x2/+10·C 

+lmV to +10V min 
-lmV to -IOV min 

-2 .. ES~G <2 

±400"V max 
±IS"VtC max 
±IS"VI% 

80llz 
10kHz 
40kHz 
100kHz 

2"Vrm, . 
2pArms 

±IOV min 

±SmA 
±4mA 
o.sa 

±tSVdc 
±(12 to 18)Vdc 
±7mA 

o to +70·C 
-2S·C to +8S·C 
-SS·C to +12S·C 

1.S" x 1.5" xv.4" 
(38 x 38 x 10.4) 

I Use tennin,11 for K -I V/drcadei terminal 2 for K. 2V/d(cad(; t(rminals 1 or 2 
(short(d together) for K. 213V/d(cade. 

'Sp(cification is + for mod(ls 7SSN. 759N; - for 75SP. 7S9P. 
1 No damag( du( to any pin being moned to ground. 
4 RecommendN power supply, model 904. :t:15V @ t50mA output. 
'C&SC size in inches (nun). 
·Specifications same as 7SSN/P. 
Specifications subject to change without notice. 

VOL. 1,6-42 ANALOG COMPUTATIONAL CIRCUITS 

759NIP 

±4%max 
±O.OS%I·C 

RTI RTO (K=i) 

±S% ±21mV 
±2% ±8.64mV 
±I% ±4.3mV 
±I% ±4.3mV 
±2% ±8.64mV 

~O, +) 200pA max 

±2mV max 
±JO"vtc 

250Hz 
100kHz 
200kHz 
200kHz 

20"s 
3", 
2.Sl's 

10l'Vrms 
10pA rm, 

±4mA 

1.125" x I.12S· x 0.4" 
(29 x 29 x 10.4) 

OUTLINE DIMENSIONS 
Dimensions shown in inches and <mm>, 

r--W 
-, 

L ~55'759 ]~\:~' 
0.2TO 0.25 
(5 TO 6.4) 0.04 OrA (1.02) 

r-
~ ~=++++=I=ll 

L 

~ --+-+-+-+-+-+-I J ...--..--.-.- lV/DEC 1 

BOTTOM VIEW --I /--0.1 GRID 
. (2.5) 

·Optional 100kn external trim pot, Input offset voltage may be 
adjusted to zero with trim pot connected as shown, With trim 
terminal 9 left open, input offset voltage will be ±O.4mV (755) 
or ±2mV (759) maximum, 

• 

MATING SOCKET ACI016 

MODEL 755P, 759P 
-INPUT CURRENT 

~11: 
!:i 6 
1= 
:> 4 o 

2 

-10-9 0 

-10 

K=2 

lOG OF CURRENT 

MODEL 755N, 759N 
+INPUT CURRENT .. 

Plot of Output Voltage vs Input Current 
for Model 755 Connected in the Log Mode 

K =-2 

II 
K=2 

-2 

-3 

-4 

MODEL 755P, 759P MODEL 755N, 759N 
-INPUT VOLTS -5 +INrUT VOL T5 

• • 
lOG OF VOLTAGE 

Plot of Output Voltage vs Input Voltage 
for Models 755, 759 Connected in the Log Mode 

Figure 2. Transfer Curves 



r.ANALOG 
WDEVICES 

FEATURES 
6 Decade Operation - 1 nA to 1 mA 
1/2% Log Conformity - 10nA to 100pA 
Symmetrical FET Inputs 
Voltage or Current Operation 
Temperature Compensated 

APPLICATIONS 
Absorbence Measurements 
Log Ratios of Voltages or Currents 
Data Compression 
Transducer Linearization 

GENERAL DESCRIPTION 
Model 757 is a complete, temperature compensated, dc-coupled 
log ratio amplifier. It is comprised of two input channels for 
processing signals spanning up to 6 decades in dynamic range 
(lnA to ImA). By virtue of its symmetrical FET input stages, 
the 757 can accommodate this 6 decade signal range at either 
channel. Log conformity is maintained to within 1/2% over 4 
decades of input (lOnA to lOOpA) and to within 1 % over the 
full input range. Unlike other log ratio designs, model 757 
does not restrict the re~ative magnitude of the two signal inputs 
to achieve rated performance. Either input can be operated 
within the specified range regardless of the signal level at the 
other channel. 

The model 75 7 log-ratio amplifier design makes available both 
inpu t amplifier summing junctions. As a result, it can directly 
interface with photo diodes operating in the short-circuit cur
rent mode without the need of additional input circuitry. 

The excellent performance of model 757 can be further im
proved by means of external scale factor and output offset 
adjustments. A significant feature of model 757 not found 
on competing devices is that, when the offset adjustment is 
used to establish a fixed bias at the output, the output offset 
level does not vary as a function of input signal magnitude. On 
other designs, the sensitivity of output offset to input levels 
results in output effects resembling log conformity errors. 

Model 757 can operate with either current or voltage inputs. 
Its excellent performance makes it ideally suited for log ratio 
applications such as blood analysis, chromatography, chemical 
,analysis of liquids and absorbence measurements. 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 8-11. 

6-Decade, High Accuracy 
Log Ratio Amplifiers 
MODEL 757N, 757P 

757N, 757P FUNCTIONAL BLOCK DIAGRAM 

r--------------------, 
I'SIG I I 

.\ 0----",..,..,.-<' I I 

: IV/DEC 

I 

IREF = ., -e.., : 
R2 I 

I I ADJ 

I I L ____________________ ~ 

'POSITIVE INPUT CURRENTS (AS SHOWN). USE 
MODEL 757N, NEGATIVE INPUT CURRENTS, 
USE MODEL 757P, 

CURRENT LOG RATIO 
Current log ratio is accomplished by model 757 when two cur
rents, Islc and IREF, are applied directly to the input terminals 
(see Functional Diagram). The two·log amps process these 
signals providing voltages which are proportional to the log of 
their respective inputs. These voltages are then subtracted and 
applied to an output amplifier. The scale factor, when con
nected as shown, is IV Idec. However, higher scale factors 
may be achieved by connecting external scale factor adjusting 
resistors. 

VOLTAGE LOG RATIO 
The principle of operation for voltage log ratio is identical to 
that of current log ratio after the voltage signal has been con~ 
verted to a current. To accomplish this conversion, an external 
resistor is attached from the voltage signal to the appropriate 
input current terminal of the 757. Input currents are then 
determined by: 

eOSl = Input Offset Voltage (ISlC Channel) 

eOSZ = Input Offset Voltage (IREF Channel) 
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SPECIFICATIONS (typical @ +25°C and Vs = ±15V de unless otherwise noted) 
MODEL 

TRANSFER FUNCTION I 

Current Mode 

Voltage Mode 

ACCURACY 
l.og Conformityl 

ISIG, I REF = IOnA to IOOIlA 
ISIC.,IREF =lnAtolmA 

Scale Factor (I VlDec) 
vs. Temperature (0 to +70

o
C) 

!S7N/P 

±O.S%, max 
±1%, max 
(+0, -2%) max 
±0.04%/oC max 

INPUT SPECIFICATIONS - Both Input Channels 
Current 

Signal Range, Rated Performance 
Model 7S7N 
Model 7S7P 

Max Safe 

Bias Current,@ +2 SoC 
vs. Temperature (0 to +70°C) 

Offset Voltage, C!!' +2SoC 
vs. Temperature (0 to +70

o
C) 

ISIc. Channel 
IREF Channel 

vs. Supply Voltage 

FREQUENCY RESPONSE, Sinewave 
Small Signal Response (-3dB) 

Signal Channel 
ISIG = InA 
ISIG = IpA 
ISIG = IOOIlA 

Reference Channel 
IREF = InA 
IREF = IpA 
IREF = 100ilA 

+lnA to +lmA min 
-InA to -tmA min 

.±IOmA max 
(0, +) 10pA max 
x2l+IO°C 

±lmV max 

.t2SIlVt"C max 
±2SIlVt"Cmax 
±SIlV/% 

2S0111 
25kHz 
40kHz 

100Hz 
25kHz 
40kHz 

RISE TIME 
Increasing Input Current 

InA to JOnA 

Signal Channel 
((REF = 10pA) 

Reference Channel 
((SIG = 101lA) 

BOps 
IOnA to 100nA. . 
100nA to lilA 
lilA to 100pA 

Decreasing Input Current 
100ilA to lilA 
lilA to JOOnA 
100nA to IOnA 
IOnA to InA 

INPUT NOISE 
Voltage (10Hz to 10kHz) . 
Current (10Hz to 10kHz) 

OUTPUT SPECIFICATIONS 
Rated Output 

Voltage 
Current 
Resistance 

Offset Voltage3 (K = I VlDecade) 
vs. Temperature (0 to +70

o
C) 

vs. Supply 

POWER SUPPLY' 
Rated Performance 
Operating 
Current, Quiescent 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 

MECHANICAL 
Case Size 
Weight 

25 0115 
SOils 
30115 
2SIls 

2SIls 
30ps 

100ils 
600ps 

31lVrms 
O.lpA rms 

±IOV min 
±SmA min 
O.H1 
±ISmV max 
±0.3mVt"C 
±SIlVIV 

±ISV de 
±(I2 to 18)V de 
±8mA 

o to +70°C 
-2SoC to +8SoC 

40115 
3 Oils 
2SIls 

-SSoC to +12SoC 

I.S" x I.S" x 0.4" 
21 grams 

I For modd 757N, K = +1 V/Decade and input currents must be positive. For 
model 7S7P, K = -1 VIDecade and input currents must be negative. (Input cur· 
rents are defined as positive when flowing into the input terminals, 4 and 5. 
Refer to TRANSFER CURVES.) 

2 The log conformity error is referred to input (RTI). 1 % error RTI is equivalent 
to 4.3m V of error at the output for K = 1 VI Dec. 

3 Externally adjustable to zero. 

• Recommended power supply: Analog Devices model 904, ± lSV @ SOmA. 

Specifications subject to change without notice, 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

\---1.51 (38.11 MAX ---I ~ 

JlJ ] U!~I 
..,--0 0 T 
-. --11-- 0.04 (1.1) 

0.20 TO 0.25 
(5.1 TO 6.4) 

I I I 
I I I 

~~IM >9 

-J. >"8 
COM >-1 
'r-+V'• >-~ 
Jl ~ 
I I I 
I I I 

I 11 
5 ~ ISIO 

l1 )-1R~f 
~ :>-6UT 

? 
)- OFF 

ADJ 

/-< >- WI 
DEC 

I I I 
I 11 

T 
1.51 
(38.1) 

1 
BOTTOM VIEW I I 

0.1 (2.51 GRIO~ ~ 

TRANSFER CURVES 

MODEL 757P 
ISIG INPUT .. MODEL 757N 

ISIG INPUT 

Log mode output voltage vs. input current for 
IREF = 101lA. 

• + FOR 757N 
- FOR 757P 

Figure 1. Scale Factor Adjustment 

757 

"SEE SCALE FACTOR'()PTIONAl 
ADJUSTMENT AND TRIMS (p.3) 

·15V +15V 
2Ok!l 

• + FOR 757N 
- FOR 757P 

Figure 2. Output Voltage Offset Adjustments 



RMS-to-DC Converters 

Selection Guide 

General Information and Definitions of Specifications 

AD536AJ/AK/AS Integrated Circuit True rms-to-dc Converter 

eAD636J/K Low Level True rms-to-dc Converter 

442J IK/L Wideband, High Accuracy True rms-to-dc Converter 

eNew product since 1980 Data-Acquisition Components and Subsystems Catalog 
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Model 

AD536AJ/AK/AS 

AD636J/K 

442 

Selection Guide 
RMS-to-DC Converters 

Olaracteristics 

Monolithic IC rms/dB converter. Laser-wafer-trimmed for total max error ±2mV 
±O.2% of reading (AD536AK), sine waves at 1kHz (20kHz typ), 0 to 7V rms. 
Crest factor of 7 for 1% additional error. 

±3dB bandwidth 2MHz (1 V<VIN";;;;7V). Averaging time constant per J,l.F of Cext , 

25mslJ,l.F. Total-error tempco (±50J,l.V ±0.005% rdg)/C max (AK). Additional 
features include dB output with 60dB range, single-or dual-supply operation, and 
low power consumption - 1mA. 

AD536AJ/K are specified for 0 to +70
o

C, AD536AS for -55°C to +125°C. 

Monolithic IC rms/dB converter. Laser-wafer-trimmed for total max error ±O.2mV 
±O.S% of reading (AD636K), 0 to 200mV rms. Crest factor of 6 for 0.5% additional 
error . 

. ±3dB bandwidth 1.3MHz (200mV). Averaging time constant per J,l.F of Cext , 

25mslJ,l.F. Total-error tempco (±0.1J,l.V ±0.005% rdg/C) max. 

Additional features include dB output with 60dB range, single-or dual-supply 
operation, and low power consumption - 1mA. 

A ~igh performance true rms/dc converter featuring 8MHz bandwidth, low 
drift to ±3.5J,l.V 1°C ±0.01 % of reading/OC maximum, and ±1 % of reading error 
to 800kHz. 

Vol I 'Vol II 
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Orientation 
RMS-to-DC Converters 
The devices catalogued here are high-accuracy true-rms-to-dc
conversion ICs. Devices of this class compute the instantane
ous square of the input signal, average it, and take the square 
root of the result, to provide a dc voltage that is proportional 
to the rms of the input and, in the case of the ADS36A, 
AD636, an auxiliary dc voltage that is proportional to the 
log of the rms, for dB measurements. 

Excellent pre-trimmed performance, improvable by simple 
optional trims, makes these devices ideal for all types of labo
ratory and OEM rms instrumentation where amplitude meas
urements must be made with high accuracy, independently 
of waveshape. . 

An alternative to rms that has been widely used in the past, 
principally for measurements on sine waves, is mean absolute
deviation, or "ac average." It is performed by taking the ab
solute value of (i.e., full-wave or half-wave rectifying) a 
signal, filtering it, and scaling it by the ratio of rms to m.a.d. 
for sine waves, 1.111, so that it reads correctly (for undis
torted sine waves). Unfortunately, this ratio varies widely as 
a function of the waveform and will give grossly incorrect 
results in many cases. The table shows a few representative 
examples comparing rms with m.a.d. 

Examples of applications include noise measurement - for 
example, thermal noise, transistor noise, and switch-contact 
noise. True-rms measurement is a technique that provides 
consistent theoretically valid measurements of noise ampli
tude (standard deviation) from different sources having dif
ferent properties. 

True-rms devices are also. useful for measuring electrical sig
nals derived from mechanical phenomena, such as strain, stress, 
vibration, shock, expansion, bearing noise, and acoustical 

VOL. I, 74 

WAVEFORM 

o~ 

~ 
2J ~.2\.., ... 
t·4 t.; 

n~1 I ~~Etl 
-7 -5 -3 -1 

logq 

flT-i 

o OTVm 

-ll-~T 
~: "DUTY CYCLE" 

RMS-TO-DC CONVERTERS 

SINE WAVE 

SYMMETRICAL 
SQUARE WAVE 

OR DC 

TRIANGULAR WAVE 
OR SAWTOOTH 

GAUSSIAN NOISE 

CREST FACTOR IS 
THEORETICALL Y 
UNLIMITED. q IS 
THE FRACTION OF 
TIME DURING WHICH 
GREATER PEAKS CAN 
BE EXPECTED TO 
OCCUR 

PULSE TRAIN 

MARK/SPACE 

1 
0.25 0.3333 
0.0625 0.0667 
0.0156 0.0159 
0.01 0.0101 

noise. The electrical signals produced by these mechanical 
actions are often noisy, non-periodic, nonsinusoidal, and 
superimposed on dc levels, and require true-rms for consistent, 
valid, accurate measurements. RMS converters are also useful 
for accurate measurements on low-repetition-rate pulse-trains 
having high crest factors (ratio of peak to rms), and for meas
urements of the energy content of SCR waveforms at differing 
firing angles. 

The basic approach u~ed in these converters for com pu ting 
the rms is to take the absolute value, square it, and divide by 
the fed-back output (using the logarithmic characteristics of 
transistor junctions), ar.d filter the result. The resulting 
approximation 

Eo = AVg.[~:2J ~J Avg. (ViI/) 

is valid if the averaging time-constant is sufficiently long 
compared with the periods of the lowest-frequency ac com
ponents of the signal. 

The simplest form of averaging involves a single-pole filter, 
using an external filtering capacitance. Increased values of 
capacitance for filtering will improve the accuracy for low 
frequency rms measurements and provide reduced ripple at 
the output, but at the cost of increased settling time. For 
fastest settling and minimum ripple, the data sheets show how 
an additional stage of 2-pole filtering is useful (the internal 
buffer amplifier of the ADS36A and AD636 permits this 
to be accomplished without external active elements). The 
additional filtering permits improvement of settling time or 
reduction of ripple (or both) because of substantial reduction 
of Cext. 

RMS CREST 
RMS MAD MAD FACTOR 

Vm +Vm ,f2 ~'1.111 ,f2 '1.414 

0.707 Vm 0.637 Vm 

Vm Vm 

Vm Vm ~ =1.155 ,fi -1.732 
7f "2 

C.F. 
RMS 

1 32% 
~RMS J; 2 4.6% 

2 3 0.37% 
• 0.798 RMS 1.253 3.3 0.1% 

3.9 0.01% 
4 63ppm 
4.4 10ppm 
4.9 lppm 
6 2.10-

1 1 

Vm Vii Vm~ Vii" Vii 
Vm Vm 1 1 

0.5Vm 0.25Vm 2 2 
0.25Vm 0.0625Vm 4 4 
0.125Vm 0.0156Vm 8 8 
O.lVm O.OlYm 10 10 



PERFORMANCE SPECIFICATIONS 
Considerable information regarding rms-to-dc converter cir
cuit design, performance, selection, and applications is to be 
found in the NONLINEAR CIRCUITS HANDBOOK. 1 In ad
dition, useful applications information on auxiliary filtering 
can be found in the article "Measure RMS with Less Ripple 
in Less Time,tl2 and a discussion of the design of the AD536A 
can pe found in the 1976 IEEE International Solid-State Cir
cuits Conference Digest of Technical Papers, page 10. 

The most-salient feature of a true rms-to-dc converter is that 
it ideally has no error due to an indirect approximation to 
the rms. Static errors are due only to scale-factor, linearity, 
and offset errorSj dynamic errors are due to insufficient av
eraging time at the low end and finite bandwidth and slewing 
rate ;tt the upper end. Linearity errors affect crest factor in 
midband. Dynamic errors are also a function of signal ampli
tude, due in part to the variation of bandwidth of the "log" 
transistors with signal level. 

Total Error A specification for quick reference, this is the 
maximum deviation of the dc component of the output volt
age from the theoretical output value over a specified range 
of signal amplitude and frequency. It is shown as the sum of 
a fixed error and a component proportional to the theoreti
cal output ("% of reading"). It is specified for a sinusoidal 
input in a given frequency and amplitude range. The fixed 
error-component includes all offset errors and irreducible 
nonlinearitiesj the %-of-reading component includes the linear 
scale-factor error. 

. Total Error, external trim (adjustment> is the amount by 
which the output may differ from the theoretical value when 
the output offset and scale factor have been trimmed. Note 
that the fixed error-component cannot be reduced to zero, 
even though the output offset can be nulled at zero input. 
This is because of residual input offsets and inherent non
linearities in the converter. 

Total Error vs. Temperature is the average change of %-of-full-

1 Nonlinear Circuits Handbook, Analog Devices, Inc., 1974, 1976, 
536pp, edited by D. H. Sheingold, $5.95; send check or complete 
MasterCard data to P.O. Box 796, Norwood MA 02062 

2 ANALOG DIALOGUE 9-3, 1975, pp 21-22 

scale error component plus the average change of percent of 
reading error component per degree Celsius, over the rated 
temperature range. 

Frequency for 1 %-of-Reading Error is the minimum value of 
frequency (at the high end) at which the error increases from 
the midband value by 1% of reading. It is a function of peak
to-peak input amplitude. 

Frequency for ±3dB Reading Error is the minimum value of 
frequency (at the high end) at which the error may equal 
30% of reading. It is a function of amplitude. 

Crest Factor (a property of the signal) is the ratio of peak 
signal voltage to the ideal value of rmSj the specified value of 
crest factor is that for which the error is maintained within 
specified limits at a given rms level for a worst-case -
rectangular pulse - input signal. 

Filter Time Constant and External Capacitor: The time con
stant of the internal averaging filter, and the increase of time 
constant per JlF of added external capacitance. 

Input: The voltage range over which specified operation is 
obtained, the maximum voltage for which the unit operates, 
the maximum safe input voltage, and the effective input 
resistance. 

Output: The maximum output range for rated performance, 
the. minimum current guaranteed available at full-scale output 
voltage, and the source resistance of the output circuit. 

Power Supply: Power-supply range for specified performance, 
power-supply range' for operation, and quiescent current 
drain. Note that the AD536 can be operated from single or 
dual supplies. 

Temperature Range: The range of temperature variation for 
operation within specifications. Temperature coefficients are 
determined by three-point measurements (TH - 25°C), 
(25°C - T d, when measured. 
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r.ANALOG 
WDEVICES 

FEATURES 
True rms·to·dc Conversion 
Laser-Trimmed to High Accuracy 

0.2% max Error (AD536AK) 
0.5% max Error (AD536AJ) 

Wide Response Capability: 
Computes rms of ac and dc Signals 
300kHz Bandwidth: Vrms> 100mV 
2MHz Bandwidth: Vrms >1V 
Signal Crest Factor of 7 for 1 % Error 

dB Output with 60dB Range 
Low Power: 1mA Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 
_55° C to +125° C Operation (AD536AS) 
Low Cost 

PRODUCT DESCRIPTION 
The ADS 36A is a complete monolithic integrated circuit which 
performs true rms-to·dc conversion. It offers performance 
which is comparable or superior to that of hybrid or modular 
units costing much more. The ADS36A directly computes the 
true rms value of any complex input waveform containing ac 
and dc components. It has a crest factor compensation scheme 
which allows measurements with 1 % error at crest factors up 
to 7. The wide bandwidth of the device extends the measure
ment capability to 300kHz with 3dB error for signal levels 
above 100mV. 

An important feature of the ADS36A not previously available 
in rms converters is an auxiliary dB output. The logarithm of 
the rms output signal is brought out to a separate pin to allow 
the dB conversion, with a useful dynamic range of 60dB. Using 
an externally supplied reference current, the OdB level can be 
conveniently set by the user to correspond to any input level 
from 0.1 to 2 volts rms. 

The ADS 36A is laser trimmed at the wafer levei for input and 
output offset, positive and negative waveform symmetry (dc 
reversal), and full scale accuracy. As a result, no external 
trim~ are required to achieve the rated accuracy of the unit. 

There is full protection for both inputs and outputs. The input 
circuitry can take overload voltages well beyond the supply 
levels. Loss of supply voltage with inputs connected will not 
cause unit failure. The output is short·circuit protected. 

The ADS36A is available in two accuracy grades 0, K) for 
commercial temperature range (0 to +70°C) applications, and 
one grade (S) rated for the full-SSoC to +12SoC military 
range. The ADS36AK offers a maximum total error of ±2mV 
±0.2% of reading and the ADS36A] and ADS36AS have maxi· 
mum errors of ±SmV ±O.S% of reading. 

Integrated Circuit 
True rms-to-dc Converter 

AD536A I 

ADS36A FUNCTIONAL BLOCK DIAGRAMS 

TO-116 
TOP VIEW 

PRODUCT HIGHLIGHTS 

loUT 

-v, 

TO-tOO 
TOP VIEW 

1. The ADS36A computes the true root-mean-square level of 
a complex ac (or ac plus.dc) input signal and gives an equiv
alent de output level. The true rms value of a waveform is a 
more useful quantity than the average rectified value since 
it relates directly to the power of the signal. The rms value 
of a statistical signal also relates to its standard deviation. 

2. The crest factor of a waveform is the ratio of the peak 
signal swing to the rms value. The crest factor compensa
tion scheme of the ADS36A allows measurement of highly 
complex signals with wide dynamic range. 

. 3. The only external component required to perform meas
urements to the fully specified accuracy is the capacitor 
which sets the averaging period. The value of this capaci
tor determines the low frequency ac accuracy, ripple 
level and settling time. 

4. The ADS 36A will operate equally well from split supplies or 
a single supply with total supply levels from S to 36 volts. 
The one milliampere quiescent supply current makes the 
device well-suited for a wide variety of remote controllers 
and battery powered instruments. 

S. The ADS36A directly replaces the AD536, and provides 
improved bandwidth and temperature drift specifications. 
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SPECIFICATIONS (typical @+25°C and ±15V dc unless otherwise noted) 

MODEL. 

TRANSFER EQUATION 

CONVERSION ACCURACY 
Total Error, Internal Trim' (Fig~ I) 

vs, Temperature, Tmin to +70 C 
+70°C to +125°C 

vs. Supply Voltage 
dc Reversal Error 

Total Error, External Trim' (Fig. 2) 

ERROR vs CREST FACTOR2 

Crest Factor I to 2 
Crest Factor = 3 
Crest Factor = 7 

FREQUENCY RESPONSE3 

Bandwidth for 1% additional error (O.ldB) 
10mV<VINE;;100mV 
100mV<VINE;;IV 
IV<VINE;;7V 

±3dB Bandwidth 
IO~V<VINE;;IOOmV : 
100mV<VINE;;IV 
IV<VINE;;7V 

AVERAGING TIME CONSTANT (Fig. 5) 

INPUT CHARACTERISTICS 
Signal Range, ±15V Supply 
Signal Range, + 5V Supply 
Safe Input, All Supply Voltages 
Input Resistance 
Input Offset Voltage 

OUTPUT CHARACTERISTICS 
. Offset Voltage 

vs. Temp~rature 
vs. Supply Voltage 

Voltage Swing, ±15V Supplies 
±SV Supply 

Output Current 
Short Circuit Current 
Resistance 

dB OUTPUT (Fig. 10) 
Error, VIN 7m V to 7V rms, OdB = I V rms 
Scale Factor 
Scale Factor TC (Uncompensated, see Fig. 10 

for Temperature Compensation) 
IREF for OdB = I V rms 
IREF Range 

loUT TERMINAL 
loUT Scale Factor 
loUT Scale Factor Tolerance 
Output Resistance 
Voltage Compliance 

BUFFER AMPLIFIER 
Input and Output Voltage Range 
Input Offset Voltage, Rs = 25k 
Input Current 
Input Resistance 
Output Current 
Short Circuit Current 
Small Signal Bandwidth 
Slew Rate4 

POWER SUPPLY 
Voltage, Rated Performance 

Dual Supply 
Single Supply 

Quiescent Current 
Total Vs 5V to 36V, Tmin to Tmax 

TEMPERATURE RANGE 
Rated Performance 
Storage 

PACKAGE OPTIONS s 

"II" Package: TO-IOO 
','0" Package: TO-116 Style (014A) 

AD536AJ 

VOUT =.Javg. (VIN)2 

±SmV ±O.S% of Reading, max 
±(O.lmV ±0.01% Reading)/C max 

±(O.I·mV ±0.01 % Rcading)/V 
±0.3% of Reading 
±3mV ±0.3 of Reading 

Spec ified Accu racy 
-0.1% of Reading 
-I % of Reading 

6kHz 
40kHz 
100kHz 

50kHz 
300kHz 
2M Hz 

±20V Peak 
±SV Peak 
±2SV max 
16.7Hl ±25% 
±2mV max 

±2mV max 
±O.lmV/oC 
±O.lmV/V 
o to +IOV min 
o to +2V min 
(+5mA, -l30pA) min 
+20mA 
O.sn max 

±0.5dB 
-3mV/dB 
-0.3% Reading/C (-0.03dB/C) 

20pA (SpA min, 80pA max) 
IpA to 100pA 

40pAIV0it rms 
±25% 
108 n 
-Vs to (+Vs -2.SV) 

-Vs to (+Vs :-2.SV)min 
±4mVmax 
100nA typ, 300nA max 
108n. 
(SmA, -l30tIA) min 
+20mA . 
lMHz 
SVlps 

±3.0V to ±18V 
+5V to +36V 

2mA max (lmA typ) 

o to +70°C 
-55°C to +ISOoC 

AD536AJH 
ADS36AJD 

1 Accuracy is specified for 0 to 7V rms, de or 1 kHz sinewave input with 
the AD536A connected as in the figure refc"renced. 

:I Error vs crest factor is specified as an additional error for 1 V rms 
rectangular pulse input, pulse \· ... idth = 200,u5. 

'Input voltages are expressed in volts rms, and error is percent of reading. 
·With 2k external pUlldown resistor. 
S See Section 20 for package outline information. 

·Specifications same as AD536AJ. 

Specifications subject to change without notice. 

VOL. /,7-8 RMS-TO-OC CONVERTERS 

AD536AK ADS36AS 

±2mV ±O.2% of Reading, max 
±(0.05mV ±O.OOS% of Reading)/oC max ±(O.lmV ±O.OOS% of Read~ng)/:C max 

!(O.3mV ±O.OOS% of Readmg)1 C max 

±2mV ±O.l% of Reading 

±lmVmax 

±lmVmax 

±0.2dB 

A0536AKH 
ADS36AKO 

±0.2mV/C max 
±0.2mVIV max 

AOS36ASH 
ADS36ASD 



STANDARD CONNECTION 
The AD536A is simple to connect for the majority of high 
accuracy rms measurements, requiring only an external capac
itor to set the averaging time constant. The standard connec
tion is shown in Figure 1. In this configuration, the AD536A 
will measure the rms of the ac and dc level present at the 
input, but will show an error for low frequency inputs as a 
function of the filter capacitor, CAY, as shown in Figure 5. 
Thus, if a 4JIF capacitor is used, the additional average error 
at 10Hz will be 0.1%, at 3Hz it will be 1%. The accuracy at 
higher frequencies will be according to specification. If it is 
desired to reject the dc input, a capacitor is added in series with 
with the input, as shown in Figure 3; the capacitor must be 
non-polar. If the AD536A is driven with power supplies with 
a considerable amount of high frequency ripple, it is advisable 
to bypass both supplies to ground with O.IJIF ceramic discs as 
near the device as possible. 

The input and output signal ranges are a function of the sup
ply voltages; these ranges are shown in Figure 14. The AD536A 
can also be use'd in an unbuffered voltage output mode by dis
connecting the input to the buffer. The output then appears 
unbuffered across the 25k resistor. The buffer amplifier can 
then be used for other purposes. Further the AD536A can be 
used in a current output mode by disconnecting the 25k resis
tor from ground. The output current is available at pin 8 (pin 
10 on the "H" package) with a nominal scale of 40JIA per volt 
rms input, positive out. 

Figure 1. Standard rms Connection 

OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY 
If it is desired to improve the accuracy of the ADS 36A, the 
external trims shown in Figure 2 can be added. R4 is used to 
trim the.offset. Note that the offset trim circuit adds 249n in 
series with the internal 25kn resistor. This will cause a 1% 
increase in scale factor, which is trimmed out by using Rl 
as shown. 

The trimming procedure is as follows: 
1. Ground the input signal, VIN, and adjust R4 to give zero 
volts output from pin 6. Alternatively, R4 can be adjusted to 
give the correct output with the lowest expected value of VIN. 
2. Connect the desired full scale input level to VIN, either 
dc or a calibrated ac signal (lkHz is the optimum frequency); 
then trim Rl to give the correct output from pin 6, i.e., 
1.000V dc input should give 1.000V dc output. Of course, a 
±1.000V peak-to-peak sinewave should give a O. 707V dc output. 
The remaining errors, as given in the specifications, are due to 
the nonlinearity. 

Applying the AD536A 
The major advantage of external trimming is to optimize 
device performance for a reduced signal range; the AD536A 
is internally trimmed for a 7V rms full scale range. 

Figure 2. Optional External Gain and Output Offset Trims 

SINGLE SUPPLY CONNECTION 
The applications in Figures 1 and 2 require the use of approx
imately symmetrical dual supplies. The AD536A can also be 
used with only a single positive supply down to +5 volts, as 
shown in Figure 3. The major limitation of this connection is 
that only ac signals can he measured since the 'differential in
put stage must be biased off ground for proper operation. 
This biasing is done at pin 10; thus it is critical that no 
extraneous signals be coupled into this point. Biasing can be 
accomplished by using a resistive divider between + Vs and 
ground. The values of the resistors can be increased in the 
interest of lowered power consumption, since only 5 micro
amps of current flows into pin 10 (pin 2 on the "H" package). 
AC input coupling requires only capacitor C2 as shown; a dc 
return is not necessary as it is provided internally. C2 is selected 
for the proper low frequency break point with the input resist
ance of 16.7kn; for a cut-off at 10Hz, C2 should be lJIF. The 
signal ranges in this connection are slightly more restricted 
than in the dual supply connection. The input and output sig
nal ranges are shown in Figure 14. The load resistor, RL, is 
necessary to provide output sink current. 

CAV 

~--------~- r+---------, 

10k to lk 

Figure 3. Single Supply Connection 
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CHOOSING THE AVERAGING TIME CONSTANT 
The ADS36A will compute the rms of both ac and dc signals. 
If the input is a slowly-varying dc, the output of the ADS36A 
will track the input exactly. At higher frequencies, the average 
output of the ADS36A will approach the rms value of the in
put signal. The actual output of the ADS36A will differ from 
the ideal output by an average (or dc) error and some amount 
of ripple, as demonstrated in Figure 4. 

Eo 

IDEAL 
Eo 

( 
AV':.RAGE ERROR= 

Eo - Eo (IDEAL) 

-I-~- -
~ T AVERAGE Eo = Eo 

DOUBLE-FREQUENCY 
RIPPLE 

TIME 

Figure 4. Typical Output Waveform for Sinusoidal Input 

The dc error is dependent on thl! input signal frequency and 
the value of CAV. Figure 5 can be used to determine the mini
mum value of CAY which will yield 1 % or 0.1 % dc error above 
a given frequency. For example, if a 60Hz waveform is to be 
measured with a dc error of less than 0.1 %, CAY must be greater 
than 0.6SpF. If a 1 % error can be tolerated, the minimum 
value of CAY is 0.22pF. 

The ac component of the output signal is the ripple. There are 
two ways to reduce the ripple. The first method involves using 
a large value of CAV. Since the ripple is inversely proportional 
to CA v, a tenfold increase in this capacitance will effect a ten
fold reduction in ripple. When measuring waveforms with high 
crest factors, (such as low duty cycle pulse trains), the aver
aging time constant should be at least ten times the signal peri
od. For example, a 100Hz pulse rate requires a lOOms time 
constant, which corresponds to a 4pF capacitor (time con
stant = 2Sms per pF). 

The primary disadvantage in using a large CA V to remove rip
ple is that the settling time for a step change in input level is 
increased proportionately. Figure 5 shows that the relationship 
between CA V and settling time is 100 milliseconds for each 
microfarad of CAV. The settling time is twice as great for de
creasing signals as for increasing signals (the values in Figure 5 
are for decreasing signals). Settling time also increases for low 
signal levels, as shown in Figure 6. ' 

EXTERNAL 
AVERAGING 
CAP - CAY 

, 
r\. 
~ 

~. -
0.1~F 

1Hz 

"II , 
" '" " .~% 

h ~% 

~ 1,,\ 
10 60 100 

FREQUENCY - Hz 

10 

OUTPUT 
SETTLING TIME 
TO COMPLETE 
99% OF STEP
Seconds 

0.1 

0,01 
1k 

Figure 5. Lower Frequency for Stated % of Reading Error 
and Settling Time for Circuit Shown in Figure 1 
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10 

SETTLING 7.5 
TIME RELATIVE 
T01Vrms 
INPUT 5.0 
SETTLING 
TIME 

2.5 

1.0 

1mV 

\. 

'" "'-........... 

10mV 100mV 1V 
rms INPUT LEVEL 

Figure 6. Settling Time vs Input Level 

10V 

A better method for reducing output ripple is the use of a 
"post-filter". Figure 7 shows a suggested circuit. If a single-
pole filter is used (C3 removed, RX shorted), and C2 is approx
imately twice the value of CA v, the ripple is reduced as shown 
in Figure 8, and settling time is increased. For example, with 
CAY = 1pF and C2 =2.2pF, the ripple for a 60Hz input is re
duced from 10% of reading to approximately 0.3% of reading. 
The settling time, however, is increased by approximately a 
factor of 3. The values of CAY and C2 can therefore be reduced 
to permit faster settling times while still providing substantial 
ripple reduction. 

The two-pole post-filter uses an active filter stage to provide 
. even greater ripple reduction without substantially increasing 
the settling times over a circuit with a one-pole filter. The 
values of CA v' C2 , and C3 can then be reduced to allow ex
tremely fast settling times for a constant amount of ripple. 
Caution should be exercised in choosing the value of CAY. 
since the dc error is dependent upon this value and is inde
peridentof the post filter. 

10% 

DC ERROR 
OR RIPPLE
%of Roading 

1% 

0.1% 

Figure 7. 2 Pole "Post" Filter 

, 
,\. 
\ " , 

~PK PK RIPPLE 
CAY - 1~F (FIG. 1) 

1\ '\ PKPK ,~ RIPPLE (ONE POLE) , CAV - 1~F. C2 - 2.~F I' 

",. I Rx - 0 

1\ , \ dcIERRO~ " \ '\ ' CAY - 1~F 
~f~L FIL~ERS) ~I\.. 

,~\ li ~~ 
10Hz "" PK PK 100Hz 1k 10k 

RIPPLE. 
CAY - 1~F 
C2 - C3 - 2.~F (TWO POLE) 

Figure 8. Performance Features of Various Filter Types 



AD536A PRINCIPLE OF OPERATION 
The AD536A embodies an implicit solution of the rms equa
tion that overcomes the dynamic range as well as other limi
tations inherent in a straight-forward computation of rms. 
The actual computation performed by the AD536A follows 
the equation: 

Vnns = Avg. 

Figure 9 is a simplified schematic of the AD536A; it is sub
divided into four major sections: absolute value circuit (ac-
tive rectifier), squarer/divider, current mirror, and buffer am
plifier. The input voltage, VIN , which can be ac or dc, is con
verted to a unipolar current 11, by the active rectifier AI, A2 . 

II drives one input of the squarer/divider, which has the 
transfer function: 

14 = 11
2
/13 

The output current, 14, of the squarer/divider drives the cur
rent mirror through a low pass filter formed by RI and the 
externally connected capacitor, CAY. If the R I , CAY time 
constant is much greater than the longest period of the input 
signal, then 14 is effectively averaged. The current mirror re
turns a current 13 , which equals Avg. [141 , back to the squarer/ 
divider to complete the implicit rms computation. Thus: 

14 = Avg. [I I 2/141 = II nns 

rms Measurements J 
The current mirror also produces the output current, lOUT' 
which equals 214. loUT can be used directly or converted to 
a voltage with R2 and buffered by A4 to provide a low im
pedance voltage output. The transfer function of the ADS 36A 
thus results: 

The dB output is derived from the emitter of Q3, since the 
voltage at this point is proportional to -log V IN. Emitter fol
lower, Us, buffers and level shifts this voltage, so that the 
dB output voltage is zero when the externally supplied 
emitter current (IREF) to Q s approximates 13 , 

ABSOLUTE VALUE! 
VOLTAGE - CURRENT 

CONVERTER 

50k 

R4 

CURRENT - MIRROR 

ONE - QUADRANT 
SQUARER! 
DIVIDER 

Figure 9. Simplified Schematic 

25k 

-Vs 
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CONNECTIONS FOR dB OPERATION 
A powerful feature added to the ADS36A, which is not avail
able in any other computing rms circuit, is the logarithmic 
or decibel output. The internal circuit which computes dB 
is very accurate and works well over a 60dB range. The 
connection for dB measurements is shown in Figure 10. The 
user selects the OdB level by setting Rl for the proper OdB . 
reference current (which is set to exactly cancel the log out
put current from the squarer-divider at the desired OdB 
point). The external op amp is used to provide a more con
venient scale and to allow compensation of the 0.3%/

o
C 

temperature drift of the dB circuit. The special T.C. resistor, 
R3 , is available from Tel Labs, Londonderry, NH, type number 
Q-81. The linear rms output is available at pin 8 with an out
put impedance of 2SkQj thus some applications may require 
an additional buffer amplifier if this output is desired. 

dB Calibration: 

1. Set VIN = 1.00V dc 

2. Adjust R\ for dB out = O.OOV 

3. Set VIN = +O.IV de 

4. Adjust R2 for dB out = -2.00V 

Any other desired OdB reference level can be used by set
ting VIN and adjusting R\ accordingly. Note that adjusting 
R2 for the proper gain automatically gives the correct tem
perature compensation. 

Figure 10. dB Connection 

FREQUENCY RESPONSE 
The ADS36A utilizes a logarithmic circuit in performing the 
implicit rms computation. As with any log circuit, bandwidth 
is proportional to signal level. The solid lines in the graph be
low represent the frequency response of the ADS 3 6A at input 
levels from 10 millivolts to 1 volt rms. The dashed lines indi
cate the upper frequency limits for 1 %, 10%, and 3 dB of 
reading additional error. For example, note that a 1 voltrms 
signal will produce less than 1 % of reading additional error up 
to 100kHz. A 10 millivolt signal can be measured with 1% of 
reading additional error (lOOIlV) up to only 6kHz. 

10 I II 
7V rms INPUT 

:l I I I 
(; 
> 
5 0.1 ~ 

0,01 

lV 'is INrUi 

l°iv'rr~~' 

10m, ,m'IINiuIT, 

lk 10k 

/1% , 
/ ,-

.," ... '" ;.." >~ .~ 

.... 

lOOk 

FREOUENCY - Hz 

I 
10% I'N-. 

i+3dB_ -, 
"'-" 

1M 10M 

Figure 11. High Frequency Response 
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AC MEASUREMENT ACCURACY AND CREST FACTOR 
Crest factor is often overlooked in determining the accuracy 
of an ac measurement. Crest factor is defined as the ratio of the 
the peak signal amplitude to the rms value of the signal (C.F. = 
Vp/Vrms)' Most common waveforms, such as sine and triangle 
waves, have relatively low crest factors «2). Waveforms which 
resemble low duty cycle pulse trains, such as those occurring 
in switching power supplies and SCR circuits, have high crest 
factors. For example, a rectangular pulse train with a 1 % duty 
cycle has a crest factor of 10 (C.F. = 11.../11>. 

Figure 12 is a curve of reading error for the ADS36A for a 1 
volt rms input signal with crest factors from 1 to 10. A rec
tangular pulse train (pulse width lOOlls) was used for this test 
since it is the worst-case waveform for rms measurement (all 
the energy is contained in the peaks). The duty cycle and peak 
amplitude were varied to produce crest factors from 1 to 10 
while maintaining a constant 1 volt rms input amplitude. 

'l..I--T--1 

~
p _____ 1 ___ _ 

o· • -I I-
l00~. 
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-
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-- .......... 
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Figure 12. Error VS. Crest Factor 
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Figure 13. AD536A Error VS. Pulse Width Rectangular Pulse 
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Figure 14. AD536A Input and Output 
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r.ANALOG 
WDEVICES 

FEATURES 
True rms-to-dc Conversion 
200mV Full Scale 
. Laser-Trimmed to High Accuracy 

0.5% max Error (AD636K) 
1.0% max Error (AD636J) 

Wide Response Capability: 
Computes rms of ac and dc Signals 
1MHz -3dB Bandwidth: Vrms >100mV 
Signal Crest Factor of 6 for 0.5% Error 

dB Output with 50dB Range 
Low Power: BOOpA Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 
Low Cost 

PRODUCT DESCRIPTION 
The AD636 is a low power monolithic IC which performs true 
rms-to-dc conversion on low level signals. It offers perform
ance which is comparable or superior to that of hybrid and 
modular converters costing much more. Similar in operation 
to the ADS36A, the AD636 is specified for a signal range of 
o to 200 millivolts rms. Crest factors up to 6 can be- accom
modated with less than 0.5% additional error, allowing ac
curate measurement of complex input waveforms. 

The low power supply current requirement of the AD636, 
typically 800pA, allows it to be used in battery-powered 
portable instruments. A wide range of power supplies can be 
used, from ±2.SV to ±12V or a single +SV to +24V supply. 
The input and output terminals are fully protected; the in
put signal can exceed the power supply with no damage to 
the device (allowing the presence of input signals in the 
absence of supply voltage) and the output buffer amplifier 
is short-circuit protected. 

The AD636 includes an auxiliary dB output. This signal is 
derived from an internal circuit point which represents the 
logarithm of the rms output. The OdB reference level is set 
by an externally supplied current and can be selected by the 
user to correspond to any input level from OdBm (774.6mV) 
to -20dBm (77.46mV). Frequency response ranges from 
1.2MHz at a OdBm level to over 10kHz at -SOdBm. 

The AD636 is designed for ease of use. The device is factory
trimmed at the wafer level for input and output offset, posi
tive and negative waveform symmetry (dc reversal), and full 
scale accuracy. Thus no external trims are required to achieve 
full rated accuracy. 

The AD636 is available in two accuracy grades; the AD636J 
has a total error of ±O.SmV ±1.0% of reading, and the AD6 36K 
is accurate within ±0.2mV ±O.S% of reading. Both versions 
are specified for the 0 to 70°C temperature range, and are of
fered in either a hermetically sealed l4-pin DIP or a 10 pin 
TO-IOO metal can. 

Low Level 
True rms-to-dc Converter 

AD636 I 
AD636 FUNCTIONAL BLOCK DIAGRAMS 

TO-116 
TOP VIEW 

PRODUCT HIGHLIGHTS 

lOUT 

-Vs 

TO-IOO 
TOP VIEW 

1. The AD636 computes the true root-me an-square of a com
plex ac (or ac plus dc) input signal and gives an equivalent 
dc output level. The true rms value of a waveform is a 
more useful quantity than the average rectified value since 
it is a measure of the power in the signal. The rms value 
of an ac-coupled signal is also its standard deviation. 

2. The 200 millivolt full scale range of the AD636 is com
patible with many popular display-oriented analog-to-digital 
converters. The low power supply current requirement 
permits use in battery-powered hand-held instruments. 

3. The only external component required to perform mea
surements to the fully specified accuracy is the averaging 
capacitor. The value of this capacitor can be selected for 
the desired trade-off of low frequency accuracy, ripple, and 
settling time. 

4. The on-chip buffer amplifier can be used to buffer either 
the input or the output. Used as an input buffer, it pro
vide~ accurate performance from standard lOMn input 
attenuators. As an output buffer, it can supply up to S 
milliamps of output current. 

S. The AD636 will operate over a wide range of power sup
ply voltages, including single +5V to +24V or split ±2.SV 
to ±12V sources. A standard 9V battery will provide. 
several hundred hours of continuous operation. 
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SPECIFICATIONS (typical @ +25°C, +VS = +3V, -VS = -5V, unless otherwise specified) 

Model 

TRANSFER EQUATION 

CONVERSION ACCURACY 
Total Error, Internal Triml ° 

vs. Temperature, 0 to +70 C 
vs. Supply Voltage 

de Reversal Error 
Total Error, External Triml 

ERROR VS. CREST FACTOR2 

Crest Factor I to 2 
Crest Factor = 3 
Crest F ac tor = 6 

FREQUENCY RESPONSE l
,-

Bandwidth for 1% Additional Error (O.ldB) 

AD636J 

VOUT =.j avg. (VIN )2 

to.SmV tl.O% of Reading, max 
t(O.lmV to.OI% of Re.ding)/C max 
t( 0.1 m V to.O I % of Reading)/V 
to.Z% of Reading 
to.3mV to.3% of Reading 

Specified Accuracy 
-0.2% 
-0.5% 

VL'I = IOmV 12kHz 
VIN = lOOmV BOkIJz 
VIN = 200mV 130kHz 

t3dB Bandwidth 
VIN = lOrnV BOkIJz 
VIN = loomV B(lOkHz 
VL'I = 200mV 1.3MHz 

AVERAGING TIME CONSTANT 2Sms/,..F 

INPUT CHARACTERISTICS 
Signal Range 

+3, -SV Supply 
t2.SV Supply 
tSV Supply 

Safe Input, All Supply Voltage 
Input Resistance 
Input Offset Voltage 

OUTPUT CHARACTERISTICS' 
Offset Voltage 

vs. Temperature 
,·s. Supply 

Voltage Swing 
+3, -SV Supply 
tSV Supply 

Output Impedance 

dB OUTPUT 
Error, 7mV';;;VL'I';;; 300mV rms 
Scale Factor 
Scale Factor Temperature Coefficient 
IREF for OdB = 0.1 V nns 
IREF Range 

lOUT TERMINAL 
lOUT Scale Factor 
lOUT Scale Factor Tolerance 
Ou tpu t Resistance 
Voltage Compliance 

BUFFER AMPLIFIER 
Input and Output Voltage Range 
Input Offsct Voltage, Rs = 10k 
Input Current 
Input Resistance 
Output Current 
Short Circuit Current 
Small Signal Bandwidth 
Slew Rate' 

POWER SUPPLY 
Voltage, Rated Performance 

Dual Supply 
Single Supply 

Quiescent Current6 

TEMPERATURE RANGE 
Rated Performance 
Storage 

PACKAGE OPTIONS' 
"II Package: TO-IOO 
"D" Package: TO-116 Style (DI4A) 

NOTES 

t2.BV Peak 
t2V Peak 
tSV Peak 
t12V max 
6.7kn t2S% 
O.SmV max 

O.SmV max 
tlO,..vfc 
to.lmV/v 

o to tV typ (O.3V min) 
o to lAV t}'p (0.3V min) 
10kn ±20% max' 

to.SdB max 
-3mV/dB 
+0.3%/C(-0.03dBfC) 
4,..A (2,..A min, B,..A max) 
l,..Ato SO,..A 

100,..A/V rms 
t20% 
10sn 
-VS to (+VS -2V) 

-Vs to (+Vs -2V) min 
ZmV max 
100nA typ (lOOnA max) 
10Bn 
(+SmA, -130f,lA) min 
20rnA 
lMHz 
SVIf,ls 

+3, -SV 
+21-2.SV to t12V 
+SV to +24V 
800f,lA (lmA max) 

o to +70o
C 

-SSoC to +lSOoC 

AD636JH 
AD636JD 

AD636K 

to.ZmV to.S% of Reading, max 
!(O.lmV to.OOS% of Reading)fC max 

to.1 % of Reading 
to.lmV to.2% of Reading 

0.2mV max 

0.2mV max 

to.2dB max 

lmVmax 

AD636KH 
AD636KD 

J Accuracy is specified for 0 to 200mY rms, de or 1kHz sinewavc input. Accuracy is degraded at higher rms signallevcls. 
2 Error VS, crest factor is specified as additional error for a 200mV' rms rectangular pulse train. pulse width • 200~ 
31nput voJtag~s arc expressed in volts rms. 
4 M~asur~d at pin 8 of DIP <loUT), with pin 9 tied to common. 
s With IOkn pull-down resistor from pin 6 (BUF OUT) to -VS' 
II With BUF input tied to -VS. . 
"See Secdon 20for package outline informadon. 
·Specifications same as AD636J. 

Specifications subject to change without notice. 
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STANDARD CONNECTION 
The AD636 is simple to connect for the majority of high 
accuracy rms measurements, requiring only an external capac
itor to set the averaging time constant. The standard connec
tion is shown in Figure 1. In this configuration, the AD636 
will measure the rms of the ac and dc level present at the 
input. but will show an error for low frequency inputs as a 
function of the filter capacitor, CAV, as shown in Figure 5. 
Thus. if a 4J..LF capacitor is used, the additional average error 
at 10Hz will be 0.1 %, at 3Hz it will be 1 %. The accuracy at 
higher frequencies will be according to specification. If it is 
desired to reject the dc input. a capacitor is added in series with 
with the input, as shown in Figure 3; the capacitor must be 
non-polar. If the AD636 is driven with power supplies with 
a considerable amount of high frequency ripple, it is advisable 
to bypass both supplies to ground with O.lJ..LF ceramic discs as 
near the device as possible. CF is an optional output ripple 
filter, as discussed elsewhere in this data sheet. 

The input and output signal ranges are a function of the sup
ply voltages as detailed in the specifications. The AD636 can 
also be used in an unbuffered voltage output mode by dis
connecting the input to the buffer. The output then appears 
unbuffered across the 10k resistor. The buffer amplifier can 
then be used for other purposes. Further, the AD636 can be 
used in a current output mode by disconnecting the 10k re
sistor from the ground. The output current is available at 
pin 8 (pin 10 on the "HI! package) with a nominal scale 
of 100J..LA per volt rms input, positive out. 

V'N 

-Vs 

VOUT 

Figure 1. Standard rms Connection 

OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY 
If it is desired to improve the accuracy of the AD636, the 
external trims shown in Figure 2 can be added. R4 is used to 
trim the offset. The scale factor is trimmed by using Rl 
as shown. The insertion of R2 allows Rl to either increase 
or decrease the scale factor. 

The trimming procedure is as follows: 
1. Ground the input signal. VIN, and adjust R4 to give zero 
volts output from pin 6. Alternatively, R4 can be adjusted to 
give the correct outpUt with the lowest expected value of VIN. 
2. Connect the desired full scale input level to VIN, either 
dc or a calibrated ac signal (lkHz is the optimum frequency); 
then trim RI to give the correct' output from pin 6, i.e., 
200mV dc input should give 200mV dc output. Of course, a 

Applying the AD636 
±200mV peak-to-peak sinewave should give a 141.4mV dc out
put. The remaining errors, as given in the specifications, are 
due to the nonlinearity. 

SINGLE SUPPLY CONNECTION 
The applications in Figures 1 and 2 assume the use of dual 
power supplies. The AD636 can also be used with only a 
single positive supply down to +5 volts, as shown in Figure 
3: The major limitation of this connection is that only ac 
sIgnals can be measured since the input stage must be biased 
off ground for proper operation. This biasing is done at pin 
10; thus it is critical that no extraneous signals be coupled into 
this point. Biasing can be accomplished by using a resistive 
divider between +Vs and ground. The values of the resistors 
can be increased in the interest of lowered power consump
tion, since only 1 microamp of current flows into pin 10 (pin 
2 on the "H" package). Alternately, the COM pin of some • 
CMOS ADCs provides a suitable artificial ground for the 
AD636. AC input coupling requires only capacitor C2 as 
sho~n; a dc return is not necessary as it is provided internally. 
C2 IS selected for the proper low frequency break point with 
the input resistance of 6. 7kn; for a cut-off at 10Hz, C2 should 
be 3.3J..LF. The signal ranges in this connection are slightly more 
restricted than in the dual supply connection. The load resis-
tor, RL, is necessary to provide current sinking capability. 

Figure 2. Optional External Gain and Output Offset Trims 

Figure 3. Single Supply Connection 
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CHOOSING THE AVERAGING TIME CONSTANT 
The AD636 will compute the rms of both ac and dc signals. 
If the input is a slowly-varying dc voltage, the output of the 
AD636 will track the input exactly. At higher frequencies, 
the average output of the AD636 will approach the rms value 
of the input signal. The actual output of the AD636 will differ 
from the ideal output by an average (or dc) error and some 
amount of ripple, as demonstrated in Figure 4. 

Eo 

IDEAL 
Eo 

/ 

AV~RAGE ERROR = 

Eo - Eo (IDEAL) 

, l' - ~A;ERAGE Eo ='Ec; 
DOUBLE-FREOUENCY 

RIPPLE 

TIME 

Figure 4. Typical Output Waveform for Sinusoidal Input 

The dc error is dependent on the input signal frequency and 
the value of CA v. Figure 5 can be used to determine the mini
mum value of CAY which will yield 1% or 0.1 % dc error above 
a given frequency. For example, if a 60Hz waveform is to be 
measured with a dc error of less than 0.1 %, CAY must be greater 
than 0.65pF. If a 1 % error can be tolerated, the minimurri 
value of CAY is 0.22pF. 

EXTERNAL 
AVERAGING 
CAP - CAV 

F 

0.11' F 

r\. 

1Hz 

~ 
-"'! 

~ 

~ r\. 
~ f'\ 

I"'\!% 

,- .b ~% 
~ 1,,\ 

10 60 100 

FREQUENCY - Hz 

10 

lk 

OUTPUT 
SETTLING TIME 
TO COMPLETE 
99% OF STEP
Seconds 

0,1 

0.01 

Figure 5. Lower Frequency for Stated % of Reading Error 
and Settling Time for Circuit Shown in Figure 1 

The ac component of the output signal is the ripple. There are 
two ways to reduce the ripple. The first method involves using 
a large value of CAV. Since the ripple is inversely proportional 
to CA v, a tenfold increase in this capacitance will effect a ten
fold reduction in ripple. When measuring waveforms with high 
crest factors, (such as low duty cycle pulse trains), the aver
aging time constant should be at least ten times the signal peri
od. For example, a 100Hz pulse rate requires a lOOms time 

10.0 

1\ i 
I 

~~~~~~~ATIVE 7.5 
TO SETTLING 
TIME AT 
200mVrms 5,0 '" 2.5 

1.0 

o 
lmV 

r\. 
'" 

10mV 100mV 

rm,lNPUT LEYEL 

Figure 6. Settling Time vs. Input Level 
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lV 

constant, which corresponds to a 4pF capacitor (time con
stant = 25ms per pF). 

The primary disadvantage in using a large CA V to remove rip
ple is that the settling time for a step change in input level is 
increased proportionately. Figure 5 shows that the relationship 
between CA V and settling time is 100 milliseconds for each 
microfarad of CA v. The settling time is twice as great for de
creasing signals as for increasing signals (the values in Figure 5 
are for decreasing signals). Settling time also increases for low 
signal levels, as shown in Figure 6. 

A better method for reducing output ripple is the use of a 
"post-filter". Figure 7 shows a suggested circuit. If a single-
pole filter is used (C3 removed, Rx shorted), and C2 is approx
imately twice the value of CA v, the ripple is reduced as shown 
in Figure 8, and settling time is increased. For example, with 
CAY = 1pF and C2 = 4.7pF, the ripple for a 60Hz input is re
duced from 10% of reading to approximately 0.3% of reading. 
The settling time, however, is increased by approximately a 
factor of 3. The values of CAY and C2 can therefore be reduced 
to permit faster settling times while still providing substantial 
ripple reduction. 

Figure 7. 2 Pole "Post" Filter 

The two-pole post-filter uses an active filter stage to provide 
even greater ripple reduction without substantially increasing 
the settling times over a circuit with a one-pole filter. The 
values of CA v' C2 , and C3 can then be reduced to allow ex
tremely fast settling times for a constant amount of ripple. 
Caution should be exercised in choosing the value of CAV, 
since the dc error is dependent upon this value and is inde
pendent of the post filter. 

10% 

DC ERROR 
OR RIPPLE -
%01 Reading 

1% 

0.1% 

, 
~ 

\ "' \ 1 r'\:PK PK RIPPLE 
CAV = l"F (FIG. 1) 

~ PK PK ;;\ , RIPPLE ,(ONE POLE) , 
CAV = liJF, C2 = 4.7iJF -, , •. Rx = 0 

1\ ' \ JcIERRO~ '"'\.. 
\ \.-- CAV = l"F 

r\. I\'ALL FILTERS) 

" ,II I 

'~~' 11 ~ 
10Hz lk 10k PK PK 100Hz 

RIPPLE, 
CAV = liJF 
C, = CJ = 4.7iJF (TWO POLE) 

Figure 8. Performance Features of Various Filter Types 



AD636 PRINCIPLE OF OPERA nON 
The A0636 embodies an implicit solution of the rms equa
tion that overcomes the dynamic range as well as other limi
tations inherent in a straight-forward computation of rms. 
The actual computation performed by the A0636 follows 
the equation: 

Vnns = Avg. 
[ 

VIN 2 ] 

V nns 

. Figure 9 is a simplified schematic of the A0636; it is sub
divided into four major sections: absolute value circuit (ac-
tive rectifier), squarer/divider, current mirror, and buffer am
plifier. The input voltage, VIN' which can be ac or dc, is con 
verted to a unipolar current I), by the active rectifier A), A2. 
11 drives one input of the squarer/divider, which has the 
transfer function: 

14 = I) 2/ 13 

The output current, 14 , of the squarer/divider drives the cur
rent mirror through a low pass filter formed by R) and the 
externally connected capacitor, CAY. If the R), CAY time 
constant is much greater than the longest period of the input 
signal, then 14 is effectively averaged. The current mirror re
turns a current 13, which equals Avg. 114 J , back to the squarer/ 
divider to complete the implicit rms comput'ltion. Thus: 

14 = Avg. (I) 2/14 J = I) rms 

The current mirror also produces the output current, lOUT' 
which equals 21 4 . lOUT can be used directly or converted to 
a voltage with R2 and buffered by A4 to provide a low im
pedance voltage output. The transfer function of the A0636 
thus results: 

The dB output is derived from the emitter of Q3, since the 
voltage at this point is proportional to -log V L"J' Emitter fol
lower, Q5, buffers and level shifts this voltage, so that the 
dB output voltage, is zero when the externally supplied. 
emitter current (IREF) to Q 5 approximates 13 , 

ABSOLUTE VALUE! 
VOLT AGE CURRENT 

CONVERTER 

20. 

CURRENT MIRROR 

ONE - OUADRANT 
SOUARER! 
DIVIDER 

Figure 9. Simplified Schematic 

10k 

-Vs 

rms Measurements 
THE AD636 BUFFER AMPLIFIER 
The buffer amplifier included in the A0636 offers the user 
additional application flexibility. It is important to understand 
some of the characteristics of this amplifier to obtain optimum 
performance. Figure 10 shows a simplified schematic of the 
buffer. . 

Since the output of an rms-to-dc converter is always positive, 
it is not necessary to use a traditional complementary Class 
AB ou tput stage. In the A0636 buffer, a Class A emitter 
follower is used instead. In addition to excellent positive out
put voltage swing, this configuration allows the outpUt to 
swing fully down to ground in single-supply applications 
without the problems associated with most Ie operational 
amplifiers. 

BUFFER 
INPUT 

-Vs 

I 

: 
I 
I 
I ------J>,NV-.J 

REXTERNAL 
IOPTIONAL. SEE TEXT! 

Figure 10. A 0636 Buffer Amplifier Simplified Schematic 

When this amplifier is used in dual-supply applications as an 
input buffer amplifier driving a load resistance referred to 
ground, steps must be taken to insure an adcquate negative 
voltage swing. For negative outputs, current will flow from the 
load resistor through the 40kn emitter resistor, setting up a 
voltage divider between -Vs and ground. This reduced effec
tive -Vs will limit the available negative output swing of the 
buffer. Addition of an external resistor in parallel with RE 
alters this voltage divider such that increased negative swing 
is possible. 

Figure 11 shows the value of ({EXTERNAL for a particular 
ratio of VPEAK to -Vs for se\'eral values of RLOAD. Addition 
of REXTERNAL increases the quiescent current of the buffer 
amplifier by an amount equal to REXT/-VS. Nominal buffer 
quiescent current with no REXTERNAL is 30~A at -Vs = -5V. 

1.0J--"",_d---

~ 

~ :j 0.5 

o 
o : 

O~0----~lk~1l----~1~~~!!~--~10~Ok~Il~--~lMn 
REXTERNAl 

Figure 11. Ratio of Peak Negative Swing to - Vs vs. 
REXTERNAL for Several Load Resistances 
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FREQUENCY RESPONSE 
The AD636 utilizes a logarithmic circuit in performing the 
implicit rms computation. As with any log circuit. bandwidth 
is proportional to signal level. The solid lines in the graph be
low represent the frequency response of the AD636 at input 
levels from 1 millivolt to 1 volt rms. The dashed lines indi
cate the upper frequency limits for 1%, 10%, and ±3dB of 
reading additional error. For example, note that a 1 volt rms 
signal will produce less than 1% of reading additional error up 
to 200kHz. A 10 millivolt signal can be measured with 1% of 
reading additional error (lOOJ,tV) up to 12kHz. 

lV~LTrL,UJ 
A% 

200m 
200mV rm. INPUT I I 

100mV rm. INPUT I 

30ml rml'N~JI , 
I , , 

10ml rm.l'NlJ 

, , 
r>< 

" 
I , 

I 

" I 10-' 

100m 

!:! 30m 

~ 
I 
~ 10m 

~ 

I I 
/ 

. 1m 1mVrmsi ~U " / \ 

100" 
lk' 

""'< 

10k 

~ 

1\" 
lOOk 

FREQUENCY - Hz 

~ 
10~ ,I \ 

/'3dB , 
~ 

I> ~ , 1\ 

\ \ 

1\ 
~ I' 

1\ 

~ , 
1M 

Figure 12. AD636 Frequency Response 
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AC MEASUREMENT ACCURACY AND CREST FACTOR 
Crest factor is often overlooked in determining the accuracy 

A COMPLETE AC DIGITAL VOLTMETER 
Figure 14 shows a design for a complete low power ac digital 
voltmeter circuit based on the AD636. The lOMn input at
tenuator allow~ full scale ranges of 200mV, 2V, 20V and 
200V rms. Signals are capacitively coupled to the AD636 
buffer amplifier, which is connected in an ac bootstrapped 
configuration to minimize loading. The buffer then drives 
the 6.7kn input impedance of the AD636. The COM termi
nal of the ADC chip provides the false ground required by 
the AD636 for single supply operation. An AD589 1.2 
volt reference diode is used to provide a stable 100 millivolt 
reference for the ADC in the linear rms mode; in the dB mode, 

of an ac measurement. Crest factor is defined as the ratio of the 
the peak signal amplitude to the rms value of the signal (C.F. = 
Vp IVrms)' Most common waveforms, such as sine and triangle 
waves, have relatively low crest factors «2). Waveforms which 
resemble low duty cycle pulse trains, such as those occurring 
in switching power supplies and SCR circuits, have high crest 
factors. For example, a rectangular pulse train with a 1 % duty 
cycle has a crest factor of 10 (C.F. = 1/vT1). 

Figure 13 is a curve of reading error for the AD636 for a 
200mV rms input signal with crest factors from 1 to 7. A rec
tangular pulse train (pulse width 200/1s) was used for this test 
since it is the worst-case waveform for rms measurement (all 
the energy is contained in the peaks). The duty cycle and peak 
amplitude were varied to produce crest factors from 1 to 7 
while maintaining a constant 200mV rms input amplitude. 

~f--T--l ~ = DUTY CYCLE = 20~". 

O~ --1, I-
CF = 1/y'Ti 

.,N (rm,) = 200mV 

Cl 
Z 

~~ 
~a:: «LL 
wO 
5'-

200". 

+0.5 

---
~; -0.5 

-1.0 
1 

------r--r--

4 
CREST FACTOR 

---
Figure 13. Error vs. Crest Factor 

a 1N4148 diode is inserted in series to provide correction 
for the temperature coefficient of the dB scale factor. Cal
ibration of the meter is done by first adjusting offset pot 
R17 for a proper zero reading, then adjusting the R13 for an 
accurate readou t at full scale. 

Calibration of the dB range is accomplished by adjusting R9 
for'the desired OdB reference point, then adjusting R14 for 
the desired dB scale factor (a scale of 10 counts per dB is 
convenient). 

Total power supply current for this circuit is typically 
2.8mA using a 7106-type ADC. 

+Vs 
.... ---.-------""""'i+voo 

3112 DIGIT 
CMOS 
A-O 

REF HI 

R7 JJ_vv--.-----t HI 

20k ANALOG 
10% IN 

~~'= 3,~~:: ~:~,'::c:' -----....J-~~-----< ..... ---::1 LO 
ALL RESISTORS 1% UNLESS NQTED. L-___________________ -_V"is -Vss 

Figure 14. 3 1/2 Digit True rms ac Voltmeter 
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r.ANALOG 
WDEVICES 

FEATURES 
DC to 8MHz Response (-3<:18) 
High Accuracy:-

With No Ext. Trim: ±2mV ±0.15%of Rdg., max 
With Ext. Trim: ±1mV ±O.05% of Rdg., max 

Low Drift: ±(35J.LV ±0.01% of Reading)fC max, 442L 
Fast Settling Time: 5ms to 1% 
Small Size: 1.5" x 1.5" x 0.4" 
All Hermetically Sealed Semiconductors 

APPLICATIONS 
Wideband rms Instrumentation 
Telephone, Telegraph & Modem Test Equipment 
Vibration Analysis 
Sound & Noise Level Instrumentation 
Mean Square Measurements 

GENERAL DESCRIPTION 
Model 442 is a high performance true rms-to-dc converter 
featuring 8MHz bandwidth, low drift to ±35J.LV/C ±0.01% of 
reading/OC maximum, and ±1% reading error to 800kHz. Unlike 
competing designs, model 442 achieves its high accuracy over a 
very wide input signal range. With no external adjustment, accu
racy is held to within ±2mV ±0.15% of reading for input signals 
of 0 to 2V nns' If optional adjustments are performed, this accu
racy can be improved to ±lmV ±0.05% of reading. Model 442 
is designed to be used in high performance instrumentation 
where response to low level, high speed signals, is of greatest 
importance. 

The compact, log-antilog circuit design of model 442 results 
in high accuracy measurements on sinewave signals and com
plex waveforms such as pulse trains. Reading error increases 
0.2% for signals with crest factors up to 7. In addition, true 
rms measurement can be performed directly on signals contain
ing both ac and dc components. 

Model 442 is available in three low drift selections offering 
maximum drift performance over 0 to +70°C range; model 
442L: ±(35J.LV ±0.01% of rdg.)/oC max; model 442K: ±(50J.LV 
±0.01 % of rdg.)/oC max; model 442J : ±(100J.LV ±0.01% of 
rdg.)/C max. 

WHERE TO USE MODEL 442 
Excellent untrimmed performance along with simple, optional 
trims make model 442 the ideal component for all types of 
laboratory and OEM rms instrumentation where wideband 
measurements must be made with high accuracy. Model 442 
is ideally suited for measuring thermal noise, transistor noise 
and switch contact noise. True rms measurement is the only 
technique to accurately measure system noise and thereby 
assist the ,designer in reducing this noise. Model 442 is also use
ful for measuring mechanical phenomena such as strain, stress, 

For detailed information, contact factory. 

, } ::d, High Accuracy 
1. _! J.'iis-to-dc Converter 

MODEL 442· I 
MODEL 422 

SIGNAL ACCURACY VS. INPUT FREQUENCY 

18 
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J , / 
V 
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J 
MOOEL 442 WIDEBAND RMS TO DC CONVERTER 

V 
t- . ERROR VERSUS INPUT FREOUENCY 

~V lVnn, INPUT SIGNAL 

~ I-' 

lk 2k 3k 4k 5k 10k 20k 30k 40k 50k lOOk 200k 300k 400k 500k 1 M 

SINEWAVE INPUT FREQUENCY - Hz 

vibration, shock, expansion and contraction. The electrical 
signals produced by these mechanical actions are often noisy, 
nonperiodic, nonsinusoidal and superimposed on dc levels, 
therefore requiring true rms devices for accurate measurements. 

Model 442 is also' required for acCurate measurements on low 
repetition rate pulse trains. For pulse trains with crest factors 
of 10, a 3dB bandwidth of 400 times the pulse rate is required 
to achieve 1 % accuracy and 4000 times the pulse rate is needed 
for 0.1% accuracy. 

Model 442 may also be connected (se~ure 3) to measure 
the MEAN SQUARE of a signal (eo = ein2 /VR)' The Mean 
Square of a random signal is equal to the variance (a2 ). 

TOTAL ACCURACY 
Total output error is specified as the sum of two components; 
a fixed term plus a percentage of output signal. Model 442 has 
a rated sinewave accuracy of ±lmV ±0.05% max (externally 
trimmed), which for a one volt rms sinewave, results in a 
±l.5mV maximum error (±lmV fixed error plus ±0.5mV 
reading error). The fixed error component is comprised of out
put offsets and linearity errors. Both of these error terms have 
been miniinized in the model 442 as'a result of special output 
circuit design and sophisticated factory offset trim procedures. 
Output offset can be adjusted for minimum error by means of 
an external adjustment (see Figure 2). The % of reading error 
is attributed to nonlinearity and scale factor errors. Scale factor 
error may also be reduced by external adjustment of an op
tional SkU potentiometer (see Figure 2). 
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SPECIFICATIONS '" V dc, unless otherwise noted) 

MODEL 

THANS!'F/{ LQUATI()!\i 

ACCl!HACY ' 
Total Erwr. Sinewa\c Input, f';;; 2ukllz 

, N\l External Adjustnlt'llt 
Input Hange: 0 to 2\' rrn< 

Extt·rnal,\dJu,tml·nt 
Input Range: 0 to ZV ITllS 

\OmV ITll , to 2V rms 
Addltiunal Error, Sinewa\,c Input, 
20kHl ,;;; f" 500kHz 

With or Without External Adjustment 
Fur Any Input Hange 

\'s. Supply Voltage 
Warm·Up Time 

±2mV ±o.IS% of Hdg., max 

± ImV ±O.OS% of Rdg., max 
±O.SmV ±O.oS% of Hdg., max • 

(±2SiJV ±0.002S% of Rdg.) x 

( 
f(kllz) - 20kHz 
- , max 

~ 1kHz 
±IOOiJV/C plus 
±o.OI% of RdgfC 

±O.lmVIO/O 
5 minutes 

±SOiJV/OC plus 
±0.01% of RdgfC 

FHEQUE:-':CY IU:SPO:-':SE SINEWAVE INPUT 
± I ~'O Readlllg Error 

Input: 7V rn' 
2\, nTIS 

IV"", 
o !\' rrns 

o IV mJS 
o Ol\'rm, 

-3dB RCddlng Ecrur 
Input: 7\'"", 

2\'mlS 
1\' rms 

0.2Vnns 
O.IVnns 
O.OIV nns 

Internal Filter Time Constant 
External Filter Time Constant2 

Total Avcraging Timc Constant2 

CRFST FACTOR 
±0.2% Additional Hcading Erwr 
iO.S% Additional Reading Error 

INPUT SPECIFICATIONS 
Voltage 

Signal Range 
Safe Input 
Impedance 

OUTPUT SPECIFICATlO!'lS3 
RaTed Output 

Voltage 
Currt"Jlt 

Impedance 
Offset Voltage, I~' +25"C 

With External 2(}kQ 1 rim Pot 

POWER SUPPL Y' 
Voltage, Rated Specifications 
Voltage, Operating 
Lurrl'nt, Quiescent 

. TEMPEHATURE RA!'I(;E 
Hated Performanff 
Operating 
Stnrage 

CASE SIZE 

·Specificationo;; 'liam~ as moJel442J . 
• ·Contact ~alt"s oftil:c for (omplcte 4 page data sheet. 

SOOkHz 
700kHl 
IIUOkHz 
120kHz 
80klll. 
2SkHz 

5Mllz 
8Mllz 
7Mllz 
3MIII. 
2MIlz 
300kHz 
I.Srns 
ISrm/iJF 
105m, + 15m's/iJl' 

10 

±IOVpeak min 
!Vs 
205kQ ±IO% 

+\O.OV min 
+SmA min 
(UQ 

±2mV max 
Adjustable to Zero 

±ISV de 
±(6 to IS)V de 
±12mA 

o to +70"C 
-2S"C to +85°C 
-SS"<: to + 12S'C 

I.S" x I.S" x O.~" 

·U2l 

±3SiJV/OC plus 
±o.OI% of RdgfC 

I Error i~ !pl"cif,ed a~ the ~um of two components: a fixed term plus a percentage of output signal (reading). Refer to 
TOTAl. ACClI KACY. 

'Connect optional filtcr capacitor between pin 1 and pin,2 (see Figure 2). Pm I is protected for shorts to ground and 
the po~itJve "upply volta.ge. Pin 1 is not protected for negative voltage greater than 1 volt. 

J Protected for short Circuit to ground and/or either supply volt.i.ge:. 
"Hecommended power !rI.upply. Analog Devices' model 904. 

Spef.:ification\ 'iUhject to <.;han~e without notice. 

VOL. 1,7-20 RMS-TO-OC CONVERTERS 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

T 
1.51 
MAX 

I 
BOTTOM VIEW --l I-- ~~.~RIO 

Weight: 40 grams 

MATING SOCKET ACI016 

442 

Figure 1. Wiring Connections for 
rms Measurements (No External 
Trim) 

As'" SkU 
Ro '" 20kH 

SCALE FACTOR 

'SELECT Cf FOR INCREASED AVERAGING TIME CONSTANT. 
rims) 0" 1.5+ 15Ct (,..F) 

Figure 2. Optional External 
Adjustment for rms Measurements 

VRH ~--. +'0 VqLTS 

RO' 20kH 

Figure 3. Wiring Connections for 
Mean Square Measurements with 
Adjustable Scale Factor (V REF) 
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AD584j/K/L/S/T/U Pre trimmed 10V, 7.5V, 5V, 2.5V Monolithic Ie Multiple-Voltage References 

AD589jHlKH/LH/MH/SH/TH/UH Two-Terminal Ie 1.2V References 

AD1403/AD1403A +2.5V Monolithic Ie Voltage References in Mini-DIP Package 

AD2700j/L/S +10V Precision Hybrid Ie Positive Voltage References! 

AD2701j IL/S -10V Precision Hybrid Ie Negative Voltage References 

AD2702j/L/S ±10V Precision Hybrid Dual Voltage References 
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au tpu t Voltage Range 1.235V 
2.5V 

- 5.0V 
7.5V 
+10.00V 
-10.00V 
±10.00V 

Output Voltage Tolerance ~±O.4% 

~±O.O5% 

~±O.O25%· 

~±O.O12% 

Temperature Stability ~25ppmtC 
~10ppmtC 
~5ppm/oC 
~1ppm/oC 

Temperature Range o to +70
o

C 
-55°C to +125°C 

Package Style Hermetic Package 
Plastic Package 

Dice Available 
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Orientation 
Voltage References 
A voltage reference is used to provide an accurately known 
voltage which can be utilized in a circuit or system. For ex
ample, measurement systems rely on precision references in 
order to establish a basis for absolute measurement accuracy. 
Any reference inaccuracy will undermine the accuracy of the 
overall system. Thus, ideal references are characterized by ac
curately set (and traceable to recognized fundamental stand
ards) constant output voltage, independent of temperature, 
load chan?es, input voltage variation, and time. 

Types of References 
The majority of available Ie reference circuits use the band
gap principle: the VBE of any silicon transistor has a negative 
tempco of about 2mV/C, which can be extrapolated to ap
proximately 1.2 volts at absolute zero (the bandgap voltage 
of silicon). Since identical transistors operating at constant cur
rent densities will have predictably different temperature coef
ficients of base-emitter voltage, it is possible to arrange circuit 
elements so as to null out the temperature coefficients asso
ciated with the two phenomena and produce a constant voltage 
(usually 1.2 volts). This temperature-invariant voltage can be 
amplified and buffered to produce a standard voltage value, 
such a,s,25V or lO.OV. The bandgap types catalogued here 
include the ADl403 and the ADS80 (2.SV), the ADS8l 
(lO.OV),·and the multi~output ADS84 (2.5,5.0,7.5, and/or 
lO.OV). 

Another popular form of reference circuit uses a selected low
drift Zener diode, followed by a buffer-amplifier-and-precision
gain stage to provide a standard output voltage. The AD27l0, 
AD2712 families provide +lOV and ±lOV (dualoutput) using 
this technique. Laser-trimmed thin-film resistors are essential 
to secure ±lmV accuracy and ±lppmrC max drift in these 
hybrid devices. 

The ADS89 family are two-terminal 1.2V bandgap ICs used 
like Zener diodes. They are ideally suited to battery-powered 
instruments or portable equipment where low power consump
tion (and often low supply voltages) are essential. Power re
quirements as.}ow as 60pW, combined with low temperature 
'drift, provide precision performance at low cost. 

VOL. /,8-4 VOL TAGE REFERENCES 

Definitions of Specifications 
Line regulation. The change in output voltage due to a speci
fied change in input voltage. It is usually expressed in percent 
per volt or microvolts per volt of input change. • 

Load regulation. The change in output voltage for_ a specified 
change in load current. It is generally expressed in microvolts 
pei' milliampere, or ohms of dc output resistance. This specifi
cation includes the effect of self-heating due to increased 
power dissipation at higher load currents. 

Output voltage tolerance. The deviation from the nominal out
put voltage at 25°C and specified input voltage as measured by 
a device traceable to a rc:!cognized fundamental voltage standard. 

Output voltage change with temperature. The change in out
put voltage from the value at 2S

o
C,ambient; it is independent 

of variations in the other operating conditions. Analog Devices 
specifies both an error band and an eqUivalent temperature 
coefficient (in ppm/oC) for most references. The error band 
(e.g., ±SmV, -55°C to +l2SoC), is defined graphically in terms 
of a box (voltage vertically, temperature horizontally) whose 
diagonals extend from 25°C to Tmax and 25°C to Tmin, with a 
slope equal to the stated temperature coefficient. Thus, the 
total absolute error for a particular reference over its specified 
temperature range is equal to the output voltage tolerance at 
25°C plus the error band. 

Turn-on settling time. The time, from a cold start, for the 
reference output to settle within a specified error band. This 
definition relates only to the electrical tum-on of the chip, 
and does not include thermal settling time, which depends on 
the package, heat-sinking, and load-current change. 
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FEATURES 
Laser Trimmed to Higher Accuracy: 2.500V ±o.4%, Improved 

from ±1.0% (AD580M) 
3-Terminal Device: Voltage In/Voltage Out 
Excellent Temperature Stability: 10ppmfC (AD580M, U) 
Excellent Long Term Stability: 250JJV (25JJV/Month) 
Low Quiescent Current: 1.0mA max 
Small, Hermetic IC Package: TO-52 Can 
3 MIL Temperature Grades (-55°C to +125°C) with 

MI L-STD-883, Class B Processing Available 

PRODUCT DESCRIPTION 
The ADS80 is an improved three-terminal, low cost, tempera
ture compensated, bandgap voltage reference which provides 
a fixed 2.SV output voltage for inputs between 4.5V and 30V. 
A unique combination of advanced circuit design and laser
wafer-trimmed thin-film resistors provide the ADS80 with an 
improved initial tolerance of ±O.4%, a temperature stability of 
better than lOppm/ C and long term stability of better than 
2S0JJY. In addition, the low quiescent current drain of l.OmA 
max offers a clear advantage over classical zener techniques. 

The ADS80 is recommended as a stable reference for all 8-, 
10- and 12-bit D-to-A converters that require an external refer
ence. In addition, the wide input range of the ADS80 allows 
operation with 5 volt logic supplies making the AD580 ideal 
for digital panel meter applications or whenever only a single 
logic power supply is available. 

The ADS80J, K, Land M are specified for operation over the 
o to +70

o
C temperature range; the ADS80S, T and U arespeci

fied for operation over the extended temperature range of 
-S5°Cto+12SoC. . 

• Covered by Patent Nos. 3,887,863; RE 30,586 

High Precision 
2.5 Volt Ie Reference 

AD580* I 
AD580 FUNCTIONAL BLOCK DIAGRAM 

TO-52 
BOTTOM VIEW 

PRODUCT HIGHLIGHTS 
1. Laser-trimming the thin-film resistors has reduced the 

ADSBO output error. For example, AD5BOL output 
tolerance is now ±10mV, improved from ±SOmV. 

2. The three-terminal voltage in/voltage ou t operation of the 
AD5BO provides regulated output voltage without any 
external components. 

3. The AD5BO provides a stable 2.SV output voltage for 
input voltages between 4.5V and 30V. The capability to 
provide a stable ou tput voltage using a 5-volt input makes 
the AD580 an ideal choice for systems that contain a 
single logic power supply. 

4. Thin film resistor technology and tightly controlled bipolar 
processing ~rovide the ADS80 with temperature stabilities 
to lOppm/ C and long term stability better than 250JJV. 

5. The low quiescent current drain of the AD5BO makes it 
ideal for CMOS and other iow power applications. 

6. The three grades of AD5BO rated for operation over the 
-55°C to +125°C "military" temperature range are avail
able with processing to MIL-STD-B83, Class B. 
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SPECIFICATIONS (typical @+15V and 25°C unless otherwise specified) 

MODEL 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage 
Power Dissipation @ +25°C 

Ambient Temperature 
Derate Above +25°C 
Operating Junction Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 
Thermal Resistance 

J u nction-to-Case 
Junction-to-Ambient 

Specified Operating Temperature Range 

OUTPUT VOLTAGE TOLERANCE 

ADS80JH AD580KH 

40V EIN 

350mW 
2.8mW/C 
-55°Cto+150°C • 
-65°C to +175°C • 
+300

o
C 

100°CIW 
360°CIW 
o to +70

o
C 

(Error from Nominal 2.500 Volt Output) ±75mV max ±25mV-max 

OUTPUT VOLTAGE CHANGE 
Tmin to Tmax 15mV max 

(85ppm/C) 

LINE REGULATION 
7V~IN';;30V 

LOAD REGULATION 
I'll = lOrnA, VIN = +15V 

QUIESCENT CURRENT 

NOISE (0.1 Hz to 10Hz) 

STABILITY 
Long Term 
Per Month 

PACKAGE STYLE 1 TO-52 

6mV max 
(LSmV typ) 
3mV max 
(0.3mV typ) 

IOmV max 

L5mA max 
(LOrnA typ) 

60f.lV (p-p) 

250f.l V 
25f.lV 

II 

7mV max 
(40ppm/oC) 

4mV max 
(LSmV typ) 
2mV max 
(0.3mV typ) 

ADS80LH ADS80MH 

±10mV max ±IOmV max 

4.3mVmax L75mV max 
(25ppm/C) (lOppm/C) 

2mV max 2mV max 

ImV max ImV max 

ADS80SH An~ROTH ADS80UH 
(ADS80UH/883B)2 MODEL (ADS80SH/883'B)2 (ADS80TH/883B)2 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage 
Power Dissipation @) +2S

o
C 

Ambient Temperature 
Derate Above +2S

o
C 

Operating Junction Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 
Thermal Resistance 

J unction-to-Case 
Junction-to-Ambient 

Specified Operating Temperature Range 

OUTPUT VOLTAGE TOLERANCE 

40V EIN 

3S0mW 
2.8mW/C 
-5S"C to +lS0°C 
-6S

o
C to +17~oC 

+300°C 

100°C/W 
360°CIW 

-55°C to +12S
o

C 

(Error from Nominal 2.500 Volt Output) ±2SmV max 

OUTPUT VOLTAGE CIIANGE 
Tmin to Tmax 2SmV max 

(SSppm/C) 

LINE REGULATION 

LOAD REGULATION 
I'll = lOrnA, VIN = +ISV 

QUIESCENT CURRENT 

NOISE (O.1Hz to 101lz) 

STABILITY 
Long Term 
Per Month 

PACKAGE STYLE I TO-52 

'Specifications same as ADSHOjll 
··Specifiq.tion"i ~ame as AD580SH 

6mV max 
(LSmV typ) 
3mV max 
(0.3mV typ) 

IOmV max 

LSmA max 
(LOrnA typl 

·60f.lV (p-p) 

2S0f.lV 
25J.lV 

II 

I See Section 20 for package outline information. 
lThe AD580SH, TH and UH are available processed and screened 

to the requirements of MIL-STD-883, Class B. When ordering. 
specify ADS80XIII,883B. 

Specifications subject to change without notice. 
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±lOmVmax 

llmV max 
(2Sppm/C) 

2mV max 

ImV max 

±lOmV max 

4.SmV max 
(lOppm/C) 

2mV max 

ImV max 



THEORY OF OPERATION 
Most precision IC references use complex multichip hybrid 
designs based on expensive temperature-compensated zener 
diodes. Others are monolithic with on-chip zener diodes; these 
often require more than one power supply and, with the zener 
breakdown occuring near 6.3 volts, will not operate from a 
low voltage logic supply. 

The AD580 family (AD580, AD581, AD584, AD589) uses 
the "bandgap" concept to produce a stable, low-temperature
coefficient voltage reference suitable for high accuracy data
acquisition components and systems. The device makes use 
of the underlying physical nature of a silicon transistor base
emitter voltage in the forward-biased operating region. All 
such transistors have approximately a -2mV/oC temperature 
coefficient, unsuitable for use directly as a low TC reference; 
however, extrapolation of the temperature characteristic of 
anyone of these devices to absolute zero (with emitter cur
rent proportional to absolute temperature) reveals that it will 
go to a VBE of 1.205 volts OaK, as shown in Figure 1. Thus, 
if a voltage could be developed with an opposing temperature 
coefficient to sum with VBE to total 1.205 volts, a zero-TC 
reference would result and operation from a single, low-voltage 
supply would be possible. The AD580 circuit provides such a 
compensating voltage, VI in F'igure 2, by driving two transis
tors at different current densities and amplifying the resulting 
VBE difference (LWBE - which now has a positive TC); the 
sum (Vz) is then buffered and amplified up to 2.5 volts to pro
vide a usable reference-voltage output. Figure 3 is the sche
matic diagram of the AD580. 

The AD580 operates as a three-terminal reference, that 
means that no additional components are required for biasing 
or current setting. The connection diagram, Figure 4 is quite 
simple. 

1.5V,.-----,..-------,---......,.----, 

1.205V 
~;.:;,~::~ ::.'~-'--

~ 1.0V 1---i~~;:---l----+-,----4 

~ 
> 
is 

~ O.5V I---II--:----l---:~~~---=:::.....d 'l 

-273"C -200"C 
O"K 73"K 

-l00'C 
173"K 

TEMPERATURE 

Figure 1. Extrapolated Variation of Base· Emitter Voltage with 
Temperature (lEaT), and Required Compensation, Shown for 
Two Different Devices 

+VIN -_._----< _ __1-

VOUT - Vl(l + ~) - 2.5V 

E VSE +Vl 

T 
'VeE 

.1 

z Vae +2-i;-JVSE 

.. VBE+2~~ln-* 
- 1205V 

Figure 2. Basic Bandgap·Reference Regulator Circuit 

Applying the AD580 

Figure 3. AD580 Schematic Diagram· 

AD580 

-E 

EOUT~ 
LOAD 

Figure 4. AD580 Connection Diagram 

VOLTAGE VARIATION VS. TEMPERATURE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer
ences are characterized using a maximum deviation per degree 
Centigrade; i.e., 10ppm/C. However, because of the incon
sistent nonlinearities in zener references (butterfly or "5" 
type characteristics), most manufacturers use a maximum 
limit error band approach to characterize their references. 
This technique measures the output voltage at 3 to 5 different 
temperatures and guarantees that the output voltage deviation 
'rill fall within the guaranteed error band at these discrete 
temperatures. This approach, of course, makes no mention or 
guarantee of performance at any other temperature within the 
operating temperature range of the device. 

The consistent Voltage vs. Temperature performance of a typi
cal AD580 is shown in Figure 5. Note that the characteristic 
is quasi-parabolic, not the possible "5" type characteristics of 
classical zener references. This parabolic characteristic permits 
a maximum output deviation specification over the device's 
full operating temperature range, rather than just at 3 to 5 
discrete temperatures. . 

I 
........ +------+-~___f',. -.-t---t 

!~~ ...... 
::5e .......... 

~-II--:---+-~~~;--~-~-~-, 

~f 

.... 

2~~~-~~.l:---+.-~:---+.::-~ 
TEMPERATURE _·c 

Figure 5. Typical AD580K OutputNoltage vs. Temperature 
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The AD5BOM guarantees a maximum de\'iation of 1. 75mV 
over the 0 to +70

0
C temperature range. This can be shown to 

be equivalent to lOppmtC average maximum; i.e ... 

1.75mV max 1 ° , ° X -- = toppml C max average 
70 C 2.5V 

The AD5BO typically exhibits a variation of 1.5mV over the 
power supply range of 7 to 30 volts. Figure 6 is a plot of 
AD580 line rejection versus frequency. 

NOISE PERFORMANCE 
Figure 7 represents the peak-to-peak noise of the AD5BO 
from 1 Hz OdB point) to a 3dB high end shown on the 
horizontal axis. Peak-to-peak noise from 1 Hz to IMHz is 
approximately 600J1V. . 

THE AD580 AS A CURRENT LIMITER 
The AD5BO represents an excellent alternative to current 
limiter diodes which require factory-selection to achieve a 
desired current. This approach often results in temperature 
coefficients of l%/C. The AD580 approach is not limited 

-,~ 
110 

> 
E 80 

] 60 ~~-=:L,~~--
50 ~,~--~-------. - ----L---

" . -==1= ~=~::::~ 

l00/JV 

-,-,-,-- ~- - ,-~- ~-----'-- :b-"'----1 

lOU 1k lOOk 
LINE FREQUENCY ~ HI 

Figure 6. AD580 Line Rejection Plot 
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Figure 8. Input Current vs. Input Voltage (Integral Loads,! 
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to a specially selected factory set current limit; it can be pro
grammed from 1 to lOrnA with the insertion of a single ex
ternal resistor. The approximate temperature coefficient of 
currerit limit for the AD5BO used in this mode is 0.13%/° C 
for IUM = ImA and 0.01 %tc for ILL'" = 13mA (see Figure 9). 
Figure 8 displays the high output impedance of the AD580 
used as a current limiter for ILiM = 1,2,3,4, 5mA. 

i 0 2
R
5V + 1mA 

Figure 9. A Two-Component Precision Current Limiter 

THE AD580 AS A LOW POWER, LOW VOLTAGE PRE
CISION REFERENCE FOR DATA CONVERTERS 
The AD5BO has a number of features that make it ideally 
suited for use with AID a~d D/A data converters used in 
complex microprocessor-based systems. The calibrated 
2.500 volt output minimizes user trim requirements and 
allows operation from a single low voltage supply. Low 
power consumption (lmA quiescent current) is com
mensurate with that of CMOS-type devices, while the low 
cost and small package complements the decreasing cost and 
size of the latest converters. 

Figure 10 shows the AD580 used as a reference for the 
AD7542 12-bit CMOS DAC with complete microprocessor 
interface. The AD580 and the AD7542 are specified to 
operate from a single 5 volt supply; this eliminates the need 
to provide a + 15 volt power supply for the sole purpose of 
operating a reference. The AD7542 includes three 4-bit data 
registers, a 12-bit DAC register, and address decoding logic; 
it may thus be interfaced directly to a 4-, 8- or 16-bit data bus. 
Only 8mA of quiescent current from the single +5 volt supply 
is required to operate the AD7 542 which is packaged in a 
small 16-pin DIP. The AD544 output amplifier is also low 
power, requiring only 2.5mA quiescent current. Its laser
trimmed offset voltage preserves the ±I12LSB linearity of 
the AD7542KN without user trims and it typically settles 
to ±I12 LSB in less than 3J1s. It will provide the 0 to -2.5 
volt output swing from ±5 volt supplies. 

SYSTEM 
8-BIT DATA BUS 

AD7 

DO 

02 

03 

+5V 

FROM SYSTEM RESET 

FROM ADDRESS {AO 
BUS A1_---' 

FROM i'Il\ _-----' 

FROM AOORESS DECODER ---------' 

Figure 10. Low Power, Low Voltage Reference for the 
AD7542 Microprocf;1,<;sor-Compatible 12-8it DAC 



r.ANALOG 
WDEVICES 

FEATURES 
Laser-Trimmed to High Accuracy: 

10.000 Volts ±SmV (L and U) 
Trimmed Temperature Coefficient: 

Sppm/oC max, 0 to +70°C (L) 
10ppmtC max, -S5°C to +12SoC (U) 

Excellent Long-Term StabilitY: 
2Sppm/1000 hrs. (Non-Cumulative) 

Negative 10 Volt Reference Capability 
Low Quiescent Current: 1.0mA max 
10mA Current Output Capability 
3-Terminal TO-S Package 
Low Cost 

PRODUCT DESCRIPTION 
The ADS81 is a three-terminal, temperature compensated, 
monolithic band-gap voltage reference which provides a pre
cise 10.00 volt output from an unregulated input level from 
12 to 30 volts. Laser Wafer Trimming (LWT) is used to trim 
both the initial error at +2SoC as well as the temperature 
coefficient, which results in high precision performance pre
viously available only in expensive hybrids or oven-regulated 
modules. The SmV initial error tolerance and Sppm/C guar
anteed,temperature coefficient of the ADS81L represent the 
best performance combination available in a monolithic volt
age reference. 

The band-gap circuit design used in the ADS81 offers several 
advantages over classical zener breakdown diode techniques. 
Most important, no external components are required to 
achieve full accuracy and stability of significance to low power 
systems. In addition, total supply current to the device, includ
ing the output buffer amplifier (which can supply up to lOrnA) 
is typically 7 SOJ.LA . .The long-term stability of the band-gap 
design is equivalent or superior to selected zener reference 
diodes. 

The ADS81 is recommended for use as a reference for 8-, 10-
or 12-bit D/A converters which require an external precision ref
erence. The device is also ideal for all types of AID converters 
up to 14 bit accuracy, either successive approximation or inte
grating designs, and in general can offer better performance 
than that provided by standard self-contained references. 

The ADS81J, K, and L are specified for operation from 0 to 
+70°C; the ADS81S, T, and U are specified for the -SSoC to 
+12SoC range. The ADS81S, T, and U grades are also available 
processed to MIL-STD-883A, Level B. All grades are packaged 
in a hermetically-sealed three-terminal TO-S metal can. 

·Covered by Patent Nos. 3,887,863; RE30,586 

High Precision 
10 Volt Ie Reference· 

AD581* I 
ADS81 PiN CONFIGURATION 

PRODUCT HIGHLIGHTS 

TO-S 
BOTTOM VIEW 

1. Laser trimming of both initial accuracy and temperature 
coefficient results in very low errors over temperature with
out the use of external components. The ADS81L has a 
maximum deviation from 10.000 volts of ±7.2SmV from 
o to +70

o
C, while the ADS81 U guarantees ±lSmV maximum 

total error without external trims from -SSoC to +12S°C. 

2. Since the laser trimming is done on the wafer prior to sepa
ration into individual chips, the ADS81 will be extremely 
valuable to hybrid designers for its ease of use, lack of 
required external trims, and inherent high performance. 

3. The AD S 81 can also be operated in a two-terminal "Zener" 
mode to provide a precision negative 10 volt reference with 
just one external resistor to the unregulated supply. The per
formance in this mode is nearly equal to that of the stand
ard three-terminal configuration. 

4. Advanced circuit design using the band-gap concept allows 
the ADS81 to give full performance with an unregulated in
put voltage down to 13 volts. With an external resistor, the 
device will operate with a supply as low as 11.4 volts. 

VOL TAGE REFERENCES VOL. /,8-9 
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SPECIFICATIONS (typical @ VIN = +15V and +25°C unless otherwise noted) 

MODEL 

ABSOLUTE MAX RATINGS 
Input Voltage VIN to Gr~und 
Power DISSipatIOn Co? +2S C 
Operating Junction Temp. Range 
Storage Temperature Range 
Lead Temperature 

(Soldering. IOsec) 
Thermal Resistance 

Junction-to-Ambient 
Operating Temperature Range 

OUTPUT VOLTAGE TOLERANCE 

ADS81J 

40V 
600mW 
-SSoC to +ISO°C 
-6SoC to +17SoC 

+30ctc 

ISOoC/Watt 
o to +70°C 

(Error from nominal IO.OOOV output) i30mV max 

OUTPUT VOLTAGE CHANGE 
Maximum Deviation from +2SoC 

Value Tmin to Tmax 
(Temperature Coefficient) 

LINE REGULATION 
ISV ';;;VJN ';;; 30V 

LOAD REGULATION 
0';;; loUT ';;;SmA 

±13.SmV 
(30ppm/C) 

3m" max 
(0.002%/V) 
ImV max 
(O.OOS%/V) 

SOO/-lV/mA max 
200/-lV ImA typ 

QUIESCENT CURRENT 1.0mA max 
7S0/-lA tyP 

TURN-ON SETTLING TIME TO 0.1%1 200/-ls 

NOISE 
(0.1 to 10Hz) 

LONG-TERM STABILITY 

SHORT CIRCUIT CURRENT 

OUTPUT CURRENT 
Source @ +2SoC 

Source Tmin to Tmax 
Sink Tmin to Tmax 
Sink -SSoC to +8SoC 

PACKAGE STYLE: 2 TO-S 

'Specifications same as AD581J. 
"Specifications same as AD581S. 
I See Figure 6. 

SO/-lV p'P 

2Sppm/lOOO !Irs. 
(Non·Cumulative) 

30mA 

lOrnA min 
SmA min 
SmA min 

"II" 

2 See Section 20 for package outline infonnation. 

Specification subject to change without notice. 
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ADS81K 

±lOmV max 

±6.7SmV 
(lSppm/C) 

ADS81L 

±SmV max 

±2.2SmV 
(Sppm/C) 

.' 

ADS81S 

±30mV max 

±30mV 
(30ppm/°C) 

200/-lA min 

SmA min 

ADS8lT 

±lOmV max 

±ISmV 
(lSppm/C) 

ADS8lU 

±SmV max 

±IOmV 
(lOppm/C) 



APPLYING THE ADS81 
The ADS81 is easy to use in virtually all precision reference 
applications. The three terminals are simply primary supply, 
ground, and output, with the case grounded. No external com
ponents are required even for high precision applications; the 
degree of desired absolute accuracy is achieved simply by 
selecting the required device grade. The ADS81 requires less 
than 1mA quiescent current from an operating supply range 
of 12 to 30 volts. 

+12V TO +40V 

+IO.OOV 

Figure 1. AD581 Pin Configuration (Top View) 

An external fine trim may be desired to set the output level 
to exactly 10.000 volts within less than a millivolt (calibrated 
to a main system reference). System calibration may also re
quire a reference slightly different from 10.00 volts. In either 
case, the optional trim circuit shown in Figure 2 can offset the 
output by up to ±30 millivolts (with the 22[2 resistor), if 
needed, with minimal effect on other device characteristics. 

2211 
1211 
3.911 

+IO.OQV 

+15V 

-15V 
4.3kll 

Figure 2. Optional Fine Trim Configuration 

Applying the AD581 

Figure 3. Simplified Schematic 

VOLTAGE REFERENCES VOL. 1,8-11 



VOLTAGE VARIATION vs. TEMPERATURE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer
ences have been characterized using a maximum deviation per 
degree Centigrade; i.e., 10ppm/C. However, because of non
linearities in temperature characteristics, which originated in 
standard zener references (such as "s" type characteristics) 
most manufacturers have begun to use a maximum limit error 
band approach to specify devices. This technique involves 
measurement of the output at 3, 5 or more different tempera
tures to guarantee that the output voltage will fall within the 
given error band. The temperature characteristic of the AD581 
consistently follows the S-curve shown in Figure 4. Five-point 
measurement of each device guarantees the error band over the 
-55°C to +125°C range; three-point measurement guarantees 
the error band from 0 to +70° C. 

The error band which is guaranteed with the AD581 is the 
maximum deviation from the initial value at +25°C; this error 
band is of more use to a designer than one which simply guar
antees the maximum total change over the entire range (i.e., 
in the latter definition, all of the changes could occur in the 
positive direction). Thus, with a given grade of the AD581, the 
designer can easily determine the maximum total error from 
initial tolerance plus temperature variation (e.g., for the 
AD581T, the initial tolerance is ±10mV, the temperature error 
band is ±15mV, thus the unit is guaranteed to be 10.000 volts 
±25mV from -55°C to +125°C). 

10,005 

I 1L ! ! ~ I 

I I I 
i I V I 

I : 
: 

! 

V ..... ~ ! 

~ \1 
V : I i 

I 

I 

~~~: - 10,000 

~V 
I : II/ 

I i 
; i I 

9.99S 
-55-SO ~ -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120125 

TEMPERATURE _ °c 

Figure 4. Typical Temperature Characteristic 

OUTPUT CURRENT CHARACTERISTICS 
The AD581 has the capability to either source or sink current 
and provide good load regulation in either direction, although 
it has better characteristics in the source mode (positive cur
rent into the lo"ad). The circuit is protected for shorts to either 
positive supply or ground. The output voltage vs. output cur
rent characteristics of the device are shown in Figure 5. Source 
current is displayed as negative current in the figure; sink cur-

OUTPUT 
VOLTAGE 

14 

12 

10 

-20 -15 -10 -5 
SOURCE 

10 15 20 
SINK 

OUTPUT CURRENT - rnA 

Figure 5. AD581 Output Voltage vs. Sink and Source'Current 

VOL. 1,8-12 VOLTAGE REFERENCES 

rent is positive. Note that the short circuit current (i.e., zero 
volts output) is about 28mA; when shorted to +15 volts, the 
sink current goes to about 20mA. 

DYNAMIC PERFORMANCE 
Many low power instrument manufacturers are becoming in
creasingly concerned with the turn-on characteristics of the 
components being used in their systems. Fast turn-on compo
nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 6 displays the turn-on characteristic of 
the AD581. This characteristic is generated from cold-start 
operation and represents the true turn-on waveform after an 
extended period with the supplies off. The figure shows both 
the coarse and fine transient characteristics of the device; the 
total settling time to within ±1 millivolt is about 180J,Ls, and 
there is no long thermal tail appearing after the point. 

OUTPUT llV 10.020V j
12V 

10.030V} 

OUTPUT 
10.010V 

10V 

50 100 150 200 250 

SETTLING TIME - ~s 

10.000V 

Figure 6. Output Settling Characteristic 

NOISE SPECTRAL DENSITY (nVA/Hl) 

.... 
~ I 

I--+--+-+++--+--+-+-!+-~/""- TOTAL NOISE ,"V 'mol UP TO -f---f-f+ V' SPECIFIED FREQUEN:,;Y I I 

1--+--+-+++--+--+-+-!+--+--1-+++-- " f--+ -+---+---1-++1 

"LO~--~~--L-~LU~L--L~~~~-L~~-L~-LI~'M 

FREQUENC;Y - Hz 

Figure 7. Spectral Noise Density and Total rms Noise 
vs. Frequency 
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j..-" 10--' io""" 

i.--' ~ 1.S#<lArc 
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I-"" 

~ ...... ~ io"'" 
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Figure 8. Quiescent Current vs. Temperature 



PRECISION HIGH CURRENT SUPPLY 
The ADS81 can be easily connected with power pnp or power 
darlington pnp devices to provide much greater output current 
capability. The circuit shown in Figure 9 delivers a precision 
10 volt output with up to 4 amperes supplied to the load. The 
O.lJ.LF capacitor is required only if the load has a significant 
capacitive component. If the load is purely resistive, improved 
high frequency supply rejection results from removing the 
capacitor. 

V1N -", 15 Volts 0-.... ------0 

Figure 9. High Current Precision Supply 

CONNECTION FOR REDUCED PRIMARY SUPPLY 
While line regulation is specified down to 13 volts, the typical 
ADS81 will work as specified down to 12 volts or below. The 
current sink capability allows even lower supply voltage capa
bility such as operation from 12V ±S% as shown in Figure 10. 
The S60n resistor reduces the current supplied by the ADS81 
to a manageable level at full SmA load. Note that other band
gap references, without current sink capability, may be dam
aged by use in this circuit configuration. 

_~--"",-12V '5% 

IOV@lOt05mA 

Figure 10. 12-Volt Supply Connection 

THE AD581 AS A CURRENT LIMITER 
The ADS81 represents an alternative to current limiter diodes 
which require factory selection to achieve a desired current. 
This approach often results in temperature coefficients of 
1%/°C. The ADS81 approach is not limited to a defined 
set current limit; it can be programmed from 0.75 to SmA 
with the insertion of a single external resistor. Of course, the 
minimum voltage required to drive the connection is 13 volts. 
The AD580, which is a 2.5 volt reference, can be used in this 
type of circuit with compliance voltage down to 4.5 volts. 

AD581 

BOTTOM VIEW OF 
10 VOL T PRECISION 
REFERENCE CIRCU!T 
IN TO-5 CASE 

Figure 11. A Two-Component Precision Current Limiter 

NEGATIVE 10-VOLT REFERENCE 
The ADS81 can also be used in a two-terminal "zener" mode 
to provide a precision -10.00 volt reference. As shown in Fig
ure 12, the VIN and ""OUT terminals are connected together 
to the high supply (in this case, ground). The grou'nd pin is 
connected through a resistor to the negative supply. The out- -:-
put is now taken from the ground pin instead of VOUT ' With ~ 
1mA flowing through the ADS81 in this mode, a typical unit 
will show a 2mV increase in output level over that produced 
in the three-terminal mode. Note also that the effective output 
impedance in this connection increases from 0.2[2 typical to 
2 ohms. It is essential to arrange the output load and the sup
ply resistor, Rs, so that the net current through the ADS81 is 
always between 1 and SmA. The temperature characteristics 
and long-term stability of the device will be essentially the 
same as that of a unit used in the standard three-terminal 
mode. The operating temperature range is limited to -55° C 
to +8S°C. 

The ADS81 can also be used in a two-terminal mode to develop 
a positive reference. VIN and VOUT arc tied together and to 
the positive supply through an appropriate supply resistor. The 
performance characteristics will be similar to those of the neg
ative two-terminal connection. The only advantage of this con
nection over the standard three-terminal connection is that a 
lower primary supply can be used, as low as 10.5 volts. This 
type of operation will require considerable attention to load 
and primary supply regulation to be sure the AD 5 81 always 
remains within its regulating range of 1 to SmA. 

_ ..... ____ ---..-- ~~~LOG 

GND 
VAEF '-----+----- -IOV 

1_2kl~ 5% 

-15V 

Figure 12. Two-Terminal-10 Volt Reference 
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10 VOLT REFERENCE WITH MULJIPLYING CMOS D/A 
OR ND CONVERTERS 
The AD581 is ideal for application with the entire AD7520 
series of 10- and 12-bit multiplying CMOS D/A converters, 
especially for low power applications. It is equally suitable for 
the AD7574 8-bit AID converter. In the standard hook-up, as 
shown in Figure 13, the + 10 volt reference is inverted by the 
amplifier/DAC configuration to produce a 0 to -10 volt range. 
If an AD308 amplifier is used, total quiescent supply current 
will typically be 2mA. If a 0 to +10 volt full scale range is 
desired, the AD581 can be connected to the CMOS DAC in its 
-10 volt "zener" mode, as shown in Figure 12 <the -10VREF 
output is connected directly to the VREF IN of the CMOS 
DAC). The AD581 will normally be used in the -10 volt mode 
with the AD7574 to give a 0 to +10 volt ADC range. This is 
shown in Figure 14. Bipolar output applications and other 
operating details can be found in the data sheets for the 
CMOS products. 

+15V 

AD5Bl 

BIT 1 (MSBI 14 RFEEOBACK 
16 

DIGITAL 
INPUT loun 

AD7520 

IOUT2 
13 -15V 

BIT l'J (LSBI 

Figure 13. Low Power 10-Bit CMOS DAC Application 

-15V +5/+15V 

PRECISION 12-BIT D/A CONVERTER REFERENCE 
The ADS62, like most D/A converters, is designed to operate 
with a +10 volt reference element. In the AD562, this 10 volt 
reference voltage is converted into a reference current of ap
proximately 0.5mA via the internal 19.95kn resistor (in series 
with the external100n trimmer). The gain temperature coef
ficient of the ADS62 is primarily governed by the temperature 
tracking of the 19.95kn resistor and the Sk/l0k span resistors; 
this gain T.C. is guaranteed to 3ppm/oC. Thus, using the 
ADS81L (at Sppm/oC) as the 10 volt reference guarantees a 
maximum full scale temperature coefficient of 8ppm/

o 
Cover 

the commercial range. The 10 volt reference also supplies the 
normallmA bipolar offset current through the 9.9Sk bipolar 
offset resistor. The bipolar offset T.C. thus depends only on 
the T.C. matching of the bipolar offset resistor to the input 
reference resistor and is guaranteed to 3ppm/C. 

-15V +5V 

R3 
AD581 1.2k 

5% 

-10V REF 

SIGNAL O-..JV\fV-..... ., 
INPUT 

OV TO +10V o----_=::t�# 

ANALOG 
SUPPLY 

RETURN 

NOTE 1: Rl AND R2 CAN BE OMITTED IF GAIN TRIM 
IS NOT REQUIRED 

Figure 14. AD581 as Negative 10-Volt Reference for 
CMOSADC 

I 7 

b:.
1 A -15V : 

Rl I 1 _____________ ' __________________ , 
loon, 1ST . . 
BIPOLAR OFFSET ADJ. 

A = ANALOG GROUND 

Figure 15. Precision 12-Bit D/A Converter 
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r.ANALOG 
WDEVICES 

FEATURES 
Four Programmable Output Voltages: 

10.000V, 7.S00V, S.OOOV, 2.S00V 
Laser-Trimmed to High Accuracies 
No External Components Required 
Trimmed Temperature Coefficient: 

Sppmf C max, 0 to +70° C (ADS84 LH) 
1SppmfC max, -SSoC to +12SoC (ADS84TH) 

Zero Output Strobe Terminal Provided 
Two Terminal Negative Reference 

Capability (SV & Above) 
Output Sources or Sinks Current 
Low Quiescent Current: 1.0mA max 
10mA Current Output Capability 
Low Cost 

PRODUCT DESCRIPTION 
The ADS 84 is an eigh t-tenninal precision voltage reference 
offering pin-programmable selection of four popular output 
voltages: 10.000V, 7.500V, 5.000V and 2.500V. Other out
put voltages, above, below or between the four standard out
puts, are available by the addition of external resistors. Input 
voltage may vary between 4.5 and 30 volts. 

Laser Wafer Trimming (LWT) is used to adjust the pin-program
mable output levels and temperature coefficients, resulting in 
the most flexible high precision voltage reference available in 
monolithic fonn. ' 

In addition to the programmable output voltages, the AD584 
offers a unique strobe tenninal which permits the device to be 
turned on or off. When the AD584 is used as a power supply 
reference, the supply can be switched off with a !:ingle, low
power signal. In the "off" state the current drain by the 
AD584 is reduced to about 100J,LA. In the "on" state the total 
supply current is typically 750J,LA including the output buffer 
amplifier. 

The AD584 is recommended for use as a reference for 8-, 10-
or 12-bit DI A converters which require an external precision ref
erence. The device is also ideal for all types of AID converters 
of up to 14 bit accuracy, either successive approximation or 
integrating designs, and in general can offer better performance 
than that provided by standard self-contained references. 

The AD584J, K, and L are specified for operation from 0 to 
+70

o
C; the AD584S and T are specified for the -55°C to 

+125°C range. The AD581S and T grades are also available 
processed to MIL-STD-883B, Level B. All grades are packaged 
in a hermetically-sealed eight-tenninal TO-99 metal can. 

·Covered by U.S. Patent No. 3,887,8631 RE 30,586 

Pin Programmable 
Precision Voltage Reference 

AD584* I 
AD584 PIN CONFIGURATION 

TAB 

COMMON 

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
1. The flexibility of the AD584 eliminates the need to design

in and inventory several different voltage references. Further
more one AD584 can serve as several references simultane
ously when buffered properly. 

2. Laser trimming of both initial accuracy and temperature 
coefficient results in very low errors over temperature with
out the use of external components. The AD584LH has a 
maximum deviation from 10.000 volts of ±7.25mV from 
o to +70°C. 

3. The AD584 can be operated in a two-terminal "Zener" 
. mode at 5 volts output and above. By connecting the input 
and the output, the AD584 can be used in this "Zener" 
configuration as a negative reference. 

4. The output of the AD584 is configured to sink or source 
currents. This means that small reverse currents can be 
tolerated in circuits using the AD584 without damage to 
the reference and without disturbing the output voltage 
(10V, 7 .5V and 5V outputs). 

VOLTAGE REFERENCES VOL. 1,8-15 
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SPECIFICATIONS (typical @ VIN = +15V and +25'oC unless otherwise noted) 

MODEL 

ABSOLLITE MAX !C\TI;\:(;S 
Input \\llr.Jgl' VI~ to Grllund 
P\lWer I>llislpatlUn (;1) +25 l c: 
Oreratin,: Junction Temi" Range 
Stllragc Temperature: HanF't: 
Lead Temperature 

Solderlng.l0scc) 
Thermal Resistance 

J unrtion-to-Amulcnt 
Orcr.ning Temperature' H.angc 

Ol'TPliT VOI:r,\CL TOU.R'\~CI· . 
. \1aximum Error! fnr Nominal 

Outruts "f, 

1O.000V 
7 SOOV 
S.noov 
2.S00V 

OUTPUT \'0 I.T,\(; I' CHA!,;GF ° 
Maximum [)enatlo:1 tr~m +25 c: 

V~,juc. Tmin to Tma.'I('" 

AI>SK-ljH 

411V 

bIJOI11\\ 

-55°Cto+ISI(C 
-()S='Ctll-+liSoC 

+3lHJ.JC 

lS0"UWatt 
iJ r<> +70°<: 

+lOmV 
!:22m\' 
tlSm\' 
~7.5JTlV 

10000,7.500, 5.nollV Outputs lOrrmtC 
2.500V Output 30prm!0C 

Differential Temperature 
Cocffi(ients 'ktwecn Outputs Srpm/oC tyl' 

QUIESCENT CUIOU::-.IT ]Om,\ max 

750/1,\ tyl' 

Temperature Variation I.SI1A/'e typ 

TURN-DN S~.TTI.IN(; TI.\1I- TO 0.1 '~" 20011' 

NOISE 
(0.] to lOlIz) 

LONG-TI'R,\I STABILITY 

SIIORT CIRCLIIT CUlu{FNl 

1.1;>.;1' RU;ULATION (:-':0 L"Jd) 
15\''::VI~'':; 30\' 

(VO('T +2.5V)<\'I~~15V 

LOAD REGULATlO!'; 
O';;~)l'T ~5 rnA, All Outputs 

OUTPUT CURRENT 
VI~ ;;-"VOlJT +2.S\' 

Source (al ~25uC 

Sourer TlIlm t~) Tllla.'t 

Sink TJllm to TIll •LX 

Sink -55°C 10 +HSoC 

PACKAGE STYLF,3 
TO-99 Style (1I08A) 

·Spct."lficatlom c.,.ame a" AD5K-1-JIJ 
• '~peC1hcaflon~ ~amC' a .. t\D5H.JSII 
I At Pin I. 

251'1'",/10(1) IIrs. 
(Non·Cumulativt·) 

30rnA 

0.002%/V 

O.OOS",,!V 

50ppm/rnA max 
(20 rrrn/mA t, r) 

IOmA min 
SmA min 
SmA min 

II 

2CaiculafeJ a, avcraj.!'c over the operating rcmper.Hure range. 

3 Sec Section 20 for package outline information. 
Spl'citication,. .. ut1jec[ to changl' without notin.', 
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AJ)SK~K" AJ)S!I~LlI 

:tlOIll\' ±5mV 
~RrnV ±4-mV 
".omV !3rnV 
i3.SmV ±2.5mV 

151'pm tC Sl'pmi"C 
ISppm/'C IOrpmi"C 

3rprn/"C typ 3rpmt'C typ 

AI>S!I~SH 

±lOm\' 
+22mV 
+.15mV 
+7.5mV 

lOppmi"C 
30ppm/oC 

5prmtC typ 

200l1A min 
5mA min 

AI>5t1-lTiI 

±IOmV 
±tlmV 
±6mV 
±l.5mV 

15ppmt"C 
20ppmi"C 

3ppmt"C typ 



APPLYING THE ADS84 
With power applied to pins 8 and 4 and all other pins open the 
ADS84 will produce a buffered nominal10.0V output between 
pins 1 and 4 (see Figure 1). The stabilized output voltage 
may be reduced to 7.5V, S .OV or 2.5V by connecting the 
programming pins as follows: 

OUTPUT VOLTAGE 

7.5V 

PIN PROGRAMMING 

Join the 2.SV and S.OV pins (2) 
and (3). 

S.OV 

2.SV 

Connect the S.OV pin (2) to the 
output pin (1). 
Connect the 2.SV pin (3) to the 
output pin (1). 

The options shown above are available without the use of any 
additional components. Multiple outputs using only one 
ADS84, are also possible by simply buffering each voltage 
programming pin with a unity-gain noninverting op amp. 

VSUPPLY 

1 
I 1 
I +1.215V : +5V 

1 
I· 

!~=.v 
1 3 

VB. 
1 

4k 1 
1 

~ ____________ .J 

~ "3 
1 

-THE 2.5V TAP IS USED INTERNALLY AS A BIAS POINT 
AND SWOULD NOT BE CHANGED BY MORE THAN ,OOmV 
IN ANY TRIM CONFIGURATION. 

Figure 1. Variable Output Options 

The ADS84 can also be programmed over a wide range of out
put voltages, including voltages greater than 10V, by the ad
dition of one or more external resistors. Figure 1 illustrates 
the general adjustment procedure, with approximate values 
given for the internal resistors of the ADS84. The ADS84 may 
be modeled as an op amp with a noninverting feedback con
nection, driven by a high stability 1.21S volt bandgap refer-_ 
ence (see Figure 3 for schematic). 

When the feedback ratio is adjusted with external resistors, the 
output amplifier can be made to multiply the reference voltage 
by almost any convenient amount, making popular outputs of 
10.24V, S.12V, 2.S6V or 6.3V easy to obtain. The mostgener
al adjustment (which gives the greatest range and poorest reso
lution) uses R1 and R2 alone (see Figure 1). As R1 is adjusted 
to its upper limit the 2.SV pin 3 will be connected to the out
put, which will reduce to 2.SV. As R1 is adjusted to its lower 
limit, the output voltage will rise to a value limited by R2. For 
example, if R2 is about 6kn, the upper limit of the output 
range will be about 20V even for large values of R1. R2 should 

Applying the AD584 
not be omitted; its value should be chosen to limit the output 
to a value which can be tolerated by the load circuits. If R2 is 
zero, adjusting R1 to its lower limit will result in a loss of 
control over the output voltage. If precision voltages are re
quired to be set at levels other than the standard outputs, the 
20% absolute tolerance in the internal resistor ladder must be 
accounted for. 

Alternatively, the output voltage can be raised by loading the 
2.SV tap with R3 alone. The output voltage can be lowered by 
connecting R4 alone. Either of these resistors can be a fixed 
resistor selected by test or an adjustable resistor. In all cases 
the resistors should have a low temperature coefficient to 
match the ADS84 internal resistors, which have a negative T.e. 
less than 60ppmt e. If both R 3 and R4 are used, these resistors 
should have matched temperature coefficients. 

When only small adjustments or trims are required , the circuit 
of Figure 2 offers better resolution over a limited trim range. 
The circuit can be programmed to S.OV, 7.SV or 10V and • 
adjusted by means of R1 over a range of about ±200mV. To : 
trim the 2.SV output option, R2 (Figure 2) can be reconnected 
to the bandgap reference (pin 6). In this configuration, the 
adjustment should be limited to ±100mV in order to avoid 
affecting the performance of the ADS84. 

VOUT 

"' JOOk 
'-""-'---"---"A~~ "' 

10k 

Figure 2. Output Trimming 

Figure 3. Schematic Diagram 
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Performance of the AD584 
PERFORMANCE OVER TEMPERATURE 

Each AD584 is tested at five temperatures over the -55°C to 
+125°C range to ensure that each device falls within the 
Maximum Error Band (see Figure 4) specified for a particular 
grade (i.e., Sand T grades); three-point measurement guaran
tees performance within the error band from 0 to +70°C (i.e., 
J, K, or L grades). The error band guaranteed for the AD584 " 
is the maximum deviation from the initial value at +25° C. 
Thus, given the grade of the AD584, the designer can easily 
determine the maximum total error from initial tolerance plus 
temperature variation. For example, for the AD584T, the 
initial tolerance is ±10mV and the error band is ±15mV. 
Hence, the unit is guaranteed to be 10.000 volts ±25mV from 
-55°C to +125°C. " 

99:~5"L------7-----:~----+'-----~ 

Figure 4. Typical Temperature Characteristic 

OUTPUT CURRENT CHARACTERISTICS 
The AD584 has the capability to either source or sink current 
and provide good load regulation in either direction, although 
it has better characteristics in the source mode (positive cur
rent into the load). The circuit is protected for shorts to either 
positive supply or ground. The output voltage vs. output cur
rent characteristics of the device is shown in Figure 5. Source 
current is displayed as negative current in the figure; sink cur
rent is positive. Note that the short circuit current (i.e., zero 
volts output) is about 28mA; when shorted to +15 volts, the 
sink current goes tOo about 20mA. 

OUTPUT 
VOLTAGE 

12 

10 

-15 -10 -5 5 10 15 20 
SOURCE 

OUTPUT CURRENT 

Figure 5. AD584 Output Voltage 
vs. Sink and Source Current 
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DYNAMIC PERFORMANCE 
Many low power instrument manufacturers are becoming in
creasingly concerned with the turn-on characteristics of the 
components being used in their systems. Fast turn-on compo
nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 6 displays the turn-on characteristic of 
the AD584. Figure 6a is generated from cold-start operation 
and represents the true turn-on waveform after an extended 
period with the supplies off. The figure shows both the coarse 
and fine transient characteristics of the device; the total settl~ng 
time to within ±1 millivolt is about 180J-ls, and there is no 
long thermal tail appearing after the point. 

fIN 
OUTPUT i11V 

l10V 

SUPPLY 10V 
INPUT 

POWER {20V 

0 ••• 

a 50 100 150 200 250 

SETTLING TIME ",s 

:: :::~ '[I 
OUTPUT 

10010V 

10.000V" 

Figure 6. Output Settling Characteristic 

NOISE FILTERING 
The bandwidth of the output amplifier in the AD584 can be 
reduced to filter the output noise. A capacitor ranging between 
O.OlJ-lF and O.lJ-lF connected between the Cap and VBG termi
nals will further reduce the wideband and feed through noise 
in the output of the AD584, as shown in Figure 8. 

SUPPLY 

'INCREASES COLD START TURN DN TIME 

Figure 7. Additional Noise Filtering 
with an External Capacitor 

1'1 II I 

Figure 8. Spectral Noise Density and Total rms Noise 
vs. Frequency 



USING THE STROBE TERMINAL 
The ADS84 has a strobe input which can be used to zero the 
output. This unique feature permits a variety of new applica
tions in signal and power conditioning circuits. 

Figure 9 illustrates the strobe connection. A simple NPN 
switch can be used to translate a TTL logic signal into a strobe 
of the output. The ADS84 operates normally when there is 
no current drawn from pin 5. Bringing this terminal low, to 
less than 200mV, will allow the output voltage to go to zero. 
In this mode the ADS84 should not be required to source or 
sink current (unless a 0.7V residual output is permissible). If 
the ADS84 is required to sink a transient current while strobed 
off, the strobe terminal input current should be limited by a 
lOOn resistor as shown in Figure 9. 

The strobe terminal. will tolerate up to SJ1A leakage and its 
driver should be capable of sinking SOOJ1A continuous. A low 
leakage open collector gate can be used to drive the strobe 
terminal directly, provided the gate can withstand the ADS84 
output voltage plus one volt. 

• LOGIC INPUT ;:;:~~.:..;: ~e~':'-"""'-""..-{ 

Figure 9. Use of the Strobe Terminal 

PRECISION HIGH CURRENT SUPPLY 

The ADS84 can be easily connected to a power PNP or power 
Darlington PNP device to provide much greater ot:tput current 
capability. The circuit shown in Figure 10 delivers a precision 
10 volt output with up to 4 amperes supplied to the load. The 
0.1J.LF capacitor is required only if the load has a significant 
capacitive component. If the load is purely resistive, improved 
high frequency supply rejection results from removing the 
capacitor. 

I 
I 
I 
I 
J2N6040 

VOUT 
.10V.4AmPf; 

Figure 10. High Current Precision Supply 

The ADS84 can also use an NPN or Darlington NPN transistor 
to boost its output current. Simply connect the 10Voutput 
terminal of the ADS84 to the base of the NPN booster and take 
the output from the booster emitter as shown in Figure 11. 
The S.OV or 2.SV pin must connect to the actual output in 
this configuration. Variable or adjustable outputs (as shown in 
Figures 1 and 2) may be combined with +5 .OV connection to 
obtain outputs above +S.OV. 

THE ADS84 AS A CURRENT LIMITER 
The ADS84 represents an alternative to' current limiter diodes 
which require factory selection to achieve a desired current. 

Applications of the AD584 
Use of current limiting diodes often results in temperature 
coefficients of 1 %/oC. Use of the ADS84 in this mode is not 
limited to a set current limit; it can be programmed from 0.75 
to SmA with the insertion of a single external resistor (see 
Figure 12). Of course, the minimum voltage required to drive 
the connection is 5 volts. 

Figure 11. NPN Output Current Booster 

Figure 12. A Two·Component Precision Current Limiter 

Figure 13. Two-Terminal-5 Volt Reference 

NEGATIVE REFERENCE VOLTAGES FROM AN ADS84 
The ADS84 can also be used in a two-terminal "zener" mode 
to provide a precision -10, -7.5 or -5.0 volt reference. As 
shown in Figure 13, the VIN and VOUT terminals are con
nected together to the positive supply (in this case, ground). 
The ADS84 common pin is connected through a resistor to the 
negative supply. The output is now taken from the common 
pin instead of VOUT. With ImA flowing through the ADS84 in 
this mode, a typical unit will show a 2mV increase in output 
level over that produced in the three-terminal mode. Note also 
that the effective output impedance in this connection in
creases from 0.2n typical to 2n. It is essential to arrange 
the output load and the supply resistor, Rs, so that the net 
current through the ADS84 is always between 1 and SmA. The 
temperature characteristics and long-term stability of the de
vice will be essentially the same as that of a unit used in the 
standard three-terminal mode. The operating temperature range 
is limited to -55°C to +8S

o
C. 

The ADS84 can also be used in a two-terminal mode to develop 
a positive reference. VIN and VOUT are tied together and to 
the positive supply through an appropriate supply resistor. The 
performance characteristics will be similar to those of the neg
ative two-terminal connection. The only advantage of this con
nection over the standard three-terminal connection is that a 
lower primary supply can be used, as low as 0.5 volts above 
the desired output voltage. This type of operation will require 
considerable attention to load and primary supply regulation 
to be sure the ADS84 always remains within its regulating 
range of 1 to SmA. 

VOLTAGE REFERENCES VOL. 1,8-19 



10 VOLT REFERENCE WITH MULTIPLYING CMOS D/A 
OR AID CONVERTERS 
The AD584 is ideal for application with the entire AD7520 
series of 10- and 12-bit mUltiplying CMOS D/A converters, 
especially for low power applications. It is equally suitable for 
the AD7574 8-bit AID converter, In the standard hook-up as 
shown in Figure 14, the standard output voltages are inverted by 
the amplifier/DAC configuration to produce converted voltage 
ranges. For example, a +10V reference produces a 0 to -10V 
range. If an AD308 amplifier is used, total quiescent supply 
current will typically be 2mA. The ADS84 will normally be 
used in the -10 volt mode with the AD7574 to give a 0 to +10 
volt ADC range. This is shown in Figure 16. Bipolar output 
applications and other operating details can be found in the 
data sheets for the CMOS products. 

+15V 

+10V 

COMMON 

Figure 14 . .Low Power 10-Bit CMOS DAC Application 

PRECISION D/A CONVERTER REFERENCE 
The AD562, like many D/A converters, is designed to operate 
with a +10 volt reference element (Figure 15). In the AD562, 
this 10 volt reference voltage is converted into a reference cur
rent of approximately O.5mA via the internal 19.95H2 resistor 
(in series with the external lOOn trimmer). The gain tempera
ture coefficient of the ADS 62 is primarily governed by the 
temperature tracking of the 19.9Skn resistor and the Sk/lOk 
span resistors; this gain T.C. is guaranteed to 3ppmtC. Thus, 
using the ADS84L (at Sppm/oC) as the 10 volt reference 

-15V. +5/+15V 

-15V 

R3 
1.2k 
5% 

-10V REF 

+5V 

SIGNAL C>-..JVIo/\,-...... -< 
INPUT 

OV TO +10V 0----.....,. 
ANALOG 

SUPPLY 
RETURN 

NOTE 1: Rl AND R2CAN BE OMITTED IF GAIN TRIM 
IS NOT REQUIRED 

Figure 16. AD584 as Negative 10 Volt Reference for 
CMOSADC 

guarantees a maximum full scale temperature coefficient of 
8ppmtC over the commercial range. The 10 volt reference 
also supplies the normal1mA bipolar offset current through 
the 9.95k bipolar offset resistor. The bipolar offset T.C. thus 
depends only on the T .C. matching of the bipolar offset resis
tor to the input reference resistor and is guaranteed to 3ppmtC. 
Figure 17 demonstrates the flexibility of the AD584 applied 
to another popular DI A configuration. 

Vee 

R14-R15 

Figure 17. Current Output 8-Bit D/A 

I 7 

~:- -------- ------~~: - -----:- --- --j 
lOOH.15T 

BIPOLAR OFFSET ADJ. 
A = ANALOG GROUND 

Figure 15. Precision 12-Bit D/A Converter 
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r.ANALOG 
WDEVICES 

FEATURES 
Superior Replacement for Other 1.2V References 
Wide Operating Range: 50J.lA to 5mA 
LowPower: 60jiW Total Po at 50J.lA 
Low Temperature Coefficient: 

10ppmtC max, 0 to +700 C (AD589M) 
25ppmtC max, -55°C to +125°C (AD589U) 

Two Terminal "Zener" Operation 
Low Output Impedance: O.6il 
No Frequency Compensation Required 
Low Cost 

PRODUCT DESCRIPTION 
The AD589 is a two-terminal, low cost, temperature com
pensated bandgap voltage reference which provides a fixed 
1.23V output voltage for input currents between 50J.lA and 
5.0mA. 

The high stability of the AD589 is primarily dependent upon 
the matching and thermal tracking of the on-chip components. 
Analog Devices' precision bipolar processing and thin-film 
technology combine to provide excellent performance at 
low cost. 

Additionally, the active circuit produces an output impedance 
ten times lower than typieallow-TC zener diodes. This fea
ture allows operation with no external components required 
to maintain full accuracy under changing load conditions. 

The AD589 is available in seven versions. The AD589J, K, L 
and M grades are specified for 0 to +70° C operation. while 
the S. T and U grades are rated for the full-55°C to +125°C 
temperature range. Processing to MIL-STD-883B is available 
on the three military grades. 

Two-Terminal Ie 
1.2 Volt Reference 

AD589 I. 

AD589 FUNCTIONAL BLOCK DIAGRAM 

V+ 

CD 
V-

BOTTOM VIEW 

PRODUCT HIGHLIGHTS 
1. The A0589 is a two-terminal device which delivers a 

a constant reference voltage for a wide range of input 
,current. 

2. Output impedanc~ 0: O.6.s1 and temperature coefficients 
as low as lOppml C ll1surc stable ou tpu t voltage over a 
wide range of operating conditions. 

3. The AD589 can be operated as a positive or negative 
reference. "Floating" operation is also possible. 

4. The A0589 will operate with total current as low as 50J1A 
(60J1W total power dissipation), ideal for battery powered 
instrument applications. 

5. The A0589S, T, and V grades are available screened to the 
requirements of MIL-STO-883, lvkthod 5004, Level B. 

6. The AD589 is an exact replacement for other 1.2V ref
erences, offering superior temperature performance and 
reduced sensitivity to capacitive loading. 

VOL rAGE REFERENCES VOL. /,8-21 
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SPECIFICATIONS (typical @ liN = 500~A and TA = 25°C unless otherwise noted) 

Model ADS89J 

ABSOLUTE MAXIMUM RATINGS 
Current 10mA 
Reverse Current 10mA 
Power Dissipation! 12SmW 
Storage Temperature Range ~SOCto+17SoC 
Operating Junction Temperature Range -55°C to +1S0oC 
Lead Temperature (Soldering, 10sec) 300°C 
Operating Temperature Range o to +70

o
C 

OUTPUT VOLTAGE 1.200Vmin 
1.23SV typ 
1.2S0Vmax 

OUTPUT VOLTAGE CHANGE vs. CURRENT 
(SO~A - SmA) SmVmax 

DYNAMIC OUTPUT IMPEDANCE 0.6n typ 
2nmax 

RMS NOISE VOLTAGE 
10Hz <f< 10kHz S~V 

TEMPERATURE COEFFICIENT' - ppm/
8
C 100 max 

. TURN-ON SETTLING TIME TO 0.1% 25~s 

OPERATING CURRENT3 SO~A min 
SmA max 

PACKAGE STYLE:4 H2A H 

NOTES 
I Absolute maximum power dissipation is limited by maximum current through the 
device. Maximum rating at elevated temperatures must be computed assuming 

ADS89K 

. 

SO max 

TJ .;; 150°C, and BJA = 400°CfW. 
'Sec following page for explanation of temperature coefficient measurement method. 
S Optimum performance is obtained at currents below 500I'A. 

Stray shunt capacitances should be minimized. If strays cannot be 
avoided, a shunt capacitor of at least l000pF is recommended. 

• Su Section 20 for package outline information. 

'Specifications 5aI'lI<' as AD589J. 
"Specifications same as AD589S. 
Specifications subject to change without notice. 
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ADS89L ADS 89M ADS89S 

-55°C to +12SoC 

25 max 10 max 100 max 

ADS89T ADS89U 

50 max 2S max 



Understanding the AD589 Specifications 
VOLTAGE VARIATION vs. TEMPERATURE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer
ences have been characterized using a maximum deviation per 
degree Centigrade; i.e., lOppm/oC. However, because of non
linearities in temperature characteristics, which originated in 
standard zener references (such as "5" type characteristics) 
most manufacturers have begun to use a maximum limit error 
band approach to specify devices. This technique involves 
measurement of the output at 3, 5 or more different tempera
tures to guarantee that the output voltage will fall within the 
given error band. The temperature characteristic of the AD589 
consistently follows the curve shown in Figure 1. Three-point 
measurement guarantees the error band over the specified 
temperature range. The temperature coefficients specified on 
page 2 represent the slopes of the diagonals of the error band 
from +25°C to Tmin and +25°C to Tmax. 
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Figure 1. Typical AD589 Temperature Characteristics 
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Figure 2. Noise Spectral Density 

DYNAMIC PERFORMANCE 
Many low power instrument manufacturers are becoming in
creasingly concerned with the turn-on characteristics of the 
components being used in their systems. Fast turn-on compo
nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 3 displays the turn-on characteristic of 
the AD589. This characteristic is generated from cold-start 
operation and represents the true turn-on waveform after an 
extended period with the supplies off. The figure shows both 
the coarse and fine transient characteristics of the device; the 
total settling time to within ±l millivolt is about 25/1s, and 
there is no long thermal tail appearing after that point. 
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Figure 3. Output Settling Characteristics 
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Figure 4. Schematic Diagram 
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APPLICATION INFORMATION 
The AD589 functions as a two-terminal shunt-type regulator. 
It provides a constant 1.23V output for a wide range of input 
current from 50l1A to SmA. Figure S shows the simplest con
figuration for an output voltage of 1.2V or less. Note that no 
frequency compensation is required. If additional filtering is 
desired for ultra low noise applications, minimum recom
mended capacitance is lOOOpF. 

~~'-------------+5V 

6.8kH 

AD5B9 + 
VUUT 

Figure 5. Basic Configuration for 1.2Vor Less 

The AD589 can also be used as a building block to generate 
other values of reference voltage. Figure 6 shows a circuit 
which produces a buffered lOV output. Total supply current 
for this circuit is approximatdy 2mA. 

AD589 

>'--il~-----o + 
10V 

lk!1 

L-.. _______ -< lk!1 

8.2kH 

Figure 6. Single-Supply Buffered 10V Reference 

The low power operation of the AD589 makes it ideal for use 
in battery operated portable equipment. It is especially useful 
as a reference for CMOS analog-to-digital converters. Figure 7 
shows the ADS89 used in conjunction with two popular inte
grating type CMOS AID converters. 
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----~~--------~-----+5V 

5.6k!1 

6.8k!1 
V+ 

AD589 7109 
2kH 
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'-------i REF OUT 

a. With 7109 12-8it Binary A/D 

---.---------.~-+5V 

6.2kH 
V+ 

7107 

AD589 10k!1 

>----i REF HI 
lkH 

L-.. __ -. ____ -; REF La 

COMMON 

b. With 7107 Panel Meter AID 

Figure 7. AD589 Used as Reference for CMOS AID Converters 

The AD589 also is useful as a reference for CMOS multi
plying DACs such as the AD7533. These DACs require a 
negative reference voltage in order to' provide a positive out
put range. Figure 8 shows the AD589 used to supply an equiv
alent -1.0V reference to an AD7 5 33. 
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39kH 
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R2 
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VOD 
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REF 15 AD7533 SERIES 

GND 3 

16 

>--..... -0+ VOUT = 

~Ot01.00V 

Figure 8. AD589 as Reference for 10-Bit CMOS DAC 



r.ANALOG 
WDEVICES 

FEATURES 
Improved, Lower Cost, Replacements for Standard 1403, 1403A 
3-Terminal Device: Voltage In/Voltage Out 
Laser Trimmed to High Accuracy: 2_500V ±10mV (AD1403A) 
Excellent Temperature Stability: 25ppmfC (AD1403A) 
Low Quiescent Current: 1.5mA max 
Low Cost 
Convenient MINI-DIP PACKAGE 

PRODUCT DESCRIPTION 
The AD1403 and AD1403A are improved three-terminal, low 
cost, temperature compensated, bandgap voltage references 
that provide a fixed 2.5V output voltage for inputs between 
4.5V and 40V. A unique combination of advanced circuit de
sign and laser-wafer-trimmed thin-film resistors provides the 
AD1403/AD1403A with an initial tolerance of ±10mV and a 
temperature stability of better than 2 5ppm/ C. In addition, 
the low quiescent current drain of 1.5mA (max) offers a clear 
a~vantage over classical zener techniques. 

The AD1403 or AD1403A is recommended as a stable refer
ence for all 8-, 10- and 12-bit D-to-A converters that require 
an external reference. In addition, the wide input range of the 
AD1403/AD1403A allows operation with 5 volt logic supplies, 
making these devices ideal for digital panel meter applications 
and when only a single logic supply is available. 

The AD1403 and AD1403A are specified for operation over 
the 0 to +70

o
C temperature range. The AD580 series of 2.5 

volt precision IC references is recommended for applications 
where operation over the -55°C to +125°C range is required. 

• Covered by Patent Numbers: 3,887,863; RE30,S86. 

Low Cost, Precision 
2.5 Volt Ie Reference 

AD1403/AD1403A* I 

AD1403/AD1403A 
FUNCTIONAL BLOCK DIAGRAM 

8-PIN MINI-DIP 

PRODUCT HIGHLIGHTS 
1. The AD 1403A offers improved initial tolerance over the 

industry-standard 1403A: ±10mV versus ±25mV at a 
lower cost. 

2. The three-terminal voltage in/voltage out operation of the 
AD1403/AD1403A provides a regulated output voltage 
without any external components. 

3. The AD1403/AD1403A provides a stable 2.SV output 
voltage for input voltages between 4.5V and 40V making 
these devices ideal for systems that contain a single logic 
supply. 

4. Thin film resistor technology and tightly controlled bipolar 
processing provide the AD1403A with temperature stabili
ties of 25ppm/C. 

5. The low 1.5mA maximum quiescent current drain of the 
AD1403 and AD1403A makes them ideal for CMOS and 
other low power applications. 
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SPECIFICATIONS (VIN = 15V, TA = 25°C unless otherwise Hoted) 

Otaracteristic Symbol Min Typ Max Unit 

Output Voltage 
(10 = OmA) Vo 
AD1403 2.475 2.500 2.525 V 
AD1403A 2.490 2.500 2.510 

Temperature Coefficient of Output Voltage tNo/6T ppm/oC 
AD1403 - 10 40 
AD1403A - 10 25 

Output Voltage Change, 0 to +70oC 6Vo mV 
AD1403 - - 7.0 
AD1403A - - 4.4 

Line Regulation Regin mV 
(15V~VlN~OV) - l.2 4.5 
(4.5~VlN~15V) - 0.6 3.0 

Load Regulation Regload - - 10 mV 
(OmA<lo<lOmA) 

Quiescent Current II - l.2 l.5 rnA 
(10 = OmA) 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) ORDERING INFORMATION 

Rating Symbol Value Unit Device Initial Tolerance Package Style l 

Input Voltage VIN 40 V AD1403N ±25mV N8A 

Storage Temperature TSTG -25 to 100 °c 

Junction Temperature TJ +175 °c 
Operating Ambient 

AD1403AN ±10mV N8A 

Temperature Range TA o to +70 °c 

Specifications subject to change without notice. 1 See Section 20 for package outline information. 

+VIN~'----_-_ 

>--.--oVOUT 

COM----4~-'-----_ 

Figure 1. AD 1043/AD 1403A Functional Diagram 
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Applying the AD1403 / AD1403A 
VOLTAGE VARIATION VS. TEMPERATURE AND LINE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer
ences are characterized using a maximum deviation per degree 
Centigrade; i.e., 10ppm/C. However, because of the,inconsis
tent nonlinearities in zener references (butterfly or "S" type 
characteristics), most manufacturers use a maximum limit 
error band approach to characterize their references. This tech
nique measures the output voltage at 3 to 5 different tempera
tures and guarantees that the output voltage deviation will fall 
within the guaranteed error band at these discrete tempera
tures. This approach, of course, makes no mention or guarantee 
of performance at any other temperature within the operating 
temperature range of the device. 

The consistent Voltage vs. Temperature performance of a typi
cal AD1403 is shown in Figure 5. Note that the characteristic 
is quasi-parabolic, not the possible "S" type chara~t~ristics ~f 
classical zener references. This parabolic characteristic permits 
a maximum output deviation specification over the device's 
full operating temperature range, rather than just at 3 to 5 
discrete temperatures. 

The AD1403 exhibits a worst-case shift of 7.5mV over the en
tire range of operating input voltage, 4.5 volts to 40 volts. 
Typically, the shift is less than lmV as shown in Figure 2. 

THE AD1403A AS A LOW POWER, LOW VOLTAGE 
PRECISION REFERENCE FOR DATA CONVERTERS 
The AD1403A has a number of features that make it ideally 
suited for use with AID and DI A data converters used in com
plex microprocessor-based systems. The calibrated 2.500 v~lt 
output minimizes user trim requirements and allows op~ratlon 
from a single low voltage supply. Low power consumption 
(1.5mA quiescent current) is commensurate with that of 
CMOS-type devices, while the low cost and small package 
complements the decreasing cost and size of the latest 
converters. 

SYSTEM 
DATA 
BUS 

8 BITS 

DECODED MEMW +SV' 
DEVICE 
ADDRESS 5kU 

SkU 

cs WR Voo 

12 13 14 
DB7 16 
DB6 

DBS 

DB4 AD7524 
DB3 DAC 
DB2 

DBI 
10 

DBO 

" IS 

+SV lkU 

AD1403 
2 

GAIN 
ADJUST 

VOUT 

ANALOG 
OUTPUT 

Figure 7. Low Power, Low Voltage Reference for the AD7524 
Microprocessor-Compatible 8-Bit DA C 
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Figure 7 shows the AD1403A used as a reference for the 
AD7524 low-cost 8-bit CMOS DAC with complete micro
processor interface. The AD1403A and the AD7524 are 
specified to operate from a single 5 volt supply; this elimi
nates the need to provide a + 15 volt power supply for the sole 
purpose of operating a reference. The AD7524 includes an 
8-bit data register, and address decoding logic; it may thus be 
interfaced directly to an 8- or l6-bit data bus. Only 300J-LA of 
quiescent current from the single +5 volt supply is requir~d 
to operate the AD7524 which is packaged in a small 16 pl~. 
DIP. The AD542 output amplifier is also low power, requmng 
only 1.5mA quiescent current. Its laser-trimmed offset voltage 
preserves the ±1/2LSB linearity of the AD7524KN without 
user trims and it typically settles to ±1/2LSB in less than 5 
microseconds. It will provide the 0 volt to -2.5 volt output 
swing from ±5 volt supplies. 

THE AD1403 AS A PRECISION PROGRAMMABLE 
CURRENT SOURCE 
The AD1403 is an excellent building block for precision 
current sources. Its wide range of operating voltages, 4.5V to 

40V, along with excellent line regulation over that range 
(7 .5m V) result in high insensitivity to varying load impedances. 
The low quiescent current (II) of 1.5mA (max) and the maxi
IT!um specified maximum load current of lOrnA allows the 
user to program current to any value between 1.5mA and 
lOrnA. . 

Figure 8a shows the ~D1403 connected as a current source. 
Total current is equal to the quiescent current plus the load 
current. Most of the temperature coefficieritcomes from the 
quiescent current term II, which has a typical TC of 0.13%/C 
(1300ppm/C). The loa~ voltage (and hence current) TC is 
much lower at±40ppml C max (AD1403). Therefore, the over-· 
all temperature coefficient decreases rapidly as the load cur
rent is increased. Figure 8a shows the typical temperature 
coefficient for currents between 1.5mA and lOmA. Use of an 
AD1403A will not improve the TC appreciably. 

1 IL = 0 TO 10mA 
, _ 2.50V 

- RSET 

Figure 8a. The AD1403 as a Precision Programmable 
Current Source 

u 

I 1500 I 

::> 
0 

0 1000 
I-

~ TC = 13001:0:0R~~) ppmrC 

U 

~ 
8 500 
OJ 
II: 
:::> 
I-

~ 
~ 10 

ISOURCE - mA 

Figure 8b. Typical Temperature Coefficient of Current 
Source 
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FEATURES 
Very High AcclJracy: 10.000 Volts ±2.5mV (L and U) 
Low Temperature Coefficient: 3ppmfC 
Performance Guaranteed -55°C to +125°C 
10mA Output Current Capability 
Low Noise 
Short Circuit Protected 

PRODUCT DESCRIPTION 
The AD2700 family of precision 10 volt references offer the 
user excellent accuracy and stability at a moderate price by 
combining the recognized advantages of thin film technology 
and active laser trimming. The low temperature drift 
(3ppm/C) achieved with these technologies can be matched 
only by the use of ovens, chip heaters for temperature regu
lation, or with hand selected components and manual trim
ming. In addition, temperature-regulated devices are guaran
teed only up to +8S

o
C operation, whereas the U- and S-grade 

devices in the AD2700 family are guaranteed to +12S
o

C. The 
AD2700U and AD2700S series are also available with 
screening to MIL-STD-883A, Class B. 

The AD2700 is a +10 volt reference which is designed to 
interface with high accuracy bipolar D/A converters of 10 
and 12 bit resolution. The lOrnA output drive capability 
also makes the AD2700 ideal for use as a general positive 
system reference. 

The AD2701 is a negative 10 volt reference especially de
signed to interface with CMOS D/A and AID converters, as 
shown in the applications. For systems requiring a dual tracking 

'reference, the AD2702 offers both positive and negative preci-
sion 10 volt outputs in a single package. 

+10 Volt Precision 
Reference Series 

AD2700, AD2701, AD2702 I 

AD2700 SERIES FUNCTIONAL BLOCK DIAGRAMS 

FINE 
ADJUST 

FINE 
ADJUST 

14-PIN DIP 

FINE 
ADJUST 

All three devices are offered in "J" and "L" grades for opera
tion from -25°C to +8S

o
C and "S" and "u" grades for the 

-55°C to +12S
o
C temperature range. 

Model 

AD2700 
AD2701 
AD2702 

Output 

+10.000V 
-10.000V 
±10.000V 
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SPECIFICATIONS (maximum or minimum @ EIN ±15V @+25°C, RL = 2kn unless otherwise noted) 

MODEL 

ABSOLUTE MAX RATINGS 
Input Voltage (for applicable supply) 
Power Dissapation @ +25°C - AD2700, 01 

-AD2702 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soldering, lOs) 
Short Circuit Protection (to GND) 

OUTPUT VOLTAGE 
AD2700 
AD2701 
AD2702 

OUTPUT CURRENT - @ +25°C 

J 

±20V 
300mW 
450mW 
-25°C to +85°C 
-:-65°C to +150

o
C 

+300°C 
Continuous' 

10.000V ±0.005V 
-10.000V ±0.005V 
± 1O.000V ±0.005V 

±10mA 
(VIN = ±13 to ±18V) over op. range ±5mA 

OUTPUT VOLTAGE CHANGE2 -AD2700,01 10ppm/oC 
±11.0mV 

Tmin to Tmax AD2702 10ppm/C 

LINE REGULATION 

VIN = ±13.5 to ±16.5V 

LOAD REGULATION 
o to ±10mA 

OUTPUT RESISTANCE 

INPUT VOLTAGE, OPERATING 

QUIESCENT CURRENT - AD2700, 01 
- AD2702 

NOISE 
(0.1 to 10Hz) 

LONG TERM STABILITY (@ +55°C) 

OFFSET ADJUST RANGE 
(See Diagrams) 

OFFSET ADJUST TEMP DRIFT EFFECT 

PACKAGE OPTION3 ,4 

·Same as "J" grade performance. 
• ·Same as "L" grade performance. 
···Same as "S" grade performance. 

±11.0mV 

300J,LVIV 

50J,LV/mA 

0.05n 

±13V to ±18V 

±14mA 
+17mA, -3mA 

50J,LV p-p typ 

100ppm/1000 Hrs. typ 

±20mV (min) 

±4J,LV/C per mV 
of Adjust typ 

HY14D 

L 

±0.0025V 
±0.0025V 
±0.0025V 

+5mA, -2mA 

3ppm/oC 
±4.3mV 
5ppm/C 
±5.5mV 

I Operational screening ("S or U/883") per MIL-STD-883A Method 5008, Class B; except 
that constant acceleration is 10kg. (Method 2001, Condition B. Y1 Plane). 

2 Ou tput voltage change as a function of temperature is determined using the box method. 
Each unit is tested at T min. T max and +25°C. At each temperature VOUT must fall 
within the rectangular area bounded by the minimum and maximum temperature and 
whose maximum VOUT value is equal to VOUT nominal plus or minus the maximum 
+25"<: error plu, the maximum drift error from +25°C. 

3 See Section 20 for package outline information. 
4 Analog Devices reserves the right to ship ceramic packages (HY14B) in lieu of metal 

(HY14D) packages. 
Specifications subject to change without notice. 
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** 
** 
** 

** ** 

** 
±8mV ±5.5mV 

3ppm/C 
±lO.OmV ±5.5mV 



FINE VOUT FINE TEST 
ADJUST +10 ADJUST +15 POINT NrC Nrc 

13 

Nrc Nrc Nrc Nrc Nrc Nrc COMMON 

TEST FINE 
ADJUST POINT Nrc Nrc 

Nrc Nrc Nrc Nrc Nrc Nrc COMMON 

FINE VOUT FINE TEST 
ADJUST +10 ADJUST +15 POINT Nrc 

FINE -10 FINE -15 Nrc Nrc COMMON 
ADJUST VOUT ADJUST 

Pin Designations 

-15V 

-15V-__1I----.., 

+15V 

*EXTERNAL 10k POTENTIOMETER 
PROVIDES t30mV OUTPUT OFF· 
SET ADJUST. TEMPERATURE 
EFFECT IS t4~Vro PER mV OF 
OFFSET CORRECTION (EXTER· 
NAL ADJUSTMENT OPTIONAL). 

Fine Trim Connections 

Using AD2700 Reference With the AD562 - 12-Bit D/A Converter 
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USING AD2700 REFERENCE WITH THE AD7S20 
AND AN IC AMPLIFIER TO BUILD A DAC 
The AD2700 series is ideal for use with the AD7520 series of 
CMOS 01 A converters. A CMOS converter in a unipolar appli
cation as shown bel.ow performs an inversion of the voltage 
reference input. Thus, use of the +10 volt AD2700 reference 
will result in a 0 to -10volt output range. Alternatively, using 
the -10 volt A02701 will result in a 0 to +10 volt range. Two 
operational amplifiers are used to give a bipolar output range 
of -10 volt to +10 volt, as shown in the lower figure. Either 
the AD2700 or A02701 can be used, depending on the trans
fer code characteristic desired. For more detailed applications 
information, refer to the AD7520 data sheet. 

+15V (OR -15 FOR AD27011 

11 

AD2700 

Ag~0113 (10VI 

BIT 1 (MSBI 

+15V 

GND 
DIGITOA-L-r-, -~5 AD7520 1 lOUT' 

INPUT , 

0--":"" - .... 13 
BIT 10 (LSBI 

Unipolar Binary Operation 

DIGITAL INPUT ANALOG OUTPUT 

1111111111 

1000000001 

1000000000 

0111111111 

0000000001 

0000000000 o 

NOTE: 1 LSB = 2-" VREF 

Table 1. Code Table - Unipolar Binary Operation 

+15V 

R3 10 ~EGOHM 
15 14 BIT 1 (MSBI 16t---I'------....;,.;;.=.;.:.;.;..----, 

DIGITAL 
INPUT 

0---......... -113 
BIT 10 (LSBI 

AD7520 

IOUlI 

10k 
R2 10k 

Bipolar Operation (4-Quadrant Multiplication) 

DIGIT AL INPUT ANALOG OUTPUT 

1 1 1 1 1 1 1 1 1 1 -VREF (1 - 2"9) 

1000000001 -VREF (2-9 ) 

1000000000 0 

o 1 1 1. 1 1 1 1 1 1 VREF (2-9 ) 

0000000001 V REF (1 - 2-9 ) 

0000000000 V REF 

NOTE: 1 LSB = 2-' VREF 

Table 2_ Code Table - Bipolar (Offset Binary) Operation 
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USING THE AD2700 VOLTAGE REFERENCE WITH 
D/A CONVERTER 
An A02700 Voltage Reference can be used with an inverting 
operational amplifier and an R-2R ladder network. If all bits 
but the MSB are off (i.e., grounded), the output voltage is 
(-R/2R)EREF . If all bits but Bit 2 are off, it can be shown 
that the output voltage is ':h(-R/2R)~EF = IAEREF : The 
lumped resistance of all the less-significant-bit circuitry (to 
the left of Bit 2) is 2R; the Thevenin equivalent looking 
back from the MSB towards Bit 2 is the generator, EREF/2, 
and the series resistance 2R; since the grounded MSB series 
resistance, 2R, has virtually no influence - because the 
amplifier summing point is at virtual ground - the output 
voltage is therefore -EREF /4. The same line of thinking can 
be employed to show that the nth bit produces an increment 
of output equal to Z-n EREF . 

LSB 
I 

DIGITAL INPUT CODE 
Bill BIT2 

I I 

a. Basic Circuit 

BIT 2 SWITCH CLOSED 

r---....,/: 

\ 

I 
I 
I 
I 
I R 

LUMPED RESISTANCE 
OF LESS·SIGNIFICANT BITS 

b. Example: Contribution of Bit 2: All Other Bits "0" 

c. Simplified Equivalent of Circuit (b.) 
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FEATURES 
Laser Trimmed to High Accuracy: 10.000V ± 1.0mV 
Low Temperature Coefficient: 1ppmfC (L Grade) 
Excellent Long Term Stability: 25ppm/1000hrs. 
5mA Output Current Capability 
Low Noise (30JN pop) 
Short Circuit Protected 
No Heater Utilized 
Small Size (Standard 14-Pin DIP Package) 

PRODUCT DESCRIPTION 
The AD2710 and AD2712 are temperature-compensated, 
hybrid voltage references which provide precise 10.000V out
put from an unregulated input level from 13.5 to 16.5 volts. 
Active laser trimming is used to trim both the initial error at 
+25°C as well as the temperature coefficient, which results in 
ultra high precision performance previously available only in 
oven-regulated modules. The 1.0mV maximum initial error 
and 1ppmlC guaranteed maximum temperature coefficient 
of the AD2710L and AD2712L represent the best perform
ance combination available without using ovens or heated 
substrates for temperature regulation. 

The AD2710 series of precision 10.000 volt references offer 
the user unequalled accuracy and stability with performance 
guaranteed over the 0 to +70° C temperature range. The devices 
combine the recognized advantages of thin film technology 
and active laser trimming with a unique integrated ceramic 
package design to provide an excellent reference for use in 
applications requiring high accuracy and stability. 

The AD2710 is recommended for use as a reference for 10-, 
12- and 14-bit 01 A converters which require an external refer
ence. The device is also suitable for many types of high resolu
tion AID converters, either successive approximation or inte
grating designs. The SmA output drive capability of the device 
also makes the AD2710 ideal for use as a master system 
reference. 

For systems requiring a dual tracking reference, the AD2712 
offers both positive and negative outputs in a single package. 
All units are packaged in an integrated ceramic 14-pin side
brazed package offering superior reliability over other package 
designs. 

+10.000 Volt Ultra High 
Precision Reference Series 

AD271O, AD2712 I 
AD2710/AD2712 PIN CONFIGURATIONS 

FINE VOUT FINE TEST 
ADJUST +10 ADJUST +15V POINT N/C N/C 

AD2710: +10.000 VOL T REFERENCE 

N/C N/C N/C N/C N/C N/C COMMON 

VOUT FINE 
+10 ADJUST 

TEST 
POINT N/C N/C 

AD2712: no.ooo VOLT REFERENCE 

FINE -10 FINE -15V 
ADJUST VOUT ADJUST 

14-PIN DUAL IN LINE PACKAGES 

PRODUCT HIGHLIGHTS 
1. Active laser trimming of both initial accuracy and tempera

ture coefficient results in very high accuracy over the tem
perature range without the use of external components. 
AD2710 has a maximum deviation from 10.000 volts of 
±1.00mV at 25°C with no external adjustments. 

2. The AD2710 and AD2712 are well suited for a broad range 
of applications requiring an accurate, stable reference source 
such as data converters, test and measurement systems and 
calibration standards. 

3. The performance of the AD2710 series is achieved by a 
well-characterized design and close control over the manu
facturing process. This eliminates the need for temperature
controlled ovens to provide stability. 

4. The advanced multilayer integrated ceramic package results 
in superior electrical performance as well as inherent high 
reliability . 
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SPECIFICATIONS (typical @ Vs ±15V after a 5 minute warm-up at +25°C, 
no load condition unless otherwise specified) 

Model 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage (for applicable supply) 
Power Dissipation @ +2S

o
C 

Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soldering, 20s) 
Short Circuit Protection (to GND) 

OUTPUT VOLTAGE ERROR l 

+2S
o

C 

OUTPUT VOLTAGE TEMPERATURE 
COEFFICIENT2 

+10V Output 

-lOV Output4 

+2S
o
C to +70

o
C 

o to +2S
o

C 
+2SoC to +70oC 
o to +2SoC 

LINE REGULATION 
Vs = ±13.S to ±16.S 5 

OUTPUT CURRENT 

LOAD REGULATION 
10 =0 to ±SmA 

OUTPUT RESISTANCE 

INPUT VOLTAGEs 
Operating Range 
Specified Performance 

AD2710KN AD2710LN 

±18V 
300mW 
o to +70oC 
-55°C to +lOOoC 
+260

o
C 

Continuous 

±1.0mV max 

±2ppmtCmax 
±SppmtCmax 
Not Applicable 
Not Applicable 

12SIJ-VIV(2001lVlV max) 

lOrnA 

SOIJ-V/mA(100IJ-V/mA max) 

O.OSn 

±13V to ±18V 
±13.SV to ±16.SV 

Not Applicable 
Not Applicable 

AD2712KN 

4S0mW 

±2ppm/o C max 

±3ppmfCmax 
±Sppm/oC max 

AD2712LN 

•• 

±2ppmfCmax 
•• 

QUIESCENT SUPPLY CURRENT 
VS+ 
Vs_s 

9mA( 14mA max) 
Not Applicable Not Applicable 

12mA (16mA max) •• 
2mA (3mA max) .. 

NOISE 
0.1 to 10Hz 

LONG TERM STABILITY 
TA = +2S

o
C 

EXTERNAL TRIM RANGE 6 

PACKAGE OPTION' 

NOTES: 

30IJ-V pop 

2Sppmll000 Hours 

±10mV 

HY14B 

·Same as AD2710KN. • ·Same as AD2712KN performance. 
1 Specifications apply to both outputs of the AD2712. 
2 Refer to next page for definition of temperature-related error specifications. 
'The AD2710LN and AD2712LN outputs are guaranteed for a maximum ±2ppmfC temperature . 

• 

coefficient over the +ISoC to +2SoC temperature range. Refer to Figure I. ' 
"The +10V and -IOV outputs of the AD2712 typically track within ±lppmfC over the specified temperature range. 
S Negative power supply not required for AD2710. 
6 Use of the output trim wiII change the temperature coefficient approximately O.3ppmfC for each 

millivolt of adjustment. 

7 See Section 20 for package outline information. 

Specifications subject to change without notice. 
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UNDERSTANDING THE SPECIFICATIONS 
The AD2710 and AD2712 precision references are designed 
for applications requiring both the lowest possible initial error 
at room temperature and the lowest possible temperature drift. 
The specification for initial error is relatively straight-forward, 
and is the absolute error from exactly 10.000V. The specifica
tion for temperature drift, however, must be explained. 

Various methods have been used to specify the temperature 
drift of voltage references, including the "butterfly", "box", 
and "modified-box" (or total error) methods. The AD2710 
and AD2712 are specified with the "butterfly" method. 

Using three or more temperatures provides the user with a 
tighter drift specification, eliminating possible mid-range ex
cursions. The AD2710 and AD2712 have been designed and 
characterized as having a smooth drift curve with a virtually 
straight segment from +25°C to +70oC. The typical curve as 
shown is concave downward and gradually increases slope 
near O°C. 

As can be seen from Figure 1, the AD2710L and AD2712L 
+10V outputs will exhibit a maximum temperature coefficient 
of ±lppm/oC (±2ppm/oC for "K" grade) from +25°C to 
+70

0
C. Over the short range between +15°C and +25°C, the 

AD2710L and AD2712L +10V outputS have a maximum 
drift of only ±2ppm/o C and a maximum drift of ±5 ppmt C 
from 0 to +15°C. The negative output of the AD2712L has a 
similar temperature coefficient characteristic with a maximum 
slope of ±2ppm/o C from +25° C to +70

0 
C. This limit continues 

from +2SoC to +15°C and then increases to a ±Sppm/oC 
maximum slope from +15°C and OOC. Every unit is 100 per
cent tested and guaranteed to meet these specifications over 
the full 0 to +70

o
C temperature range. 

.------,.-----.--------------..+2mV 
TYPICAL CURVE 

+O.9mV 

L~~~~+O·45mv 
:~ -O.4SmV 

-O.9mV 

'--__ '--.......L-_'---'-_"--__ '--__ "--__ "--_--'-2mV 
10 15 20 25 40 50 60 70 

TEMPERATURE _ °c 

Figure 1. Maximum Change from +10V Output from +2~C 
Value vs. Temperature 

All grades of the AD2710 and AD2712 are tested after a five 
minute warm-up period. This warm-up allows the entire circuit 
to attain thermal equilibrium. The warm-up drift is approxi
mately 500 microvolts and is completely settled approxi
mately three minutes after tum-on. Figure 2 shows the 
typical warm-up characteristics of the AD2710. 

UJ 10.0010 CI 
< 
~ 10.0005 
0 
> 10.0000 
~ 
::;) 9.9996 
I!: 

tL-"" 
::;) 9.9990 
0 

TURN'()N 

lMIN 2MIN 3MIN 4MIN 

}

SPECIFIED 
INITIAL 

ACCURACY 

Figure 2. AD2770 Typical Warm-Up Drift 

USING THE AD2710 AS A DAC REFERENCE 
Digital-ta-analog converters require a reference to establish 

Applying the AD2710 Series 
the full scale output range. It is this reference which will ulti
mately determine the absolute accuracy of the converter. 
While many converters include internal reference sources, 
better overall performance can be obtained if a higher preci
sion external reference is used. 

Figure 3. Low Drift 12-Bit D/A Converter 

Figure 3 shows the AD2710 used with the AD566A high-speed 
12-bit DAC. The ADS66AKD is laser trimmed for ±1I4LSB 
maximum nonlinearity, and exhibits a gain temperature coef
ficient of 3ppm/oC. Use of the AD2710LN reference will 
result in a worst case total gain temperature coefficient of 
4ppmt C. After initial calibration of the DAC scale factor at 
room temperature, 12-bit absolute accuracy can be maintained 
over the +IS

o
C to +70°C temperature range. The high output 

current capability of the AD2710 allows it to serve as a refer
ence for up to 10 such converters in a system. 

The resolution of the ADS66A can be extended as shown in 
Figure 3 by summing the output of another DAC. In this ex
ample, an AD559 is used to provide 4 additional bits. Since 
the AD5S9 is driven from the same AD2710 reference as the 
AD566A which provides the higher-order bits, and uses a 
similar internal thin-film resistor ladder, it will exhibit first
order temperature tracking. While this circuit provides 16-bits 
of resolution, it is only as accurate as the AD566A used for 
the most significant bits. Use of an AD566AKD will typically 
achieve ±0.003% accuracy (±l12LSB at 14 bits). 

Fi,qure 4. 16-Bit Binary DAC with AD2770 Reference 
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HIGH RESOLUTION ANALOG-TO-DIGITAL CONVERSION 
The AD2710 is well-suited to both system and instrument-level 
analog-to-digital converter reference requirements. The excc\
lent absolute accuracy and low temperature drift allow low
cost measurement systems to offer high levels of perfor~ance. 

The AD7555 is a 4Y2/5Y2 digit ADC subsystem which uses the 
quad-slope conversion technique to achieve high accuracy at 

AGNO-OGND INTEATIE FROM PIN 21 TO PIN 3 

Vss=-5V 

NOTES 

1. RS C1 VALUES$HQWN ARE FOR 51/2 DIGIT MODE. FOR 41/2 DIGIT MODE As = 360k,t:l '" O.22iJF 
SUITABLE CAPACITORS AVAILABLE ~ROM COMPONENT RESEARCH CO. INC .. 1655 26th STREET, 
SANTA MONICA, CA. 90404. (STOCK NUMBER FOR O.22~F CAPACITOR IS D'1B224KXW) 

2. R4. RS, R7 1% TOLERANCE 
3. Rl, R3 SHOULD TRACK WITHIN O.5ppmfC EITHER BULK METAL OR WIRE WOUND RESISTORS 

(OA A THIN·FILM NETWORK) SHOULD BE USED. R2 SHOULD BE A lOW·Te TYPE POTENTIOMETER 
OR A SELECTED LCJIN DRIFT fiXED RESISTOR 

FifJure 5. High Accuracy Low Drift AID, Converter 

low cost. This patented conversion process performs auto
matic correction for offsets and other errors in the analog 
circuitry as a part of each conversion. Total scale factor drift 
1.2ppm/C is possible using the AD2710L reference and medi
um-precision external amplifiers. This represents a full scale 
drift of less than ± 10 counts in ±200,000 from + 15° C to 
+45°C. Less than 1 count of drift will occur in the 4 1/2 
digit mode. 
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-15V ___ .... __ ----, 

'l5V 

2 VOUT = - lO.OOOV 

13 VOUT = '10.OOOV 

·OPTIONAl 10k POTENTIOMETER PROVIDES 
!10mV OUTPUT TRIM. TEMPERATURE DRIFT 
INCREASES O.3ppmfC PER mV OF FINE 
ADJUSTMENT 

Figure 6. Optional Fine Trim Connections 

The AD7 5 5 5 was designed for use with a 4.096 V reference, 
which produces a ±2 volt hlput range. When the AD2710 is 
used, the input range is increased to ±4.88281 V (24.4J.lV / 
count). The new scaling can be handled either by using a preci
sion gain stage before the AD75 5 5 analog input as shown or by 
using a microprocessor to digitally correct the scale. The actual 
input signal value can be computed by multiplying the count 
produced by the AD7555 by VREFI (10 volts in this case), and 
dividing the result by 409600. Details of the digital circuitry 
of the AD7555 can be found on the AD7555 data sheet. 

It should be noted that .when the AD75 5 5 is used with the 
AD2710 10 volt reference, it is necessary to use a Vee greater 
than 10 volts. Thus the digital inputs and outputs of the ADC 
will be compatible with CMOS logic levels. 
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Selection Guide 
Transducers 

Model 

AD590IlJ/K/LlM 

AC2626J IK/LIM 

Olaracteristics 

IC, 2-terminal, TO-52 can or miniature flatpack, -55°C to +150
o

C 
(218K to 423K) operating range, linear current output, IJ.LA/K, laser
trimmed for high accuracy i Output current independent of supply 
voltage. 

Stainless-steel temperature probe using AD590, same temperature 
range and electrical characteristics as the AD590, 3116" outside 
diameter, 6- or 4-inch standard lengths, includes 3 feet of Teflon
coated lead wire, 2s response in stirred water, sensor electrically 
isolated from sheath (±200Y breakdown-case to leads). 

FEATURE SELECTION CHART ' 
COMPARED TO TRADITIONAL TEMPERATURE SENSORS 
FOR -55°C TO +lS0

o
C 

Linear 
High Level 
Excitation Insensitive 

Linearization Required 
Remote Sensing Applications 
Low Cost 
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The ADS90 is a two-terminal integrated circuit temperature 
transducer which produces an output current proportional to 
absolute temperature. The ADS90 has a standard 1J.LA/K out
put current which is inherently linear, therefore, no linear
ization is required. 

Attention to all the detail is the key to success in most inter
face criteria. The following application is provided to illustrate 
the problems involved in designing circuits which measure 
physical pheonomenon. 

In this application, there is a need to measure temperatures 
from 0 to +100

0
C, to within 1.0

0
C, at low cost, at a remote 

location several hundred feet from the instrumentation. The 
ambient temperature in the vicinity of the instrumentation is 
expected to be 2SoC ±lSo. A number of possible transducers 
will operate over the specified range, but the requirement for 
a remote measurement suggests the use of the current-output 
two-wire ADS90 semiconductor temperature sensor, because 
the current is unaffected by voltage drops and induced 
voltages. 

Consulting the "Accuracies of the ADS90,,1 we find that the 
ADS90}, with two external trims, would be suitable; its 
maximum error over the 0 to 100°C range is 0.3°. This per
mits an allowance of 0.7° for all other errors. If a tighter 
tolerance were required, it would be worthwhile to consider 
using the ADS90M with two trims, for an error below O.OSoC. 

Since ADS90 measures absolute temperature (its nominal out
put is 1J.LA/K), the output must be offset by 273.2J.LA in order 
to read out in degrees Celsius. The output of the ADS90 flows 
through a 1kn resistance, developing a voltage of 1mV/K 
(Figure 1). The output of an ADS80 2.S-volt reference is 
divided down by resistors to provide a 273.2mV offset, which 
is subtracted from the voltage across the 1kn resistor by an 
ADS21 instrumentation amplifier. The ADS21 provides a 
gain of 10.0, so that the output range, corresponding to 0 to 
100°C, is 0 to 1.00V (lOmV/oC). 

Vs OFFSET 

MEASURED TEMP 
o TO l00'C 

AD59OJ~---
~VL __ J 

REMOTE TEMPERATURE-TO
CURRENT TRANSDUCER. l~A/k. 
AD590 IC IS AVAILABLE IN PROBE 
AS AC2626J 

I~ 

LOW TCR 
METERING 
RESISTOR. 

lmV/~A: lmV/k 

REFERENCE 

Figure 1. Thermometer Circuit 

The desired system accuracy is to within 1.0° C; as noted, all 
errors other than that of the ADS 90 must contribute the 
equivalent of less than 0.7°. It will be helpful to assemble an 

I Accuracies of the AD590 Application Note, Analog Devices. 

Orientation 
Transducers 

error budget for the circuit, assessing the contributions of 
each of the elements (Table 1). Errors will be expressed in 
degrees Celsius. 

AD590 regulation. If the ADS90 is excited by a 
voltage source of between S and 10V, the typical 
regulation is 0.2J.LAN (O.t CN). With 1% source 
regulation, this contribution will be O.OloC 

AD590 linearity error. Total error for ADS 90}, 
over the 0 to 100°C range, with two trims, is 
0.3°C. Those trims will be the gain and offset 
trims for the whole circuit, accounting for resistor 
and ratio errors, ADS 21L gain, offset and bias-
current errors, ADS80L voltage error, and the 
ADS90j's calibration error 0.3°C 

R 1 temperature coefficien t. Since R 1 is responsible 
for the conversion of the ADS 90's current to volt-
age, high absolute accuracy is important. Conse-
quently, we would expect to use a device having 
lOppmlC or less in this spot. For ±lSoC, the 
maximum error is 373.2J.LA X 1O-5/

oC X ISO = 
0.06J,LA 

(typical at 2 SO C and rated supply voltage unless noted otherwise) 

Parameter Condition 

ADSBOL 2.SV VOLTAGE REFERENCE 

Output voltage 
Input voltage, operating 
Line regulation 
Temperature sensitivity 
Noise 
Stability (drift with time) 

Vs = +lSV 

7V';;VIN';;30V 
o to 70°C 
0.1 to 10Hz 
long term 
per month 

ADS90J 11lV/K TEMPERATURE TRANSDUCER 

Output current 
Input voltage, operating 
Calibration error 
Linearity error 
Repeatability 
Long-term drift 
Noise spectral density 
Power-supply rejection 
Operating range 

Nominal at 25°C (298.2k) 

25°C, Vs = SV 0 

Two tnms, 0 to 100 C range 
per month 

Specification 

2.4S0V min, 2.SS0V max 
30V max, 7V min 
2mVmax 
4.3mV max, 2Sppm/oC, typ 
60llV, pop 
2S0llV (0.01%) 
2SIlV (lOppm) 

29B.21lA 

!~Ycn;::~ 4V min 

0.3°C max 
O.l°C max 
O.l°C max 
4OpA/vfu 
0.21lAIV 
_SSoC to +lS00 C 

ADS21L DIFFERENTIAL INSTRUMENTATION AMPLIFIER 

Gain equation (volts/volt) Nominal 
Error from equation Untrimmed 
Nonlinearity ±9Voutput 
Gain tempco 0 to 70°C 
Voltage offset h1put 

Voltage offset tempco 
Output 
Input, 0 to 70°C 
Output, 0 to 70°C 

Voltage offset vs. supply Input 

Bias current 
Bias current tempco 
Input impedance 
Common-mode rejection 

Voltage noise 

Output, untrimmed' 
25°C 
o to 70°C 
Common-mode 
G = 10, dc to 60Hz, 

1kn source unbalance 
G = 10, O.lHz to 10Hz, 

pop, RTO 

'Can be reduced by trimming the output offset. 

G = RS/RG 
(±0.2S - 0.004G)% 
0.1% max 
±(3±O.OSG)ppm/oC 
1.0mV max 
100mVmax 
2llV/Cmax 
7SIlV/Cmax 
31lV /% 
O.SmV/% 
40nA max 
SOOpA/C 
6 X 101°nll3.0pF 

94dB min 

22SIlV 

Table 1. Device Specifications Pertinent to the Analysis 
in the Text 
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AD580 temperature coefficient. The specified 
tempco f~r the ADS80L is 2Sppm/C 2'pical 
(61ppm/ C max over the range 0 to 70 C). 
Since operation is over a narrow range, the typical 
value is most useful, unless the ADS80 has a 
critical effect on the overall error. 25 X 1O-6/oC X 
273mV X 15° = O.lmV 

Resis#ve divider tempco. The absolute values of 
R2 and R3 are of considerably less importance 
than their ability to track. 10ppm/oC is a reasonable 
value for tracking tempco. 1O-5/

oC X 273mV X 
15° = 0.04mV 0.04°C 

Common-mode error. At a gain of 10, the minimum 
common-mode error of the ADS21L amplifier is 
94dB, one part in 50,000 of the common-mode 
voltage (273mV), or SJ.LV (negligible) O.OoC 

AD521 temperature coefficient. The specified 
input offset tempco for the ADS21L is 2J.LV/C 
max, and the output offset tempco is 7SJ.LV/oC 
max (7.SJ.LV/oC, referred to the input), for a 
total of 9.SJ,LV/C R.T.I. 9.SJ.LV/C X 15° = 143J.LV 0.14°C 

AD521 bias-current tempco. The maximum bias-
current ch"ange is SOOpA/C X 30° (range) = lSnA. 
The equivalent offset-voltage change is lSnA X 
1kQ = lSJ.LV 0.02°C 

AD521 gain tempco. The circuit will be calibrated 
for correct output at 100°C by trimming of the 
gain of the ADS 21 at a 25° C ambient temperature. 
Variation of gain will cause output errors. The 
specified gain tempco at a gain of 10 for the 
ADS21L is 3.Sppm/oC typical. If max is arbitrarily 
assumed to be ten times worse, and the resistors 
contribute lSppm/C additional, the maximum 
error will be 50 X 1O-6/°C X 100° X 15° = 0.075° 0.07SoC 

VOL. /,9-4 TRANSDUCERS 

AD521 nonlinearity. The 0.1% nonlinearity specifi
cation applies for a ±9V output swing; for a IV 
full-scale swing, it may be reasonable to expect a 
tenfold improvement, or a 1mV linearity/error, 
equivalent to '0.1 ° C 

Total error (worst case) 

This means that, once the circuit has been calibrated at 0° C 
. and 100°C (25°C ambient), the maximum error at any com
bination of measured and ambient temperatures can reason
ably be expected to be less than 1°C. 

If the summation were root-sum-of-squares, instead of worst
case, the error would come to less than 0.4°. This suggests 
that the design is quite conservative, since the probability of 
worst-case error is low; also (with some risk), it suggests that 
if an ADS 90M were used in the same design, temperature 
could be measured to within 0.2S

o
C over the range. Naturally, 

,every precaution should be taken to avoid additional errors 
attributable to either Murphy's or Natural Law. Aside from 
errors attributable to ambient temperature variations, this 
simple interface will require some form of protection from 
extraneous signals. Shielding and grounding should follow 
the practice suggested earlier in this book. In addition, 
capacitance across R1 will help reduce the effects of any ac 
currents induced in the twisted pair. Power supplies must be 
chosen to minimize error due to sensitivity of any of the 
elements to power-supply voltage changes, and bypassed to 
minimize coupling of interference through the power
supply leads. 
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FEATURES 
Linear Current Output: l/1At K 
Wide Range: -55°C to +150°C 
Probe Compatible Ceramic Sensor Package 
Two-Terminal Device: Voltage In/Current Out 
Laser Trimmed to ±O.5°C Calibration Accuracy (AD590M) 
Excellent Linearity: ±O.3 DC Over Full Range Range (AD590M) 
Wide Power Supply Range: +4V to +30V 
Sensor Isolation from Case 
Low Cost 

PRODUCT DESCRIPTION 
The AD590 is a two-terminal integrated circuit temperature 
transducer which produces an output current proportional to 

absolute temperature. For supply voltages between +4V and 
+30V the device acts as a high impedance, constant current 
regulator passing l/1A/K. Laser trimming of the chip's thin film 
resistors is used to calibrate the device to 298.2/1A output at 
298.2

D
K (+2S

D
C). 

The ADS 90 should be used in any temperature sensing applica
tion below +lSO°C in which conventional electrical tempera
ture sensors are currently employed. The inherent low cost of 
a monolithic integrated circuit combined with the elimination 
of support circuitry makes the ADS90 an attractive alternative 
for many temperature measurement situations. Linearization 
circuitry, precision voltage amplifiers, resistance measuring 
circuitry and cold junction compensation are not needed in 
applying the ADS90. 

In addition to temperature measurement, applications include 
temperature compensation or correction of discrete compo
nents, biasing proportional to absolute temperature, flow rate 
measurement, level detection of fluids and anemometry. The 
ADS90 i~ available in chip form making it suitable for hybrid 
circuits and fast temperature measurements in protected en
vironments. 

The ADS90 is particularly useful in remote sensing applica
tions. The device is insensitive to voltage drops over long lines 
due to its high impedance current output. Any well-insulated 
twisted pair is sufficient for operation hundreds of feet from 
the receiving circuitry. The output characteristics also make 
the ADS90 easy to multiplex: the current can be switched by 
a CMOS multiplexer or the supply voltage can be switched by 
a logic gate output. 

·Covered by Patent No. 4,123,698 

Two-Terminal Ie 
Temperature Transduc.er 

AD590* I 

ADS90 FUNCTIONAL BLOCK DIAGRAM 

TO-52 
BOTTOM VIEW 

PRODUCT HIGHLIGHTS 
1. The ADS90 is a calibrated two terminal temperature sensor 

requiring only a dc voltage supply (+4V to +30V). Costly 
transmitters, filters, lead wire compensation and lineariza
tion circuits are all unnecessary in applying the device. 

2. State-of-the-art laser trimming at the wafer level in conjunc
tion with extensive final testing insures that ADS90 units 
are easily interchangeable. 

3. Superior interference rejection results from the output 
being a current rather than a voltage. In addition, power 
requirements are low (1.SmW's @ SV @ +2S

D
C). These 

features make the ADS90 easy to apply as a remote sensor. 

4. The high output impedance (> 10Mn) provides excellent 
rejection of supply voltage drift and ripple. For instance, 
changing the power supply from SV to lOV results in only 
a l/1A maximum current change, or 1 ° C equivalent error. 

5. The ADS90 is electrically durable: it will withstand a 
forward voltage up to 44V and a reverse voltage of 20V .. 
Hence, supply irregularities or pin reversal will not damage 
the device. 

6. The device is hermetically sealed in both a ceramic sensor 
package and in to TO-52 package. MIL-STD-883 pro
cessing to level B is available and, for large unit volumes, 
special accuracy requirements over limited temperature 
ranges can be satisfied by selections at final test. The device 
is also available in chip form. 
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SPECIFICATIONS (typical @ +25°C and Vs = 5V unless otherwise noted) 

MODEL 

ABSOLUTE MAXIMUM RATINGS 
Forward Voltage (E+ to E-') 
Reverse Voltage (E+ to E-) 
Breakdown Voltage (Case to E+ or E-) 
Rated Performance Temperaturc Rangel 
Storage Temperature Rangel 
Lead Temperature (Soldering. 10 sec) 

POWER SUPPLY 
Operating Voltage Range 

OUTPUT 
Nominal Current Output (fl) +25°C (298.2°K) 
Nomina) Temperature Coefficient 
Calibration Error @ +2S

o
C 

Absolute Errorl (over rated performance 
temperature range) 

With0ut External Calibration Adjustment 
With +25°C Calibration Error Sci to Zero 
Nonlinearitv 
Repcatabiliiy 3 

Long Term Drift4 

Current Noise 
Power Supply Rejection 

+4V .;;; "S .;;; +5V 
+5V';;; Vs';;; +15V 
+15V';;; Vs .;;; +30V 

Case Isolation to Eithn Lead 
Effective Shunt Capacitance 
Electrical Turn-On TimeS 
Reverse Bias Leakage Current6 

(Reverse Voltage = lOY) 

PACKAGE OPTION 7 

"H" Package: TO-52 
"F" Package: Flat Pack (F2A) 

ADS90I 

+44V 
-20V 
±200V 
-55°C to +150°C 
-65°C to +155°C 
+300

o
C 

+4V to +30V 

298.2/JA 
I/JA/oK 
±IO.OoC max 

±20.0
U

C max 
±5.8°C max 
±3.0oC max 
±O.loCmax· 

±O.l ° C/month max 
40pAvTh 

O.5/JA/V 
O.2p.AIV 
O.Ip.AIV 
1Oion 

100pF 
20p.s 

IOpA 

AD5901H 
AD590lF 

ADS90J 

±IO.OoC max 
±3.0°C max 
±1.5°C max 

AD590)H 
AD590)F 

AD590K 

±5.5°C max 
±2.0oC max 
±0.8°C max 

AD590KH 
AD590KF 

AD590L 

±3.0oC max 
±1.6°C max 
±0.4°C max 

AD590LH 
AD590LF 

·Specifications same as ADS901 
1 The ADS90 has been used at -100°C and +200°C for short periods 
of measurement with no physical damage to the device. However, 
the absolute errors specified apply to only the rated performance 
temperature range. 

'Conditions: constant +5V, constant +125°C; guaranteed, 

• See section on temperature sensor specifications for explanation 
of error components. Note that ± tOC error is the equivalent of 
±1/lA error. 

3 Maximum deviation between +2SoC readings after tempera
ture cycling between _55°C and + 150°C; guaranteed not tested. 

not tested. 
S Does not include self heating effects. 
'Leakage current doubles every 10° C. 
7 See Section 20 for package outline information. 
Specifications subject to change without notice. 

AD590M 

±1.7°C max 
±l.OoC max 
±0.3°C max 

AD590MH 
AD590MF 

OK +223° +273° +2980 +323° +373° +423° 
TEMPERATURE SCALE CONVERSION EQUATIONS 

°c _50° 0° +250 +50° +100° +150° 

\IIIII! 1111111\ / I ~ 111'11111\111111111111/11\ III \ III illill d 
OF _100° 0°: :+100° +200°: +300° 

32° 70° 212° 
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CIRCUIT DESCRIPTION' 
The AD590 uses a fundamental property of the silicon tran
sistors from which it is made to realize its temperature propor
tional characteristic: if two identical transistors are operated 
at a constant ratio of collector current densities, r, then the 
difference in their base-emitter voltages will be (kT/q)(ln r). 
Since both k, Boltzman's constant and q, the charge of an 
electron, are constant, the resulting voltage is directly propor
tional to absolu te temperature (PT AT). 

In the AD590, this PTAT voltage is converted to a PTAT cur
rent by low temperature coefficient thin film resistors. The 
total current of the device is then forced to be a multiple of 
this PT AT current. Referring to Figure 1, the schematic dia-

Figure 1. Schematic Diagram 

gram of the AD590, Q8 and Qll are the transistors that pro
duce the PTAT voltage. R5 and R6 convert the voltage to 
current. QI0, whose collector current tracks the collector 
~urrents in Q9 and Qll, supplies all the bias and substrate 
leakage current for the rest of the circuit, forcing the total 
current to be PTAT. R5 and R6 are laser trimmed on the 
wafer to calibrate the device at +25° C. 

Figure 2 shows the typical V-I characteristic of the circuit 
at +25°C and the temperature extremes. 

423 

lOUT 
(pA) 298 -----~t-

218 -----~t-

SUPPLY VOLTAGE 

Figure 2. V-I Plot 

I For a more detailed circuit description see M.P. Timko, "A Two
Terminal IC Temperature Transducer," IEEE J. Solid State Circuits; 
Vol. SC-ll, p. 784-788, Dec. 1976. 
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EXPLA~J\TION OF TEMPERATURE SENSOR 
SPECIFICATIONS 
The way in which the ADS90 is specified makes it easy to 
apply in a wide variety of different applications. It is important 
to understand the meaning of the various specifications and 
the effects of supply voltage and thermal environment on ac
curacy. 

The ADS90 is basically a PTAT (proportional to absolute tem
perature») current regulator. That is, the output current is 
equal to a scale factor times the temperature of the sensor in 
degrees Kelvin. This scale factor is trimmed to lJ.LAtK at the 
factory, by adjusting the indicated temperature (i.e. the output 
current) to agree with the actual temperature. This is done with· 
SV across the device at a temperature within a few degrees of 
2SoC (298.2°K). The device is then packaged and tested for 
accuracy over temperature. 

CALIBRATION ERROR 
At final factory test the difference between the indicated tem
perature and the actual temperature is called the calibration 
error. Since this is a scale factor error, its contribution to the 
total error of the device is PTAT. For example, the effect of 
the 1°C specified maximum error of the AD590L varies from 
0.73° C at -55° C to 1.42° C at 150°C. Figure 3 shows how 
an exaggerated calibration error would vary from the ideal 
over temperature. 

Figure 3. Calibration Error vs. Temperature 

The calibration error is a primary contribu tor to maximum 
total error in all AD590 grades. However, since it is a scale 
factor error, it is particularly easy to trim. Figure 4 shows the 
most elementary way of accomplishing this. To trim this cir
cuit the temperature of the ADS90 is measured by a reference 
temperature sensor and R is trimmed so that VT = lmV/oK at 
that temperature. Note that when this error is trimmed out at 
one temperature, its effect is zero over the entire temperature 
range. In most applications there is a current to voltage con
version resistor (or, as with a current input ADC, a reference) 
that can be trimmed for scale factor adjustment. 

+ sv 

+ 

9500 

Figure 4. One Temperature Trim 

IT(OC) = T(oK)':' 273.2; Zero on the Kelvin scale is "absolute zero"; 
there is no lower temperature. 
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ERROR VERSUS TEMPERATURE: WITH CALIBRATION 
ERROR TRIMMED OUT 
Each ADS90 is also tested for error over the temperature range 
with the calibration error trimmed out. This specification could 
also be called the "variance from PTAT" since it is the maxi
mum difference between the actual current over temperature 
and a PTAT multiplication of the actual current at 25°C. This 
error consists of a slope error and some curvature, mostly at 
the temperature extremes. Figure 5 shows a typical AD590K 
temperature curve before and after calibration error trimming. 

+2'C 

~~~~UTE 0 I--------=~""""=--------.::Io_.c_-

\AFTER 
CALIBRATION 
TRIM 

-2'C L..---_s..Ls'-c-------------+-,.J..so:"'c-
TEMPERATURE 

Figure 5. Effect of Scale Factor Trim on Accuracy 

ERROR VERSUS TEMPERATURE: NO USER TRIMS 
Using the ADS90 by simply measuring the current, the total 
error is the "variance from PT AT" described above plus the 
effect of the calibration error over temperature. For example 
the AD590L maximum total error varies from 2.33°C at 
-55°C to 3.02°C at 150°C. For simplicity, only the larger fig
ure is shown on the specification page. 

NONLINEARITY 
Nonlinearity as it applies to the AD590 is the maximum devia
tion of current over temperature from a best-fit straight line. 
The nonlinearity of the AD590 over the -55°C to +1500 C 
range is superior to all conventional electrical temperature 
sensors such as thermocouples, RTD's and thermistors. Fig
ure 6 shows the nonlinearity of the typical AD590K from 
Figure 5. 

_1.6°C L-_-'--________________ -'-_ 

.. ,sooc 
TEMPERATURE 

Figure 6. Nonlinearity 

Figure 7 A shows a circuit in which the nonlinearity is the ma
jor contributor to error over temperature. The circuit is 
trimmed by adjusting Rl for a OV output with the AD590 
at 0° C. R2 is then adjusted for lOV out with the sensor at 
100°C. Other pairs of temperatures may be used with this pro
cedure as long as they are measured accurately by a reference 
sensor. Note that for +15V output (150

0
C) the V+ of the op 

amp must be greater than l7V. Also note that V- should be 
at least -4V: if V- is ground there is no voltage applied across 
the device. ' 



Understanding the AD590 Specifications 

+15V 

AD581 

100mVr'C 

~ vT : 100mVr'C 

V-

Figure lA. Two Temperature Trim 

-2"C L--'--___ "--_______ -'-__ --'~-

'100°C '150°C -55 C 

Figure lB. Typical Two-Trim Accuracy 

VOLTAGE AND THERMAL ENVIRONMENT EFFECTS 

The power supply rejection specifications show the maximum 
expected change in output current versus input voltage changes. 
The insensitivity of the output to input voltage alJows the use 
of unregulated supplies. It also means that hundreds of ohms 
of resistance (such as a CMOS multiplexer) can be tolerated 
in series with the device. 

It is important to note that using a supply voltage other than 
5V does not change the PTAT nature of the AD590. In other 
words, this change is equivalent to a calibration error and can 
be removed by the scale factor trim (see previous page). 

The AD590 specifications are guaranteed for use in a low 
thermal resistance environment with 5V across the sensor. 
Large changes in the thermal resistance of the sensor's envi
ronment will change the amount of self-heating and result 
in changes in the output which are predictable but not neces
sarily desirable. 

The thermal environment in which the AD590 is used deter
mines two important characteristics: the effect of self heating 
and the response of the sensor with time. 

Figure 8. Thermal Circuit Model 

Figure 8 is a model of the AD590 which demonstrates these 
characteristics. As an example, for the TO-52 package, e]C is 
the thermal resistance between the chip and the case, about 

26° C/watt. eCA is the thermal resistance between the case and 
its surroundings and is determined by the characteristics of 
the thermal connection. Power source P represents the power 
~issipated on the chip. The rise of the'junction temperature, 
TJ' above the ambient temperature TA is: 

Eq.1 

Table 1 gives the sum of e]C and eCA for several common 
thermal media for both the "H" and "F" packages. The heat
sink used was a common clip-on. Using Equation 1, the temper
ature rise of an AD590 "H" package in a stirred bath at +25°C, 
when driven with a 5V supply, will be 0.06°C. However, for 
the same conditions in still air the temperature rise is 0.72°C. 
For a given supply voltage, the temperature rise varies with 
the current and is PT AT. Therefore, if an application circuit 
is trimmed with the sensor in the same thermal environment 
in which it will be used, the scale factor trim compensates for 
this effect over the entire temperature range. 

MEDIUM 

Aluminum Block 
Stirred Oil l 

Moving Air2 
With Heat Sink 
Without Heat Sink 

Still Air 
With Heat Sink 
Without Heat Sink 

e rC +eCA(oC/watt) 

.!:! E 
30 10 
42 60 

45 
115 190 

191 
480 650 

r (sec)(Note 3) 

!i f 
0.6 0.1 
1.4 0.6 

5.0 
13.5 10.0 

108 
60 30 

I Note: T is dependent upon velocity of oil; average of several velocities 
listed above. 

2 Air velocity ~ 9ft/sec. 
3The time constant is defined as the time required to reach 63.2% of 

an instantaneous temperature change. 

Table 1. Thermal Resistances 

The time response of the AD590 to a step change in tempera
ture is determined by the thermal resistances and the thermal 

, capacities of the chip, CcH' and the case, Cc. CcH is abou t 
0.04 watt-sec/oC for the AD590. Cc varies with the measured 
medium since it includes anything that is in direct thermal con
tact with the case. In most cases, the single time constant ex
ponential curve of Figure 9 is sufficient to describe the time 
response, T (t). Table 1 shows the effective time constant, r, 
for several media. 

TFiNAL - - - - - - =-_----

SENSED 
TEMPERATURE 

Tltl" T'NITiAL +ITFINAL - T'NITIALlll - .-tI11 

T'N'T'AL L-_-'-_____ --' _______ _ 

41 TIME 

Figure 9. Time Response Curve 

TRANSDUCERS VOL. /,9-9 

.. 



GENERAL APPLICATIONS 

+5V 

8 
9 

AD590 
AD2040 4 

5 2 

GND 

Figure 10. Variable Scale Display 

OFFSET 
CALIBRATION 

GAIN SCALING 

OFFSET SCALING 

Figure 10 demonstrates the use of a low-cost Digital Panel 
Meter- for the display of temperature on either the Kelvin, 
Celsius or Fahrenheit scales. For Kelvin temperature Pins 9, 
4 and 2 are grounded; and for Fahrenheit temperature Pins 4 
and 2 are left open. 

The above configuration yields a 3 digit display with 1°C or 
1°F resolution, in addition to an absolute accuracy of ±2.0oC 
over the -SSoC to +12SoC temperature range if a one-temper
ature calibration is performed on an ADS90K, L, or M. 

+15V +5V 

333.3n 
(0.1%) 

AD590 

VTAVG 

Figure 11. Series & Parallel Connection 

Connecting several ADS90 units in series as shown in Figure 
11 allows the minimum of all the sensed temperatures to be 
indicated. In contrast, using the sensors in parallel yields the 
average of the sensed temperatures. 

The circuit of Figure 12 demonstrates one method by which 
differential temperature measurements can be made. Rl and 
R2 can be used to trim the output of the op amp to indicate 
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Figure 12. Differential Measurements 

a desired temperature difference. For example, the inherent 
offset between the two devices can be trimmed in. If V+ and 
V- are radically different, then the difference in internal dissi
pation will cause a differential internal temperature rise. This 
effect can be used to measure the ambient thermal resistance 
seen by the sensors in applications such as fluid level detec
tors or anemometry. 

7.5V 

RESISTORS ARE 1%.50ppm/oC 

Figure 13. Cold Junction Compensation Circuit for 
Type J Thermocouple 

Figure 13 is an example of a cold junction compensation circuit 
for a Type J Thermocouple using the ADS90 to monitor the 
reference junction temperature. This circuit replaces an ice-bath 
as the thermocouple reference for ambient temperatures 
between +ISoC and +35°C. The cir~uit is calibrated by adjust
ing RT for a proper meter reading with the ~ea~uring junc~ion 
at a known reference temperature and the circuit near +2S C. 
Using components with the T.C.'s as specified in Figure 13, 
compensation accuracy will be within to.SoC for circuit 
temperatures between +ISoC and +35°C. Other thermocouple 
types can be accommodated with different resistor values. 
Note that the T.C.'s of the voltage reference and the resistors 
are the primary contributors to error. 
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Figure 14. 4 to20mA Current Transmitter 

Figure 14 is an example of a current transmitter designed to be 
used with 40V, lkr2 systems; it uses its full current range of 
4mA to 20mA for a narrow span of measured temperatures. 
In this example the IJ.lA/oK output of the ADS90 is amplified 
to ImA/ C and offset so that 4mA is equivalent to 17°C and 
20mA is equivalent to B°e. RT is trimmed for proper reading 
at an intermediate reference temperature. With a suitable 
choice of resistors, any temperature range within the operating 
limits of the AD590 may be chosen. 

I HEATING 
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Figure 15. Simple Temperature Control Circuit 

Figure 15 is an example of a variable temperature control cir
cuit (thermostat) using the ADS90. RH and RL are selected to 
set the high and low limits for R SET ' RSET could be a simple 
pot, a calibrated multi-turn pot or a switched resistive divider. 
Powering the ADS 90 from the lOV reference isolates the 
ADS 90 from supply variations while maintaining a reasonable 
voltage (-7V) across it. Capacitor C1 is often needed to filter 
extraneous noise from remote sensors. RB is determined by 
the {3 of the power transistor and the current requirements of 
the load. 

Figure 16 shows how the ADS90 can be configured with an 8 
bit DAC to produce a digitally controlled setpoint. This 

6.98kn 

6.8kn 

Applying the AD590 

1.15kn 

+5V 

A0580 

+5V 

lkn 

OUTPUT HIGH - TEMPERATURE ABOVE SETPOINT 

OUTPUT LOW - TEMPERATURE BELOW SETPOINT 

5.1Mn 

Figure 16. DAC Setpoint 

particular circuit operates from 0 (all inputs high) to +SI ° C 
(all inputs low) in O.2°C steps. The comparator is shown with 
1°C hysteresis which is usually necessary to guard-band for 
extraneous noise; omitting the S.IMr2 resistor results in 
no hysteresis. 

+ 
AD590 

+ 

1kn(O.1%) 

Figure 17. AD590 Driven from CMOS Logic 

The voltage compliance and the reverse blocking characteristic 
of the ADS90 allows it to be powered directly from +SV CMOS 
logic. This permits easy multiplexing, switching or pulsing for 
minimum internal heat dissipation. In Figure 17 any ADS90 
connected to a logic high will pass a signal current through the 
current measuring circuitry while those connected to a logic 
zero will pass insignificant current. The outputs used to drive 
the ADS90's may be employed for other purposes, but the 
additional capacitance due to the ADS90 should be taken 
into account. 
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Figure 18. Matrix Multiplexer 

CMOS Analog Multiplexers can also be used to switch ADS90 
current. Due to the ADS90's current mode, the resistance of 
such switches is unimportant as long as 4V is maintained 
across the transducer. Figure 18 shows a circuit which combines 
the principal demonstrated in Figure 17 with an 8 channel 
CMOS Multiplexer. The resulting circuit can select one of 
eighty sensors over only 18 wires with a 7 bit binary word. The 
inhibit input on the multiplexer turns all'sensors off for mini
mum dissipation while idling. 

AD590L 

-5V to -15V EN---
BINARY 

CHANNEL 
SelECT 

Figure 19. 8-Channel Multiplexer 

Figure 19 demonstrates a method of multiplexing the ADS90 
in the two-trim mode (Figure 7). Additional ADS90's and their 
associated resistors can be added to multiplex up to 8 channels 
of ±O.SoC absolute accuracy over the temperature range of 
-SSoC to +12SoC. The high temperature restriction of +12SoC 
is due to the output range of the op amps; output to +150°C 
can be achieved by using a +20V supply for the op amp. 



Digital-Io-Analog Converters 

Section Guides 

General Information 

Specifications and Terms 

AD370lAD371 Complete Low-Power 12-Bit Hybrid-IC DACs 

oAD390 Quad 12-Bit Microprocessor-Compatible D/A Converter 

ADS 58 Low-Cost Complete ,uP-Compatible 8-Bit IC DACs 

AD561 Low-Cost lO-Bit IC Complete Current-Output DACs 

AD562 High-Performance IC 12-Bit Current-Output DACs 

AD563 High-Performance IC 12-Bit Current-Output D;\Cs Including Reference 

AD565 High-Per.formance Monolithic 12-Bit Current-Output DACs Including Reference 

oAD565A Complete High Speed 12-Bit Monolithic D/A Converter 

AD566 High-Performance Monolithic 12-Bit Current-Output DACs 

oAD566A Low Cost High Speed 12-Bit Monolithic D/A Converter 

OAD567 Microprocessor-Compatible 12-Bit D/A Converter 

AD140S/1508 8-Bit Monolithic Multiplying DACs 

oAD3860 Complete, Voltage Output 12-Bit DAC 

AD7110 CMOS IC Digitally Controlled Audio Attenuator 

oAD7111 CMOS Logarithmic DI A Converter 

.AD7118 CMOS Logarithmic D/A Converter 

AD7520/AD7521 CMOS 10- and 12-Bit Multiplying DACs 

AD7522 CMOS lO-Bit Double-Buffered Multiplying DACs 

AD7523 CMOS 8-Bit MUltiplying DACs 

AD7524 CMOS 8-Bit Buffered Multiplying DACs 

AD7525 CMOS 3 lIZ-Digit BCD Digitally Controlled Potentiometer 

oAD7527 CMOS lO-Bit Process Control DAC 

"AD7528 CMOS Dual 8-Bit Buffered Multiplying DAC 

AD7530/AD7531 CMOS 10- and 12-Bit Monolithic Mul~iplying DACs 

AD7 5 33 CMOS Low-Cost lO-Bit Multiplying DACs 

AD7541 CMOS 12-Bit Monolithic Multiplying DACs 

oAD7541A CMOS 12-Bit Monolithic Multiplying DAC 

AD7542 CMOS 12-Bit Microprocessor Compatible DACs 

AD7543 CMOS 12-Bit Serial-Input DACs 

oAD7544 CMOS 12-Bit, 6 Word, FIFO, DAC 

OAD7545 CMOS 12-Bit Buffered Multiplying DAC 

oAD7546 High Resolution 16-Bit D/A Converter 

AD DAC-08 8-Bit Monolithic High-Speed Multiplying DACs 

OAD DAC71172 High Resolution 16-Bit D/A Converter 

AD DAC80 Low-Cost 12-Bit Hybrid IC DACs 

AD DAC85 High-Performance 12-Bit Hybrid IC DACs 

AD DAC87 Wide-Temperature-Range 12-Bit Hybrid IC DACs 

OAD DAC100 lO-Bit Monolithic D/A Converter 

DACl136IDAC1138 High-Resolution 16- and 18-Bit DAC 

DAC1420/DAC1422 4-to-20mA Output 8- and 10-Bit DAC 
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DAC1423 4-20mA Output lO-Bit Isolated DAC (ISO-DACTM) 

eHDD Series Hybrid Video Low Glitch D/A Converter 

eHDD1206 12-Bit Deglitched Voltage Output D/A Converter 

eHDG Series Hybrid Video Digital-to-Analog Converters 

HDH/HDS 8-, 10-, and 12-Bit Video-Speed Hybrid Current-and-Voltage-Output DACs 

eHDS-081OE, HDS-1015E Ultra High-Speed ECL Hybrid D/A Converter 

eHDS-1240E Ultra High-Speed ECL Hybrid D/A Converter 

MDMS Ultra-High-Speed 8-, 10- and ll-Bit Multiplying DACs 

eNew product since the 1980 Data-Acquisition Components and Subsystems Catalog. 
ISO-DAC is a trademark of Analog Devices, Inc. 
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Orientation 
Digital-to-Analog Converters 
FACTORS IN CHOOSING A D/A CONVERTER 
In the current issue of this two-volume catalog, there are listed 
some 56 different families of digital-to-analog converters 
(DACs). If one were to consider all the variations, there would 
be more than 224 types to choose among. The reason for so 
many different types is the number of degrees of freedom in 
selection-technological, functional, and performance. Com
plete information on converters may be found in the 250-
page book, ANALOG-DIGITAL CONVERSION NOTES, 
published by Analog Devices and available for $5.95 from 
P.O. Box 796, Norwood MA 02062. 

FUNCTIONAL CHARACTERISTICS 
The basic structure of all conventional D/A converters involves 
a network of precision resistors, a set of switches, and some 
form of level-shifting to adapt the switch drives to the speci
fied logic levels. In addition, the device may contain output
conditioning circuitry, an output amplifier, a reference ampli
fier, an on-board reference, OIl-board buffer-registers (single- or 
dual-rank), configuration conditioning, and even high-voltage 
isolation. 

Basic DAC 
This form, which supplies a current, and consequently a small 
voltage across its internal impedance or an externallow-imped
ance load, is used principally for high speed, for example, the 
IOns HDS-0810E. Basic current-output DACs, such as AD566, 
are inherently fast, but additional elements (such as an output 
op amp), furnished by the user to meet overall system specs, 
slow down the conversion. Some popular CMOS IC devices, 
such as the AD7523 and the AD7533, are quite simple (and 
correspondingly low in cost), but they usually require a buf
fering op amp. 

While the basic DAC function is almost always linear, there 
are exceptions. For example, the AD7110 audio attenuator, 
which has linear two-quadrant analog response, has a digitally 
controlled exponential gain function, i.e., 1.5dB per bit; thus, 
its gain at the input code, 001000 (binary 8), is -12dB (8 X 
1.5), and the analog output swing for lOV pop input is 2.512V 
pop (10 exp (10) (-12120». 

. Output Conditioning 
The analog quantity that is the "output" of a DAC, represent
ing the input digital data, may be a "gain" (multiplying DAC), 
a current, andlor a voltage. In order to obtain a substantial 
voltage output at low impedance, an op amp is required. It is 
generally provided on-board in modular and hybrid DACs 
(and in the monolithic AD558), but there are many ICs and 
other types that permit the user to choose an external op amp 
that will meet the particular needs of the application in sta
bility, speed, and cost. 

Almost all types of DACs provide ~n'e or more feedback resis
tors; they are matched to, and thermally track, resistances in 
the network, so that an external op amp, if used, will not 
require an external feedback resistor that might introduce 
tracking errors. If more than one feedback resistor is provided, 
a choice of analog output voltage ranges becomes available, e.g., 
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0-5V full-scale or 0-10V full-scale. If bipolar output-voltage 
ranges are specified, a bipolar-offset resistor is provided to su b
tract a half-scale value from the current flowing through the 
op amp summing point; it is usually derived from the DAC's 
reference (or analog) input to ~void additional tracking error. 
Multiplying DACs use an internal or external op amp for bi- . 
polar offset. . 

In order to avoid difficulties, the user must pay especial atten
tion to the specified output polarity, its relationship to the 
reference (if external) and to the input digital code. This can 
be especially tricky if the output is bipolar and the input re
quires a complementary (negative-true) digital coding. Another 
such case is where a current-output DAC, specified for a par
ticular output-voltage polarity when used with an inverting op 
amp, is used in a mode that develops an output voltage passive
ly (without the op amp) across an external resistive load. In 
addition to polarity, in this case, the user should be aware of 
the output-compliance constraint and the specified resistive 
component of output impedance. 

Reference Input 
The reference may be specified as external or internal, fixed or 
variable, single-polarity or bipolar. If internal, it may be per, 
manently connected (as in the AD561) or optionally connecti
ble (as in the AD565). If the DAC is a 4-quadrant multiply
ing type, the reference (or "analog input") is external, variable, 
and bipolar (e.g., AD7533, 7541, etc.) The user should check 
a converter's specifications to determine whether the full-scale 
accuracy specifications are overall or subdivided into a con
verter-gain spec and a reference spec. 

Digital Data 
There are a number of ways in which converters differ in re
gard to the input data: First, the coding must be appropriate 
(binary, offset-binary, two's-complement, BCD, arbitrary, 
etc.), and its sense should be understood (positive-true, 
negative-true). The resolution (number of bits) must be suf
ficient; in addition, the specifications must be checked to 
ascertain that the 2n distinct binary input codes will not only 
be accepted, but that also they will (if necessary) correspond 
to 2n output values in a monotonic progression at any temper
ature in the operating range, with sufficient accuracy. The data 
levels accepted by the converter must be checked (TTL, ECL, 
low-voltage CMOS, high-voltage CMOS), as must the i!1put 
loading imposed by the converter, and the supply conditions 
under which the converter will respond to the data. Check the 
data notation (is the MSB Bit 1 or Bit (n-1)?)-misinterpre
tation can lead to connecting the data bi'ts in backward order. 

If buffer registers are desired, the converter should have an 
appropriate buffer configuration (for example, the AD558 
has a set of TTL buffers, the AD567, AD7542 and AD7543 
have two ranks of buffering). 

Controls 
If the DAC has external digital controls-for example, register 
strobes- their drive levels, digital sense (true or false), loading, 
and timing must be considered. The function and use of con-



figuration controls (where present), such as serial/parallel, 
short-cycle, or chip-select decoding should be understood, and 
the appropriate ways of disabling them when not needed 
should be employed. 

Power Supplies 
Appropriate power supplies should be made available, consid
ering the logic levels and analog output signals to be employed 
in the system. The appropriate degree of power-supply stabil
ity to meet the accuracy specs should be employed. Any rec
ommended external protection circuitry (e.g., Schottky diodes,
to ensure that Vee is never more than 0.4V above Voo in the 
AD7522) should be planned for. In many cases separate analog 
and digital grounds are required; ground wiring should follow 
best practice to minimize digital interference with high-accu
racy analog signals, while ensuring that a connection between 
the grounds can always exist at one point, even if the "mecca" 
point is inadvertently unplugged from the system. 

SPECIFICATIONS AND TERMS 
Definitions of the performance specifications, and related 
information, are provided on the next few pages, in alpha
betical order. 

Accuracy, Absolute 
Error of a DI A converter is the difference between the actual 
analog output and the output that is expected when a given 
digital code is applied to the converter. Sources of error in
clude gain (calibration) error, zero error, linearity errors, and 
noise. Error is usually commensurate with resolution, i.e., less 
than 2-(n + 1), or "'r2 LSB" of full scale. However, accuracy 
may be much better than resolution in some applications; for 
example, a 4-bit reference supply having only 16 discrete digi
tally chosen levels would have a resolution of 1116, but it 
might have an accuracy to within 0.01% of each ideal value. 

Absolute-accuracy measurements should be made under a set 
of standard conditions with sources and meters traceable to an 
internationally accepted standard. 

Accuracy, Relative 
Relative accuracy error, expressed in %, ppm, or fractions of 
1 LSB, is the deviation of the analog value at any code (rela
tive to the full analog range of the device transfer character
istics) from its theoretical value (relative to the same range), 
after the full-scale range (FSR) has been calibrated. Since the 
discrete analog output values corresponding to the digital in
put values ideally lie on a straight line, the relative-accuracy 
error of a linear DAC can be interpreted as a measure of non
linearity (see Linearity). 

Compliance-Voltage Range 
For a current-output DAC, the maximum range of (output) 
terminal voltage for which the device will provide the speci
fied current-output characteristics. 

Common-Mode Rejection (CMR) 
The ability of an amplifier to reject the effect of voltage 
applied to both input terminals simultaneously. Usually a 
logarithmic expression representing a "common-mode rejec-

tion ratio" e.f., 1,000,000: 1 (CMRR) or 120dB (CMR). A 
CMRR of 10 : 1 means that a 1 V common-mode voltage 
passes through the device as though it were a differential input 
signal of 1 microvolt. 

Common-Mode Voltage 
An undesirable signal picked up in a circuit by both wires 
making up the circuit, with reference to an arbitrary "ground." 
Amplifiers differ in their ability to amplify a desired signal 
accurately in the presence of a common-mode voltage. 

Deglitcher 
As the input code to a DAC is increased or decreased by small 
changes, it passes through what is known as major and minor 
transitions. The most major transition is at half-scale, when the 
DAC switches around the MSB, and all switches change state, 
i.e., 01111111 to 10000000. If, at major transitions, the 
switches are faster (or slower) to switch off than on, this 
means that, for a short time, the D/A will give a zero (or full
scale) output, and then return to the required 1 LSB above the 
previous reading. Such large transient spikes which differ 
widely in amplitude and are extremely difficult to filter out, 
are commonly known as "glitches", hence, a deglitcher is a 
device which removes these glitches or reduces them to a set of 
small, uniform pulses. It normally consists of a fast sample
hold circuit, which holds the output constant until the switches 
reach equilibrium. Glitch energy is smallest in fast-switching 
DACs driven by fast logic gates that have little time-skew be
tween 0-1 and 1-0 transitions. 

01111111 __ =~~~ 
10~OOOOO 

-- - ---- WITH IDEAL DEGLITCHER 

GLITCH 

Feedthrough 
Undesirable signal coupling around switches or other devices 
that are supposed to be turned off or provide isolation, e,g,. 
feedtbrougb error in a multiplying DAC. It is variously speci
fied in %, ppm, fractions of 1 LSB, or fractions of 1 volt, with 
a given set of inputs, at a specified frequency. 

F our-Quadrant 
In a multiplying DAC, "four quadrant" refers to the fact that 
both the reference signal and the number represented by the 
digital input may be of either positive or negative polarity. A 
four-quadrant multiplier is expected to obey the rules of multi
plication for algebraic sign. 

Gain 
the "gain" of a converter is that analog scale-factor setting 
that provides the nominal conversion relationship, e.g., 10V 
span for a full-scale code change, in a fixed-reference converter. 
For fixed-reference converters where the use of the internal 
reference is optional, the converter gain and the reference 
may be specified separately. Gain- and zero-adjustment are 
discussed under Zero. 
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Least-Significant Bit (LSB) 
In a system in which a numerical magnitude is represented by 
a series of binary (i.e., two-valued) digits, the LSB is that bit 
that carries the smallest value, or weight. For example, in the 
natural-binary number 1101 (decimal 13, or 23 + 22 + 0 + 2~), 
the rightmost digit is the LSB. Its analog weight, relative to 
full scale, is 2-n, where n is the number of binary digits. It rep
resents the smallest analog change that can be resolved by an 
n-bit converter. I 

Linearity 
Linearity error of a converter (also, integral nonlinearity, see 
Linearity, Differentia!), expressed in % or ppm of full-scale 
range, or(sub)multiples of 1 LSB, is a deviation of the analog 
values, in a plot of the measured conversion relationship, from 
a straight line. The straight line can be either a "best straight 
line", determined empirically by manipulation of the gain 
and lor offset to equalize maximum positive and negative devi
ations of the actual transfer characteristics from this straight 
line;or it can be a straight line passing through the end points 
of the transfer characteristic after they have been calibrated 
(sometimes referred to as "end-point" linearity). End-point 
linearity error is similar to relative-accuracy error. 

"F.S.r:-·· -------,,-:-=--"T"""J/ 
"BEST" 

1/8 STRAIGHT LINE 
LINEAR ENVELOPE --

I 
6/8 

5/8 

NONLINEARITY 
/~"'-<-+--II-f- LESS THAN 

J" 
000 001 010 011 100 101 110 111 

a. U,LSB Nonlinearity Achieved 
By Arbitrary Location of "Best 
Straight Line". 

OFFSET 

000 001 010 011 100 101 110 111 

b. Nonlinearity Reference is 
Straight Line Through End 
Points. Nonlinearity> U,LSB 
for Curve of a. 

Comparison of Linearity Criteria for :JBit DIA Converter. 
Straight Line Through End Points is Easier to Measure, Gives More
Conservative Specification. 

For multiplying D/A converters, the analog linearity error, at 
a specified digital code, is defined in the same way as for multi
pliers, i.e., by deviation from a "best straight line" through the 
plot of the analog output-input response. 

Linearity, Differential 
Any two adjacent digital codes should result in measured out
put values that are exactly 1 LSB apart (2-n of full scale for an 
n-bit converter). Any deviation of the measured "step" 'from 
the ideal difference is called differential nonlinearity, expressed 
in (sub)multiples of 1 LSB. It is an important specification, 
because a differential linearity error greater than 1 LSB can 
lead to non-monotonic response in a DI A converter and 
missed codes in an AID converter (see Differential Linearity 
in ~he AID convert~r section for an illustration). 
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Monotonic 
A DAC is said to be monotonic if the output either increases 
or remains constant as the digital input increases, with the 
result that the output will always be a single-valued function 
of the input. The specification "monotonic" (over a given 
temperature range) is sometimes substituted for a differential 
nonlinearity specification, since differential nonlinearity less 
than 1 LSB is a sufficient condition for monotonic behavior. 

Most-Significant Bit (MSB) 
In a system in which a numerical magnitude is represented 
by a series of binary (i.e., two-valued) digits, the MSB is that 
digit (or bit) that carries the largest value of weight. For 
example, in the natural~binary number 1101 (decimal 13, or 
23 + 22 + 0 + 2°), the leftmost "1" is the MSB, with a weight 
of 2n - 1, or 8 LSBs. Its analog weight, relative to a DAC's full
scale span, is Ih. In bip6lar DACs, the MSB indicates the polar
ity of the number represented by the rest of the bits. 

Multiplying DAC 
A multiplying DAC differs from a fixed-reference DAC in 
being designed to operate with varying (or ac) reference 
signals. The output signal of such a DAC is proportional to 
the product of the "reference" (i.e., analog input) voltage 
and the fractional equivalent of the digital input number 
(see also four-quadrant). 

Noise, Peak and rms 
Internally generated random noise is not a major factor in 
D/A converters, except at extreme resolutions (e.g., DAC1138) 
and dynamic ranges (AD7110). Random noise is characterized 
by rms specifications for a given bandwidth, or as a spectral 
density (current or voltage per root hertz); if the distribution 
is Gaussian, the probability of peak-to-peak values exceeding 
7x the rms value is less than 0.1 %. 

Of much greater importance in DACs is interference in the 
form of high-amplitude low-energy (hence low-rms) spikes ap
pearing at the DAC's output, caused by coupling of digital 
signals in a surprising variety of ways; they include coupling 
via stray capacitance, via power supplies, via inadequate ground 
systems, via feedthrough, and by glitch-generation. Their pres
ence underscores the necessity for maximum application of ~he 
designer'S art, including layout, shielding, guarding, grounding, 
bypassing, and deglitching. 

Offset 
For almost all bipolar converters (e.g., ±lO-volt output), 
instead of actually generating negative currents to. corre
spond to negative numbers, a unipolar DAC is used, and the 
output is offset by halffull scale (lMSB). For best results, 
this offset voltage or current is derived from the same ref
erence supply that determines the gain of the converter. 

This makes the zero point of the converter independent of 
thermal drift of the reference, because the Ih scale offset 
cancels the weight of the MSB at zero, independently of the 
amplitude of both. 



Power-Supply Sensitivity 
The sensitivity of a converter to changes in the power-supply 
voltages is normally expressed in terms of percent-of-full-scale 
change in analog output value (or fractions of 1 LSB) for a 1% 
dc change in the power supply, e.g., 0.05%I%LlVs)' Power 
supply sensitivity may also be expressed in relation to a speci
fied dc shift of supply voltage. A converter may be considered 
"good" if the change in reading at full scale does not exceed 
±'h LSB for a 3% change in power supply; Even better specs 
are necessary for converters designed for battery operation. 

Quantizing Uncertainty (or "Error") 
The analog continuum is partitioned into 2n discrete ranges 
for n-bit processing. All analog values within a given range of 
output (of a DAC) are represented by the same digital code, 
usually assigned to the nominal midrange value. For applica
tions in which an analog continuum is to be restored, there is 
an inherent quantization uncertainty of ±'h LSB, due to lim
ited resolution, in addition to the actual conversion errors. For 
applications in which discrete output levels are desired (e.g., 
digitally controlled power supplies or digitally controlled 
gains), this consideration is not relevant. 

Resolution 
An n-bit binary converter should be able to provide 2n distinct 
and different analog output values corresponding to the set 
of n-bit binary words. A converter that satisfies this criterion 
is said to have a resolution of n bits. The smallest output 
change that can be resolved by a linear DAC is 2-n of the full
scale span. However, a nonlinear device, such as the AD71lO 
audio attenuator has a logarithmic gain resolution of LSI 
88.5dB = 1:59dB, which corresponds to a gain increment 
of 18.9%/step, or 26,600: 1. 

Settling Time 
The time required, following a prescribed data change, for the 
output of a DAC to reach and remain within a given fraction 
(usually ±'12 LSB) of the final value. Typical prescribed changes 
are full-scale, 1 MSB, and 1 LSB at a major carry. Settling time 
of current-output DACs is quite fast. The major share of set
tling time qf a voltage-output DAC is usually contributed by 
the settling time of the output op-amp circuit. 

Slew Rate (or Slewing Rate) 
Slew rate of a device or circuit is a limitation in the rate of 
change of output voltage, usually imposed by some basic cir
cuit consideration, such as limited current to charge a capac
itor. Amplifiers with slew rate of a few V Ips are common, and 
moderate in cost. Slew rates greater than about 75 voltslps are 
usually seen only in more sophisticated (and expensive) devices. 
The output slewing speed of a voltage-output DIA converter 
is usually limited by the slew rate of the amplifier used at its 
output (if one is used). 

Stability 
Stability of a converter usually applies to the insensitivity of 
its characteristics to time, temperature, etc. All measurements 
of stability are difficult and time consuming, but stability vs. 
temperature is sufficiently critical in most applications to 

warrant universal inclusion of temperature coefficients in 
tables of specifications (see "Temperature Coefficient"). 

Staircase 
A voltage or current, increasing in equal increments as a func
tion of time and having the appearance of a staircase (in a time 
plot), generated by applying a pulse train to a counter, and the 
output of the counter to the input of a DAC. 

A very simple AID converter can be built by comparing a.stair
case from a DAC with the unknown analog input. When the 
DAC output exceeds the analog input by a fraction of 1 LSB, 
the count is stopped, and the code corresponding to the count 
is the digital output. 

Switching Time 
In a DAC, the switching time is the time it takes for the switch 
to change from one state to the other ("delay time" plus "rise 
time" from 10%-90%), but does not include settling time, e.g. 
to <'12 LSB. 

Temperature Coefficients II 
In general, temperature instabilities are expressed as %/C, I 
ppm/C, as fractions of 1 LSB/C, or as a change in a para-
meter over a specified temperature range. Measurements are usu-
ally made at room temperature and at the extremes of the 
specified range, and the temperature coefficient (tempco, T.C.) 
is defined as the change in the parameter, divided by the cor
responding temperature change. Parameters of interest include 
gain, linearity, offset (bipolar), and zero. 

Gain Tempco: Two factors principally affect converter gain 
stability with temperature. 

a) In fixed-reference converters the reference source will 
vary with temperature. For example, the tempco of an 
AD581L is generally less than 5ppm/oC 
b) The reference circuitry and switches may add another 

. 3ppm/C in good 12-bit converters (e.g. AD566K/T). 
High-resolution converters require much better tempcos 
for accuracy commensurate with the resolu tion. 

Linearity Tempco: Sensitivity of linearity ("integral" andl 
or differential linearity) to temperature (in % FSR/C or 
ppm FSR/ C) over the specified range. Monotonic behavior 
is achieved if the differential nonlinearity is less than 1 LSB 
at any temperature in the range of interest. The differential 
nonlinearity temperature coefficient may be expressed as 
a ratio, as a maximum change over a temperature range, 
and/or implied by a statement that the device is monotonic 
over the specified temperature range. 

Offset Tempco: The temperature coefficient of the all
DAC-switches-off (minus full scale) point of a bipolar con
verter (in % FSR/ C or ppm FSR/ C) depends on three 
major factors: 

a) The tempco of the reference source 
b) The voltage zero-stability of the output amplifier 
c) The tracking capability of the bipolar-offset resis
tors and the gain resistors 
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Unipolar Zero Tempco (in % FSRtC or ppm FSRtC): The 
temperature stability of a unipolar fixed-reference DAC is 
principally affected by current leakage (current-output 
DAC), and offset voltage and bias current of the output 
op-amp (voltage-output DAC). 

VOL. I, 10-10 DIGITAL-TO-ANALOG CONVERTERS 

Zero- and Gain-Adjustment Principles 
The output of a unipolar DAC is set to zero volts in the all
bits-off condition. The gain is set for F ~S. (1 - Z-n) with all 
bits on. The "zero" of an o'ffsct-binary bipolar DAC is set to 
-F.S. with all bits off, and the gain is set for +F.S. (1 - 2-(0 -1» 
with all bits on. The data sheet instructions should be followed. 
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FEATURES 
Bipolar Voltage Output: A0370 
Unipolar Voltage Output: A0371 
Low Power: 150mW max 
Linearity: ±1/2LSB, -55°C to +125°C (S Version) 
TTL/CMOS Compatible 
Compatible with Standard 18-Pin OAC Configurations 
Hermetic 18-Pin DIP ("0" Package) 
Factory Trimmed Gain and Offset: No External Adjustments 

Required 
Monotonicity Guaranteed Over Specified Temperature Range 

PRODUCT DESCRIPTION 
TheAD370/AD371 is a complete 12-bit digital-to-analog con
verter fabricated with the most advanced monolithic and hy
brid technologies. The design incorporates a low power mono
lithic CMOS DAC, precision high speed FET-input operational 
amplifiers and a low drift reference available in a hermetically 
sealed package. This innovative design results in significant 
performance advantages over conventional designs. The inte
gral package-substrate combined with a lower chip count im
proves reliability over the standard low power hybrids of 
this type. 

The converters come in two versions: AD370 with a bipolar 
output voltage range (-IOV to +lOV) and AD371 with a uni
polar output voltage range (0 to +10V). Each device is inter
nally laser trimmed for gain and offset to provide adjustment
free operation with only ±O.OS% absolute error. The FET input 
operational amplifiers optimize the speed vs. power trade-off 
by settling to 1I2LSB from a full scale transition in 3SJ1s with 

. maximum total power dissipation of only IS0mW. The low 
power monolithic CMOS DAC employs a current-switched 
silicon-chromium R-2R ladder to ensure that mono tonicity is 
maintained over the full temperature range. 

The AD370/AD371 "K" and "s" features ±1I2LSB maximum 
linearity error. Its rated temperature ranges are 0 to +70

o
C 

for the "J" and "K" versions and -55°C to +12SoC for the "5" 
version. 

Complete, Low Power 
12-Bit D/A Converter 

AD370/A0371 I 

AD370/AD371 FUNCTIONAL BLOCK DIAGRAM 

I8-PIN DIP 

PRODUCT HIGHLIGHTS 
1. The AD370/AD371 replaces other devices of this type with ... 

significant increases in performance. .-

2. Reduced power consumption requirements (lSOmW max) 
result in improved stability and shorter warm-u p time. 

3. The precision output amplifiers and CMOS pAC have been 
optimized to settle within 1/2LSB for a full scale transition 
in 3SJ1s. 

4. Reduced chip count and integral package-subsrate im
prove reliability. 

S. System performance upgrading is possible without redesign. 

6. Internally laser trimmed-no gain or offset adjustments are 
required for specified accuracy. 

7. The device is available in a hermetically-sealed ceramic 18 
lead dual-in-line package. Processing to MIL-STD-883 Class 
B is available. . 

8. The AD370/AD371 is a second-source for 18-pin 12-bit 
DACs of the same configuration. 
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SPECIFICATIONS 
Model 

RANGE 

CODE 

LINEARITY ERROR 
+25°C 
Tmin - Tmax 

ABSOLUTE ACCURACY 
+2SoC 

Tmin -Tmax 

OFFSET ERROR 
+25°C 

FULL SCALE SETTLING TIME 
TO ±l/2LSB 

INTERNAL REFERENCE 

DIGITAL INPUTS 
VINH 
VINL 

INPUT LEAKAGE CURRENT 

INPUT CAPACITANCE 

POWER SUPPLY REJECTION RATIO 
+15V Supply 
-15V Supply 

POWER SUPPLY CURRENTS 
+15V Supply 
-15V Supply 

POWER DISSIPATION 

TEMPERATURE RANGE 

NOTES 
I Also available to MIL-STD~83. Level B. 
• LSB: Least Significant Bit 
• FSR: FulI"Scale Range 
·Specifications same as AD370J. 
• * Specifications same as AD 3 71J . 
···Specifications same as AD370S. 

Specifications subject to change without notice. 

(typical at TA = +25°C, Vs = ±15 Volts unless otherwise noted) 

AD370J AD370K 

-10to+l0 

OCBI 

±1 ±112 
±1 ±1/2 

±0.05 
±0.2 

±5 

25(35 max) 

+10.0 

2.0 
0.8 

±1.0 

8 

0.01 
0.01 

3.5(5 max) 
2.5(4 max) 

105(150 max) * 
o to +70 

AD371J 

o to +10 

CBI 

±1 
±1 

±1 

AD371K 

±1I2 
±112 

AD370S1 

±1I2 
±1I2 

±0.3 

-55 to +125 

±1I2 
±1I2 

±0.3 

*. 
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Units 

Volts 

LSS2 max 
LSB2 max 

% of FSR3 max 
% of FSR3 max 

mVmax 

JlS 

Volts 

Volts min 
Volts max 

JlA 

pF 

% FSR3 /% Vs max 
% FSR3 /% Vs max 

mAmax 
mAmax 

mW 



[ 
ABSOLUTE MAXIMUM RATINGS 
(TA :: +25°C unless otherwise noted) 

Voo (to GND) .........•.................. +17V 
VEE (to GND) ............................ -17V 
Digital Input Voltage Range .............. Voo to GND 
Storage Temperature ................ -65°C to +150

o
C 

CAUTION - ELECTROSTATIC SENSITIVE I?EVICES 

The digital control inputs are zener protected; however per
manent damage may occur on unconnected units under high 
energy electrostatic fields. Keep unused units in conductive 
foam at all times. 

MSB 

BIT2 

BIT3 

BIT4 

BITS 

BIT6 

GAIN 
TRIM 

+1SV 

*AD370 - OFFSET TRIM 
AD371 - TEST POINT 

Figure 1. Pin Designations 

lSB 

BIT 11 

BIT 10 

BIT9 

BIT 8 

BIT7 

OUTPUT 

GND 

-1SV 

+1SV 
SUPPLY 

0.01"F 
POWERI SUPPLY 

AD370/ AD371 111--_-+ ___ .... _C_OM ...... M_AND 

0.01"F 
-1SV 

SUPPLY 
10~-~----~-~ 

Figure 2. POlNer Supply Decoupling 

+1SV -1SV 

10 

AD 370/AD371 
13 

11 
12 

Figure 3. Burn-In Circuit 

DIGITAL INPUT 

111111111111 

100000000000 
011111111111 

000000000000 

NOMINAL ANALOG OUTPUT 

o 
4.9975 Volts 
5.0000 Volts 

9.9975 Volts 

Table 1. Code Table for the AD371 (CBI) 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 

111111111111 -10.000 Volts 
100000000001 -0.0097 Volt 

100000000000 -0.0048 Volt 

011111111111 0 
000000000000 9.9952 Volts 

Table 2. Code Table for the AD370 (OCBI) 
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ACCURACY 
Accuracy error of a D/A converter is defined as the difference 
between the analog output that is expected when a given dig
ital code is applied and the output that is actually measured 
with that code applied to the converter. Accuracy error can 
be caused by gain error, zero error or linearity error. The in
itial accuracy of the AD370/AD371 is trimmed to within 
0.05% of full scale by laser trimming the gain and zero errors. 
Of the error specifications, the linearity error specification is 
the most important since it cannot be corrected by theuser~ 
The linearity error of the AD 3701 AD 371 is specified over its 
entire temperature range. This means that the analog output 
will not vary by more than ±1I2LSB maximum from an ideal 
straight line drawn b~tween the end points (inputs all "Is" 
and all "Os") over the specified operating temperature range 
of 0 to +70°C for the .oK" version and -55°C to +l25°C for 
the "s" version. 

!he absolute accuracy of the AD370/AD371 has been guaran
teed to ±0.05% of full scale by internal factory trim of the 
gain and offset. External gain and offset adjustment terminals 
have been made available to allow fine adjustment to the 
±0.012% accuracy level. The measurement system used to 
calibrate the output should be capable of stable resolution of 
1I4LSB in the regions of zero and full scale. The adjustment 
procedure, described below, should be carefully followed to 
assure optimum converter performance. 

The proper. connections for the offset and gain adjustments are 
shown in Figure 4. For the AD371 full-scale calibration apply 
a digital input of all "Is" and adjust the gain potentiometer 
to +9.9975 volts (see Table 1). 

The offset adjustment of the AD3 70 is made at the half-scale 
code. Adjust the offset potentiometer until O.OOOV is obtained 
on the output. The full-scale adjustment is made at the nega
tive endpoint or a code of all "Is". Adjust the gain potentio
meter until-l0.000 volts is obtained on the output. 

+1

1
5V 10M" PIN' 

20kn ~ 

-15V 

OFFSET TRIM 

(AD370 ONl VI 

+15V 

20kn ~ I 5Mn PIN 7 

-15V 

GAIN TRIM 

Figure 4. Optional External Trims 

SETTLING TIME 
Settling time for the AD3 701 AD3 71 is the total time required 
for the output to settle within ±1/2LSB band around its final 
value after a change in input (including slew time). The settling 
time specification is giv~n for a full scale step which is 20V for 
the AD370 and lOV for the AD371. 

IMPROVED SECOND SOURCE 
The substrate design of the AD370/AD371 provides for com
plete pin-for-pin compatibility with other 18-pin DACs,; 
Hybrid Systems Corp. DACHO, DAC350 series and Micro 
Networks Corp. MN360, MN370, MN3200 series I8-pin I2-bit 
digital-to-analog converters all share the same pin configuration 
except for pin 7 and pin 8 (see Table 3). The AD370/AD371 
is a superior direct replacement for these devices where the 
function of pins 7 and 8 allow. The versatility designed into 
the AD370/AD371 allows the function of pin 7 and pin 8 to be 
configured to exactly second source each of the other units. 

. Information on other second source devices with 4 quadrant 
multiplying capability is available from Analog Devices. 

Analog Devices Hybrid Systems Micro Networks 
AD370KD 
AD371KD 
AD370SD 
AD370SD/883B 
AD371SD 
AD371SD/883B 

DAC346C-12BPG 
DAC346C-12UP 
DAC347LPC-12G 
DAC347LPS-12G 
DAC347LPC-12U 
DAC347LPB-12U 

DAC356C~12 

DAC356B-12 
DAC356LPC-12 
DAC356LPB-12 

Table 3. Cross Reference 

AD370/AD371 ORDERING GUIDE 

MN360 MN370 
MN362 MN371 
MN360H MN370H 

MN362H MN371H 

MN3211 
MN3210 

Package Output Voltage Operating Temperature 
Style! Model Package linearity Range Range 

, AD370}N Polymer Seal HY18A lLSB -lOY to +lOV o to +70oC 
AD370}D Hennetic HY18J\ lLSB -lOV to +lOV o to +70oC 
AD37lJN Polymer Seal HY18A lLSB o to +lOV o to +70

o
C 

AD371JD Hennetic HY18A lLSB o to +lOY o to +70
o
C 

AD370KN Polymer Seal HY18A ll2LSB -lOY to +lOY o to +70
o
C 

AD370KD Hermetic HY18A l/2LSB -lOY to +lOY o to +70
o
C 

AD371KN Polymer Seal HY18A l/2LSB o to +lOY o to +70
o
C 

AD371KD Hennetic HY18A ll2LSB o to +lOY o to +70
o
C 

AD370SD Hennetic HY18A 1I2LSB -lOY to +lOV ':'SSoC to +12SoC 
AD370SD/883B Hennetic HY18A ll2LSB -lOY to +lOY -55°C to +12SoC 
AD371SD Hennetic HY18A 112LSB Oto+lOY _SSoC to-+12SoC 
AD371SD/883B Hermetic HY18A 1I2LSB o to +10Y _SSoC to +12Soc 

1 See Section 20 for package outline information. 
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ADVANCE TECHNICAL INFORMATION 
FEATURES 
Four Complete 12-Bit DACs in One IC Package 
Voltage Output 
Guaranteed Monotonic Over Full Temperature Range 
Double-Buffered Data Inputs 
Includes Data Latches and Reference 
Fast Settling: 8J.ls max 
Low Cost 

PRODUCT DESCRIPTION 
The AD390 contains four 12-bit high speed voltage-output 
digital-to-analog converters in a compact 28-pin hybrid package. 
The design is based on a proprietary latched 12-bit DAC chip 
which reduces chip count and provide high realiability. The 
AD390 is ideal for systems requiring digital control of many 
analog voltages. Such applications include automatic test equip
ment, process controllers, and vector-scan displays. 

The AD390 is laser-trimmed to ± lj4LSB max nonlinearity 
(AD390KD) and absolute accuracy of ± 0.05 percent of full 
scale. The high initial accuracy is made possible by the use of 
thin-film scaling resistors on the monolithic DAC chips". The 
internal buried zener voltage reference provides excellent tem
perature drift characteristics (30ppmrC) and an initial tolerance 
of ± 0.025% maximum. The AD390 can also be used with an 
external reference in large system applications. 

The individual DACs are accessed by the CS I through CS4 
control inputs and the AO and Al lines. These control signals 
permit the registers of the four DACs to b~ loaded independently 
and the outputs to be simultaneously updated at a later time. 

The AD390 outputs are calibrated for a ± lOY range. A 0 to 
+ lOY version is available on special order. 

The AD390 is packaged in a 28-lead ceramic package and is 
specified for operation over the 0 to + 70°C and - 55°C to + 125°C 
temperature range. 

PRODUCT HIGHLIGHTS 
I. The AD390 offers a dramatic reduction in printed circuit 

board space requirements in systems using multiple DACs. 
2. Each DAC is independently addressable, providing a versatile 

control architecture for simple interface to microprocessors. 
All latch enable signals are level-triggered. 

3. The output voltage is trimmed to a full scale accuracy of 

Quad 12-Bit Microprocessor
Compatible DjA Converter 

AD390 I 
AD390 FUNCTIONAL BLOCK DIAGRAM 

PINS 1-12 
DBOllSBI - DB11IMSBI 

± 0.05%. Settling time to ± ljzLSB is 8 microseconds 
maximum. 

4. An internal 10 volt reference is available or an external 
reference can be used. With an ext~rnal reference, the 
AD390 gain TC is ± 5ppmrC maximum. 

5. The proprietary monolithic DAC chips provide excellent 
linearity and guaranteed mono tonicity over the full operating 
temperature range. 

TRUTH TABLE 
CSI CS2 CS3 CS4 AO Al Operation 

1 1 x x NoOperation 
0 I 0 Enable IstrankofDAC I 
1 0 0 Enable IstrankofDAC2 

0 I 0 Enable 1st rankofDAC 3 
d 0 I Enable 1st rankofDAC 4 
I I 0 Loads 2nd rank from each I st rank 

0 0 0 0 0 0 All latches transparent 
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SPECIFICATIONS (TA = ± 15V unless otherwise specified) 
AD390JO/SO AD390KOrrO 

Model MIN TYP MAX MIN TYP MAX UNITS 

DATA INPUTS (Pins'I-12 and 23-28) 
TTL or 5 Volts CMOS 

Input Voltage 
Bit ON (Logic "I") +2.0 +5.5 +2.0 +5.5 V 
Bit OFF (Logic "0") +0.8 +0.8 V 

Input Current 
Bit ON (Logic" I") 500 1200 500 1200 I1A 
Bit OFF (Logic "0") 150 400 150 400 I1A 

RESOLUTION 12 12 Bits 

OUTPUT 
Voltage Range I ±IO ±IO V 
Current 5 5 rnA 
Settling Tirne (to ± If,LSB) 4 8 .4 8 I1S 

ACCURACY 
Gain Error 2 4 2 2 LSB 
Offset I 2 If, I LSB 
Linearity Error ±lf4 ±If, ±lfs ±'/4 LSB 
Differential Lineari ty Error ±If, ±% ±lf4 ±If, LSB 

TEMPERATURE DRIFT 
Gain (internal reference) ± 16 ±8 ppml°C 

(external reference) ±8 ±4 pprn/oC 
Offset ±4 ±2 ppml°C 
Linearity Error 0 to + 70°C ±If, ±% ±lf4 ±If, LSB 
Differential Linearity MONOTONICITY GUARANTEED OVER FULL TEMPERATURE RANGE 

REFERENCE 
Voltage 9.9975 10.000 10.0025 
Current (available extended use) 2.5 3.5 
RefIn Input Resistance 1010 

POWER REQUIREMENTS 
Voltage ± J3.S ± 15 ± 16.5 
Current 

+Vs 12 20 
-':'Vs -75 -90 

POWER SUPPLY GAIN SENSITIVITY 
+Vs 0.002 0.006 
-Vs 0.0025 0.006 

TEMPERATURE RANGE 
Operating (Full Specifications) J, K 0 +70 

S,T -55 + 125 
Storal!e -65 + 150 

PACKAGE STYLE' HY28A 

'0 to + lOY range IS standard. A 0 [0 I OV version is available on special order. Consuluhe fac[ory. 
'See Section 20 for package ou[line information. 

Specifications subject to change without notice. 

TIMING DIAGRAMS 

WRITE CYCLE # 1 
(Load FirstRankfrom Data Bus; A3 = 1) 

""1----tAw 
• I 

A2 - AO ---""')(,.------~I~X __ _ 
I--iow-I 

DBll-DBO -------X I )( 
--1 ~tOH 

\ \\ --% 
I-twp-! 

cs 

Symbol Parameter 

tow Data Valid to Fnd ofCS 

9.9975 10.0000 10.0025 V 
2.5 3.5 rnA 

1010 n 

± 13.5 ± 15 ± 16.5 V 

12 20 rnA 
-75 -90 rnA 

0.002 0.006 %FS/% 
0.0025 0.006 %FS/% 

0 +70 °C 
-55 + 125 °C 
-65 ' + ISO °C 

HY28A 

WRITE CYCLE #2 
(Load Second Rank from First Rank; A2-AO = 1) 

j-tAW--1 
A3--~\ I / 

t-twp-1 
cs ----""'\ .,,----

j:==tSETT ----;;-;-~l..,..H.l-li ....... 
OUTPUT __________ - ~ -7"'--i 

/ ±1/2LSB 

Min Typ Max ns 

50 
tAW Address Valid to End ofCS 100 

ns 
ns 
ns 
ns 
ns 

twp Control Pulse Width 100 
tOH Data Hold Time 0 
tSEIT Output Current Settling Time 400 500 
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DACPORT™ Low Cost Complete 
jLP-Compatible 8-Bit DAC 

I 
FEATURES 
Complete 8-Bit DAC 
Voltage Output - 2 Calibrated Ranges 
Internal Precision Band-Gap Reference 
Single-Supply Operation: +5V to +15V 
Full Microprocessor Interface 
Fast: 1J,.Ls Voltage Settling to ±1/2LSB 
Low Power: 75mW 
No User Trims 
Guaranteed Monotonic Over Temperature 
All Errors Specified T min to T max 
Small 16-Pin DIP Package 
Single Laser~Wafer-Trimmed Chip for Hybrids 
Low Cost 

PRODUCT DESCRIPTION 
The AD558 DACPORT is a complete voltage-output 8-bit 
digital-to-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to 
an analog system. 

The performance and versatility of the DACPORT is a result of 
several recently-developed monolithic bipolar technologies. 
The complete microprocessor interface and control logic is 
implemented with integrated injection logic (I2L), an extreme
ly dense and low-power logic structure that is process-compat
ible with linear bipolar fabrication. The internal precision 
voltage reference is the patented low-voltage band-gap circuit 
which permits full-accuracy performance on a single +5V to 
+ 15V power supply. Thin-film silicon-chromium resistors 
provide the stability required for guaranteed monotonic op
eration over the entire operating temperature range (all grades), 
while recent advances in laser-wafer-trimming of these thin
film resistors permit absolute calibration at the factory to 
within ±lLSBj thus no user-trims for gain or offset are re
quired. A new circuit design provides voltage settling to 
±1/2LSB for a full-scale step in 800ns. 

The AD558 is available in four performance grades. The 
ADS 58J and K are specified for use over the 0 to +70° C tem
perature ran§e, while the ADS 58S and T grades are speci
fied for -55 C to +125°C operation. The hermetical)y-
sealed ceramic package is standard. Processing to MIL-STD-
883, Class B is optional on Sand T grades. 

PRODUCT HIGHLIGHTS 
1. The 8-bit 12 L input register and fully microprocessor

compatible control logic allow the ADS 58 to be directly 
connected to 8- or 16-bit data buses and operated with 
standard control signals. The latch may be disabled for 
direct DAC interfacing. 

·Covered by U.S. Patent Nos. 3,887,863; 3;685,045; Patents Pending. 
DACPORT is a trademark of Analog Devices, Inc. 

AD558*] 
AD558 FUNCTIONAL BLOCK DIAGRAM 

TO-116 

2. The laser-trimmed on-chip SiCr thin-film resistors are cali
brated for absolute accuracy and linearity at the factory. 
Therefore, no user trims are necessary for full rated ac
curacy over the operating temperature range. 

3. The inclusion of a precision low-voltage band-gap reference 
eliminates the need to specify and apply a separate refer
ence source. 

4. The voltage-switching structure of the AD558 DAC section 
along with a high-speed output amplifier and laser-trimmed 
resistors give the user a choice of OV to +2.56V or OV to 
+10V output ranges, selectable by pin-strapping. Circuitry 
is internally compensated for minimum settling time on 
both rangesj typically settling to ±1/2LSB for a full-scale 
2.55 volt step in 800ns. 

5. The AD558 is designed and specified to operate from a 
single +4.5V to +16.5V power supply. 

6. Low digital input currents, 100J,.LA max, minimize bus 
loading. Input thresholds are TTL/low voltage CMOS 
compatible oyer the entire operating Vee range. 

7. The single-chip, low power I2L design of the AD558 is 
inherently more reliable than hybrid multi-chip or con
ventional single-chip bipolar designs. The AD558S and T 
grades, which are specified over the -55°C to +125°C 
temperature range, are available processed to MIL-STD-883, 
Class B. 

8. All AD558 grades are available in chip form with guar
anteed specifications from +25°C to Tmax. MIL-STD-883, 
Class B visual inspection is standard on Analog Devices 
bipolar chips. Contact the factory for additional chip 
information. 
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SPECIFICATIONS (typical @TA = +25°e, Vee = +5V to +15V unless otherwise specified) 

MODEL 

RESOLUTION 

RELATIVE ACCURACy2 
o to +70°C 
-Ssoc to +12SoC 

OUTPUT 
Ranges 

Current, Source 
Sink 

OUTPUT SETTLING TIMEs 
o to 2.56 volt ran~e 
o to 10 volt range 

ADSSSJ 

, S Bits 

±1I2LSB max 

OV to +2.S6V 
OV to +10V 3 

+SmA 
Internal Passive 
Pull-Down to Ground4 

O.S/-ls (1.S/-ls max) 
2.0/-ls (3.0/-ls max) 

ADSS8K ADSS8T1 

±1I4LSB max ** 
±3/4LSB max ±3/SLSB max 

+SmAmin *** 

FULL SCALE ACCURACY 
@2SoC 

Tmin toTmax 

±1.SLSB (±0.6%) max 
±2.SLSB (±1.0%) max 

±O.SLSB (±0.2%) max 
±lLSB (±0.4%) max 

** 
.* 

ZERO ERROR 
@ 25°C 

Tmin to Tmax 

MONOTONICITy6 

Tmin toTmax 

DIGIT AL INPUTS 
Tmin to Tmax 
Input Current 
Data Inputs, Voltage 

Bit On - Logic "I" 
Bit Off - Logic "0" 

Control Inputs, Voltage 
On - Logic "I" 
Off - Logic "0" 

Input Capacitance 

TIMING' 

Tmin to Tmax 
tw (Strobe Pulse Width) 
tOH (Data Hold Time) 
tos (Data Set-Up Time) 

POWER SUPPLY 
Operating Voltage Range (Vee) 

2.S6 Volt Range 
10 Volt Range 
Current (ICC) 
Rejection Ratio 

POWER DISSIPATION, Vee = SV 
Vee = lSV 

OPERATING TEMPERATURE 
RANGE 

Tmin . 
Tmax 

NOTES 

±lLSB max 
±2LSB max 

Guaranteed 

±100/-lA max 

2.0Vmin 
O.SVmax 

2.0Vmin 
O.SVmax 
4pF 

lOOns min 
IOns min 
lOOns min 

+4.SV to +16.SV 
+11.4V to +16.SV 
lSmA typ, 2SmA max 
0.03%/% max 

7SmW (12SmW max) 
22SmW (37SmW max) 

. ±1I2LSB max 
±lLSB max 

IThe AOSS8S and AOSSST are available processed and screened to the requirements of 
MIL-5TO-883, Class B. Order AOSS8S0/883B or AOSS8TO/883B. 

2 Relative Accuracy is defined as the deviation of the code transition points from the ideal 
transfer point on a straight line from the zero to the full scale of the device. 

3 Operation of the 0 to 10 volt output range requires a minimum supply voltage of +11.4 volts. 
4 Passive pUll-down resistance is 2kn for 2.S6 volt range, 10kn for'lO volt range. 
'Settling time is specified for a positive-going full-scale step to ±1/2LSB. Negative-going steps to zero 
are slower, but can be improved with an external pull-down. 

«I A monotonic convert!!r has a maximum differentiallinearity error of ± lLSB. 
'7 See Figure 7. 
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• Specifications same as ADSS8J. 
··Specifications same as ADSS8K. 
.. • Specifications same as AOSS8S. 

Specifications subject to change without notice. 



ABSOLUTE MAXIMUM RATINGS 
• 

Vee to Ground ........................ OV to +18V (LSB) DBO 16 Your 

Digital Inputs (Pins 1-10) ...... ' ........... 0 to +7.0V DB1 15 Your SENSE 

VOUT ................... Indefinite Short to Ground 
Momentary Short to Vee 

DB2 14 Your SELECT 

Power Dissipation ........................ 450mW 
DB3 13 GND 

AD558 
Storage Temperature Range DB4 12 GND 

D (ceramic) Package ............. -55°C to +150
o
C DB5 11 +Vcc 

Lead Temperature (soldering, 10 second) .......... 300°C DB6 10 cs 
Thermal Resistance (MSB) DB7 ff 

Junction to Ambient/Junction to Case 

D (ceramic) Package ............... . 100/30
o

C/W TOP VIEW 

Figure 1. AD558 Pin Configuration 

AD558 ORDERING GUIDE 

Relative Accuracy Full-Scale 
Error Max Error, Max Package 

Model Package Temperature Tmin to Tmax Tmin to Tmax Stylel 

AD558JN Plastic o to +70o C ±1/2LSB ±2.5LSB N16A2 

AD558KN Plastic o to +70
o

C ±1/4LSB ±lLSB N16A2 

AD558JD Ceramic O·to +70°C ±lI2LSB ±2.5LSB D16A 
AD558KD Ceramic o to +70°C ±1/4LSB ±lLSB D16A 
AD558SD Ceramic -55°C to +125°C ±3/4LSB ±2.5LSB D16A • AD558SD/883B Ceramic -55°C to +125°C ±3/4LSB ±2.5LSB D16A 
AD558TD Ceramic -55°C to +125°C ±3/8LSB ±lLSB D16A 
AD558TD/883B Ceramic -55°C to +125°C ±3/8LSB ±lLSB D16A 
I See Section 20 for package outline information. 
2To be available June, 1982. 
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CIRCUIT DESCRIPTION 
The AD558 consists offour major functional blocks, fabri
cated on a single monolithic chip (see Figure 2). The main 
D to A converter section uses eight equally-weighted laser-trim 
med current sources switched into a silicon-chromium thin
film R/2R r'esistor ladder network to give a direct but unbuf
fered OmV to 400mV output range. The transistors that form 
the DAC switches are PNPs; this allows direct positive-voltage 
logic interface and a zero-based output range. 

CONTROL 
INPUTS 

,--'----., 
cs IT 

DIGITAL INPUT DATA . 
\ 

LSD MSD 

+Vee GND GND 

)' ~ ~ 

VOUT 

VOUT SENSE 

L...--+.AN~ VOUT SELECT 

Figure 2. AD558 Functional Block Diagram 
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The high-speed output buffer amplifier is operated in the non
inverting mode with gain determined by the user-connections 
at the output range select pin. The gain-setting application 
resistors are thin-film laser-trimmed to match and track the 
DAC resistors and to assure precise initial calibration of the 
two output ranges, OV to 2.56V and OV to lOY. The amplifier 
output stage is an NPN transistor with passive pull-down for 
zero-based output capability with a single power supply. , ' 

The internal precision voltage reference is of the patented 
band-gap type. This design produces a reference voltage of 1.2 
volts and thus, unlike 6.3 volt temperature-compensated zeners, 
may be operated from a single, low-voltage logic power supply. 
The microprocessor interface logic consists of an 8-bit data 
latch and control circuitry. Low-power, small geometry and 
high-speed are advantages of the I2L design as applied to this 
section. I2L is bipolar process compatible so that the perform
ance of the analog sections need not be compromised to pro
vide on-chip logic capabilities. The control logic allows the 
latches to be operated from a decoded microprocessor ad
dress and write signal. .!!jhe ae£!.ication does not involve a 
J.LP or data bus, wiring CS and CE to ground renders the latches 
"transparent" for direct DAC access. 



CONNECT,NG THE ADSS8 

The ADSS8 has been configured for ease of application. All 
reference, output amplifier and logic connections are made 
internally. In addition, all calibration trims are performed at 
the factory assuring specified accuracy without user trims. The 
only connection decision that must be made by the user is a 
single jumper to select output voltage range. Clean circuit
board layout is facilitated by isolating all digital bit inputs on 
one side of the package; analog outputs are on the opposite side. 

Figure 3 shows the two alternative outpUt range connections. 
The OV to 2.S6V range may be selected for use with any 
power supply between +4.SV and +16.SV. The OV to lOV 
range requires a power supply of +11.4V to +16.SV. 

Because of its precise factory calibration, the ADS 58 is in
tended to be operated without user trims for gain and offset; 
therefore no provisions have been made for such user-trims. 
If a small increase in scale is required, however, it may be ac
complished by slightly altering the effective gain of the output 
buffer. A resistor in series with VOUT SENSE will increase the 
output range. 

For example if a OV to 10.24V output range is desired (40mV 
= 1 LSB), a nominal resistance of 8S0n is required. It must be 
remembered that, although the internal resistors all ratio
match and track, the absolute tolerance of these resistors is 
typically ±20% and the absolute TC is typically -SOppmtC 
(0 to -lOOppm/oC). That must be considered when re-scaling 
is performed. Figure 4 shows the recommended circuitry for a 
full-scale output range of 10.24 volts. Internal resistance values 
shown are nominal. 

NOTE: Decreasing the scale by putting a resistor in series with 
GND will not work properly due to the code-dependent cur
rents in GND. Adjusting offset by injecting dc at GND is not 
recommended for the same reason. 

a. OV to 2.56V Output Range 

b. OV to 10V Output Range 

Figure 3. Connection Diagrams 

AD558 Applications 

\---..... _VOUT 

604n 

Figure 4. 10.24 V Full-Scale Connection 

GROUNDING AND BYPASSING* 
All precision converter products require careful application of 
good grounding practices to maintain full rated performance. 
Because the ADSS8 is intended for application in microcom
puter systems where digital noise is prevalent, special care must 
be taken to assure that its inherent precision is realized. 

The ADSS8 has two ground (common) pins; this minimizes 
ground drops and noise in the analog signal path. Figure 5 
shows how the ground connections should be made. 

It is often advisable to maintain separate analog and digital 
grounds throughou t a complete system, tying them common 
in one place only. If the common tie-point is remote and ac
cidental disconnection of that one common tie-point occurs 
due to card removal with power on, a large differential volt
age between the two commons could develop. To protect de
vices that interface to both digital and analog parts of the 
system, such as the ADSS8, it is recommended that common 
ground tie-points should be provided at each such device. If 
only one system ground can be connected directly to the 
ADSS8, it is recommended that analog common be selected. 

_-+----<1_ TO SYSTEM AGNO 

----- TO SYSTEM DGND 
_ O.l~F (SEE TEXT) 

!-'=:..-----~ TO SYSTEM Vee 

Figure 5. Recommended Grounding and Bypassing 

POWER SUPPLY CONSIDERATIONS 
The ADS 58 is designed to operate from a single positive power 
supply voltage. Specified performance is achieved for any sup
ply voltage between +4.5V and +16.SV. This makes the 
AD558 ideal for battery-operated, portable, automotive or 
digital main-frame applications. ' 

The only consideration in selecting a supply voltage is that, in. 
order to be able to use the OV to 10V output range, the power 
supply voltage must be between +11.4V and +16.5V. If, how
ever, the OV to 2.56V range is to be used, power consumption 
will be minimized by utilizing the lowest available supply 
voltage (above +4.5V). 

-For additional insight, "An IC Amplifier Users' Guide to Decoupling, 
Grounding and Making Things Go Right For A Change". is available 
at no charge from any Analog Devices Sales Office. 
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TIMING AND CONTROL 
The AD558 has data input latches that simplify interface to 
8- and 16-bit data buses. These latches are controlled by Chip 
Enable (CE) and Chip Select (CS) inputs, pins 9 and 10 respec
tively. CE and CS are internally "NORed" so that the latches 
transmit input data to the DAC section when both CE and CS 
are at Logic "0". If the application does not involve a data 
bus, a "00" condition allows for direct operation of the DAC. ' 
When either CE or CS go to Logic "1 ", the input data is 
latched into the registers and held until both CE and CS return 
to "0". (Unused CE or CS inputs should be tied to ground.) 
The truth table is given in Table I. The logic function is also 
shown in Figure 6. 

Latch 
Input Data 

o 

CE 

0 

CS 

0 

DAC Data Condition 

0 "transparent" 

o 

o 

X 

X 

Notes: 

0 0 1 "transparent" 

J 0 0 latching 

1 0 latching 
0 J 0 latching 

0 I latching 
X previous data latched 

X previous data latched 

x = Does not matter 

J = Logic Threshold at Positive-Going Transition 

Table I. AD558 Control Logic Tr.uth Table 

INPUT DATA 

IT 

I I },----

I I 

Figure 6. AD558 Control Logic Function 
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Figure 7 shows the timing for the data and control signals; 
CE and CS are identical in timing as well as in function. 

DATA 
INPUTS 

VALID 
DATA 

I 

: VALID 
: / DATA 

CSOR CE I I 

DAC 
V OUTPUT 

tw = Strobe pulse width 

tOH = Data hold time 
tos = Data setup time 

I I 

: :: J: 

I I 

~tsettling~ 

tsettling = DAe output settling time to !1/2LSB 

Figure 7. AD558 Timing 

USE OF VOUT SENSE 
Separate access to the' feedback resi~tor of the output ampli
fier allows additional application versatility. Figure 8a shows 
how I X R drops in long lines to remote loads may be cancelled 
by putting the drops "inside the loop". Figure 8b shows how 
the separate sense may be used to provide a higher output cur
rent by feeding back around a simple current booster. 

Your 

l
vour 

. ,ov TO+10V 

Rl 

Your SENSE 

a. Compensation for I x R Drops in Output Lines 

Vee 

Your 
J------i~~ OV TO +2.56V 

b. Output Current Booster 

Figure 8. Use of VOUTSense 



OPTIMIZING SETTLING TIME 
In order to provide single-supply operation and zero-based 
output voltage ranges, the AD558 output stage has a passive 
"pull-down" to ground. As a result, settling time for negative
going output steps may be longer than for positive-going out
put steps. The relative difference depends on load resistance 
and capacitance. If a negative power supply is available, the 
negative-going settling time may be improved by adding a pull
down resistor from the output to the negative supply as shown 
in Figure 9. The value of the resistor should be such that, at 
zero voltage out, current through that resistor is 0.5mA max. 

AD558 

Your 

Your SENSE 

NEGATIVE 
SUPPLY 

Rp_D = ~x I VEE I 
(inkn) 

Figure 9. Improved Settling Time 

BIPOLAR OUTPUT RANGES 
The ADS 58 was designed for operation from a single power 
supply and is thus capable of providing only unipolar (OV to 
+2.56 and OV to 10V) output ranges. If a negative supply is 
available, bipolar output ranges may be achieved by suitable 
output offsetting and scaling. Figure 10 shows how a ±1.28 
volt output range may be achieved when a -5 volt power sup
ply is available. The offset is provided by the AD589 precision 
1.2 volt reference which will operate from a +5 volt supply. 
The AD544 output amplifier can provide the necessary ±1.28 
volt output swing from ±5 volt supplIes. Coding is complemen
tary offset binary. 

-5V 

5kH 

INPUT CODE Your 

00000000 
10000000 
11111111 

+128V 
OV 
-1.27V 

Figure 10. Bipolar Operation of A 0558 from ±5V Supplies 

INTERFACING THE AD558 TO MICROPROCESSOR DATA 
BUSES· 
The ADS 58 is configured to act like a "write only" location 
in memory that may be made to coincide with a read only 
memory location or with a RAM location. The latter case 
allows data previously written into the DAC to be read back 
later via the RAM. Address decoding is partially complete for 
either ROM or RAM. Figure 11 shows interfaces for three 
popular microprocessor systems. 

Applying the AD558 

ADDRESS BUS 

RiW - cr 
GATED DECODED ADDRESS - CS' 

a. 6800/A05581nterface 

16 

8080A 

DATA BUS 

M£MW-U 
DECODED ADDRESS SELECT PULSE - CS' 

b. 8080A/AD558 Interface 

COP 1802: MWR - cr 
DECODED ADDR ESS SELECT PULSE - CS' 

c. 1802/A0558 Interface 

Figure 11. Interfacing the A0558 to Microprocessors 

-The microprocessor-interface capabilities of the ADS 58 are exten
sive. A co~ehensive application note, "Interfacing the AD558 
DACPORT to Microprocessors" is available from any Analog 
Devices Sales Office upon request, free of charge. 
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AD558 Performance (typical @+25°e, Vee = +5V to +15V unless otherwise noted) 

FULL 
SCALE 
ERROR 

OFFSET 
ZERO 

0 

lee 

LSB 
1.75 
1.50 
1.25 -- ALLAD558 
LOC - - - - AD558S, T 
0.75 
0.50 
0.25 

-0.25 .... , 
-0.50 
-0.75 

-1.00 

-55 -25 0 +25 +50 +75 -1100 +125 °c 

lLSB = 0.39% OF FULL-SCALE 

Figure 12. Full Scale Accuracy vs. Temperature 
Performance of AD558 

LSB 
--- ALL AD558 

1/2 - - - - AD558S, T 

1/4 

-55 -25 o +25 +50 +75 +100 +125 °c 
-1/4 

-1/2 
1 LSB = 0.39% OF FULL-SCALE 

Figure 13. Zero Drift vs. Temperature Performance 
ofAD558 

rnA 

16 

14 

12 

10 

4 6 8 10 12 14 16 18 VOLTS 

Vee 

Figure 14. Quiescent Current vs. Power Supply 
Voltage for AD558 
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DATA INPUT, 

TTL LEVELS 

VOUT, 

1LSB/DIV 

HORIZONTAL: 200ns/DIV 

Figure 15. AD558 Settling Characteristic Detail 
OV to 2.56V Output Range Full-Scale Step 

DATA INPUT, 
TTL LEVELS 

VOUT, 

1/2LSB/DIV 

HORIZONTAL: 500ns/DIV 

Figure 16. AD558 Settling Chracteristic Detail 
OV to 10V Output Range Full-Scale Step 

CSANDCE 

STROBE PULSE 

DATA IN, 

\ - - -
•• I • • 

T t- i .- , - -I- -

_ _ _I- _ t _-+ .... -~----r---: 
\ \ 

ALL BITS Iji~~~~~~~~~~!Ii 

VOUT, 
OV TO 2.56V 

RANGE 

HORIZONTAL: 100ns/DIV 

Figure 17. AD558 Logic Timing 
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FEATURES 
Low Cost 
Complete Current Output Converter 
High Stability Buried Zener Reference 
Laser Trimmed to High Accuracy (1/4LSB Max Error, 

AD561K, T) 
Trimmed Output Application Resistors for 0 to +10, ±5 

Volt Ranges 
Fast Settling - 250ns to 1/2LSB 
Guaranteed Monotonicity Over Full Operating Temperature 

Range 
TTL/DTL and CMOS Compatible (Positive True Logic) 
Single Chip Monolithic Construction 

PRODUCT DESCRIPTION 
The ADS6l is an integrated circuit 10-bit digital-to-analog 
converter combined with a high stability voltage reference 
fabricated on a single monolithic chip. Using 10 precision high
speed current-steering switches, a control amplifier, voltage 
reference, and laser-trimmed thin-film SiCr resistor network, 
the device produces a fast, accurate analog output current. 
Laser trimmed output application resistors are also included to 
facilitate accurate, stable current-to-voltage conversion; they 
are trimmed to 0.1 % accuracy, thus eliminating external trim
mers in many situations. 

Several important technologies combine to make the ADS6l 
the most accurate and most stable 10-bit DAC available. The 
low temperature coefficient, high stability thin-film network 
is trimmed atthe wafer level by a fine resolution laser system 
to 0.01% typical linearity . This results in an accuracy specifica
tion of ±1I4LSB max for the K and T versions, and 1I2LSB 
max for the J and S versions. 

The ADS6l also incorporates a low noise, high stability subsur
face zener diode to produce a reference voltage with excellent 
long term stability and temperature cycle characteristics ~hich 
challenge the best discrete zener references. A temperature 
compensation circuit is laser-trimmed to allow custom correc
tion of the temperature coefficient of each device. This results 
in a typical full-scale temperature coefficient of lSppm/C; the 
T.C. is tested and guaranteed to 30ppm/oC max for the K and 
T versions, 60ppm/o C max for the S, and 80ppm/ C for the J. 

• Covered by Patent Nos.: 3,940,760; 3,747,088; RE 28,633; 
3,803,590; RE 29,619; 3,961,326; 4,141,004;4,213,806; 
4,136,349. 

. Low Cost 10-Bit 
Monolithic 0/ A Converter 

AD561* I 
ADS61 FUNCTIONAL BLOCK DIAGRAM 

BIPOLAR 
OFFSET 

TO-116 

RFB 

The ADS6lJ and K versions are specified for operation over 
the 0 to +70

o
C temperature range, the ADS61S and T for III 

operation over the full military temperature range from I 
-SSoC to +12SoC. 

PRODUCT HIGHLIGHTS 
1. Advanced monolithic processing and laser trimming at the 

wafer level have made the ADS6l the most accurate 10-bit 
converter available while keeping costs consistent with large 
volume integrated circuit production. The ADS6lK and T 
have l/4LSB max relative accuracy and 1I2LSB max differ
ential nonlinearity. The low T.C. R-2R ladder guarantees 
that all ADS6l units will be monotonic over the entire 
operating temperature range. 

2. Digital system interfacing is simplified by the use of a posi
tive true straight binary code. The digital input voltage 
threshold is a function of the positive supply level; connect
ing Vee to the digital logic supply automatically sets the 
threshold to the proper level for the logic family being used. 
Logic sink current requirement is only 2SpA. 

3 .. The high speed current steering switches are designed to 
settle in less than 2S0ns for the worst case digital code 
transition. This allows construction of successive-approxi
mation AID converters in the 3 to Sps range. 

4. The ADS6l has an output voltage compliance range from 
-2 to + 10 volts, thus allowing direct current-to-voltage 
conversion with just an output resistor, omitting the op amp. 
The 40Mn open collector output impedance results in negli
gible errors due to output leakage currents. 
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SPECIFICATIONS (T A = +25°C, Vee = +5V, Vee = -15V, unless otherwise specified) 

MODEL 

RESOLUTION 

ACCURACY (Error Relative 
to Full Scale) 

DIFFERENTIAL NONLINEARITY 

DATA INPUTS 
TTL. Vee = +SV 

Bit ON Logic "I" 
Bit OFF Logic "0" 

CMOS. 10V ~ Vee ~ 16.SV 
(See Figure 1) 

Bit ON Logic "I" 
Bit OFF Logic "0" 

Logic Current (Each Bit) (Tmin to Tmax) 
Bit ON Logic "1" 
Bit OFF Logic "0" 

OUTPUT 
Current 

Unipolar 
Bipolar 

Resistance (Exclusive of 
Application Resistors) 

Unipolar Zero (All Bits OFF) 
Capacitance 
Compliance Voltage 

SETTLING TIME TO 1I2LSB 
All Bits ON-to-oFF or OFF-to-oN 

POWER REQUIREMENTS 
Vee. +4.SV dc to +16.5V dc 
VEE' -10.BV dc to -16.SV de 

POWER SUPPLY GAIN SENSITIVITY 
Vee. +4.SV de to +16.5V de 
VEE' -10.BV de to -16.5V de 

TEMPERATURE RANGE 
Operating 
Storage 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero 
Bipolar Zero 
Full Scale 
Differential Nonlinearity 

MONOTONICITY 

PROGRAMMABLE OUTPUT 
RANGES (See Figures 3,4) 

CALIBRATION ACCURACY 
Full Seale Error with Fixed 25n 

Resistor 
Bipolar Zero Error with Fixed IOn 

Resistor 

CALIBRATION ADJUSTMENT 
RANGE 
Full Seale (With son Trimmer) 
Bipolar Zero (With SOn Trimmer) 

• Specifications same as ADS61J specs. 
Specifications subject to change without notice. 

ADS61J 

MIN TYP MAX 

10 Bits 

±lI4 ±lI2 
(0.025) (0.05) 

±lI2 

+2.0 
+O.B 

70% Vee 
30% Vee 

+5 +100 
-5 -25 

1.5 2.0 2.4 
±0.7S ±1.0 ±1.2 

40M 
0.01 0.05 
25 

-2 -3 +10 

250 

8 10 
12 16 

2 10 
4 25 

o to +70 
-65 to +150 

1 10 
2 20 
15 BO 
2.5 

Guaranteed over full 
operating temp. range 

o to +10 
-5 to +5 

±0.1 

±0.1 

±O.S 
±O.S 
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ADS61K 

MIN TYP MAX 

10 Bits 

±lIB ±lI4 
(0012) (0025) 

±lI4 ±I12 

· · 
· · 

· · · · 
· · · · · · 

· · · · · · · 
· 
· · · · 
· · · · 
· · · .. 
1 5 
2 10 
15 30 
2.5 

Guaranteed over full 
operating temp. range 

· · 
· 
· 
· · 

UNITS I 

LSB 
% of £S. 

LSB 

V 
V 

V 
V 

nA 
/.LA 

rnA 
rnA 

n 
% of F.S. 
pF 
V 

ns 

rnA 
rnA 

ppm of F.S.I% 
ppm of F.S.I% 

°c 
°c 

ppm ofF.sfc 
ppm of F.sfc 
ppm of F.sfc 
ppm of F.sfc 

V 
V 

% of F.S. 

% of F.S. 

% of F.S. 
% of F.S. 



AD561S 

MODEL MIN TYP MAX 

RESOLUTION 10 Bits 

ACCURACY (Error Relative ±1/4 ±1/2 
to Full Scale) (0.025) (0.05) 

DIFFERENTIAL NONLINEARITY ±1I2 

DATA INPUTS 
TTL, Vee = +5V 

Bit ON Logic" I" +2.0 
Bit OFF Logic "0" +0.8 

CMOS, lOV';;;; Vee';;;; 16.5V 
(See Figure 1) 

Bit ON Logic" I" 70% Vee 
Bit OFF Logic "0" 30% Vee 

Logic Current (Each Bit) (Tmin to Tmax) 
Bit ON Logic ., I" 
Bit OFF Logic "0" 

OUTPUT 
Current 

Unipolar 
Bipolar 

Resistance (Exch,lsive of 
Application Resistors) 

Unipolar Zero (All Bits OFF) 
Capacitance 
Compliance Voltage 

SETTLING TIME TO 1I2LSB 
All Bits ON-to-oFF or OFF-to-oN 

POWER REQUIREMENTS 
Vee' +4.5V de to +16.5V de 
VEE' -10.8V de to -16.5V de 

POWER SUPPLY GAIN SENSITIVITY 
Vee. +4.5V de to +16.5V de 
VEF.' -1O.8V dc to -16.5V de 

TEMPERATURE RANGE 
Operating 
Storage 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero 
Bipolar Zero 
Full Scale 
Differential Nonlinearity 

MONOTONICITY 

PROGRAMMABLE OUTPUT 
RANGES (See Figures 3.4) 

CALIBRATION ACCURACY 
Full Scale Error with Fixed 25n 

Resistor 
Bipolar Zero Error with Fixed IOn 

Resistor 

CALIBRATION ADJUSTMENT 
RANGE 
Full Scale (With son Trimmer) 
Bipolar Zero (With SOn Trimmer) 

* ·Specifications same as ADS61S specs. 
Specifications subject to change without notice. 

+20 +100 
-25 -100 

1.5 2.0 2.4 
±0.75 ±1.0 ±1.2 

40M 
0.01 0.05 
25 

-2 -3 +10 

250 

6 10 
11 16 

2 10 
4 25 

-55 to +125 
-65 to +150 

1 10 
2 20 
15 60 
2.5 

Guaranteed over full 
operating temp. range 

o to +10 
-5 to +5 

±O.l 

±O.l 

±O.5 
±0.5 

AD561T 

MIN TYP MAX UNITS 

10 Bits 

±1I8 ±1I4 LSB 
(0.012) (0.025) % of F.S. 

±1I4 ±1I2 LSB 

-- V 
*- V 

-. V 
*- V 

-- *- nA 

-- .- p,A 

** -- -- rnA 
*- ** -- rnA 

-- n 

-- *- % of F.S. 

-- pF 
** 

-- -- V II 
-- ns 

*- .* rnA 
** 

_. 
rnA 

.. .- ppm of F .S.I% _. .. ppm of F.S.I% 

_. 
*- °c 

*. .. °c 

1 5 ppm of F.sfc 
2 10 ppm of F.sfc 
15 30 ppm of F.sfc 
2.5 ppm of F.sfc 

Guaranteed over full 
operating temp. range .- V .. V 

.. % of F.S. 

*. % of F.S. 

.. % of F.S . 
*. % of F.S. 
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DIGIT AL LOGIC INTERFACE 
All standard positive supply logic families interface easily with 
the AD561. The digital code is positive true binary (all bits 
high, Logic "1 ", gives positive full scale output). The logic input 
load factor (lOOnA max at Logic "1 ", -25pA max at Logic "0", 
3pF capacitance), is less than one equivalent digital load for all 
logic families, including unbuffered CMOS. The digital thresh
old is set internally as a function of the positive supply, as 
shown in Figure ~. For most applications, connecting V cc to 
the positive logic supply will set the threshold at the proper 
level for maximum noise immunity. For nonstandard applica
tions, refer to Figure 1 for threshold levels. Uncommitted bit 
input lines will assume a "1" state (similar to TTL), but they 
are high impedance and subject to noise pickup. Unused digital 
inputs should be connected directly' to ground or V CC, as 
desired. 

tl 14 
'0 
> 12 

I-
> 
o 
...J 
o 
::r: 
III 
w 
a: 
::r: 
I
...J ;: 
(; 
is 2 

MAX INPUT 
= Vce 

POSITIVE SUPPLY VOLTAGE, Vee - Volts 

Figure 1. Digital Threshold Vs. Positive Supply 

THE AD561 OFFERS TRUE 1O-8IT RESOLUTION OVER 
FULL TEMPERATURE RANGE 

ACCURACY: Analog Devices defines accuracy as the maximum 
deviation of the actual, adjusted DAC output (see next page) 
from the ideal analog output (a straight line drawn from 0 to 
F.S. - lLSB) for any bit combination. The AD561 is laser 
trimmed to 1/4LSB (0.025% of F.S.) maximum error at +25°C 
for the K and T versions - 1I2LSB for the j and S. 

MONOTONICITY:, A DAC is said to be monotonic if the out
put either increases or remains constant for increasing digital 
inputs such that the output will always be a single-valued func
tion of the input. All versions of the AD561 are monotonic 
over their full operating temperature range. 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential nonlinearity error be less than . 
lLSB both at +25°C and over the temperature range of inter
est. Differential nonlinearity is the measure of the variation in 
analog value, normalized to full scale, associated with a lLSB 
change in digital input code. For example, for a 10 volt full 
scale output, a change of lLSB in digital input code should 
result in a 9.8mV change in the analog output (lLSB = lOV x 
1/1024 = 9.8mV). If in actual use, however, a lLSB change in 
the input code results in a change of only 2.45mV (1I4LSB) in 
analog output, the differential nonlinearity error would be 
7.35mV, or 3/4LSB. The AD561K and T have a max differen
tiallinearity error of 1I2LSB . 

The differential nonlinearity temperature coefficient must also 
be considered if the device is to remain monotonic over its full 
operating temperature range. A differential nonlinearity temper
ature coefficient of 2.5ppm/C could under worst case condi
tions for a temperature change of +25°C to +125°C add 
0.025% (100 x 2.5ppm/oC of error). The resulting error could 
then be as much as 0.025% + 0.025% = 0.05% of F.S. (l12LSB 
represents 0.05% of F.S.). To be sure of accurate performance 
all versions of the AD561 are therefore 100% tested to be 
monotonic over the full operating temperature range. 

AD561 ORDERING GUIDE 

ACCURACY GAIN T.C. PACKAGE 
MODEL TEMP RANGE @ +25°C (of F.S./C) OPTIONS1 

AD561jD o to +70
o

C ±lhLSB max 80ppm max D16A 
AD561jN o to +70oC ±lhLSB max 80ppm max N16A2 
AD561KD o to +70oC ±lALSB max 30ppm max D16A 
AD561KN o to +70oC ±lALSB max 30ppm max ' N16A2 
AD561SD -55 to +125°C ±lhLSB max 60ppm max D16A 
AD561SD/883B· -55 to +125°C ±lhLSB max 60ppm max D16A 
AD56ITD -55 to +125°C ±lALSB max 30ppm max D16A 
AD56ITD/883B· -55 to +125°C ±lALSB max 30ppm max D16A 

-The AD561SD/883B and AD561TD/883B are fully processed to 
MIL-STD-883, Method 5004, Class B. 

1 See Section 20 for package outline informatio'n. 
2To be available June, 1982. 
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CONNECTING THE ADS6l FOR BUFFERED VOLTAGE 
OUTPUT 
The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred 
trimming techniques. If a low offset operational amplifier 
(ADSlO, AD741L, AD301AL) is used, excellent performance 
can be obtained in many situations without trimming. (A SmV 
op amp offset is equivalent to 1/2LSB on a lO volt scale). If a 
2Sn fixed resistor is substituted for the son trimmer, unipolar 
zero will typically be within ±1I10LSB (plus op amp offset), 
and full scale accuracy will be within ±lLSB. Substituting a 
IOn resistor for the 50n bipolar offset trimmer will give a 
bipolar zero error typically within ±lLSB. 

The ADS09 is recommended for buffered voltage-output ap
plications which require a settling time to ±1I2LSB of one 
microsecond. The feedback capacitor is shown with the opti
mum value for each application; this capacitor is required to 
compensate for the 2Spicofarad DAC output capacitance. 

FIGURE 3. UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to +10 volt 
output range. 

STEP I ... ZERO ADJUST 
Turn all bits OFF and adjust op amp trimmer, Rl, until the 
output reads 0.000 volts (lLSB = 9.76mV). 

STEP II ... GAIN ADJUST 
Turn all bits ON ,and adjust Son gain trimmer, R2, until the 
output is 9.990 volts. (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) If a lO.23V full scale is 
desired (exactly 10mV/bit), insert a 120n resistor in series 

. with R2. 

FIGURE 4. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
-S .000 to +4.990 volts, with positive full scale occurring with 
all bits ON (all 1 's). 

STEP I ... ZERO ADJUST 
Turn ON MSB only, turn OFF all other bits. Adjust SOn trim
mer R 3, to give 0.000 ou tpu t volts. 

STEP II ... GAIN ADJUST 
Turn OFF all bits, adjust 50n gain trimmer to give a reading 
of -5.000 volts. 

,Please note that it is not necessary to trim the op amp to ob
tain full accuracy at room temperature. In most bipolar situa
tions, the op amp trimmer is unnecessary unless the untrimmed 
offset drift of the op amp is excessive. 

FIGURE 5. flO VOLT BUFFERED BIPOLAR OUTPUT 
The ADS6l can also be connected for a ±10 volt bipolar range 
with an additional external resistor as shown in Figure S. A 
larger value trimmer is required to compensate for tolerance in 
the thin film resistors (which are trimmed to match the full 
scale current). For best full scale temperature coefficient per
formance, the external resistors should have a T.C. of -SOppmtC. 
For applications requiring optimum performance, a ±10 volt 
bonding option is available on special order. 

OIGITAL 
LOGIC 
INPUTS 

Applying the AD561 
PIN CONFIGURATION 

TOP VIEW 

GROUNO I 

BIPOLAR 
OFFSET 2 

BIT 9 5 

[

SBBITIO 4 

Figure 2. 

IOV 
SPAN 

RESISTOR 

OUTPUT 

BIT 2 

DIGITAL 

BIT I MJB 

BIT 3 LOGIC 
INPUTS 

BIT4 

BIT 5 

50n 

Figure 3. 0 to +10V Unipolar Voltage Output 

Figure 4. ±5V Buffered Bipolar Voltage Output 

Figure 5. ±10V Buffered Voltaye Output 
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CIRCUIT DESCRIPTION 
A simplified schematic with the essential circuit features of the 
ADS61 is shown in Figure 6. The voltage reference, CR1, is a 
buried zener(or subsurface breakdown diode}. This device ex
hibits far better all-around performance than the NPN base
emitter reverse-breakdown diode (surface zener), which is in 
nearly universal use in integrated circuits as a voltage reference. 
Greatly improved long term stability and lower noise are the 
major benefits the buried zener derives from isolating the 
breakdown point from surface stress and mobile oxide charge 
effects. The nominal 7.S volt device (including temperature 
compensation circuitry) is driven by a current source to the 
negative supply so that the positive supply can be allowed to 
go as low as 4.S volts. The temperature coefficient of each 
diode is determined individually; this data is then used to laser 
trim a compensating circuit to balance the overall T.C. to zero. 
The typical resulting T.C. is 0 to ±lSppm/C. 

The negative reference level is inverted and scaled by At to give 
a +2.S volt reference (which can be driven by the low positive 
supply). The ADS61, packaged in the 16-pin DIP, has the +2.S 
volt reference (REF OUT) connected directly to the input of 
the control amplifier (REF IN). The buffered reference is not 
directly available externally except through the 2.5kn bipolar 
offset resistor; it can still be used as a voltage reference as 
shown below, in Figure 9. 

The 2.Skn scaling resistor and control ampiifier A2 then force 
a 1mA reference current to flow through reference transistor 

Q1, which has a relative emitter area of 8A. This is accom
plished by forcing the bottom of the ladder to the pr.oper voltage. 
Since Ql and Q2 hive equal emitter areas and have equal Skn 
emitter resistors, Q2 also carries 1mA. The ladder voltage drop 
constrains Q7 (with area 4A) to carry only O.SmA; Qg carries 
0.2SmA, etc. 

The first four significant bit cells are scaled exactly in emitter 
area to match Ql for optimum V BE and V BE drift match, as 
well as for beta match. These effects are insignificant for the 
lower order bits, which account for a total of only 1116 of full 
scale. However, the 18mV VBE difference between two 
matched transistors carrying emitter currents in a ratio of 2: 1 
must be corrected. This is done by forcing 120J,LA through the 
lS0n interbase resistors. These resistors and the R"2R ladder 
resistors are actively laser-trimmed at the wafer level to bring 
total device accuracy to better than 1I4LSB. Sufficient ratio 
accuracy in the last two bits is obtained~by simple emitter area 
ratio such that it is unnecessary to use additional area for 
ladder resistors. The current in Q16 is added to the ladder to 
balance it properly but is not switched to the output; thus full 
scale is 1023/1024 x 2mA. 

The switching cell of Q3, <4, Qs and U6 serves to steer the 
cell current either to ground (BIT 1 low) or to the DAt output 
(BIT 1 high). The entire switching cell carries the same current 
whether the bit is on or off, thus minimizing thermal transients 
and ground current errors. The logic threshold, which is gener
ated from the positive supply (see Digital Logic Interface) is 
applied to one side of each cell. 

Figure 6. Circuit Diagram Showing Reference, Control Amplifier, Switching Cell, R-2R Ladder, and Bit Arrangement of AD561 

PRECISION LOW-NOISE REFERENCE 
The precision reference of the ADS61 can be brought out 
separately from the DAC to serve as a master system reference. 
Since the reference is connected through the 2.Skn bipolar 
offset resistor, it must be buffered externally, as shown here 
in Figure 7. The DAC section can still be operated indepen
dently in a unipolar mode, but internal thermal and ground 
loop effects will create crosstalk of about 0.01 % with an ideal 
ground. The long term stability of this reference will be espec
ia11y good, typically ±0.01% per year or better. If the filter 
capacitor, C is not used, wideband output noise will be about 
120ppm pop (1.2mV pop for 10.volts). If Cis 4.7J,LF, wideband 
noise will be about 2SJ,LV POp (10 volts out) and lSJ,LV pop from 
0.1 to 10Hz. 
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SETTLING TIME 
The high speed NPN current steering switching cell and inter
nally compensated reference amplifier of the AD561 are speci
fically designed for fast settling operation. The typical settling 
time to ±0.05% (1I2LSB) for the worst case transition (major 
carry, 0111111111 to 1000000000) is less than 250m;; the 
lower order bits all settle in less than 200ns. (Worst case settling 
occurs when all bits are switched, especially the MSB.) But full 
realization of this high speed performance requires strict atten
tion to detail by the user in all areas of application and testing. 

The settling time for the AD561 is specified in terms of the 
current output, an inherently high speed DA~ operating mode .. 
However, most DAC applications require a durent-to-voltage 
conversion at some point in the signal path, ~lthough an un
buffered voltage level (not using an op amp) is suitable for use 
in a successive-approximation AID converter (see next page), 
or in many display applications. This form of conversion can 
give very fast operation if proper design and layout is done. The 
fastest voltage conversion is achieved by connecting a low value 
resistor directly to the output, as shown in Figure 9. In this 
case, the settling time is primarily determined by the cell 
switching time and by the RC time constant of the AD561 out
put capacitance of 25 picofarads (plus stray capacitance) com
bined with the output resistor value. Settling to 0.05% of full 
scale (for a full scale transition) requires 7.6 time constants. 
This effect is important for R> lkU. 

If an op amp must be used to provide a low impedance output 
signal, some loss in settling time will be seen due to op amp 
dynamics. The normal current-to-voltage converter op amp cir
cuits are shown in the applications circuits using the fast 
settling AD509. The circuits shown settle to ±1I2LSB in 
600ns unipolar and 1.1ps bipolar. The DAC output capacitance, 
which acts as a stray capacitance at the op amp inverting input, 
must be compensated by a feedback capacitor, as shown. The 
val~e should be chosen carefully for each application and each 
op amp type. 

Fastest operation will be obtained by minimizing lead lengths, 
stray capacitance and impedance levels. Both supplies should 
be bypassed near the devices; O.lpF will be sufficient since the 
AD561 runs at constant supply current regardless of input code. 

POWER SUPPLY· SELECTION 
The AD561 will operate over a wide range of power supply 
yoltages, with a total supply from 15.3 to 33 volts. Symmet
rical supplies are not required, and in many applications not 
recommended. 

The positive supply level determines the digital threshold level, 
as explained previously and shown in Figure 1. It is therefore 
recommended that Vee be connected directly to the digital 
supply for best threshold match. 

Positive output voltage compliance range is unaffected by the 
positive supply level because of the open collector output 
stage design; thus the full +10 volt compliance is available even 
with a +5 volt Vee .level. Power supply rejection is excellent, 
so that digital supply noise will not be reflected to the output. 
but use of a O.lpF bypass capacitor near the AD561 is recom
mended for decoupling. 

The nominal negative supply level is -15 volts, with an allow
able range of -10.8 to -16.5 volts. The negative supply level 
affects the negative compliance range, as shown in Figure 8. 

AD561 Application Notes 
OUTPUT VOLTAGE COMPLIANCE 
The AD561 has a typical output compliance range from -3 to 
+ 10 volts. The output current is unaffected by changes in the 
output terminal voltage over that range. This results from the 
use of open collector output switching stages in a cascode con
figuration, and gives an output impedance of 40MU. Positive 
compliance range is limited only by collector breakdown (and 
is independent of positive supply level), but the negative range 
is limited by the required bias levels and resistor ladder voltage. 
Negative compliance varies with negative supply, as shown in 
Figure 8. The compliance range is guaranteed to be -2 to +10 
volts with VEE = -15 volts. 

w 
U 

-4 z 
« 
:::i 
~w -3 ::ii:Cl 
0« 
UI-
w..J -2 >0 
1=> 

X 
lOUT = -2m A 

« -1 
Cl 
w 
Z 

-10.8 -15 -16.5 
NEGATIVE SUPPLY. VEE - Volts 

Figure 8. Typical Negative Compliance Range Vs. Negative 
Supply . 

DIRECT UNBUFFERED VOLTAGE OUTPUT 
The wide compliance range allows direct current-to·voltage con· 
version with just an output resistor. Figure 1 shows a connec
tion using the gain and bipolar output resistors to give a ±1.66 
volt bipolar swing. In this situation, the digital code is comple
mentary binary. Other combinations of internal and external 
output resistors (Rx) can be used to scale to alternate voltage 
ranges, simply by appropriately scaling the 0 to -2mA unipolar 
output current and using the 2.5 volt reference voltage for 
bipolar offset. For example, setting Rx = 2.5kU gives a ±1 
volt range with a lkU equivalent output impedance. A 0 to 
+ 10 volt output can be obtained by connecting the SkU gain 
resistor to 9.99 volts; again the digital code is complementary 
binary. 

+5V 

}-~"'-----:J~-"'----o VOUT 

-15V 

Figure 9. Unbuffered Bipolar Voltage Output 
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HIGH SPEED 10-BIT AID CONVERTERS 
The fast settling characteristics of the AD561 make it ideal for 
high speed successive approximation AID converters. The inter
nal reference and trimmed application resistors allow a lO-bit 
converter system to be constructed with a minimum parts count. 
Shown here is a configuration using standard components; this 
system completes a full 10-bit conversion in 5 .5fJs unipolar or 
12fJs bipolar. This converter will be accurate to ±1/2LSB of 10 
bits ~nd have a typical gain T.e. of 10ppm/oC. 

In the unipolar mode, the system range is 0 to 9.99 volts, with 
each bit having a value of 9.76mV. For true conversion accu
racy, an AID converter should be trimmed so that a given bit 
code output results from input levels from 1I2LSB below to 
1I2LSB above the exact voltage which that code represents. 
Therefore, the converter zero point should be trimmed with an 
input voltage of +4.9mV; trim Rl until the LSB just begins to 
appear in the output code (all other bits "0"). For full scale, 
use an input voltage of +9.9985 volts (10 volts - lLSB - 1I2LSB); 
then trim R2 again until the LSB just begins to appear (all 
other bits "1 "). 

The bipolar signal range is -5.0 to +4.99 volts. Bipolar offset 
trimming is done by applying a +4.9mV input signal and trim
ming R 1 for the LSB transition (MSB "1", all other bits "0"). 

Full scale is set by applying -4.995 volts and trimming R2 for 
the LSB transition (all other bits "0"). In many applications, 
the pretrimmed application resistors are sufficiently accurate 
that external trimmers will be unnf't:essary, especially in situa
tions requiring less than full 10-bit ±112LSB accuracy. 

For fastest operation, the impedance at the comparator sum
ming node must be minimized, as mentioned in the section on 
settling time. However, lowering the impedance will reduce the 
voltage signal to the comparator (at an equivalent impedance 
of lkn, lLSB = 2mV) to the point that comparator perfor~ 
mance will be sacrificed. A lkn resistor is the optimum value 
for this application for 10-bit accuracy. The chart shown in the 
figure gives the speed of the ADC for ±1I2LSB accuracy (and 
no missing codes) for 6, 8 and lO-bit resolution. 

A much faster converter can be constructed by using higher 
performance external components. Each individual high-order 
bit settles in less than 250ns; the low-order bits less than 200ns. 
Because of this, a staged clock which speeds up for lower bits 
will improve the speed. Also, a faster comparator and Schottky 
TTL or ECL logic would be necessary. 10-bit converters in the 
3 to 5fJs range could be built around the AD561 with these' 
techniques. 

CONVERSION TIME 11-'11 

~ HIGH QUALITY GROUND 

~ POWERGROUNO 

2.' 
4.0 
12 

Figure 10. Fast Precision Analog to Digital Converter 

DIGITAL 4 TO 20mA OR 1 TO 5 VOLT CONVERTER DIGITALLY PROGRAMMABLE SET-POINT COMPARATOR 
A direct digital 4 to 20mA or 1 t~ 5 volt line driver can be 
built with the AD561 as shown in Figure 11. The 2.5 volt 
reference is divided to provide 1 volt at the op amp non
inverting input - thus a zero input code results in a 1 volt out
put at the Darlington emitter (V OUT). The 2k feedback resis
tance converts the nominal 2mA (±20%) full scale output from 
the AD561 to 4 volts, for a total output of 5 volts F.S. The 
voltage at the emitter forces a proportional current through 
the 250n (which appears at the collector as lOUT). The 
AD561 current is added to the 4-20mA line; thus 5 volts full 
scale gives 22mA in the current loop: For exactly 20mA, trim 
the lk pot for 4.5V F .S. (A single op amp circuit will not pro
duce both 1 to 5 volt and 4 to 20mA outputs simultaneously.) 

VOUT 

.';;-;;:;~-+-_1 TO 5 va L TS 

Figure 11. Digital 4 to 20mA or 1 to 5 Volt Line Driver 
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Figure 12 demonstrates a high accuracy systems-oriented set
point comparator. The 2.5 volt reference is buffered and ampli
fied by the AD741K to produce an exact 10.000 volt reference 
which could be used as a,primary system reference for several 
such circuits. The + lO volt compliance of the ADS 61 then 
allows it to generate a zero to +10 volt output swing through 
the 5kS1 application resistor without an additional op amp. The 
digital code for this system will be complementary binary (all 
1 's give 0.00 volts out). 

SYSTEM 
GAIN 

10.2k 
0.1% 

Figure 12. Digitally Programmable Set-Point Comparator 



r.ANALOG 
WDEVICES 

FEATURES 
Low Cost 
True 12·Bit Accuracy 
Guaranteed Monotonicity Over Full Temperature Range 
Hermetic 24·Pin DIP 
TTL/DTL and CMOS Compatibility 
Positive True Logic 

PRODUCT DESCRIPTION 
The ADS621ADS63 are monolithic 12·bit digital·to·analog 
converters consisting of especially designed precisioR bipolar 
switches a~d control amplifiers and compatible high stability 
silicon chromium thin film resistors. The ADS63 also includes 
its own internal voltage reference. 

A unique combination of advanced circuit design, high sta· 
bility SiCr thiri film resistor processing and laser trimming 
technology provide theADS62/ADS63 with true 12·bit 
accuracy. The maximum error at +2S

o
C is limited to ±~LSB 

on all versions and monotonicity is guaranteed over the full 
operating temperature ran~e. 

The ADS62 and ADS63 are recommended for high accuracy 
12·bit D/A converter applications where true 12-bit perform· 
ance is required, but low cost and small size are considera· 
tions. Both devices are also ideal for use in constructing AID 
conversion systems and as building blocks for higher resolu· 
tion DI A systems. J and K versions are specified for opera· 
tion over the 0 to +70°C temperature range, the Sand T for 
operation over the military temperature range, -55°C 
to +12SoC. 

PRODUCT HIGHLIGHTS 
1. The ADS62 multiplies in two quadrants when a varying 

reference voltage is applied. When multiplication is not 
required, the ADS63 is recommended with its internal 
low drift voltage reference. 

2. True 12·bit resolution is achieved with guaranteed mono' 
tonicity over the full operating temperature range. Volt
age outputs are easily implemented by using an external 
operational amplifier and the ADS621ADS63s internally 
provided feedback resistors. 

3. The devices incorporate a newly developed and fully dif
ferential, non-saturating precision current switching cell 
structure which provides increased immunity to supply 
voltage variation and also reduces nonlinearities due to 
thermal transients as the various bits are switched; nearly 
all critical components op.erate at constant power dissipation. 

·Covered by Patent Nos. 3,961,32614,141,00413,747,0881 RE 28,633; 
3,803,59014,020,4861 the AD563 is also covered by 4,213,8061 
4,136,349. 

IC 12-Bit 
0/ A Converter 

AD562/AD563* I 
ADS62, ADS63 PIN CONFIGURATIONS 

AMP SUMMING 
JUNCTION 

13 rlT 12 !LSB) IN 

'---------' 
ADS62 

ADS63 

4. The thin film resistor network contains gain, range, and 
bipolar offset resistors so that various output voltage 
ranges can be programmed by changing connections to 
the device terminal leads. Thin film resistors are laser 
trimmed while the device is powered to accurately cali
brate all scale factors. The scale factors are dependent 
upon the tracking coefficient « ±2ppm/ C) of these re
sistors, rather than upon their absolute temperature 
coefficien ts. 

S. TTL or CMOS input can be accommodated for supply 
voltages from +SV to +lSV. 

6. Positive true logic eliminates the need for additional in
verter components. 
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SPECIFICATIONS'(TA = +25°C, unless otherwise specified) 

MODEL 

DATA INPUTS (positive True, Binary 
(BCD) and Offset Binary (BCD» 
TTL, Vee = +SV, Pin 2 

Open Circuit 
Bit ON Logic "I" 
Bit OFF Logic "0" 

CMOS, 4.75 ":;Vee 0;;;;15.8, 
Pin 2 Tied to Pin 1 

Bit ON Logic "I" 
Bit OFF Logic "0" 

Logic Current (Each Bit) 
Bit ON Logic "I" 
Bit OFF Logic "0" 

OUTPUT 
Current 

Unipolar 
Bipolar 
Resistance (Exclusive of 

Span Resistors) 
Unipolar Zero (All Bits OFF) 
Capacitance 
Compliance Voltage 

RESOLUTION 
Binary 
BCD 

ACCURACY (Error Rc:1ativc 
to Full Scale:) 

Binary 
BCD 

DIFFERENTIAL NONLINEARITY 

SETTLING TIME TO 1/2LSB 
All Bits ON-to-OFF or OFF-to-DN 

POWER REQUIREMENTS 
Vee' +4.75 to +lS.8V dc 
VEE' -lSV dc ±S% 

POWER SUPPLY GAIN SENSITIVITY 
Vee @+SVde 
Vee @ +15V de 
VEE @-15Vde 

TEMPERATURE RANGE 
Operating 
Storage 

TEMPERATURE COEFFICIENT 

Unipolar Zero 
Bipolar Zero 
Gain 
Differential Nonlinearity 

MONOTONICITY. 

EXTERNAL ADJUSTMENTS 1 

Gain Error with Fixed soU Resistor 
Bipolar Zero Error with Fixed 

SOU Resistor 
Gain Adjustment Range 
Binary Bipolar Zero Adjustrnents 

Range 
BCD Bipolar Offset Adjustment 

Range 

PROGRAMMABLE OUTPUT 
RANGES 

REFERENCE INPUT 
Input Impedance 

ADS62KD/BIN 
ADS62KD/BCD 

+2.0V 
+0.8V max 

70%Vee min 
30%Vee max 

+20nA typ, +IOOnA max 
-SO/lA typ, -IOO/lA max 

-1.6mA min, -2.0mA typ, -2.4mA max 
±O.8mA min, ±l.OmA typ, ±1.2mA max 

S.3kU min, 6.6kU typ, 7.9kU max 
0.01% of F.S. typ, O.OS% of F.S. max 
33pF typ 
-1.SV to +IOV typ 

12 Bits 
3 Digits 

±1I2LSB max 
±1I2LSB max 

±1I2LSB max 

1.S/ls typ 

lSmA typ, 18mA max 
20mA typ, 2SmA max 

2ppm of F.S.I% max 
2ppm of F .S.I% max 
6ppm of F .S.I% max 

o to +70°C typ 
_65°C to +lSOoC typ 

2ppm of F.sfc max 
4ppm of F.sfc max 
Sppm of F.S./C max 
2pprn of F.sfc 

Guaranteed Over Full Operating 
Temperature Range 

±0.2% of F.S. typ 

±O.l% of F.S. typ 
±0.2S% of F.S. ryp 

±0.2S% of F.S. typ 

±0.17% of F.S. typ 

o to +SV typ 
-2.SV to +2.SV typ 
OV to +lOV typ 
-SV to +SV typ 
-lOY to +lOV typ 

20kU typ 

ADS62ADIBIN 
ADS62ADIBCD 

ADS62SD/BIN 
ADS62SD/BCD 

±1/4LSB max 
±1I10LSB max 

~ppm of F.sfc max 

Ippm of F.sfc 

• Specifications same as ADS62KD. • • Specifications same as ADS63KD. ···Specifications same as ADS63]D. I Device calibrated with internal reference. 
Specifications subject to change without notice_ 
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ADS63]D/BIN 
ADS63]D/BCD 

15mA typo 20mA max 

3ppm of F.S./% typo lOppm of F.S./% max 
3ppm of F.S./% typo lOppm of F.S./% max 
14ppm of F.S.I% typo 25ppm of F.S./% max 

With Internal Reference 

ADS63KD/BIN 
ADS63KD/BCD 

±1/4LSB 
±1I4LSB 

ADS63SD/BIN 
ADS63SD/BCD 

ADS63TD/BIN 
ADS63TDIBCD 

Ippm of F.sfc typo 2ppm of F.sfc max 
lOppm of F.S.I~C max 
50ppm of F.S.I-C max ~Oppm of F.sfc max ~Oppm of F.SjOC max lOppm of F.sfc max 

With Fixed IOn Resistor 
±O.2% of F.S. typ 

5kn typ 
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THE AD5621AD563 OFFERS TRUE 12-BIT RESOLUTION 
OVER FULL TEMPERATURE RANGE 

Accuracy: Analog Devices defines accuracy as the maximum 
deviation of the actual DAC output from the ideal analog 
output (a straight line drawn from 0 to F.S. - ILSB) for 
any bit combination. The AD563, for example, is laser 
trimmed to "'LSB (0.006% of F;S.) maximum error at +25°C 
for K, Sand T versions ... IhLSB for the J version. 

Monotonicity: A DAC is said to be monotonic if the output 
either :increases or remains constant for increasing digital in
puts such that the output will always be a single-valued func
tion of the input. All versions of the AD5621AD563 are 
monotonic over their full operating temperature range. 

Differential Nonlinearity: Monotonic behavior requires that 
the differential nonlinearity error be < ILSB both'at 25°C 
and over the temperature range of interest. Differential non
linearity is the measure of the variation in analog value, nor
malized to full scale, associated with a one LSB change in 
digital input code. For example, for a 10V full-scale output, 
a change of one LSB in the digital input code should result 
in a 2.4mV change in the analog output (lOV x 114096 = 
2.4mV). If in actual use, however, a one LSB change in the 
input code results in a change of 1.3mV in analog output, the 
differential nonlinearity would be 1.lmV, or 0.011 % of F .S. 
The differential nonlinearity temperature co~fficient must also 
be considered if the device is to remain monotonic over its full 
operating temperature range. A differential nonlinearity tem
perature coefficient of 1ppmtC could, under worst case con
ditions for a temperature change of +25°C to +125°C, add 
0.01% (lOOoC x Ippm/oC) of error. The resulting error could 
then be as much as 0.006% + 0.01 % = 0.016% of F.S. (lLSB 
represents 0.024% of F.S.). All versions of the AD563 are 
100% tested to be monotonic over the full operating tem
perature range. 
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UNIPOLAR DAC's 
STEP I •.. OUTPUT RANGE 
Determine the output range required. For +10V F .5., con
nect the external operational amplifier output to Pin 10 and 
leave Pin 11 unconnected. For +5V F .S., connect the exter
nal op amp output to Pin 10 and short Pin 11 to Pin 9. 

STEP II ... ZERO ADJ UST 
Turn all bits OFF and adjust R\ until op amp output is 0 
volts. 

STEP III ... GAIN ADJUST 
Turn all bits ON for binary DAC's (bits 1,4,5,8,9 and 12 
ON for BCD DAC's). Adjust R2 until op amp output is: 

BINARY BCD 
4.9988V for +5V Range 
9.9976 for +10V Range 

BIPOLAR DAC's' 

4.9950 for +5V Range 
9.9900 for + lOV Range 

Figure 1 b is a typical connection scheme for the ADS 6 3 
used in bipolar operation. 

STEP I ... OUTPUT RANGE 
Determine the output range required. For ±10V F .S., con
nect the external op amp output to Pin 11 and leave Pin 10 un
connected. For ±5V F.S., connect the external op amp out
put to Pin 10 and leave Pin 11 unconnected. For ±2.5V F.S., 
connect the external op amp output to Pin 10 and short 
Pin 11 to Pin 9. 

STEP II ... OFFSET ADJ UST 
Turn all bits OFF and adjust R3 until op amp output is: 

-2.5000V for ±2.5V Range 
-5 .OOOOV for ±5V Range 

-1O.0000V for ±10V Range 

STEP III ... GAIN ADJUST (Bipolar Zero) 
Turn bit 1 ON for Binary DAC's (bits 2 and 4 ON for BCD 
DAC's). Adjust R2 until op amp output is 0 volts. 



NOTE 1. 

I 
I 

-15V +5/+15V 

: .. -15V --- 11 

~1.. _________________________ - ____ : 
l~~~O~~~ OFFSET ADJ. A = ANALOG GROUND 

AD562 in Typical Unipolar and Bipolar Connection Scheme 

+5V/+15V 

-15V 

AD563 in Typical Unipolar Connection Scheme 

+5V/+15V 

BIPOLAR OFFSET 
ADJUST 

R3 
-15V 20U 1ST 

A. FOR TTL AND DTL COMPATIBILITY, CONNECT +5 VOL TS 
TO PIN 1 AND LEAVE PIN 2 OPEN. 

NOTE 2. IN UNIPOLAR OPERATION, Rx SHOULD BE MADE EOUAL TO 
THE PARALLEl COMBINATION OF THE INTERNAL FEEDBACK 
RESISTOR AND 6.6k. IN BIPOLAR, Rx EQUALS THE FEEDBACK 
RESISTOR IN PARALLEl WITH 1.8k. 

B. FOR LOW VOL TAGE CMOS COMPATIBILITY, CONNECT +5 
VOL TS TO PIN 1 AND SHORT PIN 2 TO PIN 1. 

C. FOR HIGH VOL TAGE CMOS COMPATIBILITY, CONNECT +15 
VOLTS TO PIN 1 AND SHORT PIN 2 TO PIN 1. 

NOTE 3. RESISTOR VALUES IN PARENTHESES ARE FOR BCD MODEl. 
NOTE 4. SUPPLIES MAY BE BYPASSED WITH O.l.F CAPACITORS. 

AD563 in Typical Bipolar Connection Scheme 
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24'LEAD SIOE·BAAZE CERAMIC DUAL IN-LINE PACKAGE 

AD562 

MODEL INPUT CODE 

ADS62KD/BIN Binary 
ADS62KN/BIN Binary 
ADS62KD/BCD Binary Coded Decimal 
ADS62KN/BCD Binary Coded Decimal 
ADS62AD/BIN Binary 
ADS62AD/BCD Binary Coded Decimal 
ADS62SD/BIN Binary 
ADS62SD/BCD Binary Coded Decimal 
ADS63JD/BIN Binary 
ADS63JN/BIN Binary 
ADS63JD/BCD Binary Coded Decimal 
ADS63JN/BCD Binary Coded Decimal 
ADS63KD/BIN Binary 
ADS63KN/BIN Binary 
ADS63KD/BCD Binary Coded Decimal 
ADS63KN/BCD Binary Coded Decimal 
ADS63SD/BIN Binary 
ADS63SD/BCD Binary Coded Decimal 
ADS63TD/BIN Binary 
ADS63TD/BCD Binary Coded Decimal 

I See Section 20 for package outline information. 
'To be available June 1982. 

PIN CONFIGURATIONS 
TOP VIEW 

ORDERING GUIDE 

TEMP. ACCURACY 
RANGE @ +2SoC 

o to +70
o
C ±1/2LSB max 

o to +70
o
C ±1/2LSB max 

o to +70
o
C ±1/2LSB max 

o to +70oC ±1/2LSB max 
- 2SoC to +8SoC ±1/2LSBrmax 
-25°C to +8S

o
C ±1/2LSB max 

-55°C to +12S
o
C ±1/4LSB max 

-55°C to +12SoC ±1/10LSB max 
o to +70

o
C ±1/2LSB max 

o to +70oC ±1/2LSB max 
o to +70°C ±1/2LSB max 
o to +70oC ±1/2LSB max 
o to +70

o
C ±1/4LSB max 

o to +70oC ±1/4LSB max 
o to +70

o
C ±1/4LSB max 

o to +70
o
C ±1/4LSB max 

-55°C to +12S
o
C ±1/4LSB max 

-55°C to +12S
o
C ±1/4LSB max 

-55°C to +12S
o
C ±1/4LSB max 

-55°C to +12S oC ±1/4LSB max 
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AD563 

GAIN T.C. PACKAGE! 
(of F.S.l°C) OPTIONS 

3ppm max D24A 
3ppmmax N24A2 
3ppm max D24A 
3ppm max N24A2 
3ppm max D24A 
3ppm max D24A 
3ppm max D24A 
3ppm max D24A 
SOppm max D24A 
SOppm max N24A2 
SOppm max D24A 
SOppm max N24A2 
20ppm max D24A 
20ppm max N24A2 
20ppm max D24A 
20ppm max N24A2 
30ppm max D24A 
30ppm max D24A 
lOppm max D24A 
lOppm max D24A 



r.ANALOG 
WDEVICES 

FEATURES 
Single Chip Construction 
Very High Speed: Settles to 1/2LSB in 200ns 

Full Scale Switching Time: 30ns 
High Stability Buried Zener Reference on Chip 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2L~B max 

(AD565K, T) 
Low Power: 225mW Including Reference 
Pin-Out Compatible with AD563 
Low Cost 

PRODUCT DESCRIPTION 
The AD565 is a fast 12-bit digital-to-analog converter combined 
with a high stability voltage reference on a single monolithic 
chip. TheAD565 chip uses 12 precision, high speed bipolar cur
rent steering switches, control amplifier,laser-trimmed thin film 
resistor network, and buried Zener voltage refere~ce to pro
duce a very fast, high accuracy analog output current. 

The combination of performance and flexibility in the AD565 
has resulted from major innovatio}ls in circuit design, an im
portant new high-speed bipolar process, and continuing ad
vances in laser-wafer-trimming techniques (LWT). The AD565 
has a10 - 90% full scale transition time under 35 nanoseconds 
and settles to within ±1/2LSB in 200 nanoseconds. AD565 
chips are laser-trimmed at the wafer level to ±1/8LSB typical 
linearity and are specified to ±1/4LSB max error (K and T 
grades) at +2S

o
C. This high speed and accuracy make the 

AD565 the ideal choice for high speed display drivers as well 
as fast analog-to-digital converters. 

The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best dis
crete reference diodes. The laser trimming process which pro
vides the excellent linearity is also used to trim both the abso
lu te value of the reference as well as its temperature coefficient. 
The AD565 is thus well suited for wide temperature range 
performance with maximum linearity error ±1/2LSB and 
guaranteed monotonicity over the full tempera~ure range. 
Typical full scale gain T.C. is lOppm/C. 

The AD565 is available in four performance grades and two 
package types. The AD565J and K are specified for use over 
the 0 to 70°C temperature range and are both available in 
either a 24-pin, hermetically-sealed, side-brazed ceramic DIP 
or a 24 pin plastic DIP. The AD565S and T grades are specified 
for the -55° C to + 12 5° C range and are available in the 
ceramic package. 

·Covered by Patent Nos. 3,803,590; 3,747,088; 4,020,486; 
RE 28,633;4,213,806;4,136,349. 

Complete High Speed 12-Bit 
Monolithic D/A Converter 

AD565*1 
AD565 PIN CONFIGURATION 

24 LEAD DUAL IN·lINE PACKAGE 

PRODUCT HIGHLIGHTS 
1. The AD565 is a self-contained current output DAC and .. 

voltage reference fabricated on a single IC chip. I 
2. The device incorporates a newly developed· fu lly differen

tial, non-saturating precision current switching cell structure 
which combines the dc accuracy and stability first developed 
in the AD562 with very fast switching times and an opti
mally-damped settling characteristic. 

3. The internal buried zener reference is laser-trimmed to 
10.00 volts with a ±1% maximum error. The reference volt
age is available externally and can supply up to l.5mA 
beyond that required for the reference and bipolar offset 
resistors. 

4. The chip also contains SiCr thin film application resistors 
whieh can be used either with all external op amp to pro~ . 
vide a precision voltage output or as input resistors for a 
successive approximation AID converter. The resistors are 
matched to the internal ladder network to guarantee a low 
gain temperature coefficient and are laser-trimmed for mini
mum full scale and bipolar offset errors. 

5. The pin-out of the AD565 is compatible with the industry
standard AD563 so that a system can easily be upgraded to 
higher speed performance without board changes. 

6. The single-chip construction makes the AD565 inherently 
more reliable than hybrid multi-chip designs, The AD565S 
and T grades with guaranteed linearity and monotonicity 
over the -55°C to +125°C range are especially recommended 
for high reliability needs in harsh environments. These units 
are available processed to MIL-STD-883, Level B. 
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SPECIFICATIONS (T A = +25°e, Vee = + 15V, VEE = -15V, unless otherwise specified) 

AD565J AD565K 
MODEL MIN TYP MAX MIN TYP MAX UNITS 

DATA INPUTS (Pins 13 to 24) 
TTL or 5 Volt CMOS (Tmin to Tm.,.) 

Input Voltage 
Bit ON Logic "I" +2.0 +5.5 +2.0 +5.5 V 
Bit OFF Logic "0" +O.S +O.S V 

Logic Current (each bit) 
Bit ON Logic "1" +120 +300 +120 +300 IJA 
Bit OFF Logic "0" +35 +100 +35 +100 IJA 

RESOLUTION 12 12 Bits 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 rnA 
Bipolar (all bits on or off) ±O.S ±l.0 ±l.2 ±O.S ±l.0 ±l.2 rnA 

Resistance (exclusive of span 
resistors) 6k Sk 10k 6k Sk 10k n 

Offset 
Unipolar 0.01 0.05 0.01 0.05 % of F.S. 
Bipolar (SOn fixed) 0.05 0.15 0.05 0.1 % of F.S. 

Capacitance 25 25 pF 
Compliance Voltage 

Tmin toTmax -1.5 +10 -1.5 +10 V 

ACCURACY (error relative to 
full scale) +2S

o
C ±1/4 ±1I2 ±liS ±1/4 LSB 

(0.006) (0.012) (0.003) (0.006) % of F.S. 
Tmin to Tm.,. ±112 ±3/4 ±1/4 i1l2 LSB 

(0.012) (lUll!!) (0.006) (0.012) % of F.S. 

DIFFERENTIAL NONLINEARITY 
+2S

o
C ±112 i3/4 i1/4 ±1I2 LSB 

Tmin to Tm.,. MONOTONICn:y GUARANTEED MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero I 2 1 2 ppm/oC 
Bipolar Zero ,5 1.0 5 10 ppm/C 
Gain (Full Scale) IS 30 10 20 ppm/oC 
Differential Nonlinearity 2 2 ppm/oC 

SETTLING TIME TO 1I2LSB 
All Bits ON-to-OFF or OFF-to-ON 200 400 200 400 ns 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 15 30 15 30 ns 
90% to 10% Delay plus Fall Time 30 50 30 50 ns 

TEMPERATURE RANGE 
Operating 0 +70 0 +70 °c 
Storage (D Package) -65 .150 -65 +150 "C 
Storage (N Package) -25 +100 -25 +100 °c 

POWER REQUIREMENTS 
Vee. +13.5 to +16.SV dc 3 5 3 5 rnA 
VEE. -13.5 to -16.SV dc -12 -IS -12 -IS rnA 

POWER SUPPLY GAIN SENSITIVITY. 
Vee = +15V. il0% 3 10 3 10 ppm of F.S.I% 
VEE = -15V. il0% I~ 25 15 25 ppm of F.S.I% 

PROGRAMMABLE OUTPUT 
" 

RANGE o to +5 o to +5 V 
-2.5 to +2.5 -2.5 to +2.5 V 
o to +10 Oto +10' V 
-5 to +5 -5 to +5 V 
-10 to +10 -10 to +10 V 

EXTERNAL ADJ USTMENTS 
Gain Error with Fixed SOn 

Resistor ±0.1 iO.2S iO.1 iO.2S % of F.S. 
Bipolar Zero Error with Fixed 

son Resistor iO.OS ±O.IS iO.OS ±0.1 % of F.S. 
Gain Adjustment Range ±0.2S ±0.2S % of F.S. 
Bipolar Zero Adjustment Range ±O.lS ±0.15 % of F.S. 

REFERENCE INPUT 
Input Impedance 15k 20k 2Sk 15k 20k 2Sk n 

REFERENCE OUTPUT 
Voltage 9.90 10.00 10.10 9.90 10.00 10.10 V 
Current (available for external 

loads) 1.5 2.5 1.5 2.5 rnA 

POWER DISSIPATION 225 ~45 225 345 mW .. SpeCifICatiOnS subject to change without notice . 
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ADS6SS ADS6ST 
MODEL MIN TYP MAX MIN TYP MAX UNITS 

DATA INPUTS (Pins 13 to 24) 
TTL or 5 Volt CMOS (Tm .. to Tmax) 

Input Voltage 
Bit ON Logic "I .. +2.0 +5.5 +2.0 +5.5 V 
Bit OFF Logic ,"0" +0.8 +0.8 V 

Logic Current (each bit) 
Bit ON Logic "1" +120 +300 +120 +300 p.A 
Bit OFF Logic "0" +35 +100 +35 +100 p.A 

RESOLUTION 12 12 Bits 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 rnA 
Bipolar'(all bits on or off) ±0.8 ±1.0 ±1.2 ±0.8 ±1.0 ±1.2 rnA 

Resistance (exclusive of span 
resistors) 6k 8k 10k 6k 8k 10k n 

Offset 
Unipolar 0,01 0.05 0,01 0.05 % of F.S. 
Bipolar (SOfl fixed) (},05 0,15 0,05 0.1 % of F.S. 

Capacitance 25 25 pF 
Compliance Voltage 

Tmin to Tmax -1.5 +10 -1.5 +10 V 

ACCURACY (error relative to 
full scale) +25°C ±l/4 ±1/2 ±1/8 ±1/4 LSB 

(0.006) (0.012) (0.003) (0.006) % of F.S. 
Tmin to Tmax ±1/2 ±3/~ ±114 ±112 LSB 

«(},012) (0.018) (0.006) (0.012) % of F.S. 

DIFFERENTIAL NONLINEARITY 
+2SoC ±1/2 ±3/~ ±1/4 ±1/2 LSB 
Tmin to Tmax MONOTONICITY GUARANTEED ;\10NOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero I 2 1 2 ppm/C 
Bipolar Zero 5 10 5' 10 ppm/C 
Gain (Full Scale) 15 30 10 15 ppm/oC 
Differential Nonlinearity 2 2 ppm/oC 

II 
SETTLING TIME TO 1/2LSB 

AII'Bits ON-to-OFF or OFF-to-ON 200 400 200 400 ns 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 15 30 15 .30 ns 
90% to 10% Delay plus Fall Time 30 50 30 50 ns 

TEMPERATURE RANGE 
Operating -55 +125 -55 +125 °c 
Storage (D Package) -65 +150 -65 +150 °c 

POWER REQUIREMENTS 
Vee. +13.5 to +16.5V de 3 5 3 5 mA 
VEE. -U.S to -16.SV dc -12 -18 -12 -18 rnA 

POWER SUPPL Y GAIN SENSITIVITY 
Vee = +15V. ±10% 3 10 3 10 ppm of F.S.I% 
VEE = -ISV. ±10% 15 25 15 25 ppm of F.S.I% 

PROGRAMMABLE OUTPUT 
RANGE o to +5 o to +5 V 

-2.5 to +2.5 -2.5'to +2.5 V 
o to +10 o to +10 V 
-5 to +5 -5 to +5 V 
-10 to +10 -10 to +10 V 

EXTERNAL AD} USTMENTS 
Gain Error with Fixed son 

Resistor ±0.1 iO.25 ±O.I ±0.25 % ofE.S. 
Bipolar Zero Error with Fixed 

son Resistor to.05 ±0,15 ±0.05 iO.l % of F.S. 
.Gain Adjustment Range iO.2S ±0,25 % of F.S. 
B~olar Zero Adjustment Range iO.15 ±0.15 % of F.S. 

'REFERENCE INPUT 
Input Impedance 15k 20k 25k 15k 20k 25k n 

REFERENCE OUTPUT 
Voltage 9.90 10.00 10.10 9.90 10.00 10.10 V 
Current (available for external 

loads) 1.5 2.5 1.5 2.5 mA 

POWER DISSIPATION 225 34S 225 345 rnW .. 
SpeCifications subject to change Without notice. 
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ABSOLUTE MAXIMUM RATINGS 

vee to Power Ground ................... OV to + 18V 
VEE to Power Ground ................... OV to -18V 
Voltage on DAC Output (Pin 9) ... " ........ -3V to +12V 
Digital Inputs (Pins 13 to 24) to Power Ground .... -1.0V to 

+7.0V 
Ref In to Reference Ground ................... ±12V 
Bipolar Offset to Reference Ground ..... ~" ....... ± 12 V 
lOV Span R to Reference Ground ........•...... ±12V 
20V Span R to Reference Ground ............... ±24V 
Ref Out. .............. Indefinite short to power ground 

Momentary Short to Vee 
Power Dissipation ........................ 1000mW 

THE ADS6S OFFERS TRUE 12-BIT PERFORMANCE OVER 
THE FULL TEMPERATURE RANGE 
ACCURACY: Analog Devices defines accuracy as the maxi
mum deviation of the actual, adjusted DAC output from the 
ideal analog output (a straight line drawn from 0 to F.S.
lLSB) for any bit combination. The ADS6S is laser trim-
med to 1I4LSB (0.006% of F.S.) maximum error at +2S

o
C 

for the K and T Versions-1I2LSB for the J and S. 

MONOTONICITY: A DAC is said to be monotonic if the out
put either increases or remains constant for increasing digital 
inputs such that the output will always be a non-decreasing 

function of the input. All versions of the ADS6S are monotonic 
over their full operating temperature range. 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential linearity error be less than 
1LSB both at +2SoC and over the temperature range of inter
est. Differential nonlinearity is the measure of the variation in 
analog value, normalized to full scale, associated with a 1LSB 
change in digital input code. For example, for a 10 volt full 
scale output, a change of 1 LSB in digital input code should 
result in a 2.44mV change in the analog output (lLSB = 10V x 
114096 = 2.44mV). If in actual use, however, a 1LSB change in 
the input code results in a change of only 0.61mV (l/4LSB) in 
analog output, the differential linearity error would be 
1.83mV, or 3/4LSB. The AD565K and T have a max differen
tiallinearity error of 1I2LSB, which is a tighter specification, 
than to simply guarantee monotonicity. 

The differential nonlinearity temperature coefficient must also 
be considered if the device is to remain monotonic over its full 
operating temperature range. A differential nonlinearity temper
ature coefficient of 1.0ppm/ C could under worst case condi
tions for a temperature change of +2SoC to +12SoC add 0.01% 
(l00 x 1.0ppm/oC of error). The resulting error could then be 
as much as 0.01% + 0.006% = 0.016% of F.S. (l/2LSB repre
sents 0.012% of F.S.). To be sure of accurate performance 

'all versions of the AD565 are therefore 100% tested for 
monotonicity over the full operating temperature range. 

AD565 ORDERING GUIDE 

MODEL PACKAGE TEMP RANGE 

AD565JD/BIN Ceramic o to +70°C 
AD565KD/BIN Ceramic o to +70

o
C 

AD565SD/BIN Ceramic -55°C to +125°C 
AD565SD/BIN/883 B Ceramic -55°C to +125°C 
AD565TD/BIN Ceramic -55°C to +125°C 
AD565TD/BIN/883B Ceramic -55~C to +125°C 
I See Section 20 for package outline information. 

I 
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LINEARITY 
ERROR MAX 

@ 25°C 

±1I2LSB 
±1I4LSB 
±1/2LSB 
±1I2LSB 
±1I4LSB 
±1/4LSB 

MAX GAIN T.C. 
(ppm of F.S./C) 

30 
20 
30 
30 
15 
15 

PACKAGE 
STYLEt 

D24A 
D24A 
D24A 
D24A 
D24A 
D24A 



r.ANALOG 
WDEVICES 

FEATURES 
Single Chip Construction 
Very High Speed: Settles to 1/2LSB in 250ns max 

Full Scale Switching Time: 30n5 
High Stability Buried Zener Reference on Chip 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 

(AD565AK, T) . 
Guaranteed for Operation with ±12V Supplies 
Low Power: 225mW Including Reference 
Pin-Out Compatible with AD563, AD565 
Low Cost 

PRODUCT DESCRIPTION 
The AD565A is a fast 12-bit digital-to-analog converter com
bined with a high stability voltage reference on a single mono
lithic chip. The AD565A chip uses 12 precision, high speed 
bipolar current steering switches, control amplifier, laser-trim
med thin film resistor network, and buried Zener voltage ref
erence to produce a very fast, high accuracy analog output 
current. 

The combination of performance and flexibility in the AD565A 
has resulted from major innovations in circuit design, an im
portant new high-speed bipolar process, and continuing ad
vances in laser-wafer-trimming (LWT) techniques. The AD565A 
has a 10 - 90% full scale transition time under 35 nanoseconds 
and settles to within ± 1I2LSB in 250 nanoseconds max. The 
AD565A chips are laser-trimmed atthe waferlevel to ±1I8LSB 
typical linearity and are specified to ±1/4LSB max error (K 
and T grades) at +25°e. This high ,speed and accuracy make 
the AD565A the ideal choice for high speed display drivers as 
well as fast analog-to-digital converters. 

The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best dis
crete reference diodes. The laser trimming process which pro
vides the excellent linearity is also used to trim both the abso
lu te value of the reference as well as its temperature coefficient. 
The AD565A is thus well suited for wide temperature range 
performance with maximum linearity error ±1I2LSB and 
guaranteed monotonicity over the full temperature range. 
Typical full scale gain T.e. is lOppm/C. 

The AD565A is available in four performance grades. The 
AD565AJ and K are specified for use over 0 to +70

0
C tem

perature range and are available in a 24-pin hermetically
sealed, side-brazed ceramic DIP. The AD565AS and T grades 
are specified for the -55°C to +125°C range and are available 
in the ceramic package. 

·Covered by Patent Nos.: 3,803,590; RE 28,633;4,213,806; 
4,136,349. 

Complete High Speed 12-Bit 
Monolithic 0/ A Converter 

REF IN 

AD565A* I 
AD565A FUNCTIONAL BLOCK DIAGRAM 

11 20V SPAN 

10 10V SPAN 

OAe 
9 OUT 

.... '-11~-4--<> 

MSB ------la_ LSB 

24-PIN DUAL IN LINE PACKAGE 

PRODUCT HIGHLIGHTS 
1. The AD565A is a self-contained current output DAC and 

voltage reference fabricated on a single IC chip. 

2. The device incorporates a newly developed, fully differen
tial, non-saturating precision current switching cell structure 
which combines the dc accuracy and stability first developed 
in the AD562 with very fast switching times and an opti
mally-damped settling characteristic. 

3. The internal buried zener reference is laser-trimmed to 
10.00 volts with a ±1% maximum error. The reference volt
age is available externally and can supply up to 1.5mA 
beyond that required for the reference and bipolar offset 
resistors. 

4. The chip also contains SiCr thin film application resistors 
which can be used either with an external op amp to pro
vide a precision voltage output or as input resistors for a 

. successive approximation AID converter. The resistors are 
matched to the internal ladder network to guarantee a low 
gain temperature coefficient and are laser-trimmed for mini
mum full scale and bipolar offset errors.'-

5. The pin-~ut of the AD565A is compatible with the industry
standard AD563, AD565 so that a system can easily be up
graded to higher speed performance without board changes. 

6. The single-chip construction makes the AD565A inherently 
more reliable than hybrid multi-chip designs. The AD565AS 
and T grades with guaranteed linearity and mono tonicity 
over the -5 5° C to + 12 5° C range are especially recommended 
for high reliability needs in harsh environments. These units 
are available processed to MIL-STD-883, Level B. 
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SPECIFICATIONS (TA =+25°C, VCC=+15V, VEE =-15V, unless otherwise specified) 
ADS6SAJ 

MODEL MIN TYP MAX 

DATA INPUTS I (Pins 13 to 24) 
TTL or 5 Volt CMOS 

Input Voltage 
Bit ON Logic "I" +2.0 +5.5 
Bit OFF Logic "0" +0.8 

Logic Current (each bit) 
Bit DN Logic "I" +120 +300 
Bit DFF Logic "0" +35 +100 

RESDLUTION 12 

DUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 
Bipolar (all bits on or off) ±0.8 ±1.0 ±1.2 

Resistance (exclusive of span 
resistors) 6k Ski 10k 

Dffset 
Unipolar 0.01 0.05 
Bipolar (Figure 3, R2 ;, son fixed) 0.05 0.15 

Capacitance 25 
Compliance Voltage 

Tmin to Tmax -1.5 +10 

ACCURACY (error relative to 
full scale) +25°C ±1/4 ±1/2 

(0.006) (0.012) 
Tmin to Tmax ±1/2 ±3/4 

(0.012) (O.OIS) 

DIFFERENTIAL NDNLlNEARITY 
+2S

o
C ±1/2 ±3/4 

Tmin to Tmax MDNDTDNICITY GUARANTEED 

TEMPERATURE CDEFFICIENTS 
With Internal Reference 

Unipolar Zero 1 2 
Bipolar Zero 5 10 
Gain (Full Scale) 15 50 
Differential Nonlinearity 2 

SETTLING TIME TO. 1I2LSB 
All Bits ON·to·OFF or OFF·to·DN· 150 I 250 

FULLSCALETRAN~TION 

10% to 90% Delay plus Ri~e Time IS 30 
90% to 10% Delay plus Fall Time 30 50 

TEMPERATURE RANGE 
Dperating 0 +iO 
Storage -65 +150 

POWER REQUIREMENTS 
Vee, +11.4 to +16.5V dc 3 5 
VEE, -11.4 to -16.5V dc -12 -IS 

PDWER SUPPLY GAIN SENSITIVITy2 

Vee = +11.4 to +16.5V dc 3 10 
VEE = -11.4 to -16.5V dc IS 25 

PRDGRAMMABLE OUTPUT 
RANGE (see Figures 2,3,4) o to +5 

-2.5 to +2.5 
o to +10 
-5 to +5 
-10 to +10 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed son 

, Resistor for R2 (Figure 2) ±0.1 iO.25 
Bipolar Zero Error with Fixed 

son Resistor for Rl (Figure 3) ±O.OS ±O.IS 
Gain Adjustment Range (Figure 2) ±0.2S 
Bipolar Zero Adjustment Range ±O.ls 

REFERENCE INPUT 
Input Impedance 15k 20k 25k 

REFERENCE DUTPUT 
Voltage 9.90 10.00 10.10 
Current (available for external 

loads») 1.5 2.5 

POWER DISSIPATIDN 225 345 

NOTES 
1 The digital inputs arc guaranteed but not tested oyer the operating temperature range. 
'The power supply gain sensitivity is tested in reference to. Vee. VEE of ilSV de. 
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ADS6SAK 
MIN TYP MAX UNITS 

+2.0 +5.5 V 
+0.8 V 

+170 +300 p,A 
+35 +100 p,A 

12 Bits 

-1.6 -2.0 -2.4 rnA 
±O.S ±l.0 ±1.2 rnA 

6k Sk 10k n 

0.01 0.05 % ofF.S. 
0.05 0.1 % of F.S. 
25 pF 

-1.5 +10 V 

±l/S ±1/4 LSB 
(0.003) (0.006) % of F.S. 
±114 ±112 LSB 
(0.006) (0.012) % of F.S. 

±1/4 ±1/2 LSB 
MONOTO,NICITY GUARANTEED 

1 2 ppm/oC 
5 10 ppm/oC 
10 20 ppm/oC 
2 ppm/oC 

150 250 ns 

15 30 ns 
30 50 ns 

0 +70 °c 
-65 +150 °c 

3 5 rnA 
-12 -IS rnA 

3 10 ppm of F.S.I% 
15 25 ppm 0' F.S.I% 

o to +5 V 
-2.5 to +2.5 V 
o to +10 V 
-5 to +5 V 
-10 to +10 V 

±0.1 iO.25 % of F.S. 

iO.05 iO.1 % of F.S. 
±0.25 % of F.S. 
±O.ls %ofF.S. 

15k 20k 25k n 

9.90 10.00 10.10 V 

1.5 2.5 rnA 

225 345 mW 

, For operation at elevated temperatures the reference cannot supply current for 
external loads. It. therefore. should be buffered if additional loads are to be supplied. 

Specifications subject to change without notice. 



AD565AS AD565AT 
MODEL MIN TYP MAX MIN TYP MAX UNITS 

DATA INPUTS· (Pins 13 to 24) 
TTL or 5 Volt CMOS 

Input Voltage 
Bit ON Logic "I" +2.0 +5.5 +2.0 +5.5 V 
Bit OFF Logic "0" +o.s +o.s V 

Logic Current (each bit) 
Bit ON Logic "1" +120 +300 +170 +300 IlA 
Bit OFF Logic "c" +35 +100 +35 +100 IlA 

RESOLUTION 12 12 Bits 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 rnA 
Bipolar (all bits on or off) ±o.s ±l.0 ±l.2 ±O.S ±1.0 ±1.2 rnA 

Resistance (exclusive of span 
resistors) 6k 8k 10k 6k Sk 10k n 

Offset f,l 

Unipolar 0.01 0.05 0.01 0.05 % of I'.S. 
Bipolar (Figure 3. R2 = son fixed) 0.05 0.15 0.05 0.1 % of F.S. 

Capacitance 25 25 pI' 
Compliance Voltage 

TmintoTmax -1.5 +10 -1.5 +10 V 

ACCURACY (error relative to 
full scale) + 2 5° C ±1I4 ±112 ±I/S ±1/4 LSB 

(0.006) (0.012) (0.003) (0.006) % of F.S. 
Tmin to Tmax ±1/2 ±3/4 ±1I4 ±1/2 LSB 

(0.012) (0.018) (0.006) (0.012) % of F.S. 

DIFFERENTIAL NONLINEARITY 
+25°C ±1/2 ±3/4 ±1I4 ±1/2 LSB 
Tmin toTmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero 1 2 I 2 ppml"C 
Bipolar Zero 5 10 5 10 ppml"C 
Gain (Full Scale) 15 30 10 15 ppml"C 
Differential Nonlinearity 2 2 ppml"C 

III 
SETTLING TIME TO 1/2LSB 

All Bits ON-to-OFF or OFF-to-ON 150 250 150 250 ns 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time IS 30 IS 30 ns 
90% to 10% Delay plus Fall Time 30 50 30 50 ns 

TEMPERATURE RANGE 
Operating -55 +125 -55 +125 °c 
Storage -65 +150 -65 +150 °c 

POWER REQUIREMENTS 
Vee. + 11.4 to + 16.5V dc 3 5 3 5 rnA 
VEE, -11.4 to -16.5V dc -12 -18 -12 -18 rnA 

POWER SUPPLY GAIN SENSITIVITy2 

Vee = +11.4 to +16.5V dc 3 10 3 10 ppm of F.S./% 
VEE = -11.4 to -16.5V dc IS 25 15 25 ppm of F.S./% 

PROGRAMMABLE OUTPUT 
RANGES (see Figures 2,3,4) o to +5 o to +5 V 

-2.5 to +2.5 -2.5 to +2.5 V 
o to +10 o to +10 V 
-5 to +5 -5 to +5 V 
-10 to +10 -10 to +10 V 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed son 

Resistor for R2 (Figure 2) ±0.1 iO.25 ±0.1 iO.2S % of F.S. 
Bipolar Zero Error with Fixed 

son Resistor for Rl (Figure 3) ±0.05 ±O.IS ±0.05 ±0.1 % ofF.S. 
Gain Adjusonent Range (Figure 2) ±0.2S ±0.2S % ofF.S. 
Bipolar Zero Adjusonent Range ±O.lS ±0.15 % of F.S. 

REFERENCE INPUT 
Input Impedance 15k 20k 2Sk 15k 20k 25k n 

REFERENCE OUTPUT 
Voltage 9.90 10.00 10.10 9.90 10.00 10.10 V 
Current (available for external 

loads)3 1.5 2.5 1.5 2.5 rnA 

POWER DISSIPATION 225 345 225 345 mW 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

Vee to Power Ground ................... OV to +18V 
VEE to Power Ground ................... OV to -18V 
Voltage on DAC Output (Pin 9) ............ -3V to +12V 
Digital Inputs (Pins 13 to 24) to Power Ground .... -1.0V to 

+7.0V 
Ref In to Reference Ground ................... ±12V 
Bipolar Offset to Reference Ground .............. ±12V 
10V Span R to Reference Ground ............... ±12V 
20V Span R to Reference Ground ............... ±24 V 
Ref Out ............... Indefinite short to power ground 

Momentary Short to Vee 
Power Dissipation.' ...................... ' .1000mW 

THE ADS6SA OFFERS TRUE 12-BIT PERFORMANCE 
OVER THE FULL TEMPERATURE RANGE 

ACCURACY: Analog Devices defines accuracy as the maxi
mum deviation of the actual, adjusted DAC output (see next 
page) from the ideal analog output (a straight line drawn from 0 
to F.S. - lLSB) for any bit combination. The AD56SA is laser 
trimmed to 1I4LSB (0.006% of F.S.) maximum error at +2S

o
C 

for the K and T Versions-1I2LSB for the J and S. 

MONOTONICITY: A DAC is said to be monotonic if the out
put either increases or remains constant for increasing digital 
inputs such that the output will always be a non-decreasing 

function of the input. All versions of the ADS6SA are mono
tonic over their full operating temperature range. 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential linearity error be less than 
1LSB both at +25°C and over the temperature range of inter
est. Differential nonlinearity is the measure of the variation in 
analog value, normalized to full scale, associated with a lLSB 
change in digital input code. For example, for a 10 volt full 
scale output, a change of 1LSl3 in digital input code should 
result in a 2.44mV change in the analog output (lLSB = lOV x 
114096 = 2.44mV). If in actual use, however, a 1LSB change in 
the input code results in a change of only 0.61mV (l/4LSB) in 
analog output, the differential linearity error would be 
1.83mV, or 3/4LSB. The ADS6SAK and T have a max differen
tiallinearity error of 1/2LSB, which is a tighter specification 
than to simply guarantee monotonicity. 

The differential nonlinearity tempe~ature coefficient must also 
be considered if the device is to remain monotonic over its full 
operating temperature range. A differential nonlinearity temper
ature coefficient of 1.0ppm/oC could under worst case condi
tions for a temperature change of +2SoC to +12SoC add 0.01% 
(l00 x 1.0ppm/oC of error). The resulting error could then be 
as much as 0.01% + 0.006% = 0.016% of F.S. (1I2LSB repre
sents 0.012% of F.S.). To be sure of accurate performance 
all versions of the ADS6SA are therefore 100% tested for 
monotonicity over the full operating temperature range. 

ADS6SA ORDERING GUIDE 

LINEARITY 
ERROR MAX MAX GAIN T.C. Package 

MODEL PACKAGE TEMP RANGE @2SoC (ppm of F.S./°C) Stylel 

ADS6SAJN/BIN Plastic o to +70°C ±1/2LSB SO N24A 
ADS6SAjD/BIN Ceramic o to +70oC ±1I2LSB SO D24A 
ADS6SAKN/BIN Plastic o to +70

o
C ±1/4LSB 20 N24A 

ADS6SAKD/BIN Ceramic o to +70
o
C ±1/4LSB 20 D24A 

ADS6SASD/BIN Ceramic -55°C to +12SoC ±1/2LSB 30 D24A 
ADS6SASD/BIN/883B Ceramic -SSoC to +12SoC ±1/2LSB 30 D24A 
ADS6SATD/BIN Ceramic -55°C to +12SoC ±1/4LSB 15 D24A 
ADS6SATD/BIN/883B Ceramic -SSoC to +12S oC ±1/4LSB 15 D24A 

J See Section 20 for package outline information .. 
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L, _________________________ A_pp_ly_ing __ th_e_AD_5_65_A~ 
CONNECTING THE ADS6SA FOR BUFFERED VOLTAGE 
OUTPUT 
The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred trim
ming techniques. If alow offset operational amplifier (ADS lOL, 
AD517L, AD741L, AD301AL, AD OP-07) is used, excellent 
performance can be obtained in many situations without trim
ming (an op amp with less than 0.5mV max offset voltage 
should be used to keep offset errors below 1I2LSB). If a son 
fixed resistor is substituted for the lOOn trimmer, unipolar 
zero will typically be within ±1/2LSB (plus op amp offset), 
and full scale accuracy will be within 0.1 % (0.2S% max). 
Suhstituting a SOn resistor for the lOOn bipolar offset trim
mer will give a bipolar zero error typically within ±2LSB 
(O.OS%). ' 
The ADS09 is recommended for buffered voltage-output appli
cations which require a settling time to ±1I2LSB of one micro
second. The feedback capacitor is shown with the optimum 
value for each application; this capacitor is required to compen
sate for the2S picofarad DAC output capacitance. 

FIGURE 2. UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to +10 volt output 
range. In this mode, the bipolar terminal, pin 8, should be 
grounded if not used for trimming. 

STEP I ... ZERO ADJ UST 
Turn all bits OFF and adjust zero trimmer Rl, until the out
put reads 0.000 volts (ILSB = 2.44mV). In most cases this trim 
is not needed, but pin 8 should then be connected to pin 12. 

STEP II ... GAIN ADJ UST 
Turn all bits ON and adjust lOOn gain trimmer R2, until the 
output is 9.9976 volts. (Full scale is adjusted to lLSB less than 
nominal full scale of 10.000 volts.) If a 1O.237SV full scale is 
desired (exactly 2.SmV/bit), insert a 120n resistor in series 
with the gain resistor at pin 10 to the op amp output. 

FIGURE 3. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
-S.OOO to +4.9976 volts, with positive full scale occurring with 
all bits ON (aliI's). 

STEP I ... OFFSET ADJUST 
Turn OFF all bits. Adjust lOOn trimmer Rl to give -5.000 
volts output. 

STEP II ... GAIN ADJUST 
Turn ON All bits. Adjust lOOn gain trimmer R2 to give a 
reading of +4.9976 volts. 

Please note that it is not necessary to trim the op amp to ob
tain full accuracy at room temperature. In most bipolar situa
tions, an op amp trim is unnecessary unless the untrimmed off
set drift of the op amp is excessive. 

FIGURE 4. OTHER VOLTAGE RANGES 
The ADS6SA can also be easily configured for a unipolar 0 to 
+S volt range or ±2.S volt and ±10 volt bipolar ranges by using 
the additional Sk application resistor provided at the 20 volt 
span R terminal, pin 11. For a S volt span (0 to +5 or ±2.S)" 
the two Sk resistors are used in parallel by shorting pin 11 to 
pin 9 and connecting pin 10 to the op amp output and the 
bipolar offset either to ground for unipolar or to REF OUT 
'for the bipolar range. For the ±10 volt range (20 volt span) 
use the Sk resistors in series by connecting only pin 11 to the 
op amp output and the bipolar offset connected as shown. 
The ±10 volt option is shown in Figure 4. 

BIT 1 IMSB) IN 

BIT 12 (lSBI IN 

Figure 1. 

Figure 2. 0 to +10V Unipolar Voltage Output 

Rl 
loon 

Figure 3. ±5V Bipolar Voltage Output 

Vee 

Rl 
loon 

AD565A 

11 20V SPAN 

Figl)re 4. ±10V Voltage Output 
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INTERNAL/EXTERNAL REFERENCE USE 
The AD565A has an internal low-noise buried zener diode refer
ence which is trimmed for absolute accuracy a!ld temperature 
coefficient. This reference is buffered and optimized for use 
in a high speed DAC and will give long-term stability equal 
or superior to the best discrete zener reference diodes. The 
performance of the AD565A is specified with the internal refer
ence driving the DAC since all trimming and testing (especially 
for full scale and bipolar) is done in this configuration. 

The AD565A can be used with an external reference, but may 
not have sufficient trim range to accommodate a reference 
which does not match the internal reference. For external 
reference applications, the AD566A series is recommended. 

The internal reference has sufficient buffering to drive external 
circuitry in addition to the reference currents required for the 
DAC (typically 0.5mA to Ref In and 1.0mA to Bipolar Offset, 
if used). A minimum of 1.5mA is available for driving external 
circuits. For use over the extended temperature range, however, 
a buffer should be used to preserve the accuracy. The refer
ence is typically trimmed to ±0.2%, then tested and guaran
teed to ±1.0% max error. The temperature coefficient is 
comparable to that of the full scale TC for a particular grade. 

DIGITAL INPUT CONSIDERATIONS 
The' AD565A uses a standard positive true straight binary code 
for unipolar outputs (alII's give full scale output), and an 
offset binary code for bipolar output ranges. In the bipolar 

. mode, with all O's on the inputs, the output will go to negative 
full scale; with 100 ... 00 (only the MSB on), the output will 
be 0.00 volts; with all 1 's, the output will go to positive full 
scale. 

The threshold of the digital input circuitry is set at 1.4 volts 
and does not vary with supply voltage. The input lines can 
interface with any type of 5 volt logic, TTL/DTL or CMOS, 
and have sufficiently low input currents to interface easily 
with unbuffered CMOS logic. The configuration of the input 
circuit is shown in Figure 5. The input line can be modeled as 
a 30kr2 resistance connected to a -0.7V rail. 

DIGITAL 
INPUTS 

(PINS 13 TO 24) *"5pF 

POWER / 
GND ~-= 

30kn 

.... -O.7V 

0----0 TO LOGIC 

Figure 5. Equivalent Digital Input Circuit 
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GROUNDING RULES 
The AD565A brings out separate reference and power grounds 
to allow optimum connections for low noise and high speed 
performance. These grounds should be tied together at one 
point, usually the device power ground. The separate ground 
returns are provided to minimize current flow in low-level 
signal paths. In this way, logic return currents are not sum
med into the same return path with analog signals. 

The reference ground at pin 5 is the ground point for the 
internal reference and is thus the "high quality" ground for 
the AD565A; it should be connected directly to the analog 
reference point of the system. The power grouno at pin 12 
can be connected to the most convenient ground point; 
analog power return is preferred. If power ground contains 
high frequency.noise beyond 200mV, this noise may feed 
through the converter, thus some caution will be required 
in applying these grounds. 

OUTPUT VOLTAGE COMPLIANCE 
The AD565Ahas a typical output compliance range from -2 to 
+ 10 volts. The current-steering output stages will be unaffected 
by changes in the output terminal voltage over that range. How
ever, there is an equivalent output impedance of 8k in parallel 
with 25pF at the output terminal which produces an equivalent 
error current if the voltage deviates from analog common. This 
is a linear effect which does not change with input code. Opera
tion beyond the compliance limits may cause either output 
stage saturation or breakdown which results in nonlinear per
formance. Compliance limits are not affected by the posi-
tive power supply, but are a function of output current and 
negative supply, as shown in Figure 6. 
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Figure 6. Typical Negative Compliance Range vs. 
Negative Supply 



SETTLING TIME 
The high speed NPN current steering switching cell and inter
nally compensated reference amplifier of the ADS6 SA are speci
fically'designed for fast settling operation. The typical settling 
time to ±0.01% (1I2LSB) for the worst case transition (major 
carry or full scale step) is about 200ns; the lower order bits 
all settle in less than 200ns. (Worst case settling occurs when 
all bits are switched, especially the MSB). 

The excellent high speed performance of the AD 5 6 5 A is demon
strated in these oscilloscope photographs. The measurements 
are made with the AD56SA driving directly into an equivalent 
son load, and amplified with a low capacitance MOS-input, 
UHF amplifier. Both figures show the worst case situation, 
which is full scale transition from switching all bits ON to OFF. 

INPUT DRiVE 
OTO 5 VOLTS 

OUTPUT SIGNAL 
1 DIVISION = 1mA 

HORIZONTAL SCALE 
10ns/DIV. 

Figure 7. Full Scale Transition 

The full transition characteristic is shown in Figure 7. There is 
about a 6-8ns delay, followed by a IOns rise time and minimal 
overshoot. The transition in the other direction shows approxi
mately a 20ns delay prior to a IOns rise time. The slewing charac
teristics for smaller transitions show a similar characteristic. 

INPUT DRIVE 
OTO 5 VOLTS 

OUTPUT SIGNAL 
1 DIVISION = 1LSB 

HORIZONTAL SCALE 
100ns/DIV. 

Figure 8. Settling Characteristic Detail 

The fine detail of the full scale settling characteristic is shown 
in Figure 8. The equipment and circuitry used to make the 
measurements adds about SOns to the actual device perfor
mance. The final portion of the signal slews to within 10LSB's 
in less than 150ns, reaches and stays within 1I2LSB in about 
200ns, and shows less than 1I2LSB overshoot. The character
istic is completely settled out in less than 25005. 

HIGH SPEED SYSTEM DESIGN 
Full realization of this high speed performance requires strict 
attention to detail by the user in all areas of application and 
testing. 

The settling time for the AD565A is specified in terms of the 
current output, an inherently high speed DAC operating mode. 
However, most DAC applications require a current-to-voltage 
conversion at some point in the signal path, although an un-

AD565A Application Notes 
buffered voltage level (not using an op amp) is suitable for use 
in a successive-approximation AID converter (see the next page), 
or in many display applications. This form of current-to-voltage 
conversion can give very fast operation if proper design and 
layout is done. The fastest voltage conversion is achieved by 
connecting a low value resistor directly to the output, as shown 
in Figure 9. In this case, the settling time is primarily de
termined by the cell switching time and by the RC time 
constant of the AD565A output capacitance of 25 picofarads 
(plus stray capacitance) combined with the output resistor 
value. Settling to 0.01 % of full scale (for a full scale transition) 
requires 9 time constants. This effect is important for an 
equivalent resistance over 1kn. 

If an op amp must be used to provide a low impedance output 
signal, some loss in settling time will be seen due to op amp 
dynamics. The normal current-to-voltage converter op amp 
circuits are shown in the applications circuits using the fast 
settling AD509. The circuits shown settle to ±1I2LSB in 1Jls 
unipolar or bipolar. The DAC output capacitance, which acts 
as a stray capacitance at the op amp inverting input, must be 
compensated by a feedback capacitor, as shown. The value 
should be chosen carefully for each application and each op 
amp type. 

Fastest operation will be obtained by minimizing lead lengths, 
stray capacitance and impedance levels. Both supplies should III 
be bypassed near the devices: O.lJlF will be sufficient since the I 
ADS65A runs at constant supply current regardless of input 
code. 

DIRECT UNBUFFERED VOLTAGE OUTPUT FOR 
CABLE DRIVING 
The wide compliance range allows direct current-to-voltage con
version with just an output resistor. Figure 9 shows a connec
tion using the gain and bipolar output resistors to give a ±1.60 
volt bipolar swing. In this situation, the digital code is comple
mentary binary. Other combinations of internal and external 
output resistors (Rx) can be used to scale to alternate voltage 
ranges, simply by appropriately scaling the 0 to -2mA unipolar 
output current and using the 10.0 volt reference voltage for 
bipolar offset. For example, setting Rx = 2.67kn gives a ±1 
volt range with a 1kn equivalent output impedance. 

This connection is especially useful for directly driving a long 
cable at high speed. Using a SOn resistor for Rx would allow 
interface to a SOn cable with a ±50mV full scale swing. Set
tling time would be very fast, as discussed in the section above. 

50n 
BIPOLAR OFF 

" 20VSPAN 

9.95k 
AD565A 

Figure 9. Unbuffered Bipolar Voltage Output 
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HIGH SPEED 12-BIT AID CONVERTERS 
The fast settling characteristics of the AD565A make it ideal for 
high speed successive approximation AID converters. The inter
nal reference and trimmed application resistors allow a 12-bit 
converter system to be constructed with a minimum parts count. 
Shown in Figure 10 is a configuration using standard com
ponents; this system completes a full 12-bit conversion in IOl-ls 
unipolar or bipolar. This converter will be accurate to ±1I2LSB 
of 12 bits and have a typical gain T.C. of IOppm/oC. 

In the unipolar mode. the system range is 0 to 9.9976 volts. with 
each bit having a value of 2.44mV. For true conversion accu
racy. an AID converter should be trimmed so that a given bit 
code output results from input levels from 1I2LSB below to 
1I2LSB above the exact voltage which that code represents. 
Therefore. the converter zero point should be trimmed with an 
input voltage of + 1.22mV; trim RI until the LSB just begins to 
appear in the output code (all other bits "0"). For full scale. 
use an input voltage of +9.9963 volts (10 volts - 1 LSB -
1I2LSB); then trim R2 until the LSB just begins to appear (all 
other bits "I"). 

The bipolar signal range is -5.0 to +4.9976 volts. Bipolar offset 
trimming is done by applying a -4.9988V input signal and 
trimming RI for the LSB transition (all other bits "0"). 

Rt (UNIPOLARI 

r---------~~----~ I~~~~~~n 

Vee 

AD565A 
A ANALOG INPUTS 

Unipolar Bipolaf Connect Equiv OAe loUT 

OTO+10 OS INPUTTOA 2.351<n 
OTO+5 U.S INPUTTOA 1.9OkO 
OTO+20 "0 INPUTtDB 3.08k51 

BTOOACOUT 

Figure 10. Fast Precision Analog to Digital Converter 

Full scale is set by applying +4.9963 volts and trimming R2 for 
the LSB transition (all other bits "I"). In many applications. 
the pretrimmed application resistors are sufficiently accurate 
that external trimmers will be unnecessary. especially in situa
tions requiring less than full 12-bit ±1I2LSB accuracy. 

For fastest operation. the impedance at the comparator sum
ming node must be minimized. as mentioned in the section on 
settling time. However. lowering the impedance will reduce 
the voltage signal to the comparator (at an equivalent lim
pedance at the summing node of lkn, lLSB = 0.5mV), to the 
point that comparator performance will be sacrificed. The 
contribution to this impedance from the DAC will vary with 
the input configuration, as shown in the input range table. 

To prevent dynamic errors, the input signal should have a low 
dynamic source impedance, such as that of the AD509 high 
speed op amp. 
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HIGH-RESOLUTION CIRCUITS 
Sixteen-bit resolution digital-to-analog converters can be built 
by cascading an AD565A 12-bit DAC with an AD559 or 
AD1408 8-bit DAC. This technique can be used either to pro
vide a 16-bit binary DAC or a 4-digit BCD DAC. By using an 
AD565AK with ±1/8LSB typical linearity to 12 bits, the total 
circuit will typically achieve ±1/2LSB accuracy for 14 binary 
bits. and ±1/2 least significant digit to 4 digits BCD. The 
binary configuration is shown in Figure 11. The AD559, with 
its ~hin film ladder netowrk similar to the AD565A. is prefer
red for good performance over temperature. 

Vee +5V 

Figure 11. 16·Bit Binary DAC 

COMPLEMENTARY BINARY CODE CIRCUITS 
The AD565A can be used in circuits where only a complemen
tary binary code is available. This is done by connecting the 10 
volt span resistor to the 10 volt reference and connecting the 
DAC output to a noninverting amplifier as shown in Figure 12. 
The 8kn DAC output impedance and the 5kn span resistor 
will form a divider which will give a full scale output voltage 
(with all bits off) to the amplifier of about 6.15 volts. To 
obtain a 10 volt full scale, the amplifier is shown wi th a gain 
network back to the inverting input. 

BIPOLAR OFF 

lOV SPAN 
11 

10k 
AD565A 

5k 

10 10V SPAN 

Figure 12. Complementary Output DAC 
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FEATURES 
Single Chip Construction 
Very High Speed: Settles to 1/2LSB in 200ns 

Full Scale Switching Time: 30ns 
Single Supply Operation 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max· 

(AD566K. T) 
Low Power: 180mW 
Pin-Out Compatible with AD562. 
Low Cost 

PRODUCT DESCRIPTION 
The ADS66 is a fast 12-bit digital-to-analog converter which 
incorporates the latest advances in analog circuit design into 
a low power monolithic chip. 

The ADS66 chip uses 12 precision, high speed bipolar current 
steering switches, control amplifier and a laser-trimmed thin 
film resistor network to produce a very fast, high accuracy 
analog output current. 

The combination of performance and flexibility in the ADS66 
has resulted from major innovations in circuit design, an im
portant new high-speed bipolar process, and continuing ad
vances in laser-wafer-trimming techniques (LWT). The ADS66 
has a 10-90% full scale transition time less than 3S nanosec
onds and settles to within ±1/2LSB in 200 nanoseconds. 
ADS66 chips are laser-trimmed at the wafer level to ±1I8LSB 
typical linearity and are specified to ±1/4LSB max error (K 
and T grades) at +2S

o 
C. High speed and accuracy make the 

ADS66 the ideal choice for high speed display drivers as 
well as fast analog-to-digital converters. 

The ADS66 is available in four performance grades and two 
package types. The AD566J and K are specified for use over 
the 0 to +70

o
C temperature range and are available in either 

a 24-pin, hermetically-sealed, side-brazed ceramic DIP, or a 
24-pin plastic DIP. The AD566S and T grades are specified 
for the -S 5° C to + 12 SO C· range and are available in the ceramic 
package. 

·Covered by patent numbers. 3,803,590,4,020,486,3,747,088, 
RE28,633. 

Low Cost High Speed 12-Bit 
Monolithic 0/ A Converter 

AD566*1 
AD566 PIN CONFIGURATION 

AMP SUMMING 
JUNCTION 

-'Vn -15V1N 
(ZOmA) 

BIT 1 tMSB)IN 

BIT 121lSB) IN 

24-PIN DUAL IN LINE PACKAGE 

PRODUCT HIGHLIGHTS 
1. The combination of single supply operation with wide out- III 

put compliance range is idealy suited for fast, low noise, 
accurate voltage output configurations without an output 
amplifier. 

2. The device incorporates a newly developed, full differen-
tial, nonsaturating precision current switching cell structure 
which combines the dc accuracy and stability first developed 
in the AD562 with very fast switching times and) an opti
mally-damped settling characteristic. 

3. The chip also contains SiCr thin film application resistors 
which can be used with an external op amp to provide a 
precision voltage output or as input resistors for a succes
sive approximation AiD converter. The resistors are 
matched to the internal ladder network to guarantee a 
low gain temperature coefficient and are laser-trimmed 
for minimum full scale and bipolar offset errors. 

4. The pin-out of the AD566 is compatible with the industry
standard AD562 so that a system can easily be upgraded to 
provide higher speed performance. 

S. The single-chip construction makes the AD566 inherently 
more reliable than hybrid multi-chip designs. The AD566S 
and T grades, with guaranteed linearity and monotonicity 
over the -5 SO C to + 12So C range, are especially recom
mended for high reliability needs in harsh environments. 
These units are available processed to MIL-STD-883, 
Level B. 
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SPECIFICATIONS 
MODEL 

DATA INPUTS (Pins 13 to 24) 
TTL or 5 Volt CMOS (Tmin to Tmax) 

Input Voltage 

Bit ON Logic "I" 
Bit OFf Logic "0" 

Logic Current (each bit) 
Bit ON Logic "I" 
Bit OFF Logic "0" 

RESOLUTION 

OUTPUT 
Current 

Unipolar (all bits on) . 
Bipolar (all bits on or off) 

Resistance <exclusive of span 
resistors) 

Offset 
Unipolar (adjustable to 

zero)l 

Bipolar (R, and R2 = 
Son fixed)l 

Capacitance 
Compliance Voltage 

TmintoTmax 

ACCURACY (error relative to 
full scale) +25°C 

DIFFERENTIAL NONLINEARITY 
+25°C 

(T A = +25°C, VEE = -15V, unless otherwise specified) 

MIN 

+2.0 
o 

-1.6 
±0.8 

6k 

-1.5 

AD566J 
TYP 

+120 
+35 

-2.0 
±1.0 

Sk 

0.01 

0.05 
25 

±1I4 
((lOO!» 

± 1/2 
(0012) 

± 1/2 

MAX 

+5.5 
+O.S 

+300 
+100 

12 

-2.4 
±1.2 

10k 

0.05 

0.15 

+10 

±1/2 
(0.012) 
±3/4 
(OOI!!) 

±3/~ 

MIN 

+2.0 
o 

-1.6 
±O.S 

6k 

-1.5 

AD566K 
TYP 

+120 
+35 

-2.0 
±1.0 

Sk 

0.01 

0.05 
25 

±I/S 
(0.003) 
±1I4 
(0006) 

± 114 

MAX 

+5.5 
+O.S 

+300 
+100 

12 

-2.4 
±l.2 

10k 

0.05 

0.1 

+10 

±1/4 
(0.006) 
±1/2 
(0.012) 

±1I2 

Tmin to Tmax .\\ONOTONICITY (;UARANTEU) MOI'OTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
Unipolar Zero 
nipolar Zero 
Gain (Full Scale) 
Differential Nonlinearit\" 

SETTLING TIME TO 112LSB 
All Bits ON-To-OFF or OFF-To-ON 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 
90% to 10% Delay plus Fall Time 

POWER REQUIREMENTS 
VEE. -13.5 te -16.5V dc 

POWER SUPPLY GAIN SENSITIVITY 
VEE = -15V. ±IO% 

PROGRAMMABLE OUTPUT 
RANGEl 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed SOn 

Resistor for R21 
Bipolar Zero Error with Fixed 

son Resistor for Ril 
Gain Adjustment Rangel 
Bipolar Zero Adjustment Range 

REFERENCE INPUT 
Input Impedance 

POWER DISSIPATION 

±0.2S 
±Q.15 

15k 

MULTIPL.YING MODE PERFORMANCE (All Models) 
Quadrants 
Reference Voltage 
Accuracy 
Reference Feedthrough (unipolar mode, 

all bilS OFF, and IV to +IOV [p-pl sinewave 
frequency for 1/2LSB [p-pl fcedthrough) 

Output Slew Rate 10%-90% 
90%-10~o 

Output Settling Time (all bits on and a 0-IOV 
step change in reference voltage) 

CONTROL. AMPLIFIER 
Full Power Bandwidth 
Small-Signal Closcd-L.oop Bandwidth 

Speclfications SUbject to "hange withvut notice. 

1 See ADS66A data sheet for complete information. 

10 
10 

200 400 

IS 30 
30 50 

-12 -20 

15 25 

o to +5 
-2.5 to +2.5 
o to +10 
-5 to + 5 
-10 to +10 

±O.I ±0.Z5 

±0.05 ±0.15 
±0.25 
±0.15 

20k 25k 15k 

ISO 300 

Two (7): Bipolar Operation at Digital Input Only 
+IV to +IOV, Unipolar 

ZOO 

IS 
30 

-12 

IS 

o to +5 
-2.5 to +2.5 
o to + 10 
-5 to + 5 
-10 to +10 

±O.I 

±0.05 

20k 

ISO 

10 Bits (±0.05% of Reduced 1'.5.) for I V de Reference Voltage 

40kHz typ 
5mAI/ls 
ImAI/ls 

1.5/ls to 0.01% F.S. 

300kll, 
1.8MIIl 
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10 
3 

400 

30 
50 

-20 

25 

±O.Z5 

±D. I 

25k 

300 

UNITS 

V 
V 

Bits 

mA 
mA 

n 

% of F.S. 

% of F.S. 
pI' 

V 

LSB 
%ofF.S. 
LSB 
% of 1'.5. 

L5B 

ppm/OC 
ppm/oC 
ppm/oC 
ppm/C 

mA 

ppm of F.S.I% 

V 
V 
V 
V 
V 

% of F.S. 

% of F.S. 
% of F.S. 
% of F.S. 

n 
mW 



MODEL MIN 

DATA I:-.JPUTS (Pins 13 to H) 
TTL or 5 Volt CMOS (Tmin to Tm",) 

Input Voltage 
. Bit ON Logic "I" +2.0 

Bit OFF 'Logic "0" 0 
Logic Current (each bit) 

Bit ON Logic "I" 
Bit OFF Logic "0" 

RESOLUTION 

OUTPUT 
Current 

Unipolar (all bits on) 
Bipolar (all bits on or ofO 

Resistance (exclusive of span 
resistors) 

Offset 
Unipolar (adjustable to 

zero)1 
Bipolar (R 1 and R2 = 

son fixed)1 
Capacitance 
Compliance Voltage 

TmintoTmax 

ACCURACY (error relative to 
full scale) +25°C 

DIFFERENTIAL NONLINEARITY 
>25°C 

-1.6 
±O.I! 

6k 

-1.5 

ADS66S 
TYP 

+120 
+35 

-2.0 
±1.0 

Sk 

0.01 

0.05 
25 

±1/4 
(0.006) 
±1/2 
(0.012) 

MAX 

+5.5 
+O.I! 

+300 
+100 

12 

-2.4 
±1.2 

10k 

0.05 

0.15 

+10 

±1/2 
(0.012) 
±3/4 
(O.OIS) 

±1/2 ±3/4 

MIN 

+2.0 
0 

-1.6 
±O.S 

6k 

-1.5 

ADS66T 
TYP 

+120 
+35 

-2.0 
±1.0 

Sk 

0.01 

0.05 
25 

±lIS 
(0.003) 
±1/4 
(0.006) 

±1/4 

MAX UNITS 

+5.5 V 
+O.S V 

+300 ~A 

+100 ~A 

12 'Bits 

-2.4 rnA 
±1.2 rnA 

10k n 

0.05 % of F.S. 

0.1 % of F.S. 
pF 

+10 V 

±1/4 LSB 
(0.006) % of F.S. 
±1/2 LSB 
(0.012) % of F.S. 

±112 LSB 
Tmirr to Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 

SETTLING TIME TO 1I2LSB 
All Bits ON-to-OFF or OFF-to-ON 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 
90% to 10% Delay plus Fall Time 

POWER REQUIREMENTS 
VEE. -13.5 to -16.5V dc 

POWER SUPPLY GAIN SENSITIVITY 
VEE = -lSV. ±1O% 

PROGRAMMABLE OUTPUT 
RANGEl 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed SOn 

Resistor for R2' 
Bipolar Zero Error with Fixed 

son Resistor for Rll 
Gain Adjustment Rangel 
Bipolar Zero Adjustment Range 

REFERENCE INPUT 
Input Impedance 

POWER DISSIPATION 

±0.2S 
to.15 

15k 

MULTIPLYING MODE PERFORMANCE (All Models) 
Quadrants 
Reference Voltage 
Accuracy 
Reference Feedthrough (unipolar mode, 

all bits OFF, and IV to +10V [p-pl sinewav~ 
frequency for 1I2LSB [p-pl feedthroughl 

Output Slew Rate 10%-90% 
90%-10% 

Output Settling Time (all bits on and a 0-10V 
st~p change in reference voltage) 

CONTROL AMPLIFIER 
Full Power Bandwidth 

. Small-Signal Closed-Loop Bandwidth 

Specifications albjcct to ch.."., without notic •• 

10 
10 

200 400 

15 30 
30 50 

-12 -20 

15 25 

o to +5 
-2.5 to +2.5 
o to +10 
-5 to + 5 
-10to+l0 

to.1 to.25 

±0.05 ±0.15 
±0.25 
±0.15 

20k 2Sk 15k 

ISO 300 

Two (2): Bipolar Operation at Digital Input Only 
+lV to +10V, Unipolar 

200 

IS 
30 

-12 

15 

o to +5 
-2.5 to +2.5 
o to +10 
-5 to +5 
-10 to +10 

±O.I 

±0.05 

20k 

ISO 

10 Bits (to.05% of Reduced F.S.) for 1 V dc Reference Voltage 

411kHz typ 
5mA/~s 

1mA/~s 

1.5~s to 0.01% F.S. 

300kHz 
1.8MHz 

10 
3 

400 

30 
50 

-20 

25 

to.25 

to.l 

25k 

300 

ppm/C 
ppm/oC 
ppm/C 
ppm/C 

ns 

rnA 

ppm of F.S.I% 

V 
V 
V 
V 
V 

% of F.5. 

% of F.S. 
% of F.S. 
% of F.S. 

mW 
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ABSOLUTE MAXIMUM RATINGS 

VEE to Power Ground ................... OV to -18V 
Voltage on DAC Output (Pin 9) ............ -3V to +12V 
Digital Inputs (Pins 13 to 24) to Power Ground .... -1.0V to 

+7.0V 
Ref In to Reference Ground ................... ±12V 
Bipolar Offset to Reference Ground .............. ±12V 
lOV Span R to Reference Ground ............... ±12V 
20V Span R to Reference Ground ............... ±24 V 
Power Dissipation ........................ 1000mW 

ADS66 ORDERING GUIDE 

LINEARITY 
ERROR MAX MAX GAIN T.C. PACKAGE 

MODEL PACKAGE TEMP RANGE @ 25°C (ppm of F.S./C) STYLEl 

ADS66JD/BIN Cerami~ Oto+70
u

C ±1I2LSB 10 D24A 
ADS66KD/BIN Ceramic Oto+70oC ±1/4LSB . 3 D24A 
ADS66SD/BIN Ceramic -55°C to +12S

o
C ±II2LSB 10 D24A 

ADS66SD/BIN/883B Ceramic -55°C to +12S
o
C ±1/2LSB 10 D24A 

ADS66TD/BIN Ceramic -55°C to +12S
o

C ±1I4LSB 3 D24A 
ADS66TD/BIN/883 B Ceramic -55°C to +12S

o
C ±1/4LSB 3 D24A 

1 See Section 20 for package outline information. 
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r.ANALOG 
WDEVICES 

FEATURES 
Single Chip Construction 
Very High Speed: Settles to 1/2LSB in 350ns max 

Full Scale Switching Time: 30ns 
Guaranteed for Operation with -12V Supply 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 

(AD566AK, T) 
Low Power: 180mW 
Pin-Out Compatible with AD562, AD566 
Low Cost 

PRODUCT DESCRIPTION 
The ADS66A is a fast 12-bit digital-to-analog converter which 
incorporates the latest advances in analog circuit design into 
a low power monolithic chip. 

The ADS66A chip uses 12 precision, high speed bipolar current 
steering switches, control amplifier and a laser-trimmed thin 
film resistor network to produce a very fast, high accuracy 
analog output current. 

The combination of performance and flexibility in the ADS66A 
has resulted from major innovations in circuit design, an im
portant new high-speed bipolar process, and continuing ad
vances in laser-wafer-trimming techniques (LWT). The ADS66A 
has a 10-90% full scale transition time less than 3 S nanosec
onds and settles to within ±1I2LSB in 3 SO nanoseconds max. 
ADS66A chips are laser-trimmed at the wafer level to ±1I8LSB 
typical linearity and are specified to ±1I4LSB max error (K 
and T grades) at +2S°C. High speed and accuracy make the 
ADS66A the ideal choice for high speed display drivers as 
well as fast analog-to-digital converters. 

The ADS66A is available in four performance grades. The 
ADS66AJ and K a~e specified for use overthe 0 to +70

o
C 

temperature range and the ADS66AS and AT grades are 
specified for the -SSoC to +12SoC range. All are packaged 
in a 24-pin hermetic ceramic dual in line package. 

·Covered by patent numbers. 3,803,590; RE 28,633; 4,020,486; 
3,747,088. 

Low Cost High Speed 12-Bit 
Monolithic, D/A Converter 

AD566A* I 
ADS66A FUNCTIONAL BLOCK DIAGRAM 

BIPOLAR OFF 

- VEE POWER MSB - LSB 
GND 

24-PIN DUAL IN LINE PACKAGE 

PRODUCT HIGHLIGHTS 
1. The wide output compliance range is ideally suited for 111 

fast, low noise, accurate voltage output configurations I 
without an output amplifier. 

i. The device incorporates a newly developed, fully differen
tial, nonsaturating precision current switching fell structure 
which combines the dc accuracy and stability first developed 
in the ADS62 with very fast switching times and an opti
mally-damped settling characteristic. 

3. The chip also contains SiCr thin film application resistors 
which can be used with an external op amp to provide a 
precision voltage output or as input resistors for a succes
sive approximation AID converter. The resistors are 
matched to the intemalladder network to guarantee a 
low gain temperature coefficient and are laser-trimmed 
for minimum full scale and bipolar offset errors. 

4. The pin-out of the ADS66A is compatible with the industry
standard ADS62 so that a system can easily be upgraded to 
provide higher speed performance. 

S. The single-chip construction makes the ADS66A inherently 
more reliable than hybrid multi-chip designs. The ADS66AS 
and T gra~es, with guaranteed linearity and monotonicity 
over the -SSoC to +12SoC range, are especially recom
mended for high reliability needs in harsh environments. 
These units are available processed to MIL-STD-883, 
Level B. 
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SPECIFICATIONS (T A = +25°C, VEE = -15V, unless otherwise specified) 
AD566AJ AD566AK 

MODEL MIN TYP MAX MIN TYP MAX 

DATA INPUTS I (Pins I3 to 24) 
TTL or 5 Volt CMOS 

Input Voltage 
Bit ON Logic "I" +2.0 +5.5 +2.0 +5.5 
Bit OFF Logic "0" 0 +O.S 0 +O.S 

Logic Current (each bit) 
Bit ON Logic "1" +120 +300 +120 +300 
Bit OFF Logic "0" +35 +100 +35 +100 

RESOLUTION 12 12 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 
Bipolar (all bits on or off) ±O.S ±1.0 i1.2 iO.S i1.0 ±1.2 

Resistance (exclusive of span 
resistors) 6k Sk 10k 6k Sk 10k 

Offset 
Unipolar (adjustable to 

zero per Figurc 3) 0.01 0.05 0.01 0.05 
Bipolar (Figure 4 RJ and 

Rz = son fixed) 0.05 0.15 0.05 0.1 
Capacitance 25 25 
Compliance Voltage 

Tmin toTmax -1.5 +10 -1.5 +10 

ACCURACY (error relative to 
full scalc) +25°C ±1/4 ±1/2 ±lIS ±1/4 

(0.006) (0.012) (0.003) (0.006) 
Tmin to Tmax ±1/2 ±3/4 ±l/4 ±1/2 

(0.012) (O.OIS) (0.006) (0.012) 

DIFFERENTIAL NONLINEARITY 
+25°C ±1/2 ±3/4 i1l4 i1/2 
Tmin to Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 

SETTLING TIME TO 1I2LSB 
All Bits ON-to.()FF or OFF-to'()N (Figure S) 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 
90% to 10% Delay plus Fall Time 

POWER REQUIREMENTS 
VEE, -11.4 to -16.5V dc 

POWER SUPPLY GAIN SENSlTlVITy l 

VEE = -11.4 to -16.SV dc 

PROGRAMMABLE OUTPUT 
RANGE (see Figures 3, 4, 5) 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed SOn 

Resistor for R2 (Figure 3) 
Bipolar Zero Error with Fixed 

SOn Resistor for R 1 (Figure 4) 
Gain Adjusonent Range (Figure 3) iO.25 
Bipolar Zero Adjusonent Range iO.t5 

REFERENCE INPUT 
Input Impedance 15k 

POWER DISSIPATION 

MULTIPLYING MODE PERFORMANCE (All Models) 
Quadrants 
Reference Voltage 

I 2 I 
5 10 5 
7 10 2 
2 2 

250 350 250 

IS 30 IS 
30 so 30 

-12 -IS -12 

IS 25 IS 

o to +5 o to +5 
-2.5 to +2.5 -2.5 to +2.5 
o to +10 o to +10 
-5 to +5 -5 to +5 
-10 to +10 -10 to +10 

±0.1 iO.2S ±0.1 

iO.05 ±0.15 ±0.05 
±0.25 
±0.15 

20k 25k 15k 20k 

ISO 300 ISO 

Two (2): Bipolar Operation at Digital Input Only 
+IV to +10V, Unipolar 

2 
10 
3 

350 

30 
SO 

-IS 

25 

to.25 

±0.1 

25k 

300 

Accuracy 10 Bits (±0.05% of Reduced F .5.) for IV dc Reference Voltage 
Reference Feedthrough (unipolar mode, 

all bits OFF, and 1 to +IOV [p-pl, sinewave 
frequency for 1/2LSB [p-pl feedthrough) 

Output Slew Rate 10%-90% 
90%-10% 

Output Scttling Time (all bits on and a O-IOV 
step change in reference voltage) 

CONTROL AMPLIFIER 
Full Power Bandwidth 
Small-Signal Closed-Loop Bandwidth 

NOTES 

40kHz typ 
5 mAIlls 
ImAIIls 

1.51ls to 0.01% F.S. 

300kHz 
l.SMHz 

I The digital input levels are guaranteed but not tested over the temperature range. 
2Thc power,supply gain sensitivity is tested in reference to a VEE of -15V dc. 
Specifications subject to change without notice. 
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UNITS 

V 
V 

IlA 
IlA 

Bits 

mA 
mA 

n 

% of F.S. 

% of F.S. 
pF 

V 

LSB 
% of F.S. 
LSB 
% of F.S. 

LSB 

ppm/oC 
ppm/oC 
ppm/oC 
ppm/oC 

ns 

ns 
ns 

mA 

ppm of F.S.I% 

V 
V 
V 
V 
V 

% of F.S. 

% of F.S. 
% of F.S. 
% of F.S. 

n 

mW 



ADS66AS ADS66AT 

MODEL MIN TYP MAX MIN TYP MAX UNITS 

DATA INPUTS' (Pins 13 to 24) 
TTL or 5 Volt CMOS 

Input Voltage 
Bit ON Logic "1 " +2.0 +5.5 +2.0 +5.5 V 
Bit OFF Logic "0" 0 +O.B 0 +O.B V 

Logic Current (each bit) 
Bit ON Logic "1" +120 +300 +120 +300 IlA 
Bit OFF Logic "0" +35 +100 +35 +100 IlA 

RESOLUTION -l2 12 Bits 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 rnA 
Bipolar (all bits on or off) ±O.B ±1.0 ±1.2 ±U.B ±1.0 ±1.2 rnA 

Resistance (exclusive of span 
resistors) 6k Bk 10k 6k Bk 10k n 

Offset 
Unipolar (adjustable to 

zero per Figure 3) 0.01 0.05 0.01 0.05 % of F.S. 
Bipolar (Figure 4 Rl and 

R2 = Son fixed) 0.05 0.15 0.05 0.1 % ofF.S. 
Capacitance 25 25 pF 
Compliance Voltage 

Tmin toTmax -1.5 +10 -1.5 +10 V 

ACCURACY (error relative to 
full scale) +25°C ±1/4 ±1/2 ±I/B ±l/4 LSB 

(0.006) (0.012) (0.003) (0.006) % of F.S. 
Tmin to Tmax ±1/2 ±3/4 ±1/4 ±1/2 LSB 

(0.012) (O.OIB) (0.006) (0.012) % of F.S. 

DIFFERENTIAL NONLINEARITY 
+25°C ±1/2 ±3/4 ±1/4 ±112 LSB 
Tmin to Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 

SETTLING TIME. TO 1I2LSB 
All Bits On·to-DFF or OFF·to-DN (Figure B) 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 
90% to 10% Delay plus Fall Time 

POWER REQUIREMENTS 
VEE, -11.4 to -16.5V dc 

POWER SUPPLY GAIN SENSITIVITy1 

VEE = -11.4 to -16.5V dc 

PROGRAMMABLE OUTPUT 
RANGE (see Figures 3, 4, 5) 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed SOn 

Resistor R2 (Figure 3) 
Bipolar Zero Error with Fixed 

son Resistor for Rl (Figure 4) 
Gain Adjustment Range (Figure 3) ±0.25 
Bipolar Zero Adjusonent Range ±0.15 

REFERENCE INPUT 
Input Impedance 15k 

POWER DISSIPATION 

MULTIPLYING MODE PERFORMANCE (All Models) 
Quadrants 
Reference Voltage 
Accuracy 
Reference Feedthrough (unipolar mode, 

all bits OFF, and 1 to +10V [p.p) , sinewave 
frequency for 1I2LSB [pop) feedthrough) 

Output Slew Rate 10%-90% 
90%-10% 

Output Settling Time (all bits on and a 0-10V 
step ch ange in reference voltage) 

CONTROL AMPLIFIER 
Full Power Bandwidth 
Small-Signal Closed-Loop Bandwidth 

Specifications subject to change without notice. 

I 2 I 
5 10 5 
7 10 2 
2 2 

250 350 250 

IS 30 15 
30 50 30 

-12 -IB -12 

IS 25 IS 

o to +5 o to +5 
-2.5 to +2.5 -2.5 to +2.5 
Oto+IO o to +10 
-5 to +5 -5 to +5 
-10 to +10 -IOto+IO 

±O.I ±0.25 iO.1 

±0.05 ±0.15 ±0.05 
±0.25 
±0.15 

20k 25k 15k 20k 

IBO 300 IBO 

Two (2): Bipolar Operation at Digital Input Only 
+IV to +10V, Unipolar 

2 
10 
3 

350 

30 
so 

-IB 

25 

±0.25 

±0.1 

25k 

300 

10 Bits (±0.05% of Reduced F.S.) for IV dc Reference Voltage 

40kHz typ 
5mA/Ils 
ImA/Ils 

l.Slls to 0.01% F.S. 

300kHz 
l.BMHz 

ppm/C 
ppm/C 
ppm/oC 
ppm/oC 

ns 

ns 
ns 

rnA 

ppm of F.S.I% 

V 
V 
V 
V 
V 

% of F.S. 

%of F.S. 
% of F.S. 
% of F.S. 

n 

mW 
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ABSOLUTE MAXIMUM RATINGS 

VEE to Power Ground ................... OV to -18V 
Voltage on DAC Output (Pin 9) ............ -3V to +12V 
Digital Inputs (Pinsl 13 to 24) to Power Ground .... -1.0V to 

+7.0V 
Ref In to Reference Ground ................... ±12V 
Bipolar Offset to Reference Ground .............. ±12V 
10V Span R to Reference Ground ............... ±12V 
20V Span R to Reference Ground ............... ±24V 
Power Dissipation ........................ 1000mW 

NC 

NC 

REFERENCE GND 

AMP SUMMING 
JUNCTION 

REF. V HI IN 

-VEE -15V IN 
(20mA) 

BIPOLAR OFFSET R IN 

NC 

DAC OUT (·2mA F.S.) 

10V SPAN R 

20V SPAN R 

POWER GND 

AD566A ORDERING GUIDE 

LINEARITY 
ERROR MAX 

MODEL PACKAGE TEMP RANGE @+2SoC 

ADS66AJN/BIN Plastic o to +70
o
C ±1/2LSB 

ADS66AJD/BIN Ceramic o to +70°C ±1/2LSB 
ADS66AKN/BIN Plastic o to +70°C ±1/4LSB 
ADS66AKD/BIN Ceramic o to +70

o
C ±1/4LSB 

ADS66ASD/BIN Ceramic -SSoC to +12SoC ±1/2LSB 
ADS66ASD/BIN/883B Ceramic -55°C to +12S oC ±1/2LSB 
ADS66ATD/BIN Ceramic -5SoC to +125°C ±1/4LSB 
ADS 66ATD/BIN/883B Ceramic -SSoC to +12SoC ±1/4LSB 

I See Section 20 for package outline information. 
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PIN CONFIGURATION 

TOP VIEW 

BIT 1 (MSB) IN 

BIT 2 IN 

BIT 3 IN 

BIT 4 IN 

BIT 5 IN 

BIT 6 IN 

BIT 7 '''' . 

BIT B IN 

BIT9 IN 

BIT 10 IN 

BIT 11 IN 

BIT 12 ILSBJ IN 

MAX GAIN T .C. 
(ppm of F .S./ C) 

PACKAGE 
OPTION l 

10 
10 
3 
3 
10 
10 
3 
3 

N24A 
D24A 
N24A 
D24A 
D24A 
D24A 
D24A 
D24A 



THE ADS66A OFFERS TRUE 12-BIT PERFORMANCE 
ACCURACY: Analog Devices defines accuracy as the maxi
deviation of the actual, adjusted DAC output (see the next page) 
from the ideal analog output (a straight line drawn from 0 
to F.S. - lLSB) for any bit combination. The ADS66A is laser 
trimmed to 11,4LSB (0.025% of F.S.) maximum error at +2S

o
C 

for the K and T version and to 1/2 LSB for the J and S versions. 

MONOTONICITY: A DAC is said to be monotonic if the out
put either increases or remains constant for increasing digital 
inputs such that the output will always be a non-decreasing 
function of the input. All versions of the ADS66A are mono
tonic over their entire operating temperature range. 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential nonlinearity error be less than 
lLSB both at +2S

o
C and over the temperature range of inter

est. Differential nonlinearity is the measure of the variation in 
analog value, normalized to full scale, associated with a lLSB 
change in digital input code. For example, if a lLSB change in 
the input code results in a change of only 0.61mV (l/4LSB) in 
analog output, the differential nonlinearity error would be 
1.83mV, or 3/4LSB. The AD566AK and T have a max differ
entiallinearity error of l/2LSB, which is a tighter specification 
than simply guaranteed monotonicity. 

ANALYZING DEVICE ACCURACY OVER THE 
TEMPERATURE RANGE 
For the purposes of temperature drift analysis, the major de
vice components are shown in Figure 1. 

The input reference current to the DAC, IREF, is developed 
from the external reference and will show the same drift rate 
as the reference voltage. The DAC output current, IDAC which 
is a function of the digital input code, is designed to track 
IREF; if there is a slight mismatch in these currents over 
temperature, it will contribute to the gain T.e. The bipolar 
offset resistor, RBP, and gain setting resistor, RGAIN, also have 
temperature coefficients which contribute to system drift 
errors. 

There are three types of drift errors over temperature: offset, 
gain, and linearity. Offset drift causes a vertical translation of 
the entire transfer curve; gain drift is a change in the slope of 
the curve; and linearity drift represents a change in the shape 
of the curve. The combination of these three drifts results in 
the complete specification for total error over temperature. 

Total error is defined as the deviation from a true straight line 
transfer characteristic from exactly zero at a digital input 
which calls for zero output to a point which is defined as full 
scale. A specification for total error over temperatu re assumes 
that both the zero and full scale points have been trimmed for 
zero error at +25°e. Total error is normally expressed a per-

Figure 1. Bipolar Configuration 

Performance 
centage of the full scale range. In the bipolar situation, this 
means the total range from -VFS to +VFS. 

MONOTONICITY AND LINEARITY 
The initial linearity error of ±1/2LSB max and the differential 
linearity error of ±3/4LSB max guarantee monotonic perform
ance over the range of _55

0 
C to + 1250 e. It can, therefore, be 

assumed that linearity errors are insignificant in computation 
of total temperature errors. 

UNIPOLAR ERRORS 
Temperature error analysis in the unipolar mode is straight
forward: there is an offset drift and a gain drift. The offset 
drift of 2ppm/o C max (which comes from leakage currents) 
causes a linear shift in the transfer curve as shown in Figure 2. 
The gain drift causes a change in the slope of the curve which 
results from reference drift and the device gain drift. The 
device gain drift is the DAC drift and drift in RGAIN relative 
to the DAC resistors for a total of 3ppm/oC max (ADS66AK, 
T). Total absolute error due to all of these effects is guaran
teed to be less than ±0.05% of full scale from -55° C to + 1250 C. 

BIPOLAR RANGE ERRORS 
The analysis is slightly more complex in the bipolar mode. In 
this mode RBP is connected to VREF (see Figure 1) to generate 
a current which exactly balances the current of the MSB so 
that the output voltage is zero with the MSB on. 

Note that if the DAC and application resistors track perfectly, 
the bipolar offset drift will be zero even if the reference drifts. 
A change in the reference voltage, which causes a shift in the 
bipolar offset, will also cause an equivalent change in IREF and 
thus IDAC ' so that IDAC will always be exactly balanced by 
IBP with the MSB turned on. This effect is shown in Figure 2. 
The net effect of the reference drift then is simply to cause a 
rotation in the transfer around bipolar zero. However, con
sideration of second order effects (which are often overlooked) 
reveals the errors in the bipolar mode. The unipolar offset 
drifts discussed' before will have the same effect on the bipolar 
offset. A mismatch of RBP to the DAC resistors is usually the 
largest component of bipolar drift, but in the AD566A this er
ror is held to lOppm max. The total of'all these errors is held 
to ±O.IS% offull scale from -55°C to +12S

o
C (ADS66AT). 

Note that, in the bipolar ranges, full scale is defined as the 
total range from -VFS to +VFS. 

IDEAL 

UNIPOLAR INPUT --

.. 
~ 

- GAIN SHIFT 

o ~--~~~~--__________ _ 

BIPOLAR (IDEAL CASEI 

Figure 2. Unipolar and Bipolar Drifts 
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CONNECTING THE AD566A FOR BUFFERED VOLTAGE 
OUTPUT 

The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred 
trimming techniques. If a low offset operational amplifier 
(ADS 10L, AD517L, AD741L, AD301AL, AD OP-07) is used, 
excellent performance can be obtained in many situations 
without trimming (an op amp with less than 0.5mV max off
set voltage should be used to keep offset errors below 1I2LSB). 
If a son fixed resistor is substituted for the lOOn trimmer, 
unipolar zero will typically be within ±1I2LSB (plus op amp 
offset), and full scale accuracy will be within 0.1 % (0.25% 
max). Substituting a son resistor for the lOOn bipolar off
set trimmer will give a bipolar zero error typically within 
±2LSB (0.05%). 

The AD509 is recommended for buffered voltage-output ap
plications which require a settling time to ±lI2LSB of one 
microsecond. The feedback capacitor is shown with the op
timum value for each application; this capacitor is required to 
compensat@ for the 25 picofarad DAC output capacitance. 

FIGURE 3 UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to +10 volt output 
range. In this mode, the bipolar terminal, pin 7, should be 
grounded if not used for trimming. 

STEP I ... ZERO ADJUST 
Turn all bits OFF and· adjust zero trimmer, R I, until the output 
reads 0.000 volts (lLSB = 2.44mV). In most cases this trim 
is not needed, but pin 7 should then be connected to pin 12. 

STEP II ... GAIN ADJ UST 
Turn all bits ON and adjust lOOn gain trimmer, R2, until the 
output is 9.9976 volts. (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) If a 10.237SV full scale is 
desired (exactly 2.5mV/bit), insert a 120n resistor in series 
with the gain resistor at pin 10 to the op amp output. 

FIGURE 4. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
-5.000 to +4.9976 volts, with positive full scale occurring with 
all bits ON (all l's). 

STEP I ... OFFSET ADJUST 
Turn OFF all bits. Adjust lOOn trimmer R1 to give -5.000 
output volts. 

STEP II ... GAIN ADJUST 
Turn ON all bits. Adjust lOOn gain trimmer R2 to give a 
reading of +4.9976 volts. 

Please note that it is not necessary to trim the op amp to ob
tain full accuracy at room temperature. In most bipolar situa
tions, an op amp trim is unnecessary unless the untrimmed off
set drift of the op amp is excessive. 

FIGURE 5. OTHER VOLTAGE RANGES 
The AD566A can also be easily configured for a unipolar 0 to 
+5 volt range or ±2.5 volt and ±10 volt bipolar ranges by using 
the additional 5k application resistor provided at the 20 volt 
span R terminal, pin 11. For a 5 volt span (0 to +5V or ±2.5V), 
the two 5k resistors are used in parallel by shorting pin 11 to 
pin 9 and connecting pin 10 to the op amp output and the bi
polar offset resistor either to ground for unipolar or to VREF 

VQL. I, 10-60 DIGITAL-TO-ANALOG CONVERTERS 

for the bipolar range. For the ±10 volt range (20volt span) use 
the 5k resistors in series by connecting only pin 11 to the op 
amp output and the bipolar offset connected as shown. The 
±10 volt option is shown in Figure 5. 

DIGITAL INPUT ANALOG OUTPUT 

MSB LSB Straight Binary Offset Binary Two's Campi." 

000000000000 Zero -Full Scale Zero 
011111111111 Mid Scale -1 LSB Zero -lLSB . +FS -lLSB 
100000000000 +112 FS Zero 
111111111111 +FS -lLSB + Full Scale -ILSB 

"Invert the MSB of the offset binary code with an external 
inverter to obtain two's complement. 

Table 1. Digital Input Codes 
+15V 

-FS 
Zero -lLSB 

Figure 3. 0 to + 10V Unipolar Voltage Output 

Figure 4. ±5V Bipolar Voltage Output 

'THE PARALLEL COMBINATION OF THE BIPOLAR OFFSET RESISTOR 
AND R3 ESTABLISH A CURRENT TO BALANCE THE MSB CURRENT. 
THE EFFECT OF TEMPERATURE COEFFICIENT MISMATCH BETWEEN 
THE BIPOLAR RESISTOR COMBINATION AND DAC RESISTORS IS 
EXPLAINED ON PREVIOUS PAGE. 

Figure 5. ±10V Voltage Output 



DIGITAL INPUT CONSIDERATIONS 
The threshold of the digital input circuitry is set at 2.0 volts 
and does not vary with supply voltage. The input lines can 
interface with any type of 5 volt logic, TTLtDn. or CMOS, 
and have sufficiently low input curr~nts to interface easily 
with unbuffered CMOS logic. The configuration of the input 
circuit is shown in Figure 6. The input line can be modelled as 
a 30kn resistance connected to a -o.7V rail. 

I 

~~~IJ:i ~I ",-O.7V TO 
(PINS 13 TO 24) 1 I 30kn lOGIC 

1 ISpF . 
1- _ 

POWER~
GND 

Figure 6. Equivalent Digital Input Circuit 

GROUNDING RULES 
The ADS66A brings out separate reference and power grounds 
to allow optimum connections for low noise and high speed 
performance. These grounds must be tied together at one 
point, usually the device power ground. The separate ground 
returns are provided to minimize the current flow in low-level 
signal paths. In this way, logic gate return currents are not 
summed into the same return path with analog signals. 

The reference ground at pin 3 is the ground point for the 
internal reference and is thus the "high quality" ground for 
the ADS66A; it should be connected directly to the analog 
reference point of the system. The power ground at pin 12 can 
be connected to the most convenient ground point; analog 
power return is preferred. If the power ground contains high 
frequency noise in excess of 200mV, this noise may feed 
through to the output of the converter; thus some caution is 
required in applying these grounds. 

OUTPUT VOLTAGE COMPLIANCE 
The AD566A has a typical output compliance range of -2 to 
+10 volts. The current-steering output stages will be,unaffected 
by changes in the output terminal voltage over that range. How
ever, there is an equivalent output impedance of 8kn in parallel 
with 2SpF at the output terminal which produces an equivalent 
error current if the voltage deviates from analog common. This 
is a linear effect which does not change with input code. Opera
tion beyond the compliance limits may cause either output 
stage saturation or breakdown which results in nonlinear per
formance. Compliance limits are a function of output current 
and negative supply, as shown in Figure 7. 

w 
(!I 
e{ 4 
~ wo 

> > 3 
i=w 
e{U 
(!IZ 
we{ 
z:::; 
~ 1 
8 

11.4V 13.5V 16.5V 

NEGATIVE SUPPLY -- VEE 

Figure 7. Typical Neg. Compliance Range vs. Neg. Supply 

HIGH SPEED SYSTEM DESIGN 
Full realization of the AD566A high speed capabilities requires 
strict attention to detail by the user in all areas of application 
and testing. 

The settling time for the ADS66A is specified for the current 
output, an inherently high speed DAC operating mode. How
ever, most DAC applications require a current-to-voltage con
version at some point in the signal path, although an unbuf
fered voltage level (not using an op amp) is suitable for use 
in a successive-approximation AID converter or in many dis
play applications (see next page). With proper design this form 
of current-to-voltage conversion can give very fast operation. 
The fastest voltage conv'ersion is achieved by connecting a low 
value resistor directly to the ou tpu t, as shown in Figure 8. In 
this case, the settling time is primarily determined by the cell 
switching time and by the RC time constant of the AD566A 
output capacitance of 25 picofarads (plus stray capacitance) 
combined with the output resistor value. Settling to 0.01 % of 
full scale (for a full scale transition) requires 9 time constants. 
This effect is important fO'r an equivalent resistance over 1kn. 

If an op amp is used to provide a low impedance au tput 
signal, some loss in settling time will be seen due to op amp 
dynamics. The normal current-to-voltage converter op amp 
circuits, based on the fast settling AD509, are shown in the 
applications circuit. The unipolar or bipolar circuits shown 
settle to ±1I2LSB in l/ls. The DAC output capacitance, which 
acts as a stray capacitance at the op amp inverting input, 
must be compensated by a feedback capacitor as shown. The 
value should be chosen carefully for each application and 
each op amp type. 

Fastest operation will be obtained by minimizing lead lengths, 
stray capacitance and impedance levels. The supply should be 
bypassed near the device; O.l/lF will be sufficient since the 
ADS66A runs at 'constant supply current regardless of input 
code. Output capacitance effects can be minimized by 
grounding pin 11 in 10V span applications. 

DIRECT UNBUFFERED VOLTAGE OUTPUT FOR 
CABLE DRIVING 

The wide compliance range allows direct current-to-voltage con
version with just an output resistor. Figure 8 shows a connec
tion using the gain and bipolar output resistors to give a ±L60 
volt bipolar swing. In this situation, the digital code is comple
mentary binary. Other combinations of internal and external 
output resistors (Rx) can be useJ to scale to alternate voltage 
ranges, simply by appropriately scaling the 0 to -2mA unipolar 
output current and using the 10.0 volt reference voltage for 
bipolar offset_ For example, setting Rx = 2_67kn gives a ±l 
volt range with a lkn equivalent output impedance_ 

This connection is especially useful for directly driving a long 
cable at high speed. A SOn Rx resistor drives a 50n cable with 
a±50mV full scale swing; settling time is very fast as discussed 
in the section above. 

Figure 8. Unbuffered Bipolar Voltage Output 
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MICROPROCESSOR CONTROL FOR A 12-BIT DAC 
A common 110 interface is the Digital-to-Analog Converter 
output, which provides a voltage corresponding to a data word 
from a microprocessor. 

AD~~~~ {LO 
DECODER HI'------I ,,....--.... 

Figure 9. 

SIMPLE lOGIC INHRFACE 
FOR STANDARD 12·BIT OAe 

Interfacing is more complex when the DAC needs more bits 
of resolution than the system data bus can carry in 1 byte. 
For example, applications using an 8-bit microprocessor to 
drive a 12-bit DAC are common. Several hardware formats 
are possible j the most convenient one depends on the desired 
data format. If the least significant 8 bits are in one byte of 
memory, they can be transferred into an 8-bit latch in one 
memory-or liD-write cycle. An adjacent cycle can be used to 
transfer the 4 least-significant bits of another data word into 
a latch controlling the 4 most-significant bits of the DAC. The 
least-significant bits of the data bus drive two 4-bit latches 
which are controlled by two separate addresses. The Hi Byte 
address allows the microprocessor to write in the 4 most 
significant data bits and the Lo Byte address allows the micro
processor to write in the 8 remaining bits. When all 12 bits 
are latched, the DAC output will assume its proper new value. 
An intermediate value will be momentarily present at the DAC 
terminals between Hi and Lo Byte write cycles. For applica
tions such as CRT displays where this intermediate value can
not be tolerated, double buffering can be effectively employed. 
This could be implemented with a separately-controlled 12-
bit latch at theDAC inputs or a sample and hold amplifier 
on the ou tpu t. 

D/A CONVERTER DISPLAYS 
In Figure 10, a counter-driven AD566A is shown as a sawtooth 
sweep generator. When used for displays, this scheme provides 
a highly-repeatable, controllable linear sweep. 

Raster displays are usually generated by a fast horizontal scan 
and a slower vertical scan which is derived from the horizontal 
scan. Intensity modulation during each horizontal scan pro
vides the pictorial information. The picture resolution is ex
pressed in terms of the number of discernible data points per 
line multiplied by the number of lines. The minimum frame 
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period is the time allowed for the horizontal scan-plus-retrace 
multiplied by the number of lines, plus vertical retrace time. 

A family of monolithic D/A converters is available from 
Analog Devices that are suitable for vertical sweeps. The 
line-spacing uniformity depends on linearity while maximum 
number of lines depends on DAC resolution. A display of 
1024 lines would require 10 bits of resolution and 12 bits of 
linearity (0.012% of linearity provides less than 12% of spacing 
error). Switching transients created within the vertical sweep 
DAC are blanked because they occur during the horizontal 
retrace interval. 

For horizontal sweeps, the DAC requirements are more severe. 
For example, to resolve 500 points per line, at 500 lines per 
frame, at a 30Hz frame rate, requires that each digital hori
zontal step settle within lOOns (typical full scale settling time 
is 200ns), and that there be no "glitches". Even if the display 
is bl~nked between horizontal steps, large glitches at major 
carries can cause deflection-amplifier transients, which distort 
the pattern. 

Figure 10. 

The excellent high speed performance of the AD566A is demon
strated in the oscilloscope photograph of Figure 11. This mea
surement is made with the AD566A driving directly into an 
equivalent son load, amplified with a low capacitance MOS
input, UHF amplifier. The figure shows the worst case situa
tion, which is full scale transition from switching all bits OFF 
to ON. The equipment and circuitry used to make the mea
surements adds about SOns to the actual device performance. 

INPUT DRIVE 
o TO 5 VOLTS 

OUTPUT SIGNAL 
1 DIVISION = 1LSB 

HORIZONTAL SCALE 
150ns/DIV 

1 

1 .. I ! 

~ j' t • 

I I 

~ • t r 
, I 1 

Figure 11. Settling Characteristic Detail 
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FEATURES 
, Single Chip Construction 

Double-Buffered Latch for 8-Bit IlP-Compatibility 
Fast Settling Time: 500ns max to ±1/2LSB 
High Stability Buried Zener Reference on Chip 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 

(AD567K, T) 
Guaranteed for Operation with ±12V or ±15V Supplies 
Low Power: 300mW Including Reference 
TTL/5V CMOS Compatible Logic Inputs 
Low Cost . 

PRODUCT DESCRIPTION 
The AD567 is a complete high speed 12-bit digital-to-analog 
converter including a high stability buried zener voltage 
reference and double-buffered input latch on a single chip. 
The converter uses 12 precision high speed bipolar current 
steering switches and a laser trimmed thin film resistor 
network to provide fast settling time and high accuracy. 

Microprocessor compatibility is achieved by the on-chip 
double-buffered latch. The design of the input latch allows 
direct interface to 4-,8-,12-, or 16-bit buses. The 12 bits of 
data from the first rank of latches can then be transferred to 
the second rank, avoiding generation of spurious analog out
put values. The latch responds to strobe pulses as short 
as lOOns, allowing use with the fastest available microprocessors. 

/ The functional completeness and high performance in the 
AD567 results from a combination of advanced switch design, 

. high speed bipolar manufacturing process, and the proven laser 
wafer-trimming (LWT) technology. The AD567 is trimmed at 
the wafer level and is specified to ±1/4LSB maximum linearity 

. error (K and T grades) at 25°e and ±lI2LSB over the full 
operating temperature range. 

The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best dis
crete reference diodes. The laser trimming process which pro
vides the excellent linearity 1S also used to trim both the abso
lute value of the reference as well as its temperature coefficient. 
The AD567 is thus well suited for wide temperature range 
performance with ±1/2LSB maximum linearity error and 
guaranteed monotonicity over the full temperature range. 
Typical full scale gain T.e. is 10ppm/oC. 

The AD567 is available in four performance grades. The 
AD567J and K are specified for use over the 0 to +700 C tem
perature range and are available in either a 28-pin hermetically
sealed, ceramic DIP or a 28-pin molded plastic DIP (N package). 
The AD567S and T grades are specified for the -55°C to 
+125°e range and are available in the ceramic package. 

Microprocessor-Compatible 
12-Bit D/A Converter 

AD567* I 
AD567 FUNCTIONAL BLOCK DIAGRAM 

28-PIN DIP 

PRODUCT HIGHLIGHTS 
1. The AD567 is a complete current output DAC with volt

age reference and digital latches on a single IC chip: 

2. The double-buffered latch structure permits direct inter
face to 4-, 8-, 12-, or 16-bit data buses. All logic inputs are 
TTL or 5 volt CMOS compatible. 

3. The internal buried zener reference is laser-trimmed to 
10.00 volts with a ±1 % maximum error. The reference volt
age is also available for external application. 

4. The chip also contains SiCr thin film application resistors 
which can be used either with an external op amp to pro
vide a precision voltage output or as input resistors for an 
AID converter. The resistors are matched to the internal 
ladder network to guarantee a low gain temperature coef
ficient and are laser-trimmed for minimum full scale and 
bipolar offset errors . 

5. The precision high speed current switch design· provides 
high dc accuracy and an optimally-damped settling charac
teristic. Output current settling time is 500 nanoseconds 
maximum to ±lI2LSB. 

6. The single-chip construction makes the AD567 inherently 
more reliable than multichip hybrid designs. The AD567S 
and T grades with guaranteed linearity and monotonicity 
over the -5 5° C to + 125° e range are especially recommended 
for high reliability needs in harsh environments. These units 
are available processed to MIL-STD-883, Level B. 

·Covered by patent numbersl 3,803,5901 3,890,611; 3,932,863; 
3,978,47314,020,486; and other patents pending. 
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SPECIFICATIONS (TA = +25°e, Vee = +12V or+15V, VeE = -12V or -15V, unless otherwise specified) 

AD567j AD567K 

MODEL MIN TVI' MAX MIN TYP MAX UNITS 

DATA INPUTS l (Pins 10-15 and 17-28) 
TTL or 5 Volt CMOS 

Input Voltage 
Bit ON Logic "I" +2.0 +5.5 +2.0 +5.5 V 
Bit OFF Logic "0" +11./1 +0.8 V 

Logic Current (each bit) 
Bit ON Logic "I" +120 +300 +170 +300 JJ.A 
Bit OFF Logic "0" +35 +100 +35 +100 JJ.A 

RESOLUTION 12 12 Bits 

OUTPUT 
Current 

\ 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 rnA 
Bipolar (all bits on or off) . ±o.8 ±1.0 ±1.2 ±0.8 ±1.0 ±1.2 rnA 

Resistance (exclusive of span 
resistors) 6k 8k 10k 6k 8k 10k n 

Offset 
Unipolar O.o! 0.05 O.o! 0.05 % of 1'.5. 
Bipolar (Figure 3. Rz = son fixed) 0.05 0.15 0.05 0.1 % of F.S. 

Capacitance 25 25 pI' 
Compliance Voltage 

Tmin toTmax -1.5 +10 -1.5 +10 V 

ACCURACY (error relative to 
full scale) + 2 S° C ±1/4 ±1/2 ±1I8 ±1/4 LSB 

(0.006) (0.012) (0.003) (0.006) % of F.S. 
Tmin to Tmax ±1/2 ±3/4 ±1I4 ±1I2 LSB 

(0.012) (0.018) (0.006) (0.012) % of F.S. 
DIFFERENTIAL NONLINEARITY 

+2S oC ±1/2 ±3/4 ±1/4 ±1I2 LSB 
Tmin to Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero I 2 I 2 ppm/C 
Bipolar Zero 5 10 5 10 ppm/C 
Gain (Full Scale) IS SO 10 20 ppm/C 
Differential Nonlinearity 2 2 ppm/C 

TEMPERATURI[ RANGE 
Operating 0 +iO 0 +70 °c 
Storage -65 +150 -65 +150 °c 

POWER REQUIREMENTS 
Vee. +11.4 to t16.SV dc 3 5 3 5 rnA 
VEE. -11.4 to -16.SV de -17 -25 -17 -25 rnA 

POWER SUPPLY GAIN SENSITlVITy1 , 
Vee = +11.4 to +16.SV dc 3 10 3 10 ppm of 1'.5.1% 
VEE = -11.4 to -16.SV dc IS 25 IS 25 ppm of F.S.I% 

PROGRAMMABLE OUTPUT 
RANGE (see Figures 1. 2. 3\ o to +.5 o to +5 V 

-2.5 to +2.5 -2.5 to +2.5 V 
o to +10 o to +10 V 
-5 to +5 -5 to +S V 
-10 to +10 -10 to +10 V 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed son 

Resistor for.R2 (Figure 2) ±O.I to.2S to.1 to.2S % of F.S. 
Bipolar Zero Error with Fixed 

son 'Resistor for R 1 (Figure 3) to.05 ±O.IS to.OS to.1 % of 1'.5. 
Gain Adjustment Range (Figure 2) ±0.25 ±0.2S % of F.S. 
Bipolar Zero Adjustment Range to.lS to.1S % of F.S. 

REFERENCE INPUT 
Input Impedance 15k 20k 2Sk 15k 20k 2Sk n 

REFERENCE OUTPUT 
Voltage 9.90 10.00 10.10 9.90 10.00 10.10 V 
Current (available for external 

loads) 0.1 1.0 0.1 1.0 rnA 

POWER DISSIPATION 300 495 300 495 mW 

PACKAGE OPTION3 

Ceramic DIP (D28A) ADS67jD AD567KD 
Plastic DIP (N28A) AD567JN4 AD567KN4 

NOTES 

I The digital input specifications are guaranteed but not tested ov.r the I S •• Section 20 for pack.ge oudine information. 
operating temperature range. 4The AOS67JN. KN. SO and TO will be available in June 1982. 

2The power supply gain sensitivity is tested in reference to a Vee. VEE of ±lSV de !10%. Specifications subject to change without notice. 
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ADS67S ADS67T 

MODEL MIN TYP MAX MIN TYP MAX UNITS 

DATA INPUTS! (Pins 10-IS and 17-2B) 
TTL or S Volt CMOS 

Input Voltage 
Bit ON Logic "I" +2.0 +S.5 +2.0 +5.5 V 
Bit OFF Logic "0" +0.8 +O.B V 

Logic Current (each bit) 
Bit ON Logic "I" +120 +300 +170 +300 IJ.A 
Bit OFF Logic "0" +35 +100 +35 +100 IJ.A 

RESOLUTION 12 12 Bits 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 rnA 
Bipolar (all bits on or off) ±0.8 ±l.0 ±1.2 ±O.B ±1.0 ±l.2 rnA 

Resistance (exclusive of span 
resistors) 6k Bk 10k 6k 8k 10k n 

Offset 
Unipolar 0.Ql 0.05 0.01 O.OS % of F.S. 
Bipolar (Figure 3, R2 = son fixed) 0.05 0.15 0.05 0.1 % of F.S. 

Capacitance 25 25 pF 
Compliance Voltage 

Tmin toTmax -1.5 +10 -1.5 +10 V 

ACCURACY (error relative to 
full scale) +2SoC ±1I4 ±1I2 ±lIB ±1/4 LSB 

(0.006) (0.012) (0.003) (0.006) % of F.S. 
Tmin to Tmax ±1/2 ±3/4 ±1/4 ±1/2 LSB 

(0.012) (O.OIB) (0.006) (0.012) % of F.S. 

DIFFERENTIAL NONLINEARITY 
+2SoC ±1/2 ±3/4 ±1/4 ±1/2 LSB 
Tmin to Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero I 2 I 2 pprn/C 
Bipolar Zero 5 )0 5 10 pprn/oC 
Gain (Full Scale) IS 30 10 20 ppm/oC 
Differential Nonlinearity 2 2 pprn/oC 

TEMPERATURE RANGE 
Operating -5S +125 -SS +125 °c 
Storage -65 +ISO -65 +150 °c 

POWER REQUIREMENTS 
Vee. +11.4 to +16.5V de 3 S 3 5 rnA 
VEE. -11.4 to -16.5V dc -17 -2S -17 -25 rnA 

POWER SUPPLY GAIN SENSITlVlTyl 
Vee = +11.4 to +16.SV de 3 10 3 10 ppm of F.S.I% 
VEE = -11.4 to -16.5V dc IS 25 15 25 ppm of F.S.I% 

PROGRAMMABLE OUTPUT 
RANGES (see Figures I, 2, 3) o to +5 o to +S V 

-2.5 to +2.5 -2.S to +2.5 V 
o to +10 o to +10 V 
-S to +S -5 to +5 V 
-10 to +10 -10 to +10 V 

EXTERNAL ADJ USTMENTS 
Gain Error with Fixed son 

Re~istor for R2 (Figure 2) ±O.l to.25 to.l to.25 % of F.S. 
Bipolar Zero Error with Fixed 

son Resistor for Rl (Figure 3) to.OS to.15 to.OS to.l % of F.S. 
Gain Adjustment Range (Figure 2) to.2S to.2S % of F.S. 
Bipolar Zero Adjustment Range to.lS to.lS % of F.S. 

REFERENCE INPUT 
Input Impedance 15k 20k 2Sk ISk 20k 25k n 

REFERENCE OUTPUT 
Voltage 9.90 10.00 10.10 9.90 10.00 10.10 V 
Current (available for external 

loads) 0.1 1.0 0.1 1.0 rnA 

POWER DISSIPATION 300 49S 300 49S mW 

PACKAGE OPTlON3 ADS67SD4 ADS67TD4 

.Specifications subject to change without notice. 
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TIMING SPECIFICATIONS 

(All Models, TA = 25°C, Vee = +12V or +lSV, 
VEE = -12Vor -lSV) 

Symbol Parameter Min Typ Max 

tDW Data Valid to End of WR 

tcw CS Valid to End of WR 
tAW Address Valid to End of WR 
twp Write Pulse Width 
tDH Data Hold Time 
tSETT Output Current SetrlingTime 

TIMING DIAGRAMS. 
WRITE CYCLE #1 

I SO 
100 
100 
100 
0 

(Load First Rank from Data Bus; A3 = 1) 

400 

I-tcw-t 
Cs -----., I I 

500 

~tAW-t 
A2-AO ----X I X __ _ 

_______ t:::tDW-l 
OBll-0BO X I 'i.. . 

_ .--J --1 J::tDH 
ViR \\\-% 

J-twP-I 

AD567 ORDERING GUIDE 

ns 

ns 
ns 
ns 
ns 

LINEARITY 
TEMP ERROR MAX 

MODEL PACKAGE RANGE @25°C 

ADS67jN* Plastic Com ±1/2LSB 
AD567KN* Plastic Com ±1/4LSB 
ADS67jD Ceramic Com ±1I2LSB 
ADS67KD Ceramic Com ±1I4LSB 
ADS67SD* Ceramic Mil ±1/2LSB 
ADS67SD/883B* Ceramic Mil ±1/2LSB 
ADS67TD* Ceramic Mil ±1/4LSB 
ADS67TD/883B* Ceramic Mil ±1/4LSB 

-To be available June 1982. 
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ABSOLUTE MAXIMUM RATINGS 

Vee to Power Ground ................... OV to + 18V 
VEE to Power Ground ................... OV to -18V 
Voltage on DAC Output (Pin 2) ............ -3V to +12V 
Digital Inputs (Pins 10-15, 17-28) 

to Power Ground .................. -1.0V to +7.0V 
Ref In to Reference Ground ................... ±12V 
Bipolar Offset to Reference Ground .............. ±12V 
lOV Span R to Reference Ground ............... ±12V 
20V Span R to Reference Ground ............... ±24V 
Ref Out ............... Indefinite short to power ground 

Momentary Short to Vee 
Power Dissipation ........................ 1000mW 

WRITE CYCLE #2 
(Load Second Rank from First Rank; A21 At. Ao = 1) 

I' tcw-l ES----' I / 
j-tAW-l 

A3 ------,., . I / 
t-twP~ 

WR ------., ,----

j::==tSETT ==== __ 1_ •• ! __ 
OUTPUT 

GAIN T.C. 
MAX 

SOppm/oC 
20ppm/oC 
SOppmtC 
20ppm/oC 
30ppmtC 
30ppm/oC 
20ppmtC 
20ppmtC 

7 ",t, 
------------------

BIP OFFSET 

DAC OUT (·2mA F.S.) 

10V SPAN R 

20V SPAN R 

REF GND 

VREF OUT 

+Vcc 

VREF IN 

-VEE 

cs 
WR 
AJ 

A2 

Al 

PIN CONNECTIONS 
TOP VIEW 

DB" (MSB) 

DB10 

DB9 

DBS 

DB7 

DB6 

DBS 

DB4 

DBJ 

DB2 

OBI 

DBO (LSB) 

POWER GROUND 

AO 



THE AD567 OFFERS TRUE 12-BIT PERFORMANCE 
OVER THE FULL TEMPERATURE RANGE 

RELA TlVE ACCURACY: Analog Devices defines relative 
accuracy as the maximum deviation of the actual, adjusted 
DAC output from the ideal analog output (a straight line 
drawn from 0 to F.S. - 1LSB) for any bit combination. The 
AD567 is laser trimmed to 1/4LSB (0.006% of F.S.) maxi
mum error at +25°C for the K and T versions and 1/2LSB 
for the] and S. 

MONOTONICITY: A DAC is said to be monotonic if the out
put either increases or remains constant for increasing digital 
inputs such that the output will always be a non-decreasing 
function of input. All versions of the AD567 are mono-
tonic over their full operating temperature range. 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requ ires that the differential linearity error be less than 
lLSB both at +2SoC and over the temperature range of inter
est. Differential nonlinearity is the measure of the variation in 
analog value, normalized to full scale, associated with a 1 LSB 
change in digital input code. For example, for a 10 volt full 
scale output, a change of 1LSB in digital input code should 
result in a 2.44mV change in the analog output (lLSB = 10V x 
1/4096 = 2.44mV). If in actual use, however, a 1LSB change in 
the input code results in a change of only 0.61mV (l/4LSB) in 
analog outpu t, the differential linearity error would be 
1.83mV, or 3/4LSB. The ADS67K and T have amax differen
tiallinearity error of 1/2LSB, which specifies that every step 
will be at least 1I2LSB and at most 1 1/2 LSB. 

The differential nonlinearity temperature coefficient must also 
be considered if the device is to remain monotonic over its full 
operating temperature range. A differential nonlinearity temper
ature coefficient of 1.0ppm/C could, under worst case condi
tions for a temperature change of +2SoC to +12SoC, add 
0.01 % (lOOoC x 1.0ppm/C) of error. The resulting error 
could then be as much as 0.01% + 0.006% (initial error, 
1I4LSB) = 0.016% of F.S. (l/2LSB represents 0.012% of 
F.S.). To be sure of accurate performance all versions of the 
AD567 are 100% tested for monotonicity over the full oper
ating temperature range. 

ANALOG CIRCUIT CONNECTIONS 
The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred trim
ming techniques. If a low offset operational amplifier (AD510L; 
ADS17L; AD741L; AD301AL; AD OP-07) is used, excellent 
performance can be obtained in many situations without trim
ming (an op amp with less than 0.5mV max offset voltage 
should be used to keep offset errors below 1I2LSB). Unipolar 
zero will typically be within ±1I2LSB (plus op amp offset), 
and full scale accuracy will be within 0.1% (0.2S% max). 
Suhstituting a SOn resistor for the lOOn bipolar offset trim
mer will give a bipolar zero error typically within ±2LSB 
(0.05%). 
The ADS44 is recommended for buffered voltage-output appli
cations which require fast settling time to ±1/2LSB. The feed
back capacitor is shown with the optimum value for each 
application; this capacitor is required to compensate for the 
25 picofarad DAC output capacitance. 

Analog Application Notes 
+Vee 

Figure 1. 0 to + 10V Unipolar Voltage Output 

FIGURE 1. UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to +10 volt output 
range. In this mode, the bipolar terminal, pin 1, should be 
grounded if not used for trimming. 

STEP I ... ZERO AD]UST 
Turn all bits OFF and adjust zero trimmer R1, until the out
put reads 0.000 volts (lLSB = 2.44mV). In most cases this trim 
is not needed, and pin 1 should be connected to pin 5. 

STEP II ... GAIN AD] UST 
Turn all bits ON and adjust lOOn gain trimmer R2, until the II 
output is 9.9976 volts. (Full scale is adjusted to 1LSB less than I 
nominal full scale of 10.000 volts.) If a 10.23 75V full scale is 
desired (exactly 2.5mV/bit), insert a 120n resistor in series 
with the gain resistor at pin 3 to the op amp output. 

Figure 2. ±5V Bipolar Voltage Output 

FIGURE 2. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
-5.000 to +4.9976 volts, with positive full scale occurring with 
all bits ON (all 1 's). 

STEP I ... OFFSET ADJUST 
Turn OFF all bits. Adjust lOOn trimmer R1 to give -5.000 
volts output. 

STEP II ... GAIN AD]UST 
T~rn ON All bits. Adjust lOOn gain trimmer R2 to give a 
reading of +4.9976 volts. 

Please note that it is not necessary to trim the op amp to ob
tain full accuracy at room temperature. In most bipolar situa
tions, an op amp trim is unnecessary unless the untrimmed off
set drift of the op amp is excessive. 
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FIGURE 3 OTHER VOLTAGE RANGES 
The AD567 can also be easily configured for a unipolar 0 to 
+5 volt range or ±2.5 volt and ±10 volt bipolar ranges by using 
the additional 5k application resistor provided at the 20 volt 
span R terminal, pin 4. For a 5 volt span (0 to +5 or ±2.5), 
the two 5k resistors are used in parallel by shorting pin 4 to 
pin 2 and connecting pin 3 to the op amp output and the 
bipolar offset either to ground for unipolar or to REF OUT 
for the bipolar range. For the ±10 volt range (20 volt span) 
use the 5k resistors in series by connecting only pin· 4 to the 
op amp output and the bipolar offset connected as shown. 
The ±10 volt option is shown in Figure 3. 

Figure 3. ± 10V Voltage Output 

The internal resistor values shown in Figures 1, 2, and 3 are 
nominal values only, as is the output current. These values are 
subject to an absolute tolerance of approximately ±20%. 
Furthermore, the resistors in the AD567 exhibit a tempera
ture coefficient of approximately -50ppm/oC. While these 
absolute tolerances may appear exce~sively wide, the ratios 
of the resistor values and tracking TC are extremely well
controlled. In applications where the internal feedback 
resistor determines the output voltage range it is the ratios 
which determine the accuracy. However, in applications where 
the desired full scale range requires use of an external resistor, 
sufficient trim range must be provided to compensate for the 
tolerance of the internal resistance. 

INTERNAL/EXTERNAL REFERENCE USE 
The AD567 has an internal low-noise buried zener diode refer
ence which is trimmed for absolute accuracy and temperature 
coefficient. This reference is buffered and optimized for use 
in a high speed DAC and will give long-term stability equal 
or superior to the best discrete zener reference diodes. The 
performance of the AD567 is specified with the internal refer
ence driving the DAC since all trimming and testing (especially 
for full scale error and bipolar offset) is done in this config
uration. 

The AD567 can be used with an external reference, but may 
not have sufficient trim range to accommodate a reference 
which does not match the internal reference. 

The internal reference has sufficient buffering to drive external 
circuitry in addition to the reference currents required for the 
DAC(typically 0.5/TlA to Ref In an~ 1.0mA to Bipolar Offset). 

Output Range 

o to +5V 
o to +lOV 
-2.5V to +2.5V 
-5V to +5V 
-lOY to +lOV 

Connect Pin 3 to: 

Amplifier Output 
Amplifier Output 
Amplifier Output 
Amplifier Output 

A minimum of O.lmA is available for driving external loads. 
The AD567 reference output should be buffered with an ex
ternal op amp if it is required to supply additional output 
current. The reference is typically trimmed to ±0.2%, then 
tested and guaranteed to ±1.0% max error. The temperature 
coefficient is comparable to that of the full scale TC for a 
particular grade. 

OUTPUT VOLTAGE COMPLIANCE 
The AD567 havrtypical output compliance range from -1.5 to 
+ 10 volts. The current-steering output stages will be unaffected 
by changes in the output terminal voltage over that range. How
ever, there is an equivalent output impedance of 8k in parallel 
with 25pF at the output terminal which produces an equivalent 
error current if the voltage deviates from analog common. This 
is a linear effect which does not change with input code. Opera
tion beyond the compliance limits may cause either output 
stage saturation or breakdown which results in nonlinear per
formance. Compliance limits are not affected by the posi-
tive power supply, but are a function of output current and 
negative supply, as shown in Figure 4. 

Cl 

" 4 ~ 
W 0 
> > 3 
;:: W 

" U ~ ~ 2 
z ::; 

~ 1 
8 

11.4V 13.5V 16.5V 

NEGATIVE SUPPLY _. VEE 

Figure 4. Typical Negative Compliance Range vs. 
Negative Supply 

GROUNDING RULES 
The AD567 brings out separate reference and power grounds \ 
to allow optimum connections for low noise and high speed 
performance. These grounds should be tied together at one 
point, usually the device power ground. The separate ground 
returns are provided to minimize current flow in low-level 
signal paths. In this way, logic return currents are not sum
med into the same return path with analog signals. 

The reference ground at pin 5 is the ground point for the 
internal reference and is thus the "high quality" ground for 
the ADS67; it should be connected directly to the analog 
reference point of the system. The power ground at pitt 16 
can be connected to the most convenient ground point; 
analog power return is preferred. If power ground contains 
high frequency noise beyond 200mV, this noise may feed 
through the converter, thus some caution will be required 
in applying these grounds. 

It is also important to properly apply decoupling capacitors 
on the power supplies for the AD567 and the output ampli
fier. The correct method for decoupling is to connect a capac
itor from each power supply pin of both the AD567 and the 
amplifier directly to the reference ground pin of the AD567. 
Any load driven by the output amplifier should also be re
ferred to the reference ground pin. 

Connect Pin 4 to: 

Pin 2 
Amplifier Output 
Pin 2 
Amplifier Output 
Amplifier Output 

Connect Pin 1 to: 

Pin 5 
Pin 5 
Pin 6 (through SOn) 
Pin 6 (through SOn) 
Pin 6 (through SOn) 

Table 1. Connections for Various Output Rimges 
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DIGITAL CIRCUIT DETAILS 
The bus interface logic of the AD567 consists of four inde
pendently addressable registers in two ranks. The first rank 
consists of three four-bit registers which can be loaded di
rectly from a 4-, 8-, 12-, or 16-bit microprocessor bus. Once 
the complete 12-bit data word has been assembled in the 
first rank, it can be loaded into the 12-bit register of the 
second rank. This double-buffered organization avoids the 
generation of spurious analog output values. Figure 5 shows 
the block diagram of the AD567 logic section. 

The latches are controlled by the address inputs, AO-A3, and 
the CS and WR inputs. All control inputs are active low, con
sistent with general practice in microprocessor systems. The 
CS and WR inputs must both be low for any operation to 
occur. The four address lines each enable one of the four 
latches, as indicated in Table 2 below. 

All latches in the AD567 are level-triggered. This means that 
data.present during the time when the control signals are valid 
will enter the latch. When anyone of the control signals re
turns high, the data is latched. 

OBll --- DBa OB7--- 0B4 DB3 --- DBD 

Figure5. AD567 Block Diagram/ 

CS WR A3 A2 Al AO Operation 

1 X X X X X No Operation 
X 1 X X X X No Operation 
0 0 1 1 1 0 Enable 4 LSBs of First Rank 
0 0 1 1 0 1 Enable 4 Middle Bits of First Rank 
0 0 1 0 1 1 Enable 4 MSBs of First Rank 
0 0 0 1 1 • 1 Loads Second Rank from First Rank 
0 0 0 0 0 0 All Latches Transparent 

"X" = Don't Care 

Table 2. AD567 Truth Table 

MICROPROCESSOR BUS INTERFACING 
The AD567 interface logic is configured with enough flexi
bility to allow relatively simple interface to the various micro
processor bus structures. The required control signals, CS and 
WR, are easily derived in most systems. Usually a base address 
is decoded, and this active-low signal is used for CS (Chip 
Select). Either 110 Write or Memory Write can be used for WR, 
depending on the system design. The relative timing of these 
signals is not important and they are interchangeable. 

The address lines determine which of the latches are being 
enabled. It is permissible to enable two or more latches 
simultaneously, as in the examples of 8-, 12-, and 16-bit 
interfaces. 

AD567 Digital Interface Details 
The double-buffered latch permits data to be loaded into the 
first rank latches of several AD567s and subsequently strobed 
into the second rank registers of all the DACs. All analog out
puts will then update simultaneously. 

40BIT PROCESSOR INTERFACE 
Many industrial control applications use four-bit microproces
.sors but require 12-bit accurate analog control voltages. The 
AD567 is well suited to these applications, due to its flexible 
control structure. 

I DBl 

DB2 

OBI 

DBO 

AN 

IJP I 
I 
I 

A2 

Al 

AO 

J WR 

I 
I 
I 

3 

2 

ADDRESS 

~ 
XOI 
Xl0 
XII 

28,24,20 

27,23,19 

26,22,18 

25,21,17 

BASE 'V" 
ADDRESS 
DECODER 

7 

6 

1/274LS139 5 

4 

OPERATION 
LOAD 4LSB. 
LOAD 4 MIDDLE BITS 
LOAD 4 MSBs 
UPDATE OUTPUT . 

DBll, DB7, DB3 I 
DB10, DB6, DB2 

DB9, DB5, OBI 

DB8, DB4, DBO 

-
CS 

AD567 

A3 

A2 

Al 

AO 

WR I 

Figure 6. Addressing for 4-Bit Microprocessor Interface 

Each AD567 occupies four locations. in a 4-bit microprocessor 
system. A single 74LS139 2-to-4 decoder is used to provide 
sequential addresses for the four AD567 registers. CS is de
rived from an address decoder driven from the high order 
address bits. The system WR is used for the WR input of the 
AD567. 

8-BIT MICROPROCESSOR INTERFACE 
The AD567 interfaces easily to 8-bit microprocessor systems 
of all types. The control logic makes possible the use of right
or left-justified data formats. 

Whenever a 12-bit DAC is loaded from an 8-bit bus, two bytes 
are required. If the program considers the data to be a I2-bit 
binary fraction (between 0 and 4095/4096), the data is left
justified, with the eight most significant bits in one byte and 
the remaining bits in the upper half of another byte. Righ t
justified data calls for the eight least significant bits to occupy 
one byte, with the 4 most significant bits residing in the lower 
half of another byte, simplifying integer arithmetic. 

I OB111 OB10 1 OB91 OBS 1 OB71 OB6 1 OB51 OB41 

1 OB3 I OB2 I DB 1 lOBO 1 X 1 X X X 

a. Left Justified 

X X X I OB111 OB101 OB91 OBsl 

I OB71 OB6 I OB51 OB4 I OB31 OB21 OB1 lOBO I 
b. Fright Justified 

Figure 7. 12-Bit Data Formats for 8-Bit Systems 
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Figure 8 shows an addressing scheme for use with an ADS67 
set up for left·justified data in an 8-bit system. The base ad· 
dress is decoded from the high·order address bits and the reo 
sultant active·low signal is applied to CS. The two LSBs of 
the address bus are connected as shown to the ADS67 address 
inputs. The latches now reside in two consecutive locations, 
with location X0110ading the four LSBs and location X10 
loading the eight MSBs and updating the output. 

07 
06 
05 
D4 
03 
02 
01 
DO 

A15 
I 
I 
I 

A2 

Al 

AO 

L...-
L....-

L....--
~ 

ADDRESS l--
DECODER 

r 
L 

DBll 7 DB10 
DB9 
DB8 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
OBI 
DBO 

cs 
AD567 

AO 

Al 
A2 

A3 

ViR J 

Figure 8. Left.Justified 8-Bit Bus Interface 

Right·justified data can be similarly accommodated. The 
overlapping of data lines is reversed, and the address con· 
nections are slightly different. The ADS67 still occupies 
two adjacent locations in the processor's memory map. 

DBll 
DB10 
DB9 
DB8 

07 DB7 
06 DB6 
05 DB5 
04 DB4 
03 DB3 
02 DB2 
01 OBI 
DO DBO 

A15 AD567 
I 
I 
I 

cs 
A2 

Al AO 
Al 

AO A2 
A3 

ViR ViR 

Figure 9. Right.Justified 8·Bit Bus Interface 

USING MULTIPLE ADS67 DACS IN 8-BIT SYSTEMS 
Many applications use multiple digital·to·analog converters 
driven from the same data bus. For example, automatic test 
equipment systems often require all analog outputs to be 
produced simultaneously. Vector·scan graphic systems require 
that the X and Y coordinates of the stroke endpoints be up· 
dated simultaneously. The ADS67 can be used with a very 
simple address decoder to perform this function, as shown 
in Figure 10. The 74LS139 two·line to four·line decoder and 
one inverter provide a set of distinct address pulses which 
assign the registers of the two DACs to a block of consecutive 
memory locations. In this circuit,write operations to addres· 
ses XOOO and X00110ad the first rank registers of one DAC 
in a right·justified data format. Addresses XOlO and X011 
load the first tank of another DAC, also in a righ t·justified 
format. A write to any address from X100 to X111 will load 
the second rank registers of both DACs simultaneously from 
their respective first rank registers. 
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A5 
I 
I 
I 
I 

A3 

A2 

Al 

AO 

ViR 

1/2 74lS139 

EN 

Al 

AO 

TOes INPUT 
(BOTH DACS) 

TO AO, Al X DAC 

TOA2XDAC 

TO AO, Al V DAC 

TOA2VDAC 

TO A3, BOTH DACS 

-------------------------------- ~~~~~~T 
A2 Al AO OPERATION 

0 0 0 lOAD BlSB - X DAC 
0 0 I lOAD 4MSB - X DAC 
0 I 0 LOAD BLSB - V DAC 
'0 I I lOAD 4MSB - V DAC 
I X X UPDATE BOTH DACS 

Figure 10. Addressing for Two DACs (Right.Justifiedj on 
8-Bit Bus 

USING THE ADS67 WITH 12- AND 16-BIT BUSES 
The ADS67 is easily interfaced to 12- and 16-bit data bu~es. 
In this operation, all four address lines (AO through A3) are 
tied to low, and the latch is enabled by CS and WR going 
low. The ADS67 thus occupies a single memory location. 

This configuration renders the second rank register trans· 
parent, using the first rank of registers as the data latch. The 
CS input can be driven from an active·low decoded address, 
and WR can be the system WR signal. It should be noted that 
any data bus activity during the period when CS and WR are 
both active will cause activity at the ADS67 output. If data 
is not guaranteed stable during this period, the second rank 
register can be used to provide double buffering; 

OIl 
010 
09 
DB 
07 
06 
05 
04 
03 
02 
01 
DO 
A15 

I 

: 
A2 

ViR 

ADDRESS 1---
DECODER 

r-
I~ 

I~ 

I~ 

'f..7 

DB" I DB10 
DB9 
DB8 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
OBI 
DI!O 

cs 
AD567 

WR 

A3 
A2 
Al 
AO 

Figure 11. Connections for 12- and 16-8it Bus Interface 

DIGITAL INPUT CONSIDERATIONS 

The threshqld of the digital input circuitry is set at 1.4 volts 
and 'does not vary with supply voltage. The input lines can 
thus interface with any type of 5 volt logic. The configuration 
of the input circuit is shown in Figure 12. The input line can 
be modeled as a 30kn resistance connected to a -0.7V rail, 
in parallel with a SpF capacitance to ground. 

I· 
I 

DIGITAL n-!..-..-
(P:~~~~~15 ...... i .1. 5pF 
AND 17-28) : *-

POWER / GND~ 

30kfl 

... ·0.7V 

6------<) TO lOGIC 

Figure 12. Equivalent Digital Input Circuit 
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PRELIMINARY TECHNICAL DATA 

FEATURES 
Improved Replacement for Industry Standard 1408/1508 
Improved Settling Time: 250ns typ 
Improved Linearity: ±0.1% Accuracy Guaranteed Over 

Temperature Range (-9 Grade) 
High Output Voltage Compliance: +0.5V to -5.0V 
Low Power Consumption: 157mW typ 
High Speed 2·Quadrant Multiplying Input: 4~OmA/p.s 

Slew Rate 
Single Chip Monolithic Construction 
Hermetic 16-Pin Ceramic DIP 
Low Cost 

PRODUCT DESCRIPTION 
The AD1408 and AD1508 are low cost monolithic integrated 
circuit 8-bit multiplying digital-to-analog converters, consisting 
of matched bipolar switches, a precision resistor network and a 
control amplifier. The single chip is mounted in a hermetically 
sealed ceramic 16 lead dual-in-line package. 

Advanced circuit design and precision processing techniques 
result in significant performance advantages over older indus
try standard 1408/1508 devices. The maximum linearity error 
over the specified operating temperature range is guaranteed 
to be less than ±'ALSB (-9 grade) while settling time to ±YzLSB 
is reduced to 250ns typo The temperature coefficient of gain 
is typically 20ppmtC and monotonicity is guaranteed over 
the entire operating temperature range. 

The AD1408/AD1508 is recommended for all low-cost 8-bit 
DAC requirements; it is also suitable for upgrading overall 
performance where older, less accurate and slower 1408/1508 
devices have been designed in. The AD1408 series is specified 
for operation over the 0 to +75°C temperature range, the 
AD1508 series for operation over the entire military tempera
ture range of _SSoC to +125°C. 

·Covered by Patent Numbers 3,961,326; 4,141,004. 

8-Bit Monolithic 
Multipling D / A Converter 

AD1408 / AD1508 * I 
AD140S/AD1508 FUNCTIONAL BLOCK DIAGRAM 

MSB LSB 
+Vs Bl B2 B3 B4 B5 B6 B7 BB 

COMP -Vs 

TO-116 

PRODUCT HIGHLIGHTS 
1. Monolithic IC construction makes the AD 140S/ AD 1508 an 

optimum choice for applications where low cost is a major 
consideration. 

2. The AD140S/AD1508 directly replaces other devices of 
this type. . 

3. Versatile design configuration allows voltage or current out
puts, variable ?r fixed reference inputs, CMOS or TTL 
logic compatibility and a wide choice of accuracy and tem
perature range specifications. 

4. Accuracies within ±'ALSB allow performance improvement 
of older applications without redesign. 

5. Faster settling time (250ns typ) permits use in higher speed 
applications. 

6. Low power consumption improves stability and reduces 
warm-up time. 

7. The AD140S/AD150S multiplies in two quadrants when a 
varying reference voltage is applied. When multiplication is 
not required, a fixed reference is used. 

S. The device is packaged in a hermetically-sealed ceramic 16 
lead dual-in-line package. Processing to MIL-STD-883 level 
B is available. 
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SPECIFICATIONS (typical @+25°eand Vee = +5.0V dc, VEE = -15V de unless otherwise noted) 

MAXIMUM RATINGS 
RATING 

POWER SUPPLY VOLTAGE 

DIGITAL INPUT VOLTAGE 

APPLIED OUTPUT VOLTAGE 

REFERENCE CURRENT 

REFERENCE AMPLIFIER INPUTS 

POWER DISSIPATION 
(Package Limitation) 

Derate above T A = +25° C 

OPERATING TEMPERATURE RANGE 
AD 140B Series 
AD I50B Series 

STOR'GETEMPERATURERANGE 

ELECTRICAL CHARACTERISTICS 

SYMBOL VALUE 

Vee +5.5 
VEE -16.5 

V5 thru V12 +5.5,0 

Vo +0.5, -5.2 

114 5.0 

V14 , V15 Vee' VEE 

1000 
Pp 6.7 

TA o to +75 
TA -55 to +125 

TSTG -65 to +150 

(Vee = +5.0V dc, VEE = -I5V dc, V R1E: = 2.0rnA, AD150B Series: TA = -55°C to +I25°C 
AD1408 Series: TA = 0 to +7S

o
C unfc:ss otherwise noted. All digital inputs at high logie leveL) 

CHARACTERISTIC SYMBOL MIN TYP MAX 

RELATIVE ACCURACY 
(Error Relative to Full Seale 10) 

ADI50B·9, AD140B·9 Er ±O.IO 
AD150B·B, ADI40B·B Er ±0.I9 
ADI40B·7 Er ±0.39 

SETTLING TIME 
to Within 1I2LSB [Includes tpLH) 

(TA = +25°C) ts 250 

PROPAGATION DELAY TIME 
TA = +25°C tpLH ,tpHL 30 100 

OUTPUT FULL SCALE CURRENT DRIFT TClo -20 

DIGITAL INPUT LOGIC LEVELS (MSB) 
High Level, Logie "I" VIH 2.0 
Low Levd, Logie "0" VIL O.B 

DIGITAL INPUT CURRENT (MSB) 
High Level, VIN = 5.0V 1m 0 0.04 
Low Level, VIL = O.BV IlL -0.4 -O.B 

REFERENCE INPUT BIAS CURRENT 
(Pin 15) 115 -1.0 -3.0 

OUTPUT CURRENT RANGE 
VEE = -5.0V loR 0 2.0 2.1 
VEE = -6.0V to -15V loR 0 2.0 4.2 

OUTPUT CURRENT 
VREF = 2.000V, RI4 = IOOOn 10 1.9 1.99 2.1 

OUTPUT CURRENT 
(All Bits Low) 10 (min) 0 4.0 

OUTPUT VOLTAGE COMPLIANCE 
(E. "0.19% at TA = +25°C) 

VEE =-5V Vo -0.6, +0.5 
VEE below -IOV Vo -5.0, +0.5 

REFERENCE CURRENT SLEW RATE SRIREF 4.0 

OUTPUT CURRENT POWER SUPPLY 
SENSITIVITY PSSIo 0.5 2.7 

POWER SUPPLY CURRENT 
(All Bits Low) . Icc +9 +14 

lEE -7.5 -13 

POWER SUPPLY VOLTAGE RANGE 
(TA = +25°C) VCCR +4.5 +5.0 +5.5 

VEER -4.5 -15 -16.5 

POWER DISSIPATION 
All Bits Low 

VEE = -5.0V de Po B2 135 
VEE = -15V de Po 157 265 

All Bits High 
VEE = -5.0V de Po 70 
VEE =-15V de Po 132 

Specifications subject to change without notice. 
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APPLYING THE AD1408/1508 
Reference Amplifier Drive and Compensation 
Figures 2a and 2b are the connection diagrams for using the 
AD1408/AD1508 in basic voltage output modes. In Figure 2a, a 
positive reference voltage, VREF , is converted to a current by 
resistor R14. This reference current determines the scale 
factor for the output current such that the full scale output 
is lLSB (1/256) less than the reference current. R15 provides 
bias current compensation to the reference control amplifier 
to minimize temperature drift; it is nominally equal to R 14 
although it needn't be a stable precision resistor. This con
figuration develops a negative output voltage across RL and 
requires a positive VREF . 

If a negative VREF is to be used, connections to the reference 
control amplifier must be reversed as shown in Figure 2b. This 
circuit also delivers a negative output voltage, but presents 
a high impedance to the reference source. The negativeVREF 
must be at least 4 volts above the VEE supply. 

Two quadrant multiplication may. be performed by applying 
a bipolar ac signal as the reference as long as pin 14 is positive 
relative to pin 15 (reference current must flow into pin 14). If 
the ac reference is applied to pin 14 through R14, a negative 
voltage equal to the negative peak of the ac reference must be 
applied through R 15 to pin 15; if the ac reference is applied to 
pin 15 through R15, a positive voltage equal to the positive 
peak of the ac reference must be applied through R 14 to pin 14. 

When a dc reference is used, capacitive bypass from reference 
to ground will improve noise rejection. 

The compensation capacitor, C, provides proper phase margin 
for the reference control amplifier. As R14 is increased, the 
closed-loop gain of the amplifier is decreased, therefore C must 
be increased. For R14 = 1.0kQ, 2.5kQ and 5.0kQ, minimum 
values of capacitance are 15pF, 37pF and 75pF respectively. 
C may be tied to either VEE or ground, but tying it to VEE 
increases negative supply noise rejection. If the reference is 
driven by a high-impedance current source, heavy compensa
tion of the amplifier is required; this causes a reduction in 
overall bandwidth. 

Output Current Range 
The nominal value for output current range is 0 to 1.992mA 
as determined by a 2mA reference current. If VEE is more 
negative than -7.0 volts, this range may be increased to a maxi
mum of 0 to 4.2mA. An increase in speed may be realized at 
increased output current levels, but power consumption will 
increase, possibly causing small shifts in linearity. 

Pin I, range control, may be grounded or unconnected. Al
though other older devices of this type require different 
terminations for various applications, the AD1408/AD1508 
compensates automatically. This pin is not connected inter
nally, therefore any previously installed connections will 
be tolerated. 

Output Voltage Range 
The voltage on pin 4 is restricted to a +0.5 to -0.6 volt range 
when VEE = -5V. When VEE is more negative than -10 volts, 
this range is extended to +0.5 to -5.0 volts. If the current into 
pin 14 is 2mA (full-scale output current = 1.992mA), a 2.5kQ 
resistor between the output, pin 4, and ground will provide a 
o to -4.980 volt full-scale. If RL excec;ds soon however, the 
settling time of the device is increased. 

Applying the AD1408 / AD1508 

A1 

AS 

C 
(SEE TEXT) 

• (NC) 1 16 COMPEN 

GND 2 15 VAEF (-) 

VEE 3 14 VAEF (+) 

10 4 13 Vee 

(MSB) A1 5 12 AS (LSB) 

A2 6 11 A7 

A3 7 10 A6 

A4 S 9 A5 

TOPVIEW 

Figure 1. Pin Connections 

Vee 

13 VAEF (+) 
(t) VAEF .I""l.. 14 

R15 '::' 

R14= R15 

a. Connections for Use with Positive Reference 

A1 (MSB) 

AS (LSB) 

C 
(SEE TEXT) 

Vee 

13 VAEF (+) 

AD140S/ 
9 AD150S 

15 t--O-----'�""..---O -VA EF 1J" 
R15 

R14 = R15 

b. Connections for Use with Negative Reference 

Figure 2. Basic Connections 
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Voltage Output 
A low impedance voltage output may be derived from the out
put current of the AD1408/AD1508 by using an output ampli
fier as shown in Figure 3. The output current 10 flows in Ro 
to create a positive-going voltage range at the output of amplifier 
AI. Ro may be chosen for the desired range of output voltage; 
the complete circuit transfer function is given in Figure 3. 

If a bipolar output voltage range is desired, Rap, shown dotted, 
must be installed. Its purpose is to provide an offset equal to 
one-half offull-scale at the output of AI. The procedure for 
calibrating the circuit of Figure 3 is as follows: 

Calibration for Unipolar Outputs (No Rap) 

1. With all bits "OFF", adjust the Al null-pot, Rl, for 
VOUT = O.OOV. 

2. With all bits "ON", adjust RREF for VOUT = (Nominal 
Full Scale) - lLSB = +9.961 volts 

Calibration for Bipolar Outputs (Rap installed, R 1 not 
required) 

1. With all bits "OFF", adjust Rap for VOUT = -F.S. = 
-5.000 volts 

2. With Bit 1 (MSB) "ON", and all other Bits "OFF", 
adjust RREF for VOUT = O.OOOV. 

3. With all bits "ON", verify that EOUT = +5.000V
lLSB = 4.961V. 

A1 (MSS) 

AS (lSS) 

+5V 

-10 

R, = RREF = 1.25k!1 
Ro = 5.00k!1 
C = 15pF 
Rsp = 2.50k!1 

+5V 

o--+--+-t~ + 15V 

C 
(SEE TEXT) 

-15V + 15V .--A,JVY---<) 

v = VREF(R )[~+B..+.M..+~+ ~+~+E+.A!!...] 
OUT RREF 0 2 4 B 16 32 64 12B 256 

ADJUST VREF. RREF OR Ro so THAT WITH All DIGITAL INPUTS 
AT lOGIC "1", VOUT = 9.961 VOLTS: 

2.5 [ 1 1 1 1 1 1 1 1] 
VOUT = 1.25k!1 (5k!1) ""2 + T + 8 + 16 + 32 + 64 + 128 + 256 = 9.961 VOLTS 

Figure 3. Typical Connection Diagram, AD 14081AD 1508, 
Voltage Output, Fixed Reference 

AD1408/AD1508 ORDERING GUIDE 

TEMP. 
MODEL ACCUR'ACY RANGE PACKAGE 

(±% F.S.) (OC) STYLE! 

AD140S·7D 0.39 Oto +75 016A 

AD140S-SD 0.19 o to +75 016A 

AD 140S-9D 0.10 o to +75 016A 

AD150S-SD 0_19 -55 to +125 016A 
AD150S-9D 0.10 -55 to +125 016A 

AD150S-SD/ 
SS36 0.19 -55 to +125 016A 

AD 150S-9D/ 

SS36 0.10 . -55 to +125 016A 

!SEE SECTION 20 FOR PACKAGE OUTLINE INFORMATION 
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r.ANALOG 
WDEVICES 

FEATURES 
Resolution: 12 Bits 
Nonlinearity: ± 1/2LSB T min to T max 

Microprocessor Compatible 
Small Size: 24 pin DIP 
Fast Settling: 5J1s 
Internal Reference 
Internal Output Amplifier 

PRODUCT DESCRIPTION 
The AD3860 is a precision 12-bit D/A converter designed for 
direct interface to 4- or 8-bit microprocessors. 

The functional diagram shows that the AD3860 consists of a 12-
bit input storage register, a 12-bit DAC, internal reference, and 
a fast output amplifier. It is TTL compatible and the input 
register's enable input facilitates deglitching and microprocessor 
interfacing. The 6.3 volt voltage reference can be used internally 
or externally. All units are laser trimmed to operate from this 
reference. The output amplifier gives the user a voltage output 
and combines with the other features of this circuit to produce a 
functionally complete digital to analog converter. 

The AD3860 is laser trimmed to achieve ± ViLSBlinearity typ
ical and ± V2LSB maximum over the full operating temperature 
range. The AD3860 is well suited for wide temperature range 
performance as monotonicity is guaranteed over the full temper
ature range. Typical full scale gain T.e. is lOpprufe. 

The AD3860 is available in three versions. The AD3860K is 
specified for use over 0 to + 70°C temperature range. The AD3860S 
is specified for the - 55°C to + 125°C temperature range and is 
especially recommended for high reliability needs in harsh envi
ronments. The S version is available proccessed to MIL-STD-883, 
Level B. All units are in small 24 pin, hermetically-sealed ceramic 
DIPs. 

Complete, Voltage 
Output 12-Bit DAC 

AD3860 I 

AD3860 FUNCTIONAL BLOCK DIAGRAM 

~~ 

~~ 
n~""'---+--( 
... u 
;;0 
~~ 

PRODUCT HIGHLIGHTS 
1. The AD3860 is a functionally complete voltage output DAC 

with voltage reference, digital latches, and output amplifier III 
in a single hybrid package. 

2. The input buffer latches permit interface to microprocessor 
data busses. All logic inputs are TTL or 5 volt CMOS com
patible. 

3. Laser trimming the thin-film resistors assures superior linearity 
and accuracy stability over temperature. Both commerical 
temperature range and military temperature range models 
have ± IhLSB linearity maximum guaranteed over the full 
operating temperature range. 

4. Monotonicity is also guaranteed over the full operating tem
perature range. The typical full scale temperature coefficient 
is lOppmfOC. 

S. The internal 6.3 volt reference is accurate to within ±2%. 
All units are actively laser trimmed to operate from this 
reference. 

6. The fast output amplifier provides a voltage output with a 
SJ..lS settling time. The AD3860 is designed for military, 
industrial, and OEM applications where high speed D/A 
conversion is required. 

DIGITAL-TO-ANALOG CONVERTERS VOL. I, 10-75 



SPECIFICATIONS (TA = + 25°C, rated power supplies unless otherwise noted) 

Model 

DIGITAL INPUTS 
Resolution 
Logic Coding: Unipolar Ranges 

Bipolar Ranges 
Logic Levels (TTL Compatible): Logic "I" 

Logic "0" 
InpUt Currents 

Data Inputs: Logic" I" 
Logic "0" 

Register Enable: Logic" I" 
Logic "0" 

ANALOG OUTPUTS 
Output Impedance 
Output Current 

ACCURACY 
Linearity Error 
Differential Linearity Error 
Monotonicity 
Full Scale Absolute Accuracy Error2 

Over Temperature 
Zero Error 

Over Temperature 
Gain Error 

DRIFT 
Gain 
Offset 

DYN AMIC CHARACTERISTICS 
Settling Time to ± 0.01% for: 20V Step 

lOY Step 
Output Slew Rate 
Register Enable" 

Pulse Width 
Setup Time Digital Data to Enable 

INTERNAL REFERENCE VOLTAGE 
Voltage 
Accuracy 
External Current 

POWER SUPPLIES 
Power Supply Range: + IsV Supply 

-lsVSupply 
+5VSupply 

Power Supply Rejection: + IsV Supply 

-lsV Supply 

Current Drain: + IsV Supply 
-lsV Supply 
+ SV Supply 

Power Consumption 

TEMPERATURE RANGE 
Operating 
Srorage 

PACKAGE OPTIOW 
24-Pin DIP 

NOTES: 
'Least Significant Bit (LSB). 

AD3860K 

12 Bits 
Complementary Straight Binary 
Complementary Offset Binary 
+2.0Vdcmin, +s.sVdcmax 
OV dc min, O. 7V dc max 

30J..lAmax 
-0.6mAmax 
60J..lAmax 
-1.2mAmax 

O.sH typ 
± lOrnA typ, ± SmA min 

± 1/4LSB I typ, ± l/zLSB max 
± l/zLSB typ, ± I LSB max 
Guaranteed Over Temperature 
±0.Os%FSR3 typ, ±O.OI%FSRmax 
±O.ls%FSRtyp, ±0.3%FSRmax 
± 0.025% FSR typ, ± 0.05% FSR max 
± 0.05% FSR typ, ± 0.1 % FSR max 
±O.I%typ 

± I Oppm/oC typ 
± sppm/oC typ 

sJ..lS typ, 7J..ls max 
3J..ls typ, sJ..lS max 
20V/flstyP 

60ns typ 
40ns typ 

+6.3Vtyp 
±2%typ 
2.smAmax 

+ 14.ssVmin, + Is.4sVmax 
-14.ssVmax, -ls.4sVmin 
+4.7sVmin, +s.2sVmax 
± 0.002% FSR/% V s typ, 

± 0.04% FSR/% V s max 
± 0.002% FSR/% V s typ, 

± 0.004% FSR/% V s max 
lOrnA typ, 20mA max 
- 12mA typ, - 30mA max 
30mA typ, SOmA max 
67smWtyp,IWmax 

Oto + 70°C 
- 65°C to + 150°C 

HY24C 

'Absolute Accuracy Error includes gain, offset. linearity, noise and all other errors and is specified 
without adjustments. 

3FSR is Full Scale Range and is 20V for :t \0 range. . 
"The AD3860's analog output will follow its digital input when regisier enable is a logic "0". Digital 
Input data will be latched and analog output voltage constant when register enable is a logic" I". 

'See Section 20 for package outline information. 

·Same as AD3860K. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

+ 15 Volt Supply (pin 22) 
- 15 Volt Supply (pin 14) 
+ 5 Volt Supply (pin 13) 
Register Enable (pin 19) 
Digital Inputs (pins 1-12) 

APPLICATIONS INFORMATION· 
Layout Considerations 

..... + 18V 

..... -18V 
-O.SV to +7V 

- O.SV to + S.SV 
-O.SVto +S.SV 

Proper layout and decoupling is necessary to obtain the 
AD3860's specified accuracy. Ground (pin 21) must be tied 
to circuit analog ground as close to the package as possible. 
Grounding through a large ground plane beneath the package 
is preferred. 

Power supplies should be decoupled with electrolytic or 
tantalum capacitors near the unit. A If.J..F capacitor in parallel 
with a O.OIf.J..F ceramic capacitor on all supplies is recom
mended. 

Coupling between analog and digital signals should be 
minimized to avoid noise pick up. Use short jumpers to tie 
the reference output (pin 24) to the reference input (pin 16) 
and to tie the bipolar offset (pin 17) to the summing junction 
(pin 20). 

If the external full scale and zero adjustments are used, the 
series 6.8Mn resistors should be placed as close to the unit 
as possible. 

Reference Output 
The AD3860 is laser trimmed to operate from the internal 
6.3 volt voltage reference. The user has the option of supplying 
an external reference but for specified operation the reference 
output (pin 24) must be connected to the reference input 
(pin 16). The interJ!.al reference can be used to drive an 
external load, but it should be buffered if load current will 
exceed 100f.J..A. 

Optional Full Scale and Zero ( - Full Scale) Adjustments 
The AD3860 will operate as specified without adjustment, how
ever, absolute accuracy error can be reduced to ± lLSB by 
trimming as described below. Adjustments should be made after 
warmup. Make the full scale adjustment before the zero ( - full 
scale) adjustment. We recommend multiturn potentiometers 
with maximum temperature coefficients of 100ppm/oC. Series 
resistors can be ± 20% carbon composition or better. If these 
adjustments are not used pins 20 and 23 should be connected as 
described in th,: layout considerations section. 

Zero (- Full Scale) Adjustment 
Connect the potentiometer as shown and apply all "Is" to the 
digital inputs. Adjust the potentiometer until the analog output 
is equal to zero volts for unipolar output ranges and minus full 
scale for bipolar output ranges. 

+15V 

6 SMH ! 10kH . TO 
PIN 20 ~ lOOk!! 

~ O.Olf.J..F 
IOPTIONAL 
~ -15V 

RANGE OF ADJUSTMENT = ±0.35% FSR 

Full Scale Adjustment 
Connect the potentiometer as shown and apply all "Os" to the • 
digital inputs. Adjust the potentiometer for the maximum chosen 
analog output. 

+15V 

PIN 20 o_---6~~I\::I\~,..! ....... ! ,:~~:, 
-15V 

RANGE OF ADJUSTMENT = ± 0.2% FSR 
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OUTPUT VOLTAGE RANGE SELECTION 

Output Range Oto + lOY ±5V ±IOV 

Pin Connection 
Connect Pin 24 to 16 16 16 
Connect Pin 17 to 21 20 20 
Connect Pin 15 to 18 18 NC 
Connect Pin 19 to Register Enable Register Enable Register Enable 
Connect Pin 20 to NC 17 17 

INPUT LOGIC CODING 

Digital Input ~nalog Output 
MSB LSB Oto +5V Oto +IOV ±2.5V ±5V 

00000000 0000 +4.9988V +9.9976V +2.4988V +4.9976V 
0000 0000 0001 +4.9976V +9.99S1V +2.4976V + 4.99S1V 

011111111111 +2.S000V +s.OOOOV O.OOOOV O.OOOOV 
1000 0000 0000 + 2.4988V +4.9976V -0.0012V -0.0024V 

111111111110 +0.0012V +0.0024V -2.4988V -4.9976V 
111111111111 O.OOOOV O.OOOOV -2.S000V -s.OOOOV 

CODING NOTES: 
I. For unipolar operation, the coding complementary 

straight binary (CSB). 
3. ForFSR ~ 20V, ILSB ~ 4.1111mV. 
4. ForFSR ~ lOY, ILSB ~2.44mV. 

2. For bipolar operation. the coding complementary offset bi
nary (COB). 

5. ForFSR ~ 5V, ILSB = 1.22mV. 

REGISTER ENABLE 
When the register enable (pin 19) is high (hold mode) the digital 
data in the input register will be latched. When the register 
enable is low (track mode) the converter's output will follow its 
input. To latch new digital data into the register, the register 
enable must go low for a minimum of 60ns and the digital input 
data must be valid for a minimum of 40ns before the register . 
enable goes high again. See the timing diagram below. 

REGISTER 
ENABLE 

DIGITAL 
INPUT 
DATA 

OUTPUT 
VOLTAGE----~--' 

TIMING NOTES:' 
tMEPW MIMINUM ENABLE PULSE WIDTH IS 60ns. 

±IOV 

+9.99S1V 
+9.9902V 

O.OOOOV 
-0.0049V 

-9.99s1V 
-10.0000V 

tSDE MINIMUM SETUP TIME DIGITAL INPUT DATA TO 
ENABLE IS 40ns. 

tH HOLD TIME IS DEFINED AS THE REQUIRED DELAY 
BETWEEN THE LEADING EDGE OF REGISTER ENABLE 
AND THE END OF VALID INPUT DATA. THE HOLD TIME 
IS ZERO FOR THE AD3860. 

tos OUTPUT SETTLING TIME FOR A 20 VOLT CHANGE TO 
± 1/2LSB IS7f.lsMAX. 

Input Register Timing Diagram 
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IIIIIIII ANALOG 
WDEVICES 

CMOS LOGDAC ™ 
Digitally Controlled Audio Attenuator 

FEATURES 
Attenuation Range: 0 to 88.5dB Plus Full Muting 
Resolution: 1.5dB 
Low Distortion: THO Better Than -98dB 

I MD Better Than -92dB 
Includes Switches for Loudness Compensation 
Low Power Consumption 
Excellent SIN Ratio: 100dB (20Hz - 20kHz) 
Low Cost 
Complies with DIN 45403 and DIN 45405 
Latch-Proof Operation 

APPLICATIONS 
Digitally Controlled Audio Gain 
Wide Dynamic Range DIA Converters 

GENERAL DESCRIPTION 
The AD7110 is a monolithic CMOS digitally controlled audio 
attenuator (patent pending). With the addition of an external 
operational amplifier it provides 0 to 88.5dB of attenuation in 
1.5dB steps, plus full muting of the audio input signal for 
digital input code llllXX, where X can be 1 or O. The audic 
input is applied to the VIN pin and the device delivers a log
arithmically related output current which is determined by a 
6-bit binary input code. Loudness compensation switches are 
provided on the device to enable additional bass boost at low 
volume settings. 
The device is manufactured using an advanced thin-film on 
CMOS monolithic wafer fabrication process and is packaged 
in a 16-pin DIP. 

ORDERING INFORMATION 

Model Package 

AD7110KN 16-Pin Plastic DIP 

Package Style: (N16A) 

·Patent Pending. 

Operating 
Temperature Range 

LOGDAC is a trademark of Analog Devices, Inc. 

AD7110* I 
AD7110 FUNCTIONAL BLOCK DIAGRAM 

Voo 

VIN. 

i lMSB 4 

~ ~--------~+-r-~ 
a ~----------+-r-~ 
Q 

LSB 0>-------------_-1 
DGND 

AD7110 AUDIO ATTENUATO~ 

PIN CONFIGURATION 

16-PIN DIP 
TOP VIEW 

:: : ) LOUDNESS 
SWITCHES 

53 
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AUDIO SPECIFICATION S 
(Voo = +12V, VBB = 0 to -12V, Pins 11-13 Open, TA = 0 to +50°C unless otherwise noted) 

PARAMETER 

ATTENUATION RANGE 

RESOLUTION 

ATTENUATION ACCURACY (Absolute) 
OdB to -48dB 
-48dB to -88,5dB 

TOTAL HARMONIC DISTORTION (THD) 

INTERMODULATION DISTORTION (IMD) 

AD71l0 
WITH 

. "IDEAL OP AMP" 

o to -88,S 

1.5 max 

±O,7 max 
Monotonic 

-98 max 

-92 max 

30 max 

AD71l0 
WITH TL071 

Op·AMP (FIG, 1) UNITS 

o to -88,S dB 

1.5 max dB 

±O.7 max dB 
Monotonic 

-85 typ dB 

-79 typ dB 

lOmax V peak 

TEST CONDITIONS/COMMENTS 

VIN = lOV rms @ 1kHz 

Frequency Range: 20Hz to 20kHz 

The AD7110 is guaranteed 
monotonic for an attenuation 
settings between 0 and -88,5dB 

per DIN 45403, BLATT 2 (with input 
level of 1 V rms) 

per DIN 45403, BLATT 4 

for <1% (max) THD (Note 1) 

FEEDTHROUGH ERROR Better than -85dB (aJ 1kHz. Feedthrough is primarily dependent upon printed circuit board layout, 

OUTPUT NOISE VOLTAGE DENSITY 30 max 70 typ nV/yH;" 20Hz to 20kHz (Note 2) 

BANDWIDTH D.C. to 150 min D.C. to 250 typ kHz OdB Attenuation 

ELECTRICAL SPECIFICATIONS 
(Vo 0 = +12V, VBB = 0 to -12V, Pins 11-13 Open, T A = 0 to +50°C unless otherwise noted) 
PARAMETER LIMIT TEST CONDITIONS/COMMENTS 

ANALOG INPUT Input resistance for a given unit is constant 
for all input conditions, 

Input Resistance of VIN (pin 15) 

LOUDNESS SWITCHES 
Switch ON Resistance 

RON 
Switch OFF Leakage Current 
Switch Coding 

DIGITAL INPUTS 

VINIl 
VINL 
IINH 
IINL 
CIN 

POWER REQUIREMENTS 

Voo 
VOO Range 
VeB 
100 

IBB 
Total Power DiSSipation 

NOTES: 

18kn max 
9kn min 

600n max 
IJ.1Amax 
See Table 1 

11.5V min 
0.5V max 
IJ.lAmax 
IJ.lAmax 
5pF typ 

+12V 
+5V to +12V 
-12V 
ImA max 
100J.lA max 
5mW typ 

VOUT = OV 

Switch Current = ImA 
Vswitch = +12V 

Functionality with degraded performance, 

Digital Inputs = VINL or VINIl 

I Output amplifier (and amplifier supplies) must be capable of 30V peak output. 
~ Output noise voltage density includes op amp noise. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 
(TA = +25°C unless otherwise noted) 

·VDD (to GND) ........................... +14V 
·Vss (to GND) ............................ -14V 
Voltage (pins 11, 12, 13) to GND ............ Vss, +14V 
VIN (to GND) ............................. ±3 5V 
Digital Input Voltage to GND ............ -o.3V to VDD 
Output Voltage (Pin 1) to GND ......... -100mV to VDD 
Power Dissipation (Package) ................. 670rr:,W 
Operating Temperature ................. '0' 0 to +70

0 
C 

Storage Temperature ..... , .......... -65 C to +150 C 
Lead Temperature (Soldering, 10 seconds) ........ +300°C 
-If Loudness Compensation Switches (51, 52, 53) are not used, the 
negative power supply may be omitted and VSB '(Pin 10) connected 

. instead to DGND (Pin 9). In this case the absolute maximum rating 
ofVDDis+17V. 

WARNING! eJ 
~~DEVICE CAUTION: 

ESD (Electro-Static-Discharge) sensitive device. The digital 
control inputs are diode protected; however, permanent 
damage may occur on unconnected devices subject to high 
energy electrostatic fields. Unused devices must be stored 
in conductive foam or shunts. The foam should be discharged 
to the destination socket before devices are removed. 

TERMINOLOGY 

RESOLUTION: Nominal change in attenuation when moving 
between two adjacent binary codes. The AD7110 resolution 
is 1.5dB. 

MONOTONICITY: The AD7110 digitally controlled audio 
attenuator is monotonic if the analog output decreases (or 
remains constant) as the digital input code (attenuation 
setting) increases. 

FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when the digital input code is set to 
mute the input signal. 

ANALOG CIRCUIT PERFORMANCE: 
Table I gives the nominal attenuation in dB for the AD71l0 
for all digital input codes. It also shows the Loudness Switch 
states and the riominal output voltage when using an external 
operational amplifier (as shown in Figure 1) and a fixed -10 
volt reference applied to VIN (pin 15). It may be seen that the 
transfer function for the circuit of Figure 1 is given by 

VOUT = -VIN 10 exp -~li~-~ 

where N is the binary input for values 0 to 59, For N = 60 
through 63 the input isJully muted, that is, the attenuation 
is infinite. 

HIGH FREQUENCY AMPLIFIERS 
RFB and the output capacitance of the AD7110 create a phase 
lag in the output amplifier's feedback circuit. This phase lag, in 
conjunction with the amplifier'J phase lag, may cause ringing 
or oscillation. When using a hig~ speed amplifier, shunting the 
amplifier input to output with 30-S0pF of feedback capac
itance (C1) ensures stability. 

DC PERFORMANCE OF AD7110 
For fixed-reference applications, an output amplifier with low 
offset voltage (less than 501lV) is required, e.g. the AD517L. 
This combination will provide the utmost stability at the • 
expense of slow settling times. 

VIN VDD (+12V) 

15 14 
RFB 

05 (MSB) 16 

lOUT 
00 (LSB) 

A07110 

SI 13 

S2 12 

S3 11 
10 

Figure 1. 
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Table I 
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NOTES: 
I Switch closed in shaded area. 
2YIN = -lOY de 
3 X = 1 or O. Output is fully muted 
for N;..60. 
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Figure 2. Power Supply Current vs. Temperature 
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Figure 3. Digital Threshold Voltage vs. Power Supply Voltage 
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Figure 4. Loudness Switch On Resistance vs. Temperature 
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Typical Performance Curves 
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VBB = -12V 
LOUDNESS SWITCHES OFF 
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Figure 5. Loudness Switch Leakage Current I vs. Temperature 
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~ 
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Figure 6. Total Harmonic Distortion vs. Frequency 

Figure 6 shows that the total harmonic distortion of the 
attenuator circuit of Figure 1 is almost totally dependent on 
the characteristics of the operational amplifier used. 
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Figure 7. Typical de Attenuation Error vs. Attenuation 

Applications Information 

AUDIO 
INPUT 

AGNO 

05(MSB) 

04 0-+-----1 

03 0-4------1 

02 0-+-----.1 

010-4-----~ 

OOO-+-----------~ 

B.2k 

OGNO O-~_=__=__=__=__=__=__=__=__=__=__=__=__=__=_~_HI_-----<l~-----------<l ....... -~lk § 
+12V o-----------~------+---' 

-12V o-----------------~ 

Figure 9. Single Channel Audio Attenuator with Loudness 
Compensation 
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Figure 10. 

Figure 10 shows the Attenuation vs. Frequency for the circuit 
of Figure 9. The attenuation is plotted against frequency for 
the two digital inpu t codes at which the loudness compen
sation switches 51. and 52 are activated. 



~ANALOG 
WDEVICES 

LOGDACTM 
CMOS Logarithmic D/A Converter 

FEATURES 
Dynamic Range: 88.5dB 
Resolution: O.375dB 
On-Chip Data Latches 
Full ±25V Input Range Multiplying DAC 
Low Distortion 
Single +5V Supply 
Latch-Up Free (No Protection Schottky Required) 

APPLICATIONS 
Digitally Controlled AGC Systems 
Audio Attenuators 
Wide Dynamic Range AID Converters 
Sonar Systems 
Function Generators 

GENERAL DESCRIPTION 
The AD7111 is a CMOS mul tiplying DI A converter which can 
attenuate an analog input signal over the range 0 to -88.SdB 
in O.37SdB steps. 

The degree of attenuation is determined by an 8-bit data word 
which is latched into on-chip data latches using microproces
sor compatible control signals CS and WR. Operating frequen
cy range of the device is from dc to several hundred kHz. 

The device is packaged in a 16-pin dual-in-line plastic, cerdip 
or ceramic package. 

ORDERING INFORMATION 

Specified Temperature Range and Package 

Accuracy Plastic Cerdip l,2 Ceramic! 
Range o to +70

o
C -25°C to +8S

o
C -55°C to +12So C 

o to 60dB AD7111KN AD7111BQ AD7111TD 
o to ndB AD7111LN AD7111CQ AD7111UD 

NOTE 
1 These parts are available screened to MIL-STD-883, method 

5004 paragraph 3.1.1 through 3.1.12 for a class 8 device. To 
order add /8838 to part number. 

2 Analog Devices reserves the right to ship Ceramic packages 
in lieu of Cerdip packages. 

·Patent Pending 
LOGDAC is a trademark of Analog Devices, Inc. 

AD7111* I 
AD7111 FUNCTIONAL BLOCK DIAGRAM 

07 06 05 04 03 02 01 00 
(MSBI OATA INPUTS (LSBI 

PIN CONFIGURATION 

PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP (D16B) 
Suffix N: Plastic DIP (N16B) 
Suffix Q: Cerdip (Q16B) 

1 See Section 20 for package outline information. 
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SPECIFICATIONS (Voo = +5V, VIN = -lOY dc, 
~PIN2 = VPINl = OV, output amplifieriA0544 except where stated) 

AD7111L/C/U GRADES AD7111K/BIT GRADES 
Parameber TA = +2Soc TA = Tmin' Tma 'fA = +25°C TA = Tmm , Tmox Units Conditions/Comments 

NOMINAL RESOLUTION 0.375 0.375 0.375 0.37s' dB 

ACCURACY RELATIVE TO OdB ATTENUATION 
0.375dB Steps: 

Accuracy';; ±O.I 7 dB o to 36 o to 36 o to 30 o to 30 dB min Guaranteed attenuation ranges 
Monotonic o to 54 Oto 54 o to 48 o to 48 dBmin for specified step sizes 

0.75dB Steps: 
Accuracy';; ±0.35dB o to 48 o to 42 o t042 o to 36 dB min 

, Monotonic o to 72 o to 66 o to 72 o to 60 dB min 
1.5dB Steps: 

Accuracy';; ±0.7dB o to 54 Oto 48 o to 48 o to 42 dB min 
Monotonic Full Range o to 78 o to 85.5 o to 72 dB min Full Range is from 0 to 88.5dB 

3.0dB Steps: 
Accuracy';; ±1.4dB o to 66 o to 54 o t060 o t048 dB min 
Monotoni~ Full Range Full Range Full Range Full Range 

6.0dB Steps: 
Accuracy';; ±2.7dB Oto 72 o to 60 o to 60 o to 48 dB min 
Monotonic Full Range Full Range Full Range Full Range 

GAIN ERROR ±0.1 ±0.15 ±0.15 ±0.20 dB max 

VIN INPUT RESISTANCE 
(PIN IS) 9/1}/lS 9/11115 7/11/18 7/11/18 kn min/typ/max 

RFB INPUT RESISTANCE 
(PIN 16) 9.3/11.5/15.7 9.3/11.5115.7 7.3/11.5/18.8 7.3111.5118.8 kfl min/typ/max 

DIGITAL INPUTS 
VIH (Input High Voltage) 2.4 2.4 2.4 2.4 Vmin 
Vil (Input Low Voltage) 0.8 0.8 0.8 0.8 V max 
Input Leakage Current ±1 ±10 ±1 ±10 IJAmax Digital Inputs = VOO 

SWITCHING CHARACTERISTICS' 

tcs 0 nsmin Chip Select to Write Setup Time 

tcH 0 0 0 0 nsmin Chip Select to Write Hold Time 
tWR 350 500 350 500 nsmin Write Pulse Width 
tos 175 250 175 250 nsmin Data Valid to Write Setup Time 
tOH 10 10 10 10 nsmin Data Valid to Write Hold Time 
tRFSH 3 4.5 3 4.5 IJsmin Refresh Time 

POWER SUPPLY 
Voo +5 +5 +5 +5 V 

100 1 4 1 4 rnA max Digital Inputs = VIII or Vil 
500 1000 500 1000 p.A max DigitallnEuts = OV or VI2I2' See Fi&!!re 7. 

NOTE 
I. Sample tested It +2 SoC to ensure c;:ompliancc. 
Specifications subject to change without notice . 

. AC PERFORMANCE CHARACTERISTICS 
These characteristics are included for design guidance only and are not subject to test. 
Voo = +5V, VIN = -10V dc except where stated, VPINI = VPIN2 = OV, output amplifier ADS44 except where stated. 

AD71ULlC/U GRADES AD7111K/BIT GRADES 

Parameber TA = 25°C TA = Tmin, Tmox TA = +2S
o
C TA = Tmin, Tmax Units Conditions/Comments 

DC Supply Rejection,flGain/flVoo 0.001 0.005 0.001 0.005 dB per% max flVoo = ±10%, Input Code = 00000000 
Propagation Delay 3.0 4.5 3.0 4.5 IJsmax Full Scale Change Measured from 

WIt going high, CS = OV. 

Digital Charge Injection 100 100 nV secs typ Measured with ADLH0032CG as Output 
Amplifier for Input Code Transition 
10000000 to 00000000. 
Cl of Figure 1 is OpF 

Output Capacitance, Pin 1 185 185 185 185 pF max 
Input Capacitance, Pin 15 and Pin 16 7 7 7 7 pF max 
Feedthrough at 1kHz -94 -72 -92 -68 dB max Feedthrough is also detennined by circuit 
Total Hannonic Distortion -91 -91 -91 -91 dB typ layout (see Figure 4). 
Output Noise Voltage Density 70 70 70 70 nV/y'Hz max VIN = 6V nnS at 1kHz 
Digital Input Capacitance pFmax Includes AD544 Amplifier Noise 

Specifications subjtet to change without notice. 
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ABSOLUTE MAXIMUM RATINGS· 
(T A = +25° C unless otherwise noted) 
Voo (to DGND) ............................ +7V 
VIN (to AGND) ................. ; .......... ±3SV 
Digital Input Voltage to DGND ........... -O.3V to Voo 
Output Voltage (Pin 1) to AGND .......... -O.3V to Voo 
VRFB to AGND . " ......................... ±3SV 
AGNDto DGND ........................ 0 to VOD 
DGND to AGND. . . . . . . . . . . . . . . . . . . . . . . . 0 to Voo 
Power Dissipation (Package) 

Plastic (Suffix N) 
To +70°C .......................... 670mW 
Derates Above +700 C by ............... 8.3mW/oC 

Ceramic (Suffix D) or Cerdip (Suffix Q) 
To +7S

o
C .......................... 4S0mW 

Derates Above +7S
o
C by ................ 6mW/C 

Operating Temperature Range 
Commercial Plastic (KN, LN Versions) ...... 0 to +700 C 
Industrial Ceramic (BQ, CQ Versions) .... -25°C to +8SoC 
Military Ceramic (TD, UD Versions) ... -55°C to +12SoC 

Storage Temperature ................ -65°C to +lS00 C 
Lead Temperaturt: (Soldering 10 secs) ........... +3000 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 condition 
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:---------------------------------------------------------
WARNING! 0 ESD (Electro - Static - Discharge) sensltlve device. The digital control inputs are zener 

protected; however, permanent damage may occur on unconnected devices subject to high 
energy electrostatic fields. Unused devices must be stored in conductive foam or shunts. The 
foam should be discharged to the destination socket before devices are removed. ~~DEVICE 
TERMINOLOGY 
RESOLUTION: Nominal change in attenuation when moving 
between two adjacent codes. 

MONOTONICITY: The device is monotonic if the analog out
put decreases (or remains constant) as the digital code increases. 

FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. See 
section on Applications. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
the loUT terminal with all digital inputs high. 

TOTAL HARMONIC DISTORTION: A measure of the har
monics introduced by the circuit when a pure sinusoid is ap
plied to the input. It is expressed as the harmonic energy 
divided by the fundamental energy at the output. 

ACCURACY: The difference (measured in dB) between the 
ideal transfer function as listed in Table 1 and the actual trans
fer function as measured with the device. 

OUTPUT CAPACITANCE: Capacitance from loUT to ground. 

DIGITAL CHARGE INJECTION: The amount of charge 
injected from the digital inputs to the analog output when 
the inputs change state. This is nonnally specified as the 
area of the glitch in either pA-Secs or nV-Secs depending .. 
upon whether the glitch is measured as a current or voltage _ 
signal. Digital charge injection is measured with VIN = AGND. 

PROPAGATION DELAY: This is a measure of the internal 
delays of the circuit and is defined as the time from a digital 
input change to the analog output current reaching 90% of its 
final value. 

WRITE CYCLE TIMING DIAGRAM 
NOTES: 
1. ALL INPUT SIGNAL RISE ANO FALL TIMES 

MEASURED FROM 10% TO 90% OF VOD. Voo 
-+5V.t,-tf",20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL 

ISV1H ;VIL . 
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CIRCUIT DESCRIPTION 
GENERAL CIRCUIT INFORMATION 
The AD7111 consists of a 17-bit R-2R CMOS mutiplying 
D/A converter with extensive digital logic. The logic trans
lates the 8-bit binary input into a 17-bit word which is used 
to drive the D/A converter. Input data on the D7-DO bus is 
loaded into the input data latches using CS and WR control 
signals. The rising edge of WR latches the input data and in
itiates the internal data transfer to the decoder. A minimum 
time tRFSH, the refresh time, is required for the data to pro
pagate through the decoder before a new data write is 
attempted. 

The transfer function for the circuit of Figure 1 is given by: 

Vo = -VIN 10 exp _ 0.375 N 
20 

or I~~I dB=-0.375N 

Where 0.375 is the step size (resolution) in dB and N is the 
input code in decimal for values 0 to 239. For 240~N~255 
the output is zero. Table 1 gives the output attenuation 
relative to OdB for all possible input codes. 

The graphs on the last page give a pictorial representation of 
the specified accuracy and monotonic ranges for all grades of 
the AD7111. High attenuation levels are specified with less 
accuracy than low attenuation levels. The range of monotonic 
behavior depends upon the attenuation step size used. For 
example, the AD7111 L is guaranteed monotonic in 0.37 5dB 
steps from 0 to -54dB inclusive and in 0.75dB steps from 0 
to -72dB inclusive. To achieve monotonic operation over the 
entire 88.5dB range it, is necessary to select input codes so 

Figure 1. Typical Circuit Configuration 

'J'bo 
D7-D4 0000 0001 0010 0011 0100 0101 0110 

0000 . 0.0 0.375 0.75 1.125 1.5 1.875 2.25 
0001 6.0 6.375 6.75 7.125 7.5 7.875 8.25 
0010 12.0 12.375 12.75 13.125 13.5 13.875 14.25 
0011 18.0 18.375 18.75 19.125 19.5 19.875 20.25 

0100 24.0 24.375 24.75 25.125 25.5 25.875 26.25 
0101 30.0 30.375 30.75 31.125 31.5 31.875 32.25 
0110 36.0 36.375 36.75 37.125 37.5 37.875 38.25 
0111 42.0 42.375 42.75 43.125 43.5 43.875 44.25 

1000 48.0 48.375 48.75 49.125 49.5 49.875 50.25 
1001 54.0 54.375 54.75 55.125 55.5 55.875 56.25 
1010 60.0 60.375 60.75 61.125 61.5 61.875 62.25 
1011 66.0 66.375 66.75 67.125 67.5 67.875 68.25 

1100 72.0 72.375 72.75 73.125 73.5 73.875 74.25 
1101 78.0 78.375 78.75 79.125 79.5 79.875 80.25 
1110 84.0 84.375 84.75 . 85.125 85.5 85.875 86.25 
1111 MUTE MUTE MUTE MUTE MUTE MUTE MUTE 

0111 

2.625 
8.625 

that the attenuation step size at any point is consistent with 
the step size guaranteed for monotonic operation at that 
point. For further information on applications of the AD7111 
the user is referred to Analog Devices Application Note 
"Audio Applications of Nonlinear CMOS Multiplying D/A 
Converters. " 

EQUIV ALENT CIRCUIT ANALYSIS 
Figure 2 shows a simplified circuit of the D/A converter 
section of the AD7111 and Figure 3 gives an approximate 
equivalent circuit. 

The current source ILEAKAGE is composed of surface and 
junction leakages and as with most semiconductor devices, 
approximately doubles every 10° C-see Figure 11. The resistor 
Ro as shown in Figure 3 is the equivalent output resistance of 
the device which varies with input code from 0.8R to 2R. R is 
typically llkn. COUT is the capacitance due to the N channel 
switches and varies from about 60pF to 185pF depending upon 
the digital input. For further information on CMOS multi
plying DI A converters refer to "Application Guide to CMOS 
Multiplying D/A Converters" which is available from Analog 
Devices, Publication Number G479-15-8/78. 

RFB 

'--:-t-...... -t--4>-t--j _-+--i-...... --() lOUT • 

SWITCH DRIVERS 

Figure 2. Simplified D/A circuit of AD7111 

9(V,N, NI GoUT 

L---...... ---_--oAGND 

9(V,N, NJ IS THE THEVENIN EOUIVALENT VOLTAGE GENERATOR 
DUE TO THE INPUT VOL TAGE V'N, THE BINARY ATTENUATION 
FACTOR N AND THE TRANSFER FUNCTION OF THE R·2R LADDER. 

Figure 3. Equivalent Analog Output Circuit of AD7111 

1000 1001 1010 1011 1100 1101 1110 1111 

3.0 3.375 3.75 4.125 4.5 4.875 5.25 5.625 
9.0 9.375 9.75 10.125 10.5 10.875 11.25 11.625 

14.625 15.0 15.375 15.75 16.125 16.5 16.875 17.25 17.625 
20.625 21.0 21.375 21.75 22.125 22.5 22.875 23.25 23.625 

26.625 27.0 27.375 27.75 28.125 28.5 28.875 29.75 29.625 
32.625 33.0 33.375 33.75 34.125 34.5 34.875 35.25 35.625 
38.625 39.0 39.375 39.75 40.125 40.5 40.875 41.25 41.625 
44.625 45.0 45.375 45.75 46.125 46.5 46.875 47.25 47.625 

50.625 51.0 51.3 75 51.75 52.125 52.5 52.875 53.25 53.625 
56.625 57.0 57.375 57.75 58.125 58.5 58.875 59.25 59.625 
62.625 63.0 63.375 63.75 64.125 64.5 64.875 65.25 65.625 
68.625 69.0 69.375 69.75 70.125 70.5 70.875 71.25 71.625 

74.625 75.0 75.375 75.75 76.125 76.5 76.875 77.25 77.625 
80.625 81.0 81.375 81.75 82.125 82.5 82.875 83.25 83.625 
86.625 87.0 87.375 87.75 88.125 88.5 88.875 89.25 89.625 
MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE 

Table 1. Ideal Attenuation in dB vs. Input Code 
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DYNAMIC PERFORMANCE 
The dynamic perfonnance of the AD7111 will depend upon 
the gain and phase characteristics of the output amplifier, 
together with the optimum choice of PC board layout and 
decoupling components. Figure 4 shows a printed circuit lay
out which minimizes feedthrough from VIN to the output in 
multiplying applications. Circuit layout is most important if 
the optimum perfonnance of the AD7111 is to be achieved. 
Most application problems stem from either poor layout, 
grounding errors, or inappropriate choice of amplifier. 

6 0'-- PIN 1 

Vi jvo DP.AMP 

OUTPUT 

~ --@:,:;;~:" .. 
INPUT ___ AGNO vo0n-roGND - -_ _ DIGITAL 

INPUTS - -- '-- -LAVOUT SHOWS COPPER SIDE (i. •.• BOTTOM VIEWI 
GAIN TRIM RESISTORS A1 AND R2 OF FIGURE 1 
ARE NOT INCLUDED. 

Figure 4. Suggested Layout for AD7111 and Op-Amp 

It is recommended that when using the AD7111 with a high 
speed amplifier, a capacitor (C1) be connected in the feedback 
path as shown in Figure 1. This capacitor, which should be 
between 30pF and SOpF, compensates for the phase lag intro
duced by the ou tpu t capacitance of the D/A converter. Figures 
Sand 6 show the perfonnance of the AD7111 using the 
ADS17, a fully compensated high gain superbeta amplifier, 
and the ADS44, a fast FET input amplifier. The performance 
without C1 is shown in the middle trace and the response with 
C1 in circuit is shown in the bottom trace. 

Cl= OpF 

I I ; t t 
1 t 1N8; 

Cl·47pF 

DATA CHANGE FROM BOH TO OOH 

Figure 5. Response of AD7111 with AD517 

DATA CHANGE FROM BOH 10 OOH 

Figure 6. Response of AD7111 with AD544 

In conventional CMOS D/A converter design parasitic capaci
tance in the N-channel D/A converter switches can give rise to 
glitches on the D/A converter output. These glitches result 
from digital feedthrough. The AD7111 has been designed to 
minimize these glitches as much as possible. 

Applications Information 
For operation beyond 2S0kHz, capacitor C1 may be reduced 
in value. This gives an increase in bandwidth at the expense of 
a poorer transient response as shown in Figures 6 and 12. In 
circuits where C1 is not included the high frequency roll-off 
point is primarily detennined by the characteristics of the 
output amplifier and not the AD7111. 

Feedthrough and absolute accuracy are sensitive to output 
leakage current effects. For this reason it is recommended that 
the operating temperature of the AD7111 be kept as close to 
2SDC as is practically possible, particularly where the device's 
performance at high attenuation levels is important. A typical 
plot of leakage current vs. temperature is shown in Figure 11. 

Some solder fluxes and cleaning materials can fonn slightly 
conductive films which cause leakage effects between analog 
input and output. The user is cautioned to ensure that the 
manufacturing process for circuits using the AD7111 does not 
allow such films to form. Otherwise the feedthrough, accuracy 
and maximum usable range will be affected. 

STATIC ACCURACY PERFORMANCE 
The D/A converter section of the AD7111 consists of a 17-bit 
R-2R type converter. To obtain optimum static performance 
at this level of resolution it is necessary to pay great attention 
to amplifier selection, circuit grounding, etc. 

Amplifier input bias current results in a de offset at the output 
of the amplifier due to the current flowing through the feed- ~ 
'back resistor RFB . It is recommended that an amplifier with &II 
an input bias current of less than 10nA be used (e.g., ADS17 
or ADS44) to minimize this offset. 

Another error arises from the output amplifier's input offset 
voltage. The amplifier is operated with a fixed feedback re
sistance, but the equivalent source impedance (the AD7111 
output impedance) varies as a function of attenuation level. 
This has the effect of varying the "noise" gain of the amplifier, 
thus creating a varying error due to amplifier offset voltage. 
It is recommended that an amplifier with less than SOpV of 
input offset be used (such as the ADS17 or AD OP-07) in 
de applications. Amplifiers with higher offset voltage may 
cause audible "thumps" in ac applications due to dc output 
changes. 

The AD7111 accuracy is specified and tested using only the 
internal feedback resistor. Any Gain Error (i.e., mismatch of 
RFB to the R-2R ladder) that may exist in the AD7111 D/A 
converter circuit results in a constant attenuation error over 
the whole range. The AD7111 accuracy is specified relative 
to OdB attenuation, hence "Gain" trim resistors-R1 and R2 
in Figure I-can be used to adjust VOUT = VIN precisely (i.e., 
OdB attenuation) with input code 00000000. The accuracy 
and monotonic range specifications of the AD7111 are not 
affected in any way by this gain trim procedure. For the 
AD7111L1C/U grades, suitable values for R1 and R2 of 
Figure 1 are R1 = soon, R2 = 180n; for the K/B/T grades 
suitable values are R1 = 1000n, R2 = 270n. For additional 
information on gain error the reader is referred to Application 
Note "Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACs" by Phil Burton available from Analog 
Devices Inc., Publication Number E630-~0-6/81. 

DIGITAL-TO-ANALOG CONVERTERS VOL. I, 10~9 



Typical Performance Characteristics 
I I VOO -+5V 
TA .. +2S"C 
~ APPLIED TO All OAT A INPUTS 

·m·OV _._- .. _--
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~O.4 
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/ ~ 
+2 +3 

INPUT VOLTAGE -Volu 

Figure 7. Typical Supply Current vs. Logic Input Level 
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Figure 8. Typical Attenuation Error for 0.75dB Steps 
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Figure 9. Typical Attenuation Error for 3dB Steps vs. . 
Temperature 
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Figure 10. Accuracy Specification for KIBfT Grade Devices 
at TA =+2!tC 
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Figure 12. Frequency Response with AD544 and AD517 
Amplifiers 
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Figure 13. Distortion vs. Frequency Using AD544 
Amplifier 
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r.ANAlOG 
WDEVICES 

LOGDACTM 
CMOS Logarithmic 0/ A Converter 

FEATURES 
Dynamic Range 8S.SdB 
Resolution 1.SdB 
Full ±2SV Input Range Multiplying DAC 
Full Military Temperature Range -SSoC to +12SoC 
Low Distortion 
Low Power Consu mption 
Latch Proof Operation (Schottky Diodes Not Required) 
Single SV to 1SV Supply 

APPLICATIONS 
Digitally Controlled AGC Systems 
Audio Attenuators 
Wide Dynamic Range AID Converters 
Sonar Systems 
Function Generators 

GENERAL DESCRIPTION 
The AD7118 is a CMOS multiplying D/A converter which at
tenuates an analog input signal over the range 0 to -8S.SdB 
in l.SdB steps. The analog output is determined by a six bit 
attenuation code applied to the digital inputs. Operating fre
quency range of the device is from dc to several hundred kHz. 

The device is manufacured using an advanced monolithic 
silicon gate thin-film on CMOS process and is packaged in 
a 14-pin dual-in-line package. 

ORDERING INFORMATION 

Specified 
Temperature Range 

Accuracy 
Rangel. 

o to +70oC -2SoC to +8S oC -SSoC to +12Soc 

o to 42dB AD7118KN AD7118BD2 AD7118TD2 

o to 48dB AD7118LN AD7118CD2 AD7118UD2 

NOTES 
1 All devices are guaranteed monotonic at +25°C (see spec). 
2 Ceramic parts are available screened to MIL-STD-883, method 

5004 para 3.1.1 through 3.1.12 for a class B device. To order 
add/883B to part number. 

·Patent Pending 

LOGDAC is a trademark of Analog Devices, Inc. 

AD7118* I 
AD7118 FUNCTIONAL BLOCK DIAGRAM 

05 04 03 02 01 
(MSB) 

DIGITAL INPUTS 

PIN CONFIGURATION 

NC = NO CONNECTION 

PACKAGE IDENTIFICATION I 
Suffix D: Ceramic DIP - (D14B) 
Suffix N: Plastic DIP - (N14B) 

I See section 20 for package outline information. 

Vo 
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SPECIFICATIONS. 
(Voo = +5Vor+15V, VIN = -10V dc, VPIN 14= VPINl = OV, output amplifier A0544 except where stated) 

TA = +2S0C TA = Tmin' Tmax TEST CONDITIONSI 
PARAMETER Voo = +SV VOO = +lSV VOO = +SV Voo = +lSV UNITS COMMENTS 

NOMINAL RESOLUTION 1.5 1.5 1.5 1.5 dB 

ACCURACY RELATIVE TO \'1:-.1 

AD711SLlC/U 
o to -30dB ±O,35 ±o,35 ±0.4 ±O,4 dB max Accuracy is measured using 
-31.5 to -42dB ±o,7 ±O,5 ±O,S ±O,7 dB max circuit of Figure 1 and includes 
-43,S to -4SdB ±1.0 ±O,7 ±1.3 ±1.0 dB max any effects due to mismatch 

AD711SK/B/T between RFIl and the R-2R 
o to -30dB ±O,5 ±O,5 ±o,5 ±O,5 dB max ladder circuit, 
-31.5 to -42dB ±O,75 ±O,75 ±1.0 ±o,8 dB max 

,\\O:-.JOTONIC RANGE 
Nominal 1.5dB Steps LlC/U Grade Monotonic Over Full o to-72 o to-72 dB Digitaf Inputs 000000 to 110000 

K/B/T Grade Code Range o to -66 o to -66 dB Digital Inputs 000000 to 101100 
Nominal 3dB Steps All Grades Monotonic Over Full Code Range 

VI:'-: INPUT RESISTANCE All Grades 9 9 9 9 Hlmin 
(PI:-.J 12) L,'C/U Grade 17 17 17 17 Hl max 

K/B/T Grade 21 21 21 21 k!1max 

RFIl INPUT RESISTANCE All Grades 9.45 9.45 9,45 9.45 k!1 min 
(PI:-.J 13) LlC/U Grade 18 18 18 18 k!1 max 

K/B/T Grade 22 22 22 22 k!1max 

DIGITAL INPUTS 
Input High Voltage Requirements VIII 3,0 13,5 3,0 13.5 Vmin 
Input Low Voltage Requirements VIL 0,8 1.5 0,8 1.5 V max 
Input Leakage Current ±1 ±1 ±10 ±10 IlA max Digital Inputs = Voo 

POWER SUPPLY 
Voo for Specified Accuracy 5 - 5 - Vmin 

- 15 - IS V max 
100 O,S 1 1 2 mAmax Digitallnpcts = OV or Voo 

(See Figure 7) 

SpeCifications subject to change without nO[Jce. 

AC PERFORMANCE CHARACTERISTICS 

These characteristics are included for design guidance only and are not subject to test. 

Voo = +5V or +15V, VIN = -10V except where stated, VPIN 14 = VPIN1 = OV, output amplifier AD544 except where stated, 

TA = +2SoC 

PARAMETER Voo = +5V VOO = +15V 

DC Supply Rejection, 6GainlLWoo 0.Q1 0.005 

Propagation Delay 1.8 0,4 

Digital Charge Injection 225 1200 

Output Capacitance (Pin 14) 100 100 
Input Capacitance Pin 12 and Pin 13 7 7 
Feedthrough at 1kHz LlC/U Grade -86 -86 

K/BIT Grade -80 -SO 
Total Harmonic Distortion -S5 -85 
Intermodulation Distortion -79 -79 
Output Noise Voltage Density 70 70 
Digital Input Capacitance 7 7 

Specifications subject to change without notice. 

+1.5~-r----'~--'---'T---r---r-"""'T'--r--""'T"'-"""-" 

Vo~ - +5V, +15V ~Io-

'" 
I 

+1,0 1---t----1I----I--+--+--+-,'"* ~--+--+--+---I 

+0.5~~~"4~~~'4~~--+-+-+-+-+~ 

a: 0 

~ 
-O,5~~m~m;f7.777.~m.t---t-I-r--II-1 

-1.01---11--+---+--+--+--+--#---+---+--+---I 

~ -1,51----I1----I--+--+--+--+--=+--_+_-_+_-+---I 

12 18 24 30 38 42 48 54 eo 8e 

ATTENUATION - dB 

Accuracy Specification for K/B/T Grade Devices at 
TA =+2EtC 
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TA = Tmil' Tmax 

Voo = +5V 

0.01 

2,2 
-

100 
7 
-68 
-63 
-S5 
-79 
70 
7 

Von = +ISV UNITS 

0,005 dB per % max 6Voo = ±10%, 
Input code = 100000 

0,5 Ilsmax Full Scale Cha;lge 
- nV sees typ Measured with ADLH0032CG 

a~ output amplifier for input 
code transition 100000 to 000000, 
Cl of Figure 1 is OpF, 

100 pF max 
7 pF max 
-6S dB max Feedthrough is also deter-
-63 dB max mined by circuit layout 
-S5 dB typ VIN =6Vrms 
-79 dB typ per DIN 45403 Blatt 4 
70 nV/Y"HZ max Includes AD544 amplifier noise 
7 pF max 

+1.5~-T"""-r----'r-.....,---'---r-....,.-""':IIl'--"'T-"'T-' 

Voo .1+5V 

+1,OI--+-~I----II-:-:-::-:l--t--1IT---;'f'''''''''''''''''~ ~--+--+---t 
Voo • +5V. +15V ' 'AI !- VOD· +15V / ~ .'- ,'AI ___ I 

'" +O.5~,*~~~~~~' 
I 

a: 0 

~ -O,5l'm$~~$~~~ 
'i~",,*:~,.j! ____ _ 

." .,~ ! 
'1'OI--l---1I--!--+---+--+-~I"':l.,.."."ori-~--+--+--t 

-1,51--+--+--r--+--+---I---t----;~~~:---+--t---t 

12 18 24 30 36 42 48 54 eo 66 
ATTENUATION -dB 

Accuracy Specification for L/C/U Grade Devices at 
TA = +2EtC 



ABSOLUTE MAXIMUM RATINGS (TA = +2S
o

C unless otherwise noted) 

Voo (to DGND ............................ +17V 
VIN (to AGND) ............................ ±3SV 
Digital Input Voltage to DGND ........... -O.3V to Voo 
Output Voltage (Pin 14) to AGND ......... -O.3V to Voo 
AGND to DGND ........................ 0 to Voo 
DGND to AGND ........................ 0 to Voo 
Power Dissipation (Package) 
Plastic (Suffix N) 

To +70
o
C ..... ; ..................... 670mW 

Derates Above +70
o

C by ............... . 8.3mWtC 

Ceramic (Suffix D) 
To +7S

o
C ........................... 4S0mW 

Derates Above +7S oC by ................. 6mW/oC 
Operating Temperature Range 

Commercial Plastic (KN, LN Versions) .' ..... 0 to +70°C 
Industrial Ceramic (BD, CD Versions) .... -25°C to +8S

o
C 

Military Ceramic (TD, UO Versions) .... -55°C to +12S
o

C 
Storage Temperature ................ -65°C to +1S0

o
C 

Lead Temperature (Soldering 10 sees) ........... +300
o
C 

CAUTION:---------------------------------------------------------
WARNIN~.~.· .~. 
~~~ 

ESD (Electro - Static - Discharge) sensitive device. The digital control inputs are zener 
protected; however, permanent damage may occur on unconnected de\'ices subject to high 
energy electrostatic fields. Unused devices must be stored in conductive foam or shunts. The 
foam should be discharged to the destination socket before devices are removed. ~'~~d~E~SITlVE DEVICE 

TERMINOLOGY 
RESOLUTION: Nominal change in attenuation when moving 
between two adjacent binary codes. 

MONOTONICITY: The device is monotonic if the analog out
put decreases (or remains constant) as the digital code increases. 

FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. See 
section on Applications. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
the loUT terminal with all digital inputs high. 

TOTAL HARMONIC DISTORTION: Is a measure of the har
monics introduced by the circuit when a pure sinusoid is ap
plied to the input. It is expressed as the harmonic energy 
divided by the fundamental energy at the output. 

ACCURACY: Is the difference (measured in dB) between the 
ideal transfer function as listed in Table 1· and the actual trans
fer function as measured with the device. 

OUTPUT CAPACITANCE: Capacitance from loUT to ground. 

DlGITIAL CHARGE INJECTION: The amount of charge 
injected from the digital inputs to the analog outpu t when 
the inputs change state. This is nonnally specified as the area 
of the glitch in either pA-Secs or nV-Secs depending upon 
whether the glitch is measured as a current or voltal!e sil!nal. 
Digital charge injection is measured with VIN = AGND. 

PROPAGATION DELAY: This is a measure of the internal 
delays of the circuit and is defined as the time from a digital 
input change to the analog output current reaching 90% of its 
final value. 

INTERMODULATION DISTORTION: Is a measure of the 
interaction which takes place within the circuit between two 
sinusoids applied simultaneously to the input. 

The reader is referred to Hewlett Packard Application Note 
192 for further information. 
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CIRCUIT DESCRIPTION 
GENERAL CIRCUIT INFORMATION 
The AD7118 consists of a 17-bit R-2R CMOS multiplying D/A 
converter with extensive digital input logic. The logic trans
lates the 6-bit binary input into a 17-bit word which is used 
to drive the D/A converter. Table I gives the nominal output 
voltages (and levels relative to OdB = lOY) for all possible in
put codes. The transfer function for the circuit of Figure I is 
given by: ' 

h { 1.5N } Vo = -VIN Iv exp - 20 

or I.Y!LI = -1.5N 
VIN dB 

where N is the binary input for values 0 to 57. For 60~N~63 
the output is' zero. "See note 3 at bottom of Table 1. 

Vee 

'C, a 33pF TYPICAL 

DIGITAL INPUT 
05 - DO (PINS 2-71 

Figure 1. Typical Circuit Configuration 

EQUIVALENT CIRCUIT ANALYSIS 

Ve' 

Figure 2 shows a simplified circuit of the DI A converter section 
of the AD71lS and Figure 3 gives an approximate equivalent 
circuit. 

Digital Input Attenuation 
N D5 DO dB VOUT 

0 000000 0.0 10.00 
1 000001 1.5 8.414 
2 000010 3.0 7.079 
3 .. 000011 4.5 5.957 
4 000100 6.0 5.012 
5 000101 7.5 4.217 
6 0001 10 9.0 3.548 
7 0001 11 10.5 2.985 
8 001000 12.0 2.512 
9 001001 13.5 2.113 

10 001010 15.0 1.778 
11 001011 16.5 1.496 
12 001100 18.0 1.259 
13 001101 19.5 1.059 
14 0011 10 21.0 0.891 
15 0011 11 22.5 0.750 
16 010000 24.0 0.631 
17 010001 25.5 0.531 
18 01 00 10 27.0 0.447 
19 010011 28.5 0.376 
20 010100 30.0 0.316 
21 01 01 01 31.5 0.266 
22 0101 10 33.0 0.224 
23 0101 11 34.5 0.188 
24 01 10 00 36.0 0.158 
25 01 1001 37.5 0.133 
26 01 10 10 39.0 0.112 

I 

27 01 1011 40.5 0.0944 
28 01 11 00 42.0 0.0794 . 
29 01 11 01 43.5 0.0668 
30 011110 45.0 0.0562 

NOTES 
I VIN = -lOY de 
2 X = 1 or O. Output is fully muted for N~60 
3 Monotonic operation is not gUaranteed for N = 58. 59 

The current source ILEAKAGE is composed of surface and 
junction leakages and as with most semiconductor devices, 
roughly doubles every lOoC-see Figure 10. The resistor Ro 
as shown in Figure 3 is the equivalent output resistance of the 
device which varies with input code from O.SR to 2R. R is 
typically 12Hl COUT is the capa~itance due to the N channel 
switches and varies from about 50pF to SOpF depending upon 
the digital input. For further information on CMOS multiply
ing D/A converters refer to "Application Guide to CMOS 
Multiplying D/A Converters" which is available from Analog 
Devices, Publication Number G479-15-SI7S. 

RFB 

L-,-+-... +-4IH--s ,........-+--+-..... --0 loUT 

L-,-~ ... -~~Is--~-..... ---OAGND 

SWITCH DRIVERS 

Figure 2. Simplified D/A Circuit of AD7118 

CaUT 

L---"'--~~-OAGND 

g(V,N. NIlS THE THfvENIN EQUIVALENT VOLTAGE GENERATOR 
DUE TO THE INPUT VOLTAGE V,N. THE BINARY ATTENUATION 
FACTOR N AND THE TRANSFER FUNCTION OF THE R·2R LADDER. 

Figure 3. Equivalent Analog Output Circuit of AD7118 

N Digital Input Attenuation VOUT 
I 

31 01 11 11 46.5 0.0473 
32 100000 48.0 0.0398 
33 10 00 01 49.5 0.0335 
34 . 100010 51.0 0.0282 
3S 100011 52.5 0.0237 
36 100100 54.0 0.0200 
37 1001 01 55.5 0.0168 
38 1001 10 57.0 0.0141 
39 1001 11 58.5 0.0119 
40 101000 60.0 0.0100 
41 10 10 01 61.5 0.00841 
42 10 10 10 63.0 0.00708 
43 10 10 11 64.5 0.00596 
44 101100 66.0 0.00501 
45 101101 67.5 0.00422 
46 1011 10 69.0 0.00355 
47 10 11 11 70.5 0.00299 
48 11 00 uo 72.0 0.00251 
49 11 0001 73.5 0.00211 
50 11 00 10 75.0 0.00178 
51 11 00 11 76.5 0.00150 
52 11 01 00 18.0 0.00126 
53 11 01 01 79.5 0.00106 
54 11 01 10 81.0 0.000891 
55 110111 82.5 0.000750 
56 11 1000 84.0 0.000631 
57 11 1001 85.5 0.000531 
58 111010 87.0 0.000447 
59 111011 88.5 0.000376 
60 11 11 XX2 00 

Table 1. Ideal Attenuation vs Input Code 
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DYNAMIC PERFORMANCE 
Thc dynamic performance of the AD7118 will depend upon 
the gain and phase characteristics of the ou tput amplifier, 
together with the optimum choice of PC board layout and 
decoupling components. Figure 4 shows a printed circuit lay
out which minimizes feedthrough from VIN to the output in 
multiplying applications. Circuit layout is most important if 
the optimum performance of the AD7118 is to be achieved. 
Most application problems stem from either poor layout, 
grounding errors, or inappropriate choice of amplifier. 

,-OP AMP PIN 1 
o c::::) 

v+ ~ AD711SPIN 1 

OUTPUT ti ~ L: V-

,,,,~~::::,(A 'TIE: }'~;;;~, 
TO REDUCE FEEDTHROUGH 0 cr--

DGND cr--
LAYOUT SHOWS COPPER SIDE (j .•.• BOTTOM VIEW) 

Figure 4. Suggested Layout for AD7118 a(1d Op Amp 

It is recommended that. when using the AD7118 with a high 
speed amplifier, a capacitor C1 be connected in the feedback 
path as shown in Figure 1. This capacitor, which should be 
between 30pF and 50pF, compensates for the phase lag intro
duced by the output capacitance of the D/A converter. Figures 
5 and 6 show the performance of the AD7118 using the 
AD517, a fully compensated high gain superbeta amplifier, 
and the AD544, a fast FET input amplifier. The performance 
without C1 is shown in the middle trace and the response with 
CI in circuit is shown in the bottom trace. 

Figure 5. Response of AD7118 with AD517L 

Figure 6. Response of AD7118 with AD544S 

In conventional CMOS D/A converter design parasitic capaci
tance in the N-channel D/A converter switches can give rise to 
glitches'on the D/A converter output. These glitches result 
from digital feedthrough. The AD7118 has been designed to 
minimize these glitches as much as possible. It is recommended 
that for minimum glitch energy the AD7118 be operated with 
VDD = 5V. This will reduce the available energy for coupling 

Applications Information 
across the parasitic capacitance. It should be noted that the 
accuracy of the AD7118 improves as VDD is increased (see 
Figure 8) but the device maintains monotonic behavior to at 
least -66dB in the range 5 ~VDD ~ 15 volts. 

For operation beyond 250kHz, capacitor C1 may be reduced 
in value. This gives an increase in bandwidth at the expense of 
a poorer transient response as shown in Figures 6 and 11. In 
circuits where C1 is not included the high frequency roll-off 
point is primarily determined by the characteristics of the 
output amplifier and not the AD7118. 

Feedthrough and absolute accuracy for attenuation levels 
beyond 42dB are sensitive to output leakage current effects. 
For this reason it is recommended that the operating tempera
ture of the AD71I8 be kept as close to 25° C as is practically 
possible, particularly where the device's performance at high 
attenuation levels is important. A typical plot of leakage cur
rent vs. temperature is shown in Figure 10. 

Some solder fluxes and cleaning materials can form slightly 
conductive films which cause leakage effects between analog 
input and output. The user is cautioned to ensure that the 
manufacturing process for circuits using the AD7118 does not 
allow such films to form. Otherwise the feedthrough, accuracy 
and maximum usable range will be affected. 

STATIC ACCURACY PERFORMANCE 
The D/A converter section of the AD7118 consists of a I7-bit 
R-2R type converter. To obtain optimum static performance 
at this level of resolution it is necessary to pay great attention 
to amplifier selection, circuit grounding, etc. 

Amplifier input bias current results in a dc offset at the output 
of the amplifier due to the current flowing through the feed
back resistor RFB. It is recommended that an amplifier with 
an input bias current of less than lOnA be used (e.g., AD517 
or AD544) to minimize this offset. 

Another error arises from the output amplifier's input offset 
voltage. The amplifier is operated with a fixed feedback re
sistance, but the equiva~ent source impedance (the AD7118 
output impedance) varies as a function of attenuation level. 
This has the effect of varying the "noise" gain of the amplifier, 
thus creating a varying error due to amplifier offset voltage. To 
achieve an output offset error less than one half the smallest 
step size, it is recommended that an amplifier with less 
than 50J,J.V of input offset be used (such as the AD517 or 
AD OP-07). 

If dc accuracy is not critical in the application, it should be 
noted that amplifiers with offset voltage up to approximately 
2 millivolts can be used. Amplifiers with higher offset voltage 
may cause audible "thumps" due to dc output changes. 

The AD71I8 accuracy is specified and tested using only the 
internal feedback resistor. It is not recommended that "gain" 
trim resistors be used with the AD71I8 because the internal 
logic of.the circuit executes a proprietary algorithm which 
approximates a logarithmic curve with a binary DI A converter: 
as a result no single point on the attenuator transfer function 
can be guaranteed to lie exactly on the theoretical curve. Any 
"gain-error" (i.e., mismatch of RFB to the R-2R ladder) that 
may exist in the AD7118 DI A converter circuit results in a 
constant attenuation error over the whole range. Since the 
gain-error of CMOS multiplying D/A converters is normally 
less than 1%, the accuracy error contribution due to "gain
error" effects is normaliy less than 0.09dB. 
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Typical Performance Characteristics 
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r.ANALOG 
WDEVICES 

I 
FEATURES 
AD7520: 10-Bit Resolution 
AD7521: 12-Bit Resolution 
Linearity: 8-,9- and 10-Bit 
Nonlinearity Tempco: 2ppm of FSRfc 
Low Power [)issipation: 20mW 
Current Settling T,m~: 500ns 
Feedthrough ~rror: 1/2LSB @ 100~Hz 
TTLlDTL/CMOS Compatible 

Note: AD7533 is recommended for new 10-bit designs. 

AQ7541, AD7542 or AD7543 is recommended for 
new 12-~it designs. 

GENERAL DESCRIPTION 
The AD7520 (AD7521) is a low cost, monolithic IO-bit 
(12-pit) multiplying digital-to-analog converter packaged in a 
16-pin (1&-pin) DIP. The devices use advanced CMOS and thin 
wilm technol~gies providing up to IO-bit accuracy with TTL! 
DTL!CMOS compatibility. 

The AD7520 (AD7521) operates from +5V to +15V supply 
and dissipates only 20mW, including the ladder network. 

Typical AD7520 (AD7521) applications include: digital! 
analog multiplication, CRT character generation, program
mable power supplies, digitally controlled gain circuits, etc. 

ORDERING INFORMATION 

Nonlinearity Temperature Range 

o to +70
o
C -25°C to +85°C -55°C to +12S

o
C 

0.2% (8-Bit) A07520jN AD7S20jD AD7520SD 
AD7S21jN AD7521jD AD7521SD 

0.1% (9-Bit) 
AD7520KN AD7520KD AD7520TD 
AD7521KN AD7521KD AD752ITD 

0.05% (lO-Bit) AD7520LN AD7520LD AD7520UD 
AD7521LN AD7521LD AD752IUD 

CMOS 10-& 12-Bit Monolithic 
Multiplying D/A Converters 

AD7520, AD7521 I 
AD7520, AD7521 FUNCTIONAL BLOCK DIAGRAM 

L--+...!..-4 ...... -4-..!..-4If----f-!-.... ---{J IOUT2 

L...7----4~--4I-7----+:__ .... --0IoUT1 

I I 

6 6 
RFEEDBACK 

BIT 1 (MSB) BIT 2 BIT 3 BIT N (LSB) 

DIGITAL INPUTS (DTLlTTLlCMOS COMPATIBLE) 

AD7520: N=IO 
AD7521: N=12 
Logic: A switch is closed to IouTl for its 

digital input in a "HIGH" state . 

PIN CONFIGURATIONS 

AD7520 AD7521 

16-PIN DIP 
TOP VIEW 

pACKAGE IDENTIFICATION l 

Suffix D: Ceramic DIP Package 
AD7520: (DI6B) 
AD7521: (DI8B) 

Suffix N: Plastic DIP Package 
AD7520 (NI6B) 
AD7521 (NI8B) 

I See Section 20 for package outline information. 

18-PIN DIP 
TOP VIEW 
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SPECIFICATIONS (Voo = +1.5, VREF = +10V, TA = +25°C unless otherwise noted) 

PARAMETER 

DC ACCURACY! 
Resolution 
Nonlinearity ·(See Figure 5) 

Nonlinearity Tempco 
Gain Error2 

Gain Error Tempc02 

Output Leakage Current 
(either ou tput) 

Power Supply Rejection 
(See Figure 6) 

AC ACCURACY 
Output Current Settling Time 

(See Figure 10) 
Feedthrough Error (See Figure 9)4 

REFERENCE INPUT 
Input Resistance3 

ANALOG OUTPUT 
Output Capacitance 

(See Figure 8) 
IoUTl 
louT2 
IoUTl 
louT2 

Output Noise (both outputs) 
(See Figure 7) 

DIGIT AL INPUTSs 

Low State Threshold 
High State Threshold 
Input Current (low-to high state) 
Input Coding 

POWER REQUIREMENTS 
Power Supply Voltage Range 

IDD 

Total Dissipation (Including ladder) 

NOTES: 

AD7S20 

10 Bits 

J, 0.2% of FSR max (8 Bit) 
S, 0.2% of FSR max (8 Bit) 
K, 0.1% of FSR max (9 Bit) 
T, 0.1% of FSR max (9 Bit) 

AD7521 

12 Bits 

L, 0.05% of FSR max (10 Bit) • 
U, 0.05% of FSR max (10 Bit) • 
2ppm of FSR/ C max 
0.3% of FSR tyg . 
lOppm of FSR/ C max 

200nA max 
50ppm of FSR %/0 C typ 

500ns typ 

10mV pop max 

5kn min 
10kn typ 
20kn max 

120pF typ 
37pF typ 
37pF typ 
120pF typ 
Equivalent to 10kn typ 
Johnson noise 

0.8V max 
2.4V min 
lilA typ 
Binary 

+5V to +15V 
5nA typ 
2mA max 
20mW tyP 

I Full scale range (FSR) is lOV for unipolar mode and ±lOV for bipolar mode. 

TEST CONDITIONS 

S,T,U: over -55°C to +125°C 
-10V~VREF~+10V 

-10V~VREF~+10V 
-10V~VREF~+10V 
-10V~VREF~+10V 

Over specified temperature range 

To 0.05% of FSR 
All digital inputs low to high 

and high to low 
VREF = 20V pop, 100kHz 
All digital inputs low 

All digital inputs high 
All digital inputs high 
All digital inpu ts low 
All digital inputs low 

Over specified temperature range 
Over specified temperature range 
Over specified temperature range 
See Tables 1 & 2 under Applications 

All digital inputs at GND 
. All digital inputs high or low 

2 Using the internal RFEEDBACK : 
3Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
4To minimize feedthrough with the ceramic package, the user must ground the metal lid. If the lid is not 
grounded, then the feedthrough is lOmV typical and 30mV maximum. 

S Ladder and feedback resistor temp co is approximately -lSOppmt C. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 
(TA = +2S

o
C unless otherwise noted) 

Voo (to GND) ............................ +17V 
VREF (to GND). '.' ......................... ±2SV 
Digital Input Voltage Range ... ' ........... Voo to GND 
Output Voltage (Pin I, Pin 2) .......... -IOOmV to Voo 
Power Dissipation (package) 

up to +7S
o
C .......................... 4S0mW 

derates above +7S
o
C by .................. 6mW/C 

Operating Temperature 
IN, KN, LN Versions .................. 0 to +70oC 
JD, KD, LD Versions ............... -25°C to +8S

o
C 

SD, TD, UD Versions .............. -55°C to +12S oC 
Storage Temperature' ................ -65°C to +ISO°C 

CAUTION: 
1. Do not apply voltages higher than Voo or less than 

GND potential on any terminal except VREF . 

2. The digital control inputs aie zener protected; however, 
permanent damage may occur on unconnected units 
under high energy electrostatic fields. Keep unused units 
in conductive foam at all times. 

TYPICAL PERFORMANCE CURVES 

TA = +25°C, VOO = +15V unless otherwise noted 

1000 
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1I DIGITAL INPUT VOLTAGE = Vee -
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Figure 1. Supply Current vs. Supply Voltage 
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Figure 2. Supply Current vs. Temperature 
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TEST CIRCUITS 
Note: The following test circuits apply for the AD7520. 

Similar circuits can be used for the AD7 5 21. 

DC PARAMETERS 

Figure 5. Nonlinearity 

+15V 
UNGROUNDED 
SINE WAVE 
GENERATOR 
40Hz.2V pop 

5k 0_01% 
VR,. --<r----...... -f------'lNV-----.4--1 

500k 

LINEARITY 
ERROR X 100 

VERROR X 100 

Figure 6. Power Supply Rejection 

AC PARAMETERS 

+IIV IADJUST FOR Vour ~ OVI 

lk 

Figure 7. Noise 

+1SV 

Figure 8. Output Capacitance 

OUAN 
TECH 

MODEL 
134-0 
WAVE 

ANALYZER 

F - 1kHz 
BW - 1Hz 
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+lSV 

VREF • 20V p P 130kHz SINE WAVE 

BIT 1 (MSBI 15 14 

BIT 10 ILSBI 

Figure 9. Feedthrough Error 

+15V 

+100mV 

o.DJ'l_-

OSCILLOSCOPE 

Figure 10. Output Current Settling Time 

TERMINOLOGY 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2-n) (VREF)' A 
bipolar converter of n bits has a resolution of [2--:(n-1)) 
[VREF)' Resolution in no way implies linearity. 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within 112 LSB for a given digital 
input stimulus, i.e., 0 to Full Scale. 

GAIN: Ratio of the DAC's operational amplifier output 
voltage to the input voltage. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from loUT! and 
louT2 terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
loUT! termin;tl with all digital inputs LOW or on louT2 
terminal when all inputs are HIGH. 



CIRCUIT DESCRIPTION 

GENERAL CIRCUIT INFORMATION 

The AD7S20 (AD7S21), a lO-bit (12-bit) multiplying D/A con
verter, consists of a highly stable thin film R-2R ladder and 
ten (twelve) CMOS current switches on a monolithic chip. 
Most applicatior.s require the addition of only an output 
operational amplifier and a voltage or current rderence. 

The simplified D/A circuit is shown in Figure 11. An inverted 
R-2R ladder structure is used - that is, the binarily weighted 
currents are switched between the 'oUT! and 'oUT2 bus lines. 
thus maintaining a constant current in each ladder leg inde
pendent of the switch state. 

L.--+-H~-+~~-_I-+-""' ___ {') IOUT2 

LT----...,..-~h---...,.--__ --_() loun 

I I 
I I RFEEOBACK 

0. ° 
BIT 1 (MSB) BIT 2 

AD7520: N=10 
DIGITAL INPUTS (DTL/TTLICMOS COMPATIBLE) AD7521: N=12 

(Switches shown for Inputs "High") 

Figure 11. AD7520 (AD7521) Functional Diagram 

One of the CMOS current switches is shown in Figure 12. The 
geometries of devices 1. 2 and 3 are optimized to make the 
digital control inputs DTLlTTLICMOS compatible over the 
full military temperature range. The input stage drives two 
inverters (devices 4. 5,6 and 7) which in turn drive the two 
output N-channels. The "ON" resistances of the first six 
switches are binarily scaled so the voltage drop across each 
switch is the same. For example, switch-1 of Figure 12 was 
designed for an "ON" resistance of 20 ohms, switch-2 of 40 

. ohms and so on. For a 10V reference input, the current 
through switch 1 is O.SmA, the current through switch 2 is 
0.2SmA, and so on, thus maintilining a constant 10mV drop 
acrcss each switch. It is essential that each switch voltage drop 
be equal if the binarily weight~d current division property of 
the ladder is to be main,tained. 

OTL/TTL/CMOS 
INPUT 

Figure 12. CMOS Switch 

RFEEOBACK 

I~ 

VREF~-~~~~----,-----~----oIOUT2 

Figure 13. AD7520(AD7521) Equivalent Circuit
Al/ Digital Inputs Low 

EQUIVALENT CIRCUIT ANALYSIS 

The equivalent circuits for all digital inpu ts high and all digital in
puts low are shown in Figures 13 and 14. In Figure 13 with all 
digital inputs low, the reference current is switched to 'oUT2' 

The current source ILEAKAGE is composed of surface and. 

junction leakages to the substrate while the 1~24 ( 4~96 ) 
current source represents a constant I-bit current drain II 
through the termination resistor on the R-2R ladder. The I 
"ON" capacitance of the output N channel switch is I20pF, 
as shown on the 'oUT2 terminal. The "OFF" switch capaci-
tance is 3 7pF, as shown on the 'oUT! terminal. Analysis of 
the circuit for all digital inputs high, as shown in Figure 14 is 
similar to Figure 13 j however, the "ON" switches are now on 
terminal 'oUT!' hence the 120pF at that terminal. 

RFEEDBACK 

VREFo--~~~~---........ tp-----"",,-""'--oloun 

R t 

....---------..() IOUT2 

Figure 14. AD7520 (AD7521) Equivalent Circuit
Al/ Digital Inputs High 
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APPLICATIONS 

UNIPOLAR BINARY OPERATION 

Figure 15 shows the ci:-cuit connections required for uni
polar operation using the AD7S20. Since VREF can as
sume either positive or negative values, the circuit is also 
capable of 2-quadrant multiplication. The input code/out
put range table.for unipolar binary operation is shown in 
Table 1. 

DIGITAL 
INPUT 

VREF 
+15V 

BIT 1 (MSB) 15 14 
16 

IoUT1 

AD7520 

13 
BIT 10 (LSB) 

Figure 15. Unipolar Binary Operation 
(2·Quadrant Multiplication) 

VOUT 

(Note: Protection Schottky not required with TRIFET output 
amplifier such as AD542 or AD544). 

Zero. Offset Adjustment 

1. Tie all digital inputs to the AD7520 (AD7521) to GND 
potential. 

2. Adjust the offset trimpot on the output operational 
amplifier for OV ±lmV at VOUT ' 

Gain Adjustment 

1. Tie all digital inputs to the AD75 20 (AD75 21) to the 
I +ISV supply. 

2. To increase VOUT, place a resistor R in series with the 
amplifier output terminal and RFEEDBACK of the 
AD7520 (AD7521) (R = 0 to SOOn) 

3. To decrease VOUT ' place a resistor R in series with VREF . 

(R = 0 to SOOn) 

DIGITAL INPUT ANALOG OUTPUT 

1111111111 

1000000001 

1000000000 

0111111111 

0000000001 

0000000000 o 
NOTE: 1 LSB = 2-10 VREF 

Table 1. Code Table - Unipolar Binary Operation 

BIPOLAR (OFFSET BINARY) OPERATION 

Figure 16illustrates the AD7520 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 mul~iplying function. Input coding is 
offset binary (modified 2'scomplement) as shown in Table 2. 
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DIGITAL INPUT ANALOG OUTPUT 

1111111111 

1000000001 

1000000000 o 
0111111111 

0000000001 

0000000000 

NOTE: 1 LSB = 2-9 VREF 

Table 2. Code Table - Bipolar (Offset Binary) Operation 

When a switch's control input is a Logical "1 ", that switch's 
current is steered to loUT!' forcing the outpu t of amplifier 
#1 to 

VOUT = - (loUT!) (IOk) 

where 10k is the value of the feedback resistor. 

A Logical "0" on the control input steers the switch's current 
to louT2' which is terminated into the summing junction of 
amplifier #2. Resistors Rl and R2 need not track the internal 
R-2R circuitry; however, they should closely match each other 
to insure that the voltage at amplifer #2's output will force a 
current into R2 which is equal in magnitude but opposite in 
polarity to the current at louT2' This creates a push-pull 
effect which halves the resolution but doubles the o'utput 
range for changes in the digital input. 

With the MSB a Logic "1" and all other bits a Logic "0", a 112 
LSB difference current exists between loUT! and louT2' 
creating an offset of 112 LSB. To shift the transfer curve to 

zero, resistor R-9 is used to sum 112 LSB of current into the 
louT2 terminal. 

Offset Adjustment 

1. Make VREF approximately +10V. 

2. Tie all digital inputs to + ISV (Logic "1 "). 

3. Adjust amplifier #2 offset trimpot for OV ±lmV at 
amplifier #2 output. 

4. Tie MSB (Bit 1) to +15V, all other bits to ground. 

S. Adjust amplifier #1 offset trimpot for OV ±lmV at 
VOUT ', 

Gain Adjustment 

Gain adjustment is the same as for unipolar operation. 

DIGITAL 
INPUT 

+15V 

VREF---1~-+----.., 
R3 10 MEGOHM 

161----+-----"-=;.;;..;.;;.;.;........., 
IOUT1 

AD7520 
10k 

R2 

o---...... --i13 
BIT 10 (LSB) 

Figure 16. Bipolar Operation 
(4-Quadrant Multiplication) 

(Note: Protection Schottky not required with TR I FET output 
amplifier such as AD542 or AD544). 



DYNAMIC PERFORMANCE CHARACTERISTICS 

The following circuits and associated waveforms illustrate the 
dynamic performance which can be expected using some 
commonly available IC amplifiers. All settling times are to 
0.05% of lOY. 

AD741J 

Small Signal Bandwidth: 180kHz 
Settling Time: 20l-ls 

> 
Q 
> .,.. 

ADS18K 

+15V 

15 14 RFEEDBACK 
16~='::""":"":""-------, 

1 loun 
AD7520 

IOUl2 

Figure 17. DAC Circuit Using AD741J 

20J..Ls/DlV 

Figure 1B. Output Waveform 

Small Signal Bandwidth: 1.0MHz 
Settling Time: 6.01-ls 

+15V 

15 
14 16 RFEEDBACK 

AD7520 
1 loun 

IOUT2 

GND 

Figure 19. DAC Circuit Using AD51BK 

lJ..Ls/DlV 

> 
Q 
> .,.. 

Figure 20. Output Waveform 

ADSOSJ 

Small Signal Bandwidth: 1.0MHz 
2.Sl-ls Settling Time: 

BIT 1 (MSB) 

DIGITAL 
INPUT 

+15V 

15 14 RFEEDBACK 

16 

20pF 

AD7520 ~1.::;oU::..:l~l_""'--4_=-I 

390pF 

74700PF 

Figure 21. DAC Circuit Using AD505J 

Figure 22. Output Waveform 

ADS09K 

Small Signal Bandwidth: 1.6MHz 
Settling Time: 2.01-ls 

+15V 

BIT 1 (MSB) 15 14 RFEEDBACK 

DIGITAL 
INPUT 

13 

AD7520 

16;~---'~~---~ 

1 loun 

BIT 10 (lSB) 
L-_"";;"_--I 

Figure 23. DAC Circuit Using AD509K 

IJ..Ls/DlV 

> 
is 
> .,.. 

Figure 24. Output Waveform 
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ANALOG/DIGITAL DIVISION 

With the AD7520 connected in its normal multiplying configu
ration as shown in Figure IS, the transfer function is 

V
O

=-V
IN

(A1 +A2 +A3 + ••• An ) 
21 22 23 2n 

where the coefficients Ax assume a value of I for an ON bit 
and 0 for an OFF bit. . , 

By connecting the DAC in the feedback of an operational 
amplifier, as shown in Figure 25, the transfer function becomes 

VO=( 
AI, + A2 
21 22 

+ ••• ~) 
2n 

This is division of an analog variable (VIN) by a digital word. 
With all bits off, the amplifier saturates to its bound, since 
division by zero isn't defined. With the LSB (Bit 10) ON, the 
gain is 1024. With all bits ON, the gain is 1(±1 LSB). 

OIGITAL INPUT 

BIT 1 BIT 10 
(MSB) (LSB) 

14 +15V 

15 

Figure 25. Analog/Digital Divider 
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r.ANALOG 
WDEVICES 

CMOS 10-Bit, 
Buffered Multiplying D/A Converter 

FEATURES 

10-Bit Resolution 
8-,9- & 10-Bit Linearity 
Microprocessor Compatible 
Double Buffered Inputs 
Serial or Parallel Loading 
DTLITTLICMOS Direct Interface 
Nonlinearity Tempco: 2ppm of FSRfc 
Gain Tempco: 10ppm of FSRfc 
Very Low Power Dissipation 
Very Low Feedthrough 

GENERAL DESCRIPTION 
The AD7522 is a monolithic CMOS lO-bit multiplying D/A 
converter, with an input buffer and a holding register, allowing 
direct interface with microprocessors. Most applications re
quire the addition of only an operational amplifier and a 
reference voltage. 

The key to easy interface to a data bus is the AD7522's ability 
to load the input buffer in two bytes (an 8-bit and a 2-bit byte), 
and subsequently move this data to a holding register, where 
the digital word is converted into an analog current or voltage 
(with external operational amplifier). The input loading of 
either 8 or 10 bits can be done in a parallel or serial mode. 

The AD7522 is packaged in a 28-pin DIP, and operates with 
a +15V main supply at 2mA max, and a logic supply of +5V 
for TTL interface, or +10 to +15V for CMOS interface. 

A thin film on high density CMOS process, using silicon 
nitride passivation, ensures high reliability and excellent 
stability. 

ORDERING INFORMATION 

Nonlinearity 
Temperature Range 

_25°C to +8SoC -SSoC to +12SoC 

0.2% (8-Bit) 
0.1% (9-Bit) 
0.05% (to-Bit) 

AD7522JN 
AD7522KN 
AD7522LN 

AD7522JD 
AD7522KD 
AD7522LD 

PACKAGE IDENTIFICATION1 

Suffix "0": Ceramic DIP Package - (D288) 
Suffix "N": Plastic DIP Package - (N28A) 

1 See section 20 for package outline information. 

AD7522SD 
AD7522TD 
AD7S22UD 

AD7522 I 

AD7522 FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 
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SPECIFICATIONS (Voo = +15V, Vee = +5V, VREF = ±10V, TA = +25°e unless otherwise noted) 

PARAMETER, 

STATIC ACCURACY 
Resolution 
Nonlinearity 

Nonlinearity Tempco! 

Gain Error 
Gain Error Tempco! 

Output Leakage Current 

at IoUTl or IOUT2 
Power Supply Rejection 

AC ACCURACY 
Feedthrough Error! 
Output Current 

Settling Time 

REFERENCE INPUT 
Input Resistance 

ANALOG OUTPUT 
Output Capacitance 

<=OUTl 
COUT2 
COUTl 
COUT2 

DIGITAL INPUTS 
Low State Threshold 

High State Threshold 

Input Current 

LDAC Pulse Width! 
HBS, LBS Pulse Width! 

Serial Clock Frequency! 

HBS, LBS Data Set Upl 

Data Hold Time3 

POWER REQUIREMENTS 

100 

Ice 

Notes 

All 
AD7S22j 
AD7S22S 
AD7S22K 
AD7S22T 
AD7S22L 
AD7S22U 
AD7S22j,K,L 
AD7S22S,T,U 
AD7S22j ,K,L 
AD7S22],K,L 
AD7S22S,T,U 
All 

AD7S22j ,K,L 

All 
AD7522] ,K,L 

All 

AD7S22j ,K,L 
AD7S22j ,K,L 
AD7S22j,K,L 
AD7S22j ,K,L 

All 
All 
All 
All 
AD7S22j ,K,L 

All 
All 

All 

All 

All 

All 
All 

I Guaranteed by design. Not tested. 

OVER SPECIFIED 
TA =+2S

o
C TEMP. RANGE 

10 Bits min 10 Bits min 
±0.2% FSR max 
±0.2% FSR max ±0.2% FSR max 
±O.I% FSR max 
±O.I% FSR max ±O.I% FSR max 
±O.OS% FSR max 
±O.OS% FSR max ±O.OS% FSR max 
±Ippm FSR/oC typ ±2ppm FSR/C max 

±2ppm FSR/C max 
±0.3% Reading typ 
±Sppm of Reading/OC typ ±lOppm of Reading/C max 

±lOppm of Reading/C max 
200nA max 

SOppm of Reading/% typ 

ImV pop typ, 10mV pop max 
, 500ns typ 

SkS1 min/20kS1 max SOkS1 min/20kS1 max 

I20pF typ 
40pF typ 
40pF typ 
I20pF typ 

O.BV max O.BV max 
l.SV max l.SV max 
2.4V min 2.4V min 
13.SV min 13.5V min 
I/JA typ 
SQOns min SOOns min 
SOOns min SOOns min 

IMHz max IMHz max 

2S0ns min 2S0ns min 

SOOns min, 200ns typ SOOns min 

2mA max 
2mA max 

• Data setup time is the minimum amount of time required for DBO - DB9 to be stable prior to strobing HBS, LBS. 
• Data hold time is the minimum amount of time required for DBO - DB9 to be stable after strobing HBS, LBS. 

Specifications subject to change without n~tice. ' 
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TEST CONDITIONS 

SCB = "I" 

-IOV<VREF<+IOV 

IOUTl: DBO through DB9 = 0 
IOUT2: DBO through DB9 = 1 

VREF = 20V pop; 10kHz 
To O.OS% of FSR for a FSR Step. 
HBS and LBS Low to High 
LDAC = 1 

} All Data Input High 

} All Data Inputs Low 

Vee = +5V 
Vee = +I5V 
Vee = +SV 
Vee = +15V 

LDAC: 0 to +3V 
HBS, LBS: 0 to +3V 

} In Quiescent State 



ABSOLUTE MAXIMUM RATINGS 

VREF to GNJ? .......... '.' ................ ±2SV 
YDD to GND ... ' .......................... +17V 
VCC to GND .............................. +17V 
Vee to VDD ............................. +0.4V 
Output Voltage (pins 6 & 7) ............. -0.3V to VDD 
Operating Temperature 

)N, KN, LN versions .................. 0 to +70
o
C 

)D, KD, LD versions ............... -25°C to +8S
o

C 
SD, TD, UD versions .............. -55°C to +12S

o
C 

Storage Temperature ................ -65°C to +IS0oC 
Power Dissipation (Package) 

Up to +SOoC: 

Plastic (Suffix N) ..................... 1200mW 
Ceramic (Suffix D) ................... 1000mW 

Derate Above +50°C by 
Plastic (Suffix N) .................... 12mW/C ' 
Ceramic (Suffix D) .................. lOmW/C 

Digital Input Voltage Range ............. '. VDD to GND 

CAUTION: 

1. Do not apply voltages higher than Vec to SRO. 
2. Do not apply voltages higher than VDD or less than GND to 

any other input/output terminal except VREF , RFBI or 
RFB2 · 

3. The digital control inputs are zener protected, howev!!r 
permanent damage may occur on unconnected units 
under high energy electrostatic fields. Keep unused units 
in conductive foam at all times. 

4. Vcc should never exceed VDD by more than O.4V, 
especially during power ON or OFF sequencing. 

TERMINOLOGY 

RESOLUTION 

Value of the LSB. For example, a unipolar n-bit converter 
has a resolution of (2-n) (VREF ). A bipolar n-bit converter 
has a resolution of [2-(n-1)) [VREF ). Resolution in no way 
implies linearity. 

GAIN 

The "gain" of a converter is that analog scale factor setting 
that establishes the nominal conversion relationship, e.g., 
lOY full scale. It is a linear error which can be externally 
adjusted (see gain adjustment on next page). 

OUTPUT LEAKAGE CURRENT 

Current which appears on the OUTI terminal when the DAC 
register is loaded with all "O's" or on the OUT2 terminal 
when the DAG register is loaded with all "1 's." 

DAC CiRCUIT DESCRIPTION 
GENERAL CIRCUIT INFORMATION 
The AD7S22's DAC functional block consists of a highly 
stable Silicon Chromium thin film R-2R ladder, and ten 
SPDT N-channel current steering switches. Most applica
tions require the addition of only an output operational 
amplifier and a voltage or current reference. 

The simplified D/ A circuit is shown in Figure 1. An in
verted R-2R ladder structure is used - that is, the binarily 
weighted currents are switched between the loUT! and louTZ 
bus lines, thus maintaining a constant current in each ladder 
leg independent of the switch state. 

2R 
V REF O-....... 'VV' ..... -'IIVIr-..--H.JVIi-..-..---''N'._-OLDTR 

'---j-J ..... --1~ .... H--4-JL+-----.() IOUT2 

'-t--........ t--~~~ j'--....... t---.----QIOUTI 

<'> 6 
MSB LSB 

R 
2 R 

2 
'-JVliIr--{) R F B 1 

'----ORFB2 

Figure 1 .. DAC Functional Diagram 

EQUIVALENT CIRCUIT 
The DACequivalent circuit is shown in Figure 2. The current 
source ILEAKA~E is composed of surface and junction leak
ages to the substrate, while the IREF Il024 current source 
represents the 1 LSB of current lost through the ladder termi
nation resistor to ground. The CoUT! and CoUT2 output' 
capacitances are as shown when the DAC latches feed the 
DAC with all "1 's." If the DAC latches are loaded with all 
"O's," CoUT! is 3 7pF, while CoUTZ is 120pF. In addition, 
CSD is replaced by 10 ohms, and the 10 ohm RON in lOUT! 
is replaced by a CSD of lOpF. When fast amplifiers are used, 
it will be necessary to provide phase compensation (in the 
form of feedback capacitance) to cancel the pole formed by 
RFEEDBACK and CoUT if stability is to be maintained. 

CPARASITIC RFE~~~ACK 
>O.2pF NOMINAL 

r------4~----------
I RLADDER 

~I NO~~~AL 
1~;~~o-~~JVIi'lr-"'-"--'VII''---'-----+--O 'O[;Tl 

I 

~I 
1024 , 

I 10pF 

L--H--------...J 
CPARASITIC 

>O.2pF 

Figure 2. Equivalent Circuit (Shown for all Digital 
Inputs High) 
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PIN FUNCTION DESCRIPTION 
PIN MNEMONIC DESCRIPTION 
1 VDD +lSV (nominal) Main Supply. 

LDTR 

VREF 

R-2R Ladder Termination RC'sistor. Normally grol.nded for unipolar operation or terminated at 'oUT 2 ,for bipolar operation. 

Reference Voltage Input. Since the AD7S22 is a multiplying DAC, VREF may vary over the range of ±lOV. 

4 RFB2 RFEEDBACK + 2; gives full scale equal to VREF /2. 

6 

RFBI 

'oUTl 

'oUT2 
AGND 

SRO 

RFEEDBACK' used for Aormal uniry gain (at full scale) D/A conversion. 

DAC Current OUTI Bus. Normally terminated at virtual ground of output amplifier. 

DAC Current OUT2 Bus',terminated at ground for unipolar operation, or virtual ground of op amp for bipolar operation. 

Analog Ground. Back gate of DAC N-channel SPOT current steering switches. 

Serial Output. An auxiliary output for recovering data in the input buffer. 

DB9 T Data Bit 9. Most significant parallel data input. 

DBS Data Bit S. 

DB7 Data Bit 7. 

DB6 Data Hit 6. 

'DBS Data Bit S. 

~:: 1N'" 1 ~::: ::: : 
OBI Data Bit 1. 

DBO Data Bit O. Least significant parallel data input. 

10 

11 

12 

13 

14 

15 

16 

17 

IS 

19 

20 SCS S-Bit Short Cycle Control. When in serial mode, if SCS is held to Logic "0", the two least significant input latches in the input buffer 
are bypassed to provide proper serial loading of.S-bit serial words. If SCS is held to Logic "1", the AD7S22 will accept a IO-bit serial 
word. 
Data bits 0 (LSB) and DBI are in a parallel load mode when SCS = 0 and should be tied to a logic low state to prevent false data 
from being loaded. 

21 SPC Serial/Parallel Control. If SPC is a Logic "0", the AD7522 will load parallel data appearing on DBO through DB9 into the input buffer 

22 LDAC 

23 NC 

when the appropriate strobe inputs are exercised (see HBS and LBS). , 
If SPC is a Logic "1", the AD7522 will load serial data appearing on Pin 26 into the input buffers. Each serial data bit must be 
"strobed" into the buffer with the HBS and LBS. 

Load DAC: When LDAC is a Logic "0", the AD7S22 is in the "hold" mode, and digital activity in the input buffer is locked out. 
When LDAC is a Logic "1", the AD7S22 is in the "load" modl!, and data in the input buffer loads the DAC register. 
No Connection. 

24 LBS Low Byte Strobe. When in "parallel load" mode (SPC = 0), parallel data appearing on the DBO (LSB) through DB7 inputs will be 
"clocked" into the input buffer on the positive going edge of the LBS. 
When in "serial load" mode (SPC = 0, serial data bits appearing at the serial input terminal, Pin 26, will be "clocked" into the input 
buffer on the positive going edge of HBS and LBS. (HBS and LBS must be clocked simultaneously when in "serial load" mode.) 

, 25 HBS High Byte Strobe. When in "parallel load" mode (SPC = 0), parallel data appearing on the DB9 (MSB) and DBS data inputs will be 
"clocked" into the input buffer on the positive going edge of HBS. 

26 SRI 

When in "serial load" mode (SPC = 0, serial data bits appearing at the serial input terminal, Pin 26, will be "clocked" into the input 
buffer on thc positive going edges of HBS and LBS. (HBS and LBS must be clocked simultaneously when in "serial load" mode.) 

Serial Input. 

27 VCC Logic Supply. If +SV is applied, all digital inputs/outputs are TTL compatible. If +10V to +I5V is applied, digital inputs/outputs 
are CMOS compatible. 

2S DGND Digital Ground 

Note 1: Logic "I" applied to a data bit steers that bit's current to the lOUT! terminal. 

APPLICATIONS (Note: Protection Schottky CR3 in Figure 3 and CR3, CR4 in Figure 4 are not required when using 
TRI-FET amps such as the AD542 or AD544). 

UNIPOLAR OPERATION 
Figure 3 shows the analog circuit connections required for 
unipolar operation. The input code/output voltage relation
ship is shown in Table 1. 

Zero Offset Adjustment 
1. Adjust the op amp's offset potentiometer for < lmV on 

the amplifier junction. (Each millivolt of amplifier Vos 
causes ±0.66mV of differential nonlinearity which adds to 
the ladder nonlinearity.) 

Gain Adjustment 
1. Set Rl and R2 to On. Load the DAC register with al! 

"1 's." 

2. If analog out is greater than -VREF' increase Rl for re
quired full scale output. If analog out is less than -VREF' 
increase R2 for required full scale output. 
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VREF 
t10V 

R1 
GAIN AOJ 

500H 

Voo Vee 
+15V +5V TO +15V 

A07522 
OAe 

RFB2 

R2 GAIN AOJ 
'500n 

Figure 3. Unipolar Binary Operation 
(2-Quadrant Multiplication) 

ANALOG 
OUTPUT 



DIGITAL INPUT ANALOG OUTPUT 

-VREF (I - Z-IO) 

-VREF (lIZ + Z-IO) 

--VREF/2 

1111111111 

1000000001 

1000000000 

011 1 I I I I I I 

0000000001 

0000000000 

--VREF (1/2 - 2- 1°) 

-VREF (2- 1°) 

o 

Table 1. Unipolar Code Table 

BIPOLAR OPERATION 
Figure 4 shows the analog circuit connections required for 
bipolar operation. The input code/output voltage relationship 
is shown in Table 2. 

Zero Offset Adjustment 
1. Adjust the offset potentiometer of amplifier Al and A2 for 

< 1m V on the respective summing junctions. If the analog 
out for code 1000000000 is not zero, sum current into or 
out of the summing junction of Al for OV at analog out. 

Voe Vee 
-t15V +5V TO +15V 

Figure 4. Bipolar Operation 

Gain Adjustment 
1. Load the DAC register with all "O's." Set R 1 and R2 to 

On. 
2. If analog out is greater than +VREF , increase R2 until it 

reads precisely +VREF . If analog out is less than +VREF , 

increase R 1 until it reads precisely VREF . 

I)IGITAl INPUT 

1111111111 

1000000001 

1000000000 

011111 I 1 11 

0000000001 

0000000000 

ANALOG OUTPUT 

-VREF (! - 2- 9
) 

-VREF (2-9
) 

o 
VREF (2-9 ) 

V
RLF 

(I - 2-") 

VREF 

Table 2. Bipolar Code Table 

SINGLE BYTE PARALLEL LOADING 
Figure 5 illustrates the logic connections for loading single byte 
parallel data into the input buffer. DBO should be grounded on 
"K" and "T" versions, and DBO and OBI should be grounded 
on "J" and "s" versions for monotonic operation of the DAC. 
DB9 IS always the MSB, whether 8-bit, 9-bit, or lO-bit linear 
AD7522's are used. 

Vee VDO 
+15V +5V TO +15V 

~ 

AD7522 
DIA 

CONVERTER 

STROBE o----+--

~g~g l~:/o---------' 

26 SRI 

21 SPC 

~8 

Figure 5. Single Byte Parallel Loading 

When data is stable on the parallel inputs (DBO-DB9), it can be 
transferred into the input buffer on the positive edge of the 
strobe pulse. 

Data is transferred from the input buffer to the DAC register 
when LDAC is a Logic "1." LDAC is a level-actuated (versus 
edge-triggered) function and must be held "high" at least 
0_5/1s for data transfer to occur. 

TWO BYTE PARALLEL LOADING 
Figures 6 and 7 show the logic connections and timing require
ments for interfacing the AD75 22 to an 8-bit data bus for two 
byte loading of a 10-bit word. 

VDO Vee 
+15V +5V TO +15V 

MSB 
DB9 

§ 
DO 

07 

Cl 06 

05 AD7522 

" DIA 
III D4 CONVERTER 
~ .. 

03 ~ 
Cl 

SRI .. 02 26 Qi 
~PC 

01 

DO 20 
sal 

LSB 

LaS 
i§ 

HBS 

LOAC 

Figure 6. Two Byte Parallel Loading 

DATA 
BUS LEAST SIGNIFICANT 

DATA BYTE 
MOST SIGNIFICANT 

DATA BYTE 

LBS 
LOAD LEAST SIGNIFICANT 
BYTE INTO INPUT REGISTER 

LOAD MOST SIGNIFICANT 
HBS ______ ...:B:..:.Y:;.:TE:..:I.:.:.NT:..::O:...::IN:;.:P.::U-=-T ;,:.:RE:..::G:.:::IS:;.:TE:..::R~--, 

UPOATE DAC----rI 
LOAC ____________ O~U~TP~U~T=:J L--

Figure 7. Timing Diagram 

First, the least significant data byte (DBO through DB7) is 
loaded into the input buffer on the positive edge of LBS. Sub
sequently, the data bus is used for status indication and 
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instruction fetching by the CPU. When the most significant 
data byte (DB8 and DB9) is available on the bus, the input 
buffer is loaded on the positive edge of HBS. The DAC register 
updates to the new lO-bit word when LDAC is "high." LDAC 
may be exercised coincident with, or at any time after HBS 
loads the second byte of data into the input buffer. 

SERIAL LOADING 
Figure 8 and Figure 9 show the connections and timing 
diagram for seriililoading. 

To load a 10-bit word (SC8 = I), HBS and LBS must be strobed 
simultaneously with exactly 10 positive edges to clock the 
serial data into the input buffer. For 8-bit words (SC8 = 0), only 
8 positive edges are required. 

SERIAL DATA SRI SRO SERIAL 
IN DATA OUT 

CLOCK IN 
SPC 

A07522 21 

LOAD DAC DAC 
ID LOGIC "C" FOR BBIT MODE 

20 LOGIC "1" FOR 10 BIT MODE 

Figure 8. Serial 8- and to-Bit Loading 
(Analog Outputs Not Shown for Clarity) 

SRI 

CLOCK IN 
(10·8IT MODEl 

~~~L--L __ L--L __ L-~ __ ~~ __ ~~ ___ 

(10~~:~~;~' _____________ U_PD_A_T_E _Tl_ME-4"L 

CLOCK IN 
(B·BIT MODE I 

LOAD DAC 
(8·BIT MODEl 

7 B 

UPDATE TIME =rIL ______ _ 

Figure 9. Timing Diagram for Serial 8- and to-Bit Loading 
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APPLICATION HINTS 

1. CRI and CR2 on Figures 3 and 4 protect the AD7522 
against latch-up Vee exceeds VDD , and may be omitted 
if VDD and Vee are driven from the same voltage. 

2. Diodes CR3 on Figure 3 and CR3 and CR4 on Figure 4 
clamp the amplifier junction to -300mV if they attempt 
to swing negative during power up or power down. The in
put structures of some high-speed op amps can supply 
substantial current under the transient conditions en
countered during power sequencing. It is recommended 
that the PC layout be able to accommodate the dio~es. 

3. Fast op amps will require phase compensation for stability 
due to the pole formed by COUTI or COUT2 and 
RFEEDBACK· 

4. During serial loading, all data inputs (DBO through BD9), 
should be grounded. . 



r.ANALOG 
WDEVICES 

CMOS 
8-Bit Multiplying D/A Converter 

FEATURES 
Low Cost 
Fast Settling: 100ns 
Low Power Dissipation 
Low Feedthrough: %LSB @ 200kHz 
Full Four-Quadrant Multiplying 

APPLICATIONS 
Battery Operated Equipment 
Low Power, Ratiometric AID Converters 
Digitally Controlled Gain Circuits 
Digitally Controlled Attenuators 
CRT Character Generation 
Low Noise Audio Gain Control 

GENERAL DESCRIPTION 
The AD7523 is a low cost, monolithic multiplying digital-to
analog converter packaged in a 16-pin DIP. The device uses an 
advanced monolithic, thin-film-on-CMOS technology to pro
vide 8-bit resolution with accuracy to lO-bits and very low 
power dissipation. 

The AD7523's excellent multiplying characteristics and low 
cost allow it to be used in a wide ranging field of applications 
such as: low noise audio gain control, CRT character genera-
tion, motor speed control, digitally controlled attenuators,etc. 

ORDERING INFORMATION 

Model Linearity 
Operating 
Temperature Range 

AD7523JN ±l12LSB 
AD7523KN ±1/4LSB o to +70

o
C 

AD7523LN ±1/8LSB 

AD7523AD ±1/2LSB 
AD7523BD ±1/4LSB _2,oC to +85°C 
AD7523CD ±1/8LSB 

AD7523SD ±1/2LSB 
-55°C to +125°C 

PACKAGE IDENTlFICATlON l 

Suffix D: Ceramic DIP - (D16B) 
Suffix N: Pla"stic DIP - (N16B) 

1 See Section 20 for package outline information. 

AD7523 I 
AD7523 FUNCTIONAL BLOCK DIAGRAM 

L----t-: ......... -t-!-+----t-: ......... --o OUT2 

'-7--.......;-_-'---.......; ................ --oOUT1 

I 

666 
I 

6 
RFEEOBACK 

BIT 1 IMSB) BIT 2 BIT 3 BIT 8 ILSB) 

DIGITAL INPUTS 

PIN CONFIGURATION 
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SPECIFICATIONS (Voo = +15V, VREF = +10V unless otherwise noted) 

PARAMETER 

STATIC ACCURACY 
Resolution 
Nonlinearityl 

AD7523JN, AD, SD 
AD7523KN, BD 
AD7523LN, CD 

Monotonicity 
Gain Error l ,2,3 

Power Supply Rejection (Gain) 1,2 

Output Leakage Current 
10UTl (pin 1) 

10UTZ (pin 2) 

DYNAMIC PERfORMANCE 
Output Current 

Settling Time4 

Feedthrough Error4,~ 

REFERENCE INPUT 
Input Resistance (pin 15) 
Temperature Coefficient 

ANALOG OUTPUTS4 

Output Capacitance 
COUTl (pin 1) 

CoUTZ (pin 2) 
COUTl (pin 1) 

CollT2 (pin 2) 

DIGITAL INPUTS 
Logic Thresholds 

V1NIl 
VINL 

8 Bits min 

il/2LSB max (iO.2% I'SR max) 
i1l4LSB max (iO.I% FSR max) 
i 1I8LSB max (iO.05% FSR max) 

Guaranteed ovcr Tmin to Tma" 
-1.5% of FSR min, +1.5% of FSR max 
0.02% per % max 

±50nA max 

±50nA max 

150ns max 

il/2LSB max 

5kn min, 20kn max 

100pF max 
30pF max 
30pI' max 
100pF max 

+14.5V min 
+0.5V max' 

il/1A max 

TA = Tmin to Tmax 

8 Bits min 

± 1/2LSB max (iO.2% FSR max) 
±1/4LSB max (iO.l% FSR max) 
± 1I8LSllmax (±()'05% FSR max) 

-1.8% of FSR min, +1.8% of FSR max 
0.03% per % max 

i200nA max 

i200nA max 

200ns max 

±ILSB max 

-500ppm/oC max 

100pF max. 
30pF max 
30pF max 
100pF max 

+14.5V min 
+O.5V max 

il/1A max 
Input Leakage Current 

lIN (per input) 
Input Capacitance' 

CIN
4 4pF max 4pF max 

Input Coding Unipolar Binary of Offset Binary (see next page) 

POWER REQUIREMENTS 
VDD Range 

IDD Sand all 1883 B versions 
IDD J, K, L, A, B, C versions 

NOTES: 
I FSR is Full Scale Range. 

+5V min, +16V max 

200/1A max 
100/1A max 

+5V min, +16V max 

500/1A max 
1 00/1 A max 

2 Using internal feedback resistor, Full Scale Range (FSR) is equal to (VREF - 1 LSB) in the unipolar circuit on the next page. 
'Max fain change from +2SoC to Tmin or Tmax is ±O.3% FSR. 
"Guaranteed by design, Not subject to test. / 
'To minimize feed through with the ceramic package. the u~r must ground the metal lid. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 

(TA = +2S
o
C unless otherwise noted) Power Dissipation (package) 

To +70o C _ , , . , , , . , . , 

TEST CONDITION 

VOllTl = VOllTZ = OV 

VOUTl = YOUTZ = OV 
Digital Inputs = V1NII 
VDD = +14V to +15V 
Digital Inputs ~ V1NII 

Voun = YOUTZ = OV, VREF = ilOV 
. Digital Inputs = VINL 

VOUTl = YOUTZ = OV. VREF = ilOV 
Digital Inputs = V1NII 

To 0.2% FSR, Load = lOOn 

Digital Inputs = VINH to YINL or 
VINL to VINII 
Digital Inputs = V1NL 
VREF = 20V p-p, 200kHz sinewave 

VOUTl = YOUTZ = OV 

Digital Inputs = VINII 

Digital Inputs = VINL 

VIN = OV or +15V 

Device Functionality. Accuracy 
is tested and guaranteed only at 
VDD = +15V 
Digital Inputs = VINII or VINL 

.. , . , .. 670mW Voo to GND ... , .. _ .. , . , , . , .. , .,,',. -OV, +17V 
VREF to GND. , .. , , , . , .... , ...... , , ... , , . ,±2SV Derate Above +70

o
C by . , , ... , ,8.3mW/C 

Digital Input Voltage (VIN ) to GND .... , ... -O,3V to Voo 
VOUT1 ' VOUT2 (pin 1, pin 2) to.GND, ...... -0.3V to Voo 

Operating Temperature .. , ... , ... , ,', ...... 0 to +70
0
C 

Storage Temperature .. , , , . , .... , . , .. -65°C to +IS0
o
C 

Lead Temperature (Soldering, 10 seconds) .... , , , . +300
o
C 
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Applying the AD7523 

CAUTION: 

1. ESD sensitive device. The digital control inputs are Zener protected j however, permanent damage may occur 
on unconriected devices subjected to high energy electrostatic fields. Unused devices must be stored in con
ductive foam or shunts. 

2. Do not apply voltages lower than ground or higher the VDD to any pin except VREF (pin 15) and RFB (pin 16). 

3. The inputs of some IC amplifiers (especially wide bandwidth types) present a low impedance to V- during 
power-up or power-down sequencing. To prevent the AD7523 OUT1 or OUT2 terminals from exceeding 
-300mV (which causes catastrophic substrate current) a Schottky diode (HP5082-2811 or equivalent) is 
recommended. The diode should be connected between oun (OUT2) and ground as shown in Figure 1 
and 2. Protection diodes are not required when using TRI-FET amplifiers such as the AD542 or AD544. 

BASIC OPERATION DIGITAL INPUT ANALOG OUTPUT 

MSB 

DATA: 
INPUTS: LSB 

MSB 

DATA I 
INPUTS: LSB 

R5100k 

t10V +15V 
VREF Vee 

AD7523 

11 

GND 

R21k 

VOUT 

NOTES: 
1. R1ANDR2USEDONLYIFGAIN 

ADJUSTMENT IS REQUIRED. 
2. CR1 PROTECTS AD7523 AGAINST 

NEGATIVE TRANSIENTS. SEE 
"CAUTION" NOTE 3 AT TOP 
OF THIS PAGE. 

Figure 1. Unipolar Binary Operation 
(2-Quadrant Multiplication) 

15 

11 

R1 
2k 

+15V 
Vee 

R71Mn 

R610k 

NOTES: 
1. R3/R4 MATCH 0.1% OR BETTER. 
2. R1, R2 USED ONLY IF GAIN ADJUSTMENT 

IS REQUIRED. 
3. R5-R7 USE 0 TO ADJUST VOUT - OV AT 

INPUT CODE 10000000. 
4. CR1 & CR2 PROTECT AD7523 AGAINST 

NEGATIVE TRANSIENTS. SEE "CAUTION" 
NOTE 3 AT TOP OF THIS PAGE. 

Figure 2. Bipolar (4-Quadrant) Operation 

MSB LSB 

11111111 -VREF (~) 256 
10000001 -VREF e29 

) 256 

10000000 -VREF (128) _ VREF 
256 ----

01111111 -VREF e27 ) 2 
256 

00000001 -VREF (2~6 ) 
00000000 -VREF (2~6)=0 

Table 1. Unipolar Binary Code Table 

DIGITAL INPUT 

MSB LSB 

11111111 

10000001 

10000000 

01111111 

00000001 

00000000 

ANALOG OUTPUT 

(
127 ) 

-VREF 128 

-VREF (1~8 ) 
o 

+VREF (1~8) 
+VREF (!~~) 
+VREF (g~) 

Table 2. Bipolar (Offset Binary) Code Table 
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APPLICATIONS 

DIVIDER (DIGITALLY CONTROLLED GAIN) 

>----_----oVOUT 

EOUATIONS 

VOUT = _ VI~ 

Av = ~~T '- ~ where: Av :: Voltage Gain 

and where: 

0=~+.!!.!!2+ .!l.!!J!.. 
2' 22 28 

(BIT N = 1 or 01 

EXAMPLES 

0= 00000000, Av • -AOL (OP AMP) 

0= 00000001, 'Av = -256 

0= 10000000,Av = - t}~ =-2 

0= 11111111,Av = - ~;~ 
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POWER GENERATION 

BIT 1 (MSBI 

OATA I 
INPUT "o"l 

<>-+--....._---tll 
BIT 8 (LSBI 

11 

±10V +15V 
VAEF Voo 

11 

V2 • +(VAEF )(021 

Vn ' -(vAEF)(onl, n an odd integer 

Vn " +(VREFHOnl. n an even integer 



r.ANALOG 
WDEVICES 

FEATURES 
Microprocessor Compatible (6800,8085,280, Etc.) 
TTL/CMOS Compatible Inputs 
On·Chip Data Latches 
End Point Linearity 
Low Power Consumption 
Monotonicity Guaranteed (Full Temperature Range) 
Latch Free (No Protection Schottky Required) 

APPLICATIONS 
Microprocessor Controlled Gain Circuits 
Microprocessor Controlled Attenuator Circuits 
Microprocessor Controlled Function Generation 
Precision AGC Circuits 
Bus Structured Instruments 

GENERAL DESCRIPTION 
The AD7524 is a low cost, 8-bit monolithic CMOS DAC 
designed for direct interface to most microprocessors. 

Basically an 8-bit DAC with input latches, the AD7524's load 
cycle is similar to the "write" cycle of a random access mem
ory. Using an advanced thin·film on CMOS fabrication 
process, the AD7524 provides accuracy to 1I8LSB with a 
typical power dissipation of less than 10 milliwatts. 

A newly improved design eliminates the protection Schottky 
previously required and guarantees TTL compatibility when 
using a +5V supply. Loading speed has been increased for 
compatibility with most microprocessors. 

Featuring operation from +5V to +15V, the AD7524 inter
faces directly to most microprocessor buses or output ports. 
Excellent multiplying characteristics (2- or 4-quadrant) make 
the AD7524 an ideal choice for many microprocessor control
led gain setting and signal control applications. 

PACKAGE IDENTIFICATION 1 

Suffix D: Ceramic DIP - (D16B) 
Suffix N: Plastic DIP - (N16B) 

I See Section 20 for package outline information. 

CMOS 
a-Bit Buffered Multiplying DAe 

AD7524 I 

AD7524 FUNCTIONAL BLOCK DIAGRAM 

Voo 

14 

10k 10k 10k 

4--.... t----;~----+;_---1--+=--o OUT2 

DB7 DB6 DB5 
(MSB) 

DATA INPUTS 

ORDERING INFORMATION 

DBO 
(LSB) 

Temperature Range 

1-4---t-'---QGND 

Nonlinearity 
o to +70

o
C -25°C to +8S

o
C -SScc to +12S o C (VDD =+SVto+lSV) 

±1/2 LSB AD7524JN A07524AO ;\07524S0 

±1/4 LSB A07S24KN A07524BD AD7524TD 

±1/8 LSB AD7524LN AD7524CD AD7524VD 

PIN CONFIGURATION 
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SPECIFICATIONS (VREF = +10V, VOUTl = VOUT2 = OV unless otherwise noted) 

LIMIT, TA a +25·C 
PARAMETER VOO • +5V VOO = +15V 

STATIC PERFORMANCE 
Resolution 
Relative Accuracy 

AD7S24JN, AD, SO iO.2 iO.2 
AD7S24KN,BD, TO iO.2 iO.1 
AD7S24lN, CD, UD iO.2 iO.OS 

Monotonicitv guaranteed guaranteed 
Gain Error2 i1.0 iO.S 
Average Gain TC] iO.004 iO.OOI 

dc Supply Rejection,! lIGainlLWoo 0.08 0.02 
0.002 0.001 

Output leakage Current 
IOUTl (Pin 1) i50 i50 
IOUT2 (Pin 2) i50 i50 

DYNAMIC PERFORMANCE 
Propagation Delay! (From digital inpu t 
to 90% of final analog output current) 

AD7524JN, KN, LN, AD, BD, CD 150 65 
AD7524SD, TD, UD 150 65 

ac Feedthrough 3 

at OUTl 0.25 0.25 
at OUT2 0.25 0.25 

REFERENCE INPUT 
RIN (pin 15 to GND)· 5 5 

20 20 

ANALOG OUTPUTS 
Output Capacitance] 

GoUTl (pin I) 120 120 
GoUT2 (pin 2) 30 30 
COUTl (pin 1) 30 30 
Coun (pin 2) 120 120 

DIGITAL INPUTS 
Input HIGH Voltage Requirement 

VIH +2.4 +13.5 
Input LOW Voltage Requirement 

VIL +0.8 +1.5 
Input Current 

lIN ±1 ±1 
Input Capacitance! 

DBO-DB7 5 5 
WR.es 20 20 

SWITCHING CHARACTERISTICS 
Chip Select to Write Serup TimeS 

tcs 
AD7524JN, KN, LN, AD, BD, CD 170 100 
AD7524SD, TD, UD 170 100 

Chip Select to Write Hold Time 

tCIl 
All Grades 

Write Pulse Width 

tWR 
AD7524JN, KN, LN, AD, BD, CD 170 100 

AD7524SD, TD, UD 170 100 

Data Setup Time 

tos 
AD7524JN, KN, LN, AD, BD, CD 135 60 
AD7524SD, TD, UD 135 60 

Data Hold Time 

tOil 
All Grades 10 10 

POWER SUPPLY 

100 
100 100 

NOTES, 
'Temperature Rangnas follows, A075HJN. KN. LN, 0 to+70°C 

A07~24AO, BO, CO, _25°C to +85°C 
A07524S0, TO, UO, -SSoC to +12SoC 

LIMIT, TMIN, TMAXI 
VOO • 5V VOO· +15V 

iO.2 iO.2 
iO.2 iO.l 
iO.2 iO.OS 
guaranteed guaranteed 
i1.4 iO.6 
iO.004 iO.OOI 

0.16 0.04 
0.01 0.005 

i400 i200 
±400 ±200 

175 80 
200 90 

0.5 0.5 
0.5 0.5 

5 5 
20 20 

120 120 
30 30 
30 30 
120 120 

+2.4 +13.5 

+0.8 +1.5 

±l0 ilO 

5 5 
20 20 

220 130 
240 150 

220 130 
240 150 

170 80 
170 100 

10 10 

500 500 

'Gam error is measured using internal feedback r<sistor.ldeal Full Scale Range (FSR) = (V REF -ILSB) as shown in Tablet. 
»Cuuanteed, not tested. 
4 DAC thin film resistor temperarure coefficient is approximately -300ppmfC. 
'AC parameter, sample tested@ 2SoC to ensure conformance to specifications. 

Specifications subject to change without notice. 
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UNITS TEST CONDITIONS/COMMENTS 

Bits 

% FSR max 
% I'SR max 
% fSR max 

% FSR max 
% FSR/·C Gain TC measured from +2S·C to 

Tmin or from +25·C to Tmax 
% FSR/%max lIVoo = ±l0% 
% I'SR/% typ 

nAmax DBO-DB7 = OV; WR, CS = OV; VREF = i10V 
nAmax DBO-DB7 =VOD;WR, CS=OV; VREF =iIOV 

nsmax OUTlload= 100n,CEXT= 13pF;WR,Cs= 
nsmax OV;DBo-DB7 = OV to Voo or VOO to OV. 

% FSR max VRE,L" ±"!pV, 100kHz sine wave; DBo-DB7 = 
% FSR max OV; WR, CS = OV 

knmin 
knmax 

pF max DBO-DB7 = Voo; WR, Cs = OV 
pF max 
pI' max DBO-DB7 ~ OV, WR, Cs. OV 
pF max 

Vmin 

V max 

IJ.Amax VIN = OV or Voo 

. pF max VIN = OV 
pF max VIN = OV 

See timing diagram 

tWR = tcs 

nsmin 

tcs > tWR, tCH > 0 
nsmin 
nsmin 

nsmin 
nsmin 

nsmin 

mAmax All Digital Inputs VIL or VIH 
IJ.Amax All Digital Inputs OV or Voo 



ABSOLUTE MAXIMUM RATINGS 

(TA = +25°C unle~s otherwise noted) 
VDD to GND ........................ -0.3V, +17V 
VRFB to GND ............................. ±2SV 
VREF to GND ............................. ±2SV 
Digital Input Voltage to GND ............ -0.3V to VDD 
VOUTl,VOUT2 (pin 1, pin 2) to GND ....... -0.3V to VDD 
Power Dissipation (package) 
Plastic (N Suffix) 

To +70°C. ........................... 670mW 
Derate above +70

o
C by ................. . 8.3mWtC 

Ceramic (D Suffix) 
To +7S

o
C ............................ 450mW 

Derate above +7S
o
C by .................. . 6mWtC 

Operating Temperature 
Commerical ON, KN, LN) Grades .......... 0 to +70

o
C 

Industrial (AD, BD, CD) Grades ........ -25°C to +8S
o
C 

Military (SD, TD, UD) Grades ........ -55°C to +12S
o
C 

Storage Temperature ................ -65°C to +150
o
C 

Lead Temperature (Soldering, 10 seconds) ........ +300
o
C 

TERMINOLOGY 

RELA TIVE ACCURACY: A measure of the deviation from 
a straight line through the end points of the DAC transfer 
function. Normally expressed as a percentage of full scale 
range. For the AD7524 DAC, this holds true over 
the entire VREF range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2-n) (VREF). A 
bipolar converter of n bits has a resolution of [2-(n-1)] 
[V REF]. Resolution in no way implies linearity. 

PROPAGATION DELAY: Time required for the output cur
rent to reach 90% of its final value from a given digital 
input stimulus, i.e., 0 to Full Scale. 

CAUTION 

1. ESD sensitive device. The digital control inputs are 
zener protected; however, permanent damage may 
occur on unconnected devices subjected to high 
energy electrostatic fields. Unused devices must be 
stored in conductive foam or shunts. 

2. Do not apply voltages lower than ground or higher 
than VDD to any pin except VREF,(pin 15) and 
RFB (pin 16). 

3. Do not insert this device into powered 
sockets. Remove power before insertion 
or removal. 

GAIN: Ratio of the DAC's full scale output voltage to III 
the ideal output voltage. Ideal full scale output is VREF I 
- 1 LSB. Gain error is adjustable to zero. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from OUTI and .oUT2 
terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
oun terminal with all digital inputs LOW or on OUT2 
termin,al when ali inputs are HIGH. This is an error current 
which contributes an offset voltage at the amplifier output. 
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CIRCUIT DESCRIPTION 

CIRCUIT INFORMATION 

The AD7524, an 8-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and eight N-channel 
current switches on a monolithic chip. Most applications re
quire the addition of only an output operational amplifier and 
a voltage or current reference. 

The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used - that is, the binarily weighted 
currents are switched between the OUTI and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg inde~ 
pendent of the switch state. 

L--+-H~-+-HH'r~H-""---O OUT2 

~-~~-~~-?']--"-~--~OUTl 

RFEEOBACK 

DB7 (MSB) DB6 DB5 DBO (LSB) 

Figure 1. AD7524 Functional Diagram 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuit for all digital inputs LOW is shown in 
Figures 2. In Figure 2 with all digital inputs LOW, the refer
ence current is switched to OUT2. The current source 
ILEAKAGE is composed of surface and junction leakages to 
the substrate while the -zk current source represents a con
stant I-bit current'drain through the termination resistor on 
the R-2R ladder. The "ON" capacitance of the output N-chan
nel switches is 120pF, as shown on the OUT2 terminal. The 
"OFF" switch capacitance is 30pF, as shown on the OUT1 
terminal. Analysis of the circuit for all digital inputs high is 
similar to Figure 2 however, the "ON" switches are now on 
terminal OUTI, hence the 120pF appears at that terminal. 

RFEEOBACK 

.------.... ~~-oOUT1 

I~ 

VREF o--"NIr--..... ---..... ----+----oOUT2 

Figure 2., AD7524 DAC Equivalent Circuit - All Digital 
Inputs Low 

INTERFACE LOGIC INFORMATION 

MODE SELECTION 
AD7524 mode selection is controlled by the CS and WR 
inputs. 

WRITE MODE 
When CS and WRare both LOW, the AD7524 is in the WRITE 
mode, and the AD7524 analog output responds to data activ-
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ity at the DBo-DB7 data bus inputs. In this mode, the AD7S24 
acts like a nonlatched input DI A converter. 

HOLD MODE 
When either CS or WR is HIGH, the AD7S24 is in the 
HOLD mode. The AD7524 analog output holds the value cor
resE.£.ndin&.,!o the last digital input present at DBo-DB7 prior 
to WR or CS assuming the HIGH state. 

MODE SELECTION TABLE 

-
CS WR MODE DAC RESPONSE 

L L Write DAC responds to data bus 
(DBO - DB7) inputs 

H X Hold Data bus (DBO - DB7) is 
locked out; 

X H Hold DAC holds last data present 
when WR or CS assumed 
HIGH state. 

L = Low State, H = High State, X = Don't Care. 

WRITE CYCLE TIMING DIAGRAM 

. ~1-____ tc_S======·:l_·_tc_"·-_I/---~v,oOO 
CHIP SELECT. '- /" . 

'( ~~" _t-+.._-to-:----- VOO 

______ """ ~---VOO 

WRITE 

DATA IN (OBO - DB7) 

14 

12 

~ 10 

c 

~ 
« 
E 

~ 

NOTES: 
1. All input signal rise and fall times measured from 

10% to 90% of Voo. Voo ; +5V, tr ; tf; 20ns; 
Voo ; +15V, tr; tf; 40ns. 

2. Timing Measurement Reference level is VIH ~ VIL 

3. tos + tOH is approximately constant at 145ns min 
at +25'C, Voo ; +5V and twr; 170ns min. The 
AD7524 is specified for a minimum tOH of 10ns, 
however, in applications where tOH > 10ns, tos 
may be reduced accordingly up to the limit tos ; 
65ns, tOH ; 80ns. 

II TA = +25'C 
ALL OIGITAL INPUTS 

Voo = +15V TIEO TOGETHER 

~ 
Voo = ~5V \ , 

I\. 

J \ 
J ~ 

1/ ~ ~ ........ 
10 12 14 

1 ,400 

1 .200 

1 ,000 ~ 

800 ~ 

600 

400 

200 

VIN, VOLTS 

Figure 3. Supply Current vs. Logic Level 

Typical plots of supply current, I DO, versus logic inpu t volt
age, VIN, for Voo = +5V and Voo = +ISV are shown above. 



ANALOG CIRCUIT CONNECTIONS 

±10V 
VAEF Voo 

GND 

NOTES: 
1. RIANDR2USEDONLYIFGAIN 

ADJUSTMENT IS REOUIRED. 

2. Cl PHASE COMPENSATION (10pF-15pFI 
IS REOUIRED WHEN USING HIGH SPEED 
AMPLIFIERS TO PREVENT RINGING OR 
OSCILLATION. 

Figure 4. Unipolar Binary Operation 
(2-Quadrant Multiplication) 

DIGITAL INPUT 

MSB LSB ANALOG OUTPUT 

11111111 -VREF (~) 256 
10000001 -VREF (129 ) 

256 
10000000 -VREF (128) = _ VREF 

256 2 
01111111 -VREF (127 ) 

256 
00000001 -VREF (2~6 ) 
00000000 -VREF (2~6)=0 

Table 1. Unipolar Binary Code Table 

MICROPROCESSOR INTERFACE 

A8-A15 

ALE 

8OS5A 

ADO··AD7 
~ ______ L-______ ~~ __________ ,/ 

"ANALOG CIRCUITRY HAS BEEN OMITTED 
FOR CLARITY. 

Figure 6. AD7524/BOB5A Interface 

Applying the AD7524 

±10V (acor dcl 
VAEF Voo 

NOTES: 
1. ADJUST Rl FOR VOUT' OV AT CODE 10000000. 
2. Cl PHASE COMPENSATION (10 -15pFI MAY BE 

REQUIRED IF AIlS A HIGH SPEED AMPLIFIER. 

Figure 5. Bipolar (4-Quadrant) Operation 

DIGITAL INPUT 

MSB LSB ANALOG OUTPUT 

11111111 +VREF C27) 
128 

10000001 +VREF (1~8 ) 
10000000 0 

01111111 -VREF (1~8) 
00000001 -VREF (127) 

128 

00000000 -VREF (128) 128 

Table 2. Bipolar (Offset Binary) Code Table 

AO-AI5 

6800 

00-07 

VMA~--~------~-I 

¢2 

"ANALOG CIRCUITRY HAS BEEN OMITTED 
FOR CLARITY. 

Figure 7. AD7524/MC6BOO Interface 
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POWER GENERATION 

DATA 

INPUT "0" ()' -+ ..... ------1 

Cs o-+-!-..... -~ 
WR 0--+-1,....-+----1 '----.----

CIRCUIT EQUATIONS 

v, = -(VREF) (D) 

V2 = +(VREF) ([)2) 

V 2 

Vn = -(VREF) (On), n an odd integer 

Vn = + (VREF) (On), n an even integer 

WHERE: 

o = 0:'7+ 0:
2
6 + ... ~~o 

and 

OBn = lor 0 
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DIVIDER (DIGITALLY CONTROLLED GAIN) 

OUT2 

oun 

DATA 
INPUT "0" Cs WR Voo 

~------------__ --------oVOUT 

EQUATIONS 

VOUT=~-

AV = -VOUT = -...!.... WHERE: Av =VOLTAGE GAIN 
VIN 0 

and where: 

o = DB7 + DB6 + , .. DBO 
21 22 . 28 

OBN = 1 or 0 

EXAMPLES 

o = 00000000, Av = -AOL (OP AMP) 

D ~ 00000001, Av = -256 

0= 10000000, Av = - ~~: = -2 

0= 11111111, t:<V = - ~~~ 



~ANALOG 
WDEVICES 

3~ Digit BCD Monolithic CMOS 
Digitally Controlled Potentiometer 

FEATURES 
Resolution: 3 1/2 Digit BCD (1999 Counts) 
Nonlinearity: ±1/2LSB Tmin to Tmax 
Gain Error: ±O.05% FS 
Excellent Repeatability Accuracy 
Low Power Dissipation 

APPLICATIONS 
Thumbwheel Switch Voltage Dividers 
Digitally Controlled Gain Circuits 
Digitally Controlled Attenuators 
BCD Multiplying DACs 
Low Power Converters 

GENERAL DESCRIPTION 
The AD7525 is a monolithic CMOS 3lh digit BCD digitally 
controlled potentiometer designed for precision incremental 
voltage-divider applications. 

With the addition of an external op amp, the output can be 
digitally controlled from 0 to 1.999VIN with resolution of 
0.001 VIN. 

AC or DC voltage up to ±10V can be applied to the input 
providing high application flexibility in fields such as audio 
gain control, etc. 

Digital control, excellent repeatability and 0.05% accuracy 
make the AD7525 an ideal replacement for 10-tum poten
tiometers or thumbwheel switch voltage dividers: using' 
discrete resistor networks. 

Packaged in an 18-pin DIP, the AD7525 uses an advanced 
CMOS fabrication process combined with wafer laser trimming. 

ORDERING INFORMATION 

Package 1 and Nonlinearity Nonlinearity 
Temperature ±1I2LSB ±ILSB 

I8-Pin Plastic (NI8B) 
o to +70oC AD7525LN AD7525KN 

I8-Pin Ceramic (DI8B) AD7525CD AD7525BD 
-25°C to +85°C AD7525CD/883B2 AD7525BD/883B2 

I8-Pin Ceramic (DI8B) AD7525UD AD7525TD 
-55°C to +125°(: AD7525UD/883B2 AD7525TD/883B2 

I See Section 20 for package outline information. 
2100% screened to MIL-STO-883, method 5004, para. 3.1.1 through 

3.1.12 for class B device. 

AD7525 I 

AD7525 FUNCTIONAL BLOCK DIAGRAM 

{

B • 
0.1 DIGIT ; 

0.0101GlTg 

{

B 12 

0.001 DIGIT ; 

PIN CONFIGURATION 

{

a 4 

0.1 DIGIT ~ 

{
a a 

om DIGIT 4 

I8-PIN DIP 
TOP VIEW 

"F. 
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SPECIFICATIONS (VDD=+15V; VPINl = OV; VIN = +10V unless otherwise stated) 

PARAMETER 

ACCURACY 
Resolution! 
Nonlinearity2,3 

AD7S2SKN, BD. TD 
AD7S2SLN. CD. UD 

Gain Error3• 4 

GainTC 
Output Leakage Current(pin 1) 

DYNAMIC PERFORMANCE 
Switching Time 

Feedthrough Error 

ANALOG INPUT 
Input Resistance (pin 17)7 
VIN Range (recommended) 

ANALOG OUTPUT 
Output Capacitance 

<:OUT (pin 1) 

RF8 Resistance (pin 18 to pin 1)7 

DIGITIAL INPUTS 
Input HIGH Voltage 

VIH
3 

Input LOW Voltage 

VIL
3 

TA = +2SoC 

1 part in 2000 

±ILSB max 
±1I2LSB max 
±O.OS% FS typ 
±2Sppm/oC max 
100nA max 

Ills max5 

2kn min/l0kn max 
±lOV max 

60pF max6 

200pF max6 

8kn min/40kn max 

+14.5V min 

+0.5V max 

TA = Operating 
Temperature Range 

1 part in 2000 

±ILSB max 
±1I2LSB max 

400nA max 

IJ.1s max6 

±O.I%VIN max6 

2kn min/l0kn max 
±lOV max 

60pF max6 

200pF max6 

8kn min/40kn max 

+14.SV min 

+O.SV max 
Input Leakage Current 
Input Capacitance 
Input Coding 

±lJ.1A max ±10J.lA max 
SpF max6 SpF max6 

3'12 Digit BCD (1999 Counts) 3'12 Digit BCD (1999 Counts) 

POWER SUPPLY 
VDD Range 

NOTES: 

+5V to +17V 

+15V ±5% 
SOOJ.lA max 

I Commercial devices are sample tested over temperature. 

+SV to +17V 

+lSV ±5% 
ImA max 

2 Monotonicity is guaranteed on the AD7 52S LN. CD and UD versions over T min to T max. 
3 Final electrical tests on 8838 screen parts are: Gain Error. Nonlinearity. VIH. VIL. Digital Input Leakage Current 
and IDD at +2SoC and +12SoC (TD/8838 Version) or +2SoC and +8SoC (8D/8838 Version). , 

4 Gain Error is measured using the AD7S2S internal feedback resistor. FS is "Full Scale" (BCD", 1.999). 
5 AC parameter. sample tested at +2SoC to ensure conformance to specification. 
6 Guaranteed. not tested. . 
7 Thin Film resistor temperature coefficient is approximately -30OppmtC. 
Specifications subjecJ to change without notice. 
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CONDITION 

BCD 0.000 to l.999 
BCD 0.000 to l.999 
BCD = l.999 
BCD = l.999 
BCD = 0.0000 

VIN = +5V. ROUT (pin 1) 
= lOOn. Digital Inputs = 
VIL to VIH or VIL. 
VPINI measured from 
10% to 90% 
VIN = ±10V. 20kHz sinewave 

Digital Inputs = BCD 0000 
Digital Inputs= BCD 1999 

Digital Inpu t = OV or VDD 

Functional with 
Degraded Performance 

Rated Accuracy 
Digitallnputs= VIL orVIH 



. CAUTION 

1. ESD (electro-static discharge) sensitive device. The digital control inputs are zener protected; however, permanent 
damage may occur on unconnected devices subjected 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. 

2. Do not apply voltages more negative than GND or more positive than V DD to any pin except V IN (pin 17) and R FB (pin 18). 

3. The inputs of some IC amplifiers (especially high speed types) present a low impedance to V-during power sequencing. 
To prevent the AD7525 OUT terminal (pin 1) from exceeding -300mV (which causes catastrophic substrate current), 
a Schottky diode, HSCH 1001 or equivalent, is recommended. While not required for most amplifier types, provision 
for the diode should be made during layout. The diode should be connected between OUT (pin 1) and GND (pin 2) 
as shown in Figure 4. Protection Schottkys not required when using TRI-FET output amplifiers such as the AD542 
or AD544. 

ABSOLUTE MAXIMUM RATINGS 
(T A = 25°C unless otherwise noted) 
VDD (to GND) ...................... -0.3V,+17V 
VIN (to GND) ... : ................ ' ........ ±25V 
RFB (to GND) ............................ ±25V 
Digital Input Voltage (to GND) ............ -0.3V to VDD 
VplNl (to GND) ..................... -0.3V to VDD 
Power Dissipation (Package) . 

Plastic (Suffix N) 
To +70

o
C .......................... 670mW 

Derates above +70
o
C by ... '.' ........... 8.3mWtC 

Ceramic (Suffix D) 
To +75°C .......................... 450mW 
Derates above +75°C by ................. 6mWtC 

Operating Temperature 
Commercial Plastic (KN, LN Versions) ...... 0 to +70

o
C 

Industrial Ceramic (BD, CD Versions) .... -25°C to +85°C 
Military Ceramic (TD, UD Versions) .... -55°C to +125°C 

TERMINOLOGY 

SWITCHING TIME: In a D/A converter, the switching time is 
the time taken for an analog switch to change to a new state 
from the previous one. It includes delay time, and rise time 
from 10% to 90%, but does not include settling time, which 
is a function of the output amplifier used. 

OUTPUT CAPACITANCE: Capacitance from OUT tenninal 
(pin 1) to ground. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VIN (pin 17) to OUT (pin 1) with all digital 
inputs LOW. 

PRINCIPLES OF OPERATION 

CIRCUIT DESCRIPTION 
The AD7525, a 3Vz digit BCD multiplying DAC, consists of 
a thin-film R/2R ladder, interquad voltage dividers and 
13 N-channel MaS SPDT current steering switches. Most 
applications require the addition of only an external oper
ational amplifier. 

Referring to Figure I, the" 1.0 Digit" is a I-bit multiply ing 
DAC (composed of SW 1 and R1) while the 0.1, 0.01, and 
0.001 digits are 4-bit multiplying DAC's (DAC1, DAC2, 
and DAC3) connected by 10: 1 dividers (composed of 
RIN2, R2, R3 and RIN3, R4, R5. 

DAC1 is expanded to show the R/2R ladder and switch 
network. With input voltage VIN , the currents in each shunt 
arm are (starting at the left) VIN/2R, VIN/4R, VIN/8R and 
VIN/16R. A logic ONE applied to a digital input steers that 
shunt arm's current to OUT, whilc a logic ZERO steers the 
current to GND. 

VIN 

1.0DIGIT 

t RIN"'0.438R sw, 
- - - - - - - - - - - ..., lOUT 
VIN Rl-l.6R 

GND 

RZ=1.3636R R3-0.ZR GND 

RIN2"'R 

,., DOG"{E DAC#Z 
(Same as Above) 

OUT 

R4=(5R 
R5=0.ZR GND 

RIN3"'R r- GND 

0.001 DIGIT ~:::. DAC#3 
(Same as Above) 

OUT 
0--

Figure 1. AD7525 Circuit Diagram 
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EQUIVALENT CIRCUIT 
As shown in Figure 2, the AD7525 is a digitally controlled 
1T-network attenuator with signal input "VIN" (pin 17), 
signal output "OUT" (pin 1), signal common "GND" (pin 2) 
and digital control "BCD input" (pins 3-15). 

With OUT (pin 1) terminated at op amp virtual ground and 
RFB (pin 18) connected to the op amp output, the nominal 
transfer e9uation is: 

VOUT = -VIN BCD 
where 0.000 < BCD < 1.999 

VIN o--1.;..;7+-_ ..... _~t--:-'""'\j~~.-...... f--__ r __ Q OUT 

R4 -ROUT 

Figure 2. Functional Equivalent Circuit 

OUTPUT AMPLIFIER CONSIDERATIONS 

Amplifier Offset 
The output resistance at OUT (pin 1) is code dependent, 
varying between oo'to 0.35 RLDR. For a fixed feedback 
resistor of value 1.6 RLDR (Figure 3), the output error for a 
fixed amplifier offset (VOS) is: 

VERROR = (1 + RRFB ) Vas 
. OUT 

Case 1: (ROUT = 00) 

VERROR = (1 + R:B ) Vas 

VERROR = VOS 

Case 2: (ROUT = 0.35 RLDR) 

VERROR = 1 + Vas ( 
1.6 RLDR) 
0.35 RLDR . 

VERROR= (1 +4.6)Vos = 5.6 VOS 
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Cases 1 and 2 show that amplifier offset in conjunction with 
a changing output ,resistance at OUT (pin 1) createnonlin
earity error, in addition to a simple offset term. 

It is therefore recommended that amplifier initial offset be 
adjusted to less than 100J,LV (as measured between the 
amplifier input terminals). The offset voltage over the temp
erature range of interest/should not exceed 250J,LV. See 
application hint #2, below. 

Do not include the usual bias current compensation resistor in 
the amplifier noninverting terminal. Instead, the amplifier 
should have a bias current which is low over the temperature 
range of interest. Bias current causes "output offset" of 
magnitude (IB)RFB' 

OUT 

( RFB) Vo=Vos 1+
RoUT 

GND 

Figure 3. Noise Gain Equivalent Circuit 

High Frequency Amplifiers 
R FB and COUT create a phase lag in the output amplifier's 
feedback circuit. This phase lag, in conjunction with the 
amplifier'S phase lag, may cause ringing or oscillation. When 
using a high speed amplifier, shunting the amplifier input 
to output with 5-20pF of feedback capacitance ensures 
stability. 

APPLICATION HINTS 
1.' If an output voltage range of ±19.99 volts is required (i.e., 

AD7525 VIN = ±10V, BCD = 1.999), a high voltage output 
amplifier with appropriate supply voltages must be used. 

2. To maintain circuit linearity, the op amp offset voltage 
should not exceed 2% of the circuit resolution. (Resolution = 
VIN+I000) 

3. CMOS logic inputs exhibit an input impedance on the 
order of 100Mn. Unused CMOS inputs must always be 
tied to a known logic state. If single-pole single-throw 
thumbwheel switches are used to drive the digital inputs 
of the AD7525, externall0kn pull-down (pull-up if 
switch coding is complementary (BCD) resistors must be 
used. 



V,N 
(ACOR DCI 

+15V 

R12kll 

Figure 4. Digitally Controlled Attenuator Circuit 

CALIBRATION PROCEDURE 

Offset Adjustment: 
1. Apply BCD code 0.000 (0 0000 0000 0000) to the 

AD7525 digital inputs. 

VO 

2. Connect a high resolution, high impedance voltmeter 
between pins 1 and 2 of the AD7525. 

3. Adjust amplifier's trimpot for minimum reading on 
the voltmeter «lOOpV). 

APPLICATION - THUMBWHEEL SWITCH ATTENUATOR 

V,N f 
(ACOROCI LI 

NOTE 1 
THUMBWHEEL SWITCH "ONE" COMMON R32k1l 

AD7525 

SIGNAL COMMON 

Operation Guidelines 
BCD INPUT ANALOG OUTPUT 

Equivalent 
Digital Input Decimal VOIVIN Vo 

1.0 0.1 0.01 0.001 Input 

1001 1001 1001 1.999 -1.999 -1.999VIN 

0000 0000 0001 1.001 -1.001 -1.001 VIN 

1 0000 0000 0000 1.000 -1.000 -1.000VIN 

0 1001 1001 1001 0.999 -0.999 -0.999V IN 
0 0101 0000 0000 0.500 -0.500 -O.500V IN 

0 0000 DODO 0000 0.000 0 0 

Note 1: 
For proper BCD coding, the 0.1 digit, 0.01 digit or 0.001 digit 
must not exceed BCD "9" (1001). 

Table 1. Analog Input/Output Relationship vs. Digital Input 

Gain Adjustment: 

.,5V 

Vee 

16 

1. Apply BCD code 1.000 (1 0000 0000 0000) to the 
AD7525 digital input. 

2. Apply +10V to the VIN input of Figure 1. 
3. Connect the voltmeter between Vo (amplifier output) 

and pin 2 of the AD7525. 
4. Adjust R1 until VO= -10V. 

SIGNAL COMMON 

NOTE 1: R31S NOT USED IF 
SPST SNITCHES AND 
PULL·UP RESISTORS 
ARE USED. 

Figure 5. Thumbwheel Switch Attenuator 

The circuit shown in Figure 5 is a precision voltage divider 
similar to 10-turn pots and thumbwheel switch incremental
voltage-divider assemblies. Advantages of the circuit are: 

o Economy 
o Low Output Impedance 
o Resolution 0.1% VIN 
o Excellent Repeatability Accuracy 
o Overrange Capability 

The BCD coded thumbwheel assembly applies BCD data to 
the AD752S digital inputs. The switch assembly shown has 
single-pole-double-throw action. thus the BCD inputs are 

pulled either to + 15V or GND (available from AMP. Harris
burg. PA; CHERRY. Waukegan. Illinois; or SAE. Santa Clara, 
California). Resistor R3 limits current if make-before-break 
switches are used. SPST switch assemblies can be used; how
ever. appropriate pull-up or pull-down resistors must be used 
on each digital input. depending upon whether the switch 
coding is BCD or complementary BCD. This ensures each 
digital input has appropriate'VIH or VIL levels applied. 

Resistors Rl and R2 provide gain adjustment capability. RS 
is used to adjust the amplifier offset voltage (as measured 
between the amplifier input terminals) to less than 100,uV. 
Diode Dl (HSCH 1001) provides AD7525 output pro
tection (see Caution note 3). 
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r.ANALOG 
WDEVICES 

FEATURES 
Double Buffer Latches/Counter 
Data Readback 
8- and 16-Bit Bus Compatible 
±1 LSB max Gain Error ("G" version) 
Easy Calibration Features 
Latch Proof (No Schottky Protection Required) 

TYPICAL APPLICATIONS 
4-20mA Loop Control 
Tracking ADCs 
SID Converters 
Intelligent Instruments 
A.T.E. 

GENERAL DESCRIPTION 
The AD7S27 is a lO-bit monolithic CMOS systems DAC with 
extensive pin programmable logic functions. It interfaces di
rectly with 8- or l6-bit data busses. The contents of the in
ternal register can be written into and read from in left or 
right hand justified format. 

The internal register data can be incremented or decremented 
using three control pins. The device includes an on-chip oscil
lator which may be used for incrementing or decrementing: 
alternatively an external clock can be used. System initial
ization and calibration is facilitated by a data override func
tion which forces the DAC logic inputs to one of three over
ride values for a zero, half or full scale output. 

Two equal and matched feedback resistors are included on 
the die to facilitate 4-20mA circuits and other applications 
requiring matched resistors. The device has a low gain temper
ature coefficient of typically 2ppm/C with a maximum of 
Sppm/C. 

ORDERING INFORMATION 

Relative Temperature Range and Package 

Accuracy Gain Error 
Tmin to Tmax +2SoC o to +70

o
C -2SoC to +8SoC 

±lLSB ±10LSB AD7527KN AD7527BD 
±lI2LSB ±5LSB AD7527LN AD7527CD 
±1I2LSB ±lLSB AD7527GLN AD7527GCD 

Analog Devices is offering the AD7527 in chip carrie ... 
For information contact the factory. 

PACKAGE IDENTIFICATION1 

Suffix D: Ceramic DIP - (D28B) 
Suffix N: Plastic DIP - (N28A) 

1 See Se~tion 20 for package outline infonnation. 

_SSoC to +12SoC 

AD7527TD 
AD7527UD 
AD7527GUD 

Ceramic parts are available screened to M1L-STD-883, Method 5004 
Para. 3.1.1 through 3.612 for a Class B device. To order add /883B 
to part number •. 

CMOS 
10- Bit (Systems,) DAC 

AD7527 I 
AD7S27 FUNCTIONAL BLOCK DIAGRAM 

28-PIN DIP 

PIN CONFIGURATION 
(NOT TO SCALE) 

ROFF 

VAEF 

Voo 

LDAC 

WR 
RWE 

Ail 

1018 

DGND 

DBO (LsiMSl 

DB1 (LJ/iDl 

DB2 

DB3 

DB4 
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SPECIFICATIONS (Voo = +5V, VREF = +10V, VOUTl = OV unless otherwise noted) 

Limit! at Limit! at 0, +70°C Limit! at 

Parameter TA = +2S
o

C and -25°C, +8S
o

C _SSoC, +125°C Units Conditions/Comments 

STATIC PERFORMANCE 
Resolution 10 10 10 Bits 

Relative Accuracy2 
AD7527KN, BD, TD ±I ±I ±I LSB max 
AD7527LN, CD, UD ±O.S ±0.5 ±0.5 LSB max 

AD7527GLN, GCD, GUD ±0.5 ±0.5 ±O.S LSB max 

Differential Nonlinearity2 
AD7527KN, BD, TD ±2 ±2 ±2 LSB max Guaranteed 9-Bit Monotonic, Tmin to Tmax 

AD7527LN, CD, UD '±1 ±1 ±I , LSB max Guaranteed 10-Bit Monotonic, Tmin to Tmax 

AD7527GLN, GCD, GUD ±1 ±1 ±1 LSB max Guaranteed lO-Bit Monotonic, Tmin to Tmax 

Gain Error2 

AD7527KN, BD, TD ±10 ±10 ±1O LSB max Using internal RFB only. Gain Error can 

AD7527LN, CD, UD ±5 ±5 ±5 LSB max be trimmed to zero using circuits of 

AD7527GLN, GCD, GUD ±1 ±1 ±2 LSB max Figures 11, 12 and 13. 

RFB to ROFF Resistance Match ±0.2 ±0.2 ±0.2 % max 
Average Gain Temperature 

Coefficient, t:;G/t:;T 
Tmin to +25°C ppmtCmax 

+25°C to Tmax ppmfCmax 
dc Supply Rejection2 

t:;Gain/t:;Voo 0.005 0.005 0.005 % per % max Voo = +4.75V to +S.25V 

Output Leakage Current2 

OUTl (pin 2) 10 10 200 nAmax DAC Register Loaded with All Os. 

DYNAMIC PERFORMANCE 
DAC Register 

Propagation Delay 2,3 950 950 950 nsmax OUTl Load = lO0f2II13pF Measured from Leading 
Edge of WR to 90% of Final Output Current for 
Full Scale Change. 

Digital Charge Injection2 ,3 300 300 300 nV sec typ Measured with ADLH0032CG as Output Amplifier. 
Cl of Figure 11 is 33pF. Pin 28 to AGND. 

Multiplying Feedthrough Error2,3 4 mV pop max VREF = ±10V, 10kHz Sine Wave. (See Application 
Hint Number 4). Pin 28 to AGND. 

Small Signal Bandwidth 100 100 100 kHz typ Using Circuit of Figure 11. 

Input Resistance at 
VREF,RFB,RoFF kf2min Typical Input Resistance is 13kf2. 
(pins 27, I, 28 Respectively) 20 20 20 kS1max 

Input Resistance 
Temperature Coefficient -300 -300 -300 ppmtC typ 

Analog Output Capacitance 
COUTl (pin 2)3 230 230 230 pF max DAC Register Loaded with 1111111111 
COUTl (pin 2)3 75 75 75 pF max DAC Register Loaded with 0000000000 

DIGITAL CONTROL INPUTS 
Input HIGH Voltage, VIH 3.0 3.0 3.0 Vmin Excluding CLK (pin 9) and DATA Bus (pins 10-19) 
Input LOW Voltage, VIL 0.8 0.8 0.8 V max 
Input Leakage Current, IIN4 1 1 1 pAmax VIN = OV or Voo 
Input Capacitance, CIN 3 8 8 pF max 

CLOCK INPUT (PIN 9) 
Input HIGH Voltage, VIH 3.8 3.8 3.8 Vmin Input is a Schmitt Trigger. 

Input LOW Voltage, VIL 0.5 0.5 0.5 V max 
Input HIGH Current, lUI 1.5 1.5 1.5 rnA max VIN = +5V 
Input LOW Current, IlL ±1 ±1 ±1 /lAmax VIN = OV 

DATA BUS (PINS 10-19) 
Input HIGH Voltage, VUI 3.0 3.0 3.0 Vmin 
Input LOW Voltage, VIL 0.8 0.8 0.8 V max 
Output HIGH Voltage, VOH 4.0 4.0 4.0 Vmin lSOURCE = 40pA 
Output LOW Voltage, VOL 0.4 0.4 0.4 V max ISINK = 1.6mA 

Leakage Current per pin ±1 ±10 ±lo pA max Outputs in high impedance state. 

Capacitance per pin3 10 10 10 pF max Outputs in high impedance state. 

POWER REQUIREMENTS 
Voo +5 +5 +5 V 

100 5 5 5 mAmax VIN = VIL or VIII ; Data bus in high impedance state. 
500 500 500 pAmax VIN = 0 or Voo; Data bus in high impedance state. 

NOTES, 
1 Temperature Ranges as follow", KN, LN, GLN versions, 0 to +70"C 'Sample tested at +2SoC to ensure compliance. 

BO, CO, GCO versions, - 2SoC to +8SoC • For write ~~lng, data bus ref<rence levels are O.8V (VILl and 3.0V (VIH). see Figure 3. 

• See Terminology 
TO, UO, GUO versions, -55°C to + 125°C For read t1llltng, data bus refer<nce levels are O.4V (VoLl and 2.4V 

'Guaranteed but not tested. 
(VOH), me",ured with a IOkn pull-down resistor. 

• Logic inputs are MOS gates. Typical input current at +2So C is less than InA. Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 5 (Voo = +5V, VREF = +10V, VOUTl = OV unless otherwise noted) 

Limit! at Limit! at 0, +70°C Limit! at 
Parameter TA = +2SoC and _25°C, +8S

o
C -55°C, +12So C Units Conditions/Comments 

DATA WRITE6 

tos 300 360 450 nsmin Data valid setup time for 10-bit bus mode 
& 8-bit bus mode, right justified data. 

tos 425 520 570 nsmin Data valid setup time for 8-bit bus mode, 
left justified data. 

tOH 0 0 0 nsmin Data valid hold time. 
tws 240 275 325 nsmin Write control setup time. 
twH 0 0 0 nsmin Write control hold time. 
twp 180 220 250 nsmin Write pulse width. 

DATA READ 6 

tRS 0 0 0 ns min Read control setup time. 
tRH 0 0 0 ns min Read control hold time. 
tRP 175 240 265 nsmin Read pulse width, CL = 20pF 

300 400 450 ns min CL = 100pF 
tRAO 175 240 265 ns min Data access tim~, CL = 20pF 

300 400 450 nsmin CL = 100pF 
tRHO 50 70 100 nsmin Data hold time. 

120 140 150 ns max 

See notes on Specifications page 

ABSOLUTE MAXIMUM RATINGS· 
(TA = +25°C unless otherwise noted) 

Operating Temperature Range 
KN, LN, GLN. . .... 0 to +70

o
C 

VDD to DGND ........................... 0, +7V 
VDD to AGND ........................... 0, +7V 
AGND to DGND ........ , . . .0, VDD 
DGND to AGND .......................... 0, VDD 
Digital Input Voltage to DGND 

(pins 4-9,21-25) ...... . 
Digital Bus Voltage to DGND 

(pins 10-19) .......... . 

VPIN2 to AGND ......... . 

. -0.3V, +17V 

. -0.3V, VDD +0.3V 

. -0.3V, +17V 

VPlNl> VPIN27 , VPIN28 to AGND ................ ±2SV 

BD, CD, GCD. . . . . . . . . . . -25°C to +8S
o

C 
TD, UD, GUD. . . . . . . . . . -55°C to +12S

o
C 

Storage Temperature Range. . . -65°C to +IS0
o

C 
Lead Temperature (Soldering, 10 secs) .......... +300

o
C 

Power Dissipation (Package) 
Plastic (Suffix N) 

To +50°C. ........ . 
Derate above +SOoC by. 

Ceramic (Suffix D) 
To +SO°c. ........ . 
Derate above +50°C by. 

. 1200mW 
12mWtC 

.1000mW 
10mWtC 

·COMMENT: 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. 

CAUTION: 
'ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener 
protected; however, 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. 

WARNING! eJ 
~~DEVICE 
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PIN FUNCTION DESCRIPTION 
PIN 

4 

10 

11 

12 

13 

14 

15 

16 

17 

MNEMONIC 

RFB 

o UTI 

AGND 

FCE1 

FCE2 

DOR 

CONTI 

CONT2 

ClK 

DB9 

DBS 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DESCRIPTION 

Feedback Resistor. Used for normal unity gain (at full scale) D/A conversion. 

DAC Current OUT1 Bus. Normally terminated at virtual ground of output amplifier. 

Analog Ground. 

Force 1 Input. See pin 6 description. 

Force 2 Input. See pin 6 description. 

Data Override Input. This function allows the user to force the DAC logic inputs to one of three override values for calibration 
and reset. The value which the DAC output assumes is determined by the logic levels on the Forcing inputs, FCE1 and FCE2. 

DaR FCE2 FCEl DACINPUT 

1 X X DAC Register Contents 

0 0 0 0000000000 

0 0 1 1000000000 X = Don't Care 

0 X 1111111111 

Data in the input and DAC registers are not affected in any way by the data override. They may be written to or read from as in 
normal operation. When the override signal is removed the DAC output returns to reflect the value in the DAC register. 

Control Input 1. See pin 8 description. 

Control Input 2. This signal, in combination with CONTI (pin 7) is used to determine the AD7527 operating mode, either load 
or count mode. In the load mode all AD7527 data WRITE, READ and LOAD operations are via the data bus and control inputs. 
In the count mode external data on the data bus cannot be written into the AD7527, the WR and LDAC signals are ignored; however, 
the contents of the DAC register can still be read. In this mode the input and DAC registers are driven as an internal up/down counter. 
The up/down counter operation is controlled by the CONTI, CONT2 signals. CONTI, CONT2 encoding is as follows: 

CONTl CONT2 MODE FUNCTION 

0 0 Load Control is via data bus and control inputs 

0 1 Count Increment input and DAC Registers 

0 Count Decrement input and DAC Registers 

Count Input and DAC Register contents frozen 

End stop logic prevents the up/down counter from being incremented beyond all Is or decremented below all Os. The increment/ 
decrement rate is controlled by the rate frequency on the CLK input (pin 9). The response of the AD7527 to a change in the control 
inputs depends on the state of the rate clock (HIGH or LOW) at the time the change occurs. 

CONT 1, CONT 2 

RATE CLOCK I 
DAC REGISTER RESPONDS 

TO PREVIOUS CONTROL 
INPUTS ' 

x_~ ____________ __ 

DAC REGISTER 
CONTENTS 

REMAIN 
UNDISTURBED 

L 
DAC REGISTER 

RESPONDS TO NEW 
CONTROL INPUTS 

Case 1. Rate Clock LOW When Controls Change 

CONT1,CO_N_T_2 _______________ X~ ____________________ __ 

RATECLO~ 
DAC REGISTER 
RESPONDS TO 

PREVIOUS CONTROL 
INPUTS 

DAC REGISTER RESPONDS 
TO NEW CONTROL DATA 

Case 2, Rate Clock HIGH When Controls Change 

A status flag is available via the data bus to indicate whether the AD7527 is in the load mode (flag HIGH) or count mode 
(flag LOW). 

Clock Input. Controls the input and DAC registers increment/decrement rate when the AD7527 is in the count mode. Connecting 
an external resistor to VDD and capacitor to ground completes an internal low frequency clock circuit, see Figure 4. ' 
Alternatively CLK may be driven by an external clock frequency of up to IMHz. 

Data Bit 9. Most Significant Bit (M5B). 

Data Bit'S. 

Data Bit 7. 

Data Bit 6. 

Data Bit 5. 

Data Bit 4. 

Data Bit 3. 

Data Bit 2. 
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18 DBI (LJ/R) 

19 DBO (LS/MS) 

20 DGND 

21 10/8 

22 RD 

23 Rm: 

24 WR 

25 LDAC 

26 V!) 0 

27 VREF 

28 RUFF 

TERMINOLOGY 

Pin function is dependent upon_~e 10/8 (pin 21) input. Pin 21 HIGII; pin 18 is Data Bit I (DBI) input. Pin 21 LOW; pin 18 is 
left-justified/right-justifi~d (LJ IRJ) control input. 

Pin function is dependent upon the lois (pin 21) input. Pin 21 HIGH; pin 19 is Data Bit 0 (DBO) input. Pin 21 LOW; pin 19 is 
Least Significant BytelMost Significant Byte (LS/Ms) control input. 

1U'8-Bit Control Input. When 10/8 is HIGII the AD7527 data portis 10-bits wide (DB9-DBO). This allows single byte (IO-bit) 
'write and read operations when using 16-bit data busses. When 10/8 is LOW the AD7527 data port is reduced to 8-bits wide 
(DB9-DB2). This mode simplifies interfacing to 8-bit data busst"S and data is loaded or read in two bytes. In this double byte 
mode LJ IRJ (pin 18) and LS/Ms (pin 19) pass data format information to the AD7527. 

READ Input. This active low signal. in combination with RWE (pin 23). is used to enable the three-state drivers ~hich place 
the DAC register contents on the external data bus. The data output format is dependent upon control input 10/8 and is 
shown in Figure 3. The contents of the DAC register can be read in either of the AD7527 operating modes-count mode or 
load mode. 

READ WRITE ENABLE Input. Active Low. When the AD7527 is in the load mode a LOW on RWE enables data transfers to 
or from the AD7527 via the external data bus. When RWE is HIGH the external data bus is locked out. Data present in the 
input register can still be transferred to the DAC register. 

WRITE Input. This active low signal. in combination with others. is used in loading external data into the AD7527 registers and 
in transferring data from the input register to the DAC register. The data is latched into its destination register (input regiHer. 
DAC register or both) when WR returns high. The WR input has no effect when the AD7527 is in the count mode. 

Load DAC input. active low. This signal. in combination with others. is used to load the DAC register from either the input register 
or the external data bus. The LDAC input has no effect when the AD7527 is in the count mode. 

+5V Supply Input. 

Reference Voltage Input. 

Offset Bias Resistor. RUFF = RLAO = RFB. If not used. it is recommended that this pin be conne,cted to AGND to 
minimize noise injection. 

RELATIVE ACCURACY POWER SUPPLY REJECTION 
Relative accuracy or end-point nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
a'(jjusting for ideal zero and full scale and is expressed in % or 
ppm of full-scale range or (sub) multiples of 1LSB. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the meas
ured change and the ideal1LSB change between any two ad
jacent codes. A specified differential nonlinearity of ±lLSB 
max over the operating temperature range insures mono tonicity. 

GAIN ERROR 
Gain error or full-scale error is a measure of the output error 
between an ideal DAC and the actual device output. For the 
AD7527, ideal full-scale output is VREF (1023/1024). Gain 
error is adjustable to zero. 

OUTPUT LEAKAGE CURRENT 
Current which appears at OUT1 with the DAC register loaded 
to all Os. 

MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feedthrough from VREF terminal 
to OUT1 with DAC register loaded to all Os. 

Power supply rejection is a measure of the sensitivity of the 
DAC full-scale output to the effect of power supply changes. 

PROPAGATION DELAY 
This is a measure of the internal circuit delays and is defined 
as the time from the leading edge of WR to the analog output 
current reaching 90% of its final value for a full scale change. 

LSB 
This is an abbreviation for Least Significant Bit. For an n-bit 
converter, 1LSB = VREFl2n. 

FSR 
This is an abbreviation for Full Scale Range. For a lO-bit 
converter with a reference input of 10V the FSR is 10 X 
(1023/1024) volts. 

DIGITAL CHARGE INJECTION 
The amount of charge injected from the digital inpu ts to the 
analog output when the inputs change state. This is normally 
specified as the area of the glitch in either pA sees or n V sees. 
Digital charge injection is measured with VREF = AGND. 
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GENERAL CIRCUIT INFORMATION 

D/A CONVERTER SECTION 
The AD7527 lO-bit multiplying D/A converter section con
sists of a highly stable thin-film R-2R ladder and ten CMOS 
current switches on a monolithic chip. Most applications 
require the addition of only an output operational amplifier 
and a voltage or current reference. 

The simplified Df A circuit is shown in Figure 1. The binary 
weighted currents are switched between the OUTl bus line 
and AGND by N-channel switches, thus maintaining a con
stant current in each ladder leg independent of the switch 
state. 

12k 12k 12k 

24k 24k 24k 24k 24k 

~--~~--~~~~~~~~--~--~OAGND 

~----~~--~+-~.~~~-4~------~OUT1 

BIT-1 
(MSB) 

BIT-3 

12k 
...... 'VV'\r--() RFEEDBACK 

12k 

Figure 1. AD7527 Functional Diagram 

The capacitance at the OUTl bus line, COUTl, is code de
pendent and varies from 75pF (all switches to AGND) to 
230pF (all switches to OUTl). 

One of the current switches is shown in Figure 2. The input 
resistance at VREF (Figure l) is always equal to RLDR (RLDR 
is the R/2R ladder characteristic resistance and is equal to 
value "R"). Since RIN at the VREF pin is constant, the refer- . 
ence terminal can be driven by a reference voltage or a refer
ence current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient external 
RFB is recommended to define scale factor.) 

FROM 
INTERFACE 

LOGIC~ 

TO LADDER 

AGND oun 

Figure 2. N-Channel Current Steering Switch 
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CONTROL INPUT INFORMATION 

READ/WRITE 
Figure 3 shows generalized WRITE and READ timing dia
grams for the AD75 2 7. Dynamic specifications are included 
on specifications page. A typical setup time of 250ns is re
quired by the AD7527 when changing from the lO-bit bus 
mode to the 8-bit bus mode or vice versa. 

tDS tDH 
I--~------------··~I~ 

DA--TA---' IJ~V~IH---------+~V:-IH,J .---- VDD 

IN VIL VIL 

tws 
_----VDD 

~-------~~14--~~--~II,.--------VDD 
WR 

a. Write Timing 

-=-------"""'" I_;---"':';:--_~L_------ VDD 
AD 

DATA 
OUT 

b. Read Timing 

NOTES: 1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED 
FROM 10% TO 90% OF Vee, I, = If = 2005. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS VIH ; VIL 

3. DATA OUT TIMING MEASUREMENTS ARE FROM 
VeH =2.4V, VOL =0.4V. 

Figure 3. AD7527 Timing Diagrams 



DATA TRANSFER 
A truth table for the data transfer control inputs is shown in 
Table 1. When the AD7527 is in the lO-bit communications 
mode (10/8 HIGH)each write and read function of Table 1 
can be execu ted in a single byte operation. When the AD7 5 2 7 
is in the 8-bit communications mode (10/8 LOW) 1 O-bit data 
write and read functions are two byte operations. 

LDAC RD WR RWE Function 

X X X 1 External Data Transfer does not 
take place 

1 1 0 0 Write Data from inpu t bus to 
Input Register 

0 1 0 0 Write Data from inpu t bus to 
Input Register and DAC Register 

X 0 1 0 Read Data to input bus from 
DAC Register 

0 1 0 1 Transfer Data from Input-
Register to DAC Register 

X = "Don't Care" States 

Table 1. AD7527 Data Transfer Truth Table (Reading and 
Writing Data) 

INTERNAL CLOCK 
Figure 4 shows typical internal oscillator frequency versus R 
and C. Due to process variations the actual operating frequen
cy fo'r a given RC from Figure 4 can vary from device to device 
by up to ±10% from the calculated value. The internal oscil
lator frequency has a typical temperature coefficient of 
±200ppm/C. 

The internal oscillator frequency supply rejection is dependent 
on the operating frequency. For low frequencies (tens of Hz) 
in the linear regions of Figure 4 it is typically ±O.OI %/%. For 
higher frequencies (hundreds of Hz) in the linear regions of 
Figure 4 it is typically +0.35%/%. Operation in the nonlinear 
regions for any frequency will degrade the frequency supply 
rejection. 

F 
1000H, 

r-..:-

"" I 

"'-~I 
}. 

100H , 

'" " C = O,I"F 

"- "'-~ 
-{" I"F i\ 

10H , 
~ "-

"("[ "-
} i\ , lH 

10kll 100kll lMll 

NOTE: INTERNAL OSCILLATOR WILL NOT OPERATE WITH R LESS THAN 10kll. 

Figure 4. fCLK versus R, C 

8-BIT COMMUNICATIONS MODE (lO/SLOW) 
Data Write (8-Bit Bus Mode) 
Transferring 10 bits of data over an 8-bit bus requires two 
write cycles and provides four possible combinations depend
ing on control inputs LJ IR] and LS/MS. For left justified 
data LJ IRJ is held HIGH. For right justified data LJ IRJ is 
held LOW. The data protocol is determined by LS/MS. A 
logic HIGH on LS/MS signals the least significant byte is to 
be loaded; a logic LOW signals the most significant byte is to 
be loaded. The data possibilities are shown in Figure 5. ' 

1 
__ MOST SIG~..!.FICANT BYTE __ I __ lEAST SI~IFICANT BYTE -_I STATUS 

ILS/MS' "0"1 ILS/MS' "1"1 BIT 

IMSBI± ~EFT:JUST!FlED:DA+ FILSBI x I x I x I x I x I S l:;ijJ'''I'' 

\_- MOST ~~~~~I;~~~ BYTE _1 __ - lEASlg;~,!.IV\NT BYTE -_I 
I S I x I x I x I x I x IMSBI=±RlfHT~USTIrIED:OAT~+ILSBILJ/ijJ."o' 
STATUS x '" don't care states, S = status (see DATA READ sectIon) 

BIT 

Figure 5. Formatting a TO-Bit Data Word 

Two operating modes are possible for controlling the transfer 
of data from the input register to the DAC register, where it 
will update the analog output voltage. The simplest is the 
automatic transfer mode, which causes the data .transfer to 

occur at the time of the second write cycle. Figure 6 shows • 
the timing diagram for this mode. A third write cycle is re-

LOAD BYTE 1 INTO 
INPUT REGISTER 

LOAD BYTE 2 INTO INPUT AND DAe REGISTERS 
TRANSFER BYTE 1 TO DAe REGISTER 

ANALOG OUTPUT UPDATED 

Figure 6. 8-Bit Loading, Automatic Transfer Mode 

quired for the strobed transfer mode. This allows the AD7527 
DAC updating to be synchronized with a master strobe signal 
in systems where update timing is important. Figure 7 illus
trates the timing of this mode. 

LOAD BYTE 1 INTO 
INPUT REGISTER 

LOAD BYTE 2 INTO 
INPUT REGISTER TRANSFER DATA FROM INPUT 

REGISTER TO DAe REGISTER 
ANALOG OUTPUT UPDATED 

Figure 7. 8-Bit Loading, Strobed Transfer Mode 
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Data Read (8-Bit Bus Mode) 
Two read cycles are required to place the contents of the 10-
bit DAC register onto the external data bus. Since the data in 
the DAC register is already either left or right justified the data 
format control input LJ IRJ must reflect this formatting to 
avoid data misinterpretation. The LS/MS control input de
termines which byte is placed on the bus. The three-state 
drivers are enabled when RD goes low. 

The status flag which indicates whether the AD7527 is in the 
load or count mode is only available when control input 10/8 
is low. The stanis flag can only be read. From Figure 5 the 
status bit is the most right-hand bit in a 16-bit left justified 
word and the most left-hand bit in a 16-bit right justified 
word. The status bit can be shifted into a microprocessor's 
accumulator carry position for testing. Note that the "don't 
care" states of Figure 5 are driven by the AD7527 three-state 
drivers during a data read operation. The status flag is high 
when the AD7527 is in the load mode and low when in the 
count mode. 

lO-BIT COMMUNICATIONS MODE (lOiS HIGH) 
Data Write (lO-Bit Bus Mode) 
If the available data bus is at least 10 bits wide (e.g., when 
using 16-bitpPs) then fulll0-bit parallel loading is possible. 
This is the simplest method of AD7527 data loading. A right 
justified or left justified data format is selected by bus wiring. 
Like the 8-bit communications mode, two operating modes 
are possible for controlling the transfer of data from the input 
register to the DAC register. The simplest is the automatic 
transfer mode which causes both the input and DAC registers 
to be loaded simultaneously with a single write cycle (see 
Figure 8). A second write cycle is required for the strobed 
transfer mode to allow DAC updating to be synchronized 
with a master strobe. Figure 9 illustrates this mode timing. 

---, 
RWE & LDAC \ 

----~ 

LATCH DATA IN v-BOTH REGISTERS 

LOAD INPUT AND DAC 
REGISTERS FROM DATA BUS. 
ANALOG OUTPUT UPDATED. 

Figure 8. 10-Bit Loading, Automatic Transfer Mode 
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LDAC / 

---' 

LOAD INPUT REGISTER 
FROM DATA BUS 

LPTCH DATA 
IN DAC REGISTER 

TRANSFER DATA FROM INPIIT 
REGISTER TO DAC REGISTER 
ANALOG OUTPUT UPDATED 

Figure 9. 10-Bit Loading, Strobed Transfer Mode 

Data Read (IO-Bit Bus Mode) 
One read cycle is required to place the contents of the DAC 
register onto the external data bus. The three-state drivers 
are enabled when RD goes low. 

The status flag is not directly available in the 10-bit com
munications mode but it can be obtained by using software 
control to switch the AD7527 to the 8-bit bus mode (see 
Figure 10). The two pull-up resistors on DBO and DB1 auto
matically select, when 10/8 goes low, the left justified data 
format, least significant byte. The processor can now read the 
status bit on DB2. When it has done so, it switches the 
AD7527 back to the lO-bit communications mode. 

1----------'110/8 
+5V 

AD7527 

1-------+--4~------'1DBO 

DB9 

Figure 10. Reading Status Flag in 10-Bit Communications 
Mode 



UNIPOLAR BINARY OPERATION (2-QUADRANT 
MULTIPLICATION) 
Figure 11 shows the analog circuit connections required for 
unipolar binary (2-quadrant multiplication) operation. The 
logic inputs are omitted for clarity and the AD7527 offset 
input, ROFF (pin 28), is tied to AGND. With a dc reference 
voltage or current (positive or negative polarity) applied at 
pin 27, the circuit is a unipolar D/A converter. With an ac 
reference voltage or current the circuit provides 2-quadrant 
multiplication (digitally controlled attenuation). The inputl ' 
output relationship is shown in Table 2. When an offset 
voltage VOFF is applied to pin 28, an extra term -VOFF is 
added to the analog output, VOUT, of Table 2. To keep 
feedthrough to a minimum it is recommended that pin 28 
be returned to a low impedance point, either AGND or an 
op-amp output. 

For full scale trimming the DAC input is forced to 
111 111111 1 either by using the data override function 
or by loading the DAC register with 1111 1 11 11 1. R1 is 
then adjusted for VOUT = -VREF (1023/1024). Alternatively, 
full scale can be adjusted by omitting R1 and R2 and trim
ming the reference voltage magnitude. 

Phase compensation capacitor C1 (10 to 25pF) may be re
quired for stability when using high speed amplifiers.C1 is 
used to cancel the polefOlmed by the DAC internal feedback 

\ resistance and output capacitance at OUTl. 

Amplifier Al should be selected or trimmed to provide 
Vos ~ 10% of an LSB. Additionally, the amplifier should ex
hibit a bias current which is low over the temperature range 
of interest (bias current causes output offset at VOUT equal 
to IB times the DAC feedback resistance, nominally 12kn). 
The AD544L is a high-speed implanted FET-input op amp 
with low, factory-trimmed Vos and low lB' 

VREF 
±10V 

DGND 

Vee 
+5V 

NOTES: 1. LOGIC INPUTS OMITTED FOR CLARITY 
2. SEE APPLICATION HINT NO.5 

Figure 11. Unipolar Binary Operation (2-Quadrant 
Multiplication) 

BINARY NUMBER IN 
DAC REGISTER ANALOG OUTPUT, VOUT 

MSB LSB 

1111111111 -VREF ( ~~;!) = Full Scale 

1000000000 -VREF (1~~~ ) = -1/2 VREF 

0000000001 -VREF (1~24) 
0000000000 OV = Zero Scale 

Table 2. Unipolar Binary Code Table for Circuit of Figure 11 

Applying the AD7527 
BIPOLAR OPERATION (4-QUADRANT MULTIPLICATION) 
Figure 12 and Table 3 illustrate the circuitry and code relation
ship for bipolar operation with offset binary coding. For half 
scale trimming (VOUT = OV) the DAC input is forced to 
1000000000 either by using the data override function or 
by loading the DAC register with 1000000000. The ratio of 
R3 to R4 is then adjusted for VOUT = OV. Full scale trim
ming is similarly accomplished by forcing the DAC input to 
1111111111 and adjusting R1 for VOUT = -VREF/2 (5111 
512). Alternatively full scale can be adjusted by omitting R1 
and R2 and trimming the reference voltage input. 

As in unipolar operation, Al must be chosen for low Vos and 
low lB' In fixed reference applications A2 can be a slow am
plifier to minimize cost e.g., AD542L. However, A2 should 
still exhibit good offset and bias characteristics. For multi
plying DAC applications A2 requires a bandwidth consistent 
with the VREF bandwidth. R3 and R4 should be selected for 
matching and tracking over the temperature range of interest. 
Any mismatch will cause both offset and full scale errors. 
Phase compensation capacitor C1 (lOpF to 25pF) may be 
required for stability. 

±10V 
VREF 

R43 

10k 

DGND AGND 

NOTES: 1. LOGIC INPUTS OMITTED FOR CLARITY 
2. SEE APPLICATION HINT NO.5 
3. R3. R4 MATCH 0.05% OR BETTER 

Figure 12. Bipolar Operation (4·Quadrant Multiplication) 

BINARY NUMBER IN 
DAC REGISTER ANALOG OUTPU.T, VOUT 

MSB LSB 

1111111111 
VREF (~) --2- 512 

1.000000001 
VREF 

( 51
1
2 ) --2-

1000000000 OV 

0111111111 
VREF 

(51
1
2 ) +-2--

0000000000 
VREF (~) +--

2 512 

Table 3. Bipolar Code Table for Offset Binary Circuit of 
Figure 12, 
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If the required analog output in bipolar operation is VOUT = 

±VREF (as opposed to±VREF/2 with Figure 12) then the 
AD7527 should be connected as shown in Figure 13. Table 
4 illustrates the code relationship for this case. 

For half scale trimming (VOUT = OV) the DAC input is 
forced to 1000000000 either by using the data override 
function or by loading the DAC register with 1000000000. 
R 1 is then adjusted for VOUT = OV. Alternatively, one can 
omit R1 and R2 and adjust the ratio of R3 to R4 for VOUT = 
OV. Full scale trimming is similarly accomplished by forcing 
the DAC input to 1111111111 and adjusting R5 for 
VOUT = +VREF (511/512) or by varying the amplitude 
of VREF. . 

As in unipolar operation, Al must be chosen for low Vos and 
low Is. R3, R4 and R5 must be selected for matching and 
tracking over the temperature range ot interest. Mismatch ot 
2R3 to R4 causes both offset and full scale error. Mismatch 
of R5 and R4 and 2R3 causes full scale error. Phase com
pensation capacitor C1 (lOpF to 25pF) may be required for 
stability . 

1, lOGIC INPUTS OMITIED FOR CLARITY 
2. SEE APPLICATION HINTS NO.5 
J RJ.R4,R5MATCHO.OS",ORBETIER 

Figure 13. Bipolar Operation (4-Quadrant Multiplication) 

BINARY NUMBER IN 
DAC REGISTER 

MSB LSB 

1111111111 

1000000001 

1000000000 

0111111111 

0000000000 

ANALOG OUTPUT, VOUT 

+VREF ( ~g ) 
+VREF ( 5;2 ) 

OV 

-VREF (5~2 ) 

-VREF (;~~ ) 

Table 4. Bipolar Code Table for Offset Binary Circuit of 
Figure 13 

Figure 14 illustrates an arrangement to generate with two 
SPDT switches, one with center off, mode control signals 
for the AD7527. The truth table for CONTI and CONT2 
signals is shown under the pin function description of pin 8. 
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HOLDO 

INCREMENT 

+5V 

bCOUNT 

Figure 14. Typical Front Panel Mode Control Circuitry 

_4-20mA LOOP CIRCUITS 

-VREF 
(-2.5V) 

Figure 15. RL Referenced to AGND 

DGND AGND 

+VlOOP 

I 

~ 14
-
20 

Rl ~ tmA 
I 

Figure 16. RL Referenced to Positive Loop Supply 

DGND 

Figure 17. RL Referenced to Negative Loop Supply 
(Note Single Supply Operation) 



APPLICATION HINTS 
To ensure system performance consistent with AD7527 spec
ifications, careful attention must be given to the following 
points: 

1. GENERAL GROUND MANAGEMENT: Voltage differen
ces between the AD7527 AGND and DGND cause loss of 
accuracy (dc voltage difference between the grounds intro
duces gain error. AC or transient voltages between the 
grounds cause noise injection into the analog ou tput). The 
simplest method of ensuring that voltages at AGND and 
DGND are equal is to tie AGND and DGND together at the 
AD7527. In more complex systems where the AGND
DGND intertie is on the back-plane, it is recommended 
that diodes be connected back-to-back between the 
AD7527 AGND and DGND pins (lN914 or equivalent). 

2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a code
dependent differential nonlinearity term at the amplifier 
output of maximum magnitude 0.67 Vas (Vas is ampli
fier input offset voltage). This differential nonlinearity 
term adds to the R/2R differential nonlinearity. To 
maintain monotonic operation, it is recommended that 
amplifier Vas be no greater than 10% of 1 LSB over the 
temperature range of interest [output resolution :::: 
VREF(2-11) where n is the number of bits exercised) . 

3. HIGH FREQUENCY CONSIDERATIONS: AD7527 out
put capacitance works in conjunction with the amplifier 
feedback resistance to add a pole to the open loop re
sponse. This can cause ringing or oscillation. Stability can 
be restored by adding a phase compensation capacitor in 
parallel with the feedback resistor. 

4. FEEDTHROUGH: The dynamic performance of the 
AD7527 will depend upon the gain and phase stability 
of the ou tput amplifier, together with the optimum choice 
of PC board layout and decoupling components. A sug
gested printed circuit layout for Figure 11 is shown below 
which minimizes feedthrough from VREF to the output in 
multiplying applications. 

Figure 18. Suggested Layout Shows Copper Side (i.e. Bottom 
View) 

5. GAIN TEMPERATURE COEFFICIENTS: The gain tem
perature coefficient of the AD7527 has a maximum value 
of 5ppmtC and a typical value of 2ppm/°C. This cor
responds to worst case gain shifts of 0.51 LSBs and 
0.2LSBs respectively over a 100°C temperature range. 
When trim resistors are used to adjust full scale range as 
shown in Figures 11, 12 and 13, the temperature coef
ficients of the trim resistors should also be taken into 
account. It may be shown that the additional gain tem
perature coefficients introduced by Rl and R2 may be 
approximately expressed as follows: 

Temperature Coefficient 
Contribution Due to Rl 

Temperature Coefficient 
Contribution Due to R2 

Rl 
- RIN 

R2 +--
RIN 

(,),1 + 300) 

(')'2 +300) 

Where ')'1 and ')'2 are the temperature coefficients in 
ppm/oC of Rl and R2 respectively and RIN is the DAC 
input resistance at the VREF terminal (pin 27). For high 
quality wire-wound resistors r:::: +50ppmtC and for 
trimming poten tiometers ')' :::: ± 5 Oppm/o C. 

It will be seen that if Rl and R2 are small compared 
with RIN, their contribution to gain temperature 
coefficient will be small. For the standard AD75 27TD 
gain error specification of ±10LSEs it is recommended that 
Rl:::: 200n and R2:::: WOn. 

However if the AD7527GUD is used which has a speci
fied gain error of ± lLSB it is recommended that R 1 :::: 
IOn and R2 :::: 5n. With these values the maximum gain 
temperature coefficient is increased by only 0.34ppmtC. 
Where possible Rl should be a select on test fixed resistor 
since the resulting gain temperature coefficient will be 
tighter in all cases. For further gain T.C. information 
refer to application note, "Gain Error and Gain Tempera
ture Coefficien ts of CMOS Mul tip lying DACs"" Pu blication 
Number E630-10-6/81 available from Analog Devices. 

6. For additional information on multiplying DA,Cs refer to 
"Applications Guide to CMOS Multiplying D/A Con
verters", Publication Number G479-15-8/78, available 
from Analog Devices. 
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r-IANALOG 
WDEVICES 

CMOS 
Dual 8-Bit Buffered Multiplying DAC 

FEATURES 
On-Chip Latches for Both DACs 
+ 5V to + 15V Operation 
DACs Matched to 1 % 
Four Quadrant Multiplication 
TTUCMOS Compatible ' 
Latch Free (Protection Schottkys not Required) 

APPLICATIONS 
Digital Control of: 

Gain/Attenuation 
Filter Parameters 
Stereo Audio Circuits 
X-Y Graphics 

GENERAL DESCRIPTION 
The AD7S28 is a monolithic dual 8-bit digital/analog converter 
produced in a small 0.3" wide 20-pin DIP, featuring excellent 
DAC-to-DAC matching. 

Separate on-chip latches are provided for each DAC to allow easy 
microprocessor interface. 

Data is transferred into either of the two DAC data latches via a 
common 8-bit TTL/CMOS compatible input port. Control input 
DAC AIDAC B determines which DAC is to be loaded. The 
AD7S28's load cycle is similar to the write cycle of a random access 
memory and the device is bus compatible with most 8-bit micro
processors, including 6800,8080,8085, Z80. 

The device operates from a + SV to + ISV power supply, dis· 
sipating only 20mW of power. 

Both DACs offer excellent four quadrant multiplication charac
teristics with a separate reference input and feedback resistor for 
each DAC. 

AD7528 I 

AD7528 FUNCTIONAL BLOCK DIAGRAM 

AFB A 

AGND 

AFB B 

OUT B 

PRODUCT HIGHLIGHTS 
I. DAC to DAC matching: since both of the AD7S28 DACs are 

fabricated at the same time on the same chip, precise matching -r
and tracking between DAC A and DAC B is inherent..The ... 
AD7S28's matched CMOS DACs make a whole new range of 
applications circuits possible, particularly in the audio, graphics 
and process control areas. 

2. Small package size: combining the inputs to the on-chip DAC 
latches into a common data bus and adding a DAC A/DAC B 
select line has allowed the AD7528 to be packaged in a small 
20-pin 0.3" wide DIP. ' 
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SPECIFICATIONS (VREF A = VREF B = +10V; OUT A = OUT B = OV unless otherwise specified) 
Voo = +sv Voo = +lSV 

Parameter Version' T" = +2S·C T ..... T .... T,,= +2S·C TIDla,Tmaa Units Test Conditions/Comment. 

STATIC PERFORMANCE2 

Resolution All 8 8 Bits 
Relative Accuracy I.A.S ±I ±I ±I ±I LSBmax This is an Endpoint Linearity Specification 

K,B.T :till :till :tVz ±Vz LSBmax 
L,C,U ±lIl ±Vz :till :tl/z LSBmax 

Differential Nonlinearity All ±I ±I ±I ±I LSBmax All Grades Guaranteed Monotonic Over 
Full Operating Temperature Range 

Gain Error I.A,S ±4 ±6 ±4 ±5 LSBmax Measured Using Internal RFB A and RFB B. 
K,B.T ±2 ±4 ±2 ±3 LSBmax Both DAC Latches Loaded with 11111111. 
L,C,U ±I ±3 ±I ±I LSBmax Gain Error is Adjustable Using Circuits 

Gail! Temper.rureCoefficient 
ofFigures4and5. 

~Gainl ~ Temperature All ±0.OO7 ±0.OO7 ±0.OO35 ±0.OO35 %?Cmax 
Output Leakage Current 

OUT A (Pin 2) All ±50 ±400 ±50 ±200 nAmax DAC Latches Loaded with OOOOOOOO 
OUT B (Pin 20) All ±50' ±400 ±50 ±200 nAmax 

Input Resistance (V REF A, V REF B) All 8 8 8 8 kOmin Input Resistance TC = - 300ppm?C, Typical 
IS IS 15 15 kOmax Input Resistance is IlkO 

V REF AN REF B Input Resistance 
Match All ±I ±I ±I ±I 0/0 max 

DIGITALlNPUTS' 
Input High Vohage 

VIH All 2.4 2.4 13.5 13.5 V min 
Input Low Voltage 

V,( All 0.8 0.8 1.5 1.5 V max 
Input Current 

lIN All ±I ±10 ±I ±10 ",A max VIN = OorVoo 
Input Capacitance 

DB(}"'DB7 All 30 30 30 30, pFmax 
WR, CS, DAC NDACB All 30 30 30 30 pFmax 

SWITCHING CHARACTERISTICS' See Timing Diagram 
Chip Select to Write Set Up Time 

les All 200 230 60 80 nsmin 
Chip Select to Write Hold Time 

leH All 10 15 20 30 nsmin 
DAC Select to Write Set Up Time 

tAS All 200 230 60 80 nsmin 
DAC Select to Write Hold Time 

tAH All 10 IS 20 30 nsmin 
Data Valid to Write Set Up Time 

tos All 30 40 110 130 nsmin 
Data Valid to Write Hold Time 

tOH All nsmin 
Write Pulse Width 

tWR All 60 80 180 200 nsmin 

POWER SUPPLY See Figure 3 
100 All I I I I rnA max All Digital Inputs VIL orVIH 

100 500 100 500 ",A max AU Digital Inputs OV or V DO 

AC PERFORMANCE CHARACTERISTICS5 ~~~~~ae~ ~~~~R(~~~m~~~~~ AD644 as Output Amplifiers) 

VOO = +sv Voo = +ISV 
Parameter Version' T" = +2S·C Tm;n,Tmu TA = +2S·C Tmn .. Tm .. Units Test Conditions/Comments 

DC SUPPLY REJECTION (~GAIN/~ Voo) All 0.02 0,04 0,01 0.02 % per % max ~VDO = ±5% 

PROPAGATION DELAY (From Digital VREFA = VREFB = + 10V 
Input to 90% of Final Analog Qutput Current) All 220 270 80 100 OUT A,OUTB Load = lOOOCEXT = 13pF 

WR,CS = OVDB(}"'DB7 = OVtoVooorVootoOV 

DIGITAL CHARGE INJECTION All 160 440 nV sec typ For Code Transition OOOOOOOO to IIIIIIII 

OUTPUT CAPACITANCE 
CouTA All 50 50 50 50 pFmax DACLatchesLoadedwithOOOOOOOO 

CouTB 50 50 50 50 pFmax 

CoUTA 120 120 120 120 pFmax DAC Latches Loaded with IIIIIIII 
, CouTB 120 120 120 120 pFmax 

AC FEEDTHROUGH6 

VREFAtoOUT A All -70 -65 -70 -65 dB max VREFA, VREFB = 20V p-p Sine Wave 
VREFB,toOUTB -70 -65 -70 -65 dB max @IOOkHz 

CHANNEL TO CHANNEL ISOLATION Both DAC Latches Loaded with 11111111. 
VREFAtoOUTB All -77 -77 dBtyp VREFA = 20Vp-pSineWave@ 100kHz 

V REF B = OV see Figure 6. 

VREF B to OUT A -77 -77 dBtyp VREFA = 20Vp-p Si~eWave@ 100kHz 
VREFA = OV see Figure 6. 

DIGITAL CROSSTALK All 30 60 nV sec typ Measured for Code Transition OOOOOOOO to IIIIIIII 

HARMONIC DISTORTION All -85 -85 dBtyp VIN =6Vrrns@ 1kHz 

NOTES: 
ITemperature Ranges are IN) KN, LN : 0 to + 70°C . 3Logic inputs are MOS Gates. Typical inPUt current ( + 25°C) is less than InA. 6Feedthrough can be further reduced bycoMecting the metal lid on the ccramic package (sufflx D) to DGND. 

AQ, BQ, CQ: - 250C to + 85"C . ~uarantced by design but not production tested. Specifications subject to change without notice. 
ST, TD, UD: - 55°C to + 1250C srt.ese characteristics arc for design guidance only and arc not subjcct to lest. 

'Specificalion applies to both DACs in AD7528. ' 
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I 
ABSOLUTE MAXIMUM RATINGS 
(T A = + 25°C unless otherwise noted) 

VOD to AGND 
VDD to DGND 
AGND to DGND 
DGND to AGND 
Digital Input Voltage to DGND 
VP1N2, VPIN20 to AGND .. 
VREF A, VREF B to AGND .. . 
VRFB A, VRFB B to AGND .. . 
Power Dissipation (Any Package) to + 75°C 

Derates above + 75°C by . . . . . 
Operating Temperature Range 

Commercial ON, KN, LN) Grades 
Industrial (AQ, BQ, CQ) Grades 
Military (SD, TD, UD) Grades .. 

Storage Temperature 
Lead Temperature (Soldering, 10 secs.) 

.OV, + 17V 

.OV, + 17V 
. VDD 

. VDD 

. -0.3V, + 15V 
-O.3V, + 15V 

. ::!:25V 

. ::!:25V 
450mW 
6mWrC 

·0 to +70°C 
- 25°C to + 85°C 

- 55°C to + 125°C 
- 65°C to + 150°C 

+ 300°C 

CAUTION: 
1. ESD sensitive device. The digital control inputs are zener pro

tected; however, permanent damage may occur on unconnected 
devices subjected to high. energy electrostatic fields. Unused 
devices must be stored in conductive foam or shunts. 

2. Do not insert this device into powered sockets. Remove power 
before insertion or removal. 

TERMINOLOGY 

Relative Accuracy: 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the end
points of the DAC transfer function. It is measured after adjusting 
for zero and full scale and is normally expresse~ in LSBs or as a 
percentage of full scale reading. 

ORDERING INFORMATION 

Temperature Range and Package l 

Gain 
Relative Error Plastic2 Cerdip3.4 

Accuracy TA = +25°C Oto + 70°C -25°Cto + 85°C 

:!:lLSB :!:4LSB AD7528JN AD7528AQ 
:!:1/2LSB :!:2LSB AD7S28KN AD7528BQ 
:!:1I2LSB :!:lLSB AD7528LN AD7528CQ 

NOTES: 
'The AD7528 is available in chip carriers-<:ontact the factory for 
information. 

2Plastic version will be available by early, 1982. 

Ceramic4 

-55°C to + 125°C 

AD7528SD 
AD7528TD 
AD7528UD 

3 Analog Devices reserves the right to ship ceramic packages in lieu of Cerdip packages. 
4883B version is available. To order add "/883B" to part number shown. 

Differential Nonlinearity: 
Differential nonlinearity is the difference between the measured 
change and the ideallLSB change between any two adjacent codes. 
A specified differential nonlinearity of ::!: lLSB max over the 
operating temperature range ensures monotonicity. 

Gain Error: 
Gain error or full-scale error is a measure of the output error be
tween an ideal DAC and the actual device output. For the AD7528, 
ideal full-scale output is VREF -lLSB. Gain error of both DACs 
is adjustable to zero with external resistance . 

Output Capacitance: 
Capacitance from OUT A or OUT B to AGND. 

Digital Charge Injection: 
The amount of charge injected from the digital inputs to the analog 
output when the inputs change state. This is normally specified 
as the area of the glitch in either pA-secs or n V -secs depending 
upon whether the glitch is measured as a current or voltage signal. 
Digital charge injection is measured with VREF A, VREF B 
AGND. 

Propagation Delay: 
This is a measure of the internal delays of the circuit and is defmed 
as the time from a digital input change to the analog output current 
reaching 90% of its fmal value. 

Channel-to-Channel Isolation: 
The proportion of input signal from one DAC's reference input 
which appears at the output of the other DAC, expressed as a 
ratio in dB. 

Digital Crosstalk: 
The glitch energy transferred to the output of one converter due 
to a change in digital input code to the other converter. Specified 
in nV secs. 

PACKAGE IDENTIFICATION1 

Suffix D: Ceramic DIP (D20A) 
Suffix Q: Cerdip (Q20A) 
Suffix N: Plastic DIP (N20A) 

I See Section 20 for package outline information. 

PIN CONFIGURATION 

• 

AD7528 
TOP VIEW 

(NOTTO 
SCALE) 
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INTERFACE LOGIC INFORMATION 
DAC Selection: 
Both DAC latches share a common 8-bit input port. The control 
input DAC A IDAC B selects which DAC can accept data from 
the input port. 

Mode Selection: 
Inputs CS and WR control the operating mode of the selected' 
DAC. See Mode Selection Table below. 

Write Mode: 
When CS and WR are both low the selected DAC is in the 
write mode. The input data latches of the selected DAC are 
transparent and its analog output responds to activity on DBO
DB7. 

Hold Mode: 
The selected DAC latch retains the data which was present 
on DBO-DB7 just prior to CS or WR assuming a high state. 
Both analog outputs remain at the values corresponding to the 
data in their respective latches. 

DACAl 
DACB CS WR DACA 

L L L WRITE 
H L L HOLD 
X H X HOLD 
X X H HOLD 

L = Low Slale H = High Slale X = Don'l Care 

Mode Selection Table 

WRITE CYCLE TIMING DIAGRAM 

DACB 

HOLD 
WRITE 
HOLD 
HOLD 

-----....... --........ --.-l ,-------- Voo 

-----"""" r.-:-----....:..-~ r-----voo 
DATA IN (D80-DB7) 

NOTES, 
1. All INPUT SIGNAL RISE AND FAll TIMES 

MEASURED FROM 10% TO 90% OF Voo 
Voo =' + 5V. t, :;; t, = 20ns; 
Voo = + 1SV. t, = t, = 40ns 

2. TIMING MEASUREMENT REFERENCE lEVEL IS ~ 

CIRCUIT INFORMATION-D/A SECTION 
The AD7528 contains two identical 8-bit multiplying D/A con
verters, DAC A and DAC B. Each DAC consists of a highly 
stable thin film R-2R ladder and eight N-channel current steering 
switches. A simplified D/A circuit forDAC A is shown in Figure 
l. An inverted R-2R ladder structure is used, that is, binary 
weighted currents are switched between the DAC output and 
AGND thus maintaining fixed currents in each ladder leg inde
pendent of switch state. 

RFB A 

~-r~~~~-r~r~~~-r~--OOUTA 

~~~-~~·~~~~~---oAGND 

Figure 1. Simplified Functional Circuit for DAC A 
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EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows an approximate equivalent circuit for one of the 
AD7528's DI A converters, in this case DAC A. A similar equivalent 
circuit can be drawn for DAC B. Note that AGND (Pin I) is 
common for both DAC A and DAC B. 

The current source ILEAKAGE is composed of surface and junction 
leakages and, as with most semiconductor devices, approximately 
doubles every 10°C. The resistor Ro as shown in Figure 2 is the 
equivalent output resistance of the device which varies with 
input code from 0.8R to 2R. R is typically IlkO. COUT is the 
capacitance due to the N-channel switches and varies from 
about 50pF to 120pF depending upon the digital input. 
g(VREF A, N) is the Thevenin equivalent voltage generator due 
to the reference input voltage V REF A and the transfer function 
of the R-2R ladder. 

...--"N'Ir---QRFB A 

r-~~,---~~---oOUTA 

g(VREFA.N) COUT 

~--~----4----oAGND 

Figure 2. Equivalent Analog Output Circuit of DAC A 

For further information on CMOS multiplying D/A converters 
refer to "Application Guide to CMOS Multiplying D/A Conver
ters" available from Analog Devices, Publication Number G479-
15-8/78. 

CIRCUIT INFORMATION-DIGITAL SECTION 
The input buffers are simple CMOS inverters designed such 
that when the AD7528 is operated with V DD = 5V, the buffer 
converts TTL input levels (2AV and O.8V) into CMOS logic 
levels. When VIN is in the region of 2.0 volts to 3.5 volts the 
input buffers operate in their linear region and pass a quiescent 
current, see Figure 3. To minimize power supply currents it is 
recommended that the digital input voltages be as close to the 
supply rails (V DO and DGND) as is practically possible. 

The AD7528 may be operated with any supply voltage in the 
range 5:SVoo:S15 volts. With Von = + 15V the input logic 
levels are CMOS compatible only, i.e., l.5V and 13.5V. 

800 

700 

~ 600 

" 500 

? 400 

1 
jl 300 

200 

100 

r--

I 
I 
I 

voo - +5V ~ 

-~ J 
I /~ 

~ r\ 

~ v oo
l 
= +11SV 

n 

"' ." '" 
VIN - Volts 

ITA 1 +Jc \_ 
All DIGITAL INPUTS 

TIED TOGETHER _ 

~ 
....... r-.....""'" 

9 10 11 12 13 14 

7 g 

6 ~ 

5 ~ 

+ 

3 ~ 

Figure 3. Typical Plots of Supply Current, 100 vs. Logic 
Input Voltage V'N, for Voo = +5Vand + 15V 



DAC Latch Contents 
MSB LSB 

1.1111111 

10000001 

10000000 

011 111 1 1 

00000001 

00000000 

Applying The AD7528 

NOTES: 
'Rl. R2 AND R3. R4 USED ONLY IF GAIN ADJUSTMENT IS REOUIRED. 
SEE TABLE 3 FOR RECOMMENDED VALUES. 

2Cl. C2 PHASE COMPENSATION (10pF-15pF) IS REQUIRED WHEN 
USING HIGH SPEED AMPLIFIERS TO PREVENT RINGING OR 
OSCILLATION. 

Figure 4. Dual DAC Unipolar Binary Operation (2 Quadrant 
Multiplication). See Table 1. 

NQTES:' II 
'Rl. R2 AND R3. R4 USED ONLY IF GAIN ADJUSTMENT IS R[QUIR[D, 
SEE TABLE 3 FOR RECOMMENDED VALUES. 
ADJUST Rl FOR VOUT A = OV WITH CODE 10000000 IN DAC A LATCII, 
ADJUST R3 FOR VOUT B = OV WITH CODE 10000000 IN DAC U LATCI., 

2MATCHING AND TRACKING IS ESSENTIAL FOR RESISTOII PAIlIS 116. 117 
AND R9. Rl0. 

3Cl. C2 PHASE COMPENSATION (10pF-15pF) MAY BY REQUIRED IF Al/A3 
IS A HIGH·SPEED AMPLIFIER. 

Figure 5. Dual DAC Bipolar Operation (4 Quadrant Multi
plication). See Table 2. 

Analog Output 
(DAC A or DAC m 

-VING~~) 
-VING;:) 

-VING~~)= - Vt 
- VING;~) 
- VIN(2~6) 
- VIN(2~6)= 0 

DAC Latch Contents 
MSB LSB 

11111111 

10000001 

10000000 

01 1 1 1 1 1 1 

00000001 

00000000 

Analog Output 
(DACA orDAC B) 

e27
) + VIN 128 

+ VIN(I~8) 
0 

- VIN(I~8) 
e27

) - VIN 128 

C28) - VIN 128 

Table 1. Unipolar Binary Code Table Table 2. Bipolar (Offset Binary) Code Table 

Trim 
Resistor 

Rl;R3 
R2;R4 

JN/AQ/SD 

lk 
330 

KN/BQITD 

500 
ISO 

LN/CQIUD 

200 
82 

Table 3. Recommended Trim Resistor Values VS. Grade 
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APPLICATIONS INFORMATION 
Application Hints 
To ensure system performance consistent with AD7S28 specifi
cations, careful attention must be given to the following points: 

l. GENERAL GROUND MANAGEMENT: AC or transient 
voltages between the AD7S28 AGND and DGND can cause 
noise injection into the analog output. The simplest method 
of ensuring that voltages at AGND and DGND are equal is 
to tie AGND and DGND together at the AD7S28. In more 
complex systems where the AGND-DGND intertie is on the 
back-plane, it is recommended that diodes be connected in 
inverse parallel between the AD7S28 AGND and DGND 
pins (IN914 or equivalent). 

2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a code-de
pendent differential nonlinearity term at the amplifier output 
of maximum magnitude 0.67 Vas (Vas is amplifier input 
offset voltage). This differential nonlinearity term adds to the 
Rl2R differential nonlinearity. To maintain monotonic opera
tion, it is recommended that amplifier Vas be no greater 
than 10% of lLSB over the temperature range of interest. 

3. HiGH FREQUENCY CONSIDERATIONS: The output 
capacitance of a CMOS DAC works in conjunction with the 
amplifier feedback resistance to add a pole to the open loop 
response. This can cause ringing or oscillation. Stability can 
be restored by adding a phase compensation capacitor in 
parallel with the feedback resistor.· 

DYNAMIC PERFORMANCE 
The dynamic performance of the two DACs in the AD7S28 will 
depend upon the gain and phase characteristics of the output 
amplifiers together with the optimum choice of the PC board 
layout and decoupling components. Figure 6 shows the relationship 
between input frequency and channel to channel isolation. Figure 
7 shows a printed circuit layout for the AD7S28 and the AD644 
dual op-amp which minimizes feed through and crosstalk. 

o~ __ ,~ ____ ~ __ ~ ____ ~I ____ ~I~ __ ~ 

~ r.
I
=+25"1: I 

OI-----+----""O'''.4-~---~- ~:!:: 2~J5~EAK TO PEAK-

or---~----~--~4---~------+_--4 

""~ 
o~--~-----+----+-~c+------~--~ 

"", 
o~--4------+----+----+~~--~--~ 

"""~ o~--~-----+----+----+------~,~~ 

Figure 6. Channel to Channel Isolation 

VillE' 8----0 

('~8 OF TO-5 CAN IA0644) 

....-::-v+ 
AD644 

Cl.....- v-

Voo--o O---VI'IEF A-

WR~OGND 
AD7528 

CS ---0 0--- OAe AtOAC 8 

LSB ---0 O---MSB 

• NOTE INPUT SCREENS TO REDUCE FEEDTHROUGH. 
LAYOUT SHOWS COPPER SIDE (i.e .• BOTTOM VIEW). 

Figure 7. Suggested P.C. Board Layout for AD7528 with 
AD644 Dual Op-Amp 
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SINGLE SUPPLY APPLICATIONS 
The AD7S28 DAC R-2R ladder termination resistors are connected 
to AGND within the device. This arrangement is particularly 
convenient for single supply operation because AGND may be 
biased at any voltage between DGND and V DO. Figure 8 shows 
a circuit which provides two + SV to + 8V analog outputs by 
biasing AGND + SV up from DGND. The two DAC reference 
inputs are tied together and a reference input voltage is obtained 
without a buffer amplifier by making use of the constant and 
matched impedances of the DAC A and DAC B reference inputs. 
Current flows through the two DAC R-2R ladders into Rl and 
RI is adjusted until the VREF A and VREF B inputs are at +2V. 
The two analog output voltages range from + SV to + 8V for 
DAC codes 00000000 to 11111111. 

Figure 8. AD7528 Single Supply Operation 

Figure 9 shows DAC A of the AD7S28 connected in a positive 
reference, voltage switching mode. This configuration ill useful 
in that VauT is the same polarity as VIN alloWing single supply 
operation. However, to retain specified linearity, VIN must be in 
the range 0 to + 2.SV and the output buffered or loaded with a 
high impedance, see Figure 10. Note that the input voltage is 
connected to the DAC OUT A and the output voltage is taken 
from the DAC VREF A pin. 

o..-_---J====::---OVou
• 

Figure 9. AD7528 in Single Supply, Voltage Switching 
Mode 

" ~ 

T ... =- +25OC 
Ypo= +1SV 

~ 1~-+--4---~~~~~~~~~~--~ 

V.,.,A-Votts 

Figure 10. Typical AD7528 Performance in Single Supply 
Voltage Switching Mode (KlBfT, UCIU Grades) 



MICROPROCESSOR INTERFACE 

A~A15 

CPU 
6800 

D~D7 

ADDRESS BUS 

"ANALOG CIRCUITRY HAS BEEN OMITTED FOR CLARITY 
'''A = DECODED 7528 ADDR DAC A 

A + , = DECODED 7528 ADDR DAC B 

Figure 11. AD7528DuaiDACt06800CPUlnterface 

PROGRAMMABLE WINDOW COMPARATOR 

Figure 13. Digitally Programmable Window Comparator 
(Upper and Lower Limit Detector) 

PROGRAMMABLE STATE VARIABLE FILTER 
RS 30k 

AB-A15 ADDRESS BUS 

ro-<P-------t DAC AlDAC B 

E> 
AD752S* 

E> 
ADDR/DATA BUS 

"ANALOG CIRCUITRY HAS BEEN OMITTED FOR CLARITY 
"A = DECODED 7528 ADDR DAC A 

A + , = DECODED 7528 ADDR DAC B 

NOTE: 
BOB5 INSTRUCTION SHLD (STORE H 8. L DIRECTI CAN UPDATE 
BOTH DACS WITH DATA FROM HAND L REGISTERS 

Figure 12. AD7528 Dual DAC to 8085 CPU Interface 

In the circuit of Figure 13 the AD7528 is used to implement a • 
programmable window comparator. DACs A and B are loaded 
with the required upper and lower voltage limits for the tcst, 
respectively. If the test input is not within the programmed 
limits, the pass/fail output will indicate a fail (logic zero). 

CIRCUIT EQUATIONS 

Note: 
DAC equivalent resistance equals 
256 x (DAC Ladder resistance) 

Figure 14. Digitally Controlled State Variable Filter 
DAC Digital Code 

In this state variable or universal filter configuration (Figure 14) 
DACs Al and B1 control the gain and Q of the filter characteristic 
while DACs A2 and B2 control the cut-offfrequency, fc. DACs 
A2 and B2 must track accurately for the simple expression for 
fc to hold. This is readily accomplished by the AD7528. Op 
amps are 2 x AD644. C3 compensates for the effects of op amp 
gain-bandwidth limitations. 

The filter provides low pass, high pass and band pass outputs 
and is ideally suited for applications where microprocessor control 
of filter parameters is required, e.g., equalizer, tone controls, 
etc. 

Programmable range for component values shown is fc = 0 to 
15kHz and Q = 0.3 to 4.5. 
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'DIGITALLY CONTROLLED DUAL TELEPHONEATTENUATOR 

V,N Ao-----~4J 

VOUT B 

VouTA 

>-------ocs 
>-------OW'R 
}-.----()DAC AI 

DAC B 
1)------0 V ,N B 

In this configuration the AD7528 functions as a 2-channel digitally 
controlled attemiator. Ideal for stereo, audio and telephone signal 
level control applications. Table 4 gives input codes vs. attenuation 
for a 0 to 15.5dB range. 

(_ Attenuation, dB) 
Input Code = 256 x 10 exp 

20 

Figure 15. Digitally Controlled Dual Telephone Attenuator 

Attn. dB 

0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 

Code In 
DAC Input Code Decimal Attn. dB DAC Input Code 

I 1111111 255 8.0 01100110 
1 1 1 100 1 0 242 8.5 01100000 
1 1 100 100 228 9.0 01011011 
1 1010111 215 9.5 o 1 0 101 1 0 
1 100 1 0 1 1 203 10.0 o 1 0 100 0 1 
1 1 000 000 192 10.5 o 100 1 100 
10110101 181 11.0 o 1 0 0 1 000 
1 0 1 0 101 1 171 1l.5 o 1 000 100 
1 0 1 000 1 0 162 12.0 o 1 0 0 0 0 0 0 
100 1 1 000 152 12.5 00111101 
100 1 000 0 144 13.0 001 1 100 1 
1 000 1 000 136 13.5 00110110 
100 0 0 0 0 0 128 14.0 00110011 
o 1 1 1 100 1 121 14.5 00110000 
011 100 1 0 114 15.0 0,0 1 0 1 1 1 0 
o 1 101100 108 15.5 o 0 1 0 1 0 1 1 

Table 4. Attenuation VS. DACA, DACe Code for the Circuit 
of Figure 15 

For further applications information the reader is referred to 
.Analog Devices Application Note on the AD7528. 
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Code In 
Decimal 

102 
96 
91 
86 
81 
76 
72 
68 
64 
61 
57 
54 
51 
48 
46 
43 
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WDEVICES 

FEATURES 
AD7530: 10·Bit Resolution 
AD7531: 12-Bit Resolution 
8-,9- and 10·Bit Linearity 
DTLITTL/CMOS Compatible 
Nonlinearity Tempco: ,2ppm of FSRfc 
Low Power Dissipation: 20mW 
Current Settling Time: 500ns 
Feedthrough Error: 10mV p.p @ 50kHz 
Low Cost 

Note: AD7533 is recommended for new 10·bit designs. 
AD7541, AD7542 or AD7543 is recommended for 
new 12-bit designs. 

GENERAL DESCRIPTION 
The AD7530 (AD7531) is a low cost, monolithic 10·bit 
(l2-bit) multiplying digital·to·analog converter packaged 
in a l6-pin (l8-pin) DIP. The device uses advanced CMOS 
and thin film technologies providing up to lO·bit accuracy 
with DTLlTTLICMOS compatibility. 

The AD7530 (AD753l) operates from a +5V to +15V 
supply and dissipates only 20mW, including the ladder 
network. " 

Typical applications include: digital/analog multiplication, 
CRT character generation, programmable power supplies, 
digitally controlled gain circuits, etc. 

ORDERING INFORMATION 

Nonlinearity 
Temperature Range 

o to +70
o

C -25°C to +85°C 

0.2% (8-Bit) AD7530JN AD7530JD 

AD7531JN AD7531JD 

0.1 % (9-Bit) AD7530KN AD7530KD 

AD7531KN AD7531KD 

0.05% (lO'Bit) AD7530LN AD7530LD 

AD7531LN AD7531LD 

CMOS 10- & 12-Bit Monolithic 
Multiplying D/A Converters 

AD 7530, AD7531i 
AD7530, AD7531 FUNCTIONAL BLOCK DIAGRAM 

"--+-7-4~-+-;-.-----:t-:-.... ---o IOUT2 

~--4~--4I>-:----~--4~--oloUT' 

I 

6 
RFEEOBACK 

I 

6 
BIT 1 (MSB) BIT 3 BIT N (LSB) 

DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 

AD7530: N == 10 
AD753l: N == 12 

(Switches shown in "High" state) 

PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP 

AD7530:, (D16A) 
AD7531: (D18A) 

Suffix N: Plastic DIP 
AD7530: (N16A) 
AD7531: (N16B) 

1 See Section 20 for package outline information. 

PIN CONFIGURATION 

AD7530 

16-PIN DIP 
TOP VIEW 

(NOT TO SCALE) AD7531 

1S-PIN DIP 
TOP VIEW 
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SPECIFICATIONS (Voo = +15, VREF = +10V, TA = +25°C unless otherwise noted) 

PARAMETER 

DC ACCURACY (Note 1) 
Resolution 
Nonlinearity AD7530J 

AD7530K 
AD7530L 

Nonlinearity Tempco 
Gain Error 
Gain Error Tempco 
Output Leakage Current (Either Output) 

Power Supply Rejection 

AC ACCURACY 
Output Current Settling Time 

Feedthrough Error 

REFERENCE INPUT 
Input Range 
Input Resistance 

ANALOG OUTPUT 
Output Current Range (Both Outputs) 
Output Capacitance louTl 

Output Noise (Both Outputs) 

DIGITAL INPUTS (Note 2) 
Low State Threshold 
High State Threshold 

louT2 

IoUTl 
louT2 

Input Current (low to high state) 
Input Coding 

POWER REQUIREMENTS 
Power Supply Voltage Range 
IDD 

Total Dissipation 

NOTES: 

AD7S30· 

10 Bits 
0.2% of FSR max (8 Bit) 
0.1% of FSR max (9 Bit) 
0.05% of FSR max (10 Bit) 
2ppm of FSR/ C max 
0.3% of FSR typ 
10ppm of FSRtC max 
300nA max 

50ppm of FSR/% typ 

500ns typ 

lOmV pop max 

±10V 
±lmA 
10kn typ 

±lmA 
120pF typ 
37pF typ 

37pF typ 
120pF typ 

Equivalent to 10kn 
Johnson noise typ 

O.SV max 
2.4V min 

1pA typ 
Binary 

+5V to +15V 
5nA typ 
2mA maX 
20mW typ 

I Full scale range (FSR) is lOV for unipolar mode and ±lOV for bipolar mode. 

AD7S31 

12 Bits 

TEST CONDITIONS 

-10V < VREF < +lOV 

Over spe~ified temperature 
range. 

To 0.05% 
All digital inputs low to high 

and high to low 
VREF = 20V pop. 50kHz. All 

digital inputs low 

All digital inputs high 

All digital input low 

Over specified temperature range 
Over specified temperature range 

See Tables 1 & 2 

All digital inputs at GND 
All digital inputs high or low 

2Digital input levels should not go below ground or exceed the positive supply voltage. otherwise damage may occur. 

·Same specifications as for AD7530. 

Specifications subject to change without notice. 
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~BSOLUTE MAXIMUM RATINGS 

(TA = +2SoC unless otherwise noted) 

VDD (to Gnd) .... ~ ...................... ',+17V 
VREF (to Gnd). . . . . . . . . . . . . . . . . . . . . . . . . .. ±2SV 
Digital Input Voltage Range .............. VDD to Gnd 
Voltage at Pin 1, Pin 2 ............... -100mV to VDD 

Power Dissipation (package) 
up to +7SoC ...•.....................• 4S0mW 

Operating Temperature 
JN, KN, LN Versions. . . . . . . . . . . . . . . 0 to +7S

o
C 

JD, KD, LD Versions .............. -25°C to +8S
o
C 

Storage Temperature ................ -65°C to +lS0°C 

CAUTION: 
1. Do not apply voltages higher than VDD or less than GND 

potential on any terminal except VREF . 
2. The digital control inputs are zener protected; however, 

permanent damage may occur on unconnected units 
under high energy electrostatic fields. Keep unused units 
in conductive foam at all times. 

APPLICATIONS 
UNIPOLAR BINARY OPERA nON 

Figure 1 shows the circuit connections required for unipolar 
operation. Since VREF can assume either positive or negative 
values, the circuit is also capable of 2-quadrant multiplication. 
The input code/output range table for unipolar binary 
operation is shown in Table 1. Protection Schottky shown is 
not required when using TRI-FET output amplifiers such as 
the ADS42 or ADS44. 

VREF 
+15V 

tilT 1 IMSB) 
15 14 

16 

loun 
DIGITAL 

AD7530 VOUT INPUT 

13 
BIT 10 (LSB) 

Figure 1. Unipolar Binary Operation 
(2·Quadrant Multiplication) 

DIGITAL INPUT ANALOG OUTPUT 

1111111111 -VREF (1 - 2-1°) 

1000000001 -VREF (112 + 2-1°) 

1000000000 
-VREF 

2 
0111111111 -VREF (112 - 2-10 ) 

0000000001 -VREF (2-1°) 

0000000000 0 

NOTE: 1 LSB = 2-10 VREF 

Table 1. Code Table - Unipolar Binary Operation 

BIPOLAR (OFFSET BINARY) OPERATION 

Figure 2 illustrates the AD7S30 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. Input coding is 
offset binary (modified 2's complement) as shown in Table 2. 

When a switch's control input is a Logical "1", that switch's 
current is steered to louT!' forcing the output of amplifier 
#1 to 

VOUT = - (loUT!) (10k) 

where 10k is the value of the feedback resistor. 

A Logical "0" on the control input steers the switch's current 
to IoUT2' which is terminated into the summing junction of 
amplifier #2. Resistors R1 and R2 need not track the internal 
R-2R circuitry; however, they should closely match each other 
to insure that the voltage at amplifer #2's output will force a 
current into R2 which is equal in magnitude but opposite in 
polarity to the current at louT2' This creates a push-pull 
effect which halves the resolution but doubles the output 
range for changes in the digital input. 

With the MSB a Logic "1" and all other bits a Logic "0", a 112 
LSB difference current exists between loUT! and louT2' 
creating an offset of 112 LSB. To shift the transfer curve to 

zero, resistor R-9 is used to sum 1/2 LSB of currcnt into the 
IOUT2 terminal. Protection Schottky is not required if using 
TRIFET output amplifiers such as the ADS42 or ADS44. 

+15V 

R3 10 MEGOHM 
15 14 BIT 1 IMSB) 

161---I-----~=;;.;....--, 

DIGITAL 
INPUT 

o---~13 
BIT 10 iLSB) 

loun 

AD7530 

./ 
PROTECTION 

SCHOTTKY 

R2 
10k 

Figure 2. Bipolar Operation (4·Quadrant Multiplication) 

DIGIT AL INPUT ANALOG OUTPUT 

1111111111 -VREF (1 - 2.9 ) 

1000000001 -VREF (2-9) 

1000000000 0 

0111111111 VREF (2-9 ) 

0000000001 VREF (1 - 2'9) 

0000000000 VREF 

NOTE: 1 LSB = r 9 VREF 

Table 2. Code Table -, Bipolar (Offset Binary) Operation 
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TERMINOLOGY 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2-n) (VREF). A. 
bipolar converter of n bits has a resolution of [2-(n-1)1 
[VRE.,). Resolution in no way implies linearity. 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1/2 LSB for a given digital 
input stimulus, i.e., 0 to Full Scale. 

GAIN: Ratio of the DAC's operational amplifier output 
voltage to the input voltage. 

VOL. I, 10-150 DIGITAL·TO·ANALOG CONVERTERS 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from 'oUT1 and 'oUT2 
terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
IOUTl terminal with all digital inputs LOW or on 'oUT2 
terminal when all inputs are HIGH. 
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CMOS 
Low Cost 10-Bit Multiplying DAC 

FEATURES 
Lowest Cost 10-Bit DAC 
Low Cost AD7520 Replacement 
Linearity: 1/2,1 or 2LSB 
Low Power Dissipation 
Full Four-Quadrant Multiplying DAC 

CMOS/TTL Direct Interface 
Latch Free (Protection Schottky not Required) 
End-Point Linearity 

APPLICATIONS 
Digitally Controlled Attenuators 
Programmable Gain Amplifiers 
Function Generation 
Linear Automatic Gain Control 

GENERAL DESCRIPTION 
The AD7533 is a low cost 10-bit 4-quadrant multiplying DAC 
manufactured using an advanced thin-film-on-monolithic-CMOS 
wafer fabrication process. 

Pin and function equivalent to the industry standard AD7520, 
the AD7533 is recommended as a lower cost alternative for old 
AD7520 sockets or new 10-bit DAC designs. 

AD7533 application flexibility is demonstrated by its ability 
to interface to TTL or CMOS, operate on +5V to +15V pow
er, and provide proper binary scaling for reference inputs of 
either positive or negative polarity. 

PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP - (D16B) 
Suffix N: Plastic DIP - (N16B) 

1 See Section 20 for package outline information. 

AD7533 I 

AD75 3 3 FUNCTIONAL BLOCK DIAGRAM 

'---++_-+-t-+---+-++---Q IoUT2 
Lj--+T-..... ;.--...... -i---+--QIOUTl 

I 
I RFEECBACK 

o 
BIT 1 (MSB) 

DIGITAL INPUTS (DTL/TTLICMOS COMPATIBLE) 

ORDERING INFORMATION 

Temperature Range 

Nonlinearity 
Commercial Industrial 
o to +70

o
C -25°C to +8S

o
C 

±O.2% AD7S33jN AD7533AD 
AD7S33AD/883B I 

±O.l% AD7S33KN AD7533BD 
AD7533BD/883B I 

±O.O5% AD7533LN AD7533CD 
AD7533CD/883B 1 

'100% screened to MIL-STD-883. method !OO4. 
para. 3.1.1 through 3.1.12 for Class B device. 

PIN CONFIG URATION 

Milil.uy 
_SSoC to +125°<: 

AD7533SD 
AD7533SD/88311 1 

AD7S33TD 
AD7533TD/883BI 

AD7S33UD 
AD7S33UD/883B1 
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SPECIFICATIONS (Voo =+15V; VOUTl = VOUT2 == oV; VREF = +10V unless otherwise noted) 

PARAMETER TA = Operating Rangel Test Conditions 

STATIC ACCURACY 
Resolution 
Relative Accuracy2,3 

AD7533JN, AD, SD 
AD7533KN, BD, TD 
AD7533LN, CD, UD 

Gain Error3,4,5 

Supply Rejection6 

b.Gain/b.Voo 
Output Leakage Current 

louTl (pin 1) 
louT2 (pin 2) 

DYNAMIC ACCURACY 
Output Current Settling Time 

Feedthrough Error 

REFERENCE INPUT 

10 Bits 10 Bits 

±0.2% FSR max ±0.2% FSR max 
±O.l % FSR max ±O.l % FSR max 
±O.05% FSR max ±0.05% FSR max 
±1.4% FS max ±1.5% FS max 

0.005%/% 0.008%/% 

±50nA max ±200nA max 
±50nA max ±200nA max 

600ns max 7 800ns6 

±0.05% FSR max6 ±O.l % FSR max6 

Input Resistance (pin 15) 5kn min, 20kn max 5kn min, 20kn max8 

ANALOG OUTPUTS 
Output Capacitance 

COUTl (pin 1) 
CoUT2 (pin 2) 
CoUT 1 (pin 1) 
CoUT2 (pin 2) 

DIGITAL INPUTS 
Input High Voltage 

VINH 3 

Input Low Voltage 

VINL
3 

Input Leakage Current 
lIN 3 

Input Capacitance 
CIN 

POWER REQUIREMENTS 

Voo 
Voo Range6 

100
3 

NOTES: 
I Plastic(JN, KN, LN versions): 0 to +70°C 

lOOpF max6 

35pF max6 

35pF max6 

lOOpF max6 

2.4Vmin 

0.8Vmax 

±lJlA max 

5pF max6 

+15V ±lO% 
+5V to +16V 
2mAmax 

Commercial Ceramic (AD, BO, CD versions): -25°C to +8SoC 
Military Ceramic (SO, TO, UO versions): -55°C to +12S"C 

'''FSR'' is Full Scale Range. 

lOOpF max6 

35pF max6 

35pF max6 

100pF max6 

2.4V min 

O.8Vmax 

±lJlA max 

5pF max6 

+15V ±10% 
+5V to +16V 
2mAmax 

I Final electrical tests are: Relative Accuracy, Gain Error, Output Leakage Current, 
VINH, VINL, liN and 100 at +2SoC and +12SoC (SO, TO, UD versions) or 
+2SoC and +8SoC (AD, BO, CD versions). 

4Full Scale (FS) = -(VREF)( :~~!) 
sMaxgain change from TA =+2SoC to Tmin orTmax is ±0.1% FSR. 
6 Guaranteed, not tested. 
7 AC parameter, sample tested to ensure specification compliance, 
S Absolute temperature coefficient is approximately -300ppmfC. 

Specifications subject to change without notice. 
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Digital Inputs = VINH 

Digital Inputs = VINH; VDD = +14V to +17V 

Digital Inputs = VINL; VREF = ±10V 
Digital Inputs = VINH; VREF = ±lOV 

To 0.05% FSR; RLOAD = lOOn; Digital 
Inputs = VINH to VINL or VINL to VINH 
Digital Inputs = VINL; VREF = ±lOY, 
100kHz sinewave. 

Digital Inputs = VINH 

Digital Inputs = VINL 

YIN = OV and Voo 

Rated Accuracy 
Functionality with degraded performance 
Digital Inputs = VINL or VINH 



ABSOLUTE MAXIMUM RATINGS 
(TA = +2S

o
C unless otherwise noted) 

VDD to GND ........................ -o.3V, +17V 

RFB to GND ............................. ±2SV 

VREF to GND ............................. ±2SV 

Digital Input Vol:age Range ............. -0.3V to VDD 

Output Voltage (pin 1, pin 2) ............ -o.3V to VDD 

Power Dissipation (Package) 

Plastic (Suffix N) 

To +70
o
C .......................... 670mW 

Derates above +70
o
C by .............. . 8.3mWlC 

CAUTION: 

Ceramic (Suffix D) 

To +70
o
C ........................... 4S0mW 

Derates above +7SoC by ............... . 6mWlC 

Operating Temperature Range 

Commercial ON, KN, LN versions) ......... 0 to +70oC 

Industrial (AD, BD, CD versions) ....... -2SoC to +8SoC 

Military (SD, TD, UD versions) ....... -SSoC to +12SoC 

Storage Temperature ................ -6SoC to +IS0oC 

Lead Temperature (Soldering, 10 seconds) ........ +300oC 

1. ESD sensitive device. The digital control inputs are Zener protected; however, permanent damage may occur 
on unconnected devices subjected to high energy electrostatic fields. Unused devices must be stored in con
ductive foam or shunts. 

2. Do not apply voltages lower than ground or higher than VDD to any pin except VREF (pin IS) and RFB (pin 16). 
i 

TERMINOLOGY 

RELATIVE ACCURACY: Relative accuracy or end-point 
nonlinearity is a measure of the maximum deviation from 
a straight line passing through the endpoints of the DAC 
transfer function. It is measured after adjusting for ideal 
zero and full scale and is expressed in % or ppm of full
scale range or (sub) multiples of lLSB. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2-n) (VREF)' A 
bipolar converter of n bits has a resolution of [2-(n-l)) 
[VREFI. Resolution in no way implies linearity. 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1/2 LSB for a given digital 
input stimulus, i.e., 0 to Full Scale. 

GAIN ERROR: Gain error or full-scale error is a measure 
of the output error between an ideal DAC and the 
actual device output. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all switches. OFF. 

OUTPUT CAPACITANCE: Capacity from IOUTl and 
'oUT2 terminals to ground. . 

OUTPUT LEAKAGE CURRENT: Current which appears on 
'oUTl terminal with all digital inputs LOW or on 'oUT2 
terminal when all inputs are HIGH. 
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CIRCUIT DESCRIPTION 

GENERAL CIRCUIT INFORMATION 
The AD7533, a 10-bit multiplying D/A.converter, consists of 
a highly stable thin film R-2R ladder and ten CMOS current 
switches on a monolithic chip. Most applications require the 
addition of only an output operational amplifier and a voltage 
or current reference. 

The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used - that is, the binarily weighted 
currents are switched between the IoUTl and louT2 bus lines, 
thus maintaining a constant current in each ladder leg inde
pendent of the switch state. 

L-.++ ..... -+++--H-<~---oIoUT2 
Lj---+;--+-i---..... ~p---()IOUT1 

I 
I I RFEEDBACK 

a a 
BIT 1 (MSB) BIT 2 

DIGITAL INPUTS (OlL/TTLICMOS COMPATIBLE) 

Figure 1. AD7533 Functional Diagram 

One of the CMOS current switches is shown in Figure 2. The 
geometries of devices 1, 2 and 3 are optimized to make the 
digital control inputs DTLlTTLICMOS compatible over the 
full military temperature range. The input stage drives two 
inverters (devices 4,5,6 and 7) which in turn drive the two 
output N-channels. The "ON" resistances of the switches 
are binarily sealed so the voltage drop across each switch is 
the same. For example, switch 1 of Figure 2 was designed 
for an "ON" resistance of 20 ohms, switch 2 for 40 ohms and 
so on. For a 10V reference input, the current through switch 
1 is 0.5mA, the current· through switch 2 is 0.25mA, and so 
on, thus maintaining a constant 10m V drop across each 
switch. It is essential that each switch voltage drop be equal 
if the binarily weighted current division property of the 
ladder is to be maintained. 

OTLITTL/CMOS 
INPUT -+---11-

Figure 2. CMOS Switch 
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r--~"""~~--oIOUT1 

I~ 

Figure 3. AD7533 Equivalent Circuit - All Digital Inputs Low 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuits for all digital inputs high and all digital 
inputs low are shown in Figures 3 and 4. In Figure 3 with 
all digital inputs low, the reference current is switched to 
louT2. The current source ILEAKAGE is composed of surface 

~nd junction leakages to the substrate while the 10~4 current 

source represents a c6nstant I-bit current drain through the 
termination resistor on the R-2R ladder. The "ON" capacitance 
of the output N channel switch is 100pF, as shown on the 
IOUT2 terminal. The "OFF" switch capacitance is 3 5pF, as 
shown on the IoUTl terminal. Analysis of the circuit for all 
digital inputs high, as shown in Figure 4, is similar to Figure 3; 
however, the "ON" switches are now on terminallOUTl, 
hence the 100pF at that terminal. 

RFEEOBACK 

I~ 

r-----<~---oIoUT2 

Figure 4.· AD7533 Equivalent Circuit - All Digital Inputs High 



OPERATION 
UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 

BIPOLAR ANALOG INPllT 
tlOV Voo 

NOTES: 
I. R 1 AND R2 USED ONL Y IF GAIN ADJUSTMENT IS REQUIRED. 
2. CI PHASE COMPENSATION 15 - 15pF) MAY BE REOUIRED WHEN 

USING HIGH SPEED AMPLIFIER. 

VOUT 

Figure 5. Unipolar Binary Operation (2-Quadrant 
Multiplication) 

DIGITAL INPUT 

MSB LSB 

1111111111 

1000000001 

1000000000 

0111111111 

0000000001 

OOOOOQOOOO 

NOTES: 

NOMINAL ANALOG OUTPUT 
(VOUT as shown in Figure 5) 

-VREF (1023) 
1024 

-VREF (513 ) 1024 

-VREF ( 512)_ VREF 
1024 - -2-

-VREF ell ) 1024 

-VREF (10
1
24) 

-VREF (;0024)= 0 

1. Nominal Full Scale for the circuit of Figure 5 

is given by FS = -VREFGg~~) 
2. Nominal LSB magnitude for the circuit of 

Figure 5 is given by LSB = VREF (lJ24) 

Table 1. Unipolar Binary Code Table 

BIPOLAR OPERATION (4-QUADRANT MULTIPLICATION) 

BIPOLAR 
ANALOG INPUT 

tlOV 

NOTES: 
I. R3/R4 MATCH 0.05% OR BETTER. 
2. RI. R2 USED ONLY IF GAIN ADJUSTMENT IS REOUIRED 
3. CI. C2 PHASE COMPENSATION 15 - 15pF) MAY BE REOUIRED 

WHEN USING HIGH SPEED AMPLIFIERS. 

Figure 6. Bipolar Operation (4-Quadrant Multiplication) 

DIGITAL INPUT 

MSB LSB 

1 1 111111 11 

1000000001 

1000000000 

0111111111 

0000000001 

0000000000 

NOTES: 

NOMINAL ANALOG OUTPUT 
(VOUT as shown in Figure 6) 

( 511 ) -VREF -
512 

-VREF (..!..) 
512 

o 
+VREF (.1_) 

512 

+VREF (~) 
512 

+VREF (512) 
512 

1. Nominal Full Scale Range for the circuit of 

Figure 6 is given by FSR = VREF (15
0
12;) 

2. Nominal LSB magnitude for the circuit of 

Figure 6 is given by LSB = VREF (5 :2 ) 

Table 2. Bipolar (Offset Binary) Code Table 

APPLICATIONS 

to-BIT AND SIGN MULTIPLYING DAC 

!1011 
BIPOLAR 

ANALOG INPUT 

PROGRAMMABLE FUNCTION GENERATOR 

DIGITALLY PROGRAMMABLE LIMIT DETECTOR 

TEST INPUT 
VREF +15V (0 TO -VREF I 
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APPLICA TIONS (continued) 

DIVIDER (DIGITALLY CONTROLLED GAIN) MODIFIED SCALE FACTOR AND OFFSET 

+15V 

BIT 1 

VOUT =-='f¥L 
where: 

BIT 1 BIT 2 BIT 10 
o=~-+-v+ ... ~ o. BI;,' + BI;' 2 + .. BI~,'oO 

0<0< ~ 
( 0';0< ~~;!) 
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r.ANALOG -
WDEVICES 

CMOS 
12-Bit Monolithic Multiplying DAC 

FEATURES 
Full Four Quadrant Multiplication 
12-Bit Linearity (±1/2LSB) 
Pretrimmed Gain 
TTL/CMOS Compatible 
Low Power Consumption 
Low Feedthrough Error 
Low Cost 

APPLICATIONS 
Digital/Synchro Conversion 
Programmable Amplifiers 
Ratiometric A/D Conversion 
Function Generation 

GENERAL DESCRIPTION 
The Analog Devices AD7541 is a low cost, high performance 
l2-bit monolithic multiplying digital-to-analog converter 
fabricated using advanced double-layer-metal CMOS technolo
gy and packaged in a standard l8-pin DIP. 

Pin compatible with the AD 7 521, this new device uses laser 
wafer trimming to provide full12-bit linearity and excellent 
absolute accuracy. 

'The inherently low power dissipation, coupled with the cur
rent switching R-2R ladder, ensures that the performance is 
mairitained over the full temperature range. 

ORDERING INFORMATION 

Temperature Range and Package 

Plastic 
Nonlinearity 0 to +70oC 

Ceramic Ceramic 
-25°C to +85°C -55°C to +125°C 

0.02% 
0.01% 

AD7541JN 
AD'1541KN 

AD7541AD 
AD7541BD 

PACKAGE IDENTIFICATION! 
Suffix 0: Ceramic DIP (D18B) 
Suffix N: Plastic DIP (N18B) 

1 See Section 20 for package outline information. 

AD754isD 
AD754ITD 

AD7541 I 

AD7541 FUNCTIONAL BLOCK DIAGRAM 

VREF o-_t-'\II10"k ...... ..Jyl 0\llk ...... ~,;.....A,I10Vk"-1>--_..., 

'--+i-+-I-+ .... --+-t-e----o IOUT2 

.,...---+.--.. --...... .,..~~--o loun 
I I 
I I R'HOBACK 
o 0 

BIT 1 (MSB) BIT 2 

DIGITAL INPUTS !DTLlTTLICMOS COMPATIBLE) 
Logic: A switch is closed to IOUTl for 

its digital input in a "HIGH" state. 

PIN CONFIGURATION 
TOP VIEW 

(NOT TO SCALEI 

R'HOBACK 

Voo (+) 

BIT 12 (LSB) 

BIT 11 

BIT 10 

BIT 7 
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SPECIFICATIONS (Voo = 15V, VREF = +10V unless otherwise noted) 

PARAMETER' 

STATIC ACCURACY 
Resolution 
Nonlinearity 

AD7541JN, AD7541AD, AD7541SD 1 

AD7541KN, AD7541BD, AD754ITD2 

Gain Error3,4 

Power Supply Rejection 
Output Leakage Current 

DYNAMIC PERFORMANCE 
Output Current Settling Times. 
Feedthrough Errors 

REFERENCE INPUT 
Input Resistance 

DIGITAL INPUTS 

VINH 
VINL 
Input Leakage Current 
Input CapacitanceS 
Input Coding 

ANALOG OUTPUTS 
Output Capacitances 

C6UTl 
COUT2 
Co UTI 
COUT2 

POWER REQUIREMENTS 
Voo Range 

100 

NOTES 
I J, A and S versions ar< monotonic to 11 bits. 
• K, B and T versions are monotonic to 12 bits. 
I Using internal feedback resistor. 

12 Bits min 

±lLSB max 
±1I2LSB max 
±12.5LSB max 

±O.OI % per % max 
±50nAmax 

Ips max 
ImV pop max 

5kn min, 2oH2 max 

2.4V min 
O.SV max 
±lpA max 
SpF max 
Binary or Offset Binary 
(See Applications) 

200pF max 
60pF max 
60pF max 
200pF max 

+5V min, +16V max 

2mA max 

TA = min-max 

12 Bits min 

±ILSB max 
±1/2LSB max 
±16.7LSB max 

±O.02% per % max 
±200nA max 

Ips max 
ImV pop max 

5kn min, 20kn max 

2.4V min 
O.SV max 
±lpA max 
SpF max 

200pF max} 
60pF max 

60pF max } 
200pF max 

+5V min, +16V max 

2mAmax 

TEST CONDITION 

VOUTl = 
VOUT2 = OV 

Voo = 14.5V- 15.5V 
VREF = ±10V 

To ± 1/2LSB of Full Scale Range 
VREF = 20V pop @ 10kHz 

VIN =Oor15V 

Digital Inputs 
= VINH 
Digital Inputs 

= VINL 

Accuracy is not 
guaranteed over this range. 
Digital Inputs = VINH 
or VINL 

4 Max gain change from +2SoC to T min or T max is ±4.2LSB max. 
I Guarantted by design, not subject to test. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
(TA = +2SoC unless otherwise noted) 

Voo (to GND) ......... . 

VREF (to GND) ........ . 

Digital Input Voltage Range . 

Output Voltage (Pin 1, Pin 2) 

Power Dissipation (Package) 

Up to +7SoC ....... . 
Derate above +7SoC by 

Operating Temperature 

IN, KN Versions. 
AD, BD Versions ... 
SD, TD Versions .. 

Storage Temperature. 

CAUTION 

. +17V 

.±2SV 

.VOD to GND 

-O.3V to VDO 

. .. 4S0mW 
.. 6mW/oC 

· .... 0 to +70
0
C 

· . _25°C to +8SoC 
· -SSoC to +12SoC 

· -6SoC to +1S00C 

1. Do not apply voltages higher than Voo or less than GND 
potential on any terminal except VREF. 

2. The digital control inputs are zener protected; however 
permanent damage may occur on unconnected units under 
high energy electrostatic fields. Keep unused inputs in 
conductive foam at all times. 
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SPECIFICATION DEFINITIONS 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2- n)(VREF)' A 
bipolar converter of n bits has a resolution of [2-(n -1) J 
[VREF J. Resolution in no way implies linearity_ 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within 112 LSB for a given digital in
put stimulus, i.e., 0 to Full Scale. 

GAIN: Ratio of the DAC's operational amplifier output 
voltage to the input voltage. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from lOUT! and 
IOUT2 terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears 
on loUT! terminal with all digital inputs LOW or on IoUT2 

. terminal when all inputs are HIGH_ 



TYPICAL PERFORMANCE CHARACTERISTICS 

~ 
I 

a: 
a 
a: 
ffi 
Z 
;;: 
C1 

ct 
E 

0.4 

0.3 

0.2 

0.1 

"-
~ 
~ 

............... -
o 

o 10 15 
Voo - Volts 

Figure 1. Gain Error vs. Supply Voltage 
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Figure 2. Supply Current vs. Supply Voltage 
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Figure 3. Linearity Error vs. Supply Voltage 
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/" 

Figure 4. Feedthrough Error vs. Frequency 

APPLICATION HINTS 

Linearity depends upon the potential of IoUTl and louT2 
(pin 1 and pin 2) being exactly equal to GND (pin 3) and the 
output amplifiers non-inverting (+) input. Careful PC board 
layout and adjustment and selection of the amplifiers offset 
voltage and bias current is necessary. 

The input structures of some high speed operational amplifiers 
can attempt to draw substantial current during switch-on. 
Schottky diodes should be used in these circumstances to 
prevent the absolute maximum rating for VOUTl and VOUT2 
being exceeded . 

The power supply should be carefully checked for noise, 
which would affect performance, and overshoot which could 
damage the device. 

Unused digital inputs must always be grounded or taken to 
VDD to ensure correct operation. Particular care should be 
taken when digital inputs are routed to another PC card. It is 
recommended that inputs open-circuited when PC cards are 
disconnected be taken to Voo or GND via high value (lMn) 
resistors to prevent the accumulation of static charges. 

CIRCUIT DESCRIPTION 

GENERAL CIRCUIT INFORMATION 
The AD7S41, a 12-bit multiplying D/A converter, consists 
of a highly stable thin film R-2R ladder and twelve CMOS 
current switches on a monolithic chip. Most applications 
require the addition of only an output operational amplifier 
and a·voltage or current reference. 

The simplified D/A circuit is shown in Figure 5. An inverted 
R-2R ladder structure is used - that is, the binarily weighted 
currents are switched between the louTl and IoUT2 bus lines, 
thus maintaining a constant current in each ladder leg inde
pendent of the switch state. 

VREF o-_ ...... 1\,1\0"'k ~-'\I10\,l\k ...... -4,~10Vk ....... ~-..., 

~-+-I-+-H-~--+~----OIOUT2 

'--i--...... .-----<h----....,--.---oloun 

I I 
I I RFEEDBACK 

o 0 
BIT 1 (MSB) BIT 2 

DIGITAL INPUTS (OTt/TTL/CMOS COMPATIBLE) 

Figure 5. AD7541 Functional Diagram (Inputs "HIGH") 

One of the CMOS current switches is shown in Figure 6. The 
geometries of devices 1, 2 and 3 are optimized to make the 
digital control inputs DTLlTTLICMOS compatible over the 
full military temperature range. The input stage drives two 
inverters (devices 4,5,6 and 7) which in turn drive the two 
output N-channels. The "ON" resistances of the switches are 
binarily scaled so the voltage drop across each switch is the 
same. For example, switch 1 of Figure 6 was designed for an 
"ON" resistance of 10 ohms, switch 2 of 20 ohms and so on. 
For a 10V reference input, the current through switch 1 is 
O.SmA, the current through switch 2 is 0.2SmA, and so on, 
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thus maintaining a constant 5mV drop across each switch. It 
is essential that each switch voltage drop be equal if the 
binarily weighted current division property of the ladder is to 
be maintained. 

DTLlTTLICMDS 
INPUT 

Figure 6. CMOS Switch 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuits for all digital inputs high and all digital 
inputs low are shown in Figures 7 and 8. In Figure 7 with all 
digital inputs low, the reference current is switched to louTZ. 
The current source ILEAKAGE is composed of surface and 
junction leakages to the substrate while the 1/4096 current 
source represents a constant I-bit current drain through the 

RFEEOBACK 

.------.----4~--o IOUTl 

I~ 

VREF O--JVV-....-.... ------.---'--t__---{) !OUTZ 

Figure 7. AD7541 Equivalent Circuit -
All Digital Inputs Low 

termination resistor on the R-2R ladder. The "ON" capaci
tance of the output N-channel switch is 200pF, as shown on 
the louTZ terminal. Analysis of the circuit for all digital inputs 
high, as shown in Figure 8, is similar to Figure 7; however, the 
"ON" switches are now on terminal louT!, hence the 200pF 
at that terminal. . 

RFEEOBACK 

VREF o--'VIIIr-+-----+-------t__---4>---O !OUTl 

.------..... ----olouTZ 

Figure 8. AD7541 Equivalent Circuit
All Digital Inputs High 
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DYNAMIC PERFORMANCE 

OUTPUT IMPEDANCE 
The preceding circuit analysis shows that the output capaci
tance is dependent upon the digital code, as is the output 
resistance. Looking back into loUT! the resistance seen is 
anything between lOU! (RFEEDBACK alone) and 5kn (RFB 
in parallel with the lOkn network resistance). 

This variation affects both static accuracy and dynamic 
performance. The effect on static accuracy is further con
sidered in the Applications section under Output Amplifier 
Considerations. The dynamic performance of the AD7541 
will depend upon the gain and phase stability of the output 
amplifier, together with the optimum choice of PC board 
layout and decoupling components. 

18 J-.:....::..:..:..:::.:.::.:.:--------, 

Figure 9. DAC Circuit Using AD741K 

20~.ID!V 

5VIDIV 

Figure 10. Output Waveform 

18~~~+-----~ 

Figure ". DAC Circuit Using AD518K 

Figure 12. Output Waveform 



Figure 13. DAC Circuit Using AD509K 

5V/DIV 

Figure 14. Output Waveform 

The circuits and waveforms shown in Figures 9 to 14 are repre
sentative of the three principal types of output amplifiers. A 
general purpose low drift (A0741K), a high speed low cost 
(A0518), and a fast settling unit (A0509). 

Points to remember when applying high speed amplifiers 
include: 

1. Protection diodes as shown in Figures 15 and 16. 
2. Phase compensation for the DAC's output capacitance. 
3. Power supply decoupling and correct load earthing. 

APPLICATIONS 

VOUT 

Figure 15. Unipolar Binary Operation 

UNIPOLAR BINARY OPERATION 

The connections required for unipolar digital binary operation 
are shown above. VREF may be positive or negative so 2-quad
rant multiplication may be performed. Schottky diode 01 
(HP 5082-2811 or equivalent) prevents loUT! from negative 
excursions which could damage the device. This precaution is 
only necessary with certain high speed amplifiers. The diodes 
are not required when using TRI-FET amplifiers such as the 
A0542 or A0544. 

BIPOLAR (4-QUADRANT) BINARY OPERATION 
The digital input is offset binary coded and multiplies VREF 
according to Table 2. Resistors R3 and R4 ~hould be equal 
within 0.1 % at all temperatures, but need not track the re
sistors within the A07541. 01 and 02 perform the same 

VREFo----'V< ........... _-----------, 

AS 
SOO!! 

Figure 16. Bipolar (4-Quadrant) Binary Operation 

function as in Figure 15. Network R5, R6, R7 sum 1I2LSB 
of current into IOUT2 to ensure correct coding at zero. 

R1 can be adjusted to produce the outputs shown in Table 1. 
However, it is recommended that when the application permits 
it, Rl and R2 be omitted. The maximum gain error in this 
condition is 0.3% of full scale. The offset voltage of amplifier 
Al should be adjusted to less than 0.5mV over the tempera
ture range. 

DIGIT AL INPUT NOMINAL ANALOG OUTPUT 

111111111111 -0.99975 VREF 

100000000000 -0.50000 VREF 

011111111111 -0.49975 VREF 
000000000000 0 

Table 1. Code Table for Circuit of Figure 15. 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 

11 1 1'1 11 1 1 11 1 -0.99951 VREF 

100000000001 -0.00049 VREF i 
100000000000 0 

I 

0' 1 0 0 0 0 0 0 0 0 0 0 +0.50000 VREF I 

000000000000 +1.00000 VREF 

Table 2. Code Table for Circuit of Figure 16. 

Amplifiers Al and A2 should be adjusted to an input offset of 
less than O.lmV and should be better than 0.5mV over the 
temperature range. With VREF set to approximately lOV, R5 
should be adjusted so that with code 10000000000 VOUT = 
OV ±0.2mV. Rl should be adjusted so that with code 
000000000000 VOUT = VREF' 

As with the unipolar circuit Rl and R2 can be omitted, with 
a resulting maximum gain error of 0.3% of full scale. R5 may 
be replaced by a lOon fixed resistor. The maximum zero error 
if this is done is 0.015% of F.S.R. 

OUTPUT AMPLIFIER CONSIDERATIONS 
It has already been pointed out that the OAC output resistance 
varies with the digital code. The effect this has on static accu
racy will now be considered. 
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Figure 17. 

The error voltage == VOS (1 + :~) 
Ro is a function of the digital code. 
RO === 10kn for any more than 4-bits Logic 1. 
RO === 30kn for any single bit Logic 1. 

The gain for offset, therefore, changes as follows: 

At code 001111111111 VERRORI = VOS (1 + ~g~) = 2 VOS 

d (
10k) 4 At co e 010000000000 VERROR2 = VOS 1 + 30k = 3 Vos 

The error difference is therefore ~ Vos 

Since, for a 12-bitresolution DAC, one LSB has a weight (for 
VREF = +10V) of 2.5mV, it is clearly important that Vos be 
nulled, either using the amplifiers nulling facility or an ex
ternal network. 

It is important to ~ealize that an offset can be caused by in
cluding the usual bias current compensation resistor in the 
amplifiers non-inverting input terminal. This should not be in
cluded. Instead the amplifier should have a bias current which 
is low over the temperature range of interest, and should 
certainly not exceed 75nA. 

ANALOG/DIGITAL DIVISION 

V," 
2 AD1541 

VOUT 

Figure 18. Analog/Digital Divider 

With the AD7541 connected in its normal multiplying configu
ration as shown in Figure 15, the transfer fu nction is 

" _ V (AI A2 A3 ~) vo - - IN 2"1 + 22 + 23 + ..... AI2 
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where the coefficients Ax assume a value of 1 for an ON bit 
and 0 for an OFF bit. 

By connecting the DAC in the feedback of an operational 
amplifier, as shown in Figure 18, the transfer function becomes 

Vo "~~ + ~ + ~V; .... ~ ) 
This is division of an analog variable (VIN) by a digital word. 
With all bits off, the amplifier saturates to its bound, since 
division by zero is not defined. With the LSB (Bit 12) ON, 
the gain is 4096. With all bits ON, the gain is 1 (±1 LSB). 

D1GITAL/SYNCHRO CONVERTER 

Figure 19. 14-Bit Digital to Synchro Converter 

Thr.low cost and high accuracy available from the AD7541, 
together with its bipolar multiplying capability is exploited 
fully in the circuit of Figure 19. VREF is commonly 400Hz 
but by replacing the transformers with dc coupled circuits 
coordinate transformation may be performed. 

The SIN/COS ROM is readily available at low cost and the 
AD7512 switch .enables greater resolution to be obtained. 

Resolver-to-synchro transformation is performed by the Scott 
connected pair T1 and TIA. The power available to the load 
connected to S 1, S2 and S 3 is determined by the amplifiers 
Al and A2. A particular advantage of the circuit shown in 
Figure 19 is that it is invariant with respect to e, and may 
be used to directly drive equipment such as CRT displays. 
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CMOS 
12-Bit Monolithic Multiplying DAC 

PRELIMINARY 
FEATURES 
Full Four Quadrant Multiplication 
12-Bit linearity (End·Point) 
± 1LSB Gain Error 
All Parts Guaranteed Monotonic 
TTUCMOS Compatible 
Low Cost 
Protection Schottky not Required 

GENERAL DESCRIPTION 
The Analog Devices' AD754lA is a low cost, high performance 
l2-bit monolithic multiplying digital to analog converter. It is 
fabricated using advanced, low noise, thin film on CMOS 
technology and packaged in a standard l8-pin DIP. 

The AD754lA is functionally and pin compatible with the 
industry standard AD7541 devices and offers improved specifi
cations and performance. The improved design ensures that the 
device is latch-up free so no output Schottky protection diodes 
are required. 

This new device uses laser wafer trimming to provide full l2-bit 
end·point linearity with several new high performance grades 
providing 1J4LSB maximum nonlinearity and lIZLSB maximum 
differential nonlinearity. 

ORDERING INFORMATION 

Relative Gain Temperature Range 
Accuracy Error 
Trninto Tmax TA = +25'C Oto +70'C -25'Cto + 85'C1 

::tlLSB ::t6LSB AD7541AJN AD7541AAQ 
::t1/2LSB ::t4LSB AD7541AKN AD7541ABQ 
::t1l2LSB :!: lLSB - -
::t 1I4LSB :!:4LSB AD7541ALN AD7541ACQ 
::t1/4LSB :!:ILSB AD7541AGLN AD7541AGCQ 

NOTES: 
'883B version is available, to order ADD "/883B" to part number. 

PACKAGE IDENTIFICATION l 

Suffix "N" - Plastic DIP (N18B) 
Suffix "Q" - Cerdip2 (Q18A) 
Suffix "D" - Ceramic DIP (D18B) 

ISee Section 20 for package outline information. 

-55'Cto +125'C1 

AD7541ASD 
AD7541ATD 
AD7541AGTD 
-
-

2 Analog Devices reserves the right to ship ceramic packages in lieu of Cerdip 
packages. 

AD7541A I 

AD7541A FUNCTIONAL BLOCK DIAGRAM 

~-+~~-+~~----~~------~OUT2 

,.--....... ~--~~------+ir-..... -----o OUTl 

I 
I 
o 

BIT 1 (MSB) 

I 
I 
o 

BIT 2 

DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 
Logic: A switch is closed to 10UT1 for 

its digital input in a "HIGH" state. 

PRODUCT HIGHLIGHTS 

RFEEOBACK 

Compatability: The AD754lA can be used as a direct replacement 
for any AD754l-type device. As with the Analog Devices 
AD7541 the digital inputs are TTL/CMOS compatible and have 
been designed to have a ± lILA maximum input current 
requirement so as not to load the driving circuitry. 

Improvements: The AD754lA offers the following improved 
specifications over the AD754l: 

1. Gain Error for all grades has been reduced and a special G 
grade version with a maximum gain error of ± lLSB is 
available to eliminate the need ~or gain trimming. 

2. Gain Error temperature coefficient has been reduced to 
2ppm;oC typical and 6ppm;oC maximum. 

3. Digital to analog charge injection energy for this new device 
is typically 20% less,than the standard AD7541 part. 

4. Latch-up proof. 

PIN CONFIGURATION 
(NOT TO SCALE) 

TOP VIEW 

RFEEOBACK 

VREF IN 

Voo (+) 

BIT 12 (LSB) 

BIT 11 

BIT 10 

BIT 9 

BIT 8 

BIT 7 
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SPECIFICATIONS (Voo + l5V, VREF = + lOY; VPIN1 = VPIN2 = OV' unless otherwise specified) 

T A = T A = 
Parameter Version +25°C T rrun , Tmax 1 Units Test Conditions/Comments 

ACCURACY 
Resolution All 12 12 Bits 
Relative Accuracy J,A,S ± I LSBmax ± ILSB = 0,024% 

K,B,T,GT ± 1/2 ±\l2 LSBmax ± \12 = 0,012% 
L,C,GL,GC ± 1/. ±I/. LSBmax ± \I. = 0.006% 

Differential Nonlinearity J,A,S ±I ±I LSBmax All grades guaranteed monotonic. 
B,T,G,T ± 1/2 ±\l2 LSBmax Tmin toTmax 

L,C,GL,GC ±\l2 ±\l2 LSBmax 

Gain Error J,A,S :::6 :::9 LSBmax Measured using internal RFB and includes 
K,B,T ±4 ±7 LSBmax effect ofleakage current and gain T.C, 
L,C :::4 ±6 LSBmax Gain error can be trimmed to zero. 
GL,GC,GT :::1 :::4 LSBmax 

Gain Temperature Cocfficient2 

~Gain/~ Temperature All ppm/oCmax Typical value is 2ppm/°C, 
Output Leakage Current 

OUTl(Pin I) J,K,L,GL ±S :::10 nAmax All digital inputs = OV. 
A,B,C,GC :::5 ±IO nAmax 
S,T,GT :::5 ±200 nAmax 

OUT2(Pin2) J,K,L,GL :::5 ::: 10 nAmax All digital inputs = V DO' 
A,B,C,GC ±S ±IO nAmax 
S,T,GT ±S ::: 200 nAmax 

REFERENCE INPUT 
Input Resistance (Pi~ 17 to GND) All 7-18 7-18 k!1min/max Typical input resistance = IlkO, 

Typical input resistance temperature coefficient = 
- 300ppm/oC. 

DIGITAL INPUTS 
VIII (Input HIGH Voltage) All 2.4 2.4 Vmax 
VIL (Input LOW Voltage) All 0.8 0.8 Vmin 
lIN (Input Current) All :::1 ±I flAmax Logic inputs are MaS gates. lIN typ (25°C) = InA. 
CIN (Input Capacitance) All pFmax VIN = OV 

POWER SUPPLY 
VDoRange All + 5 to + 16 +Sto+16 V minIY max Accuracy is not guaranteed over this range. 

100 All 2 2 mAmax All digital inputs Vn,or VIN. 
100 500 flAmax All digital inputs OV or V OD. 

AC PERFORMANCE CHARACTERISTICS 
These Characteristics are Included for Design Guidance Only' and are not Subject to Test. 
Von = + 15V, VIN = -lOY except where stated, VPIN1 = VPIN2 = OV, Output Amp is AD544 except where stated. 

Parameter 

PROPAGATION DELAY (From Digital Input 

T A = 
Version I + 25°C 

Change to 90% of Final Analog Output) All 100 

DIGITAL TO ANALOG CHARGE 
INJECTION(Q.D.A,) All 

MULTIPLYING FEEDTHROUGH ERROR3 

(VREFtoOUTI) 

OUTPUT CURRENT SETTLING TIME 

All 

All 

1000 

1.0 

T A = 
T rrun , T';'ax' Units Test Conditions/Comments 

1.0 

nstyp 

nV-sectyp 

OUT I Load = lOOn CEXT = 13pF 
Digital Inputs = OV to V DO or V DO to OV. 

V REF = OV. 
Measured using ADLH0032CG as output amplifier. 

mVp-ptyp VREF = ± IOV,lOkHzsinewave, 

flstyP ToO,OI%offullscalerange. 
OUTIIoad = JOOn,CEXT = 13pF. 
Digital inputs = OV to V DO or V DO to OV 

POWER SUPPL Y REJECTION 
~Gain/~VDD All :to.01% ±0,02% %per%/max ~VOD = ±S% 

OUTPUT CAPACITANCE 
COUT1 (Pin I) 
CouT2 (Pin2) 
COUT1 (Pin I) 
COUT2 (Pin 2) 

OUTPUT NOISE VOLTAGE DENSITY 
(10Hz-100kHz) 

NOTES 

All 
All 
All 
All 

All 

ITemperature range as follows: IN, KN, LN, GLN versions: 0 to + 70"C 

200 
70 
70 
2UO' 

22 

• \Q, BQ, CQ, GCQ versions: - 25°C to + 85"C 
ST, TD,GTDversions: - 55°C to + 125"c' 

200 
70 
70 
200 
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pFmax 
pFmax 
pFmax 
pFmax 

nV/YHztyp 

Digital Inputs 
=V lH 

Digital Inputs 
=Vn, 

Johnson noise for 11 kH resistor is 
13,SnV/Ylli. 

'Guaranteed by design but not production tested. 
'To minimize feed through in the ceramic package (Suffix D) the user must ground the metal lid . 

Specifications subject to change without notice, 
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FEATURES 
Resolution: 12 Bits 
Nonlinearity: ±1I2LSB Tmin to Tmax 
Low Gain Drift: 2ppmf C typ, 5ppmf C max 
Microprocessor Compatible 
Full 4-Quadrant Multiplication 
Low Multiplying Feedthrough 
Low Power Dissipation: 40mW max 
Low Cost 
Small Size: 16-Pin DIP 
Latch Free (Protection Schottky Not Required) 

GENERAL DESCRIPTION 
The AD7542 is a precision 12-bit CMOS multiplying DAC 
designed for direct interface to 4- or 8-bit microprocessors. 

The functional diagram shows the AD7542 to consist of three 
. 4-bit data registers, a 12-bit DAC register, address decoding 
logic and a 12-bit CMOS multiplying DAC. Data is loaded 
into the data registers in three 4-bit bytes, and subsequently 
transferred to the 12-bit DAC register. All data loading or 
data transfer operations are identical to the WRITE cycle of a 
static RAM. A clear input allows the DAC register to be easily 
reset to all zeros when powering up the device. 

The AD7542 is manufactured using an advanced thin-film on 
monolithic CMOS fabrication process. Multiplying capability, 
low power dissipation, +5V operation, small size (16-pin DIP) 
and easy pP interface make the AD7542 ideal for many instru
mentation, industrial control and avionics applications.' 

ORDERING INFORMATION 
Temperature Range and Package 

Relative Gain Commercial Industrial Military 
Accuracy Error (Plastic) (Ceramic) (Ceramic) 
(Tmin to Tmax) +ZS·C o to +70·C -2S·C to +8S·C -SSoC to +l2S°C 

±lLSB ±12.3LSB AD7542JN AD7542AD AD7S42SD 
AD7542AD/883B 1 AD7S42SD/883B1 

±1/2LSB ±12.3LSB AD7542KN AD7542BD AD7S42TD 
AD7542BD/883B 1 AD7542TD/883B 1 

±1/2LSB ±lLSB AD7S42GKN AD7542GBD AD7S42GTDI 
AD7S42GBD/883B1 AD7542GTD/883B 1 

1100% screened to MIL-STD-883, Method 5004, paragraph 3.1.1 through 
3_1.12 for Class B device. . 

PACKAGE IDENTIFICATION 1 

Suffix D: Ceramic DIP - (D16B) 
Suffix N: Plastic DIP - (N16B) 

1 See Section 20 for package outline information. 

CMOS 
JlP Compatible 12-Bit OAC 

AD7542 I 

AD7542 FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 

RFB 

VREF 

Voo 

DGND 

Al 

AD 
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SPECIFICATIONS (Voo = +5V, VREF = +10V, VOUTl = VOUT2 = OV unless otherwise noted) 

LlmltAtl UrnitAt l 

UrnltAt TA .0, +70·C, TA. -HOC 
Parameter T". +2S·C _25°C I: +8S·C 1:+12S·C 

ACCURACY 
Resolution 12 12 12 
Relative Accuracy2 

IN, AQ, SO Versions ±I . ±I ±I 
KN, BD, TO Versions ±112 ±1/2 ±112 
GKN, GBD, GTD Versions ±l12 ±112 ±1/2 

Differential Nonlinearity2 
IN, AD, SO Versions ±2 ±2 ±2 
KN, BD, TO Versions ±I ±I ±I 
GKN, GRD, GTD Versions ±I ±I ±I 

Gain Errorl 

IN, KN,AO, BD, SO, TO ±12.3 ±l3.5 ±14.5 
GKN. GRD, GTD ±I ±I ±2 

Gain Temperature Coefficient 
6Gain/6Temperature 

Power Supply Rejection 
.6Gain/6Voo 0.005 0.01 0.01 

Output Leakage Current 
t.>UTl (Pin 4) 10 200 
IoUT2 (Pin 5) 10 200 

DYNAMIC PERFORMANCE 
Current Settling Time3 2.0 2.0 2.0 

Mul tiplying Feedthrough Error3 2.5' 2.5 2.5 

REFERENCE INPUT 
Ineut Resistance (pin IS) 8/15/25 8/15/25 8/15/25 

ANALOG OUTPUTS 
Output Cafacitance 

CoUT! 75 75 75 

CoUT! 
3 260 260 260 

CoUT2 
3 75 75 75 

CoUT2 
3 260 260 260 

LOGIC INpUTS 
VINH (Logic HIGH Voltage) +3.0 +3.0 +3.0 
VINL (Logic LOW Voltage) +0.8 +0.8 +0.8 
liN' 1 I I 
C~ (Input Capacitance)3 8 8 
Input Coding 12-Bit Unipolar Binary or 12-Bit Offset 

Binary (sec Figures 5 and 6). Data is 
loaded into data registers in 4-bit bytes. 

SWITCHING CHARACTERISTlCSs (Sec Figure 7) 

tWR 120 220 
tAWH SO 65 

tcWH SO 100 

tcLR 200 300 
Byte Loading 

tcws 60 130 

tAWS 80 180 

tos SO 65 
_ tOH SO 65 

DAC Loading 

tcws 60 ISO 

tAws 120 240 

POWER SUPPLY 
Voo (Supply Voltage) +5 +5 
100 (Supply Current) 8 8 

'NOTES: 
'Temperature Ranges as follows: A07S42jN, KN, GKN: 0 to +70'C 

A07S42AO. BO, GBO: -2S'C to +85'C 
A07S42S0, TO. GTO: -SS'C to +!2S'C 

:a See definitions on next page. 
'Guaranteed but not tested. 
4 Logic inputs are MOS ,ates. Typical input cunent (+2SoC) is less than InA . 
• Sample tested at ... 2SoC to ensure compliance. 

Specifications subject to change without notke. 

220 
65 
100 
300 

130 
180 
65 . 
65 

ISO 
240 

+5 
8 
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Unlu Condidon./Commmu 

Biu 

LSB max 
LSBmax 
LSB max 

LSBmax Monotonic to 11 bits from Tmin to Tmll< 
LSB max Monotonic to 12 bits from Tmin to TmlX 
LSB max Monotonic to 12 bits from Tmin to Tmll< 

LSB max Using internal RFB only (gain error can be 
LSB max trimmed to zero using circuits of Figures 5 & 6) 

ppm/Cmax Typical value is 2ppmt"C 

% per % max VOO = +4.75V to +5.25V 

nAmax OAC Register loaded with all Os 
nAmax DAC Register loaded with all 15 

",smax To 1/2LSB. OUTlload = loon. OAC output measure~ from falling 
edge ofWR. 

mVp-pmax VREF = ±IOV, 10kHz sine wave 

kn min/tre/max 

pF max DAC register loaded to 0000 0000 0000 
pF max DAC register loaded to 1111 1111 1111 
pF max DAC register loaded to 1111 1111 1111 
pfmax DAC register loaded to 0000 0000 0000 

Vmin 
V max 
",A max VIN = OV or VOO 

pFmax 

nsmin tWR: WRITE pulse width 
nsmin , tAWH: Address-to-WRITE hold time 
nsmin tcwH: Chip select-to-WRITE hold time 
nsmin tcLR: Minimum CLEAR pulse width 

nsmin tcws: Chip select-to-WRITE setup time 
nsmin tAWS: Address valid-to-WRITE setup time 
nsmin tos: Data setup time 
nsmin tOH : Data hold time 

nsmin tcws: Chip select-to-WRITE setup time 
nsmin tAWS: Address valid-to-WRITE setup time 

V . ±5% for specified performance 
mAmax Digital Inputs = VINH or VINL 



ABSOLUTE MAXIMUM RATINGS· 
(TA = +25°C unless otherwise noted) 

Voo to AGND .......................... OV, +7V 
Voo to DGND .......................... OV, +7V 
AGND to DGND. . . . . . . . . . . . . . . . . . . . . . . . . . . Voo 
DGND to AGND. . . . . . . . . . . . . . . . . . . . . . . . . . . Voo 
Digital Input Voltage to DGND 

(pins 4-11, 13) .................... -0.3V, +15.3V 
VPINt. VPIN2 to AGND ................. -0.3V, +15V 
VREP to AGND ........................... ±25V 
VRPB to AGND ........................... ±25V 
Power Dissipation (Package) 

Plastic (Suffix N) 

To +70°C. ......................... 670mW 
Derates above +70

o
C by ............... 8.3mW/C 

Ceramic (Suffix D) 
To +75°C .......................... 450mW 
Derates above +75°C by ................ 6mW/C 

Operating Temperature Range 
Commercial Plastic ON, KN, GKN versions) ... 0 to +70

o
C 

Industrial Ceramic (AD, BD, GBD versions) , 
........................... -25°C to +85°C 

Military Ceramic (SD, TD. GTD versions) ... -5SoC to +125°C; 
Storage Temperature. . . . . . . . . . . . .. . -65°C to +150

o
C 

Lead Temperature (Soldering, 10 secs) ......... +300oC 

·COMMENT: 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. 

CAUTION: 
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener 
protected; however, 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. 

WARNING! eJ 
~~DEVICE 

TERMINOLOGY 
RELATIVE ACCURACY 
Relative accuracy on endpoint nonlinearity is a measure of 
the maximum deviation from a straight line passing through 
the endpoints of the DAC transfer function. It is measured 
after adjusting for zero and full scale and is expressed in % of 
ppm of full scale range on (sub) multiples of lLSB. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the meas
ured change and the ideallLSB change between any two ad
jacent codes. A specified gifferential nonlinearity of ±ILSB 
max over the operating temperature range insures mono tonicity. 

PIN MNEMONIC FUNCTION 

GAIN ERROR 
Gain is defined as the ratio of the DAC's Full Scale output 
to its reference input voltage. An ideal AD7542 would exhibit 
a gain of -4095/4096. Gain error is adjustable using external 
trims as shown in Figures 5 and 6. 

OUTPUT LEAKAGE CURRENT 
Current which appears at OUTI with the DAC register loaded 
to all Os or at OUT2 with the DAC register loaded to all Is. 

MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feed through from VREP terminal 
to OUTI with DAC register loaded to all Os. 

PIN MNEMONIC FUNCTION 

1 OUTI DAC current output bus, Normally 7 DO Data Input (LSB) 
terminated at op amp 8 CS Chip Select Input 
virtual ground 9 WR WRITE Input 

2 OUT2 DAC current output bus. Normally 10 AO Address Bus Input 
terminated at ground 11 Al Address Bus Input 

3 AGND Analog Ground 12 DGND Digital Ground 
4 D3 Data Input (MSB) 13 CLR Clear Input 
5 D2 Data Input 14 Voo +5V Supply Input 
6 Dl Data Input 15 VREP Reference Input 

16 RpB DAC Feedback Resistor 

Table 1. Pin Function Description 
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Analog Circuit Description 
GENERAL CIRCUIT INFORMATION 
The AD7542, a 12-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and twelve N-channel 
current switches on a monolithic chip. Most applications 
re'quire the addition of only an output operational amplifier 
and a voltage or current reference. 

The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used-that is, the binarily weighted 
currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg indepen
dent of the switch state. 

15k 15k 15k 

~~-r __ --~~~'i-+-re------~OUT2 

'-:-----4.-:----.-:~~.r-__ :_4._--_o0UTl 

'--'VV'v-O R FB 

DAC REGISTER 

Figure 1. AD7542 Functional Diagram 

One of the current switches is shown in Figure 2. The input 
resistance at VREF (Figure I) is always equal to RLDR (RLDR 
is the R/2R ladder characteristic resistance and is equal to 
value "R "). Since RIN at the VREF pin is constant, the refer
ence terminal can be driven by a reference voltage or a refer
ence current, ac or dc, of positive or negative polarity. (If a 

FROM 
INTERFAC~. 
LOGIC~ 

TO LADDER 

OUT2 OUTl 

Figure 2. N-Channel Current Steering Switch 
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current source is used, a low temperature coefficient external 
RFB is recommended to define scale factor.) 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuits for all digital inputs LOW and all 
digital inputs HIGH are shown in Figures 3 and 4. In Figure 
3 with all digital inputs LOW, the reference current is switched 
to OUT2. The current source ILEAKAGE is composed of 
surface and junction leakage~ to the substrate, while the 
114096 current source represents a constant I-bit current 
drain through the termination resistor on the R-2R ladder. 
The "ON" capacitance of the output N-channel switch is 
260pF, as shown on the OUT2 terminal. The "OFF" switch 
capacitance is 75pF, as shown on the OUT1 terminal. Analysis 
of the circuit for all digital inputs HIGH, as shown in Figure 4, 
is similar to Figure 3; however, the "ON" switches are now on 
terminal OUT1, hence the 260pFat tha~ terminal. 

,-------0 R FB 

R 

t 
,---------4~~-----oOUTl 

R"'" 15k 
VREFo-~~~-4~------~--------~--------OOUT2 

Figure 3. AD7542 DAC Equivalent Circuit All Digital Inputs 
LOW 

,-------0 R FB 

R"'" 15k 
R 

VREF~~AA~-4~----------------~~------OOUT1 

i;;~ 

r--------.--------OOUT2 

Figure 4. AD7542 DAC Equivalent Circuit All Digital Inputs 
HIGH 



UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 
Figure 5 shows the analog circuit connections required for uni
polar binary (2-quadrant multiplication) operation. The logic 
inputs are omitted for clarity. With a dc reference voltage or 
current (positive or negative polarity) applied at pin 15, the 
circuit is a unipolar D/A converter. With an ac reference volt
age or current the circuit provides 2-quadrant multiplication 
(digitally controlled attenuation). The input/output relation
ship is shown in Table 2. 

R1 provides full scale trim capability Ii.e.-Ioad the DAC 
register to 1111 1111 1111, adjust R 1 for VOUT = -VREF 
(4095/4096»). Alternatively, Full Scale can be adjusted by 
omitting R1 and R2 and trimming the reference voltage 
magnitude. 

C1 phase compensation (10 to 25pF) may be required for 
stability when using high speed amplifiers. (C1 is used to cancel 
the pole formed by the DAC internal feedback resistance and 
output capacitance at OUT!). 

Amplifier Al should be selected or trimmed to provide 
Vos ~ 10% of the voltage resolution at VOUT' Additionally, 
the amplifier should exhibit a bias current which is low over 
the temperature range of interest (bias current causes output 

110V Voo 
VREF +5V 

DGND AGND 

NOTES 
1. LOGIC INPUTS OMITTED FOR CLARITY 
2. SEE APPLICATION HINT NO.4. 

Figure 5. Unipolar Binary Operation (2-Quadrant 
Multiplication) 

BINARY NUMBER IN 
DAC REGISTER ANALOG OUTPUT, VOUT 

MSB LSB 
\ 

(4095) 1111 1111 1111 -VREF 4096 

1000 0000 0000 -VRE~ ~g;~)~ -112 VREF 

0000 0000 0001 -VREF( 40~6) 
0000 0000 0000 OV 

Table 2. Unipolar Binary Code Table for Circuit of Figure 5 

Applying the AD7542 

offset at VOUT equal to IB times the DAC feedback resistance, 
nominally 15kn). The AD544L is a high-speed implanted 
FET-input op amp with low, factory-trimmed VOS. 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
Figure 6 and Table 3 illustrate the circuitry and code relation
ship for bipolar operation. With a de reference (positive or 
negative polarity) the circuit provides offset binary operation. 
With an ac reference, the eleven LSBs provide digitally con
trolled attenuation of the ac reference while the MSB provides 
polarity control. 

With the DAC register loaded to 100000000000, adjust R1 
for VOUT = OV (alternatively, one can omit R1 and R2 and 
adjust the ratio of R3 to R4 for VOUT = OV). Full scale 
trimming can be accomplished by adjusting the amplitude of 
VREF or by varying the value of R5. 

As in unipolar operation, Al must be chosen for low Vos and 
low lB' R3, R4 and R5 must be selected for matching and 
tracking. Mismatch of 2R3 to R4 causes both offset and Full 
Scale error. Mismatch of R5 to R4 or 2R3 causes Full Scale 
error. C1 phase compensation (10pF to 25pF) may be required 
for stability. 

tl0V Voo 
VREF +5V 

Rl' 

VOUT 

NOTES 
1. LOGIC INPUTS OMITTED FOR CLARITY 
2. SEE APPLICATION HINT NO.4 

Figure 6. Bipolar Operation (4-Quadrant Multiplication) 

BINARY NUMBER IN 
DAC REGISTER ANALOG OUTPUT, VOUT 

MSB LSB 

1111 1111 1111 (2047 ) +VREF 2048 

1000 0000 0001 +VREF(20
1
48 ) 

1000 0000 0000 OV 

0111 1111 1111 -VREF(20\8 ) 

0000 0000 0000 (2048 ) -VREF 2048 

Table 3. Bipolar Code Table for Offset Binary Circuit of 
Figure 6 
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INTERF ACE LOGIC 
INTERFACE LOGIC INFORMATION 
The AD7542 is designed to interface as a memory-mapped 
output device. 

A typical system configuration is shown in Figure 8. CS 
AD7542 Control Inputs 

- - AD7542 Operation 
At Ao CS WR CLR is the decoded device address, and is derived by decoding the 

three higher order address bits. AO and Al is the AD7542 
operation address, and is decoded internally in the AD7542 
to point to the desired loading operation (i.e. load high byte, 
middle byte, low byte or DAC register). Table 4 shows the 
AD7542 truth table. 

X X X X 0 Resets DAC 12-Bit Register 

All data loading operations are identical to the write cycle of 
a RAM as shown in Figure 7. 

Additionally, the CLR input allo~s the AD7542 DAC register 
to be cleared asynchronously to 0000 0000 0000. When oper
ating the AD7542 in a unipolar mode (Figure 5), a CLEAR 
causes the DAC output to assume OV. In the bipolar mode 
(Figure 6), a CLEAR causes the DAC output to go to -VREF' 

X 

0 

0 

1 

X 

0 

1 

0 

1 X 

0 S 

0 S 

0 S 

to Code 0000 0000 0000 

1 No Operation 
Device Not Selected 

Load LOW ByteS 
1 Data Register On 

Edge As Shown Load 

Load MIDDLE ByteS Applicable 

1 Data Register On Data 

Edge As Shown Register 

Load HIGH ByteS 
With Data 

1 Data Register On 
AtDo - D3 

Edge As Shown 

In summary: Load 12-Bit DAC Register With 

1. The AD7542 DAC register can be asynchronously cleared 
with the CLR input: 

2. Each AD7542 requires 4 locations in me~ory. 
3. Performing any of the four basic loading operations (i.e. 

load low byte data register, middle byte data register, high 
byte data register or I2-bit DAC register) is accomplished 
by ~xecuting a memory WRITE operation to the appli
cable address location for the required DAC operation. 

1 1 0 U 1 Data In LOW Byte, MIDDLE Byte 
& HIGH Byte Data Registers6 

NOTES: 
'1 indicates logic HIGH 5 MSB. ~ ~ ~ + LSB 
• 0 indicates logic LOW high middle low 
3 X indicates don't care byte byte byte 
• ~ indicates LOW to IIiGH transition 'These control signals are level triggered. 

Table 4. AD7542 Truth Table 

�i ..... ..---- ADDRESS BUS VALID '----.. --~I 

AO-A1 
(PINS 10, 11) ~~~-I:---------------------------:)(L----------~--

------------------------------~I -I I~I 

----------il------... I tAWH I i'\ ! I CS 
(PIN 8) 

I I ...... --....;;.;.."""'--... ~ I ....... -------~ ... -I 
1 I'--t-cw--S---I--------~I------t-cw--H----.. I 

----------~I-------t-A-W-S------~,I tWR ::~I 

WR I" ~7-
(PIN9)·1 ~I tOH I 

I-------I~I 

03-00 
(PINS 4-7) X~:,: X _________ ..1 I 1 "------

I" DATA BUS ~ 1 
VALID 

NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS VIH ; VIL 

Figure 7. AD7542 Timing Diagram 
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APPLICATION HINTS 
The AD7542 is a precision 12-bit multiplying DAC designed 
for system interface. To ensure system performance c~'nsistent 
with AD7542 specifications, careful attention must be given 
to the following points: 

1. GENERAL GROUND MANAGEMENT: Voltage differen
ces between the AD7542 AGND and DGND cause loss of 
accuracy (dc voltage difference between the grounds intro
duces gain error. AC or transient voltages between the 
grounds cause noise injection into the analog output). The 
simplest method of ensuring that voltages at AGND and 
DGND are equal is to tie AGND and DGND together at 
the AD7542. In more complex systems where the AGND
DGND intertie is on the back-plane, it is recommended 
that diodes be connected back-to-back between the 
AD7542 AGND andDGND pins (1N913 or equivalent). 

2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a dif
ferential nonlinearity term at the amplifier output of magni
tude 0.67VoS (Vos is amplifier input offset voltage). This 
differential nonlinearity term adds to the R/2R differential 
nonlinearity. To maintain monotonic operation, it is rec
ommended that amplifier Vos be no greater than 10% of 
the DAC's output resolution over the temperature range 
of interest [output resolution = VREF(Z-n) where n is the 
number of bits exercised] . 

3. HIGH FREQUENCY CONSIDERATIONS: AD7542 out
put capacitance works in conjunction with the amplifier 
feedback resistance to add a pole to the open loop response. 
This not only reduces closed loop bandwidth, but can also 
cause ringing or oscillation if the spurious pole frequency is 
less than the amplifier's OdB crossover frequency. Stability 
can be restored by adding a phase compensation capacitor 
in parallel with the feedback resistor. 

4. GAIN TEMPERATURE COEFFICIENTS: The gain temper
ature coefficient of the AD7542 has a maximum value of 
5ppm/oC and a typical value of 2ppm/oC. This corresponds 

AD7542 INTERFACE TO MC6800 
A typical 6800 system configuration is shown in Figure 8. 
Since the AD7542 contains four registers; each AD7542 is as-

. signed four locations in memory. AO and Al provides the oper
ational addresses and are decoded internally to point to the 
deSired register. Register loading is accomplished by executing 
a memory WRITE instruction to one of the four addresses. 
The AD7542 WRinputisgated by ¢2 from the 6800. Table 5 
gives a sample loading subroutine written in re-entrant form. 

Choosing an arbitrary start address of PPQQ, locations PPQQ, 
PPQQ+1 and PPQQ+2 select the low, middle and high byte 
registers respectively while address PPQQ+3 selects the 12-bit 
DAC register. The 12-bit data to be passed to the subroutine 
is stored in locations XXYY and XXYY + 1. The four most 
significant data bits are assumed to occupy the lower haif 
ofXXYY+1. 

to gain shifts of 2.0LSBs and 0.82LSBs respectively over a 
100°C temperature range. When trim resistors are used to 
adjust full-scale range as shown in Figures 5 and 6 the 
temperature coefficient of R 1 and R2 should be taken 
into account. It may be shown that the additional gain 
temperature coefficients introduced by R1 and R2 may 
be approximately expressed as follows:-

Temperature Coefficient 
contribution due to R1 

Temperature Coefficient 
contribution due to R2 

- ~ ("(1 + 300) 
RIN 

R2 
= + RIN ("(2 + 300) 

5. For additional information on multiplying DACs refer to 
"Application Guide to CMOS Multiplying D/A Con
verters", Publication Number G479-15-8/78, available 
from Analog Devices. 

Where "(1 and "(2 are the temperature coefficients in ppm/oC 
of R1 and R2 respectively and RIN is the DAC input resist
ance at the VREF terminal (pin 2). For high quality wire
wound resistors and trimming potentiometers "( is of the order 
of 50ppm/oC. It will be seen that if R1 and R2 are small com
pared with RIN, their contribution to gain temperature coef-

Jicie':lt will also be small. For the standard AD7542 gain error 
specification of±12.3LSBsitisrecommended that R 1 = l20n III 
and R2 = 60n. With 'Y =50 these values result in an overall I 
maximum gain error temperature coefficient of: 

5 + 0.~6 (50 + 300) = 8ppmfC 

However, if the AD7542GTD is used which has a specified 
gain error of ±1LSB, then with RI = IOn and R2 = 5n the 
overall maximum gain temperature coefficient is increased by 
only 0.25ppm/C. Where possible R1 should be a select on 
test fixed resistor since the resulting gain temperature coef
ficient will be tighter in all cases. For further gain T .C. infor
mation refer to application note, "Gain Error and Gain 
Temperature Coefficients orCMOS Multiplying DACs", 
Publication Number E630-10-6/81 available from Analog 
Devices. 

,/ ~------------------------------~ '00-01 

MC6800 

R/W 1------1 

Figure 8. Interfacing the AD7542 to an MC6800 
Microprocessor 
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WWZZ 

JSR 

PSH A 
TPA 
PSH A 
LDAA 
STAA 
RORA 
RORA 
RORA 
RORA 
STAA 
LDAA 
STAA 
STAA 
POPA 
TAP 
POPA 
RTS 

WWZZ 

XXYY 
PPQQ 

PPQQ+l 
XXYY+l 
PPQQ+2 
PPQQ+3 

PUSH ACC. A ONTO STACK 

PUSH CCR ONTO STACK 

LOAD LOW BYTE 

LOAD MIDDLE BYTE 

LOAD HIGH BYTE 
LOAD DAC REGISTER 

POP CCR FROM STACK 
POP ACC. A FROM STACK 
RETURN TO MAIN PROGRAM 

Table 5. Sample Routine (or AD7542-6800 Interface 

CALL 

7542 PUSH 
PUSH 
PUSH 
LXI 
MOV 
STA 
MVI 

LOOP RAR 
OCR 
JNZ 
STA 
INX 
MOV 
STA 
STA 
POP 
POP 
POP 
RET 

7542 

PSW 
B 
H 
H,XXYY 
A,M 
PPQQ 
B,04 

B 
LOOP 
PPQQ+l 
H 
A,M 
PPQQ+2 
PPQQ+3 
H 
B 
PSW 

PUSH REGISTER CONTENTS 
ONTO STACK 

LOAD LOW BYTE 

LOAD MIDDLE BYTE 

LOAD HIGH BYTE 
LOAD DAC REGISTER 
POP REGISTER CONTENTS 
FROM STACK 

RETURN TO MAIN PROGRAM 

Table 6. Sample Routine for AD7542-8085 Interface 
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AD7S42 INTERFACE TO 8085 
A typical 8085 system configuration is shown in Figure 9. The 
AD7S42 CS input is decoded from the three high order address 
lines A13-A1S. The 8085 WR output is directly connected to 
the WR input of the AD7S42. Table 6 gives a sample loading 
subroutine written in re-entrant form. The 12-bit data to be 
passed to the subroutine is stored in locations XXYY and 
XXYY+1. The four most significant data bits are assumed to 
occupy the lower half of XXYY+1. As before, arbitrary 
addresses PPQQ to PPQQ+3 select the low byte, middle byte, 
high byte and DAC registers respectively. 

Figure 9. Interfacing the AD7542 to an 8085 Microprocessor 
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FEATURES 
Resolution: 12 Bits 
Nonlinearity: ±1/2LSB Tmin to Tmax 
Low Gain T.C.: 2ppmfC typ, 5ppmfC max 
Serial Load on Positive or Negative Strobe 
Asynch ronous C LEAR I nput for Initialization 
Full 4-Quadrant Multiplication 
Low Multiplying Feedthrough: 1LSB max @ 10kHz 
Requires no Schottky Diode Output Protection 
Low Power Dissipation: 40mW max 
+5V Supply 
Small Size: 16-Pin DIP 
Low Cost 

GENERAL DESCRIPTION 
The AD7543 is a precision 12-bit monolithic CMOS multi
plying DAC designed for serial interface applications. 

The DAC's logic circuitry consists of a 12-bit serial-in parallel
out shift register (Register A) and a 12~bit DAC input register 
(Register B). Serial data at the AD7543 SRI pin is clocked into 
Register. A on the leading or trailing edge (user selected) of the 
strobe input. Once Register A is full its contents are loaded in
to Register B under control of the LOAD inputs. 

Initialization is simplified by the use of the CLR input which 
provides an asynchronous reset of Register B. 

Packaged in a 16-pin DIP, the AD7543 features excellent gain 
T.C. (2ppm/oC typj 5ppm/C max), +5V operation and latch
free operation. (No protection Schottky diodes required.) 

ORDERING INFORMATION 

Relative Gain Commercial Industrial 
Accuracy Error (Plastic) (Ceramic) 

Tmin to Tmax +2SoC o to +70
o

C -2SoC to +8SoC 

±ILSB ±12.3LSB AD7S43JN AD7S43AD 
AD7S43AD/883B 

±1/2LSB ±12.3LSB AD7S43KN AD7S43BD 
AD7S43BD/883B 

±l12LSB ±lLSB AD7S43GKN AD7S43GBD 
AD7S43GBD/883B 

PACKAGE IDENTIFICATION1 

Suffix D: Ceramic DIP - (D16B) 
Suffix N: Plastic DIP - (N16B) 

1 See Section 20 for package outline information. 

Military 
(Ceramic) 

_SSoC to +12SoC 

AD7S43SD 
AD7S~3SD/883B 

AD7S43TD 
AD7S43TD/883B 

AD7S43GTD 
AD7S43GTD/883B 

CMOS 
Serial Input 12-Bit DAC 

AD7543 I 

AD7543 FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 

TOP VIEW 
NOT TO.SCALE 

RFB 

VREF 

Vee 

ClR 

OGNO 

ST64 

ST63 
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SPECIFICATIONS (Vaa = ~~v, VREF = +10V, VOUTl = VOUT2 = OV, unless otherwise noted) 
LimitAtl Limit At' 

Limit At TA = 0, +70
o

C, TA = _55°C 
Parameter TA c+25°C _25°C & +S5°C & +125°C 

ACCURACY 
Resolution 12 12 12 
Relative Accuracyl 

jN, AD, SO Versions ±1 ±1 ±1 
KN, BD, TO Versions t1/2 t1/2 t1/2 
GKN, GBD, GTD Versions ±l/2 ±l/2 ±1/2 

Differential Nonlinearityl 
jN, AD, SO Versions 12 ±2 ±2 
KN, BO, TO Versions 11 ±l ±1 
GKN, GBO, GTO Versions ±1 tl ±1 

Gain Error2 

jN, KN, AD, BO, SO, TO ±12.3 ±13.5 ±14.5 
GKN, GBD, GTO ±1 ±1 12 

Gain Temperature Coefficient 
L'lGain/6.Temperature 5 

Power Supply Rejection 
L'lGain/6.Voo 0.005 0.01 0.01 

Output Leakage Current 
louTl (Pin 4) 10 200 
IoUTl (Pin 5) 10 200 

DYNAMIC PERFORMANCE 
Current Settling Time) 2.0 2.0 2,0 

Multiplying Feedthrough Error) 2.5 2.5 2.5 

REFERENCE INPUT 
Input Resistance (pin 15) 8/15125 8/15125 S/15125 

ANALOG OUTPUTS 
Output Caracitance 

COUTI 75 75 75 

CoUTI 
) 260 260 260 

CoUTl 
) 

75 75 75 

COUTl 
) 260 260 260 

LOGIC INPUTS. 
VINH (Logic HIGH Voltage) +3.0 +3.0 +3.0 
VlN.L (Logic LOW Voltage) +0.8 +0.8 +0.8 

liN 1 1 1 

C~ (Input Capacitance») 8 
Input Coding 12-Bit Unipolar Binary or 12-Bit Offset 

Binary (see Figures 6 and 7), serial load 
(MSB First) 

SWITCHING CHARACTERISTICSs 

tOSI 50 100 

tos. 0 

tOS3 
tOS2 20 40 

tOHI 30 60 
tOll4 80 160 
tDH3 80 160 
tOll2 60 120 

tSRI 80 160 
tSTBI 80 160 
tSTB4 100 200 
tSTB3 100 200 
tSTB2 80 160 
tLOI, tLD2 150 300 
tASB 0 
tCLR 200 400 

POWER SUPPLY 
VOO (Supply Voltage) +5 +5 
100 (Supply Current) 8 8 

NOTES, 
I Temperature ranges as follows, A07S43JN, KN. GKN, 0 to +70°C 

A07S43AO, BO, GBO, -2S·C to +8S·C 
A07S43S0, TO, GTO, _55°C to +12SoC 

'J Sec Terminology on fonowing page, . 
)Guarantccd but not tested. 
4 Logic inputs in MOS gates. Typical input current (+2SoC) is less than InA. 
sSample tested It +2SoC to ensure compliance. 

Specifications subject to change without notice. 

100 

40 

60 
160 
160 
120 

160 
160 
200 
200 
160 
300 
0 
400 

+5 
8 
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Uniu Conditions/Commenu 

Bits 

LSB max 
LSB max 
LSB max 

LSBmax Monotonic to 11 bits from Tmin to TmlX 
LSBmax Monotonic to 12 bits from Tmin to TmlX 
LSB max Monotonic to 12 bits from Tmin to Tmax 

LSB max Using internal RFB only (gain error can be 
LSB max trimmed to zero using circuits of Figures 6 & 7) 

ppm/oC max Typical value is 2ppm/oC 

% per % max Voo = +4.75V to +5.25V 

nAmax OAC Register loaded with all o~ 
nAmax DAC Register loaded with all Is 

jJsmax To 1/2LSB. OUTlload = lOOn. DAC output measured from falling 
edge of LOI and LD2, see Figure S. 

mVp-pmax VREF = ±10V, 10kHz sine wave 

kn minltyplmax Typical temperature coefficient is -150ppmfC 

pF max Register B loaded to 0000 0000 0000 
pF max Register B loaded to 1111 1111 1111 
pF max Register B loaded to 1111 III I 1111 
pfmax Register B loaded to 0000 0000 0000 

V min 
Vmax 
jJAmax VIN = OV or VOO 

pFmax 

(Serial Input) 
STBI used as a strobe 

nsmin 
to Strohe STB4 used as a strobe 

nsmin 
Setup Time STB3 used as a strobe 

nsmin STB2 used as a strobe 

nsmin 
( Serial Input) 

STB 1 used as a strobe 
nsmin STB4 used as a strobe 
nsmin to Strobe 

STB3 used as a strobe 
nsmin Hold Time 

STB2 used as a strobe 

nsmin SRI data pulse width 
nsmin STBI pulse width 
nsmin STB4 pulse width 
nsmin STB3 pulse width 
nsmin STB2 pulse width 
nsmin Load pulse width 
nsmin Min time between strobing LSB into Register A and loading Register B 
nsmin CLR pulse width 

V 
mAmax Digital Inputs = VINH or VINL 



ABSOLUTE MAXIMUM RATINGS· 

(T A = +25°C unless otherwise noted) 

VDD to AGND' ......................... OV, +7V 
VDD to DCND' ......................... OV, +7V 
AGND to DGND' .......................... VDD 
DGND to AGND' .......................... VDD 
Digital Input Voltage to DGND 

(pins 4-11, 13) ..................... -0.3V, +15V 
VpINl' VpIN2 to AGND ........... : .... -0.3V, +15V 
V REF to AGND ........................... ±25V 
VRFB to AGND ........................... ±25V 

Power Dissipation (Package) 
Plastic (Suffix N) 

• 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 

To +70
0
C .......................... 670mW 

Derates above +70
0
C by .............. 8.3mW/oC 

Ceramic (Suffix D) 
To +75°C. ......................... 450mW 
Derates above +75°C by ................ 6mW/oC 

Operating Temperature Range 
Commercial Plastic ON, KN, GKN versions) ... 0 to +70° C 
Industrial Ceramic (AD, BD, GBD versons) 

........................... -25°C to +85°C 
Military Ceramic (SO, TO, GTD versions) 

.......................... -55°C to +125°C 
Storage Temperature ................ -65°C to +150

0
C 

Lead Temperature (Soldering, 10 sees.) .......... +300
o

C 

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 (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect- WARNING! 0 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The pro
tective foam should be discharged to the destination socket before devices are removed. ~~OEVICE 
TERMINOLOGY 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the mea
sured change and the ideal 1 LSB change between any two 
adjacent codes. A specified differential nonlinearity of ±1 
LSB max over the operating temperature range ensures 
monotonicity. 

a gain of -4095/4096. Gain error is adjustable using external 
trims as shown in Figures 6 and 7. 

OUTPUT LEAKAGE CURRENT 
Current which appears at OUTI with Register B loaded to all 
O's or at OUT 2 with Register B loaded to aliI's. 

GAIN ERROR MULTIPLYING FEEDTHROUGH ERROR 
Gain is defined as the ratio of the DAC's Full Scale output AC error due to capacitive feedthrough from VREF terminal 

to OUTI with DAC register loaded to all O's. to its reference input voltage. An ideal AD7543 would exhibit 

PIN MNEMONIC FUNCTION 

1 oun DAC current output bus. Normally terminated at op amp virtual ground 
2 OUT2 DAC current output bus. Normally terminated at AGND 
3 AGND Analog Ground 
4 STBI Register A Strobe 1 input, see Table 2 
5 LDI DAC Register B Load 1 input. When LDI and LD2 go low the contents 

of Register A are loaded into DAC Register B 
6 N/C No Connection 
7 SRI Serial Data Input to Register A 
8 STB2 Register A Strobe 2 input, see Table 2 
9 LD2 DAC Register B Load 2 input. When LDI and LD2 go low the contents 

of Register A are loaded into DAC Register B 
10 STB3 Register A Strobe 3 input, see Table 2 
11 STB4 Register A Strobe 4 inpu t, see Table 2 
12 DGND Digital Ground 
13 CLR Register B CLEAR input (active LOW), can be used to asynchronously 

reset Register B to 0000 0000 0000 
14 VDD +5V Supply Input 
15 VREF Reference input .. Can be positive or negative dc voltage or ac signal 
16 RFB DAC Feedback Resistor 

Table 1. Pin Function Description 
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GENERAL CIRCUIT INFORMATION 
The A07543, a 12-bit multiplying Of A converter, consists of 
a highly stable thin film R-2R ladder and twelve N-channel 
current switches on a monolithic chip. Most applications 
require the addition of only an output operational amplifier 
and a voltage or current reference. 

The simplified Of A Circuit is shown in Figure 1. An inverted 
R-2R ladder structure 'is used-that is, the binarily weighted 
currents are switched between the OUTI and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg indepen
dent of the switch state. 

30k 

~-4~e-~~~~r-~~------OOUT2 

L.....;---..-7--... -:--..... H-...... -:-.... ----O oun 

DAC REGISTER B 

15k, 
'---'V\i'\r--Q R FB 

Figure 1. AD7543 Functional Diagram 

One of the current switches is shown in Figure 2. The input 
resistance at VREP (Figure 2) is always equal to RLDR 
(RLDR is the Rf2R ladder characteristic resistance and is 
equal to value "R"). The reference terminal can be driven 
by a reference voltage or a reference current, ac or dc, of 
positive or negative polarity. If a current source is used, a 
low temperature coefficient external RpB is recommended to 
define scale factor. 

FROM 
INTERFAC~ 
LOGIC~ 

TO LADDER 

OUT2 oun 

Figure 2. N-Channel Current Steering Switch 
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R 

r-------.............. -------Q oun 

R"" 15k 
VREFo-~~~_4~----....... --------... ---------oOUT2 

Figure 3. AD7543 DAC Equivalent Circuit 
All Digital Inputs LOW 

EQUIV ALENT CIRCUIT ANALYSIS 
The equivalent circuits for all digital inputs LOW and all 
digital inputs fHGH are shown in Figures 3 and 4. In Figure 
3 with all digital inputs LOW, the reference current is switched 
to OUT2. The current source ILEAKAGE is composed of sur
face and junction leakages to the substrate, while the 114096 
current source represents a constant 1 least significant bit cur
rent drain through the termination resistor on the R-2R ladder. 
The "ON" capacitance of the output N-channel switch is . 
260pF, as shown on the OUT2 terminal. The "OFF" switch 
capacitance is 75pF, as shown on the OUTI terminal. Analysis 
of the circuit for all digital inputs HIGH, as shown in Figure 
4, is similar to Figure 3; however, the "ON" switches are now 
on terminal OUTl, hence the 260pF at that terminal. 

r------o R FB 

R"'" 15k 
R 

VREFo-~~r--4~------""",~-----",,,,------oOUT1 

~------~~----oOUT2 

Figure 4. AD7543 DAC Equivalent Circuit 
All Digital Inputs HIGH 



INTERFACE LOGIC INFORMATION 
Shown in the AD7543 Functional Diagram Register A is a 12-
bit shift register. Serial data appearing at pin SRI is clocked 
into the shift register on the positive edge of STBl, STB2 or 
STB4 or on the negative edge of STB3. Table 2 defines the 
various logic states required on the Register A control inputs, 
while Figure 5 illustrates the Register A loading sequence. 

Once Register A is full, the data is transferred to Register B 
by bringing LDI and LD2 momentarily LOW. 

Register B can be asynchronously reset to 0000 0000 0000 
by bringing CLR momentarily LOW. This allows the DAC 
output voltage to be set to a known condition, thus simplify
ing system initialization procedure, When operating the 
AD7543 in the unipolar circuit of Figure 6, a CLEAR causes 
the DAC output voltage to equal OV. When using the bipolar 
circuit of Figure 7, a CLEAR causes the DAC output to equal 
-VREP. 

I---tSRI --l 

SRI =x B~~J ~ BIT2 >C:x ..... _BI_T_1_1 ..... X'-_B~_~_~_2_>C 
tOS1. tOS2. tOS4~ VtOH1. tOH2. tOH4 

STROBE INPUT .\" r.-. 2 
(STB1. STB2. STB4) I 1-
(NOTE) 1 

I I-... -------LOADING REGISTER A------_.~I 

NOTE: 
STROBE WAVEFORM IS INVERTED IF 
STB3 IS USED TO STROBE SERIAL DATA 
BITS INTO REGISTER A, 

AD7543 Logic' Inputs 

55 

LOADING REGISTER B / U 
WITH CONTENTS OF REGISTER A 

Figure 5. Timing Diagram 

Register A Control Inputs Register B Conttollnputs AD7S43 Operation 

-- -- - --
STB4 STB3 STB2 STBl CLR LD2 LDl 

0 1 0 S X X X . Data Appearing At SRI Strobed Into Register A 

0 1 S 0 X X X Data Appearing At SRI Strobed Into Register A 

0 t.. 0 0 X X X Data Appearing At SRI Strobed Into Register A 

S 1 0 0 X X X Data Appearing At SRI Strobed Into Register A 

1 X X X 

X 0 X X 
No Operation (Register A) 

X X 1 X 

X X X 1 

0 X X Clear Register B To Code 0000 0000 0000 (Asynchronous Operation) 

1 1 X 
No Operation (Register B) 

1 X 1 

1 0 0 Load Register B With The Contents Of Register A 

NOTES: 
1. CLR = 0 Asynchronously resets Register B to 000000000000, but has no effect on Register A. 
2. Serial data is loaded into Register A MSB first, on edges shownSis positive edge'"'tis negative edge. 
3. 0 = Logic LOW, 1 = Logic HIGH, X = Don't C~re. 

Table 2. AD7543 Truth Table 

Notes 

2,3 

2,3 

2,3 

2,3 

3 

1,3 

3 

3 
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APPLYING THE AD7543 
UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 
Figure 6 shows the analog circuit connections required for uni
polar binary (2-quadrant multiplication) operation. The logic 
inputs are omitted for clarity. With a dc reference voltage or 
current (positive or negative polarity) applied at pin 15, the 
circuit is a unipolar D/A converter. With an ac reference volt
age or current (again of + or - polarity) the circuit provides 
2-quadrant multiplication (digitally controlled attenuation). 
The input/output relationship is shown in Table 3. 

R1 provides full scale trim capability [i.e.-load the DAC 
register to 1111 11111111, adjust R1 for VOUT = -VREF 
(4095/4096)]. Alternatively, Full Scale can be adjusted by 
omitting R1 and R2 and trimming the reference voltage 
magnitude. 

C1 phase compensation (lOpF to 25pF) may be required for 
stability when using high speed amplifiers.(C1 is used to can
cel the pole formed by the DAC internal feed~ack resistance 
and output capacitance at OUT1). 

Amplifier Al should be selected or trimmed to provide 
Vos ~ 10% of the voltage resolution at VaUT' Additionally, 
the amplifier should exhibit a bias current which is low over 

.10V Voo 
VREF +5V 

DGND AGND 

NOTES 
1. LOGIC INPUTS OMITTED FOR CLARITY. 
2. SEE APPLICATION HINT NO.4. 

Figure 6. Unipolar Binary Operation (2-Quadrant 
Multiplication) 

BINARY NUMBER IN 
DAC REGISTER ANALOG OUTPUT, VOUT 

MSB LSB 

1111 1111 1111 (4095) -VREF 4096 

1000 0000 0000 -V ( 2048~= -1/2 VREF REF 4096 

0000 0000 0001 -VREF( 40
1
96) 

0000 0000 0000 OV 

Table 3. Unipolar Binary Code Table for Circuit of Figure 6 
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the temperature range of interest (bias current causes output 
offset at VOUT equal to IB times the DAC feedback resistance, 
nominally 15HZ). The AD544L is a high-speed implanted 
FET-input op amp with low, factory-trimmed Vas. 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
Figure 7 and Table 4 illustrate the circuitry and code relation
ship for bipolar operation. With a dc reference (positive or 
negative polarity) the circuit provides offset binary operation. 
With an ac reference, the eleven LSBs provide digitally con
trolled attenuation of the ac reference while the MSB pro
vides polarity control. 

With the DAC register loaded to 1000 0000 0000, adjust R1 
for VauT = OV (altetnatively, one can omit R1 and R2 and 
adjust the ratio of R3 to R4 for VaUT = OV). Full scale trim
ming can be accomplished by adjusting the amplitude OfVREF 
or by varying the value of R5. . 

As in unipolar operation, Al must be chosen for low Vas and 
low lB. R3, R4 and R5 must be selected for matching and 
tracking. Mismatch of 2R3 to R4 causes both offset and Full 
Scale error. Mismatch of R5 to R4 to 2R3 causes Full Scale 
error. C1 phase compensation (lOpF to 25pF) may be re
quired for stability. 

.10V Voo 
VAEF +5V 

15 

AGND 

NOTES 
1. LOGIC INPUTS OMITTED FOR CLARITY. 
2. SEE APPLICATION HINT NO.4. 

VOUT 

Figure 7. Bipolar Operation (4-Quadrant Multiplication) 

BINARY NUMBER IN 
DAC REGISTER ANALOG OUTPUT, VOUT 

MSB LSB 

1111 1111 1111 (2047 ) +VREF 2048 

1000 0000 0001 +VREF(2i48 ) 

1000 0000 0000 OV 

0111 1111 1111 -VREF(z0~8 ) 
0000 0000 0000 (2048 ) -VREF 2048 

Table 4. Bipolar Code Table for Offset Binary Circuit of 
Figure 7 



APPLICA nON HINTS 
The AD7543 is a precision 12-bit multiplying DAC designed 
for serial interface. To ensure system performance consistent 
with AD7543 specifications, ~areful attention must be given to 
the following points: 
1. GENERAL GROUND MANAGEMENT: Voltage differen

ces between the AD7543 AGND and DGND cause loss of 
accuracy (de voltage difference between the grounds intro
duces gain error. AC or transient voltages between the 
grounds cause noise injection into the analog output). The 
simplest method of ensuring that voltages at AGND and 
DGND are equal is to tie AGND and DGND together at the 
AD7543. In more complex systems where the AGND
DGND connection is on the back-plane, it is recommended 
that diodes be connected back-to-back between the AD7 543 
AGND and DGND pins to prevent possible device damage. 

2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a differ
ential nonlinearity term at the amplifier output of magni
tude 0.67 Vos (Vos is amplifier input offset voltage). This 
differential nonlinearity term adds to the R/2R differential 
nonlinearity. To maintain monotonic operation, it is rec
ommended that amplifier Vos be no greater than 10% of 
the DAC's output resolution over the temperature range of 
interest [output resolution = VREF 2-n where n is the 
number of bits exercised] . 

3. HIGH FREQUENCY CONSIDERATIONS: AD7543 out
put capacitance works in conjunction with the amplifier 
feedback resistance to add a pole to the open loop response. 
This not only reduces closed loop bandwidth, but can also 
cause ringing or oscillation if the spurious pole frequency is 
less than the amplifier's OdB crossover frequency. Stability 
can be restored by adding a phase compensation capacitor 
in parallel with the' feedback resistor. 

4. GAIN TEMPERATURE COEFFICIENTS: The gain temper
ature coefficient of the AD7543 has a maximum value of 
5ppmtC and a typical value of 2ppm/oC. This corresponds 
to gain shifts of 2.0LSBs and 0.82LSBs respectively over a 
100° C temperature range. When trim resistors are used to 

AD7543 INTERFACE TO MC6800 
In this example, it is assumed that the I2-bit data is con
tained in two memory locations (0000 and 0001). The four 
most significant bits are assumed to occupy the lower half of 
memory location 0000. The eight least significant bits occupy 
memory location 0001. The data is presented bit by bit on the 
D7 line and strobed into the AD7543 by executing memory 
write instructions. In this case the strobe signal (STBI) is sup
plied by decoding address 2000, R/W and (jJ2. A memory write 
instruction to a different address (4000) loads the data from 
Register A to the DAC register. 

Figure 8 shows the interface circuitry and Table 5 gives a 
listing of the procedure. 

Applications 
adjust full-scale range as shown in Figures 6 and 7 the 
temperature coefficient of Rl and R2 should be taken 
into account. It may be shown that the additional gain 
temperature coefficients introduced by R1 and R2 may 
be approximately expressed as follows:-

Temperature Coefficient 
contribution due to R1 _..&.. ('Yl + 300) 

RIN 

Temperature Coefficient = + ~ 
contribution due to R2 RlN ('Y2 + 300) 

5. For additional information on multiplying DACS refer 
to "Application Guide to CMOS Multiplying D/A Con
verters". Publication Number G4 79-15 -8/7 8, available 
from Analog Devices. 

Where 'Yl and 'Y2 are the temperature coefficients in ppmtC 
of R1 and R2 respectively and RlN is the DAC input resist
ance at the VREF terminal (pin 2). For high quality wire
wound resistors and trimming potentiometers 'Y is of the order 
of 50ppmtC. It will be seen that if R1 and R2 are small com
pared with RlN, their contribution to gain temperature coef
ficient will also be small. For the standard AD7543 gain error 
specification of±12.3LSBsitis recommended that R1 = 120n 
and R2 = 60n. With 'Y = 50 these values result in an overall 
maximum gain error'temperature coefficient of: 

5 + 0.~6 (50 + 300) = 8ppmfC 

However, if the AD7543GTD is used which has a specified 
gain error of ±lLSB, then with RI = Ion and R2 = 5n the 
overall maximum gain temperature coefficient is increased by 
only 0.25ppmtC. Where possible R1 should be a select on 
test fixed resistor since the resultinggai!1 tempe~ature coeffi
cient will be tighter in all cases. For further gain T.C. informa
tion refer to application note,"Gain Error and Gain Tempera
ture Coefficients of CMOS Multiplying DACs", Publication 
Number E630-10-:-6/81 available from Analog Devices. 

ADDRESS BUS (16) 
AO-15 

R/W 
I--------~ El 

6800 92 
~-------~ 

DO~-----__ ---+_~~-~ 

D71-----.-----+-~~~~ 

+5Vo------<~ 

FROM SYSTEM RESET----------' 

ADDRESS (16) 

DATA (8) 

Figure 8. AD7543-MC6800 Interface 
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LABEL MNEMONIC OPERAND COMMENT 

LDA B,04 
LDA A,OOOO Load 4 Most Significant Bits 

LOOP ROL A Reposition the Data 
DEC B in ACC A 
BNE LOOP 
LDA B,04 
BSR SHIFT Output Data 
LOA B,08 
lOA A,OOOI Load 8 Least Significant Bits 
BSR SHIFT Output Data 
STA A,4000 Load DAC Register 
RTS Return to Main Program 

SHIFT STA A,2000 Strobe Data 
ROL A into AD7543 
DEC B 
BNE SHIFT 
RTS 

Table 5. ,Sample Routine for AD7543-MC6800 Interface 

LABEL MNEMONIC OPERAND COMMENT 

MVI 
B,OS ] 

Shift Data Up to 
LOOP CALL !HIFT Most Significant 

DCR Segment of HL with 
JWZ LOOP MSB as Carry 
MVI B,aC, 

LUP MVI A,80 SOD Enable in ACC 
RAR Shift in MSB of H 
SIM Set Interrupt Mask 
STA 8000 Strobe Data into AD7543 
CALL SHIFT Get Next Bit into Carry 
DCR B 
JNZ LUP Go Back if Not Finished 
STA AOOO Load DAC Register of AD7543 
RET Return to Main Program 

SHIFT MOV A, L Shift Hand L Left 
RAL One Place and 
MOV L'A] Leave Uppermost Bit 
MOV A,H of H in Carry 
RAL 
MOV H,A 
RET 

Table 6. Sample Routine for AD7543-8085 Interface 
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AD7543 INTERFACE TO MCS-85 
Figure 9 shows the AD7543 interfaced to the 8085. This sys
tem makes use of the serial output facility (SOD) on the 8085. 

The data is presented serially on the SOD line and 'strobed 
into the AD7543 by executing memory write instructions. 
In this example the strobe signal STB2) is supplied by decod
ing address 8000 and WR. A memory write instruction to a 
different address (AOOO) loads the DAC Register with Register 
A data. Table 6 gives a listing of this procedure. Note, it is 
assumed that the required serial data is already present in 
right-justified format in Registers Hand L when this proce
dure is implemented. 

ADDRESS (16) 

ALE 

8085 

Wii ..... --+-+----~ 

DATA (8) 

OODr-------~ 

Figure 9. AD7543-8085 Interface 



r.ANALOG 
WDEVICES 

PRELIMINARY TECHNICAL DATA 
FEATURES 
±1/2LSB Nonlinearity from Tmin to Tmax 
Monotonicity Guaranteed for 11- and 12-Bit Versions 
Twelve-Bit Wide, Six-Word Deep First-In First-Out (FIFO) 

Buffer Memory 
FIFO Status Flags for Input/Output Handshaking 
Directly Interfaces with 16-Bit Microprocessors 
Low Gain Drift, Typically 2ppmfC 
±1 LSB max Gain Error 
Latch -Up Proof 
Single +5V Supply 

GENERAL DESCRIPTION 
The AD7544 is a 12-bit monolithic CMOS DAC with a 12-bit 
wide, 6-word deep, First-In First-Out (FIFO) Register stack. 
Twelve-bit words are written to the top of the stack under the 
control ofWR (Write) and WREN (Write Enable). The 12-bit 
word then falls through the stack into the last empty register 
nearest the bottom of the stack. ,Hence, the stack is full after 
six write instructions. There are two status flags associated 
with the stack, SFUL (Stack Full) and SAMT (Stack Almost 
Empty, one word remaining). 

The contents of the stack can be rolled down towards the DAC 
register under control of RL (Roll) and RLEN (Roll ENable). 
The DAC register, under control of LDAC (Load DAC), may 
be loaded with either word 1 or word 2 of the stack depending 
upon the word-selector control input WIIW2. System Reset 
RST loads aliOs into the DAC register and resets the stack 
register control flip-flops to allow a full six-word load operation. 

ORDERING INFORMATION 

Relative 
Accuracy Gain Error o to +70

o
C (Tm., to Tmax > +2SoC 

±1LSB ±12.3LSBs AD7S44jN 
±1I2LSB ±12.3LSBs AD7544KN 
±1/2LSB ±lLSB AD7S44GKN 

PACKAGE IDENTIFICATION1 

Suffix D: Ceramic DIP - (D288) 
Suffix N: Plastic DIP - (N28A) 

Temperature Range 

-2SoC to +8SOC 

AD7S44AD 
AD7544BD 
AD7544GBD 

I See Section 20 for outline information. 

_SSoC to +12SoC 

AD7544SD 
AD7S44TD 
AD7544GTD 

CMOS 
12-Bit, 6 Word, FIFO, OAC 

AD7544 I 
AD7544 FUNCTIONAL BLOCK DIAGRAM 

III 

28-PIN DIP 

PIN CONFIGURATION 
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SPECIFICATIONS (VOO=5V, VREF=+10V, VOUTl = VOUT2=OV unless otherwise noted) 

Parameter 

ACCURACY 
Resolution 
Relative Accuracyl 

IN, AD, SD Versions 
KN, BD, TD Versions 
GKN,GBD, GTD Versions 

Differential Nonlinearityl 
jN, AD, SD Versions 
KN, BD, TD Versions 
GKN, GBD, GTD Versions 

Gain Errorl 

jN, KN,AD, BD, SD, TD 
GKN,GBD, GTD 

Gain Temperature Coefficient 
lIGain//::'Temperature 

Power Supply Rejection 

Limit At 
TA =+25°C 

12 

±I 
±1/2. 
±1/2 

±2 
±I 
±I 

±12.3 
±I 

lIGain//::'VDD 0.002 
Output Leakage Current 

loUT! (Pin 4) 
louT2 (Pin 5) 

DYNAMIC PERFORMANCE 
Propagation Delayl 185 

Stack Propagation Delay 1.26 

Digitial Charge Injection1 

Multiplying Feedthrough Error2 

REFERENCE INPUT 
Input Resistance (Pin 2) 
Input Resistance Temperature 

Coefficient 

ANALOG OUTPUTS 
Output Capacitance3 

C"()UTl 
C"()UT2 
C"()UTl 
C"()UT2 

DIGITAL INPUTS 
VIH (Input High Voltage) 
VIL (Input Low Voltage) 
liN, Input Current4 

700 
2.S 

7/12/20 

-300 

75 
260 
260 
75 

3.0 
0.8 
1 
8 

LimitAt l 

TA = 0, +70
0

C, 
_25°C & +85°C 

12 

±I 
±1/2 
±112 

±2 
±I 
±I 

±13.5 
±I 

0.01 

10 
10 

230 

1.4 

700 
2.S 

7/12/20 

-300 

75 
260 
260 
7S 

3.0 
0.8 
1 
8 CIN, Input Capacitance3 

Input Coding Binary or Offset Binary 

DIGITAL OUTPUTS 
VOH (Output High Voltage) 
Vgr (Output Low Voltage) 

SWITCHING CHARACTERISTICS· 

tWR 
tWRS 
tWRH 
tWDS 
tWDII 
tWMT 
tWFL 
tRL 
tRLS 
tRLH 
tRFL 
tRMT 
tLDAC 
twss 
tWSH 
tRST 

POWER SUPPLY 
VDD 
IDD 

NOTES 

+4.0 +4.0 
+0.6 +0.8 

7S 7S 
0 

0 0 
220 290 
270 320 
400 500 
320 420 
75 75 
0 0 
0 0 
1.1 1:3 
380 500 
120 160 

135 165 
0 0 
75 100 

+5 +5 
2 2 
100 SOO 

I Temperature range as follows: IN, KN. LN, GKN Versions: 0 to +70°C 

• See definition on next pag •. 

AD, BD, CD, GBO Versions: - 2SoC to +8SoC 
SD, TO, UD, GTD Versions: -SSoC to +12SoC 

LimitAt l 

TA = _55°C 
& +125°C 

12 

±I 
±112 
±1/2 

±2 
±I 
±I 

±14.S 
±2 

0.01 

200 
200 

250 

1.6 

700 
2.S 

7/12/20 

-300 

7S 
260 
260 
75 

3.0 
0.8 
I 
8 

+4.0 
+0.8 

95 
0 
0 
330 
375 
600 
450 
95 
0 
0 
1.44 
580 
180 
230 
0 
140 

+5 
2 
500 

Units 

Sits 

loSS max 
loSS max 
LSB max 

LSS max 
LSS max 
LSB max 

LSB max 
loSS max 

ppmtc max 

% per % max 

nA max 
nA max 

ns max 

/.lsmax 

nVsecs typ 
mV p-p max 

H~ min/typ/max 

ppmtC typ 

pI' max 
pI' max 
pI' max 
pI' max 

Vmin 
Vmax 
/.lAma~ 

pF max 

Vmin 
Vmax 

nsmin 
nsmin 
nsmin 
nsmax 
nsmin 
nsmax 
nsmax 
nsmin 
nsmin 
nsmin 
/.lsmax 
nsmax 
nsmin 
nsmin 
nsmin 
nsmin 

V 
rnA max 
/.lAmax 

'Guaranteed but not tested. 

Conditions/Comments 

Monotonic to 11 bits from Tmin to Tmax . 
Monotonic to 12 bits from Tmin to Tmax 
Mor-otonic to 12 bits from Tmin to Tmax 

Using internal RFB only (gain error can be 
trimmed to zero using circuits of Figures 4 & S) 

Typical value is 2ppmi"C 

VDD = +4. 75V to +5.25V 

DAC Register loaded with all Os 
DAC Register loaded with all Is 

loUT! load = lOOn, CEXT = BpI'. Measured 
from LDAC (Pin 26) going high to 90% of final 
output current for a full-scale change. 
loUT! load = lOOn, CEXT = BpI'. LDAC held 
IIlGII. Measured from WR (Pin 20) going high 
to 90% of final output current for a full-scale 
data' input change. ' 
Typical value included for design guidance only 
VREF = ±10V, 10kHz Sine Wave 

DAC Register loaded with all Os 

DAC Register loaded with all Is 

VIN = OV or VDO 

See Tables 5 & 6 

ISOURCE = -40/.lA 
ISINK = 1.6mA 

Write Pulse Width 
Write Enable Setup Time 
Write Enable Hold Time 
Write to Data Setup Time 
Write to Data Hold Time 
Stack Almost Empty Flag LOW Response Time 
Stack Full Flag HIGH Response Time 
Roll Pulse Width 
Roll Enable Setup Time 
Roll Enable Hold Time 
Stack Full Flag LOW Response Time 
Stack Almost Empty Flag HlGII Response Time 
Load DAC Pulse Width 
Word Select Setup Time 
Word Select Hold Time 
Reset Pulse Width 

Digital Inputs = VIH or VIL 
Digital Inputs = OV or VDD 

• Logic inputs are MOS gates. Typical input current at +2SoC is InA. 
• Sample tested at +2SoC to ensure compliance. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS· 
(TA = +2S

o
C unless otherwise noted) 

Voo to DGND .......................... OV, +7V 
Voo to AGND .......................... OV, +7V 
AGND to DGND ........................... ±Voo 
DGND to AGND .................. , ........ ±Voo 
Digital Input Voltage to DGND 

(pins 7 - 21,24 - 27) ................. -0.3V, +lSV 
Digital Output Voltage to DGND 

(pins 22,23) ....................... -0.3V, +1SV 
VPIN4, VPIN5 to AGND ................. -0.3V, +lSV 
VREF to AGND ........................... ±2SV 
VRFB to AGND ........................... ±2SV 

·Stresses 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 condition 

Operating Temperature Range 
IN, KN, GKN Versions ................. 0 to +70°C 
AD, BD, GBD Versions ...... , ....... -25°C to +8S

o
C 

SD, TD, GTD Versions ...... , ...... -55°C to +12S
o
C 

Storage Temperature Range ..... , ...... -65°C to +1S0
o
C 

Lead Temperature (Soldering, 10 secs) .......... +300°C 
Power Dissipation (Package) 

Plastic (Suffix N) 
to +SOoC ............. , ............ 1200mW 

Derate Above +50
o
C by .... , , ........... 12mW/C 

Ceramic (Suffix D) 
to +50°C ............. , ............ 1000mW 

Derate Above +50
o
C by ..... , ........... lOmW/C 

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:--------------------------------------------------------
WARNING! 0 ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect

ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The foam 
should be discharged to the destination socket before devices are removed. ~~OEVICE 
TERMINOLOGY 

RELATIVE ACCURACY 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero and full scale and is nonnally expressed as a 
percentage of full-scale range. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the mea
sured change and the ideal 1LSB change between any two 
adjacent codes. A specified differential nonlinearity of ±1 
LSB max over the operating temperature range ensures mono
tonicity. 

GAIN ERROR 
Gain error or full-scale error is a measure of the output error 
between an ideal DAC and the actual device output. For the 
AD7544, ideal full-scale output is VREF -1LSB. Gain error is 
adjustable to zero. 

DIGITIAL CHARGE INJECTION 
The amount of charge injected from the digital inputs to the 
analog output when the inputs change state. This is normally 

specified as the area of the glitch in either pA sccs or, nV sees • 
depending upon whether the glitch is measured as a current ur 
voltage signal. Digitial charge injection is measured with the 
reference input of the DAC connected to ground. 

PROPAGATION DELAY 
This is a measure of the internal delays of the circuit and is 
defined as the time from LDAC going high to the analog out
put current reaching 90% of its final value for a full-scale 
change. 

FSR 
This is an abbreviation for Full Scale Range. For a 12-bit con
verter with a reference input of 10V theFSR is lO X (40951 
4096) Volts. 

OUTPUT LEAKAGE CURRENT 
Current which appears at OUT1 with DAC Register loaded to 
aliOs or at OUT2 with DAC Register loa~ed to all Is. 

MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feedthrough from VREF terminal 
to OUT1 with DAC register loaded to all Os., 
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Pin Pin 
No. Name _ Function No. Name Function 

1 VDD +5V Supply 18 DO Data Input (LSB) 

2 VREF ±20V Reference Voltage 19 RST Reset, when low resets DAC Register and stack control 

3 RFB DAC Feedback Resistor flip-flops to zero. 

4 lOUT! Output from R-2R Ladder 20 WR Write, with WREN low, the trailing edge of WR loads data 

5 . IOUT2 Output from R-2R Ladder 
into the lowest available empty register of the stack. 

21 WREN Write Enable. 
6 AGND Analog Ground 

22 SFUL Stack Full Flag. When HIGH, indicates stack is full. When 
7 D11 Data Input (MSB) LOW, indicates less than six words remain in stack. 
8 D10 Data Input 23 SAMT Stack Almost Empty Flag. When HIGH, indicates one word 
9 D9 Data Input or less remains in the stack. When LOW, indicates more than 

10 D8 Data Input one word contained in the stack. 

11 D7 Data Input 24 RL Roll, with RLEN low the trailing edge of RL rolls information 

12 06 Data Input 
down the FIFO stack past the register data-selector. 

13 D5 Data Input 
25 RLEN Roll Enable. 

14 D4 Data Input 
26 LDAC Load DAC. Loads information from one of two stack registers 

into the DAC register (see W1 iW2 ). 
15 D3 D3;ta Input 27 W1 tW2 WORD1(WORD2. A HIGH enables WORD 1 through the data-
16 D2 Data Input selector, a LOW enables WORD 2. 

17 D1 Datalnput 28 DGND Digital Ground. 

Table 1. Pin Function Description 
AD7544 OPERATION 
The AD7544 FIFO stack consists of six 12-bit Data Registers 
as shown in the Functional Block Diagram. Internally a Stack 
Register is considered to be empty if the output from its con
trol flip-flop, FFN (Figure 1), is LOW. After a Reset Signal 
RST all control flip-flops are reset LOW and the DAC Register· 
is loaded with all,Os. 

Twelve-bit data is written into the stack by exercising WR and 
WREN. Initially, this data is latched into the top Register of 
the stack (Register 6) and the output of the FF6 control flip
flop momentarily goes HIGH. If at this instant the output of 
FF5 is LOW then FF6 subsequently returns LOW. FF6 re
turning LOW sets the output of FF5 momentarily HIGH and 
in doing so loads data from Register 6 into Register 5. This 
process is repeated down the stack until the input data reaches 
Register 1, FF1 going HIGH and remaining HIGH. Note that 
the SAMT flag, which was set HIGH after the Reset RST, is 
unchanged. Register 1 is now no longer affected by subsequent 
write operations. Although all the other Stack Registers have 
the data of Register 1 in them, their control flip-flops are Low 
hence this data can be overwritten. The next Write operation 
initiates a similar sequence of events with data falling through 
to Register 2. The SAMT flag now goes LOW. After four fur
ther Write operations, the SFUL flag is set HIGH indicating 
the stack is full. See Table 2 and Functional Block Diagram. 

By exercising RLEN and RL the output of the FF 1 Control 
flip-flop is reset LOW. Register 1 will now appear empty and a 
roll-down sequence similar to that described above is initiated 
automatically. The data originally in Register 1 is lost and the 
SFUL flag is reset LOW. See Table 3 and Figure 1. Although 
not shown in Table 2 or Table 3 any arbitrary sequence of 
stack Write and Roll operations i~ permissible. 

Data from Register lor Register 2 (selected by W l!W2 control) 
may be loaded into the 12-bit DAC Register by exercising 
LDAC. See Table 4 and Figure 2. Note that a load DAC opera
tion does not affect w<?rd positions in the stack hence stack 
flags, SFUL and SAMT, remain unchanged. LDAC is a level
triggered (as opposed to edge-triggered) control signal. 
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WRITE TIMING 
The ripple-through nature of the stack leads to an apparent 
time skew (or delay) between Write signals and valid input 
data. Due to this delay, the inpu t data to the device need not 
be valid on the trailing edge of WR (the normal constraint 
when writing) but must be valid some time later, twos. This 
point is illustrated in the Functional Block Diagram. Input. 
data must remain valid for some time after twos max to allow 
the input latches to settle with the correct data. The hold time 
has been specified from the trailing edge of WR to the- mini
mum data settling time required-twoH min-thus incorporating 
the internal time skewing. See Functional Block Diagram. 

SAMT FLAG TIMING 
Referring to the AD7544 Functional Diagram, the Stack 
Almost Empty (SAMT) flag is derived from a five-input 
NOR gate monitoring control flip-flops FF2 through FF6. 
After a RST signal all control flip-flop outputs are reset LOW 
and the SAMT flag is HIGH. When the first 12-bit word is 
written to the top of the stack, Register 6 control flip-flop 
momentarily goes HIGH as previously explained. The SAMT 
flag will go LOW and remain LOW while the word propagates 
down the stack. When the inpu t data is finally latched in the 
Register 1 position, flip-flops FF2 through FF6 are again LOW 
and the SAMT flag will return HIGH. When the second word 
is written to the top of the stacl~, SAMT goes LOW and remains 
LOW since the word will fall-through to Register 2, FF2 go
ing HIGH and remaining HIGH. Notice that SAMT flag 
behavior is dependent upon the Write frequency. If the time 
between Write cycles- is less than the stack propagation delay 
(typ 2p.s), then the SAMT flag will go LOW after the firstWR 
signal and remain LOW since the next word will start falling
through before the first word has reached Register 1. If the 
SAMT flag is used as an interrupting input to the system 
microprocessor (rising edge triggered), the interrupt input 
should be masked during writing to avoid an erroneous inter
rupt call. During roll operations the interrupt mask should be 
removed since there is no possibility of glitches on the flag 
output. 



STACK OPERATIONS-WRITING TO THE FIFO STACK 

Data Output 
FIFO Stack Control Inputs Input Resulting Stack Register Contents Flags 

Operation RLEN RL WREN WR RST DO-Dl1 R6 RS R4 R3 R2 Rl SFUL SAMT 

Clear DAC Latch, Reset Stack F IFs X X X X 0 X 

Write Word A into Stack 

Write Word B into Stack 

Write Word C into Stack 

Write Word D into Stack 

Write Word E into Stack 

Write Word F into Stack 

Write Word G into Stack 

NOTES 
1 indicates logic HIGH 
o indicates logic LOW 
X indicates "don't care" 

1 X 0 S 1 A 

1 X 0 J' 1 B 

1 X 0 .I 1 C 

1 X 0 S 1 D 

1 X 0 J 1 E 

1 X ·0 ..I 1 F 

1 X 0 J 1 G 

® ' @ ,® etc. indicates data which can be overwritten 

J indicates LOW to HIGH transition 

L indicates HIGH to LOW transition 

®® ® ® ® ® 0 1 

® ® ® ® ® A 0 1 

® ® ® ® B A 0 L 
© © © C B A 0 0 

@~ D C B A 0 0 

® E D C B A 0 0 

F E D C B A .I 0 

F E D C B A 1 0 

Table 2. Truth Table for Stack Write Operations 

WREN 
(PIN 211 

tWRS-+-_~-

�,-------- Vee 

_-------- Vee 
ViR 

(PIN 201 
~---JI·---------o 

DATA . V,H Vee 
t

weS9= 
(PINS7-181_____________ V,l 

~tweH 0 

SAMT 
(PIN 231 

----------....;...--....... Vee 

II--~----Vee 

(~~~~I __ (S_T_AC_K_P_~_I~_~W_~_~_6_;O_N_TA_I_NS_) __ , _____________ __ 

Figure 1. Timing Diagram for Write Operations 

ROLLING THE FIFO STACK 

FIFO Stack Control Inputs 

Operation RLEN RL WREN WR RST 

Roll Down1 0 S 1 X 1 

Roll Down 0 S 1 X 1 

Roll Down 0 J 1 X 1 

Roll Down 0 J 1 X 1 

Roll Down 0 J 1 X 1 

Roll Down 0 J 1 X 1 

Roll Down 0 J 1 X 1 

Note 
1 Initially stack registt:rs Rl to R6 contain words A to F respectively. 
See Table 2 notes. 

RLEN 
(PIN251 

j'f[ 
(PIN 241 

SFUL 
(PIN 221 

(STACK ~~~~IOUSL Y) 

,------- Vee 

-..;,..------ Vee 

----Vee 

I------vee 

Figure 2. Timing Diagram for Stack Roll Operations 

Data Output, 
Input Resulting Stack Register Contents Flags 

DO - Dl1 R6 RS R4 R3 R2 Rl SFUL SAMT 

X ® F E D C B '--- 0 

X ® ® F E D C 0 0 

X ® ® ® F E C 0 0 

X ® ® ® ® F E 0 0 

X ® ® ® ® ® F 0 J 
X ® ® ® ® ®® 0 1 

X ® ® ® ® ® ® 0 1 

Table 3. Truth Table for Stack Roll Operations 
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LOADING THE DAC 

DAC Control Inputs 

Operation WltW2 ' WAC RST DACOutput 

Load DAC Register with all "O"s X X 0 Unipolar Mode; Output Assumes OV 
Bipolar Mode; Output Assumes -VREF 

Load DAC Register from 
Word 1 Register 1 1 1 DAC Converts Word 1 

Load DAC Register from 
Word 2 Register 0 1 1 DAC Converts Word 2 

Table 4. Truth Table for DAC Register Loading 

WltW2 
(PIN 27) ------' 

Voo 

1---1------ Voo 
LDAC 

(PIN26) _______ J 

Figure 3. Timing Diagram for DAC Register Loading 

APPLYING THE AD7544 

UNIPOLAR BI,NARY OPERATION 
. (2-QUADRANT MULTIPLICATION) 
Figure 4 shows the analog circuit conn.ections required for uni
polar binary (2-quadrant multiplication) operation. The logic 
inputs are omitted for clarity. With a dc reference voltage or 
current (positive or negative polarity) applied at pin 2, the 
circuit is a unipolar D/A converter. With an ac reference volt
age or current the circuit provides 2-quadrant multiplication 
(digitally controlled attenuation). The input/output relation
ship is shown in Table 5. 

R1 provides full scale trim capability [i.e.-load the DAC 
register to 1111 1111 1111. adjust R 1 for VOUT = -VREF 
(4095/4096»). Alternatively. Full Scale can be adjusted by 
omitting R 1 and R2 and trimming the reference voltage 
magnitude. 

Phase compensation capacitor Cl (10 to 25pF) may be re
quired for stability when using high speed amplifiers. This 
capacitor cancels the pole formed by the DAC internal feed
back resistance and output capacitance at QUTI. 

Amplifier Al should be selected or trimmed to provide 
Vos ~ 10% of the voltage resolution at VOUT. Additionally. 
the amplifier should exhibit a bias current which is low over 
the temperature range of interest. Bias current causes an out
put offset at Your equal to IB times the DAC feedback re
sistance (nominally 15H2-). The AD544L is a high-speed 
implanted FET-input op amp with low, factory-trimmed Vos, 
and low lB. 

!10V Voo 
VREF +5V 

DGND AGND 

NOTES, 1. LOGIC INPUTS OMITTED FOR CLARITY 
2, SEE APPLICATION HINT NUMBER' 

Figure 4. Unipolar Binary Operation (2-0uadrant 
Multiplication) . 
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NOTE: All input signal rise and fall times measured from 
10% to 90% of VDD• tr = tf = 20ns. Timing Measure-

. ment Reference level is VIH + VII 
2 

BINARY NUMBER IN 
DAC REGISTER 

MSB LSB' 

111111111111 

ANALOG OUTPUT, VOUT 

(
4095) -VREF 4096 

1000 0000 0000 -VREF( ~g;~~= -112 VREF 

0000 0000 0001 -VREF ( 40
1
96) 

0000 0000 0000 OV 

Table 5, Unipolar Binary Code Table for Circuit of Figure 4 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
Figure 5 and Table 6 illustrate the circuitry and code relation
ship for bipolar operation. With a de reference (positive or 
negative polarity) the circuit provides offset binary operation. 
With an ac reference, the eleven LSBs provide digitally con
trolled attenuation of the ac reference while the MSB provides 
polarity control. 

With the DAC register loaded to 1000 0000 0000, adjust R1 
for VOUT = OV (alternatively, one can omit Rl and R2 and 
adjust the ratio of R3 to R4 for VOUT = OV). Full scale 
trimming can be accomplished by adjusting the amplitude of 
VREF or by varying the value of R5. 

'10V Voo 
VREF +5V 

AGND 

NOTES, 1. LOGIC INPUTS OMITTED FOR CLARITY 
2. SEE APPLICATION HINT NUMBER 4 

VOUT 

Figure 5. Bipolar Operation (4-0uadrant Multiplication) 



As in unipolar operation, Al must be chosen for low Vas and 
low lB' R3, R4 and R5 must be selected for matching and 
tracking. Mismatch of 2R3 to R4 causes both offset and FuJI 
Scale error. Mismatch of R5 to R4 and 2R3 causes Full Scale 
error. Cl phase compensation (10 to 25pF) may be required 
for stability. 

BINARY NUMBER IN 
DAC REGISTER 

MSB LSB 

111111111111 

1000 0000 0001 

1000 0000 0000 

011111111111 

0000 0000 0000 

ANAI:-OG OUTPUT, VOUT 

+VREF(~g!~ ) 
+VREF(20~8 ) 
OV 

-VREF(20~8 ) 
-VREF(~g!~ ) 

Table 6. Bipolar Code Table for Offset Binary Circuit of 
Figure 5 

CRT VECTOR GENERATION 
The AD7544 can be used for vector generation inleal-time 
CRT displays and intelligent x-v plotters. Figures 6 and 7 
show the wavefonns and circuitry for a vector stroke or vector 
refresh display which generates a graphic display vector by 
vector. This is achieved by adding a linear ramp voltage to 
each starting point coordinate; the amplitude of this ramp 
being the difference between the start and finish coordinates 
of the vector. Two AD7544s are required for each axis. The 
fifth AD7544 in Figure 7 controls the CRT Z-mod inputto 
vary the vector intensity with vector length; the intensity 
data having been previously computed. 

Consider the two X-channel FIFO Registers of XDACI and 
XDAC2 to be simultaneously loaded with X axis coordinates. 
Word 1 (Xl) of XDACI and Word 2 (X2) of XDAC2 are se
lected via the hard wired WlIW2controi inputs. Hence the 
Al output, after loading the DAC registers is, 

Vox:::: -Xl (VREFl) -X2 (VREF2) 

VREFI and VREF2 are the reference voltages for XDACI and 
XDAC2 respectively; 

VREFI :::: VFS - V(t) 

and VREF2 == V(t) 

where VFS is the required full scale output voltage and V(t) 
is a positive ramp voltage of period T and maximum ampli
tude of VFS. See wavefonns of Figure 6. 

Now VOX ==-Xl (VFS) + V(t) (Xl - X2) 
att==O;V(t)==O . 

and Vox == -Xl (VFS) 

at t == T; V(t) == VFS 

and Vox == -X2 (VFS) 

Thus a vector has been generated between Xl and X2. To 
generate the next vector between X2 and X3 the reference 
ramp is reset, both AD7544 stacks are rolled and their DAC 
registers subsequently loaded. The output voltage is now 

Vox:::: -X2 (VREFl) - X3 (VREF2) 

Applications 
Operation of the two V-channel AD7544s is identical to the 
above. During vector generation the constant reference volt
age to the Z-mod AD7544 is multiplied by the appropriate 
brightness data in its DAC register. During ramp resetting . 
and DAC register loading the polarity of this reference volt
age is changed causing screen blanking. 

I-T~ 
VFs 

I 
VREF1 ov-I- __ _ 

I I 
VFS-

1
---

VREF2 I 
ov 

I VECTOR I 
I-GENERATEDI 

v.'" W1~~!'~<;':~V!~"'---------------F 

-: :- ~~~~~~~~i'T~~~DA~?: 
DAC REGISTER LOADING 

Figure 6. CRT Vector Generation Waveforms 

VREF1 

VREF2 

12·BIT DATA BUS 
TO ALL DEVICES 

WRENZ-------~ 

RST TO PIN 19 OF EACH DEVICE t 
WR TO PIN 20 OF EACH DEVICE 

Vox 

VOy 

Voz 

~---~~~~~~~ 
LDAC __ ---..!~:.:.:..!:::..::.:...=..:::~=~ 

RLEW OF EACH DEVICE 
IS TIED TO DGND 

Figure 7. CRT Vector Generation Application 

APPLICATION HINTS 
The AD7544 is a precision l2-bit multiplying DAC designed 
for system interface. For a detailed description of multiplying 
DACs the reader is referred to Analog Devices "Application 
Guide to CMOS Multiplying D/A Converters". To ensure 
system perfonnance consistent with AD7544 specifications, 
careful attention must be given to the following points: 
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1. GENERAL GROUND MANAGEMENT: Voltage differen
ces between the AD7544 AGND and DGND cause loss of 
accuracy (dc voltage difference between the grounds intro
duces gain error. AC or transient voltages between the 
grounds cause noise injection into the analog output). The 
simplest method of ensuring that voltages at AGND and 
DGND are equal is to tie AGND and DGND together at the 
AD7544. In more complex systems where the AGND
DGND intertie is on the back-plane, it is recommended 
that diodes be connected back-to-back between the 
AD7544 AGND and DGND pins (lN914 or equivalent). 

2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a diff
erential nonlinearity term at the amplifier output of magni
tude 0.67Vos (Vos is amplifier input offset voltage). This 
differential nonlinearity term adds to the R/2R differential 
nonlinearity. To maintain monotonic operation, it is rec
ommended the amplifier Vos be no greater than 10% of 
the DAC's output resolution over the temperature range of 
interest [output resolution = VREF(2-n) where n is the 
number of bits exercised] . 

3. HIGH FREQUENCY CONSIDERATIONS: AD7544 out
put capacitance works in conjunction with the amplifier 
feedback resistance to add a pole to the open loop response. 
This not only reduces closed loop bandwidth, but can also 
cause ringing or oscillation if the spurious pole frequency is 
less than the amplifier's OdB crossover frequency. Stability 
can be restored by adding a phase compensation capacitor 
in p,arallel with the feedback resistor. 
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4. GAIN TEMPERATURE COEFFICIENTS: The gain temper
ature coefficient of the AD7544 has a maximum value of 
5ppm/oC and a typical value of 2ppmtC. This corresponds 
to gain shifts of 2.0LSBs and 0.82LSBs respectively over a 
100°C temperature range. When trim resistors are used to 
adjust full-scale range as shown in Figures 5 and 6 the 
temperature coefficient of R1 and R2 should be taken 
into account. It may be shown that the additional gain 
temperature coefficients introduced by R1 and R2 may 
be approximately expressed as follows:-

Temperature Coefficient 
contribution due to R1 

Temperature Coefficient = + ~ 
contribution due to R2 RIN (12 + 300) 

Where 11 and 12 are the temperature coefficients in ppm/oC 
of R1 and R2 respectively and RIN is the DAC input resist
ance at the VREF terminal (pin 2). For high quality wire
wound resistors and trimming potentiometers 1 is of the order 
of 50ppm/oC. It will be seen that if R1 and R2 are small com
pared with RlN, their contribution to gain temperature coef
ficient will also be small. For the standard AD7544 gain error 
specification of ±12.3LSBs it is recommended that R1 = 120n 
and R2 = 60n. With 'Y = 50 these values result in an overall 
maximum gain error temperature coefficient of: 

5 + ?~6 (50 + 300) = 8ppmfC 

However, if the "G" version of the AD7544 is used which 
has a specified gain error of ±lLSB, then with R1 = 10n and 
R2 :c 5n the overall maximum gain temperature coefficient 
is increased by only 0.25ppmtC. 



r.ANALOG 
WDEVICES 

CMOS 
12-Bit Buffered Multiplying DAC 

FEATURES 
12·Bit Resolution 
Low Gain T.C.: 2ppmfC typ 
Fast TTL Compatible Data Latches 
Single +5V to +15V Supply 
Small20·Pin 0.3" DIP 
Latch Free (Schottky Protection Diode Not Required) 
Low Cost 
Ideal for Battery Operated Equipment 

GENERAL DESCRIPTION 
The AD7545 is a monolithic 12-bit CMOS multiplying DAC 
with on-board data latches. It is loaded by a single 12-bit wide 
word and interfaces directly to most 12- and 16-bit bus sys
tems. Data is loaded into the input latches under the control 
of the CS and WR inputs; tying these control inputs low makes 
the input latches transparent allowing direct unbuffered oper
ation of the DAC. 

The AD7545 is particularly suitable for single supply operation 
and applications with wide temperature variations. 

The AD7545 can be used with any supply voltage from +5V 
to + 15V.'With CMOS logic levels at the inputs the device dis
sipates less than O.5mW for VDD = +5V. 

ORDERING INFORMATION 

Maximum Temperature Range 
Gain Error 

Relative TA = +25°C 
Accuracy Voo = +5V o to +70

o
C -25°C to +85°C1 -S5°C to +12S·C1 

±2LSB ±20LSB AD754S)N AD754SAQ AD7545SD 
±lLSB ±10LSB AD7545KN AD7S45BQ AD7545TD 
±1I2LSB ±5LSB AD7545LN AD7545CQ AD7545UD 
±1I2LSB ±lLSB AD7545GLN AD7545GCQ AD7545GUD 

NOTE: 
'8838 version is available. To order add "/8838" to part number shown. 

AD7545 I 

AD7545 FUNCTIONAL BLOCK DIAGRAM 

PIN CON FIG URA TION 

DB5 

OB11-0BO 
(PINS 4-15) 

PACKAGE IDENTIFICATION 1,2 

Suffix "N": Plastic3 DIP - (N20A) 
Suffix "Q": Cerdip4 - (Q20B) 
Suffix "D": Ceramic DIP - (D20B) 

NOTES 

RFB 

VREF 

Voo 

WR 

cs 
OBO (LSB) 

OB1 

DB2 

OB3 

DB4 

I See Section 20 for package outline information. 
2 Analog Devices is offering the AD7545 in chip carriers, for 

further information contact the factory. 
3 Plastic encapsulated units will be available by early 1982 .. 
4 Analog Devices reserves the right to ship ceramic packages in 

lieu of Cerdip packages. 
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SPECIFICATIONS (VREF = +10V, VOUTl = OV, AGND = DGND unless otherwise specified) 
Voo - +sv Voo - +15V 

Limill Limiu 
Parametrr Version TA· +2S·C Tmln. T_I TA-+25·C Tmin.Tmal Uniu Telt Conditionl/Commenu 

STATIC PERFORMANCE 
Resolution All 12 12 12 12 Bits 

, Relative Accuracy l.A,S t2 t2 t2 t2 LSBmax 
K,B,T tl tl tl tl LSBmax 
L,C, U t1l2 t1/2 t1/2 t1/2 LSBmax 
GL,GC,GU tll2 tll2 t1/2 t1l2 LSBmax 

Differential Nonlinearity l,A,S t4 t4 t4 t4 LSB max 10--Bit Monotonic Tmin to Tmu: 
K,B, T tl tl tl ±1 LSB max 12-Bit Monotonic Tmin to Tmax 
L,C, U tl ±1 tl tl LSB max 12-Bit Monotonic Tmin to Tmll< 
GL,GC,GU tl tl tl tl LSB max 12-Bit Monotonic Tmin to Tmax 

Gain Error (Using Internal RFB)' i,A,s t20 t20 ±2S ±2S LSBmax DAC Register Loaded with, 
K,B, T tl0 tl0 ±IS tiS LSB max 111111111111 
L,C, U ts t6 ±IO tlO LSB max Gain Error is Adjustable Using 
GL,GC,GU tl t2 t6 ±7 LSBmax the Circuiu of Figures 4, S and 6 

Gain T~mpcraNre ~fficicnt3 
llGain/llTemperature AU tS tS tl0 ±to ppm/·C max Typical Value is 2ppmfC for Voo = +5V 

DC Supply Rejection' 
llGain/llVOD All O.QlS 0.03 0.01 0.02 %per%max llVoo =tS% 

Output Leakage Current at OUTI l,K,L.GL 10 SO 10 50 nAmax DBo-DBl1 = OV; WR, CS = OV 
A, B, C,GC 10 50 10 50 nAmax 
S,T,U,GU 10 200 10 200 nAmax 

DYNAMIC PERFORMANCE 
Propagation Delay' (from Digital 

Input Change to 90% 
oun WAD = looSl C!':XT = 13pF4 of fmal Analog Output) All 300 250 nsmax 

Digital Charge Injection All 400 250 nV sec typ VREF = AGND 
AC Feedthrough' 

AtlOUTI All mV p-p typ VREF • ±10V. 10kHz Sine Wave: 

REFERENCE INPUT 
Input Resistance All 7 7 7 7 kSlmin Input ResistanceTC = -3OOppm'·C max 

(Pin 19 to GND) 25 25 2S 2S kSlmax Typical Input Resistance = IlkSl 

ANALOG OUTPUTS 
Output Capacitance' 

DBo-DBll = ov.WR,cs-ov , CoUT! All 70 70 70 70 pFmax 

CoUT! All 200 200 200 200 pF max DBo-DBll = VDO, WR, CS· OV 

DIGITAL INPUTS 
Input High Voltage 

VIH All 2.4 2.4 13.5 13.5 Ymin 
Input Low Voltage 

VIL All 0,8 0.8 1.5 1.5 V max 
Input Current' 

lIN 
Input Capacitanse' 

All tl tl0 tl tlO p.Amax VIN =0 or VOO 

DBo-DBll All S S S pFmax VIN =0 
WR,CS All 20 20 20 20 pFmax VIN-O 

SWITCHING CHARACTERISTICS' 
Chip Select to Write Setup Time All 280 380 180 200 nsmin See Timing Diagram 

tcs 200 270 120 150 ns typ 
Chip Select to Write Hold Time 

tcH All nsmin 
Write Pulse Width 

tWR Ail 250 400 160 240 nsmin . tcS"tWR, tcH;;.o 
17S 280 100 170 nstyp 

Data Setup Time All 140 210 90 120 nsmin 
tDS 100 ISO 60 80 nstyp 

Data Hold Time 
tOH All 10 10 10 10 nsmin 

POWER SUPPLY 
100 All 2 2 2 mAmax All Digital Inputs VIL or Vrn 

100 SOO 100 SOO IiA max All Digital Inputs OV or VOO 
10 10 10 10 p.A typ All Digital Inputs ov or VOO 

NOTES 
I Temperature Ranees .. folJawl: IN, KN.LN,GLN: o to +70°C 4080-0B11- OV toVOO orVDD toOV. • LoJic inputs are MOS .atcs. Typical input current (+2"oC) isac. than 1nA. 

AQ. BQ, CQ. GCQ, -2S·C to +8S·C • FcedthrouJh can be further reduced by connectlDl the metal 'Sample tested at +2t'C to ensure compliance. . 
ST, TO, UO, GUO, -SS·C to +!2S·C lid on the «ramie pack.,. ( .. rflX 0) to DGND. Specifiutions subject to chan,e without notice. 

s This includes the effect of 'ppm max gain TC. 
I Guuanteed but not tested. 
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WRITE CYCLE TIMING DIAGRAM 

CHIP ~r-t-I :' ====~_t_cs ___ ·_I_·_tCH..J~~ VODD 

SELECT· '- ~ 

{-"R~~H--_:DD 
i-tos --I"lto~ 
I==-:: ~ ,-. ___ VOD 

(0~~6:111~ ______ )<t~:~ DATA VALID X""" ___ O 

ABSOLUTE MAXIMUM RATINGS· 
(TA = +2SoC unless otherwise noted) 

Voo to DGND .........•............. -o.3V, +17V 
Digital Input Voltage to DGND ............ ~-0.3V, Voo 
VRFB, VREF to DGND ....................... ±2SV 
VPlNl to DGND ....................... -0.3V, Voo 
AGND to DGND .....................•.. -0.3V, Voo 
Power Dissipation (Any Package) to 75°C ........ 4S0mW 

WRITE MODE: 

MODE SELECTION 

HOLD MODE: 

CS and WR low. OAC responds Either CS or WR high. data bus 
to data bus (OBO-OB11) inputs. (OBO-OB11) is locked out; OAC 

!!Q1ds IlII1.data present when 

NOTES: 
VOD • +5V; t, • tf • 20ns 
VDD • +15V; t, = tt ·40ns 

WR or CS assumed high state. 

All input signal rise and fall times measured from 10% to 

90% of VDD. V +V 
Timing measurement reference level is ~. 

Derates above 75°C by ................... 6mWtC 
Operating Temperature 

Commercial ON, KN, LN, GLN) Grades ..... 0 to +70
o
C 

Industrial (Ao. Bo. Co. GCQ) Grades .... -25°C to +8S
o
C 

Military (SD, TD, UD, GUD) Grades .... -55°C to +12S
o
C 

Storage Temperature ................ -65°C to +1S0oC 
Lead Temperature (Soldering 10 Seconds) ........ +300oC 

·Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation at or above this specification is not implied. Exposure to above maximum rating conditions for extended periods 
may affect device reliability. 

CAUTION: 
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are diode protected; however, 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. 

TERMINOLOGY 
RELATIVE ACCURACY: The amount by which the D/A 
converter transfer function differs from the ideal transfer 
function after the zero and full scale points have been ad
justed. This is an end point linearity measurement. 

DIFFERENTIAL NONLINEARITY: The difference between 
the measured change and the ideal change between any two 
adjll;.cent codes. If a device has a differential nonlinearity of 
less than 1 LSB then it will be monotonic, i.e., the output will 
always increase for an increa~e in digital code applied to the 
D/A converter. 

PROPAGATION DELAY: This is a measure of the internal 
delay of the circuit and is measured from the time a digital 
input changes to the point at which the analog output at 
OUT1 reached 90% of its final value. 

DIGITAL CHARGE INJECTION: This is a measure of the 
amount of charge injected from the digital inputs to the 
analog outputs when the inputs change state. It is usually 
specified as the area of the glitch in nVecs and is measured 
with VREF = AGND and an ADLH0032CG as the output 
op amp, C1 (phase compensation) = 33pF. 
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CIRCUIT INFORMATION - D/A CONVERTER SECTION 
Figure 1 shows a simplified circuit of the D/A converter 
section of the AD7545 and Figure 2 gives an approximate 
equivalent circuit. Note that the ladder termination resistor 
is connected to AGND. R is typically I1kn. 

R R R· R 

2R 

RFB 

'----:� ... -~I ... -I5-"":'I ... --:-1 .... --4 ....... -0 AGNo 

I I I I 
oB10 oB9 oB1 oBO 

(LSB) 

Figure 1. Simplified D/A Circuit of AD7545 

The binary weighted currents are switched between the OUT1 
bus line and AGND by N-channel switches, thus maintaining a 
constant current in each ladder leg independent of the switch 
state. 

The capacitance at the OUTI bus line, COUTl, is code de
pendent and varies from 70pF (all switches to AGND) to 
200pF (all switches to OUT 1). 

One of the current switches is shown in Figure 2. The input 
resistance at VREF (Figure 1) is always equal to RLDR (RLDR 
is the R/2R ladder characteristic resistance and is equal to 
value UR"). Since RIN at the VREF pin is constant, the refer
ence terminal can be driven by a reference voltage or a refer
ence current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient external 
RFB is recommended to define scale factor.) 

FROM 
INTERFAC~ 
LOGIC~ 

TO LADDER 

AGNo oun 

Figure 2. N-Channel Current Steering Switch 

CIRCUIT INFORMATION-DIGITAL SECTION 
Figure 3 shows the digital structure for one bit. 

.------ TO AGND SWITCH 

.:)Q ..... -~TO OUT1 SWITCH 

CONTROL 

Figure 3. Digital Input Structure 

The digital signals CONTROL and CONTROL are generated 
from CS and WR. 

The input buffers are simple CMOS inverters designed such 
that when the AD7545 is operated with VDD = 5V, the buffers 
convert TTL input levels (2AV and 0.8V) into CMOS logic 
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levels. When VIN is in the region of 2.0 volts to 3.5 volts the 
input buffers operate in their linear region and draw current 
from the power. supply. To minimize power supply currents 
it is recommended that the digital input voltages be as close 
to the supply rails (VDD and DGND) as is practically possible. 

The AD7545 may be operated with any supply voltage in the 
range 5~VDO ~15 volts. With Voo' = +15V the input logic 
levels are CMOS compatible only, i.e., l.SV and 13.5V. 

BASIC APPLICATIONS 
Figures 4 and 5 show simple unipolar and bipolar circuits using 
the AD7545. Resistor R1 isused to trim forfullscale. The uG" 
versions (AD7545GLN, AD7545GCQ, AD7545GUD) have 
a guaranteed maximum gain error of ±lLSB at +25

0 
C (VOO = 

+5V) and in many applications it should be possible to dis
pense with gain trim resistors altogether. Capacitor C1 pro
vides phase compensation and helps prevent overshoot and 
ringing when using high speed op amps. Note that all the 
circuits of Figures 4, 5 and 6 have constant input impedance 
at the VREF terminal. 

The circuit of Figure 4 can either be used as a fixed reference 
D/A converter so that it provides an analog output voltage in 
the range 0 to -VIN (note the inversion introduced by the op 
amp) or VIN can be an ac signal in which case the circuit be
haves as an attenuator (2-Quadrant Multiplier). VIN can be 
any voltage in the range -20~VIN ~+20 volts (provided the 
op amp can handle such voltages) since VREF is permitted to 
exceed Voo. Table 2 shows the code relationship for the 
circuit of Figure 4. 

Voo 

oB,,-oBO 'REFER TO TABLE 1. 

Figure 4. Unipolar Binary Operation 

TRIM 
R ESISTOR JN/AQ/SD KN/BQ/TD ILN/CQITD GLN/GCQ/GUD 

Rl soon lOon son Ion 
R2 lOon 47n 22il 4.7n 

Table 1. Recommended Trim Resistor Values.vs. Grades 

Binary Number in 
DAC Register Analog Output 

1111 1111 1111 -VIN {4095 _} 
4096 

1000 0000 0000 -VIN {2048 } 
4096 = -112 VIN 

0000 0000 0001 -VIN {40~6 } 

0000 0000 0000 o Volts 

Table 2. Unipolar Binary Code Table for Circuit of Figure 4 



Figure 5 and Table 3 illustrate the recommended circuit and 
code relationship for bipolar operation. The D/A function it
self uses offset binary code and inverter U 1 on the MSB line 
converts 2's complement input code to offset binary code. 
If appropriate, inversion of the MSB may be done in software 

DATA INPUT 

"FOR VALUES OF Al AND R2 
SEE TABLE 1 

Figure 5. Bipolar Operation (2's Complement Code) 

Data Input Analog Output 

0111 1111 1111 +VIN • { 2047 } 
2048 . 

0000 0000 0001 +VIN • 
{20!8 } 

0000 0000 0000 o Volts 

1111 1111 1111 -VIN • {20~~ } 

1000 0000 0000 -VIN {l048 } 
2048 

Table 3. 2's Complement Code Table for Circuit of Figure 5 

using an exclusive -OR instruction and the inverter omitted. 
R3, R4 and R5 must be selected to match within 0.01% and 
they should be the same type of resistor (preferably wire
wound or metal foil), so that their temperature coefficients 
match. Mismatch of R3 value to R4 causes both offset and 
full scale error. Mismatch of R5 to R4 and R3 causes full 
scale error. 

Figure 6 shows an alternative method of achieving bipolar· 
output. The circuit operates with sign plus magnitude code 
and has the advantage that it gives 12-bit resolution in each 
quadrant compared with II-bit resolution per quadrant for 

VeD RZ' 

Figure 6. 12-Bit Plus Sign Magnitude D/A Converter 

the circuit of Figure 5. The AD7592 is a fully protected 
CMOS change-over switch with data latches. R4 and R5 should 
match each other to 0.01% to maintain the accuracy of the 
D/A converter. Mismatch between R4 and R5 introduces a 
gain error. 

Sign Binary Numbers in 
Bit DAC Register Analog Ou tpu t 

0 1111 1111 1111 +VIN • {4095} 
4096 

0 0000 0000 0000 o Volts 

0000 0000 0000 o Volts 

1111 1111 1111 -VIN • {4095 } 
4096 

Note: Sign bit of "0" connects R3 to GND. 

Table 4. 12-Bit Plus Sign Magnitude Code Table for 
Circuit of Figure 6. 

APPLICATIONS HINTS 
Output Offset: CMOS D/A conveners exhibit a code depend
ent output resistance which in tum can cause a code depend
ent error voltage at the output of the amplifer. The maximum 
amplitude of this offset, which adds to the D/A converter 
nonlinearity, is 0.67 Vas where Vas is the amplifier input 111 
offset voltage. To maintain monotonic operation it is recom-
mended that Vas be no greater than (25 X 10-6

) (VREF) over 
the temperature range of operation. Suitable op amps are 
AD517L and AD544L. The AD517L is best suited for fixed 
reference applications with low bandwidth requirements: it 
has extremely low offset (50pV) and in most applications 
will not require an offset trim. The AD544L has a much wider 
bandwidth and higher slew rate and is recommended for multi
plying and other applications requiring fast settling. An offset 
trim on the AD544L may be necessary in some circuits. 
General Ground Management: AC or transient voltages be
tween AGND and DGND can cause noise injection into the 
analog output. The simplest method of ensuring that voltages 
at AGND and DGND are equal is to tie AGND and DGND 
together at the AD7545. In more complex systems where the 
AGND and DGND intertie is on the backplane, it is recom
mended that two diodes be connected in inverse parallel 
between the AD7545 AGND and DGND pins(1N914 or 
equivalent). 

Digital Glitches: When WR and CS are both low the latches 
are transparent and the D/A converter inputs follow the data 
inpu ts. In some bus systems, data on the data bus is not always 
valid for the whole period during which WR is low and as a 
result invalid data can briefly occur at the DI A converter 
inputs during a write cycle. Such invalid data can cause un
wan ted glitches at the ou tpu t of the DI A converter. The 
solution to this problem, if it occurs, is to retime the write 
pulse WR so that it only occurs when data is valid. 
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Another cause of digital glitches is capacitive coupling from 
the digital lines to the OUTI and AGND terminals. This should 
be minimized by screening the analog pins of the AD7545 
(Pins 1, 2, 19, 20) from the digital pins by a ground track 
run between pins 2 and 3 and between pins 18 and 19 of 
the AD7545. Note how the analog pins are at one end of the 
package and separated from the digital pins by VDD and DGND 
to aid screening at the board level. On-chip capacitive coupling 
can also give rise to crosstalk from the digital to analog sec
tions of the AD7545, particularly in circuits with high cur
rents and fast rise and fall times. This type of crosstalk is 
minimized by using VDD = +5 volts. However, great care 
should be taken to ensure that the +5V used to power the 
AD7545 is free from digitally induced noise. . 

Temperature Coefficients: lhe gain temperature coefficient 
of the AD7545 has a maximum value of 5ppm/o C and a 
typical value of 2ppm/o C. This corresponds to worst case 
gain shifts of 2LSBs and 0.8LSBs respectively over a 100° C 
temperature range. When trim resistors Rl and R2 are used 
to adjust full scale range, the temperature coefficient of Rl 
and R2 should also be taken into account. The reader is . 
referred to Analog Devices Application Note "Gain Error 
and Gain Temperature Coefficient of CMOS Multiplying 
DACs", Publication Number E630~1O-6/81. 

SINGLE SUPPLY OPERATION 
The ladder termination resistor of the AD7545 (Figure 1) is 
connected to AGND. This arrangement is particularly suitable 
for single supply operation because OUT 1 and AGND may be 
biased at any voltage between DGND and VDD. OUTI and 
AGND should never go more than 0.3 volts less than DGND 
or an internal diode will be turned on and a heavy current 
may flow which will damage the device. (The AD7545 is, 
however, protected from the SCR latch-up phenomenon 
prevalent in many CMOS devices.) 

Figure 7 shows the AD7545 connected in a voltage switching 
mode. OUTI is connected to the reference voltage and AGND 
is connected to DGND. The D/A converter output voltage is 
available at the VREF pin and has a constant output impedance 
equal to R. RFB is not used in this circuit. 

+15V 

Vo 

15 VOLT CMOS DIGITAL INPUTS 

Fig~re 7. Single Supply Operation Using Voltage 
Switching Mode. 
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The loading on the reference voltage source is code dependent 
and the response time of the circuit is often determined by the 
behavior of the reference voltage with changing load conditions. 
To maintain linearity, the voltages at OUTI and AGND should 
remain within 2.5 volts of each other, for a VDD of 15 volts. If 
VDD is reduced from 15V or the differential voltage between 
OUTI and AGND is increased to more than 2.5V the differ
ential nonlinearity of the DAC will increase and the linearity 
of the DAC will be degraded. Figures 8 and 9 show typical 
curves illustrating this effect· for various values of reference 
voltage and VDD. If the output voltage is required to be off
set from ground by some value,then OUTI andAGND may 
be biased up. The effect on linearity and differential non
linearity will be the same as reducing VDD by the amount 
of the offset. 

+2.0 l----+---+---I 

+1.01---+----+----1 

-2.0 ~Ch4}4q_-+----I 

+5 +10 +15 
Voo (VOLTS) 

Figure 8. Differential Nonlinearity vs. VDD for Figure 7 
Circuit. Reference Voltage = 2.5 Volts. Shaded Area Shows 
Range of Values of Differential Nonlinearity that Typically 
Occur for L, C and U Grades. \ 

DNL 
(LSB) 

-1.01-----+--~~q 

-1.5~-----I--~~~ 

-2.0 L----......l+
5
=------I1G.t::..u.,.-

VREF (VOLTS) 

Figure 9. Differential Nonlinearity vs. Reference Voltage for 
Figure 7 Circuit. VDD= 15 Volts. Shaded A rea Shows Range 
of Values of Differential Nonlinearity that Typically Occur 
for L, C, and U Grades. 



The circuits of Figures 4, 5 and 6 can all be converted to single 
supply operation by biasing AGND ~o some voltage between 
Voo and DGND. Figure 10 shows the 2's Complement Bipolar 
circuit of Figure 5 modified to give a range from +2V to +8V 
about a "pseudo-analog ground" of 5V. This voltage range 
would allow operation from a single Voo of +10V to +15V. 
The AD584 pin-programmable reference fixes AGND at +5V. 
VIN is set at +2V by means of the series resistors R1 and R2 .. 
There is no need to buffer the VREF input to the AD7545 
with an ampJifier because the input impedance of the D/A 
converter is constant. Note, however, that since the tempera
ture coefficient of the D/A reference input resistance is typi
cally -30Oppm/oC, applications whiCh experience wide tem
perature variations may require a buffer amplifier to generate 
the +2.0V at the AD7545 VREF pin. Other output voltage 
ranges can be obtained by changing R4 to shift the zero 
point and (R1 + R2) to change the slope, or gain of the 
D/A transfer function. Voo must be kept at least 5V above 
OUT1 to ensure that linearity is preserved. 

CMOS DATA BUS 
VDD = +IDV TO +15V 

VDD = +lDV TO +15V 

Figure 10. Single Supply "Bipolar" 2's Complement O/A 
Convener 

MICROPROCESSOR INTERFACING OF THE AD754S 
The AD7S45 can interface directly to both 8- and 16-bit 
microprocessors via its 12-bit wide data latch using standard 
CS and WR control signals. 

Vo 

A typical interface circuit for an 8-bit processor is shown in 
Figure 11. This arrangement uses two memory addresses, one 
for the lower 8 bits of data to the DAC and one for the upper 
4 bits of data into the DACvia the latch. 

CPU 

AI5~----------------------------------~ 

ADDRESS BUS 
AD 

i'iRP------I 

D71------J 

DO~--------~------------------------_J 
'0 •• DECODED ADDRESS FOR DAC 
01 - DECODED ADDRESS ,"OR LATCH 

Figure ". 8-Bit Processor to A07545 Interface 

Figure 12 shows an alternative approach for use with 8-bit 
processors which have a full 16-bit wide address bus such 
as 6800, 8080, Z80. This technique uses the 12 lower 

A151---------------------------~ 

16-BIT ADDR ESS BUS 
AO 

CPU 

WRb----------------I 

D71---------------------------~ 

DATA BUS 
DO~--------------------------_,{ 

Figure 12. Connecting the A 07545 toB-Bit Processors via 
the Address Bus 

address lines of the processor address bus to supply data to 
the DAC, thus each AD7545 connected in this way uses 4k 
bytes of address locations. Data is written to the DAC using 
a single memory write instruction. The address field of the 
instruction is organized so that the lower 12 bits contain the 
data for the DAC and the upper 4 bits contain the address 
of the 4k block at which the DAC resides. 

SUPPLEMENTAL APPLICATION MATERIAL 
For further information on CMOS multiplying D/A converters 
the reader is referred to the following texts: 

Application Guide to CMOS Multiplying D/A converters 
available from Analog Devices, Publication Number G479. 

Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACS - Application Note, Publication Number 
E630-10-6/81 available from Analog Devices. 

Analog-Digital Conversion Notes - available from Analog 
Devices, price $5.95. 
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FEATURES 
Monotonic to 16 Bits Over Temperature 
On-Chip Deglitch Switch 
Unipolar and Bipolar Operation 
Microprocessor Compatible 
TTL/CMOS Compatible Latched Inputs 
Voltage Output (Constant Output Impedance) 
Low Cost 
Low Power Consumption: 50mW typ 

GENERAL DESCRIPTION 
The AD7546 is a 16-bit voltage-output DAC with input data 
latches for interfacing to 16-bit microprocessors. It uses a 
novel design consisting of a 12-bit R-2R DAC, operated in the, 

, voltage switching mode, which is supplied with a reference 
voltage from a 4-bit segment DAC under the control of the 
four most significant bits. A monolithic CMOS device, the 
AD7546 offers outstanding differential nonlinearity specifica
tions; ±O.006% 04-bit monotonicity) and ±O.0015% 06-bit 
monotonicity). 

An on-chip deglitch switch which is synchronized with the 
latch loading signal is provided for use with track/hold circuits. 

ORDERING INFORMATION 

Temperature Range 

Relative Differential 
Accuracy Nonlinearity o to +70

o
C 

±O.O5% ±O.OO6% AD7546JN 
±O.O12% ±O.OO15% AD7546KN 

PACKAGE IDENTIFICATION l 

Suffix D: Ceramic DIP - (D40A) 
Suffix N: Plastic DIP - (N40A) 

I See Section 20 for package oudine infonnation. 

-2SoC to +8SoC 

AD7546AD 

AD75,46BD 

CMOS 
lS-Bit Multiplying DAC 

AD7546 I 
AD7 S46 FUNCTIONAL BLOCK DIAGRAM 

...... ----~[24>--t2'i)2..(i19 18 17 
SW21 ViR cs oa15 -------080 

NOTE: SWITCHES ARE SHOWN FOR SEGMENT 0 
i .•.. INPUT CODE OF OXXXH 

PIN CONFIGURATION 

OB3 

LSB 

DGND 

40-PIN DIP 

Vee 

NC 

NC 

NC 

A20UT 

A2-

A2+ 

NC 

VOUT 

NC 

SW2 
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(VDD = +15V, V~ = -5V, SPECIFICATIONS VREF+=+4V, VREF- = -4V, Al, A2 = AD544K, unless otherwise noted) 

Limit at Limit at 
Parameter TA = +2S

o
C TA = Tmin. Tmax 

ACCURACY 
Resolution 

All Grades 16 16 
Relative Accuracy 

AD7546JN. AD ±0.05 ±0.05 
AD7546KN. BD ±0.012 ±0.012 

Differential Nonlinearity 
AD7546JN. AD ±0.006 ±0.006 
AD7546KN, BD ±0.0015 ±0.0015 

Gain Error3 

Positive Full Scale -0.02 -0.02 
Negative Full Scale -0.02 -0.02 

Gain T.C.4 ±2 ±2 
de Supply Rejection 

LlGain/LWoo 100 100 

DYNAMIC PERFORMANCE 
Voltage Settling Times 4 4 

5 
10 10 

SWITCHING CHARACTERISTICS6 

tcws 0 0 

tcWH 0 0 
tWR 400 600 
tos 200 300 
tDH 100 150 

REFERENCE INPUTS 
Resistance 

VREF+ to VREF- 20/32150 20/32/50 
Rl, R2 20/30/50 20/30/50 

Rl, R2 Match 
AD7546JN, AD 0.5 0.5 
AD7546 KN, BD 0.1 0.1 

Voltage Range 
VREF+ +5 +5 
VREF- -5 -5 

ANALOG OUTPUT 
ROUT (Output Resistance) 10/15/25 10115/25 
COUT (Output Capacitance) 8 8 

DEGLITCH SWITCH 
RON 300/600 450/900 

ILEAKAGE 1 10 

LOGIC INPUTS 
VIH 2.4 2.4 
VIL 0.8 0.8 
lIN (Input Leakage Current) 1 1 
CIN (Input Capacitance) 8 8 
Input Coding 16-Bit Unipolar Binary 

16-Bit Offset Binary 

POWER SUPPLY 

Voo +15 +15 
VSS -5 -5 
100 4 4 
100 200 200 
Iss 100 100 

NOTES 
1 Temperature ranges as follOWS: AD7S46JN, KN; 0 to +7C)oc 

AD7S46AD, BO; -25°C to +SSoc 
• FSR is Full Scale Range 

1 Units 

Bits 

% FSR max2 

% FSR max 

% FSR max 
% FSRmax 

% FSR max 
% FSR max 
ppm of FS/oC max 

J.l.V per V typ 

J.l.s typ 
J.l.s typ 
J.l.s typ 

nsmin 
nsmin 
nsmin 
ns min 
ns min 

kn, min/typ/max 
kn, min/typ/max 

% max 
%max 

Vmax 
V max 

kn, min/tyr/max 
pF.max 

n typ/max 
nA max 

Vmin 
Vmax 
J.l.Amax 
pI' max 

V 
V 
mAmax 
J.l.Amax 
J.l.Amax 

Conditions/Comments 

This is an end-point linearity specification 
assuming zero offset voltage for AI, A2. 

Guaranteed monotl>nic to 14 bits (DBO and DBI = 0). 
Guaranteed monotonic to 16 bits over temperature. 

DAC latches loaded with FFFFH 
DAC latches loaded with OOO~ 

Von = +14.5V to +15.5V 

To 0.01 % of final value. 
To 0.003% of final value. 
To 0.00076% of final value. Measured using the 
circuit of Figure 6. 

With +5V input logic levels. 
Chip select to WRITE setup time 
Chip select to WRITE hold time 
WRITE pulse width 
Data setup time' 
Data hold time 

Typical Resistance TC is -300ppm/oC 

Typical TC of Rl, R2 match is ±lppm/oC 

The AD7546 is tested with VREF + = 
+4V, VREF- = -4V 

Off switch leakage 

VIN = OV or VOD 

See Figure 7 
See Figure 8 

±5% for specified performance 
±5% for specified performance 
VIN = VIL or VIH 
VIN = OV or VOD, CS = WR c OV 

• These gain error specifications have assumed an input offset voltage for A2 of OV. Actual gain error figures should include 
amplifier A2 input offset voltage. 

4Gain TC specifications have assumed a zero input offset voltage drift with temperature for A2. Actual gain TC figures should 
include amplifier A2 drift with temperature. 

S Voltage settling time will be a function of the time constant RC seen at the buffer amplifier inputs. The resistance component of 
this time constant is the equivalent output impedance of the resistor siting and will vary depending on which segment is decoded. 
Maximum equivalent resistance occurs at mid-scale. Worst case settling thus occurs from zero to mid-scale or from full-scale to mid-scale. 

• + lSV logic can be used to reduce power dissipation but no improvement is achieved in the timing specifications. All control 
:::~s :::~~~~~~n:~t:e ~o:;~:n!::~:.for +SV logic and timed from ~ . Data is timed from VlH or VIL. Sample 

'Guaranteed but not tested. 

Specifications subject to change without notice. 
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CAUTION: 
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected j 
however. permanent damage may occur on unconnected devices subject to high energy elec
trostatic 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. 

WARNING! eJ 
~~OEVICE 

ABSOLUTE MAXIMUM RATINGS 
(TA = +25°C unless otherwise noted) 

(Note that cavity lid on Ceramic Package is Electrically Con
nected to Voo) 
Voo (Pin 40) to DGND ................... OV. + 17V 
Vss (Pin 21) to DGND ..................... OV. -7V 
VREF+ (Pin 37) to DGND ................ Voo, VREF-
VREF- (Pin 34) to DGND ................ Vss. VREF+ 

Rl (Pin 36) to DGND ....................... ±25V 
R2 (Pin 35) to DGND ....................... ±25V 
DB12 LOW (SI7. S19 Closed) 

Al - (Pin 32) or Al Out (Pin 33) 
to A2 - (Pin 28) or A2 Out (Pin 29) ...... -0.3V. +5V 

DB12 HIGH (SI8. S20 Closed) 
A2 -(Pin 28) or A2 Out (Pin 29) 

to Al - (Pin 32) or Al Out (Pin 33) ...... "-0.3V. +5V 
Al + (Pin 31). A2 + (Pin 27) to DGND ......... VSS. Voo 
VOUT (Pin 25) to DGND ..................... ±25V 
SWI (Pin 24), SW2 (Pin 22) to DGND .......... VSS, Voo 
Digital Inputs (Pins 2 -19) to DGND ......... -0.3V. +17V 

Power Dissipation (Package) 
Plastic (AD7546JN, KN) 

Up to +50°C. ....................... 1200mW 
Derates above +50

o
C by ............... 12mW/C 

Ceramic (AD7546AD. BD) 
Up to +50°C. ................ -....... 1000mW 
Derates above +50

o
C by ............... IOmW/C 

STRESS 
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 
at any other condition above those indicated in the operation
al sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. II 
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ACCURACY SPECIFICATIONS 
Two types of nonlinearity errors exist in D/A converters, 
relative accuracy and differential nonlinearity. Relative ac
curacy is the error resulting from departure of the DAC trans
fer characteristic from the ideal straight line drawn between 
measured zero and measured full scale. 

Differential Nonlinearity (DNL) is the difference between the 
measured output voltage change between two adjacent input 
codes and the ideal change of 1LSB. A specified DNL of ±1 
LSB guarantees monotonicity (i.e. the output voltage will 
never decrease for any increase in input code). To ensure that 
the output voltage will always increase when the input code is 
increased requires a DNL specification of less than ±1 LSB. 
This point is illustrated in Figure 1. 

ANALOG 
OUT 

DIGITAL INPUT ___ _ 

Figure 1a. ± 1/2LSB Differential Nonlinearity 

ANALOG 
OUT 

DIGITAL INPUT_ 

Figure 1 b. ± 1 LSB Differential Nonlinearity 

Many applications require high resolutioll. DACs with guaran
teed monotonicity (but not necessarily with an equivalent 
relative accuracy) for fine control of temperature, position 
and other physical parameters. Good differential nonlinearity 
is essential in such systems to maintain an even degree of con
trol over the full range. Monotonicity is particularly important 
in feedback systems where nonmonotonic behavior consti
tutes positive feedback which may lead to catastrophic results. 
To ensure monotoniC behavior of a particular device, only 
those bits which are guaranteed monotonic for that grade 
should be exercised e.g., for the AD7546JN (14-bit monotonic), 
DBO.and DB1 should be tied LOW and DB2 - DB15 exercised. 
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THEORY OF OPERATION OF THE AD7546 
The traditional solution to achieving high resolution DACs 
with guaranteed monotonicity is the R-2R ladder approach. 
This technique usually constrains the converter to have 
±1I2LSB nonlinearity in order to guarantee monotonicity, 
which in turn requires very tight resistor matching and tracking. 
The resistor ladder tolerance is most critical for the major 
carry where, in a 16-bit DAC, the 15LSBs turn off and the most 
significant bit turns on. If the MSB is more than 0.0015% low, 
the converter will be nonmonotonic. Table 1 shows the maxi
mum tracking error which can be allowed over a 60° C range to 
maintain monotonicity, which is ±1 LSB DNL. A standard 
R-2R approach therefore imposes severe constraints on resistor 
matching. 

The design technique used in the AD7546 sidesteps the 
penalty inherent in the R-2R design (i.e. that tight differential 
nonlinearity figures require tight nonlinearity figures). The 
block diagram of the AD7546 is shown in Figure 2. The top· 
four bits of the 16-bit input data are decoded to select, via the 
segment switches, one of the 16 voltage segments available 
along the resistor chain. This voltage segment, V REF + - VREF-

16 

SW1 SW2 ViR cs DB15 ------- DBO 
NOTE: SWITCHES ARE SHOWN FOR SEGMENT 0 
i .•.• INPUT CODE OF OXXXH. 

Figure 2. AD7546 Functional Diagram 
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Initial Matching Required for: Tracking Required for: 

Converter ±ILSB DNL ±1I2LSB DNL 
Type ±ILSB DNL ±1I2LSB DNL (1I2LSB INITIAL DNL) (1I4LSB INITIAL DNL) 

Straight R-2R ±0.0015% ±0.00076% ±0.127ppm/C ±0.063ppm/C 

Segmented 4 
±2ppm/oC ±lppm/C Bits +. 12 Bits ±0.024% ±0.012% 

Table 1. Resistor Matching Requirements for 16-8it DAC 

is used as a voltage reference to feed a 12-bit R-2R type D/A 
converter operating in the voltage switching mode (Reference 
1). From Figure 2 the reference voltage is the voltage between 
Vx and Vy and is always equal to one voltage segment. The 
output of the DI A converter may be expressed as follows: 

VOUT = Vy + D(Vx - Vy) 

where D is thelower 12-bit digital code, Vx is the higher seg
ment voltage and Vy is the lower segment voltage. The 12-bit 
D/A converter reference inputs, Vx and Vy, are connected to 
the two resistor chain nodes which define the segment of 
interest and the 12-bit D/A converter interpolates between 
these two points. 

Thus the 65,536 output levels available from the 16-bit DAC 
are composed of 16 groups of 4,096 steps each. Since the 
major carry of the 12-bit·DAC is repeated in each of the 16 
segments it requires sixteen times lower initial resistor accuracy 
and tracking to maintain a given differential nonlinearity over 
temperature. The resistors that determine monotonicity are in 
the 12-bit DAC. The truth table for the switch decoder is 
shown in Table 2. 

Segment Output 
DB15 DB14 DB13 DB12 Switches Switches 

1 1 1 1 S15,516 S18,S20 
1 1 1 0 S14,S15 S17,S19 
1 1 0 1 S13, S14 S18,S20 
1 1 0 0 S12, S13 S17,S19 
1 0 1 1 SI1, S12 S18,S20 
1 0 1 0 S10, SI1 S17,S19 
1 0 0 1 S9,S10 S18,S20 
1 0 0 0 S8,S9 S17,S19 
0 1 1 1 S7,S8 518,S20 
0 1 1 0 S6,S7 S17,S19 
0 1 0 1 S5,S6 S18,S20 
0 1 0 0 S4,S5 S17,S19 
0 0 1 1 S3,S4 S18,S20 
P 0 1 0 S2,S3 S17,S19 
0 0 0 1 Sl,52 S18,S20 
0 0 0 0 SO,Sl S17,S19 

Table 2. Truth Table for Switch Decoder 

Since the input impedance of the D/A converter is low and 
varies with code, two external amplifiers are used to buffer the 
selected reference segment from the D/A converter. The buffer 
amplifiers, AI, A2, could give rise to differential nonlinearity 
if connected directly to Vx and Vy and stepped up the ladder. 

For example consider Al and A2 to have input offset voltages 
VOS1 and VOS2 respectively, then the first major carry from 
segment 0 to segment 1 occurs as follows: 

Segment 0: Vx V1 + VOS1, Vy = Vo + VOS2 
VOUT= Vo + VOS2 + (1 - 11212) 

[(V1 + VOS1) - (VO + VOS2») . 

V:OUT= V +v: ' (VI -Yo) (VOSI -VOS2) 
1 051 - ---zu- - 212 

Segment 1: Vx V2 +VOS1' Vy = VI + VOS2 

VOUT= VI + VOS2 

The error term generated by this segment change is: 

v: v: (VOS1 - VOS2) 
052 - 051 + 212 

It can be seen that VOSI and VOS2 must match to within one 
LSB to guarantee monotonic behavior at this transition. 

To overcome this problem the AD7546 circuit interchanges 
the amplifiers at each segment transition and, as a result, 
differential nonlinearity can be guaranteed for a very large 
range of Vos. Switching inside the feedback loop of the op 
amp is used to remove the effect of switch RON' With this 
technique the first major carry from segment 0 to segment 1 
now occurs as follows: 

Segment 0: 

Segment 1: 

Vx = V1 + VOS1, Vy = Vo + VOS2 
(V1 - Yo) (VOS1 - VOS2 ) 

VOUT = VI + VOS1 - 212 - 212 

Interchange amplifiers 

Vx = V2 + VOS2, Vy = VI + VOS1 

VOUT = V1 + VOS1 

The error term at the transition from one segment co another 
is now (VOSI - Vos2)/4096 which gives very good differential 
nonlinearity for reasonable offsets. At the next segment transi
tion, Vx = V3 + VOS1, Vy = V2 + VOS2 and so on through each 
segment. The amplifiers are interchanged via output switches 
S17 - S20, see Table 2. 

In the segmented DAC the precision of the resistor chain 
determines integral nonlinearity only. If the resistor chain is 
trimmed for perfect matching such that Vn + 1 = Vn = Vn - 1 = 
Vsegment, then the resulting nonlinearity due to amplifier off
set voltage corresponds to a gain error in adjacent segments of 
VOSI - VOS2"see Figure 3. This term may be nulled to zero 
with offset adjustment of one op amp. 
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V3 OFFSET VOLTAGES HAVE BEEN GREATLY 
INCREASED FOR ILLUSTRATION. 

V2 

OAC 
OUTPUT 
VOLTAGE 

V1 

VOS,. VOS2 ARE BOTH POSITIVE WITH 
Vos, >VOS2 

SEGMENT 0 SEGMENT 1 SEGMENT 2 

DIGITAL INPUT 

Figure 3. Positive Unipolar Transfer Characteristic 
(VREF- = OV, VREF+ = +4 V) Exaggerated to Show 
the Effect of Amplifier Offset Voltages 

Furthermore, if offsets are equal in magnitude and sign, the 
result is a constant offset shift in the D/A transfer function 
and the device will have true 16-bit linearity. 

(Reference 1. Analog Dialogue, Volume 14, Number 1 
PI6-17.) 

OP-AMP SELECTION 
Amplifiers Al and A2 determine the overall performance of 
the AD7546. Since these are external to the converter, the 
user can choose amplifiers which will tailor the system per
formance to the required accuracy. Input bias current, open
loop gain and offset voltage of the amplifiers affect relative 
accuracy. Differential nonlinearity is affected by input bias 
current. (The offset voltage contribution to linearity has 
already been dealt with on previous pages.) The following two 
expressions deal with the relationship between device linearity 
and input bias current. 

For Differential Nonlinearity: 

MAX DNL (in LSBs) 
(IsiAs) (R) 

lLSB 

For Relative Accuracy: 

MAX NL (in LSBs) 
15 (IsIAS)(R) 

= -2-' lLSB 

Where ISlAS 

1LSB 

R 

Input bias current for the noninverting 
input terminal of Al or A2 
VREF+ - VREF-

2N 

N is determined by the required system 
resolution up to N = 16. 

R segment, typically 2H2 

Low bias current op amps, BIFET or Super-Beta types, should 
be used such as the AD542K, AD544K, AD517K, TL071, 
TL081. Table 3 lists some important parameters against 
variou~ op amps. Note that the AD7546 output settling time 
is dependent upon the op amps used .. The figures in column 
two give the additional offset voltage contribution to nonline
arity of Al and A2. 

VOL. I, 10-202 DIGITAL-TO-ANALOG CONVERTERS 

Maximum Setding Time (ps) 
Additional to ±1/2LSB 

A1, A2 Nonlinearity 14 Bits 16 Bits 

2 X AD544KH ±0.01% 15 35 
1 X TL072BCP 

(Dual) ±0.05% 5 10 
2 X AD517JH ±0.003% 90 100 
1 X AD644JH 

(Dual AD544) ±0.01% 15 35 
2 X LF256 ±0.05% 5 10 

Settling time measurements were made with a similar op amp to 
buffer VOUT (A4 in Figure 6) 

Table 3. AD7546 Performance vs A 1, A2 

DATA LOADING AND DEGLITCH SWITCH 
The AD7546 timing specifications are included on specifica
tions page and illustrated here in Figure 4. Signals CS and WR 
have the same interpretation as in normal microprocessor 
systems. When both CS and WR are low the input latche~ are 
transparent and the DAC output voltage follows the input 
data. With CS low, the inpu t data is latched on the rising edge 
ofWR. . 

cs 

OAT A IN 
(OBO - OB15) 

----\r--------~s------~~~~/-------

I~------------------+--II------- 0 

~R----~I,_---------

'OH 

------------------~ 
NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS v1H2+ V1l 

Figure 4. AD7546 Timing Waveforms 

Included on the chip is an SPST switch intended for use in a 
Track/Hold circuit to remove glitches from the DAC output 
and simplify low-pass filtering of the reconstructed output 
voltage. The switch is synchronized with the latch loading 
signals, being open when both CS and WR inputs are low. 
The internal logic of the AD7546 ensures that the switch 
opens before data to the latches can change. To function as 
a Track/Hold the switch is placed in series with the DAC out
put as shown in Figure 5. Pin 23 is a no-connect pin which 
should be grounded to minimize any feedthrough resulting 
from stray capacitances at the two switch terminals. The 
switch should be used with pin 24 as the input and pin 22 as 
the output. When the switch is open the Hold~acitor stores 
the previous output voltage of the DAC. The WR pulse should 
be of sufficie!l! duration to allow the DAC to settle to its new 
analog output and for all glitches to have settled out. Driving 
the WR input from a one-shot will ensure sufficient settling 
time. 



When WR returns high the switch is closed, updating the output 
voltage on the capacitor. Typical output waveforms using the 
circuit of Figure 5 are shown below. 

Figure 5. Track/Hold Circuit 

UNIPOLAR AND BIPOLAR OPERATION 

WITHOUT 
DEGLITCHER 

WITH 
DEGLITCHER 
CH ~ 2nF 

The reference voltage VREF+ - VREF- is divided into sixteen 
equal voltage segments by the resistor chain. The top four 
input data bits (OB15 - OB12) are used to select one of these 
voltage segments for the 12-bit OAC to interpolate between. 
By suitable choice of VREF+ and VREF- the A07546 transfer 
characteristic can be shifted such that any segment start will 
coincide with the zero crossing of the transfer characteristic. 
With an input code of all as the OAC output is VREF-' For an 
allIs input code the OAC output is ILSB less than VREF+' 
The maximum positive reference voltage, VREF +, must be less 
than or equal to +5V; the maximum negative reference voltage, 
VREF -, should be less than or equal to -5V. 

A typical circuit configuration for the A07546 is shown in 
Figure 6. Unipolar (single quadrant) operation is obtained 
when one end of the resistor chain is tied to ground i.e. when 
VREF+ = +VREF and VREF- = OV or when VREF+ = OV and 
VREF- = -VREF. A Unipolar transfer characteristic with a 
positive reference is shown in Figure 7. The negative supply 
voltage Vss must be at least as negative as the most negative 
reference voltage used, VREF-. For positive unipolar applica
tions VSS may be set to OV and the A07546 operated as a 
single supply device. 

Bipolar (two quadrant) operation with a symmetrical transfer 
function around OV is achieved with IVREF+I = IVREF-I. The 
zero crossing now occurs when OB15 = I and OB14 to OBO 
aliOs. A Bipolar transfer characteristic is shown in Figure 8. 

Note that VREF + must always be more positive than VREF -; 
operation is confined to two quadrants (lst and 3rd). 

Two equal trimmed resistors, RI and R2, are included on the 
A07546 to allow one reference to be generated from the other 
with the addition of an external amplifier (A3 in Figure 6). 

Figure 6. Typical Circuit Configuration for the AD7546 

VAH'tVaS2 1LSB 

lS( VA~'6VAEF ) .. VaSl 

;:: {VREF- VRH } 
~ 14 ~~16 - • Va" 

VRH'''' VOS2 J~~--.----.--_ 
OOOOH 1000H 2000H EOOCH FOOOH 

DIGIT AL INPUT CODE 

Figure 7. Unipolar Transfer Characteristic (Positive Reference) 

1 

AN.ALI)G 

VRH· • VaS2 _ llSB OUTPUT (VI 

15 ( -~!!-.~~) tVaSl 

9 (_VREf+,~VREF-)+ Vas, 

7 ( VREF+,~ VAEL)t VaSl 

I(~)'" 16 OS1 

VRH" ... VaS2 

Figure 8. Bipolar Transfer Characteristic, I VREF+I = I VREF-I 
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-0 

VOUT - 1V/DIVISION 

VOUT - 250I'V/DIVISION 

Figure 9. Typical Settling Characteristics of Figure 6 Using 
n071 for Full Scale Code Change 

2 . 
6 

8 

ERROR. mV 

USING 2 x A0544K- ,-1-r-r-

1/1\ II \ /1\ 1/\ 
/ \ /\ / \ / \ 

I \/ 1\ / 1\11 1\ / 1\ I 1\ / \V 1\ 
CODE 

TA" +25°C 
VRH·· +4V, V'Hf- '"' -4V 
Voo "+lSV, Vss" -SV -t--

IIII IIII 

I I I -
§~ §~ ;!" ;:" 8~ ~~ ~~ ~~ ~~ §~ 8::1 8::1 C;~ 

'lf2lSBa1 14blts= '0244mV 
'll2LSBa116blu'" 'OO61mV 

Figure 11a. Typical Error vs Input Code 
with A 1 = A2 = AD544K 
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DATA INPUTS 
DB15 - DBO 

WR INPUT 

VOUT 

Figure 10. Typical Loading Waveforms with CS = OV 

ERROR, mV 

SI G2 f AD517l 

-r- _ 

TA· +25"C 
VFlE'·" +4V. VAH-" -4V 

t-+-+-+-+--++-IH--+-H-+-+-+--+-H-+-+-+--+-,Voo' '15V, Vss' -5V t--t--

Figure 11 b. Typical Error vs Input Code 
withA1 = A2=AD517L 
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FEATURES 
Exact Replacement for Industry Standard DAC-08 
Fast (85ns typical) Settling Time 
Linearity Error ±1/4LSB (±O.1%) Guaranteed Over Full 

Temperature Range 
Wide Output Voltage Compliance: -10V to +18V 
Single Chip Monolithic Construction 
16-Pin Ceramic DIP Packaging 
Low Cost 
MI L-STD-883 Processing Available 

PRODUCT DESCRIPTION 
The AD DAC-OB is a low-cost, B-bit monolithic multiplying 
digital-to-analog converter featuring typical settling times of 
B5ns. The chip contains B matched bipolar current steering 
switches, a precision resistor network, and high-speed control 
amplifier, thus integrating all important circuit functions on a 
single chip. 

The AD DAC-OB provides matching of full-scale output current 
to the reference current within lLSB. Analog Devices' pre
cision linear processing makes this matching possible without 
the use of laser trimming. Diffused resistors are used rather 
than thin-film resistors in order to provide specified per
formance at low cost. 

The AD DAC-OB is recommended for use in applications re
quiring B-bit accuracy and fast settling times coupled with ease 
of use. The AD DAC-OB also provides an alternate source for 
designs already using the standard DAC-OB. 

The AD DAC-OB is available in 5 performance grades: the AD 
DAC-08A and AD DAC-08 are rated for the full -55° C to 
+125°C military temperature range; and the AD DAC-08H, 
E, and C grades are specified for the Oto +700 C commercial 
temperature range. All models are guaranteed monotonic over 
their full temperature range, and all are packaged in a hermeti
cally-sealed 16-pin ceramic dual-in-line package. 

8-Bit Monolithic High Speed 
Muttiplying D / A Converter 

AD DAC-08 I 

AD DAC-OS FUNCTIONAL BLOCK DIAGRAM 

MSB LSB 
+Vs VLe B1 B2 B3 B4 B5 B6 B7 B8 

COMP -Vs 

TO-U6 

PRODUCT HIGHLIGHTS 
1. The AD DAC-08 is a true second-source equivalent to the 

industry standard DAC-OS. 

2. The versatile current-in, current-out design, choice of fixed 
or variable reference, and CMOS or TTL compatible inputs 
offer the user greater flexibility in applying the device. 

3. The fast settling time allows the AD DAC-OB to be used in 
applications such as CRT displays, waveform generators, 
and high-speed analog-to-digital converters. 

4. The high impedance current output can drive a resistor 
directly, or be used with an external op amp to produce a 
low impedance output voltage. 

5. The AD DAC-08 is available in chip form for use in hybrid 
microcircuits. Consult the chip section for available grades 
and application details. 

6. The AD DAC-DB and AD DAC-OBA are available screened 
to MIL-STD-883, Method 5004 Class B. 
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SPECIFICATIONS The AD DAC·OB and AD DAC·OBA specifications apply for Vs = ±15V, IREF = 2.0mA, 
TA = -55°C to +125°Cunless otherwise noted. 

MODEL 
CHARACTERISTIC SYMBOL CONDITIONS MIN 

RESOLUTION 

MONOTONICITY TA = -55°C to +125°C 

NONLINEARITY TA =-55°C to +125°C 

SETTLING TIME ts Full Scale Ste~ to +1/2LSB 

PROPAGATION DELAY tpLll, tpHL All Bits Switched 

FULL SCALE TEMPCO TC IFS 

OUTPUT VOLTAGE COMPLIANCE Voc 61FS < 1/2LSB; 
ROUT> 20Mn typ -10 

FULL SCALE CURRENT IFS4 VREF = 1O.000V; R14, R I5 = 
5.000kn; TA = 25°C 1.94 

FULL SCALE SYMMETRY IFSS (IFS4 - IFS2) 

ZERO SCALE CURRENT Izs 
OUTPUT CURRENT RANGE IFSR V-=-5.0V 

V-= -7.0 to -18V 

LOGIC INPUT LEVELS 
Logic "0" VlL VLC =OV 
Logic "I" VIH VLC =OV 2.0 

LOGIC INPUT CURRENTS VLC =OV 
Logic "0" IlL -IOV<VIN<+0.8V 
Logic "I" IIH 2.0V<VIN < 18V 

LOGIC INPUT SWING VIS V-=-15V -10 

LOGIC THRESHOLD RANGE VII1 R V~=±15V -10 

REFERENCE BIAS CURRENT IREF +0.1 

REFERENCE INPUT SLEW RATE dl/dt 4.0 

POWER SUPPLY SENSITIVITY PSSIFS+ V+=4.5Vto 18V 
PSSIFS- V-=4.5Vto-18V 

IREF= 1.0mA 

POWER SUPPLY CURRENT 
From +VS 1+ 0.4 
From -V~ 1- -0.8 

POWER DISSIPATION PD ±5V, IREF = 1.0mA 
+5V, -15V, IREF = 2.0mA 
±15V, IREF = 2.0mA 

PACKAGE STYLE' "D" (QI6A) 

Specifications subject to change without notice. 

1 Sec Section 20 for package outline information. 

ABSOLUTE MAXIMUM RATINGS 

Operating Temperature 
AD DAC-OB, DAC-OBA. , ',' .. -SSoC to +12SoC 
AD DAC-{)BE, C, H . . ...... 0 to +70

o
C 

Storage Temperature. . . . . . . .. -6SoC to +lSOoC 
Power Dissipation. . . . . . . . . ......... SOOmW 

Above 100°C Derate by . . . ........ lOmW/C 
Lead Soldering Temperature. . ..... 300°C (60sec) 
-Vs Supply to +Vs Supply ............. 36V 
Logic Inputs. . . . . . . . . . . . . .. -Vs to (-Vs +36V) 

VLC . . . . . . . . . . . . . . . . ......... -Vs to +VS 
Reference Inputs (VI4, VIS) ............... -VS to +VS 
Reference Input Differential 

Voltage (V 14 to V 15) ..... . 
Reference Input Current (114) .. 

. .±18V 

. S.OmA 

VOL. I, 10-206 DIGITAL·TO·ANALOG CONVERTERS 

AD DAC-{)8 
TYP MAX 

GUARANTEED 

+0.19 

85 135 

35 60 

±1O ±50 

+18 

1.99 2.04 

±1.0 ±8.0 

0.2 2.0 

2.0 2.1 
2.0 4.2 

0.8 

-2.0 -10 
0.002 10 

+18 

+13.5 

-1.0 -3.0 

8.0 

+0.0003 ±0.01 
±0.002 ±0.01 

2.3 3.8 
~.4 -7.8 

33 48 
108 136 
135 174 

AI> DAC-OBD 

ADDAC-{)8A 
MIN TYP MAX UNITS 

Bits 

GUARANTEED 

+0.1 % FS 

85 135 !I~S 

35 60 

±IO ±50 E!E!m/oC 

-10 +18 Vdc 

1.984 1.992 2.000 mA 

±0.5 ±4.0 IlA 

0.1 1.0 ~A 

2.0 2.1 mA 
2.0 4.2 mA 

0.8 V 
2.0 V 

-2.0 -10 IlA 
0.002 10 ~A 

-10 +18 V 

-10 +13.5 V 

+0.1 -1.0 -3.0 ~A 

4.0 8.0 mAillS 

±0.0003 ±0.01 %1% 
±0.002 ±0.01 %1% 

0.4 2.3 3.8 mA 
-0.8 ~.4 -7.8 mA 

33 48 mW 
108 136 mW 
135 174 mW 

AD DAC-08AD 



SPECIFICATIONS The AD DAC-08C, E, and H specifications apply for Vs = ± 15V, IREF = 2.0mA, 
TA = 0 to +70°C unless otherwise noted. 

MODEL ADDAC-08C 
CHARACTERISTIC SYMBOL CONDITIONS MIN TYP MAX 

RESOLUTION 

MONOTONICITY TA = 0 to +70
o
C GUARANTEED 

NONLINEARITY TA = 0 to +70
o
C ±0.39 

SETTLING TIME t, Full Scale Step to ±1/2LSB 85 150 

PROPAGATION DELAY tPLH, tPHL All Bits Switched 3S 60 

FULL SCALE TEMPCO TC IFS 110 180 

OUTPUT VOLTAGE COMPLIANCE Voc tllFS < 1/2LSB; 
ROUT>20Mn -10 +18 

FULL SCALE CURRENT IFS4 VREF = 1O.000V; Rl4, R15 = 
5.000kn; TA = 2S°C 1.94 1.99 2.04 

FULL SCALE SYMMETRY IFSS (IFS4 - IFS2) i2.0 i16 

ZERO SCALE CURRENT Izs 0.2 4.0 

OUTPUT CURRENT RANGE IFSR V-= -5.0V 2.0 2.1 
V- = -7.0 to -18V 2.0 4.2 

LOGIC INPUT LEVELS 
Logic "0" VIL YLC =OV 0.8 
Logic "1" VlH VLC =OV 2.0 

LOGIC INPUT CURRENTS VLC =OV 
Logic "0" IlL -10V<VIN<+0.8V -2.0 -10 
Logic "1" IlH 2.0V<VIN<18V 0.002 10 

LOGIC INPUT SWING V~ V-=-15V -10 +18 

LOGIC THRESHOLD RANGE VIHI V~=iI5V -10 +13.5 

REFERENCE BIAS CURRENT IB~f +0.1 -1.0 -3.0 

REFERENCE INPUT SLEW RATE dl/dt 4.0 8.0 

POWER SUPPLY SENSITIVITY PSSIFS+ V+=4.5Vto 18V +0.0003 ±0.01 
PSSIFS_ V-=-4.5V to -18V iO.002 ±0.01 

IIl~[ = LOrnA 

POWER SUPPLY CURRENT 1+ From +Vs 0.4 2.3 3.8 
1- From -V:;t -{l.S -6.4 -7.S 

POWER DISSIPATION Po i5V, IREF = LOrnA 33 48 
+5V, -15V,IREF = 2.0mA lOS 136 
±lSV, l;af;&;: = 2.0mA 135 174 

PACKAGE STYLE' "D" (QI6A) AD DAC-08CD 

Specifications subject to char.gc without notice. 
I See Section 20 for package outline information . 

THRESHOLD • 
CONTROL 16 COMPEN 

lOUT 2 15 VREF H 

-VS 14 VREF (+) 

lOUT 13 +VS 

(MSB) B1 12 BB (LSB) 

B2 11 B7 

B3 7 10 B6 

B4 B 9 B5 

TOP VIEW 

Pin Connections 

AD DAC-08E ADDAC-08H 
MIN TYP MAX MIN TYP 

GUARANTEED GUARANTEED 

±0.19 

85 150 

3S 60 

il0 i50 

-10 +18 

1.94 1.99 2.04 

i1.0 i8.0 

0.2 2.0 

2.0 2.1 
2.0 4.2 

0.8 
2.0 

-2.0 -10 
0.002 10 

-10 +18 

-10 +13.5 

+0.1 -1.0 -3.0 

4.0 8.0 

iO.0003 ±0.01 
±0.002 ±0.01 

0.4 2.3 3.S 
-{l.8 -6.4 -7.S 

33 4S 
lOS 136 
135 174 

AD DAC-oSED 

+18V 

O.OOl/lF 
50V 

85 

35 

il0 

-10 

1.984 1.992 

iO.5 

0.1 

2.0 
2.0 

2.0 

-2.0 
0.002 

-10 

-10 

+0.1 -1.0 

4.0 8.0 

±0.0003 
±0.002 

0.4 2.3 
-{l.8 -6.4 

33 
lOS 
135 

AD DAC-OSHD 

16 15 14 13 12 11 10 

AD DAC-08 

-18V 

Burn-In Circuit 

MAX UNITS 

Bits 

iO.l % FS 

135 

60 

i50 pprntC 

+18 Vdc 

2.000 rnA 

i4.0 p.A 

1.0 p.A 

2.1 rnA 
4.2 rnA 

0.8 V 
V 

-10 p.A 
10 p.A 

+18 V 

+13.5 V 

-3.0 p.A 

mA/p.s 

±D.Ol %1% 
iO.Ol %1% 

3.S rnA 
-7.S rnA 

48 mW 
136 mW • 174 mW 
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APPLYING THE AD DAC-oS 
Reference Connections 

Figure 1 shows the block diagram of the AD DAC-OS circuit. 
A reference current (equal to the desired full-scale output cur
rent) is applied to pin 14. The reference amplifier adjusts the 
base voltage of the NPN current source transistors. The col
lector currents are binarily weighted, and their sum is equal to 
255/256 times the reference current. The binary weighting is 
accomplished by the diffused resistor R-2R ladder network. 
The individual collector currents are steered into either the 
lOUT or lOUT lines by the current switches. These switches 
are driven by level shifters which can accept TTL or CMOS 
logic levels directly. The loUT and loUT lines can drive an op 
amp summing junction or can drive resistive l~ads directly due 
to the wide range of output compliance voltage. 

MSB LSB 
Ws VLC B1 B2 B3 B4 B5 B6 B7 B8 

16 

COMP -Vs 

Figure 1. AD DAC-OB Block Diagram 

Figure 2 illustrates the connections for positive and negative 
references. When a positive reference is used (Figure 2a), 
resistor R14 (equal to VREF divided by the desired IFS) es
tablishes the reference current into pin 14. Reference ampli
fier bias current errors are minimized by connecting R15 (equal 
to R14) from pin 15 to ground. Adjustment of the outpu~ 
scale can be done by trimming R14, although in most applica
tions the tight initial matching between reference current and 
output current will be adequate. 

+Vs 

13 VREF (+1 
B1 (MSBI 14 (+1 VREF .I""1.. 

VREF H R14 
B2 

1S 
B3 R1S -= 

AD 
R14 = RIS 

B4 
DAC-OS 

BS 

B6 RL 

B7 
4 

.... LS -= 
B8 10 

.... -= 
C ro 

R14 CMIN 

1kn 1SpF 
2kn 37pF 
Skn 75pF 

-Vs 

Figure 2a. Connections for Use with Positive Reference 

Figure 2b shows the connections for a negative reference. Note 
that the reference current flows from ground into pin 14 
through R14, which should be a low TC resistor as in the posi-

_ tive reference configuration. Resistor R15 serves the purpose 
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B1 (MSBI 

B8 

C 
(SEE FIG. 2al 

+Vs 

13 

1Sl-ooO-----'WIr--O -VREF U 
R1S 

AD 
DAC·OS 

-Vs 

4 t--Oo----VVI,,..., .... 
10 

Figure 2b. Connections for Use with Negative Reference 

of bias current cancellation only and need not be a precision 
resistor. Note that the input impedance for a negative refer
ence is very high, while a positive reference sees an impedance 
equal to R14. 

When a dc reference is used, a O.OWF reference bypass capac
itor is recommended. The reference should be a low-drift, well
regulated and filtered type, such as the AD5S1 10V reference 
IC. Other values of reference voltage may be used, provided 
that R14 is chosen for a reference current between O.2mA and 
4.0mA. 

MULTIPLYING MODE PERFORMANCE 
The AD DAC-oS can be used to perform two-quadrant digital
analog multiplication by applying an ac reference signal. When 
an ac reference is used, pin 15 must be offset to insure that pin 
14 is always at a higher potential than pin 15. 

The reference amplifier must be properly compensated in ac 
applications to insure stability. The value of the capacitor 
from pin 16 to -Vs depends on the value of R14. Minimum 
values of compensation capacitor for R14 values of 1, 2 and 
5kn are 15, 37 and 75pF respectively. 

For fastest response to a pulsed reference, low values of R14 
should be used, allowing smaller values of compensation ca
pacitor. It is possible to lower the equivalent resistance at 
pin 14 by connecting a shunt resistor to ground. Figure 3 
shows the performance with equivalent resistance of 200n 
and no compensation capacitor. Slew rate is approximately 
15mAlps under these conditions. 

1mA/DIV 

200ns/DIV 

Figure 3. Fast Pulsed Reference Operation 



The photographs on this page demonstrate the dynamic per
formance of the AD DAC-08. The AD DAC-08 is capable of 
extremely fast settling time, typically 85 nanoseconds for a 
full-scale step with IREF = 2.0mA. As with any high speed 
circuitry, component layout must be optimized for minimum 
parasitic capacitances if full speed is to be realized. 

Figure 4 ~elow shows the output settling characteristic for a 
full-scale step. The vertical scale is 1LSB per division. Note 
that the zero-to-full scale settling time (Figure 4a) to within 
1/2LSB is approximately 70 nanoseconds. 

Figure 4a. Zero to Full-Scale Settling 

Figure 4b. Full-Scale to Zero Settling 

1 LSB/ 
DIV 

-.l 
T 

Since the settling time of a DAC circuit includes propagation 
delay, slewing time, and final settling, switching time is best 
measured when only the LSB is switched. This minimizes the 
slewing time necessary. The LSB switching characteristic is 
shown in Figure 5. 

SETTLING TIME MEASUREMENT 
It should be noted that settling time measurement is not a 
simple matter. Since 1I2LSB of a 2.0mA full scale is only 4J.lA, 
a 1kn load resistance is needed to provide adequate drive for 

Typical Performance Photogr~hs 
most oscilloscopes. However, any stray capacitance can cause 
the settling time of the fixture to be longer than the DAC 
settling time. For example, 15pF stray capacitance can cause 
a settling time to 1I2LSB of nearly 100 nanoseconds in the 
test fixture alone. The circuit of Figure 6 reduces the capa
citance at the measurement node to less than 5pF, allowing 
more accurate determination of settling time. 

Figure 5. LS8 Switching 

VL" 2.7V fOR 0 TO FS 
O.7V FOR FSTOO 

BANDWIDTH OF OSCillOSCOPE USED FOR MEASUREMENT SHOULD BE 50MHz 
MINIMUM; SATURATION OF PREAMP MUST BE AVOIDED 

Figure 6. Settling Time Test Circuit 

LOGIC INPUT CIRCUIT 
The AD DAC-08 digital inputs will accommodate all popular 
logic families. The switching threshold is adjustable by apply
ing a voltage to the logic threshold control pin (pin 1). The 
threshold is nominally 1.4 volts above VLC at room tempera
ture. For TTLlDTL interface, pin 1 is simply grounded. The 
logic inputs will tolerate wide voltage swings; for example, for 
-Vs = -15V, the inputs may swing between -10V and +18V. 
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OUTPUT CONNECTIONS 
The 10 and iO outputs provide the user with several possible 
output configurations. Current is steered into the 10 terminal 
when a bit is at Logic "I ", and into iO when the bit is at 
Logic "0". Either output may be used, or both may be used 
simultaneously. If only one output is used, the unused out
put must still be connected .to ground or some other point 
capable of sourcing IFS. 

PoISB LSB 
Bl B2 B3 B4 B5 B6 B7 B8 

. IREF 14 AD DAC·OB 
-2.000mA--

Bl B2 B3 B4 B5 B6 B7 B8 lomA 

FULL SCALE 1 1 1 1 1 1 1 1 1.992 
FULL SCALE -LSB 1 .1 1 1 1 1 1 0 1.984 

HALF SCALE + LSB 1 0 0 0 0 0 0 1 1.008 
HALF SCALE 1 0 0 0 0 0 0 0 1.000 
HALF SCALE -LSB 0 1 1 1 1 1 1 1 0.992 

ZERO SCALE +LSB 0 0 0 0 0 0 0 1 0.008 
ZERO SCALE 0 0 0 0 0 0 0 0 0.000 

Eo 

5.OOOkn 

iOmA Eo 

0.000 -9.960 
0.008 -9.920 

0.984 -5.040 
0.992 -5.000 
1.000 -4.960 

1.984 -0.040 
1.992 0.000 

Figure 7. High Impedance Voltage Output 

~ 
0.000 

-0.040 

-4.920 
-4.960 
-5.000 

-9.920 
-9.960 

The wide output compliance range permits the AD DAC-OS 
to drive a resistive load directly. For example, with IREF = 
2.0mA, and a Sk!1 resistor from pin 4 to ground, the voltage 
at pin 4 varies from OV with all bits OFF to -9.960V with all 
bits ON. While this is the simplest current-to-voltage conv~r
sion, it presents a Sk!1 ,output impedance, which adversely 
affects settling time and requires buffering. 

An operational amplifier configured as a current-to-voltage 
converter will lower the output impedance and provide a 
voltage inversion. An output range of zero to +9.960V is then 
produced with a Sk!1 feedback resistor as shown in Figure S. 

M~ ~B 

Bl B2 B3 B4 B5 B6 B7 B8 

IREF 
= 2.00OmA Eo' 

14 AD DAC-OB 

Figure 8. Low Impedance Voltage Output 
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Bipolar output voltage ranges are also possible. Figure 9 
demonstrates the simplest scheme, providing a -9.92 to 
+10.00 volt scale in SO millivolt steps. The voltage output, 
has a high impedance as shown and should be buffered with 
an amplifier connected as a voltage follower. 

Bl B2 B3 B4 B5 B6 B7 B8 
PoISB LSB 

Bl B2 B3 B4 B5 B6 B7 B£ 

POS FULL SCALE 1 1 1 1 1 1· 1 1 
POS FULL SCALE -LSB 1 1 1 1 1 1 1 0 

ZERO SCALE +LSB 1 0 0 0 0 0 0 1 
ZERO SCALE 1 0 0 0 0 0 0 0 
ZERO SCALE -LSB 0 1 1 1 1 1 1 1 

NEG FULL SCALE +LSB 0 0 0 0 0 0 0 1 
NEG FULL SCALE 0 0 0 0 0 0 0 0 

Eo 
- 9.920 
- 9.840 
- 0.080 

0.000 
+ 0.080 
+ 9.920 
+10.000 

Figure 9. Bipolar Voltage Output 

E{) 
+10.000 
+ 9.920 
+ 0.160 
+ 0.080 

0.000 
- 9.840 
- 9.920 
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ADVANCE TECHNICAL DATA 

FEATURES 
16-Bit Resolution 
± 0.003% Maximum Nonlinearity 
Low Gain Drift ± 5ppmrC 
o to + 70°C Operation (AD DAC71, AD DAC72C) 
- 25°C to + 85°C Operation (AD DAC72) 
Current and Voltage Models Available 
Improved Second-Source 
Low Cost 

PRODUCT DESCRIPTION 
The AD DAC71 and AD DAC72 are high resolution 16-bit 
hybrid IC digital-to-analog converters including reference, 
scaling resistors and output amplifier (V models). 

The devices offer outstanding accuracy, including maximum 
linearity of 0.003% at room temperature and maximum gain 
drifts of 15ppmrC (AD DACll, AD DAC72C) and SppmrC 
(AD DAC72). This performance is possible due to the innovative 
design, using proprietary monolithic D/A converter chips. 
Laser-trimmed thin film resistors provide the linearity and wide 
temperature range for guaranteed monotonicity. 

The AD DAC71 and AD DAC72 digital inputs are TTL-com
patible. Coding is complementary straight binary (CSB) for 
unipolar output versions and complementary offset binary 
(COB) for bipolar output versions. 

All versions are packaged in a24-pin ceramic DIP. The AD 
DAC72 and AD DAC72C are specified for operation from 0 to 
+ 70°C, and the AD DAC72 is specified from - 25°C to 
+ 85°C. The AD DAC71 and AD DAC72 are intended to serve 
as improved second sources to DAC71 and DAC72 devices from 
other manufacturers. 

High Resolution 
l6-Bit D/A Converter 

AD DAC71/· AD DAC72 I 
AD DAC711AD DAC72 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The AD DAC71 and AD DAC72 provide 16-bit resolution 

with 0.003% linearity. 

2. The proprietary chips used in the hybrid design provide 
excellent stability over temperature and improved reliability. 

3. Unipolar and bipolar current and voltage output versions are 
available to fill a wide range of system requirements. 

4. The AD DAC71 and AD DAC72 are improved second 
source replacements for DAC71 and DAC72 devices from 
other manufacturers. 
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S PEe I Fie AT ION S (T A @ + 25°C rated power supplies unless otherwise noted) , 
AD DAC71172C 

MODEL MIN TYP MAX 

DIGITALINPUTS 
Resolution 16 
Logic Levels (TTL-Compatible)' 

Logical "I"(at +40jJ.A) +2.4 +5.5 
Logical "0" (at - 1.0jJ.A) +0 +0.4 

ACCURACY 
Linearity Error at 25'C :!:0.003 
Gain Error', Voltage :!:0.01 :!:0.05 

Current :!:0.05 :!:0.25 
Offset Error', Voltage, Unipolar :!:O.I :!:I 

Voltage, Bipolar :!:2 
Current, Unipolar :!:I 
Current, Bipolar :!:5 

Monotonicity Temp. Range (14-Bits) 0 +50 

DRIFT (Over Specified Temp Range) 
Total Bipolar Drift (include gain, offset, 

and linearity drift), Voltage :!:7 :!: 15 
Current :!: 15 :!:50 

Total Error over Temp Range' 
Voltage, Unipolar :!:0.083 

Bipolar :!:0.071 
Current, Unipolar :!:0.23 

Bipolar :!:0.23 
Gain, Voltage :!: 15 

Current :!:45 
Offset 

Voltage, Unipolar :!:I :!:2 
Bipolar :!:IO 

Current, Unipolar :!:I 
Bipolar :!:40 

Differential Linearity over Temperature :!:2 
Linearity Error over Temperature :!:2 

SETTLING TIME 
Voltage Mode1s(to :!: 0.003% ofFSR) 

Output: 20V Step 5 10 
lLSBStep' 3 5 

Slew. Rate 20 
Current Models (to:!: 0.003% ofFSR) 

Output: 2mA step 10flto lOOn Load I 
IkflLoad 3 

Switching Transient 500 

ANALOG OUTPUT 
Voltage Models - . 

Ranges-CSB Oto +10 
COB :!: 10 

Output Current :!:5 
Output Impedance (dc) 0.05 
Short Circuit Duration Indefinite to Common 

Current Models 
Ranges-CSB Oto -2 

COB :!:I 
Output Impedance- Unipolar 15 

Bipolar 4.4 
Compliance :!:2.5 

INTERNAL REFERENCE VOLTAGE 6.0 6.3 6.6 
Maximum External Current" :!:5 
Temp. Coeff. of Drift ±IO 

POWER SUPPLY SENSITIVITY 
Unipolar Offset 

:!: 15Vdc :!:O.oool 
+5Vdc :!:O.OOOI 

Bipolar Offset 
:!: 15Vdc :!:0.0004 
+5Vdc :!:O.oool 

Gain 
:!: 15Vdc :!:O.OOI 
+5Vdc :!:0.0005 

POWER SUPPLY REQUIREMENTS 
DAC71172 :!: 14.5, :!: 15.0, :!: 15.5, 

+4.75 +5 +5.25 
Supply Drain, :!: 15V dc (no load) :!:25 :!: 35 

+ 5V dc (logic supply) 20 30 

TEMPERATURE RANGE 
Specifica tion 0 +70 
Operating (double above Drift Specs) -25 +85 
Storage -55 +100 

NOTES 
'Adding external CMOS hex buffers CD4009A will provide 15V dc CMOS input compatability. 
2FSR means Full Scale Range and is 20V for:!: IOV range, IOVfor :!:: 5V nngc, etc. 
J Adjustable to zero with external trim potentiometer. 
·With gain and offset errors adiusted to zero at 25°C. 
'LSB is for 14-bit resolution. 
6Maximum with no degradation of specification. 

Specifications subject to change without nactte. 
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AD DAC72 

MIN TYP MAX UNITS 

16 Bits 

+2.4 +5.5 Vdc 
+0 +0.4 Vdc 

:!:0.003 %ofFSR2 

:!:0.01 :!:0.05 % 
:!:0.05 :!:0.25 % 
:!:O.I :!:I mV 

:!:2 mV 
:!:I jJ.A 
:!:5 jJ.A 

0 +70 °c 

:!:5 :!:8 ppmofFSRrC 
:!: 10 :!:40 ppm of FSRloC 

:!:0.045 %ofFSR 
:!:0.05 %ofFSR 
:!:0.24 %ofFSR 
:!:0.24 %ofFSR 
:!:5 ppml°C 
:!: 35 ppmrc 

:!:I :!:2 ppm of FSRloC 
:!:5 ppm of FSRloC 
:!:I ppm of FSRrC 
:!: 35 ppm of FSRr.C 
:!:I ppmofFSRrC 
:!:l ppm of FSRlOC 

5 10 jJ.s 
3 5 jJ.s 
20 V/jJ.s 

I jJ.S 
3 jJ.S 

500 mV 

Oto + 10 V 
:!: 10 V 

:!:5 rnA 
0.05 n 

Indefinite to Common 

Oto -2 rnA 
:!:1 rnA 
15 kfl 
4.4 kfl 

:!:2.5 V 

6.0 6.3 6.6 V 
:!:5 rnA 
:!:5 ppmrc 

:!:O.oool %ofFSRI%Vs 
:!:O.oool % of FSRI% Vs 

:!:0.0004 %ofFSRI%Vs 
:!:O.oool %ofFSRI%Vs 

:!:O.OOI %cfFSRI%Vs 
:!:0.0005 %ofFSRI%Vs 

:!: 14.5, :!: 15.0, :!: 15.5, 
+4.75 +5 +5.25 Vdc 

:!:25 :!:35 rnA 
20 30 rnA 

-25 +85 °c 
-55 +100 °c 
-55 + 110 °c 



+11. PIN CONFIGURATION 

24 LEAD DUAL IN-LINE PACKAGE 
I Models 

(MSB) Bit 1 
-II. 

t--...... -;.:....-o-lls 

'R, = 5kl! (CSB). 'Okl! (COB) 

Figure 1. External Adjustment and Voltage Supply-Con
nection Diagram, Current Model 

Bit2 
Bit 3 
Bit4 
Bit5 
Bit6 
Bit7 
Bit8 
Bit9 
Bit 10 
Bit 11 
Bit 12 
Bit 13 
Bit 14 
Bit 15 

+115 (LSB) Bit 16 

'R, = 5kl! (CSB). 'Okl! (COB) 

Figure 2. External Adjustment and Voltage Supply Con
nection Diagram, Voltage Model 

ORDERING GUIDE 

Model Output Input Code 

AD DAC71-COB-I Current Compo Offset Binary 
AD DAC71-CSB-I Current Compo Straight Binary 
AD DAC72C-COB-I Current Compo Offset Binary 
AD DAC72C-CSB-I Current Compo Straight Binary 
AD DAC72-COB-I Current Compo Offset Binary 
AD DAC72-CSB-I Current Compo Straight Binary 

AD DAC71-COB-V Voltage Compo Offset Binary 
AD DAC71-CSB-V Voltage Compo Straight Binary 
AD DAC72C-COB-V Voltage Compo Offset Binary 
AD DAC72C-CSB-V Voltage Compo Straight Binary 
AD DAC72-COB-V Voltage Compo Offset Binary 
AD DAC72-CSB-V Voltage Compo Straight Binary 
I See Section 20 for package outline information. 

RF 
+5Vdc 
-15Vdc 
Common 
lOUT 
Gain Adjust 
+ 15Vdc 
6.3VREF Out 

TempRange. 

Oto + 70°C 
Oto + 70°C 
Oto + 70°C 
Oto + 7Q.°C 
- 25°C to + 85°C 
- 25°C to + 85°C 

Oto + 70°C 
Oto + 70°C 
Oto + 70°C 
Oto + 70°C 
- 25°C to + 85°C 
- 25°C to + 85°C 

Pin # V Models 

1 Bit 1 (MSB) 
2 Bit2 
3 Bit3 
4 Bit4 
5 Bit5 
6 Bit6 
7 Bit 7 
8 Bit8 
9 Bit 9 

10 Bit 10 
11 Bit 11 
12 Bit 12 
13 Bit 13 
14 Bit 14 
15 Bit 15 
16 Bit 16(LSB) 
17 VOUT 
18 +5Vdc 
19 -15V dc 
20 Common 
21 Summing Junction 
22 Gain Adjust 
23 + 15V dc 
24 6.3VREF Out 

Package Package 
Seal Option l 

Polymer HY24B 
Polymer HY24B 
Hermetic HY24B 
Hermetic HY24B 
Hermetic HY24B 
Hermetic HY24B 

Polymer HY24B 
Polymer HY24B 
Hermetic HY24B 
Hermetic HY24B 
Hermetic HY24B 
Hermetic HY24B 
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DISCUSSION OF SPECIFICATIONS 
Digital Input Codes 
The AD DAC71 and AD DACn accept complementary digital 
input codes in a binary format. The CSB (complementary 
straight binary) versions provide unipolar outputs proportional 
to the binary input code: The COB (complementary offset 
binary) versions deliver a bipolar analog output in response to 
the offset binary digital input code. The COB versions can also 
be used with CTS (complementary two's complement) coding 
by inverting the most significant bit. Table I shows the relationship 
between the digital inputs and analog outputs. 

CSBCompl. COBCompl. 
Straight Binary Offset Binary 

All BitsOn 0000 ... 0000 + Full Scale + Full Scale 
Mid·Scale 0111 ... 1111 + 1/2 Full Scale Zero 
All Bits Off 1111 ... 1111 Zero - Full Scale 

1000 ... 0000 Mid·Scale- I LSB ILSB 

Table I. Digital Input Codes 

ACCURACY 
Linearity Error 

CTSCompl. 
Two'sCompl. 

-ILSB 
Full Scale 

Zero 
+ Full Scale 

Linearity error is the most important accuracy specification in a 
digital-to-analog converter, since it cannot be externally trimmed 
or adjusted. Linearity is defined as the deviation of the DAC's 
actual analog output from a straight line drawn between the 
endpoints. The AD DAC71 and AD DACn feature guaranteed 
maximum linearity error of 0.003% of full scale. 

Differential Linearity Error 
Differential linearity error is the deviation from an ideal I LSB 
output change when the digital input changes ILSB. A differential 
linearity error specification of ± 1/2LSB means that the output 
changes at least ± V2LSB and at most ± 1/2LSB for a ILSB 
increment in digital input code. 

Monotonicity 
Monotonicity indicates that the output of the DAC in question 
will always increase (or stay the same) for an increasing digital 
input code. Converters generally specify the maximum resolution 
for which mono tonicity is guaranteed over a particular temperature 
range. The AD DAC71 and AD DACnC are guaranteed 
monotonic'at 14-bit resolution for 0 to + SO°C, while the AD 
DACn is guaranteed 14-bit monotopic from 0 to' + 70°C. 
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Drift 
Gain drift is a measure of the change in full scale output range 
as a function of temperature, expressed in parts per million 
(ppm) per °c. Gain drift is computed by testing the full scale 
range at + 2SoC and the endpoints of the applicable temperature 
range. The resulting change is divided by the temperature 
change and converted to ppm;oC. 

Offset drift is a measure of the actual change in output with all 
"1 "s on the digital inputs as a result of changes in temperature. 
For COB versions, the bipolar offset drift is measured with an 
input code of 0 11111111111. 

SETTLING TIME 
Settling time is defined as the total time required for the analog 
output to settle to within a particular error band around its final 
value after a change in the digital input code. In the case of the 
AD DAC71 and AD DACn, the error band is specified as 
0.003% of full scale. The specification for a ILSB change is 
meas~red at the major carry (1000 ... 00 to 0111 ... 11) with 
the LSB defined as the 14-bit LSB. 

Current output versions are specified for settling into two 
different resistive loads: IOn to loon and 1000n. 

OUTPUT COMPLIANCE VOLTAGE 
Compliance voltage is the maximum voltage swing allowed on 
the output of the current models while maintaining specified 
accuracy. The AD DAC71 and AD DACn are specified for a 
compliance range of 2.S volts and maximum safe voltage swing 
permitted without damage is S volts. 

POWER SUPPLY SENSITIVITY 
Power supply sensitivity is a measure of the effect of a power 
supply change on the D/A converter output. It is defined as a 
percent of change in either the positive, negative, or logic 
supplies about the nominal power supply voltages. 

REFERENCE SUPPLY 
All AD DAC71 and AD DACn models are supplied with an 
internal + 6.3V reference voltage supply. This reference voltage 
(pin 24) has a tolerance of S% and is connected internally for 
specified operation. The zener is selected for a gain drift of 
typically 3ppm;oC and is burned-in for a total of 168 hours for 
guaranteed reliability. This reference may also be used externally 
but the current drain is limited to SmA. An external buffer 
amplifier is recommended if the AD DAC71/72 internal 
reference is \lsed externally in order to provide a constant load 
to the reference supply output. 
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FEATURES 
Low Cost 
Improved Replacement for Standard DACSO 
3 Chip, High Reliability Construction 
Low Power Dissipation 
Laser-Trimmed to High Accuracy: 

±%LSB Max Nonlinearity, 0 to +70°C 
Guaranteed Monotonicity, 0 to +70°C 
High Stability, High Current Output 

Buried Zener Reference 
On-Board Output Amplifier (V Models) 
24 Lead Side Brazed Ceramic DIP 

PRODUCT DESCRIPTION 
The AD DACBO is a low cost 12-bit digital-to-analog con
verter, consisting of matched bipolar switches, a precision 
resistor network, a low-drift high-stability voltage reference 
and an optional output amplifier. Options include TTL com
patible complementary 12-bit binary (CBI) or 3 digit BCD 
(CCD) input codes, as well as current or voltage output modes. 
The AD DACBO offers output voltage ranges of ±2.5, ±5, ±1O, 
o to +5, or 0 to +10 volts (V models); output current ranges 
(I models) are either ±lmA or 0 to -2mA. 

Advanced circuit design and precision processing techniques 
result in significant performance advantages over conventional, 
larger, standard DACBO devices. An innovative 3-chip construc
tion improves reliability by a factor of two. The AD DACBO 
incorporates a fully differential, nonsaturating precision cur
rent switching cell structure which provides greatly increased 
immunity to supply voltage variation. This same structure also 
reduces nonlinearities due to thermal transients as the various 
bits are switched; nearly all critical components operate at 
constant pow'er dissipation. High stability, SiCr thin film re
sistors are trimmed with a fine resolution laser, resulting in 
lower differential nonlinearity errors. A low noise" high sta
bility subsurface zener diode is used to produce a reference 
voltage with excellent long term stability, high external cur
rent capability and temperature cycle characteristics which 
challenge the best discrete zener references. 

The AD DAC80 is recommended for all low cost 12-bit D/A 
converter applications where reliability and cost are of para
mount importance. The AD DACBO is also ideal for use in 
constructing AID conversion systems and as a building block 
for higher resolution D/A systems. 

·Covered by Patent Nos •• 3,978,473; RE28,633; 
4,020,486; 3,747,088; 3,803,590; 3,961,326. 

Low Cost 12-Bit 
IC D / A Converter 

AD DAC80* I 
AD DAC80 FUNCTIONAL BLOCK DIAGRAM 

24-PIN DIP 

PRODUCT HIGHLIGHTS 
1. The AD DACBO directly replaces other devices of this type III 

with significant increases in performance. I 
2. 3-Chip IC construction makes the AD DACBO the opti

mum choice for applications where low cost and high 
reliability are major considerations. 

3. System performance upgrading is possible without 
redesign. 

4. The AD DACBO offers a maximum nonlinearity error of 
±O.012%, ±30ppm/oC maximum gain drift, and a total 
accuracy drift in the bipolar configuration of ±20ppmt C 
maximum. 

5. The low T .C. Binary ladder guarantees that all AD DACBO 
units will be monotonic over the specified temperature 
range. 

6. Reduced power consumption requirements result in im
proved stability and shorter warm-up time. 

7. The precision buried zener reference can supply up to 
2.5mA for use elsewhere in the application. 

B. Voltage or current output modes are available in either 
of the BCD or binary inpu t formats. 
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SPECIFICATIONS (TA = +25°C, rated power supplies unless otherwise noted) 

MODEL 

DIGITAL INPUT 
Resolution 
Logic Levels (TTL/Compatible) 

Logical "1" (at +1/lA) 

Logical "0" (at -100~A) 

ACC.URA.CY ° 
Lineanty Error 0 to +70 C 
Differential Linearity Error 0 to +70

o
C 

Gain Error2 

Offset Error2 

Monotonicity Temp. Range 

DRIFT4 (0 to +70°C) 
Total Bipolar Drift (Includes Gain, Offset, 

and Linearity Drifts)! 
Total Error Over 0 to +700 C6 

Unipolar 
Bipolar 

Gain 
Exclusive of Internal Reference 

Unipolar Offset 
Bipolar Offset 

CONVERSION SPEED/V Models 
Settling Time to ±0.01 % of FSR 
For FSR Change 

with 10kn Feedback 7 

with Skn Feedback 
For 1 LSB Change 
Slew Rate 

CONVERSION SPEED/I Models 
Settling Time to ±O.Ol% of FSR 
For FSR Change 

10 to lOOn Load 
lkn Load 

ANALOG OUTPUTIV Models 
Ranges' 
Output Current 
Output Impedance (dc) 
Short Circuit Duration 

ANALOG OUTPUT/I Models 
Ranges 
Output Impedance· Bipolar 
Output Impedance - t:nipolar 
Compliance 

INTERNAL REFERENCE VOLTAGE 
Tempco of Drift 
External - Use CurrentS 

po&~rsJ~/~~aS~~SITIVITY 
+lSV Supply 
-lSV and +SV Supplies 

POWER SUPPLY REQUIREMENTS 
DAC80 

DAC80Z7 

Supply Drain 
+lSI+12V (Including SmA Load) 
-lSI-12V (Including SmA Load) 
+SV (Logic Supply) 

TEMPERATURE RANGE 
Specification 
Operating 
Storage 

NOTES 
'Lrast Significant Bit (LSB). 
• Adjustable to ZeTO with external trim potentiometer. 

DACSO-CBI 

12 Bits max 

+2V dc min, +S.SV dc max 
OV dc min, +0.8V dc max 

±1I4LSjl typ, ±1/2LSB1 max 
±1I2LSB typ, ±3/4LSB max 
±0.1% typ, ±0.3% max • 
±O.OS% FSR typ, ±0.1S% FSR3 max 
o to +70oC 

±20ppm FSRfc max 

±0.08% FSR typ, ±O.lS% FSR max 
±0.06% FSR typ, ±0.10% FSR max 
±lSppm/oC typ, ±30ppmfC max 
±Sppm/oC typ, ±7ppmtC max 
±lppm FSR/oC typ, ±3ppm FSR/oC max 
±Sppm FSR/oC typ, ±lOppm FSRtC max 

S~s typ 
3~s typ 
l.S~s typ 
10V/~s min, lSV/~s typ 

300ns typ 
l~styp 

±2.SV, ±SV, ±lOV, 0 to +SV, 0 to +10V 
±SmAmin 
o.osn typ 
Indefinite to Common 

±lmA,O to -2mA typ 
3.2kn typ 
6.6kn typ 
+IOV, -1.5V 
+6.3V ±2%max 
±lOppm/oC typ, ±20ppm/oC max 
+2.SmAmax 
l.5n tyP 

±0.002% FSR/% Vs 
±0.002% FSR/% Vs 

±14V dc, +4.7SV dc min 
±lSV dc, +SV dc typ 
±16V dc, +16V de max 
±11.4V dc, +4.7SV de min 
±12V dc, +SV de typ 
±16V dc, +16V dc max 

lOrnA typ, 20mA max 
-20mA typ, -3SmA max 
8mA tyP, 20mA max 

o to +70oC max 
-2SoC to +8SoC max 
-SSoC to +lOOoC 

'FSR mrans "Full Scale Range" and is 20V for tlOV range, lOY for ±SV range, etc. 
"To maintain drift spec internal feedback resistors must be used for current output models. 
I See discussion on Performance Over Temperature. 
'With gain and offset errors adjusted to zero at +2So C. 
'DAC80Z supply range is t12.0V min to ±l6.0V max for tSV and 0 to +SVoutputs. 
• Maximum with no degradation of specifications with constant load. 

Specifications subject to change without notice. 
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DACSO-CCD 

3 Digits max 

±1/8LSB typ, ±1I4LSB max 
!1I4LSB typ, ±1I2LSB max 

o to +lOV 

o to -2mA typ 



Applying the AD DACaD 

+Vs 
+Vs 

-Vs 
-Vs 

'-+---._---0 +Vs '----;e__-'-"<l +Vs 

~---_-o-Vs 
I-----e__-o-Vs 

1--........ ---11---0 +Vll21 

Figure 1. External Adjustment and Voltage Supply 
Connection Diagram, Current Model 

Figure 2. External Adjustment and Voltage Supply 
Connection Diagram, Voltage Model 

I Models Pin # 
(MSB) Bit 1 

Bit 2 2 
Bit 3 3 
Bit4 4 
Bit 5 5 
Bit 6 6 
Bit 7 7 
Bit 8 8 
Bit 9 9 
Bit 10 10 
Bit 11 11 

(LSB) Bit 12 12 

NOTES. 
1. 3kn for CCD models. Skn for CBI models. 
2. If connec~ed to +VS which is permissible; power dissipation 

increases 200mW. 
3. CBI model, 2kn; CCD model, on and pin 20 has no 

internal connection. 

PIN CONFIGURATION 

24 LEAD DUAL IN-LINE PACKAGE 

V Models I Models 

Bit l(MSB) Logic Supply 

Bit 2 -Vs 
Bit 3 loUT 
Bit 4 Ref Input 

Bit 5 Bipolar Offset 
Bit 6 Scaling Network 
Bit 7 Scaling Network 
Bit 8 Scaling NetWork 
Bit 9 Common 
Bit 10 +Vs 
Bit 11 Gain Adjust 
Bit 12 (LSB) 6.3VREF Out 

AD DAC80 ORDERING GUIDE 

Pin # 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

MODEL INPUT CODE OUTPUT MODE SUPPLY RANGE 

AD DAC80-CBI-V Binary Voltage Normal 
AD DAC80-CBI-I Binary Current Normal 
AD DAC80-CCD-V Binary Coded Decimal Voltage Normal 
AD DAC80-CCD-I Binary Coded Decimal Current Normal 
AD DAC80Z-CBI-V Binary Voltage Extended 
AD DAC80Z-CBI-I Binary Current Extended 
AD DAC80Z-CCD-V Binary Coded Decimal Voltage Extended 
AD DAC80Z-CCD-I Binary Coded Decimal Current Extended 

1 See Section 20 for package outline information. 

V Models 

Logic Supply 
-VS 
VOUT 
Ref Input 
Bipolar Offset 
10V Range 
20V Range 
Summing Junction 
Common 
+Vs 
Gain Adjust 
6.3VREF Out 

PACKAGE 
OPTION 1 

HY24A 
HY24A 
HY24A 
HY24A 
HY24A 
HY24A 
HY24A 
HY24A 
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DIGITAL INPUT CODES 
The AD DAC80 accepts complementary digital input codes 
in either binary (CBI) or decimal (CCD) format. The CBI 
model may be connected by the user for anyone of three 
complementary codes: CSB, COB or CTC. 

DIGITAL INPUT ANALOG OUTPUT 

CSBCompl. COB Compl. CTC· Compl. 
MSB LSB Straight Binary Offset Binary Two's Compl. 

~ 
::E 000000000000 +Full Scale +Full Scale -LSB 
; 0111 I 1 I 11111 +\1 Full Scale Zero -Full Scale 
U 

100000000000 Mid-scale -ILSB -1 LSB +Full Scale 
111111111111 Zero -Full Scale Zero 

CCD ::g 
MSB LSB Complementary Coded Decimal - 3 Digits 

~ 011001100110 +Full Scale Q 
U 1 i 11 1111 1111 Zero 
u 

-Invert the Msa of the COB code with an external inverter to obtain eTC code .. 

Table I. Digital Input Codes 

ACCURACY 
Accuracy error of a D/Aconverter is the difference between 
the analog output that is expected when a given digital code is 
applied and the output that is actually measured with that 
code applied to the converter. Accuracy error can be caused 
by gain error, zero error, linearity error, or any combination 
of the three. Of these three specifications, the linearity error 
specification is the most important since it can not be cor
rected for. The linearity error of the AD DAC80 is specified 
over its entire temperature range. This means that the analog 
output will not vary by more than ±1/ZLSB, maximum, from 
an ideal straight line drawn between the end points (inputs all 
"l"s and all "O"s) over the specified temperature range of 
o to +70°C. 

Differential linearity error of a D/A converter is the devi-
ation from an ideal 1LSB voltage change from one adjacent 
output state to the next. A differential linearity error speci
fication of ±I/ZLSB means that the output voltage step sizes 
can range from 1/ZLSB to 3/ZLSB when the input changes 
from one adjacent input state to the next. Monotonicity over 
the 0 to +70oC range is guaranteed in the AD DAC80 to ensure 
that the analog output will not decrease with increasing input 
digital codes, 

DRIFT 
Gain Drift is a measure of the change in the full scale range 
output over temperature expressed in parts per million per 
°c (ppmtC). Gain drift is established by: 1) testing the end 
point differences for each AD DAC80 model at OOC; +ZSOC 
and +70oC; Z) calculating the gain error with respect to the 
+ZSOC value and; 3) dividing by the temperature change. 

Offset Drift is a measure of the actual change in output with 
all "1 "s on the input over the specified temperature range. The 
offset is measured at OOC, +ZSOC and +70o C. The maximum 
change in offset is referenced to the offset at ZSOC and is 
divided by the temperature range. This drift is expressed in 
parts per million of full scale range per °c (ppm of FSRtC). 
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SETTLING TIME 
Settling time for each AD DAC80 model is the total time (in
cluding slew time) required for the output to settle within an 
error band around its final value after a change in input (see 
Figure 3). 

Voltage Output Models. Three settling times are specified to 
±0.01 % offull scale range (FSR); two for maximum full scale 
range changes of ZOV, 10V and one for a 1LSB change. The 
lLSB change is measured at the major carry (0 11 1 ... 11 to 
1000 ... 00), the point at which the worst case settling time 
occurs. 

Current Output Models, Two settling times are specified to 
±0.01% of FSR. Each is given for current models connected 
with two different resistive loads: 10 to 100 ohms and 1000 
to 1875 ohms. Internal resistors are provided for connecting 
nomil}alload resistance of approximately 1000 to 1800 ohms 
for output voltage range of ±1 V and 0 to -ZV (see Table IV). 

100 

SETTLING TIME -Ill 

Figure 3. Full Scale Range Settling Time vs. Accuracy 

COMPLIANCE 
Compliance voltage is the maximum voltage swing allowed on 
the current output node in order to maintain specified 
accuracy. 

POWER SUPPLY SENSITIVITY 
Power supply sensitivity is a measure of the effect of a power 
supply change on the D/A converter output. It is defined as a 
per cent of FSR per per cent of change in either the positive, 
negative, or logic supplies about the nominal power supply 
voltages. 

REFERENCE SUPPLY 
All AD DAC80 models are supplied with an internal 6.3 volt 
reference voltage supply. This voltage (pin Z4) is accurate to 
±Z% and must be connected to the Reference Input (pin 16) 
for specified operation. This reference may also be used ex
ternally with external current drain limited to Z.SmA. An 
external buffer amplifier is recommended if this reference is 
to be used to drive other system components. Otherwise, vari
ations in the load driven off of the reference will result in gain 
variations of the AD DAC80. All gain adjustments should be 
made under constant load conditions. 



ANALYZING DEVICE ACCURACY OVER THE 
TEMPERATURE RANGE 
For the purposes of temperature drift analysis. the major de
vice components are shown in Figure 4. The reference element 
and buffer amplifier drifts are combined to give the total refer
ence temperature coefficient. which is specified as ±20ppm/C 
max. The input reference current to the DAC, IREF, is devel
oped from the internal reference and will show the same drift 
rate as the reference voltage. The DAC output current, IOAC, 
which is a function of the digital input code, is designed to 
track IREF; if there is a slight" mismatch in these currents over 
temperature, it will contribute to the gain T.C. The bipolar 
offset resistor, RBP, and gain setting resistor, RcAIN, also have 
temperature coefficients which contribute to system drift er
rors. The input offset voltage drift of the output amplifier, 
OA, also contributes a small error. 

There are three types of drift errors over temperature: offset, 
gain. and linearity. Offset drift causes a vertical translation of the 
entire transfer curve; gain drift is a change in the slope of the 
curve; and linearity drift represents a change in the shape of 
the curve. The combination of these three drifts results in the 
complete specification for total error over temperature. 

Total error is defined as the deviation from a true straight line 
transf~r characteristic from exactly zero at a digital input 
which calls for zero output to a point which is defined as full 
scale. A specification for total error over temperature assumes 
that both the zero and full scale points have been trimmed for 
zero error at +25°C. Total error is normally expressed a per
centage of the full scale range. In the bipolar situation, this 
means the total range from -VFS to +VFS. 

Several new design concepts not previously used in DAC80-
type devices contribute to a reduction in all the error factors 
over temperature. The incorporation of low temperature coef
ficient silicon-chromium thin-film resistors deposited on a sin
gle chip, a patented, fully differential, emitter weighted, preci
sion current steering cell structure, and a T.C. trimmed buried 
zener diode reference element results in superior wide tempera
ture range performance. The full scale gain settling resistors 
and bipolar offset resistor are also fabricated on the chip with 
the same SiCr material as the ladder network, resulting in low 
gain and offset'drift. 

+15V 

ROAIN 

V-

Figure 4. Bipolar Configuration 

Performance Over Temperature 
MONOTONICITY AND LINEARITY 
The initial linearity error of ±1I2LSB max and the differential 
linearity error of ±3/4LSB max oguarantee monotonic perform
ance over the range of 0 to +70 C. It can therefore be assumed 
that linearity errors are insignificant in computation of total 
temperature errors. 

UNIPOLAR ERRORS 
Temperature error analysis in the unipolar mode is straight
forward: there is an offset drift and a gain drift. The offset 
drift of 3ppm/o C max (which comes from leakage currents and 
drift in the output amplifier (OA» causes a linear shift in the 
transfer curve as shown in Figure 5. The gain drift causes a 
change in the slope of the curve and results from reference 
drift, DAC drift, and drift in RGAIN relative to the DAC resis
tors for a total of 30ppm/C max. Total absolute error due to 
all of these effects is guaranteed to be less than ±0.15% of full 
scale from 0 to +70oC. 

BIPOLAR RANGE ERRORS 
The analysis is slightly more complex in the bipola~ mode. In 
this mode RBP is connected to the summing node of the out
put amplifier (see Figure 5) to generate a current which, 
exactly balances the current of the MSB so that the output 
voltage is zero with only the MSB on. 

Note that if the DAC and application resistors track perfectly, 
the bipolar offset drift will be zero even if the reference drifts. 
A change in the reference voltage, which causes a shift in the 
bipolar offset, will also cause an equivalent change in IREF and 
thus IOAC, so that IOAC will always be exactly balanced by 
IBP with the MSB turned on. This effect is shown in Figure 5. 
The net effect of the reference drift then is simply to cause a 
rotation in the transfer around bipolar zero. However, con
sideration of second order effects (which are often overlooked) 
reveals the errors in the bipolar mode. The unipolar offset 
drifts discussed before will have ~he same effect on the bipolar 
offset. A mismatch of RBP to the DAC resistors is ·usually the 
largest component of bipolar drift, but in the AD DAC80 this 
error is held to lOppm/oC max. Gain drift in the DAC also 
contributes to bipolar offset drift, as well as full scale drift, but 
again is held to 7ppm/oC max. The total of all these errors is 
held to ±0.1 % offull scale from 0 to +70°C. Note that, in the 
bipolar ranges, full scale is defined as the total range from 
-VFS to + VFS. 

UNIPOLAR 

~ - GAIN SHIFT 

:!) 

o 4----r~~~--------~-----

BIPOLAR (IDEAL CASE) 

Figure 5. Unipolar and Bipolar Drifts 
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Using Ule AD DAC8D 
±12 VOLT SUPPLY OPERATION 

The Z models will operate with supply voltages as low as 
±l1.4V. It is recommended that output voltage ranges -lOV 
to +lOV and OV to +lOV not be used with the Z model if 
the supply voltages are ever less than the recommended ±l2V. 
The output amplifier may saturate if 1 VSUPPLY 1- 1 VOUT 
max 1 < 2.0V. This applies to units with both CBI and CCD 
input codes. Except for operation at lower supply voltages, 
the AD DAC80Z and AD DAC80 operation is identical. 

POWER SUPPLY CONNECTIONS 
For optimum performance power supply decoupling capacitors 
should be added as shown in the connection diagrams (Figures 
land 2). These capacitors (lpF electrolytic recommended) 
should be located close to the AD DAC80. Electrolytic capa
capacitors, if used, should be paralleled with O.OlpF ceramic 
capacitors for optimum high frequency performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 
Offset and gain may be trimmed by installing external OFF
SET and GAIN potentiometers. These potentiometers should 
be connected as shown in the block diagrams and adjusted as 
described below. TCR of the potentiometers should be 
IIOOppmtC or less. The 3.9Mn and lOMn resistors (20% , 
carbon or better) should be located close to the AD DAC 80' 

270k!l 270k!l 

T
=T 

Figure 6. Equivalent Resistances 

+FULL SCALE 

lLSB 
w 
C> 
Z 

~ 
w 
oJ 
<:: 
~ 
oJ 
oJ 
;) 

RANGEOF 1"-
OFFSETADJ 1 

~~-+-+~~~I+I-rI;I-+I-+I~1 

T 
RANGE OF 
GAIN ADJ 

.-ALL BITS= 1 ALL BITS-O 

L~!!SET ADJ 
TRANSLATES 

THE LINE 

Figure 7. Relationship of OFFSET and GAIN 
Adjustments for a UNIPOLAR D/A Converter 
(Input, Horizontal,' Output, Vertical) 
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to prevent noise pick-up. If it is not convenient to use 
these high-value resistors, a functionally equivalent "T" 
network, as shown in Figure 6 may be substituted in each case. 
The gain adjust (pin 23) is a high impedance point and a 
O.OlpF ceramic capacitor should be connected from this pin 
to common to prevent noise pick-up. Figures 7 and 8 show the 
relationship of the OFFSET and GAIN adjustments to the uni
polar and bipolar D/A converters. 

Offset Adjustment. For unipolar (CSB, CCD) configurations, 
apply the digital input code that should produce zero poten
tial output and adjust the OFFSET potentiometer for zero 
output. For bipolar (COD, CTC) configurations, apply the 
digital input code that should produce the maximum negative 
output voltage. Example: If the FULL SCALE RANGE is 
connected for 20 volts, the maximum negative output volt
age is -lOY. See Table II for corresponding codes and the 
block diagrams for offset adjustment connections. 

Gain Adjustment. For either unipolar or bipolar config
urations, apply the digital input that should give the maximum 
positive voltage output. Adjust the GAIN potentiometer for 
this positive full scale voltage. See Table II for positive full 
scale voltages and the block diagrams for gain adjustment 
comiections. 

LANGE OF 
GAIN ADJ 

RANGE OF 
OFFSETAD~ 

i 
:E 

~ 

I 
§ 

T 
Figure 8. Relationship of OFFSET and GAIN 
Adjustments fora BIPOLAR D/A CONVERTER 
(Input, Horizontal; Output, Vertical) 

DIGITAL INPUT ANALOG OUTPUT 

12 Bit Rcsolurlon VOLTAGP CURRENT 

000000000000 +9.9951V -1.999SmA -Q.999SmA 
0111 J 1111111 +S.OOOOV O.OOOOV -1.000OmA 
100000000000 +4.9976V -O.0049V -o.999SmA f-O.OOO5mA 
111111111111 O.OOOOV ~·14.~~A lLSB 

J DilitalRclOlubon 

011001100110 +9.990V·· NIA -1.249mA NIA 
01100110 1111 +9.900V NIA -1.2J8mA NIA 
011011111111 +9.000V -1.12SmA NIA 
111111111111 O.OOOV "'fA O.OOOmA N/A 

lLSB 10.OOmV N/A 1.2S",A N/A 

·To obtAin v&lura (or other binary (CBI) rUlIt': 0 EO +5V rarllt' diVide 0 to + JOV ranp "lues by 2; 
t5V fVIIt: divdt tlOV ranltv.Ntsby 2it2.5V ruridividt tlOV rqe v.Junby 4. 

··Nonn&lfuUlCaltrlnltwithcontctcodtt.oulputCarllohiJherifilltp)codtlutlpplitd. 

Table II. DigitallnputlAnalog Output 



VOLTAGE OUPUT MODELS 
Internal scaling resistors provided in the DAC80 may be con
nected to produce bipolar output voltage ranges of ±10, ±S 

.or ±2.5V or unipolar output voltage ranges of 0 to+5 or 0 to 
+10V (see Figure 9). 

REF 
INPUT 

gp6 
6.3kfl 

TO REF _ ..... _ ..... ----_ .. "' ...... ____ --1r,;l·BIPOLAR 
CONTROL CIRCUIT . ~ OFFSET 

SUMMING 
JUNCTION 

~COM 

FROM WEIGHTED 

~~~~6~~ -----<.--.J\N'I.--... ---Jw._~ 
OUTPUT 

Figure 9. Output Amplifier Voltage Range 
Scaling Circuit 

Gain and offset drift are minimized in the DAC80 because 
of the thermal tracking of the scaling resistors with other 
device components. Connections for various output voltage 
·ranges are shown in Table III. Settling time is specified for a 
full scale range change: 5 microseconds for 8kn or lOk!2 feed
back resistors; 3 microseconds for a 5kn feedback resistor. 

Output Digital Connect Connect Connect I Connect 
Range Input Codes Pin IS to Pin 17 to Pin 19 to Pin 16 to 

±10V COB or CTC 19 20 15 24 
±5V COB or CTC 18 20 N.C. 24 
±2.SV COB orCTC 18 20 20 H 
Oto +10V CSB 18 21 N.C. 24 
Oto +SV CSB 18 21 20 24 
Oto+l0V CCO 19 N.C. IS 24 

Table 1/1. Output Voltage Range Connections
Voltage Model AD DACBO 

The equivalent resistive scaling network and output circuit of 
the current model are shown in Figures 10 and 11. External 
RLS or RLP resistors are required to produce exactly 0 to 
-2V or ±1 V output. TCR of these resistors should be 
±100ppm/oC or less to maintain the AD DAC80 output 
specifications. If exact output ranges are not required, the 
external resistors are not needed. 

Internal 1% Metal Film 
Digital Output Resiitance Ex ternal Resistance Connect 

Input Codes Range RLJ RLS RLP Pin IS to 

CSB o to -2V 0.968k!l 2lO!l N/A 20 

CCD o to -2V 3k!l N/A 3.S7k!l N.C. 

COB orefC ±IV 1.2k!l 249!l N/A 18 

Applying the AD DACaO 

C 
TO REF CONTROL CIRCUIT 

r.;t 6.3kfl r,:;] 
REF IN 12:J~~--"NI ~ 

~~ 5kfl 

15 
r 

a) AD DAC80-CBI-1 

~
8 3~~ _________ ~ 

5kfl 

15 [§] NC 

b) AD DACBO-CCD-I 

Figure 10. Internal Scaling Resistors 

Internal resistors are provided to scale an external op amp or 
to configure a resistive load to offer two output voltage ranges 
of ±1 V or 0 to -2V. These resistors (RLI) are an integral part 
of the AD DAC80 and maintain gain and bipolar offset drift 
specifications. If the internal resistors are not used, external a 
RL (or RF) resistors should have a TCR of ±25ppm/oC or less 
to minimize drift. This will typically add ±50ppm/oC + the 
TCR of RL (or RF) to the total drift. 

17 6.3kfl 
BIPOLAR OFFSET 

REFERENCE INPUTI-1;,.:.6 ___ ..... _c6~::6L 
CIRCUIT 

..-________ ..... ___ ...!1~5 lOUT 

6.6kfl 
t-______ --~2~1 COMMON 

L..-________ ..!2:.j4 REFERENCE OUT 

Figure 11. AD DACBO Current Model Equivalent 
Output Circuit 

R L I Connections Reference Bipolar Offset 

Connect Connect Connect Connect 
Pin 18 to Pin 20 to Pin 16 to Pin 17 to RLS RLP 

Between 
19 & RLS 15 24 Com (21) Pin 18 & N/A 

Com (2I) 

Between 
Com (21) N.C. 24 N.C. N/A Pin IS & 

21 
Between 

19 RLS 24 IS Pin 20 & N/A 
Com (21) 

Table IV. Current Model/Resistive Load Connections 
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DRIVING A RESISTIVE LOAD UNIPOLAR 
A load resistance, RL = Ru + RLS, connected as shown in 
Figure 12 will generate a voltage range, VOUT, detennined by: 

VOUT = -2mA 
f.. 6.6k x RL) 
\6.6k + RL 

Where RL max = l.S4kn 

and VOUT max = -2.SV 

To achieve specified drift, connect the internal scaling resistor 
(Ru) as shown in Table IV to an external metal film trim re
sistor (RLs) to provide full scale output voltage range of 0 to 
-2V. With RLS = 0, VOUT = -1.69V. 

15 

~ RLI 

cDoTO 
96811 18 RLS 

2mA 

21 COMMONl ~ 6.6k11 

CURRENT CONTROLLED 

+ 

VOUT 

BY DIGITAL INPUT 

Figure 12 Equivalent Circuit AD DAC80-CBI-1 
Connected for Unipolar Voltage Output with 
Resistive Load 

CCD Input Code: Connect the internal scaling resistors as 
shown in Table V and add an external metal film resistor 
(RLP) in parallel as shown in Figure 13 to obtain a 0 to-2 
volt full scale output voltage range for CCD input codes. 

With R = Ru x RLP 
L Ru + RLP , 

V; = -1.2SmA C' 6.9k x RL!) . 
OUT '. 6.9k + RL 

If RLP = 00, VOUT = -3.62V 

15 + 

cD OTO 6.9kl1 RLP 
1.25mA • ~;h 

\CURRENT CONTROLLED 21 COMMON 

VOUT 

BY DIGITAL INPUT 

Figure 13. AD DAC80-CCD-1 Connected for 
Voltage Output with Resistive Load 

DRIVING A RESISTOR WAD BIPOLAR 

The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 14, RL = Ru + RLS. VOUT is 
detennined by: 

_ + (RL x 3.22k) 
VOUT - -lmA RL + 3.22k 

Where RL max = 11.1Bkn 

VOUT max = ±2.SV 

To achieve specified drift, connect the internal scaling resistors 
(Ru) as shown in Table IV for the COB or CTC codes and add 
an external metal film resistor (RLS) in series to obtain a full 
scale output range of ±1 V. In this configuration, with RLS 
equal to zero, the full scale range will be ±O.B74V. 

DRIVING AN EXTERNAL OP AMP 
The current model AD DACBO will drive the summing junction 
of an op amp used as a current to voltage converter to produce 
an output voltage. As seen in Figure 15. 

VOUT = loUT x RF 
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15 
+ 

12kl1 20 RLS f Ru 

~~lmA 
1 

v OUT 

\ 322k11 

CURRENT CONTROLLED 
21 COMMON 

BY DIGITAL INPUT 

Figure 14. AD DAC80-CBI-1 Connected for Bipolar 
Output Voltage with Resistive Load 

where lOUT is the AD DACBO output current and RF is the 
feedback resistor. Using the internal feedback resistors of the 
current model AD DACBO provides output voltage ranges the 
same as the voltage model AD DACBO. To obtain the desired 
output voltage range when connecting an external op amp, 
refer to Table V and Figure 15. 

Output Digital Connect Connect Connect Connect 
Range Input Codes Ato Pin 17 to Pin 19 to Pin 16 to 

±10V COB orCTC 19 15 A 24 
±5V COB orCTC 18 15 N.C. 24 
±2.5V COB or CTC 18 15 15 24 
o to +10V CSB 18 21 N.C. 24 
o to +5V CSB 18 21 15 24 
o to +10V CCD 19 N.C. A 24 

Table V. Voltage Range of Current Output AD DAC80 

20V RANGE (CBI) 
19, 10V RANGE (CCD) 

r-----~~------~~~ 

A 

VOUT 

"FOR FAST SETTLING TIMES 

Figure 15. External Op Amp - Using Internal 
Feedback Resistors 

OUTPUT LARGER THAN 20V RANGE 
For output voltage ranges larger than ±1O volts, a high voltage 
op amp may be employed with an external feedback resistor. 
Use lOUT values of ±lmA for bipolar voltage ranges and -2mA 
for unipolar voltage ranges (see Figure 16). Use protection 
diodes when a high voltage op amp is used. 

The feedback resistor, RF, should have a temperature coef
ficient as low as possible. Using an external feedback resistor, 
overall drift Of the circuit increases due to the lack of temper
ature tracking between RF and the internal scaling resistor 
network. This will typically add SOppm/oC + RF drift to 
total drift. 

"FOR OUTPUT VOLTAGE SWINGS UP TO 140)' p.p. 

Figure 16. External Op Amp - Using 
External Feedback Resistors 
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WDEVICES 

FEATURES 
Improved Replacement for Standard DAC85 
3 Chip; High Reliability Construction 
Low Power Dissipation 
Laser-Trimmed to High Accuracy: 

±3/4LSB Max Nonlinearity, _55°C to +125°C 
(AD DAC85 MI L) 

High Stability, High Current Output 
Buried Zener, Reference 

On-Board Output Amplifier (V Models) 
24 Lead Side Brazed Ceramic DIP 

PRODUCT DESCRIPTION 
The AD DAC85 is a high performance 12-bit digital-to-analog 
converter, consisting of matched bipolar switches, a precision 
resistor network, a low-drift high-stability voltage reference and 
and an optional output amplifier. Options include TTL com
patible complementary 12-bit binary (CBI) or 3 digit BCD 
(CCD) input codes, as well as current or voltage output modes. 
The AD DAC85 offers output voltage ranges of ±2.5, ±5, ±10, 
o to +5, or 0 to +10 volts (V models); output current ranges 
(I models) are either ±1mA or 0 to -2mA. 

Advanced circuit design and precision processing techniques 
result in significant performance advantages over conventional, 
larger, standard DAC85 devices. An innovative 3-chip construc
tion improves reliability by a factor of five.! The AD DAC85 
incorporates a fully differential, non-saturating precision cur
rent switching cell structure which provides greatly increased 
immunity to supply voltage variation. This same structure also 
reduces nonlinearities due to thermal transients as the various 
bits are switched; nearly all critical components operate at 
constant power dissipation. High stability, SiCr thin film re
sistors are trimmed with a fine resolution laser, resulting in 
low differential nonlinearity errors. A low noise, high sta
bility subsurface zener diode is used to produce a reference 
voltage with excellent long term stability, high external cur
rent capability and temperature cycle characteristics which 
challenge the best discrete zener references. 

The AD DAC85 is recommended for all 12-bit D/A converter 
applications where reliability and performance over tempera
ture are of paramount importance. 

·Covered by Patent Nos. 3,978,473;RE 28,633;4,020,486; 3,747,088; 
3,803,590; 3,961,326. 

1 For details of calculations see Application Note; "AD DAC85 
Reliability Predictions". 

High Performance 12-Bit 
IC D / A Converter 

AD DAC85* I 
AD DAC85 FUNCTIONAL BLOCK DIAGRAM 

24-PIN DIP 

PRODUCT HIGHLIGHTS 
1. The AD DAC85 directly replaces other devices of this type II 

with significant increases in performance. 
2. 3-Chip IC construction makes the AD DAC85 the" opti

mum choice for applications where performance and 
reliability are major considerations. 

3. System performance upgrading is possible without redesign. 

4. The AD DAC85 offers a maximum nonlinearity error of 
±O.012%, ±20ppm/oC maximum gain drift, and a total 
accuracy drift in the bipolar configuration of ±10ppm/oC 
maximum. 

5. The low T.C. Binary ladder guarantees that all AD DAC85 
units wili be monotonic over the specified temperature 
range. 

6. Reduced power consumption requirements result in im
proved stability and shorter warm-up time. 

7. The precision buried zener reference can supply up to 
2.5mA for use elsewhere in the application. 

8. Voltage or current output modes are available in either of 
the BCD or binary input formats. 
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SPECIFICATIONS (Typical @+25°C unless otherwise specified) 

MODEL AD DACSSC AD DACSSC 
CBI 

DIGIT AL INPUT 
Resolution IZ 

Logic Levels (TTL Compatible) 
Logic "I" (at + lilA) +ZV de min, +S.SV de max 
Logic "0" (at -IOOIlA) OV de min, +O.SV dc max 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error@ ZSoC (max) ±I/Z 
o to + 70°C (max) ±I/Z 
-25°C to +SSoC (max) 
-55°C to +I2SoC (max) 

Differential Linearity Error ±I/Z 
Gain Error· ±O.I 
Offset Error· ±0.05 
Minimum Temperature Range for 
Guaranteed Monotonieit}' o to +70 

DRI FT3 

Gain 0 to +70oC (max) ±20 
-25°C to +85°C (max) 
-55°C to +125°C (max) 

Offset 
Unipolar 0 to +70

o
C 

-25°C to +85°C 
+1 

-55°C to +IZ5°C 
Bipolar 0 to +70°C (max) ±IO 

-25°C to +85°C (max) 
_55°C to +12SoC (max) 

CO"lVERSION SPEED 
Voltage Models 

Settling Time to ±0.01% of FSR 
for FSR change 

with 10kn Feedback 
with 5kn Feedb~ck 

for I LSB change I.S 
Slew Rate ZO 
Current Models 

Settling Time to ±O.OI% of FSR 
for FSR change 10 to lOOn load 300 
Ikn load I 

ANALOG OUTPUT 
Voltage Models Ranges - CBI Units ±2.5. ±5, ±IO, +5, +10 

CCD Units +10 
Output Current (min) ±5 
Output Impedance (dc) 0.05 
Current Models 

Ranges ±I, -Z 
Output Impedance· Bipolar 3.Z 

Unipolar 6.65 
Compliance -2.5, + 10.5 
Internal Reference Voltage (Vr) 6.3 
Output Impedance I.S 

Max. External Cur~ent4 2.5 
Max Reference Error ±2 
Tempco of Drift ±10 typ, ±ZO max 

POWER SUPPLY SENSITIVITY 
+15V Supply ±O.OOZ 
-IS and +5V Supplies ±0.002 

POWER SUPPLY REQUIREMENTS 
Rated Voltage ±IS and +5 
Range ±14.5 to ±15.5 and +4.50 to +15.5 
Supply Drain 

+15V (including 5mA load) 15 typ, 20 max 
+5V 15 typ, 20 max 
-15V 25 typ, 30 max 

TEMPERATURE RANGE 
Specification o to +70 
Operating -Z5 to +S5 
Storage -55 to +125 

NOTES 
·Specifications same as AD DAC85C CBI. 
I Adjustable to zero with external trim potentiometer. 
2 FSR means "full scale range" and is 20V for! IOV range, IOV for! 5V range, etc. 
S To maintain drift spec inurnal feedback resistors must be used for current output models; 

the buried zener reference drift is a nonlinear function of temperature: all devices are 
tested to insure that actual drift at any temperature within the specified operating 
range is l~ss than guaranteed maximum. 

4 With no degradation of specifications under constant load. 
Specifications subject to change without notice. 
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CCD 

±1/4 
±1/2 

o to +70 

±ZO 

+1 

AD DACSS AD DACSS AD DACSSLD 
CBI CCD CBI 

IZ 12 

±112 ±1/4 ±I/Z 

±IIZ ±1I2 ±1/2 

-25 to +S5 -25 to +85 -25 to +85 

±20 ±20 ±IO 
±ZO ±20 ±IO 

±I ±I ±I 

±IO ±s 

-Z5 to +85 -25 to +85 -25 to +85 
-55 to +125 -55 to +125 -55 to +125 

AD DACSSMIL UNITS 
CBI 

IZ Bits 
Digits 

V 
V 

±1/2 LSB 
LSB 

±112 LSB 
±3/4 LSB 

LSB 
% 
% of FSR l 

-55 to +125 °c 

±20 ppm/C 
±20 ppm/C 
±Zo ppm/C 

ppm of FSR/C 
±I ppm of FSR/C 
±Z ppm of FSR/oC 

ppm of FSR/oC 
±10 ppm of FSR/oC 
±IO ppm of FSR/oC 

ps 
ps 
ps 
Vips 

ps 

V 
V 
rnA 
n 

rnA 
kn 
kn 
V 
V 
n 
rnA 
% 
ppm ofV,/C 

% of FSR/% Vs 
% of FSR/% Vs 

V 
V 

rnA 
rnA 
rnA 

-55 to +125 °c 
-55 to +IZ5 °c 

°c 



MIL-STD-883B 
The rigors of the military/aerospace environment (temperature 
extremes, humidity, mechanical stress, etc.), demand the utmost 
in electronic circuits. The AD DAC8S with the inherent relia
bility of integrated circuit construction, was designed with 
these applications in mind. To further insure reliability, the 
AD DAC8S is offered with 100% screening to MIL-STD-883, 
method 5008. 

Mll-STD 8838 

The quality assurance section details the test procedures of 
MIL-STD-883. All AD DAC8S models with 883B suffix have 
been processed in accordance with these tests on a 100% basis; 
AD DAC8S MIL-CBI-V-883B is an example of 883 Level B 
designation. 

AD DAC8S ORDERING GUIDE 

INPUT OUTPUT TEMPERATURE 
MODEL CODE MODE RANGE PACKAGE OPTION l 

AD DAC8SC-CBI-V Binary Voltage O°C to +70°C HY24A 
AD DAC8SC-CBI-I Binary Current OOC to +70°C HY24A 
AD DAC8S-CBI-V Binary Voltage -25°C to +8S

o
C HY24A 

AD DAC8S-CBI-I Binary Current -25°C to +8So C HY24A 
AD DAC8SLD-CBI-V Binary Voltage -25°C to +8So C HY24A 
AD DAC85LD-CBI-I Binary Current .,..2S

o
C to +8S

o
C HY24A 

AD DAC8SMIL-CBI-V Binary Voltage -55°C to +12S
o

C HY24A 
AD DAC8SMIL-CBI-I Binary Current -55°C to +12S

o
C HY24A 

AD DAC8SC-CCD-V Binary Coded Decimal Voltage OOC to +70o C HY24A 
AD DAC8SC-CCD-I Binary Coded Decimal Current OOC to +70o C HY24A 
AD DAC8S-CCD-V Binary Coded Decimal Voltage -25°C to +8S

o
C HY24A 

AD DAC8S-CCD-I Binary Coded Decimal Current -25°C to +8S
o

C HY24A 

'I See Section 20 for package outline information. 
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+Vs +Vs 

-Vs -Vs 

Y-_~--o+Vs '---_-~+Vs 

~---_--o -Vs I-----_-o-Vs 

t--..---t---o +VL 121 

Figure 1. External Adjustment and Voltage Supply 
Connection Diagram, Current Model 

Figure 2. External Adjustment and Voltage Supply 
Connection Diagram, Voltage Model 

NOTES: 
1. }kn for CCD models. 5kn for CBI models. 
2. If connected to +VS which is permissible. power dissipation 

increases 200mW. 
3. CBI model, 2kn; CCD model. on and pin 20 has no 

internal connection. 

PIN CONFIGURATION 

24 LEAD DUAL IN-LINE PACKAGE 

I Models Pin # V Models 

(MSB) Bit 1 1 Bit l(MSB) 
Bit 2 2 Bit 2 
Bit 3 3 Bit 3 
Bit 4 4 Bit 4 
Bit 5 5 Bit 5 
Bit 6 6 Bit 6 
Bit 7 7 Bit 7 
Bit 8 8 Bit 8 
Bit 9 9 Bit 9 
Bit 10 10 Bit 10 
Bit 11 11 Bit 11 

(LSB) Bit 12 12 Bit 12 (LSB) 

I Models Pin # V Models 

Logic Supply 13 Logic Supply 
-Vs 14 -Vs 

loUT 15 VOUT 
R~flnput 16 Ref Input 
Bipolar Offset 17 Bipolar Offset 
Scaling Network 18 10V Range 
Scaling Network 19 20V Range 
Scaling Network 20 Summing Junction 
Common 21 Common 
+VS 22 +Vs 
Gain Adjust 23 Gain Adjust 
6.3VREF Out 24 6.3VREF Out 
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DIGITAL INPUT CODES 
The AD DAC8S accepts complementary digital input codes 
in either binary (CBI) or decimal (CCD) format. The CBI 
model may be connected by the user for anyone of three 
complementary codes: CSB, COB or CTC. 

DIGITAL INPUT ANALOG OUTPUT 

CSB Compl. COBCompl. CTC· Compl. 

... MSB LSB Straight Binary Offset Binary Two's Compl. 
.", 

° :::e 000000000000 +Full Scale +Full Scale -LSB 
Cii 011111111111 +1'. Full Scale Zero -Full Scale 
U 

100000000000 Mid-scale -ILSB -1 LSB +Full Scale 
111111111111 Zero "-Full Scale Zero 

CCD 
OJ 

1l MSB LSB Complementary Coded Decimal - 3 Digits 
:::e 011001100110 +Full Scale Q 
U 111111111111 Zero 
U 

-Invert the MSB of the COB code with an external invC'rtc:r to obtain eTC code. 

Table I. Digital Input Codes 

ACCURACY 
Accuracy error of a D/A converter is the difference between 
the analog output that is expected when a given digital code is 
applied and the output that is actually measured with that 
code applied to the converter. Accuracy error can be caused 
by gain error, zero error, linearity error, or any combination 
of the three. Of these three specifications, the linearity error 
specification is the most important since it can not be cor
rected for. The linearity error of the AD DAC8S is specified 
over its entire temperature range. This means that the analog 

. output will not vary by more than ±l12LSB, maximum, from 
an ideal straight line drawn between the end points (inputs all 
"1 "s and all "O"s) over the specified temperature range of 
-2SoC to +8SoC. 

Differential linearity error of a D/A converter is the devi
ation from an ideal 1LSB voltage change from one adjacent 
output state to the next. A differential linearity error spec i
ficatiOl;I of ±1!2LSB means that the output voltage step sizes 
can range from 112LSB to 3/2LSB when the input changes 
from one adjacent input state to the next. Monotonicity over 
the -2SoC to +8SoC range is guaranteed in the AD DAC8S to 
insure that the analog output will not decrease with increasing 
input digital codes. 

DRIFT 
Gain Drift is a measure of the change in the full scale range 
.output over temperature expressed in parts per million per 
°c (ppm/oC). Gain drift is established by: 1) testing the end 
point differences for each AD DAC8S model at the lowest . 
operating temperature, +2SoC and the highest operating 
temgerature; 2) calculating the gain error with respect to the 
+2S C value and; 3) dividing by the temperature change. 

. Offset Drift is a measure of the actual change in output with 
all "l"s on the input over the specified temperature ran~e. For 
example, the offset for the "c" version is measured at 0 C, . 
+2SoC and +70oC. The maximum change in offset is referenced 
to the offset at 2SoC and is divided by the temperature range. 
This drift is expressed in parts per million of full scale range 
per °c (ppm of FSRtC). 

Applying the AD DAC85 
SETTLING TIME 
Settling time for each AD DAC8S model is the total time (in
cluding slew time) required for the output to settle within an 
error band around its final value after a change in input (see 
Figure 3). 

Voltage Output Models. Three settling times are specified to 
±O.O 1 % of full scale range (FSR); two for maximum full scale 
range changes of 20V, 10V and one for a 1LSB change. The 
1LSB change is measured at the major carry (0 111 ... 11 to 
1000 ... 00), the point at which the worst case settling time 
occurs. 

Current Output Models. Two settling times are specified to 
±O.O 1 % of FSR. Each is given for curren t models connected 
with two different resistive loads: 10 to 100 ohms and 1000 
to 187 S ohms. Internal resistors are provided for connec.ting 
nominal load resistances of approximately 1000 to 1800 ohms 
for output voltage range of ±1 V and 0 to -2V(see Table" IV). 

;,I! 0.3 
I 

w 
Cl 
Z 

~ 0.1 

>~ 
u« 
~b! 
:J-J 
U-J 
u:J 
« ... ... 

0 
to-

~ 

~ 

100 

SETTLING TIME -jl' 

Figure 3. Full Scale Range Settling Time vs. Accuracy 

COMPLIANCE 
Compliance voltage is the maximum voltage swing allowed on 
the current output node in order to maintain specified 
accuracy. 

POWER SUPPLY SENSITIVITY 
Power supply sensitivity is a measure of the effect of a power 
supply change on the D/A converter output. It is defined as a 
per cent of FSR per per cent of change in either the positive, 
negative, or logic supplies about the nominal power supply 
voltages. 

REFERENCE SUPPLY 
All AD DAC8S models are supplie~ with an internal 6.3 volt 
reference voltage supply. This vol tage (pin 24) is accurate to 
±2% and must be connected to the Reference Input (pin 16) 
for specified operation. This reference may also be used ex
ternally with external current drain limited to 2.SmA. An 
external buffer amplifier is recommended if this reference is 
to be used to drive other system components. Otherwise, vari
ations in the load driven off of the reference will result in gain 
variations of the AD DAC8S. All gain adjustments should be 
made under constant load conditions. 
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dsing· the AD DAC85 
POWER SUPPLY CONNECTIONS 
For optimum performance power supply decoupling capacitors 
should be added as shown in the connection diagrams (Figures 
1 and 2). These capacitors (lJ1F electrolytic recommended) 
should be located close to the AD DAC85. Electrolytic cap'a
citors, if used, should be paralleled with O.OlJ1F ceramic capa
citors for optimum high frequency performance. 

EXTERNAL OFFSET AND GAIN ADJ USTMENT 
Offset and gain may be trimmed by installing external OFF
SET and GAIN potentiometers. These potentiometers should 
be connected as shown in the block diagrams in Figures 1 and 
2 and adjusted as described below. TCR of the potentiometers 
should be 10Oppm/oC or less. The 3.9Mnand 10Mn resistors 
(20% carbon or better) should be located close to the 
AD DAC85 to prevent noise pick-up. If it is not convenient 
to use these high-value resistors, a functionally equivalent "T" 
network, as shown in Figure 4 may be substituted in each case. 
The gain adjust (pin 23) is a high impedance point and a 
O.OlJlF ceramic caoacitor should be connected from this pin 

270kn 270kn 

T 
180kn 180kn 

T 
Figure 4. Equivalent Resistances 

.FULL SCALE 

1LSB 
w 
t:l 
Z 

~ 
W 
..J 
« 
~ 
..J 
..J 
:::l 

RANGE OF IL 

OFFSET ADJ 11 '"-"""'HHHl-ilJ.-+--+--+-+-+-t 
- I I I I I I I 

y- ALL BITS= 1 ALL BITS=O 

L'p!~SET ADJ 
TRANSLATES 

THE LINE 

Figure 5. RelationShip of OFFSET and GAIN 
Adjustments fora UNIPOLAR.D/A Converter 
(Input, Horizontal; Output, Vertical) 
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to common to prevent noise pick-up. Figures 5 and 6 show the 
relationship of the OFFSET and GAIN adjustments to the uni
polar and bipolar D/A converters. 

0fl~et Adjustment. For unipolar (CSB, CCD) configurations, 
apply the digital input code that should produce zero poten
tial ou tpu t and adjust the OFFSET potentiometer for zero 
output. For bipolar (COD, CTC) configurations, apply the 
digital input code that should produce the maximum negative 
output voltage. Example: If the FULL SCALE RANGE is 
connected 'for 20 volts, the maximum negative output volt
age is -lOY. See Table II for corresponding codes and the 
block diagrams in Figures 1 and 2 for offset adjustment 
connections. 

Gain Ad;ustment. For either unipolar or bipolar config
urations, apply the digital input that should give the maximum 
positive voltage output. Adjust the GAIN potentiometer for 
this positive full scale voltage. See Table II for positive full 
scale voltages and the block diagrams for gain adjustment 
connections. 

: ! """ OCA" 

lLSB 1 -CANGEOF 
GAIN ADJ 

All BITS= 1 t-t--Hf-+-+--+-..,..".rrt-4-+-fH-+-l ALL BITS'O 

RANGE OF 
OFFSETAD~ 

-r 
I.FULL SCALE 

Figure 6. Relationship of OFFSET and GAIN 
Adjustments for a BIPOLAR D/A CONVERTER 
(Input, Horizontal; Output, Vertical) 

CURRENT 

~ 

oooooooooouo 
Olll)llll))} 
I OGllUOOOOOOll 

111111111111 
IlSB 

l Digital Knolution 

~ 0 IIU OliO U 110 
Q 0) 10 OIIU I) II 
~ 01101111 lilt 

111111111111 
ILSD 

+50000V 
+~.9976V 

+9.990V-
+9.900V 
+9.000V 
O.OOOV 

+9.9951V 
O.OOOU\' 

-O.OIH9V 
-to.OOWV 
488mV 

N/A 
N/A 

-1.OOOOmA 
-Q.999SmA 

-l.H9mA 

·1.12SmA 
O.OOOmA 
1.25~A 

-Toobtainvaluuforothrrbinary(C81)ranges;Olo+5Vranre·.,tivldC'Olo+IOV ran,C' valuC'1 by l, 
iSV rangC' dividC' il0V ranKC'vaJuC'sby2,i2.5V ranlC';divldC' ill}\" ranlC' valunby 4. 

--Normal full scalC' ranlC' with (OITC'clcooes.outpulcln,ohighC'rlflllegalcodC'slrC'lppllC'd 

Table II. Digital Input/Analog Output 

+O.OOOSmA 
O.4S8jlV 
+1.000mA 



VOLTAGE OUTPUT MODELS 
Internal scaling resistors provided in the AD DAC85 may be con
nected to produce bipolar output voltage ranges of flO. ±5 
or ±2.5V or unipolar output voltage ranges of 0 to +5V or 0 
to +IOV (see Figure 7). 

REF 
INPUT 

Gp16 
6.3k!l 

TO REF -_.-.... ----..J·V' ... ",·..__----9 'BIPOLAR 
CONTROL CIRCUIT ~ OFFSET 

SUMMING 
JUNCTION 

~COM 

FROM WEIGHTED 
RESISTOR --~~-J\IIi_-"""-"""~_~ 
NETWORK 

OUTPUT 

Figure 7. Output Amplifier Voltage Range 
Scaling Circuit 

Gain and offset drift are minimized in the AD DAC85 because 
of the .thermal tracking of the scaling resistors with other 
device components. Connections for various output voltage 
ranges are shown in Table III. Settling time is specified for a 
full scale range change: S microseconds for 8kn or lOkn feed
back resistors; 3 microseconds for a SkU feedback resistor. 

Output Digital Connect Connect elmn"ct Connect 

Range Input Codes Pin IS to Pin 17 to Pin 19 to Pin 16 In 

!lOV COB or CTC IY 2U 15 H 
±SV COB or eTC 18 20 ,.c. }.I 

tZ.SV COB or eTC 1M 2u 2U H 
o to +10V CS8 18 21 '.c. H 
Oto +SV CS8 18 21 2U H 
o to +10V CCD IY '.C 15 H 

Table III. Output Voltage Range Connections
Voltage Model AD DAC85 

The equivalent resistive scaling network and output circuit of 
the current model are shown in Figures 8 and 9. External 
RLS or RLP resistors are required to produce exactly 0 to 
-2V or ±l V output. TCR of these resistors should be 
±IOOppm/C or less to maintain the AD DAC85 output 
specifications. If exact output ranges are not required. the 
external resistors are not needed. 

Internal I%Meul Film 
Digiul Output Resistance External Resistance Connect 

Input Code. Range RLI RLS RLP Pin IS to 

CSB o to -2V O.968kn 210n N/A 20 

CCD 0(0 -2V 3kn N/A 3.S7kn N.C. 

COB or CTC ±IV 1.2kn 249n N/A 18 

Applying the AD DAC85 

[

TO REF CONTROL CIRCUIT 

r.:I 6.3k!l r.;) 
REF IN ~I--"'_..Jo_ ~ 

~ ~~ 5kU 

15 
I 

a) AD DAC85-CBI-1 

~
8 3~~1 _____ ~~ 

5kl! 

15 ~NC 

b) AD DAC85-CCD-1 

Figure 8. Intemal Scaling Resistors 

Internal resistors are provided to scale an external op amp or 
to configure a resistive load to offer two output voltage ranges 
of ±1 V or 0 to -2V. These resistors (RLI) are an integral part 
of the AD DAC85 and maintain gain and bipolar offset drift III 
specifications. If the internal resistors are not used. external I 
RL (or RF ) resistors should have a TCR of ±2Spplll/oC or less 
to minimize drift. This will typically add ±SOppm/oC + the 
TCR of RL (or R F ) to the total drift. 

17 6.3kH 
BIPOLAR OFFSET 

REFERENCE INPUT~1.=.6 __ ---< ....... cb~:~6L 
CIRCUIT 

,..-____ ..... __ ......:.15=-i lOUT 

6.6k!l 

.-____ ~---~2~1 COMMON 

L-________ ....!.24=.., REFERENCE OUT 

Figure 9. AD DAC85 Current Mode/Equivalent
Output Circuit 

RLI Connections Reference Bipolar Offset 

Connect Connect Connect Connect 
Pin 18 to Pin 20 to Pin 16 to Pin 17 to RLS RLP 

Between 
19 & R LS 15 N Com (21) Pin 18 & N/A 

Com (21) 

Between 
Com(2I) N.C. H N.C. N/A Pin 15 & 

21 
Between 

19 RLS 24 IS Pin 20 & N/A 
Com (21) 

Table IV. Current Model/Resistive Load Connections 
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DRIVING A RESISTIVE LOAD UNIPOLAR 
A load resistance, RL = RLI, + RLS, connected as shown in 
Figure 10 will generate a voltage range, VOUT, determined by: 

VOUT = -2mA ( 6.6k x RI:_) 
6.6k + Rio 

Where Rio max = 1.54H2 

and VOUT max = -2.5V 

To achieve specified drift, connect the internal scaling resistor 
(RLI ) as shown in Table IV to an external metal film trim re
sistor (RLs) to provide full scale output voltage range of 0 to 

-2V. With RLS = 0, VOUT = -1.69V. 

15 

tRLI 

dDoTO 
968n 18 RlS 

2mA 
6.6kn 

21 COMMOJ 

~ CURRENT CONTROLLED 

+ 

VOUT 

BY D!GITAL INPUT 

Figure 10. Equivalent Circuit AD DAC85-CBI-1 
Connected for Unipolar Voltage Output with 
Resistive Load 

CCD Input Code: Connect the internal scaling resistors as 
shown in Table V and add an external metal film resistor 
(RLP) in parallel as shown in Figure 11 to obtain a 0 to-2 
volt full scale output voltage range for CCD input codes. . 

With R = RI.I x RioI' 
l. Ru + RLI' ' 

\T 1 25 A ( 6.9k x R[ ) VOUT = -. m . 
6.9k + RL 

If RLP = 00, VOUT = -3.62V 

15 

CD OTO 
6.9kn RlP 

1.25mA RLI 
3kn 

\CURRENT CONTROLLED 21 COMMON 

VOUT 

BY DIGITAL INPUT 

Figure 11. AD DAC85-CCD-1 Connected for 
Voltage Output with Resistive Load 

DRIVING A RESISTOR LOAD BIPOLAR 

The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 12, RL = RLI + RLS. VOUT is 
determined by: 

V =±1 A(R L X3.22k) 
OUT m RL + 3.22k 

Where RL max == 11.1Bkn 

VOUT max = ±2.5V 

To achieve specified drift, connect the internal scaling resistors 
(RLI ) as shown in Table IV for the COB or CTC codes and add 
an external metal film resistor (RLs) in series to obtain a full 
scale output range of ±1 V. In this configuration, with RLS 
equal to zero, the full scale range will be ±0.B74V. 

DRIVING AN EXTERNAL OP AMP 
The current model AD DACB5 will drive the summing junction 
of an op amp used as a current to voltage converter to produce 
an output voltage. As seen in Figure 13. 

VOUT = loUT x RF 
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15 
+ 

12kS! 20 RlS f Ru 

(~1mA V 

1 
OUT 

\ 322k!! 

CURRENT CONTROLLED 
21 COMMON 

BY DIGITAL INPUT 

Figure 12. AD DAC85-CBI-1 Connected for Bipolar 
Output Voltage with Resistive Load 

where lOUT is the AD DACB5 output current and RF is the 
feedback resistor. Using the internal feedback resistors of the 
current model AD DACB5 provides output voltage ranges the 
same as the voltage model AD DAC85. To obtain the desired 
output voltage range when connecting an external op amp, 
refer to Table V and Figure 13. 

Output Digital Connect Omncct Connect Connect 
Range Input Codes Ato Pin 17 to Pin 19 to Pin 16 to 

±IOV COB orCrC 19 15 A 24 
±5V COB or CTC 18 15 N.C 24 
±2.5V COB or CTC 18 15 15 24 
o to +IOV C5B 18 21 N.C 24 
o to +5V C5B 18 21 15 24 
Ow+IOV CCD 19 N.C A 24 

Table V. Voltage Range of Current Output AD DAC85 

20V RANGE (CBI) 
19 10V RANGE (CCDI 

r-----~~--------r-~ 

A 

VOUT 

·FOR FAST SETTLING TIMES 

Figure 13. External Op Amp - Using Internal 
Feedback Resistors 

OUTPUTLARGERTHAN20VRANGE 
For output voltage ranges larger than ±10 volts, a high voltage 
op amp may be employed with an external feedback resistor. 
Use lOUT values of ±linA for bipolar voltage ranges and -2mA 
for unipolar voltage ranges (see Figure 14). Use protection 
diodes when a high voltage op amp is used. 

The feedback resistor, RF, should have a temperature coef
ficient as low as possible. Using an external feedback resistor, 
overall drift of the circuit increases due to the lack of temper
ature tracking between RF and the internal scaling resistor 
network. This will typically add 50ppm/oC + RF drift to 
total drift. . 

"FOR OUTPUT VOLTAGE SWINGS UP TO 140V p.p. 

Figure 14. External Op Amp - Using 
External Feedback Resistors 
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WDEVICES 

FEATURES 
Wide Temp.erature Range: _55°C to +125°C 
Pin-Compatible with AD DAC80 and AD DAC85 
3 Chip, High Reliability Construction 
Low Power Dissipation 
Laser-Trimmed to High Accuracy: I 

±3/4LSB Max Nonlinearity, _55°C to +125°C 
High Stability, High Current Output 

Buried Zener Reference 
On-Board Output Amplifier (V Models) 
24 Lead Side Brazed Hermetically-Sealed Ce~amic DIP 
MI L-STD-883 Processing Available 

PRODUCT DESCRIPTION 
The AD DACS7 is a high performance 12-bit digital-to-analog 
converter, consisting of matched bipolar switches, a precision 
resistor network, a low-drift high-stability voltage reference 
and,. an optional output amplifier. The digital inputs are TTL 
compatible with complementary binary (CBI) input coding. 
The AD DACS7 offers output voltage ranges of ±2.S, ±S, ±10, 
o to +5, or 0 to +10 volts (V models); output current ranges 
(I models) are either ±lmA or 0 to -2mA. 

Advanced circuit design and precision processing techniques 
result in significant performance advantages over conventional, 
larger, standard DACS7 devices. An innovative 3-chip construc
tion improves reliability by a factor of five. 1 The AD DACS7 
incorporates a fully differential, non-saturating precision cur
rent switching cell structure which provides greatly increased 
immunity to supply voltage variation. This same structure also 
reduces nonlinearities due to thermal transients as the various 
bits are switched; nearly all critical components operate at 
constant power dissipation. High stability SiCr thin film re
sistors are trimmed with a fine resolution laser, resulting in 
low differential linearity errors. A low noise, high stability sub
surface zener diode is used to producea reference voltage with 
excellent long term stability, high external current capability 
and temperature drift characteristics which challenge the best 
discrete zener references. 

The AD DAC87 is recommended for all 12-bit D/A converter 
applications where reliability and performance over tempera
ture are of paramount importance. 

·Covered by Patent Nos. 3,978,473, RE 28,633; 4,020,486, 
3,747,088,3,803,590; 3,961,326. 

I For details of calculations see Application Note, "AD DAC87 Relia
bility Predictions". 

Wide Temperature Range 
12-Bit IC D/A Converter 

AD DAC87* I 
AD DAC87 FUNCTIONAL BLOCK DIAGRAM 

24-PIN DIP 

PRODUCT HIGHLIGHTS 
1. The AD DAC87 directly replaces other devices of this m;. 

type with significant increases in performance. .. 
2. 3-Chip IC construction makes the AD DAC87 the opti

mum choice for applications where performance and 
reliability are major considerations. 

3. System performance upgrading is possible without 
redesign. 

4. The AD DACS 7 offers a maximum nonlinearity of ±O.O 12%, 
±2Sppm/C maximum gain drift, and a total accuracy drift 
in the bipolar configuration of ±O.24% of FSR maximum 
over the -:-SSOC to +12SoC temperature range. 

S. The low T.C. Binary ladder guarantees that all AD DAC87 
units will be monotonic over the specified temperature 
range. 

6. Reduced power consumption requirements result in im
proved stability and shorter warm-up time. 

7. The precision buried zener reference can supply up to 
2.SmA for use elsewhere in the application. 

S. Voltage or current output models are available. 
9. The solder-sealed ceramic package provides a reliable her

metic metal-to-metal seal. 
10. All accuracy and drift parameters are 100% tested at 

-SSoC and +12SoC to insure high performance over the 
full temperature range. 

11. Both voltage and current output models are available 
processed to the requirements of MIL-STD-S83, 
method SOOS, class B. 
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~PECIFICATIONS (TA = +25°C, rated power supplies unless otherwise noted) 
MODEL AD DAC87-CBI 

MIN TYP MAX UNITS 

DIGITAL INPUT 
Resolution 12 Bits 
Logic Levels (TTL Compatible) 

Logic "I" (at + l/lA) +2 +5.5 V 
Logie "0" (at -100/lA) 0 +0.8 V 

TRANSFER CHARACTERISIICS 
ACCURACY 

Linearity Error@ +25°C ±1/4 ±112 LSB 
-55°C to +125°C ±3/4 LSB 

Differential Linearity Error at +25°C ±112 ±3/4 LSB 
-5SoC to +12SoC ±1 LSB 

Gain Error! ±0.1 ±0.2 % 
Offset Error! ±O.OS ±0.1 %FSR2 

Temperature Range for Guaranteed 
Monotonici!l:: -5S +12S °c 

DRIFT3 (-SSoC to +12SoC) 
Total Bipolar Drift. max (includes gain. 

offset. and linoearity drift~) ±15 
Total Error (-55 C to +125 C)4 

±30 ppm of FSR/oC 

Unipolar ±0.l3 ±0.3 % of FSR 
Bipolar ±0.12 ±0.24 % of FSR 

Gain 
Including Internal Reference ±10 ±25 ppm/oC 
Excluding Internal Reference ±5 ±10 ppm/oC 

Unipolar Offset ±1 ±3 ppm of FSR/oC 
Bi£olar Offset ±5 ±10 eem of FSR/oC 

CONVERSION SPEED 
Voltage Model (AD DAC87-CBI-V) 

Settling Time to ±0.01% of FSR 
for FSR change 

with 10kn Feedback /lS 
with 5kn Feedback /lS 

for 1 LSB change 1.5 /ls 
Slew Rate 10 20 VI/ls 

Current Model (AD DAC87-CBH) 
Settling Time to ±0.01% of FSR 

for FSR Change 10 to Won Load 300 ns 
1kn Load 1 /lS 

ANALOG OUTPUT 
Voltage Models 

Ranges ±2.5. ±5. ±10. 0 to +5. 0 to +10 V 
Output Current ±5 
Output Impedance (de) 0.05 
Short Circuit Duration INDEFINITE TO COMMON 

Current Models 
Ranges ±1.0to-2 
Output Impedance - Bipolar 2.5 3.3 

- Unipolar 5.0 6.6 
Compliance -:l.S 
Internal Reference Voltage (VR) +6.17 +6.3 

Output Impedance 1.5 
Max. External CurrentS 
Temeco of Drift ±S 

POWER SUPPLY SENSITIVITY 
+lSV Supply ±0.002 
-lSV and +SV Supplies ±0.002 

POWER SUPPLY REQUIREMENTS 
Rated Voltages ±lS. +S 

Range ±l3.5. +4.S 
Supply Drain 

+lSV (Including SmA Load) '10 
+5V 10 
-l~Y za 

TEMPERATURE RANGE 
Specification -55 
Storage -65 

PACKAGE OPTlON6 HY24A 

NOTES 
I Adjustable to zero with external trim potentiometer. 
• FSR means "full scale range" and is 20V for HOV range, 10V for ±SV range, etc, 
'To maintain drift spec internal feedback resistors must be used for curre"ot output models; 

the buried zener reference drift is a nonlinear function of temperature; all devices arc tested 
to insure that actual drift at any temperature within the ~pcdfjt'd operating range j\ k\s than 
guaranteed maximum. 
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rnA 
n 

rnA 
4.1 kn 
8.2 kn 
+10.S V 
+6.43 V 

n 
2.S rnA 
+10 I!l!m of VB 1°C 

±0.003 % of FSR/%Vs 
±0.003 % of FSR/%Vs 

V 
±16.S. +16.S V 

20 rnA 
20 rnA 
Hl 0]6 

+125 °c 
+150 °c 

'With gain and offset erroM: adjusted tu zero at +2Soc. 
5 With no degradation of specifications umJer constant load 
• See Section 20 for package outline information. 
Specifications subject to change without notice. 



MIL-STD-883 
The rigors of the military/aerospace environment (temperature 
extremes, humiditY, mechanical stress, etc.), demand the ut
most in electronic circuits. The AD DAC87, with the inherent 

I----...... --o-vs 

1--_--+---0 +VL 

Figure 1. External Adjustment and Voltage Supply 
Connection Diagram, Voltage Model 

Figure 2. External Adjustment and Voltage Supply 
Connection Diagram, Current Model 

MIL-STD-883 
reliability of integrated circuit construction, was designed with 
these applications in mind. To further insure reliability, the 
AD DAC87 is available with 100% screening to MIL-STD-883, 
method 5008. 

PIN CONFIGURATION 
24 LEAD DUAL IN-LINE PACKAGE 

I Models Pin :; V Models 

(MSB) Bit I Bit I(MSB) 
Bit 2 Bit 2 
Bit 3 Bit 3 
Bit 4 Bit 4 
Bit 5 Bit 5 
Bi,t 6 Bit 6 
Bit 7 Bit 7 
Bit 8 Bit 8 
Bit 9 Bit 9 
Bit IU 10 Bit 10 
Bit II II Bit II 

(L.SB) Bit 12 12 Bir 12 (LSB) 

Logic Supply 13 Logic Supply 

-Vs 14 -Vs 

lOUT 15 VOUT 
Ref Input 16 Ref Input 

Bipolar Offset 17 Bipolar Offset 
Scaling Network 18 10V Range 
Scaling Network 19 20V Range 
Scaling Network 20 Summing Junction 

Common 21 Common 
+Vs 22 +Vs 

Gain Adjust 23 (;ain Adjust 

6.3VREF Out 24 6.3VREF Out 
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. fERNAL OFFSET AND GAIN ADJUSTMENT 
Jffset and gain may be trimmed by installing external OFF
SET and GAIN potentiometers, as shown in the block' diagrams 
on the previous page. TCR of the potentiometers should be 
100ppm/oC or less. If it is not convenient to use the 3.9Mn 
and 33Mn resistors shown, a functionally equivalent "T" net
work, as shown in Figure 3 may be substituted in each case. 

10Mrl 
o-'VIIv--O 

270kn 270kn 

T 
T 

Figure 3. Equivalent Resistances 

Offset Adjustment. For unipolar configurations, apply the 
digital input code that should produce zero potential output 
and adjust the OFFSET potentiometer for zero output. For 
bipolar configurations, apply the digital input code that should 
produce the maximum negative output voltage. Example: If 
the FULL SCALE RANGE is connected for 20 volts, the max
imum negative output voltage is -lOY. See Table I for corres
ponding codes and the block diagrams on the previous page 
for offset adjustment connections. 

Gaill Adjustment. For either unipolar or bipolar configura
tions, apply the digital input that should give the maximum 
positive voltage output. Adjust the GAIN potentiometer for 
this positive full scale voltage. See Table I for positive full scale 
voltages and the block diagrams for gain adjustment connections. 

DIGITAL INPUT ANALOG OUTPUT 

12 Bit Resolution VOLTAGE CURRENT 

MSB LSB Oto+IOV ±IOV o to -2mA ±lmA 

000000000000 +9.9976V +\1.995 IV -1.9995mA -0.9995mA 
01111 II 11111 +5.0000V O.OOOOV -1.OOOOmA O.OOOOmA 
100000000000 +4.9976V -0.0049V -0.9995mA +0.0005mA 
111111111111 O.OOOOV -W.OOOOV O.OOOOmA +1.000mA 
ILSB 2.44mV 4.88mV 0.488/1A 0.488/1A 

Table I. Digital Input/Analog Output 

VOLTAGE OUTPUT MODELS 
Internal scaling resistors provided in the AD DACS 7 may be 
connected to produce bipolar output voltage ranges of ±10, 
±S or ±2.SV or unipolar output voltage ranges of 0 to +SV or 
o to +lOV (see Figure 4). 

FROM WEIGHTED 

REF 
INPUT 

RESISTOR ----+----"""'-_~ __ Vl_---l 
NETWORK ~ 

Figure 4. Output Amplifier Voltage Range Scaling Circuit 

Gain and offset drift are minimized in the AD DACS7 because 
of the thermal tracking of the scaling resistors with other 
device components. Connections for various output voltage 
ranges are shown in Table II. 

VOL. I, 10-234 DIGITAL-TO-ANALOG CONVERTERS 

Output Digital Connect Connect Connect Connect 
Range Input Codes Pin 15 to Pin 17 to Pin 19 to Pin 16 to 

±IOV COB or CTC 19 20 15 24 
±5V COB or CTC 18 20 N.C. 24 
±2.5V COB or eTC 18 20 20 24 
o to +IOV C5B 18 21 N.C. 24 
o to +5V C5B 18 21 20 24 

Table II. Output Voltage Range Connections AD DACB7-CBI- V 

CURRENT OUTPUT MODELS 
The current output model of the AD DACS7 can be used to 
drive a resistive load directly to produce a voltage output. 
Recommended output ranges and pin connections are shown 
in Table III. 

bternal 
Digital Output Ruiltancc Connect Cunnect Connect Connect Connect RU 

InputCodel Rlnle RLS PinUto Pin 20 to Pin 1610 Pin 17 to 

Between 
C58 Oto-2V zIon 20 19& KLS I' 24 Cem(21) Pin 18& 

Com(ZI) 

Between 
COB ur eTC >IV 2490 18 19 KLS Z4 Il PinlO& 

Cem(21) 

Table III. AD DACB7·CBI-1 Resistive Load Connections 

DRIVING A RESISTIVE LOAD UNIPOLAR 
A load resistance, RL = RLi + RLS, connected as shown in 
Figure Sa will generate a voltage range, VOUT , determined by: 

VOUT = -2mA ( 6.6k x RL) 
\: 6.6k + RL 

Where RL max = l.S4kn 

and VQ{JT max = -2.SV 

To achieve specified d~ift connect the internal scaling resistor 
(RLI) as shown in Table III to an external metal film trim re
sistor (RLS) to provide full scale output voltage range of 0 to 
-2V. With RLS = 0, VOUT = -1.69V. 

VJUT 

Figure 5a. Unipolar Voltage Output 

VOUT 

Figure 5b. Bipolar Voltage Output 

Figure 5. AD DACB7-CBI-1 Equivalent Circuit Driving 
Resistive Loads 

DRIVING A RESISTIVE LOAD BIPOLAR 
The equivalent output circuit for a bipolar output voltage 
range is shown in Figure Sb, RL = RLI + RLS. VOUT is 
determined by: 

( 
RL x 3.22k) 

VOUT = ±lmA RL + 3.22k 

Where RL max = l1.1Skn 

VOUT max = ±2.SV 

To achieve specified drift, connect the internal scaling resistors 
(RLI) for the COB or eTC codes and add an external metal 
film resistor (RLs) in series to obtain a full scale output range 
of ±lV. In this configuration, with RLS equal to zero, the full 
scale range will be ±0.S74V. 
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WDEVICES 

FEATURES 
Complete Current Output Converter 
High Stability Buried Zener Reference 
Single Chip Monolithic Construction 
Wide Supply Range ±6V to ±18V 
Trimmed Output Application Resistors 
Fast Settling - 225ns (8 Bits), 375ns (10 Bits) 
Guaranteed Monotonicity Over Full Operating Temper-

ature Range 
TTL and DTL Compatible Logic Inputs 
MIL-STD-883B Processed Models Available 
Hermetically-Sealed 16-Pin Ceramic DIP (All Grades) 

PRODUCT DESCRIPTION 
The AD DAC100 is a lO-bit digital-to-analog converter with a 
high stability voltage reference fabricated on a single monolithic 
chip. Using 10 precision high-speed current-steering switches, a 
control amplifier, voltage reference, and laser-trimmed thin-film 
SiCr resistor network, the device produces a fast, accurate analog 
output current. Laser trimmed output application resistors are 
also included to facilitate accurate, stable current-to-voltage con
version. 

The AD DAC100 also incorporates a low noise, high stability 
subsurface zener diode to produce a reference voltage with 
excellent long term stability and temperature cycle characteristics 
which challenge the best discrete zener references. A temperature 
compensation circuit is laser-trimmed to allow correction of the 
temperature coefficient of each device. This results in a maximum 
full-scale temperature coefficient of l5ppmrC for the Land U 
versions, 30ppmrC max for the K and T versions, 60ppmrC 
max for the J and S versions. 

All grades are packaged in a 16-pin hermetically-sealed ceramic 
dual-in-line package. The J, K, L versions are specified for 
operation over the - 25°C to + 85°C temperature range, the AD 
DAClOOS, T and U for operation over the full military temperature 
range from - 55°C to + 125°C. MIL-STD-883B processing is 
available on all grades. 

10-Bit Monolithic 
D / A Converter 

AD DAC100 I 

AD DACIOO FUNCTIONAL BLOCK DIAGRAM 

DIGITAL lOGIC INPUTS . 

PRODUCT HIGHLIGHTS 

R, 
BIPOLAR REF 

I. The AD DACI00 is a true second-source equivalent to the 
industry standard DACIOO. 

2. The high impedance current output can be used with all 

external op amp and the internal applications I'esi~!llrs tll 
produce a low impedance output voltage. 

3. The AD DAC100 is available with a 10 volt output; or 5 volt 
version, consult factory. 

4. The AD DAC100 is available in chip form for use in hybrid 
microcircuits. 

5. MIL-STD-883 processing to method 5004, Class B is available 
on all grades and temperatures ranges, both industrial ( - 25°C 
to + 85°C) and military ( - 55°C to + 125°C). 
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SPECIFICATIONS (Vs = ±15V, -25°C$TA$+85°CforJ,K,Ldevices; 
- 55°C$TA$ + 125°C for S, T, U devices unless otherwise specified) 

PARAMETERS SYMBOL CONDITIONS MIN 

Resolution 

Nonlinearity 

Full Scale Tcmpco 

Settling Time T A = ± 25°C 

K, L, T, U (± YzLSB-1OBits) 
J, S (± YzLSB-9Bits) 

L,U 
K,T 
J,S 

to ±0.05%FS 

10 

ts to ±O.I%FS 
ts to ± 0.2% FS 

Full Range Output Voltage* 
Adjustable to 1O.0V with 
External 2000 Trimmer 
Zero Scale Output Voltage 

Logic Inputs: High 

Logic Inputs: Low 

Logic Input Current, Each Input 

Logic Input Resistance 

Logic Input Capacitance 

Output Resistance 

Output Capacitance 

Applied Power Supplies: V + 

Applied Power Supplies: V -
Power SupplySensitivity 

Power Consumption 

Positive Supply Current 

Negative Supply Current 

Vzs 

V INH 

VINL 

lIN 

RJN 

CIN 

Ro 

Co 

Pss 

Po 

1+ 

1-

*Using external op amp for IN conversion (see Figure 3). 

ABSOLUTE MAXIMUM RATINGS 

V + Supply to V - Supply . 
V + Supply to Output 

to ±O.4%FS 
to ±0.8%FS 
Connect FS Adjust to V -

VIN = 2.1V 

Measured with Respect to Output Pin 

Measuredwith Respect to Output Pin 

VIN = Oto +6V 

VIN =Oto +6V 

Linearity within Specification 

Linearity within Specification 
Vs + ±6Vto ± 18V 

Vs = ± ISV 

Vs= +15V 

Vs= -15V 

Specifications subject to change without notice. 

10 

2.1 

+6 

-6 

o to + 36V 

Operating Temperature Range 
AD DAC100J, K, L . . . 
AD DAC100S, T, U . . . 

o to + 18V Storage Temperature Range . 
Lead Temperature (Soldering) 
NOTE: 

TYP MAX UNITS 

10 10 Bits 

±0.05 %FS 
±0.1 %FS 

± 15 ppmrC 
±30 ppmrC 
±60 ppmrC 

375 ns 
300 ns 
225 ns 
150 ns 
100 ns 
11.1 V 

0.013 %FS 

V 

0.7 V 

5 J.lA 

3 MO 

2 pF 

500 kO 

13 pF 

+ 18 V 

-18 V 
±0.1O % per volt 

200 250 mW 

8.33 rnA 

-8.33 rnA 

- 25°C to + 85°C 
- 55°C to + 125°C 
- 65°C to + 150°C 

+ 300°C (60 sec) V - Supply to Output 
Logic Inputs to Output 
Power Dissipation' " 

o to -18V 
-IV to +6V 
.. 500mW IRating applies to ambient temperature of lOO°e. Above lOO°C, derate at IOmW/ DC. 

LSB 

DIGITAL 
LOGIC 

INPUTS 

PIN CONFIGURATION 
TOP VIEW 

Rs 1 16 Rs 

v- 2 15 FULL SCALE 
ADJUST 

OUTPUT 3 14 v+ 

BIT 10 4 13 BIT 1 MSB 
AD DAC100 

BIT 9 5 12 BIT 2 

BIT 3 

BIT 4 
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Model 

ADDAClOOjD 
AD DAClOOjD/883B 
ADDAClOOKD 
AD DAClOOKD/883B 
ADDAClOOLD 
AD DAClOOLD/883B 
AD DAClOOSD/883B 
AD DAClOOTD/883B 
AD DAClOOUD/883B 

Analog Devices 

ADDAClOOjD 
AD DACIOOjD/883B 
ADDACI00KD 
AD DACIOOKD/883B 
ADDACIOOLD 
AD DACIOOLD/883B 
AD DACIOOSD/883B 
AD DACIOOTD/883B 
AD DAClOOUD/883B 

AD DACIOO ORDERING GUIDE 

Maximum 
Temperature Linearity MaxT.C. Package 
Range Error % ppml"C Type 

- 25°C to + 85°C 0.1 60 Dl6A 
- 25°C to + 85°C 0.1 60 Dl6A 
- 25°C to + 85°C . 0.05 30 Dl6A 
- 25°C to + 85°C 0.05 30 D16A 
- 25°C to + 85°C 0.05 15 D16A 
- 25°C to + 85°C 0.05 15 Dl6A 
- 55°C to + 125°C 0.10 60 D16A 
- 55°C to + 125°C 0.05 30 Dl6A 
- 55°C to + 125°C 0.05 15 Dl6A 

CROSS REFERENCE 

Precision Monolithics Inc. 

DAC-100BCQl,BCQ3, CCQl,CCQ3, DDQl, DDQ3 
DAC-l 00 BCQ7, CCQ7, DDQ7 
DAC-lOOABQl, ACQl, ACQ3, BBQl, BBQ3 
DAC-lOO ABQ7, ACQ7, BBQ7 
DAC-lOOAAQI 
DAC-I00AAQ7 
DAC-100BCQ5,CCQ5,DDQ5 
DAC-lOO ABQ5, ACQ5, BBQ5 
DAC-lOO AAQ5, BAQ5 
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Applying the AD DAC100 
DIGITAL INPUT CODES 
The AD DACIOO accepts complementary digital input codes in 
either binary, offset binary or two's complement (see Table 1). 

DIGITAL INPUT 

CompI. 
MSB LSB Straight Binary 

0000000000 + Full Scale 
0111111111 + 112 Full Scale 
1000000000 Mid-scale - LSB 
1111111111 Zero 

ANALOG OUTPUT 

CompI. CompI.* 
Offset Binary Two'sCompI. 

+ Full Scale -LSB 
Zero -Full Scale 
-LSB + Full Scale 
- Full Scale Zero 

"Invert the MSB of the COB code with an external inverter to obtain CTC code. 

Table 1. Digital Input Codes 

ACCURACY 
Accuracy error of a DI A converter is the difference between the 
analog output that is expected when a given digital code is applied 
and the output that is actually measured with that code applied 
to the converter. Accuracy error can be caused by gain error, 
zero error, linearity error, or any combination of the three. Of 
these three specifications, the linearity error specification is the 
most important since it cannot be corrected for. The linearity 
error of the AD DACIOO is specified over its entire temperature 
range. This means that the analog output will not vary by more 
than ± 1/2LSB, maximum, from an ideal straight line drawn 

LANGE OF 
GAIN ADJ 

ALL BITS = 1 H-+-iH--t-+-+-,',I'T't---I---+-1f-+-f-l All BITS = 0 

RANGE OF 
OFFSET AD~ 

T 
I.FUll SCALE 

Figure 1. Relationship of OFFSET and GAIN Adjustments 
for a BIPOLAR DIA Converter (Input, Horizontal; Output, 
Vertical) 

+15V 

-15V 

NOTE: 

o VOLTS 

between the end points (inputs all "l"s and all "O"s) over the 
specified temperature range (see Figures 1 and 2). 

Differential linearity error of a DI A converter is the deviation 
from an ideal 1LSB voltage change from one adjacent output 
state to the next. A differential linearity error specification of 
± 1LSB means that the output voltage step sizes can range from 
OLSB to 2LSB when the input changes from one adjacent input 
state to the next. Monotonicity over the full temperature range 
is guaranteed in the AD DACIOO to insure that the analog 
output will not decrease with increasing input digital codes. 

:> 

T 
RANGE OF 

OFFSET ADJ 

RANGE OF "-

OFFSET ADJ 11I<-HH-i--tI--iIlS-+-HH-:-f~ 
- 1 1 1 1 I. 1 1 

y- All BITS = 1 All BITS = 0 

L~!~SET ADJ 
TRANSLATES 

THE LINE 

Figure 2. Relationship of OFFSET and GAIN Adjustments 
for a UNIPOLAR DIA Converter (Input, Horizontal; Output, 
Vertical) 

FUll SCALE TEMPCO IS DEFINED AS THE CHANGE IN OUTPUT VOlTAG~ MEASURED 
IN THE CIRCUIT ABOVE AND IS EXPRESSED IN PPM BETWEEN EITHER TEMPERATURE 
EXTREME DIVIDED BY THE CORRESPONDING TEMPERATURE CHANGE. 

Figure 3. Full Scale Test Circuit 
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CONNECTING THE AD DACIOO FOR BUFFERED 
VOL TAGE OUTPUT 
The standard current-to-voltage conversion connections using an 
operational amplifier are shown here with the preferred trimming 
techniques. If a low offset operational amplifier (ADS44, ADS47, 
ADS09, ADSIO, AD741L) is used, excellent performance can 
be obtained in many situations without trimming. (A SmV op 
amp off~et is,equivalent to IjzLSB on a 10 volt scale). 

The ADS09 is recommended for buffered voltage-output appli
cations which require a settling time to ± IjzLSB of one micro
second. The feedback capacitor is shown with the optimum 
value for each application; this capacitor is required to compensate 
for the 13 picofarad DAC output capacitance. 

FIGURE 4. UNIPOLAR CONFIGURATION 
This configuration will provide a, unipolar 0 to + 10 volt output 
range. 

STEP I ... ZERO ADJUST 
Turn all bits HIGH and adjust op amp trimmer, R4, until the 
output reads 0.000 volts (lLSB = 9.76mV). 

STEP II ... GAIN ADJUST 
Turn all bits LOW and adjust 200n gain trimmer, R2, until the 
output is 9.990 volts (Full scale is adjusted to lLSB less than 
nominal full scale of 10.000 volts.) 

FIGURE 5. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
- S .000 to + 4.990 volts, with positive full scale occurring with 
all bits LOW (all O's). 

STEP I ... OFFSET ADJUST 
Turn all bits HIGH, adjust 200n gain trimmer to give a reading 
of - 5.000 volts. 

STEP II ... GAIN ADJUST 
Turn LOW MSB only, turn all other bits HIGH. Adjust soon 
trimmer R3, to give 0.000 output volts. 

Please note that it is not necessary to trim the op amp to obtain 
full accuracy at room temperature. In most bipolar situations, 
the op amp trimmer is unnecessary unless the untrimmed offset 
drift of the op amp is excessive. 

+v 

v- 'Rs . 4.8kll 

TYPICAL SETTLING TIME 
FOR 1/2 SCALE CHANGE 
= 1.0 .... s 

Figure 4. Unipolar Voltage Output Circuit 

v+ 

v-

Figure 5. ± 5V Bipolar Voltage Output Circuit 
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COMPLIANCE 
Compliance voltage is the maximum voltage swing allowed on 
the current output node in order to maintain specified accuracy. 

The AD DAClOO is designed to be operated with the output 
voltage near zero. Output voltage swings can affect linearity by 
causing improper switching of bits. Potentially damaging large 
voltage swings can be avoided by clamping the output within 
:±: 0.7 volts using a pair of back to back silicon diodes between 
the output and ground as shown'in Figure 6. 

INTERFACING WITH CMOS LOGIC 
CMOS inputs may be used directly as long as the logic input 
voltages do not exceed 6.SV or V + (the lesser of the two). If a 
+ 6 (:±: S%)V input supply is used, no interfacing components 
are required. . 

OUT IN ~----... 

5 VOLT ± 10% 
REGULATOR 

-6VTO-1SV V-

Vee 

LEVEL 
SHIFTING 
BUFFER; 

CONVERTERS 

2 EACH 
CD 4049A LOW LEVEL 
OR TTL OUTPUTS 
CD 4050A 

VOD 

+6V TO + 1SV 

For CMOS levels between 6.SV and + lSV, a method of interfacing 
is shown in Figure 7. The high level inputs are stepped down to 
TTL level inputs not exceeding SV by using CMOS Hex buffer/ 
converters. These buffer! converters not only provide level shifting 
but allow input coding flexibility since they are available as 
inverting (CD4049A) or non inverting (CD40S0A) devices. The 
user can then choose betwen negative true and positive true 
binary coding: 

'MUST BE CURRENT LIMITED TO AVOID DAMAGING 
THE LEVEL SHIFTING BUFFER. 

REDUCED RESOLUTION APPLICATIONS 
For applications requiring less than 10 bits of resolution, all 
unused logic inputs must be tied high for proper operation (see 
Figure 8). 

Figure 7. CMOS to AD DAC100 Interface 

+5V 

Figure 8. Reduced Resolution Application 

~---------------~------------------~--------------oCLOCK IN 
MAXIMUM CLOCK RATE = 3.5MHz 

C 

2' 

24011 "1/47400 .... ------------t--t-+--+---------- DIGITAL 

ANALOG 

@QfLOCK 
OUT 

C 

FOR CLOCK RATE = 3.5MHz C = 470pF 

V ,N = 0 TO +10V 
R'N = 4.Skll 

INPUT 0---------------------------------------' 
MAXIMUM FULL SCALE 
SINE WAVE INPUT 
IS 4500Hz 

+15V +5V +15V +15V 

.i b 0.02"F 

15 

.i 1. l' I 0.02"F ~ 0.02"F ~O.02~F .J,. 
POWER 

GROUND 

..... -t--+--+---------- OUTPUT 

~ 
ANALOG 
GROUND 

_______ 00 + 5V 

-15V 

Figure 6. Tracking (Servo Type) AID Converter 

VOL. I, 10-240 DIGITAL·TO·ANALOG CONVERTERS 



lSB 

Applications of the AD OAC100 

-15V 

Figure 9. External Reference Connection 

Figure 10. Analog Sum of Two Digital Numbers 

+15V 
ANALOG 

INPUT 

MSB BIT 1 _--...... 

+ 15V .... 1--1 ..... ---1;..---- + 15V 

D.o1~F 1" If'F 

I 50V 135v 

1 
~ ANALOG 

m D.Dlf'F ...l..1"l~F GROUND 

I 5DV I 35V -15V· 

START _---.... 

CO~~~~~~~~ _---------l 
~~~B~ -----------' 

Figure 11. 8-Bit Successive Approximation AID Converter 
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High Resolution 16- and l8-Bit 
Digital to Analog Converters 

DAC1136/1138 I 
FEATURES 
OAC1138 
18-Bit Resolution and Accuracy (38jN, 1 Part in 262,144) 
Nonlinearity 1/2LSB max (OAC1138K) 
Excellent Stability 
Settling to 1/2LSB (0.0002%) in 10ps 
Hermetically-Sealed Semiconductors 

OAC1136 
16-Bit Resolution and Accuracy (152pV, 1 Part in 65,536) 
Low Cost 
Nonlinearity 1/2LSB Max (OAC1136K, L) 
Settling to 1/2LSB (0.0008%) in 6ps 

OEGLITCHER IV 
Eliminates OAC Glitches 
Available on OAC1136/1138 Card-Mounted Assembly 

GENERAL DESCRIPTION 
The DAC1136/1138 are complete self-contained current or 
voltage output modular digital to analog converters with 
resolutions and accuracies of 16 and 18 bits. 

The DAC1136/1138 combine precision current sources 
with state-of-the-art steering switches to produce a very linear 
output. Inputs to these converters are compatible with TTL 
levels. The converters have a current output of -2mA full scale. 
A voltage output can be obtained by connecting the internal 
amplifier to the current output by means of jumpers. By using 
additional jumpers, the user can select anyone of the fol
lowing output ranges: 0 to +5V, 0 to +lOV, ±5V, or ±10V. 

The DAC1136/1138 are available on Card-Mounted Assemblies. 
In this configuration, selectable options include: input codes, 
output amplifiers, and a high speed transient-suppressing 
Deglitcher Module, Deglitcher IV. 

WHERE TO USE HIGH RESOLUTION DACS 
The DAC1136/1138 deliver exceptional accuracy for a broad 
range of display, test arid instrumentation applications. The 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 10-15. 

DAC1l36/38 FUNCTIONAL BLOCK DIAGRAM 

BIT 2 

BIT 6 
BIT 7 
BIT 8 

'BIT 17 27 

O-C:::~~V 
-15V 32 O----15V 

COMMON 34 

'DAC1138 ONLY 

DAC1136 
DAC1138 OUTPUT 

AMPLIFIER 

ZERO 
71 ADJUST 
70 5k SENSE 
69 CURRENT OUT 
68 10k SENSE 

53 REF IN 
52 REF OUT 

46 BIPOLAR 
OFFSET OUT 

44 AMP IN 

DAC1136, with a resolution of 16 bits or 1 part in 65,536, 
and the DAC1138 with a resolution of 18 bits or 1 partin 
262,144 are ideally suited for applications requiring wide 
dynamic range measurement and control. Applications include 
data acquisition systems, high resolution CRT displays, auto
matic semiconductor testing, photo-typesetting, frequency 
synthesis and nuclear reactor control. 

CERTIFICATE OF CALIBRATION 
Each DACl138 has been calibrated with equipment 'and 
methods that are traceable to the National Bure:!u of Stand
ards (NBS). A Certificate of Performance is sent with each 
unit, which includes 1000 hour stability data for the reference 
zener and linearity test data. 
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SPECIFICATIONS (typical @ + 25°C, rated power supplies unless otherwise noted; specifications for mounting card with 
IT Id r h r d I I th - t d) ampilier eglltc er opllons same as mo u e un ess 0 elWlse no e 

DACI136 Module 
J I K I L 

RESOLUTION, BITS 16 

ACCURACY 
Integral Nonlinearity :!: ILSBmax I :!: 1I2LSBmax I :!: 1I2LSBmax 
Differential Nonlinearity :!: ILSBmax :!: 1I2LSBmax :!: 1I2LSBmax 
Gain and Offset Error (Externally Adjustable) :!:ILSB 

ANALOG OUTPUT 
Unipolar Mode -2mAtoOmA 
Bipolar Mode -lmAto +lmA 
Voltage Output Range (Pin Selectable) Oto +5V,Oto + 10V, :!:5V,:!: 10V 

DIGITAL INPUTS TTL/CMOS 

INPUT CODES 
Unipolar Mode Complementary Binary (COMP BIN) 
Bipolar Mode Complementary Offset Binary (COMP OBIN) 

DYNAMIC CHARACTERISTICS 
Settling Time to 1I2LSB 

Current 
Full Scale Step 8IJ.s 
LSBStep 6IJ.s 

Voltage 
Unipolar (lOV Step) 9OIJ.s 
Bipolar (20V Step) 25OIJ.s 
LSBStep 8IJ.s 

Slew Rate IV/lJ.s 

TEMPERATURE COEFFICIENTS 
(ppm of FSRI'C) I 

I I 
Integral Nonlinearity I :!:I 1.5 max 
Differential Nonlinearity I :!:I 1.5 max 
Gain (Excluding V Rl;F) 5 :!:5 8max 
Offset 

Unipolar Mode :!:0.5 
Bipolar Mode :!:5 

STABILITY, LONG TERM 
(ppm ofFSRlI ,Ooohrs.)2 

Gain (Excluding V REF) :!:5 
Offset :!:6 

NOISE (Include V REF; Double for 
Bipolar Mode) 

OutputCurrent(BW = 100kHz) 0.5nArms 
OutputVoltage(BW = O.I-IOHz) 

(it OV (All I'sCode; "ZERO") 4lJ.V pk-pk 
(ii 5V(MSB = o Code; "Half Scale") 6lJ.V pk-pk 
(it IOV (A II O's Code; "Full Scale") 9lJ.Vpk-pk 

Output Voltage (BW = 100kHz) 30IJ.Vrms 

VOLTAGE COMPLIANCE (Amplifier 
Offset, Eos) 

Max Eos Allowed for Rated Accuracy :!:2mVmax 
Initial Eos (Factory Adj.) :!: IOO IJ.V 
EosDrift :!: IOIJ.V/'C 
Current Output (pin 69) 

Voltage Protection via Internal Schottky Diodes 
Source Resistance 

Unipolar Mode >33kO 
Bipolar Mode >5kO 

Source Capacitance 150pF 

REFERENCE VOLTAGE (V REF) 

Voltage (ZOUT =2000) + 6.oo0V(Maximum Error, :!:0.024V) 
Noise(BW = O.l-IOHz) 3l1Vpk-pk 
Tempco 5ppml'C 

POWER SUPPLY REQUIREMENTS! 
+5Vdc, :!:5% 9mA 
:!: 15Vdc, :!:5% :!:30mA 

pOWERSUPPLYREJECTION(:!: 15Vdc) 
Gain or Offset vs. FSR 80dB 
Differential Nonlinearity :!: 1I4LSB perVoltAVs 

ENVIRONMENTAL 
Operating Temperature Oto +70'C 
Storage Temperature - 55'C to + 85'C 
Humidity 5% to 95%, Noncondensing 

NOTES: 
ITem perature coefficients guaranteed maximum from 1 SoC to 35°C, typical from 0 to + 70nC. 
'Recommended DNL calibration check: 6 months. 
'Recommended Power Supply: Analog Devices Model 923. 

SPecifications subject to change without notice. 
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DAC1l38 Module 
J I K 

18 

:!: ILSBmax I :!: 1I2LSBmax 
:!: ILSBmax :!: 1I2LSBmax 

:!:ILSB 

-2mAtoOmA 
-lmAto+lmA 

Oto +5V,Oto + 10V, :!:5V,:!: IOV 

TTL/CMOS 

Complementary Binary (COMP BIN) 
Complementary Offset Binary (COMPOBIN) 

IOlJ.s 
8IJ.s 

175IJ.s 
140IJ.s 
18IJ.s 

2V/IJ.s 

:!:0.3 
:!:0.4 
:!:0.8 

:!:O.S 
:!:I 

:!:2 
:!:2 

0.5nArms 

4lJ.V pk-pk 
6lJ.V pk-pk 
9lJ.Vpk-pk 
3OIJ.Vrms 

:!:200I1Vmax 
:!: I00IJ.V 

:!:IOI1VI'C 

via Internal Schottky Diodes 

>33kO 
>5kO 
150pF 

+ 6.000V (Maximum Error, :!: 0.024V) 
3lJ.V pk-pk 
5ppml'C 

9mA 
:!:30mA 

80dB 
:!: 1I4LSB per Volt AVs 

Oto +70'C 
- 55°C to + 85°C 

5% to 95%, Noncondensing 
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FEATURES 
ISA S50.1 Type 3 Class U Output 
Guaranteed Monot~nic 0 to +70° C 
Totally Powered From Loop Supply 
Wide Supply Range +10V to +36V 
Self-Contained Data Latch 
Auxiliary Analog Input 
No Minimum Load Requirement 

APPLICATIONS 
Direct Digital Controllers 
Computer Based Process Control Systems 
Digital Pressure Transducers 

GENERAL DESCRIPTION 
Models DAC1420/1422 are SIlO-bit D/A converters with 
analog output in the form of a 4-to-20mA current source. 
Specifically designed for the process-control industry, and 
requiring but a single +lOY to +36Y power supply, they meet 
the requirements of ISA standard S 50.1 for Type 3 Class U 
(3-wire nonisolated) output. Included in the 2" X 2" X 0.4" 
module are a set of CMOS latches, an SIlO-bit CMOS DAC, 
two analog-to-current ·converters-one reflecting the translated 
output from the DAC, the other an auxiliary backup analog 
input-a current amplifier, and a regulator & reference. The 

DAC1422 
10·BIT LOOP DAC 

4-20mA, 8- and 10-Bit 
Digital-to-Analog Converters 

DAC1420, DAC1422 I 
DAC1422 FUNCTIONAL ~LOCK DIAGRAM 

WIDE ..... -----.... ..,--------. ..,-------, 
IL -4mA+D l6mA 

WHERE SPAN 

DIGITAL 
GROUND 

D-!lf+~+ ... ~ 
AND B; - DOR 1 

DAC1422 Block Diagram shows the basic connections and 
operation of the devices with an externalloopsupply and a 
remote load, RL, supplied via a twisted pair. III;a 
HOW LOOP DACS WORK ... 
The Loop DAC Block Diagram is a more-detalied version of 
the DAC1422 Block Diagram, showing some of the options 
available to the user in applying the DAC1420/1422. The basic 
digital;to-analog conversion is performed by a circuit employ-
ing an Analog Devices CMOS integrated-circuit multiplying 
DAC. Its output is a voltage, which is converted to a 4-to-
20mA output current by a Y-to-I converter circuit. 

DIGITAL 
GROUND 

R4 lkn 

POT (R2) 

R2 
10kn 

TYPICAL 
LOADS 

R6 lkn 

30mA t 
DAC 

POWER 
11.8kn R5 

}-....... w..--l~-~:JPTlONAL 
OFFSET OFFSET 

2.~~n ADJUST 

ANALOG 
GROUND 

LOOP DAC FUNCTIONAL BLOCK DIAGRAM 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 10-23. 
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SPECIFICATIONS 
(typical @ +25°C, VLOOP = +24 volts unless otherwise specified) 

MOO'EL OAC1420 OAC1422 

DIGITAL INPUTS 
Resolution 8 Bits 10 Bits 
Levels 

(Except "ANA/DIG") CMOS Voo =5V 
"1" = >3.3V@ 1pA 
"0" = <1.7V @ 1pA 

ANA/DIG Input 
Impedance 12kn 
"1" "1" = >2.4V@ 140pA 
"0" "0" = <0.7V @ OpA 

Latch Strobe Rising Edge Sensitive 
TOH (Data Hold) Ons (min) 
Tos (Data Set-Up) SOns (min) 

ANALOG OUTPUT 
Type ISA S50.1 Type 3 Meets 

and Exceeds Class U 
Nominal Range 4-20mA 
Compliance VLOOP -6V 
Output Impedance >4Mn'@dc 
Minimum Load On 

STABILITY AND ACCURACY 
Monotonicity Guaranteed,O to +70°C 
Integral Nonlinearity ±lI2LSB 
Differential Nonlinearity ±1/2LSB 
Temperature Stability 

2Sppm FSR/oC Offset 
Span 50ppm FSR/oC 

Adjustability ±lOOA> each, Offset 
and Span. 

Initial Error, Untrimmed 1 ±2LSB's each, Offset 
and Span 

Power Supply Rejection 20ppm FSRIV 
Noise, 10Hz to 100Hz2 4mVp-p 

ANALOG BACKUP INPUT 
Range3 1 - SV 
Gain 4mAIVoit (l-5V produces 

4-20mA) 
Accuracy ±3% 
Stability ±100ppm FSR/C 
Input Impedance 108 n 

POWER 
Loop Supply, minimum +lOV 

maximum +36V 
Supply Current lOUT +30mA 

ENVIRONMENTAL 
Operating Temperature o to +70

o
C 

Storage Temperature -2SoC to +8SoC 

SIZE 2" X 2" X 0.4" 

NOTES 
I Both offset and span error are adjustable to zero. 
2 Load .. 7S0nlll,OOOpF. 
'This input should not exceed +S.SY and should be grounded if not used. 
·Specifications same as OAC1420. 
Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 
Oimensions shown in inches and (mm). 

I 2.01(51.1) MAX---i _~_ 

I J
O.41 

1 (10.4) 

...1-.." -r------------,"" MAX U 0.019 (0.48) DIA ~ 

Lo2(51)MIN 

1 ~ ;6 
18 
19 

13 
12 
11 22 

~ 10 23 
24 2.01151.1) 

1 
9 

7 
6 ~ 5 8 
4 
3 
2 31 
1 32 

BOTTOM VIEW -II-- 0.1 (2.54) GRID 

NOTE: 
Module Weight: 1.6 ounces . 
(45 G) 

*Pins 12 & 13 appear on DAC1422 
only. 

NOMINAL CURRENT 
DIGITAL INPUT OUTPUT 

Binary Code 
1111111111 +19.984mA 

0000000001 + 4.016mA 

0000000000 + 4.000mA 

Table 1. Nominal Input-Output Relationships 

OAC1423: ISO-OACTM 

For applications in hostile environments, 
where ground loop elimination is required, 
consider Analog Devices model DAC1423. 
This isolated 10-bit 4-20mA DAC offers 
the followIng: 

• High Voltage Protection (lSOOV dc) 
• 8- and 10-bit Bus Compatibility 
• Fail Safe Design 
• Increment/Decrement Back-Up 
• Bumpless Transfer 
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FEATURES 
3-Port Galvanic Isolation 
Guaranteed Monotonic 0 to +70°C 
Microprocessor Compatible Interface 
Increment/Decrement Backup Control 
May be Powered from Loop Supply 
Low Power: 450mW typ 
Output Will Drive on Loads 
Bumpless Transfer, Auto to Manual 

APPLICATIONS 
Direct Digital Controllers 
Ground Loop Elimination in Industrial and Process Control 
High Voltage Protected Data Acquisition Systems 
Digital Pressure Transducers 
Driving/Analog Recorders 

GENERAL DESCRIPTION 
Analog Devices' ISO-DAC™ (ISOlated Digital-to-Analog Con
verter) model DAC1423 is a low power lO-bit DAC with 
4-20mA current output, designed specifically for the process 
and industrial control industry. Its advanced features and 
excellent performance make for easy application within new 
and existing control systems. The DAC1423 contains a CMOS 
holding register, allowing direct interface with microprocessors, 
CMOS digital-to-analog converter, voltage-to-voltage isolator 
and a voltage-to-loop current converter. The small size and low 
profile (2" X 4" X 0.4") allows much greater functional density 
than previously available solutions. 

DESIGN FEATURES AND USER BENEFITS 
Microcomputer Interface: The parallel digital interface is a 5V 
CMOS design with independently controllable input latches 
and Tri-State*buffers, split into upper and lower sections (an 
8-bit and a 2-bit byte) so that 8- or 16-bit bus compatibility 
may be achieved. 

True 3-Port Isolation: The output connections and power con
nections are galvanically isolated, both from each other and 
from the digital section. Each will accommodate a wide range 
of power supply voltages and may be operated from the same 
supply, if desired. 

Increment/Decrement: Increment/decrement control is 
achieved via the input latch/counter. An internal slow speed 
clock is supplied for this operation. Overflow/underflow lock
out circuitry is used to prevent full scale "bumps" from 
occurring. 

*Tri-State is a trademark of National Semiconductor Corporation. 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor,
mation on this product can be found in Volume II, page 10-27. 

4-20mA, 10-Bit, Isolated 
Digital-to-Analog Converter 

DAC1423 I 

DAC1423 FUNCTIONAL BLOCK DIAGRAM 

-tVlOOP 
12V TO 36V 

lOUT 
4·T020mA 

15.625"A/BIT 
NOMINAL 

Adjustabie Offset and Span: The ISO-DAC has offset and span 
accuracies of ±2LSB's (±0.2% FSR) each. However, if the user 
desires adjustable offset and span, there are provisions for 
±10% adjustment range for each. 

High CMV Isolation: The isolation barriers will withstand 
1.5kV de continuously ,or lkV rms@ 60Hz for 60 seconds. 
The ISO-DAC is designed to meet the IEEE Standard for 
Transient Voltage Protection (472-1974: Surge Withstand 
Capability). Common Mode Rejection is excellent; typically, 
103dB @ 60Hz for a 250n load. 

Synchronized: The ISO-DAC may be synchronized to an ex
ternal system clock, multiple DAC1423's may be on synchro
nized to one another. In the event of loss of external sync, the 
DAC1423 will "free run" on its own oscillator. 

Isolated Power Out: An internally derived +5V supply is 
brought out so that the user may power a small amount of 
application circuitry from the DAC1423's power supply. 

ISA-S50.1: The three terminal output structure conforms to 
the Instrument Society of America Standard ISA-S50.1, 
"Compatibility of Analog Signals for Electronic Industrial 
Process Instrumen ts." 
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SPECIFICATIONS (typical @ +25°C, VLOOP = +24 volts unless otherwise specified) 

MODEL 

DIGITAL INPUTS 
Resolution 
Levels, CMOS VDD = SV 

Strobe 

ANALOG OUTPUTS 
Type 

Nominal Range 
Compliance 
Output Impedance 
Minimum Load 
Maximum Load 
Maximum Capacitive Load 

STABILITY AND ACCURACY 
Monotonicity 
Integral Nonlinearity 
Differential Nonlinearity 
Temperature Stability 

Offset 
Span 

Adjustability 
Initial Error, Untrimmed' 
Power Supply Rejection 
Noise, 10Hz to IOOHz 2 

Warm Up Time to Rated Accuracy 
Warm Up Drift 

ISOLATION 
Max CMV, Inputs to Outputs 

ac, 60Hz, ~ minute 
dc, Continuous 

CMR, Inputs to Outputs, 60Hz, RL = 2S0n 

POWER 
Loop Supply Range 
Loop Supply Current 
Power Supply Range 3 

Power Supply Current3 

ENVIRONMENT AL 
Operating Temperature 
Storage Temperature 

NOTES: 
I Both offset and span error are adjustable to zero. 
2 Load = 7 son II 1 ,ooop F and slow clock disabled. 

DAC1423 

10 Bits 
"I" = > 3.3V @ 1pA 
"0" = < 1.7V@ 1pA 
Level Sensitive 

ISA SSO.l Type 3 Meets or 
Exceeds Class U 
4-20mA 
VLOOP -6V 
>4Mn@dc 
On 
(VLooP -6V flOUT) 
Unlimited 

Guaranteed, 0 to +70°C 
,.t1l2LSB 
±1I2LSB 

SOppm FSR/C 
SOppm FSR/C 
±IO% each, Offset and Span 
±2LSB's each, Offset and Span 
20ppm FSRfV 
O.lLSB 
5 minutes 
O.SLSB 

IOOOV rms 
ISOOV dc 
103dB 

12-36V dc 
lOUT + ~mA 
14-36V dc 
20mA 

o to +70°C 
-25°C to +8S

o
C 

3The DAC1423 can be entirely powered from the loop supply. 

Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

r--- 2.02 (51.3) MAX --J ~ 

1-1 I~~~ 
u U t 

Lo.215.1} MIN 

36 

19 

18 

1 

BOTTOM VIEW 

NOTE 

31 

&4 

55 

12 

, -r-

4.02 
(102. 

MA 
11 
X 

,-"-
-l ~ 0.1 (2.5) GRID 

TERMINAL PINS INSTALLED ONLY IN SHADED HOLE LOCATIONS. 
MODULE WEIGHT: 60.8G 

PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

1 lOUT 72 NC 
2 NC 71 NC 
3 NC 70 NC 
4 NC 69 NC 
5 NC 68 SYNC IN 
6 +VLOOP 67 +V POWER 
1 NC 66 SYNC OUT 
8 NC 65 NC 
9 COMMON 64 PWR COMMON 

10 NC 63 NC 
11 NC 62 NC 
12 NC 61 NC 
13 WIDE SPAN 60 NC 
14 PRECISION SPAN 59 NC 
15 +VAEF 58 NC 
16 WIDE OFFSET 57 NC 
17 PRECISION OFFSET 56 NC 
18 SPAN COMMON 55 NC 
19 DIGITAL COMMON' 54 NC 
20 +5VOUT 53 DIGITAL COMMON' 
21 LOAD HIGH 52 CLOCK IN 
22 LOAD LOW 51 LSB OUT 
23 NC 50 BIT 90UT 
24 LS81N 49 BIT BOUT 
25 NC 48 81T 70UT 
26 BIT 91N 47 BIT 60UT 
27 BIT81N 46 BIT SOUT 
28 UPtON 45 READ HIGH 
29 81T 71N 44 READ LOW 
30 BIT61N 43 BIT 40UT 
31 BITSIN 42 BIT 3 OUT 
32 BIT 41N 41 BIT 20UT 
33 BIT 31N 40 MSBOUT 
34 BIT 21N 39 CLOCK OUT 
35 MSB IN 38 CT 
36 CLEAR 37 DIGITAL COMMON' 

, PINS 19.37 and S3 ARE INTERNALLY CONNECTED, 



r.ANALOG 
WDEVICES 

FEATURES 
• Ultra Fast 10ns Settling Time to 0.2% (HDD·OS10) 

15ns Settling Time to 0.1% (HDD·l015) 
• Internal Monolithic Reference 
• Low 200pV·sec Glitch Energy 
• Single -S.2V Power Supply 
• Available Screened to MI L·STD·8S3 
• Designed for General Output Compatibility with EIA 

Standards RS-170 and RS-343, including 10% Brightness 
• Complete Composite Inputs (HDD-0810C, HDD-l015C) 

APPLICATIONS 
• Raster Scan and Vector Graphic Displays 
• TV Video Reconstruction 
• Ultra Fast Current or Voltage Output DAC for Use in 

Analytical Instrumentation 
• Digital VCOs 

GENERAL DESCRIPTION 
The HDD-08l0 and HDD-lOlS combine state-of-the-art tech
nology with the latest active laser trimming techniques to 
achieve the world's fastest 8- and lO-bit voltage output digital
to-analog converters of their type. 

Containing input registers and an ultra stable monolithic in
ternal reference, the HDD-08l0 8-bit D/A converter settles to 
within 0.2% in IOns, while the lO-bit version HDD-lOlS set
tles to within 0.1 % in only ISns. They are compatible with 
standard ECL logic levels. The 7Sn output impedance allows 
them to drive 7Sn cables or filters directly, without costly 
external output drivers. This feature assures that a full one 
volt is available at the load, since the D/A output is a mini
mum of 27mA (HDD-lOlS). Additionally, these D/As are 
monotonic over the full operating temperature range of -2SoC 
to +8So C (metal case versions), or 0 to +70° C for the com
mercial style glass-ceramic package, and require only a single 
-S .2V supply for operation. 

The HDD-08l0C and HDD-lOlSC combine all of the above 
features with full composite input capability, which allows 
operation directly with raster scan/output video display sys
tems. These controls include Composite Sync, Blanking, Setup 
and a 10% Brightness input which gives the user digital control 
of the picture's intensity. Further, the HDD Series D/A con
verters contain provisions for external adjustments to optimize 
differential phase and gain, critical considerations in composite 
color video applications. 

The industry standard 32-pin dual in-line packages are avail
able in either ceramic/glass cases for commercial applications 
or hermetically sealed metal cases for military type applica
tions. They are available screened to MIL-STD-883. 

Hybrid Video 
Low Glitch D/A Converter 

HOD Series I 
HDD-0810C, HDD-I01SC FUNCTIONAL BLOCK DIAGRAM 
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TIME IS MEASURED FROM 50% TRANSITION POINT OF THE STROBE WITH 
INPUT DATA LINES DESKEWED AND 7sn LOAD. VOLTAGE OUTPUT. 
INHERENT DELAY OF INTERNAL REGISTER (3ns) 
HAS BEEN DISREGARDED. 

HDD Series D/A Converters Accuracy vs. Settling Time 
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SPECIFICATIONS (typical @ +25°C with nominal power supplies and 75n output load unless otherwise noted) 
MODEL UNITS HDD-0810 HDD-0810C HOD-lOIS HDD-IOlSC 

-RESOLUTION FS = FULL SCALE Bits 8 8 10 10 

LSB WEIGHT (Current) /lA 106 67 27 17 
LSB WEIGHT (Voltage) mV 4 2.5 0.625 

ACCURACy l ±% of FS 0.1 0.05 
±% ofGS 0.1 0.05 

Linearity ±IlA 26.5 17 13 8.5 
Monotonicity Guaranteed 
Zero Offset (Initial) mV -1.4 

TEMPERATURE COEFFICIENTS 
Linearity ppm/C 
Zero Offset ppm/C 
Gain ppm/C 80 

STROBE INPUT 
Logic Compatibility ECL 
Logic Voltage Levels "I" = V -0.9 
(Positive Logic) "0" = V -1.7 
Logic Loading , SOpF and SkU 

to -S.2V 
Set-Up Time (Data) ns 2.5 min 
Hold Time (Data) ns 1.5 min 
Propagation Delay ns 3 

REFERENCE BLACK AND 
REFERENCE WHITE INPUTS 2 See Note 2 

-Logic Compatibility ECL 
Logic Voltage Levels "I" = V -0.9 

"0" = V -1.7 
Logic Loading SOpF and SkU SpF and SOkU SOpF and SkU SpF and 50kU 

tg -5 2V . . . 
DATA INPUTS 

Logic Compatibility ECL 
Logic Voltage Levels "I" = V -0.9 

(Positive Logic) "0" = V -1.7 
Logic Loading SpF and SOkU 

(Each Bit) to -S.2V 
Coding (See Table) Complementary Binary 

(CBN) 

COMPOSITE SYNC INPUT 
Logic Compatibility N/A ECL N/A ECL 
Logic Voltage Levels "1" = V N/A -0.9 N/A -0.9 

"0" = V N/A -1.7 N/A -1.7 
Logic Loading for Logic "I" N/A SpF, +7.6mA N/A SpF, +7.6mA 

Logic "0" N/A SpF, -SOIlA N/A SpF, -SOIlA 

COMPOSITE BLANKING AND 
10",-(, BRIGHT INPUTS 

Logic Compatibility N/A ECL N/A ECL 
Logic Vol tage Levels "I" -V N/A -0.9 N/A -0.9 

"0" V N/A -1.7 N/A -1.7 
Logic Loading SpF and SOkU SpF and SOkU 

N/A to -5 2V N/A to -5.2V 
SETUP CONTROL 

Ground mV 0 (0 IRE Units) 
Open mV 71 (10 IRE Units) 
-57Y my 142 120 IRE Units) 

OUTPUT3 

Current rnA o to -27.2 o to -17 o to -27.3 o to -17.05 
Voltage4 V (±1%) o to -1.020 o to -0.6375 o to -1.023 o to -0.639375 
Compliance V + 1.1 to -1.1 
Internal Impedance U(±5%) 75 

OUTPUT - COMPOSITE SYNC 
Current rnA (±5%) N/A o or -7.6 N/A o or -7.6 
Voltage mV (±5%) N/A o or -286 N/A o or -286 

OUTPUT - 10% BRIGHT 
Current rnA (±5%) N/A o or -1.9 N/A 00r-1.9 
Voltage mV (±5%) N/A o or-71 N/A o or -7.1 

OUTPUT - COMPOSITE 
BLANKINGs 

Current rnA (±1%) N/A 0, -17.0, -18.9, or-20.8 NfA 0, -17.05,-18.95, or-20.85 
Voltage mV(±I%) N/A 0,-637.S,-708.7Sor-780 NfA 0, -639.4, -710.6, or-781.9 

VOL. I, 10-250 DIGITAL-TO-ANALOG CONVERTERS 



MODEL UNITS HDD-oSIO HDD-oSI0C HDD-1015 HDD-I015C 
SPEED PERFORMANCE - FULL 
SCALE OR GRAY SCALE OUTPUT 

Settling Time (Voltage)6 ns(to %FS) 10 (0.2) 15 (0.1) 
or (to %GS) 10 (0.2) 15 (0.1) 

Slew Rate Vlp,s 200 
Update Rate 7 MHz 100 100 67 67 
Rise Time ns 4 
Glitch Energy8 pV-s 200 

SPEED PERFORMANCE-
CONTROL INPUTS 

Settling Time to 10% of 
Final Value for: 

Composite Sync ns N/A 10 N/A 10 
Composite Blanking ns N/A 10 N/A 10 
Reference White ns N/A 10 N/A 10 
Reference Black ns N/A 10 N/A 10 
10% Bright ns N/A 10 N/A 10 

POWER REQUIREMENTS 
-5.2V ±0.25V mA 380 390 450 450 
Power Supply Rejection Ratio %/% 0.04 
Reference Monolithic, Internal 

TEMPERATURE RANGE 
Operating, Glass Case °c Case o to +70 
Operating, Metal Case ("M") °c Case -25 to +S5 
Storage °c -55 to +125 

MTBF9 
Mean Time Between Failure hours >300,000 

PACKAGE OPTIONSw HY32A (glass package) HY32C (metal package) 

NOTES: 
1 Accuracy is relative to full scale (FS) for binary versions. or relative to gray scale (GS) for Composite ("C") versions, and includes linearity. 
• Reference White on models HOO-0810, -lOIS a logic "I" on Pin 30 Reference Black will produce all "0" code 0 volts output; a logic "\" 

on Pin 29 Reference White will produce all "I" code -I volt output. 
On models HOO0{)810C, 10lSC a logic "0" on Pin 30 Reference Black will drive the output to reference 
black level of -643mV; a logic "0" on Pin 29 Reference White will drive the output to reference white 
level of 0 volts absolute. 

'The output is shown for full scale (FS) for binary versions, and for full gray scale (GS) for Composite ("e") versions. 
4The difference between the full-scale Qutput of 637.SmV and 643mV shown elsewhere herein is due to the fact that we selected an LSB 

value of 2.SmV for cue of calibration. These differences arc well within the output and EIA standard RS-170 tolerances. 
5The three currents and voltaS(es correspond to the three set-up levels of 0,10, and 20 IRE units as externally selected. 
• Worst case settling time includes FS and most significant bit (MSB) transitions. The inherent 3ns proposition delay through the input 

registers (50% point of Strobe to SO% point of register output) has been disregarded. Settling time to a percentage of FS is given 
for straight versions, and settling time to a percentage of maximum gray scale (GS) is given for composite video output ("C") versions. 

'The update rates shown are limited by a full scale settling time that is useable for the number of bits of resolution. Both OACs may be 
operated up to 12SMHz with settling time degradation. This is the limit of the logic switching speed. 

• Reducible to less than l00pV-s with appropriate deskewing of digital inputs. See Applications Section. 
• Calculated for HOO-I01SCMB using MIL Handbook 217. Ground: Fixed Temperature Case = 60°C. 

" See Section 20 for package outline information. 
• Specifications same as for HOO0{)810. 
Specifications subject to change without notice. 

ORDERING NOTES 
1. To order devices with hermetically sealed metal cases, add 

"M" suffix to part number. 

2. To order devices screened to MIL-883B requirements, add 
. "MB" suffix to part number. 

Example: HDD-0810CMB 

PIN DESIGNATIONS 

2S COMPOSITE SYNC 

26 

COMPOSITE BLANKING 
10% BRIGHT 

29 REFERENCE WHITE 

30 REFERENCE BLACK 

GROUND 

-S.2V 

ON THE HOo·0810 AND HDD·081OC, PINS 14 AND 15 
AfU NOT USED. AND PIN 131S THE lSS. ON THE 
HOD·OS10 AND HDD·1015, PINS 25,27, AND 28 ARE 
NOT USED. ALL GROUND PINS (1. 18, 18-22. 311 
ARE CONNECTED INTERNALL Y. 
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APPLICATIONS INFORMATION 

HIGH-SPEED LOW-GLITCH OPERATION SUGGESTIONS 
The HDD Series D/As offer the highest available speed. How
ever, with this speed performance, certain precautions and 
operation conditions should be considered. 

1. The DI A converter should be provided with a very low 
impedance grounding system to very high frequencies. A 
large ground plane is a must. 

2. Low frequency bypassing should be provided with a IIlF 
(or larger) tantalum capacitor mounted between the -5.2V 
supply line and ground near the DI A. 

3. High frequency bypassing should be provided by ceramic 
capacitors of O.lJlF or larger mounted within 0.25 inches 
of Pins 17 and 32 to ground (see Figure 1). 

4. The threshold of the internal current switches can be opti
mized for low glitch energy by the addition of an external 
potentiometer connected to Pin 24 of the D/A (see Fig
ure 1). This potentiometer is adjusted for minimum glitch 
energy as shown in Photo 2. 

If required, variable capacitors can be added to "deskew" 
the most significant bits for lowest glitch-although this is 
not usually required in many applications. These capaci
tors are added as shown in Figure 1 (CI-3). They are ad
justed in conjunction with the glitch adjust pot for mini
mum glitch energy as shown in Photo 2. 

In composite television applications, CI-3 are adjusted for 
best differential phase performance, and the glitch adjust 
is adjusted for best differential gain performance. These 
may tend to interact, so going back and forth between 
adjustments may be required. 

5. Standard 32-pin sockets should be avoided. Individual 
"pin sockets" are most suited for evaluating devices, as 
lead inductance is reduced. In final designs, the D/As 
should be soldered directly into the printed circuit 
board without sockets. 

GAIN ADJUSTMENT 
The HDD Series DI As are actively laser-trimmed to provide a 
voltage into exactly 75n which is an even binary multiple; 
i.e., the HDD-08IO has an LSB of 4mV and the HDD-IOI5 
has an LSB of ImV. This makes the full-scale output slightly 
greater than one volt. If an outpu t of exactly one volt is re
quired-such as for TV reconstruction-a 2k potentiometer 
may be placed across the output of the D/A for gain adjust
ment. For a one volt output, the adjusted value of this pot 
will be about 1500Q (see Figures 1 and 5). 
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HDD·oa10C 
HDD·101SC 
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I 
I 

~. 2k GAIN POT 

~IFREaUIREO 

NOTES 
Cl .. ERIE 538002F,15·60pf (OR EOUtVt 
C2. C3 .. ERIE 538 0020, 9 33pF OR EOUIV 
C4 s 100"F TANTALUM 

1,16,18-22.31 

C5. C6"Q.lj,jF CERAMIC 
Rl-Rl0,R12-A16 a 2K 1I4W,S% 

Figure 1. HDD-0810, HDD-1015C Typical Hook-Up Circuit 

ULTRA-LOW GLITCH OPERATION 
For extremely low glitch requirements «50 - IOOpV-s), an 
HTS-0025 Track-and-Hold is recommended as a deglitcher (see 
Figure 2). The duration of the HDD Series D/A glitch is ap
proximately IOns. The hold time of the HTS-0025 should be 
at least 15ns to "mask out" the glitch. The minimum acqui
sition time of the HTS-0025 for 0.1 % accuracy is 30ns. This 
implies that the circuit of Figure 2 can be operated up to 
22MHz and still maintain lO-bit accuracy. For 0.2% accuracy, 
the acquisition time for the T&H can be reduced to 2505, 
allowing the circuit to operate to 25MHz. This discussion 
assumes that the D/A will be required to slew full scale (one 
volt) between adjacent samples. In practice, the sample-to
sample variation is less than full scale depending on the 
amount of oversampling. In a practical situation, therefore, 
IO-bit accuracy should be achievable at 25MHz update rates .. 

8 OR 1081T 
DIGITAL INPUT 

~~:>---~---------~ 

HOLD ~
OLO 

TIMING TRACK 
TIN ns 0 20 50 70 

Figure 2. HTS-0025 Track and Hold Used as a Deglitcher 
(Update ~ 20MHz) 



CHARACTERISTICS OF HDD-I0lSC [OS10C) VIDEODACS 

COMPOSITE VIDEO SIGNAL 
1024 (256) gray levels plus blanking and sync levels 

STEP SIZE 
0.625mV [2.5mV) 

GRAY SCALE RANGE 
0.643V Peak to Peak 

SETUP CONTROL 
User programmable in three levels 

mV 

1. Input Grounded 0 

IRE Units 

o 
2. Input Open 71 
3. Input @ -5.2V 142 

REFERENCE WHITE LEVEL 
OV Absolute 

10 
20 

100 IRE Units (+0.714V relative to blanking level with 
standard setup; +0.643V relative to Reference Black) 

DIGITAL INPUT FOR WHITE LEVEL 
All ones (1111111111) 

REFERENCE WHITE/BLACK CONTROLS 1 
Overrides Video Input Word ' 
A logic 0 on Pin 30 (reference Black) will drive the output 
to reference black level of -643mV. 
A logic 0 on Pin 29 (Reference White) will drive the out
put to reference white level of 0 volts absolute. 

REFERENCE BLACK LEVEL 
-0.643V Absolute; +71mV (10 IRE Units) 

, Relative to blanking level with standard setup. 

DIGITAL INPUT FOR REFERENCE BLACK 
All zeroes (0000000000) 

COMPOSITE BLANKING LEVEL 
-0.714V Absolute, (0 IRE Units) with standard setup. 

COMPOSITE BLANKING INPUT - PIN 271 
Logic 0 on Pin 27 resets input register to 0000000000, 
and causes output voltage to go negative by the amount 
of setup voltage with respect to the all "0" output voltage. 

COMPOSITE SYNC LEVEL 
-1.0V Absolute with standard setup. 
-0.286V (-40 IRE Units) relative to blanking level 
(Back Porch). ~ 

COMPOSITE SYNC INPUT - PIN 25 
Logic 0 resets input register to 0000000000, and the 
output voltage goes negative by 0.286V. 

10% BRIGHT - PIN 28 
Logic "0" causes output voltage to go positive by 71mV. 

STROBE - PIN 10 
Logic "0" to Logic "I" transition clocks inpu t register. 

ABSOLUTE 

HDD-081 DC /HDD-l 015C 
DEFINITION OF VIDEO TERMS 

BLANKING LEVEL 
The level separating the SYNC portion from the Video 
portion of the waveform. Usually referred to as the 
Front Porch of Back Porch. At 0 IRE Units, it is the 
level which will shut off the picture tube, resulti'ng 
in the blackest possible picture. 

COLOR VIDEO (RGB) 

This usually refers to the technique of combining the 
three primary colors of Red, Green, and Blue to produce 
color pictures within the usual spectrum. In RGB moni
tors, three HOD "C" Series DACs would be required, 
one for each color. 

COMPOSITE SYNC SIGNAL (SYNC) 
The position of the composite video signal which syn
chronizes the scanning process. 

COMPOSITE VIDEO SIGNAL 
The video~signal with or without setup, plus the com
posite SYNC signal. 

GRAY SCALE 
The discrete levels of video signal between Reference 
Black and Reference White levels. A lO-bit DAC con
tains 1,024 different levels, while an 8-bit DAC con-
tains 256. ~ 

RASTER SCAN 
The most basic method of sweeping a CRT one line at a 
time to generate and display,images. This method is 
used in commercial television in the USA. 

REFERENCE BLACK LEVEL 
The maximum negative polarity amplitude of the video 
signal. 

REFERENCE WHITE LEVEL 
The maximum positive polarity amplitude of the video 
signal. 

. SETUP 
The difference between the Reference Black level and the 
blanking level. This should not be confused with setup as 
used with digital logic. 

SYNC LEVEL 
The peak level of the composite SYNC signal. 

VIDEO SIGNAL 
That portion of the composite video signal which varies 
in gray scale levels between Reference White and Refer
ence Black. Also referred to as the picture signal, this is 
the portion which may be visually observed. 

NOTES: 
1 Reference White (Pin 29) should not be activated at the same time as 

composite blanking (Pin 27) or Reference Black (Pin 30). 

IRE OUTPUT 1 
UNITS VOLTA~E _______________ _ 

_ ______ 10'l(,BRIGHTLEVEL· 

71mV 

+100 -71mV -

+10 -714mV 

-40 -1071mV 

-------REFERENCE WHITE 
lEVELCV,w) 

REFERENCE BLACK 
___ LEVEL IV,,) 

--COMPOSITE BLANKING 
LEVEL IV,I 

SYNC LEVEL IVol 

100 IRE UNITS· 714mV 

Figure 3. HDD-0810C, HDD-1015C Output Waveforms 
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OUTPUT: O.2V/OIV 

r---~-----+--~2~~--~EO 

Figure 4. HDD-08TO; HDD-T015 Block Diagram 

HDD·oel0C 

>-+-__ -::-::-+-=-14 HDD·l01SC 

NOTES 
Cl"ERIE538..o02F,lS-60pF 
C2.C3:ERIES38-002D.9-35pF 

~~)~~~1~~:~~~~~~~~~ 

,-{ 2k GAIN POT 

~IFREaUIRED 

:::I' co 
1,16,18-22.31\7 

STROBE: O.5V/OIV 

Photo T. Full Scale Rise Time VS. Strobe 

OUTPUT: 20mV/OIV 

STROBE: O.5V/OIV 

Photo 2. Midscale Glitch 

HDD-0810C, HDD-10T5C Output Waveform 
Figure 5. HDD-0810, HDD-1015 Typical Hook-Up Circuit 

ANALOG OUTPUT WITH 7SQ LOAD 

Digital Input HDD-0810 HDD-0810C HDD-lOlS HDD-I01SC 

111 ... 111 0 0 0 0 
111 ... 110 -4mV -2.5mV -lmV -0.625mV 
110 ... 000 -252mV -157.5mV -255mV -159.375mV 
101. .. 111 -256mV -160mV -2S6mV -160mV 
100 ... 111 -508mV -317.5mV -511mV -319.375mV 
011 ... 111 -512mV -32OrnV -512mV -320mV 
010 ... 000 -764mV -477.5mV -767mV -479.375mV 
001. .. 111 -76811lV -48OrnV -768mV -48OrnV 
000 ... 001 -1016mV -635mV -1022mV -638.75mV 
000 ... 000 -1020mV -637.SmV -1023mV -639.375mV 

Coding Table 
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WDEVICES 

FEATURES 
• Registers, DIA, Amplifier in Single Hybrid 
• Deglitched Voltage Output 
• 6MHz Update Rate 
• Available with 883 Screening 

APPLICATIONS 
• Vector Scan Displays 
• Analytical Instrumentation 
• Digital VCOs 
• Military Systems 

GENERAL DESCRIPTION 
The Analog Devices HDD-1206 D/A converter combines in
novative design techniques with remarkable hybrid construction 
to achieve deglitched voltage outputs at digital update rates as 
high as 6MHz. . 

Despite its small size and low power, the HDD-1206 provides 
the user with a complete solution to demanding applications 
which require the conversion of high-speed digital inputs into 
deglitched analog output voltages. 

The unit is housed in an industry standard 32-pin hybrid and 
contains all the necessa,ry circuit components to provide analog 
outputs at high update rates without the need for designing 
external circuits. Input registers, current-output D/A, deglitching 
circuits, and an output amplifier are all included inside the 
HDD-1206. 

With the deglitching problem solved in a single package, the 
user of the HDD-1206 is able to incorporate the solution into 
his system with a minimum of design effort. User involvement 
is limited to the simple task of establishing the "hold" time for 
an optimum value by selecting the correct resistor value. 

After that step is accomplished, the addition of a low-pass filter 
at the output of the D/A assures a "clean" voltage representation 
of the 12 bits of digital information applied to the inputs at 
video update rates. . 

The HDD-1206 is available in 32-pin dual in-line packages in 
either glass or metal. For applications which require military 
processing of hybrids, the HDD-1206 D/A converter can be 
specified with processing per MIL-STD-883, Method 5008. 

12-Bit Deglitched 
Voltage Out D/A Converter 

HOO-1206 I 

800·1206 FUNCTIONAL BLOCK DIAGRAM 

HOLD ADJUST ]1 

PIN 

1 

2 

3 
4 

5 

6 
7 

8 

9 
10 

11 
12 

13 

14 

15 
16 

I 
I 
I 

: 
I 
I 
I 
I 
I _______________ J 

PIN DESIGNATIONS 
HDO·1206 

FUNCTION PIN FUNCTION 

GROUND 17 GROUND 

TEST POINT 18 GROUND 

BIT 1 (MSB) 19 GROUND 

BIT 2 20 GROUND 

BIT 3 21 GROUND 

BIT 4 22 GROUND 

BIT 5 23 GROUND 
BIT 6 24 GROUND 

BIT 7 25 +15V 

BIT 8 26 -15V 

BIT 9 27 D/A OUTPUT 

BIT 10 28 GAIN ADJUST 

BIT 11 29 BIPOLAR 

BIT 12 (LSB) 30 OUTPUT 

+5V 31 HOLD ADJUST 

GROUND 32 STROBE 
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SPECIFICATIONS (typical @ +25°C with nominal power supplies and lkfl output load unless otherwise noted), 

Model HDD·1206JW 

Parameter MIN TYP MAX 
RESOLUTION 12 

LSB WEIGHT(FS = IO.24V) 2.5 

ACCURACY (including Linearity) ~O.0125 
Linearity ~ 1.25 
Zero Offset 1 (Initial) :t 35 :t50 
Monotonicitv Guaranteed 

TEMPERATURE COEFFICIENTS 
Linearity 5 
Gain 40 
Offset 100 

DYNAMICCHARACTERISTICS2 

Settling Time to 'I,LSB 
:t 5.12V FSChange 2 
ILSBChange 60 
Internal Current DI A 50 

Slew Rate 25 
Small Signal Bandwidth (3dB) 1.5 
Gain Adjustable 

DIGITAL DATA INPUTS 
Logic Compatibility TTL 
Logic Levels 

"I" +2.4 +5 
"0" 0 +0.4 

Load (each bit) One Standard 
Coding (see Table on last page) Complementary Binary (CBN); 

, Offset Binary (OBN) 
STROBE INPUT 

Logic Compatiblity TTL 
Logic Levels 

"I" +2.4 
"0" 0 

Load One Standard 
Risetime/FalltimeOO%-90%) 
Width 50 
Frequency 

OUTPUT (see Table on last page) 
RFR = 1,0001l 

Bipolar Voltage) :t2.56 
Unipolar Voltage Oto -5.12 
Current 8 

RFR = 2,OOOll 
Bipolar Voltage :t 5.12 
Current 8 

Residual Glitch 50 
Output Impedance 0.1 
Capacitive Loading 1,000 

POWER REQUIREMF'\1TS 
+ 15V :t 3%Current 55 
-15V:t 3%Current 30 
+ 5V :t 5% Current 85 
Power Supply Rejection Ratio 2 
Power Dissipation 1.7 

TEMPERATURE RANGE 
Operating· 0 
Storage - 55 

THERMAL RESISTANCE5 

Junction to Air, Oja(free air) 38 
Junction to Case, fljc 18 

MTBP 
Mean Time Between Failures 

FORAPPLICATIONSHELP,CALL(919)292.6427 

NOTES: 
J Adjustable to zero. 
'AlldynamiccharacteristicnrebssedonFS = :!:5.12V;RPB = 2,ooon. 
'WithRPB = lk,analogoutput voltal"Sare halfthooe .hownin Table on last pal". 
'Cue Temperature. 
'Maximumjunctiontemperatureis150"C. 
"Calculated per MIL-HOBK 217,Ground; Fixed Case Temperature = 6O"C. 

·Specificationssame uHOO·1206JW 
Specifications subject to change without notice. 

See Figures HY32A (glass) and HY32C (metal) for 
complete outline and mechanical information. 

+5 
+0.4 

15 
.65/word rate 
6 

100 

I 

60 
35 
95 

1.9 
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HDD·1206SM 

MIN TYP MAX ~ITS 

* Bits 

* mV 

* %FS 

* mV 

* * mV 

* 

* ppml"C 

* ppmfC 

* ppm/'C 

* I1S 

* ns 

* ns 

* V/l1s ,! 

* MHz 

* VIV 

* 

* I · V · · V · TTL Load · · 
· 

· · V · · V · TTL Load · ns · · ns · MHz 

· V · V · mA 

· V · · mA · · mV · · H · pF 

· · mA · · mA · · mA · mV/V · · W 

-55 + 125 'C · · 'C 

34 'CIW 
14 'CIW 

3.015 x 105 Hours 



THEORY OF OPERATION 
Refer to the equivalent circuit for the HDD-I206 D/A 
converter. 

The unit consists of input registers, fast-settling current output 
D/A, output amplifier, timing generator, and associated circuits. 

The purpose of the input register circuits is to de-skew the 
input bits and assure their simultaneous arrival at the input of 
the current DI A. This is critical because time skew on the input 
data bits is a major contributor to discontinuities, or "glitches," 
in the analog output of a D/A. 

The Timing Generator includes a Track & Hold circuit and 
generates the required internal pulses for operation whenever it 
receives a Strobe input pulse. See Figure 1, the HDD-I206 
timing diagram. 

STROBE 

TIH 

REGISTER 

OUTPUT 

"I" 

I MIN SOns LJ 
~ I MAX 0.65! 

I WORD RATE 

I 
, HOLD 

,MAX MIN 30ns 
TRACK I 55ns MAX lOOns TRACK 

I 
I 
I 

MAX 'I r--'S""'A""'ME"""'AS"'-'I 
10"5 ..... 1 HOLD TIME '-___ ---' 

i 

Figure 1. HDD-1206 Timing Diagram (Digital Inputs not 
Changing) 

As shown, the Strobe pulse is a positive-going TTL pulse supplied 
by the user of the HDD-I206. Internal timing circuits establish 
the maximum 55ns delay from the leading edge of the Strobe 
pulse to the leading edge of the T/H (Track/Hold) pulse; and 
the maximum IOns delay from the leading edge of the T IH 
pulse to the leading edge of the Register pulse. The data from 
the input registers are strobed into the current D/A at the end 
of this 65ns interval, so they must be valid by that time. 

The user determines the width of the T/H pulse (and the Register 
pulse) by selecting the value of the' RHoLD resistor. See Figures 
2 and 4. As shown, the width of the Hold pulse can vary from 
approximately 30ns to approximately lOOns by using resistor 
values from Ik to 5k, respectively. 

,10 

.~ 9 

§ 

0 

0 

0 

0 

V 
--- ... _---Vi 1--. !-r-

/ 
V I 

V 
I 
I 
I 
I 

I 
I 
I 
I 
I 

lk 2k 3k 5k 

VALUE OF RHOLD - U 

VALUE OF 3.6k FOR 
RHOlD WILL MAKE HOLD 
PULSE APPROXIMATEL V 
85no WIDE; THIS IS 
OPTIMUM FOR MOST 
APPLICATIONS. 

Figure 2. Hold Time vs. RHoLD 

For most applications, a value of 3.6k!l and a pulse width of 
approximately 8505 is the optimum choice. This pulse width 
will "hold" the analog output of the HDD-1206 D/A until the 
"glitch" resulting from the most recent update has passed, 
without infringing on the word rate capabilities of the 
HDD-I206. 

Theory of Operation 
CURRENT-OUTPUT D/A CONVERTERS 
A brief review of the salient characteristics of current DI A con
verters may be a useful approach to understanding the operation 
of the HDD-I206 unit. 

Current-switching D/A converters are inherently faster than 
voltage-output types because of the absence of an output amplifier. 
This means current-switching converters have no slew rate limi
tation which can slow settling; nor are they subject to the overshoot 
and ringing problems often associated with feedback amplifiers. 

Current-switching and voltage-output converters display a dis
continuity, or "glitch," in their analog outputs because of the 
basic characteristic of saturated logic (TTL is an example) which 
causes the propagation delay to be less for negative-going inputs 
than it is for positive-going inputs. 

This difference in propogation delay manifests itself as a "worst 
case glitch" at the major carry point, or mid-scale, of the output 
range of the current converter. This is the point at which nearly 
equal and opposite currents are being switched within the 
converter. 

The "glitch" at mid-scale, the switching point of the Most 
Significant Bit (MSB), will be halved at the \/4 and % points; 
halved again at the 1/8 and 7/8 points, etc. The amplitude of the 
"glitch," therefore, is a function of signal dynamics and cannot 
be eliminated with filtering. 

The variations in glitch amplitude caused by signal dynamics 
create a multitude of intermodulation (1M) products, some of 
which fall into the video pass-band as spurious signals, and 
increased noise level. These 1M products are also relatively 
immune to elimination by filtering. 

The amplitude of the glitch can be reduced by de-skewing the 
input bits; but no amount of de-skewing or filtering can negate 
the physics of saturated logic which cause the glitch to be generated 
initially. 

The best solution, then, is to cause the glitch to remain a constant 
across the entire output range of the converter. The efficiencies 
of the circuit will be enhanced if the solution can also permit 
using the full drive capabilities of the current-output DI A in 
either unipolar or bipolar modes of operation. 

The design approach used in the Analog Devices HDD-I206 
D/A converter accomplishes these desired goals and provides 
voltage outputs at high update rates. 

NOTES ON DEGLITCHING 
Refer again to the equivalent circuit for the HDD-I206. The 
data bits are applied through the input register to the current-out
p'ut D/A converter, which is capable of supplying up to 5.12mA 
of output current. 

The output of the current D/A, in turn, is applied to the input 
of the output amplifier via strapping external to the HDD-I206. 
The Timing Generator supplies the necessary pulses and timing 
to appiy signals to the current D/A and output amplifier after 
the initial glitch caused by the digital inputs has subsided. 

The digital "1" (Hold) level of the T/H pulse causes the switch 
at the input of the amplifier to open, holding the last value of 
the current DI A converter. During this hold interval, the switching 
transients caused by updating digital inputs are masked from 
the amplifier, thereby avoiding HDD-I206 output discontinuities 
whose amplitude would be a function of signal dynamics. 

Ten nanoseconds after the T/H pulse goes to the digital "1" 
level, the register pulse also changes state from "0" to "1". 
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This transition moves the output of the current D/A to the new 
value established by the most recent digital inputs applied to the 
HDD-1206. 

Any change in the current D/A output has stablized by the time 
the T/H pulse returns to the digital "0" (Track) level. Re-estab
lishing the track mode eloses the switch at the input of the 
amplifier and the output of the HDD-1206 moves to the new 
analog value dictated by the digital input word. 

As shown in Figure I, the output of the HDD-1206 will contain 
switching transients associated with the T/H pulse. But these 
"glitches" will be constant in amplitude and duration and will 
occur at the update rate, since they are a function of the strobe 
pulse applied by the user. 

These switching transients will settle out in approximately SOOns, 
and will have uniform amplitude over the complete analog output 
range of the D/A. For strobe rates of 2MHz and above, the 
settling interval switching from "hold" to "track", and vice 
versa, will produce a constant dc offset on the output. The 
HDD-1206 is not intended to get rid of all glitches per se; it is 
designed to provide a constant-amplitude glitch. 

When the area under the transient curve is held constant, the 
frequency spectrum of the glitch is a fine line, i.e., a single-line 
spectrum at the sample rate frequencies, and harmonics of the 
sample frequency. 

The HDD-1206 effectively eliminates the 1M products discussed 
above. When it does, the signal-to-noise (SIN) ratio approaches 
that..£f an ideally-quantized signal, where the rms noise is 
q/,VI2, when frequencies above Nyquist are filtered out. 

GLITCH VS. PEDESTAL 
In addition to the "glitch" which is a characteristic of current 
D/As, the track & hold used in the HDD-1206 also contributes 
an anomaly to the output signal. 

Refer to Figure 3. This diagram compares the "glitch" created 
by the HDD-1206 to th"-! pedestal created by the internal T/H 
circuits. 

TRACK· TO-HOLD 
SWITCHING TRANSIENT 

r RESIDUAl 
GLITCH 

HOlU· TO-TRACK 
SWITCHING TRANSIENT 

Figure 3. Pedestal/Glitch Relationship 

As shown, the "glitch" is a transient signal which remains constant 
in width and amplitude over the entire output range, at all 
update rates. The pedestal, on the other ha~d, is an offset signal 
whose amplitude can vary (because of switching transient settling) 
as a function of hold time and word rate. 

This pedestal is caused by charge transfer associated with the 
hold capacitor; the transfer occurs when the HDD-1206 circuits 
are switched from a "track" to "hold" condition. The pedestal 
is basically an offset error in the HDD-1206 output and can be 
compensated with the Offset Adjust when the unit is installed in 
the user's system. 

Figure 3 is not drawn to scale; there is no attempt to imply the 
identified elements have precisely that relationship to one another. 
They are exaggerated for illustrative purposes. 

Applications 
Bipolar connections for the HDD-1206 D/A converter are shown 
in Figure 4. As indicated, a unipolar negative output is accom
plished by connecting Bipolar Pin 29 to ground, instead of to 
Pins 27 and 28. 
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+1SV -1SV 

OFFSET 
ADJUST 

R .. 

ANALOG 
OUTPUT 

NOTE 1: FOR UNIPOLAR NEGATIVE 
OUTPUT, REMOVE STRAP 
BETWEEN PINS 28 AND 29; 
CONNECT 29 TO GROUND 

Figure 4. HDD-1206 Bipolar Connections 

The output voltage swing is established by the value of feedback 
resistor RFB • The table below indicates output levels for both 
unipolar and bipolar operation, with feedback resistors of either 
1,0000 or 2,0000. 

Hold resistor RHOLD connected between the + SV supply and 
Pin 31 sets the width of the Hold mode of the T/H pulse. Test 
Point Pin 2 is used for observing the pulse. 

The Offset Adjust potentiometer is used to set the desired analog 
output of the HDD-1206 and can be used to help assure correct' 
voltages are present when the D/A is installed in the system. 

When operated in a unipolar mode with digital "0" applied to 
all inputs but no continuous strobe pulses applied, the Offset 
Adjust is set for an analog output of either - S.12V or -1O.24V, 
depending on the value of RFB • (NOTE: At least one strobe 
pulse needs to be applied to latch the input data into the 
registers.) . 

If the HDD-1206 is installed in a system and the strobe pulse is 
applied continuously, the Offset Adjust is calibrated for the 
desired output value with a digital "0" applied to all input pins. 

HDD-1206 ANALOG OUTPUT WITH lkll LOAD 

Digital 
Inputs 

111 ... 111 
111. .. 110 
110 ... 000 
101. .. III 
100 ... 000 
011. .. III 
010 ... 000 
001. .. III 
000 ... 001 
000 ... 000 

Offset Binary (OBN) 
Bipolar Output 

RFB = 2k 

+5.175(+FS - lLSB) 
+5.1150 
+ 2.5600 ( + 1I2FS) 
+2.5575 

0.0000(0) 
-0.0025 (-ILSB) 
-2.5600( -lI2FS) 
-2.5625 
-5.1175 
-S.1200(-FS) 

Complementary Binary (CBN) 
Unipolar Negative Output 

RFB = lk 

0.0000(0) 
- 0.0125 (+ lLSB) 
- 1.27875 
- 1.28(1/4) 
- 2.55875 
- 2.56 (1/2) 
- 3.83875 
- 3.84(3/4) 
- 5.1175 
- 5.11875(FS - lLSB) 

ORDERING INFORMATION \ 
Model HDD-1206JW D/A converter is housed in a glass package, 
th.e model HDD-1206SM is a metal version; outline dimensions 
of both are shown elsewhere. For metal case version processed 
per MIL-STD-883, Method 5008, specify model HDD-1206SMI 
883. 

Mating individual pin sockets are available from AMP. Part 
number 6-330808-0 are knockout end type; 6-330808-3 are open 
end type. . 
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FEATURES 
Ultra Fast 7ns Settling Time to 0.4% (8ns Max) 
Low 50 pV-s Max Glitch Energy 
Operates from Single -5~2V Power Supply 
Complete Composite Inputs 
Designed for General Output Compatibility with EIA 

Standards RS-170 and RS-343, Including 10% Brightness 
Available Screened to MI L-STD-883 
Low Price 

APPLICATIONS 
Raster Scan Graphics Displays 
TV Video Reconstruction 
Ultra Fast Current or Voltage Output DAC for Analytical 

Instrumentation 
Digital VCOs 

GENERAL DESCRIPTION 
The HOG series digital-to-analog converters are the fastest 
O/As with full composite capabilities presently available. The 
units are'available in three resolutions (levels) of Gray Scale. 
The HOG-080S has B bits of resolu tion (2S6Ievels) and typi
cally settles in 7ns (8 max). The HOG-060S has 6-bit resolu
tion (64 levels) and typically settles in Sns (6 max), while the 
HOG-040S features 4-bit resolution (16 levels) and typically 
settles in less than 3ns (4 max). All three units are packaged 
in 24-pin metal hybrids and require only a single -S.2V power 
supply for operation. 

All three units have complete composite controls including 
self-contained, digitally-controlled sync, blanking, and 10% 
bright, a unique feature not found on most composite O/A 
converters. A reference white control input is also provided, 
thus assuring compatibility with EIA Standards RS-170, 
RS-330, and RS-343A. 

Absolute accuracies of the HOG-D80S, HOG-060S and HOG-
040S are ±0.19, O.B, and 3.2% respectively. The output im
pedance is 7Sn and the full scale output current of -17mA is 
sufficient to d,evelop 1 V across a 7Sn video load. Operation 
of all three units is specified over the case temperature range 
of _2S o C to +8So 

(:. Monotonicity is guaranteed. 

Hybrid Video 
Digital-to-Analog Converters 

HOG SERIES I 

HDG SERIES FUNCTIONAL BLOCK DIAGRAM 

The HOG series O/A converters represent the most cost- III 
effective high performance system solution for 8-bit raster I 
scan O/A converter requirements. Older modular technology 
offers similar electrical performance but at much larger size 
andat a higher price. Monolithic technology has produced 
OACs at comparable speeds but without composite capabil-
ities, thereby requiring external registers, sync and blanking 
circuits, and references for compatibility. 

Because of the units ultra-fast speed and low cost, and their 
ability to be screened to the requirements of MIL-STO-883, 
the HOG series OACs can be used in military O/A applica
tions as well. 

Model 

HOG-080S 
HOG-060S 
HOG-040S 

%of Settling Time 
Resolution Gray Scale (max) 

8 Bits 0.4% Bns 
6 Bits 1.6% 6ns 
4 Bits 6.4% 4ns 

Table 1. Accuracy vs. Settling Time 
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SPECIFICATIONS (typical @+25°C with nominal power supplies and 75n output load unless otherwise noted) 

Model Units HDG-0405 HDG-0605 HDG-0805 

RESOLUTION FS = FULL SCALE Bits 4 6 8 

LSB WEIGHT (Current) pA 1072 268 67 

LSB WEIGHT (Voltage) mV 40 10 2.5 

ACCURACY! 
Absolute ±% ofGS 3.2 0.8 0.19 
Linearity ±% of GS 3.2 0.8 0.19 
Monotonicity G~aranteed 
Zero Offset (Initial) mV 0.9 

SPEED PERFORMANCE - GRAYSCALE OUTPUT 
Settling Time (Voltage) Max2 ns (to % GS) 4(6.4) 6(1.6) 8(0.4) 
Slew Rate Vips 200 
Update Rate3 MHz 100 
Rise Time ns 3 
Glitch Energy4 I pV-s 50 

TEMPERATURE COEFFICIENTS 
Linearity ppm/oC 16.0 
Zero Offset ppm/oC 6.0 
Gain ppm/oC 17.0 

STROBE INPUT 
Logic Compatibility ECL 
Logic Voltage Levels "1" V -0.9 

Positive Logic) ,"0" V -1.7 
Logic Loading 50pF and 5kn to -5.2V 
Set-Up Time (Data) ns 2.5 min 
Hold Time (Data) ns 1.5 min 
Propagation Delay ns 3 

REFERENCE WHITE INPUTS 
Logic Compatibility ECL 
Logic Voltage Levels" 1 " V -0.9 

"0" V -1.7, 
Logic Loading 5pF and 50kn to -5.2V 

DATA INPUTS 
Logic Compatibility ECL 
Logic Voltage Levels "1" V -0.9 

(Positive Logic) "0" V -1.7 
Logic Loading (Each Bit) 5pF and 50kn to -5.2V 
Coding (See Table) Complementary Binary (CBN) • 

COMPOSITE SYNC INPUT 
Logic Compatibility ECL 
Logic Voltage Levels "1" V -0.9 

"0" V -1.7 
Logic Loading 5pF and 50kn to -5.2V 

COMPOSITE BLANKING AND 10% BRIGHT INPUTS 
Logic Compatibility ECL 
Logic Voltage Levels "1" V -0.9 

"0" V -1.7 
Logic Loading 5pF and·50kn to -S.2V 

SETUP CONTROL 
Ground mV o (0 IRE Units) 
Open mV 71 (10 IRE Units) 
-5.2V mV 142 (20 IRE Units) 

OUTPUT 
Current rnA o to -17 
Voltage6 V (±1%) o to -0.600 o to -0.630 o to -0.6375 
Compliance V +1.1 to -1.1 
Internal Impedance n (±S%) 75 
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Model 

OUTPUT - COMPOSITE SYNC 
Current 
Voltage 

OUTPUT - 10% BRIGHT 
Current 
Voltage 

OUTPUT - COMPOSITE BLANKING' 
Current 
Voltage 

SPEED PERFORMANCE - CONTROL INPUTS 
Settling Time to 10% of Final Value for: 

Composite Sync 
Composite Blanking 
Reference White 
Reference Black 
10% Bright 

POWER REQUIREMENTS 
-5.2V ±0.25V8 

TEMPERATURE RANGE 
Operating, Metal Case 
Storage 

MTBF9 
Mean Time Between Failure 

Units 

rnA (±5%) 
mV (±5%) 

rnA (±5%) 
mV (±5%) 

rnA (±1%) 
mV (±1%) 

ns 
ns 
ns 
ns 
ns 

rnA 

°c Case 
°c 

hours 

HDG-0405 HDG-0605 HDG-0805 

o or -7.6 
o or -286 

o or -1.9 
o or-71 

0, -17.0, -18.9, or -20.8 
0, -637.5, -708.75 or -780 

8 
8 
8 
8 
8 

200 260 320 

-25 to +85 
-55 to +125 

195,434 

PACKAGE OPTION10 HY24G (metal package) .". 

---------------.... 
NOTES 
1 Accuracy is relative to Gray Scale and includes linearity. 
2Worst case settling to a percentage of maximum Gray Scale is given, and includes FS and MSB transitions. The inherent 3ns 

propagation delay through the input registers (50% points) has been disregarded. . 
'The update rates shown are limited by a full-scale settling time that is useable for the number of bits of resolution. The DACs 

may be updated to a maximum of 125MHz with some settling time degradation. 
4 Reducible to less than 25pV-s with glitch adjustment. 
S A Logic "0" on Pin 29. Reference White will drive the output to the Reference White levellegardless of digital input. 
6The difference between the full-scale output of 637.5mV and 643mV shown elsewhere herein (HDG-0805) is due to the 

fact that we selected an LSB value of 2.5mV for ease of calibration. These differences are well within the output and EIA 
Standard RS-170 tolerances. 

'The three currents and voltages correspond to the three set-up levels of 0,10, and 20 IRE units as externally selected. 
• Power Supply must have less than 5mV pop ripple. Sensitivity is 1:1. 
9 Calculated for HDG-0805 using MIL Handbook 217. Ground: fixed; Ambient Temperature: 50°C. 

10 See Section 20 for package outline information. 
• Specifications same as for HDG-0405. 
Specifications subject to change without notice. 

PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

1 GROUND 13 GLITCH ADJUST 
2 -5.2V 14 GROUND 
3 BIT 1 (MSB) 15 GROUND 
4 BIT 2 16 GROUND 
5 BIT3 17 GROUND 
6 BIT4 18 ANALOG OUTPUT 
7 CLOCK 19 COMPOSITE SYNC 
8 BIT5 20 SETUP 
9 BIT6 21 10% BRIGHT 

10 BIT 7 22 COMPOSITE BLANKING 
11 BIT 8 (LSB) 23 REFERENCE WHITE 
12 GROUND 24 -5.2V 

NOTES: FOR HDG'()605 PIN 9 IS LSB AND PINS 10 AND 11 
ARE PRESENT BUT NOT USED. 
FOR HDG'()405 PIN 6 IS LSB AND PINS 8, 9,10 AND 
11 ARE PRESENT BUT NOT USED. 
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Typical Applications 
A typical raster scan graphics display system is depicted in 
Figure 1. The system consists of a MOS RAM memory buffer 
for storing the data to be displayed, one or more memory con
trollers for display updating and CRT refresh, and a program
mable f.lP for graphics generation and image manipulation. The 
system acts as an intelligent peripheral to the host CPU, ·and 
drives standard television monitors via the built-in DAC 
circuitry. 

The D/A converter controls the Z axis of the CRT modulating 
the brightness of the raster scan beam. A typical raster scan 
system requires resolution anywhere from 4 to 8 bits, which 
represents 16 to 256 levels of Gray Scale. For color displays 
three DACs are required-one each for the red, green, and blue 
color guns. 

Figure 1. Typical Raster Scan Display System 

APPLICATIONS INFORMATION 
The HDG series D/A converters feature the fastest 8-bit set
tling times presently available. To insure maximum perform
ance at these speeds the following guidelines should be 
followed: 

1. The DI A converter should be provided with a very low im
pedance grounding system to very high frequencies. A large 
ground plane is a must. 

2. Low frequency bypassing should be provided with a If.lF 
(or larger) tantalum capacitor mounted between the -5.2V 
supply line and ground near the D/A. 

3. High frequency bypassing should be provided by ceramic 
capacitors of O.If.lF or larger mounted within 0.25 inches 
of Pins 2 and 24 to ground (see Figure 2). 

-S.2V 
270 

BIT 1IMSB) 

BIT BllSB) 

Si:p~E -t:-----\ 
160 

COMPOSITE SYNC 

COMPOSITE BLANKING 

10% BRIGHT 

REFERENCE WHITE 

OUTPUT 
n----~--

')-+------4'-t---<l -S.2V 

GROUND 
NOTES: ALL DIGITAL INPUTS TERMINATED TO -S.2V THROUGH 2kH EXCEPT STROBE 

WHICH IS 270 FOR HOG.()605 PIN 9 IS lse. FDA HOG 0405 PIN 61S lSB 

Figure 2. HDG-OB05 Typical Connection Diagram 
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4. The threshold of the internal current switches can be opti
mized for low glitch energy by the addition of an external 
potentiometer connected to Pin 13 of the DI A (see Figure 
2). This potentiometer is adjusted for minimum glitch 
energy as shown in Photo 2. 

5. Standard 24 pin sockets should be avoided. Individual "pin 
sockets" are most suited for evaluating devices, as lead 
inductance is reduced. In final designs, the D/As should be 
soldered directly into the printed circuit board without 
sockets. 

6. Microstrip techniques are recommended for routing digital 
and strobe inpu ts to the DAC for distances greater than I" 
(2.54mm). 

Power Supply Sensitivity 
Precision -5.2V Supply 
The power supply sensitivity of the HDG series DACs is given 
as 1: 1. This means that 1m V change in the power supply 
voltage will produce a ImV change at the output. For the 
HDG-0605 and HDG-0405 this presents no problems, since 
even 5mV of ripple is less than 1I2LSB. If regulation is desired, 
use a LM120 or equivalent 3 terminal negative regulator. When 
applying the HDG-0805; it may be desirable to supply a highly 
regulated -S.2V supply to counteract the effects of time and 
temperature. 

A circuit to supply a precise -S.2V supply is shown in Figur~ 
3. This uses AD584 and AD OP-07 to achieve an ultra stable 
-5.2V input to the DAC. 

0.01 

1k 50n 

100pF 

1% 

ALL RESISTORS METAL FILM 0.1% 
-1SV 

Figure 3. Precision -5.2V Supply 



TESTING THE HDG SERIES DACs 
Settling Time 
Measuring the full-scale settling time of an 8ns DAC presents 
a significant challenge even under perfect conditions. The only 
practical solu tion using oscilloscopes is to extrapolate the set
tling time from a·rise-time measurement. This is because the 
vertical amplifier of the scope will undoubtedly be overdriven 
when the required gain is achieved. 

KEEP THIS DISTANCE 

/ 

AS SHORT AS:-\ 
POSSIBLE 

.-----.., HOT CARRIER OSCILLOSCOPE 
DIODES PROBE PULSE 

GENERATOR 
RISE TIME LESS 

THAN 2ns ( ;::~~-
OV --r----\, 

-1.2V~ ~ 

Figure 4. Flat Pulse Generator 

Using the circuit of Figure 4, a pulse generator with rise times 
of less than 2ns is a must. The scope proble is calibrated using 
the resistor Idiode scheme shown, which results in a "flat pulse." 
The rise time (10% to 90%) of the all "Os" to all "Is" transi
tion, t r, is measured using a sampling oscilloscope having a 
bandwidth of SOOMHz minimum. The associated time constant, 
r, is related to tr by the following: 

tr = 2.2r 

Assuming an exponential function, the D/A output, V, is given 
by: 

The settling time required, ts, to reach a percentage of the 
final output, Vo is given by the following table: 

Resolution % of Full Scale Settling Time 

8 0.4 2.S tr 
7 O.S 2.2 tr 
6 1.6 1.9 tr 
S 3.2 1.S tr 
4 6.4 1.2 tr 

It can then be seen that using the HDG rise time of 3ns results 
in settling times of 3.6, 5.7, and 7.Sns for the HDG-040S, 
0605, an.d 080S respectively. 

Photo 1 shows an actual full-scale output signal measured 
using the above procedure indicating a rise time of 2.Sns. The 
corresponding settling time to 8-bit accuracy would thus be 
6.3ns. 

OUTPUT 

STROBE 

Photo 1. Full Scale Output - Rise Time 

Testing the HOG Series OACs 
Glitch Energy 
The glitch amplitude of the HDG series DACs at the major 
carry point is typically less than 100m V. This allows the user 
to measure it directly since there is little danger of overdriving 
the oscilloscope's vertical amplifier. Distances from the DAC 
output to the scope input should be minimal (no more than a 
few inches). Photo 2 shows an actual HDG-D805 mid-scale 
glitch measured using the SOn input of the sampling scope as 
termination for the D/A. The D/A test set output was con
nected directly to the scope using the appropriate BNe fittings. 
Positive and negative glitch energy in the photo is less than 30 
picovolt-seconds. Net glitch energy is approximately zero. 
Note that glitch settling is less than 6ns. 

In the rare case that positive and negative glitch excursions 
are unequal the glitch adjust input (Pin 13) may be used as 
shown in Figure 2 to minimize the net glitch energy. 

OUTPUT 

STROBE 

Photo 2. Midscale Glitch 

CHARACTERISTICS OF HDG-0805, [-0605], [-040S] 
VIDEO DACs 

COMPOSITE VIDEO SIGNAL 
256 gray levels plus blanking and sync levels [64] [16] 

STEP SIZE 
2.S [10] [40] mV 

GRAY SCALE RANGE 
0.643V Peak to Peak 

SETUP CONTROL 
User programmable in three levels 

mV 
1. Input Grounded 0 
2. Input Open 71 
3. Input 0 -5.2V 142 

REFERENCE WHITE LEVEL 
oy Absolute 

IRE Units 
o 
10 
20 

100 IRE Units (+0.714V relative to blanking level with 
standard setup; +0.643 V relative to Reference Black) 

DIGITAL INPUT FOR WHITE LEVEL 
All ones (11111111) 

REFERENCE WHITE CONTROLS l 

Overrides Video Input Word 
A Logic "0" on Pin 23 will drive the output to the Refer 
ence White Level. 

REFERENCE BLACK LEVEL 
-o.643V Absolute; +71mV (10 IRE Units) 
Relative to blanking level with standard setup. 

DIGITAL INPUT FOR REFERENCE BLACK 
All zeroes (00000000) 
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COMPOSITE BLANKING LEVEL 
-0. 714V absolute, (0 IRE Units) with standard setup. 

COMPOSITE BLANKING INPUT - PIN 22 
Logic "0" on Pin 22 resets input register to 00000000, 
and causes output voltage to go negative by the amount 
of setup voltage with respect to the all "0" output voltage. 

COMPOSITE SYNC LEVEL 
-1.0V absolute with standard setup. 
-0.286V (-40 IRE Units) relative to blanking level 
(Back Porch). 

COMPOSITE SYNC INPUT - PIN 19 
Logic "0" resets input register to 00000000, and 
the output voltage goes negative by 0.286V. 

10% BRIGHT - PIN 21 
Logic "0" causes output to go positive by 71mV. 
Note: The most positive output voltage is still 0 volts 
absolute. All other levels are shifted down by 71mvj 
i.e., Sync Level (-40 IRE) becomes -1.071V. 

STROBE - PIN 7 
Logic "0" to Logic "I" transition clocks input register. 

DEFINITION OF VIDEO TERMS 

BLANKING LEVEL 
The level separating the SYNC portion from the Video 
portion of the waveform. Usually referred to as the Front 
Porch or Back Porch. At 0 IRE Units, it is the level which 
will shut off the picture tube, resulting in the blackest 
possible picture. 

COLOR VIDEO (RGB) 
This usually refers to the technique of combining the three 
primary colors of Red, Green, and Blue to produce color 
pictures within the usual spectrum. In RGB monitors, three 
HDG "c" Series DACs would be required, one for each color. 

IRE OUTPUT 

COMPOSITE SYNC SIGNAL (SYNC) 
The portion of the composite video signal which syn
chronizes the scanning process. 

COMPOSITE VIDEO SIGNAL 
The video signal with or without setup, plus the composite 
SYNC signal. 

GRAY SCALE 
The discrete levels of video signal between Reference Black 
and Reference White levels. A 1O-bit DAC contains 1,024 
differe~t levels, while an 8-bit DAC contains 256 (2N ). 

RASTER SCAN 
The most basic method of sweeping a CRT one line at a 
time to generate and display images. This method is used 
in commercial television in the USA. 

REFERENCE BLACK LEVEL 
The maximum negative polarity amplitude of the video 
signal. 

REFERENCE WHITE LEVEL 
The maximum positive polarity amplitude of the video 
signal. 

SETUP 
The difference between the Reference Black level and the 
blanking level. This should not be confused with setup as 
used with digital logic. 

SYNC LEVEL 
The peak level of the composite SYNC signa\. 

VIDEO SIGNAL 
That portion of the composite video signal which varies 
in gray scale levels between Reference White and Re(er
ence Black. Also referred to as the picture signal, this is 
the portion which may be visually observed. 

NOTE: 
I Reference White (Pin 23) should not be activated at the same time 
as composite blanking (Pin 22). 

ABSOLUTE 1 
UNITS VOLTA~E ~ ______________ _ 

_ ______ 10%BRIGHT.LEVEL 

+100 -71mV - -------AEFERENCEWHITE 

-40 -1071mV 

LEVEL IV,,,,} 

--COMPOSITE BLANKING 
LEVEL IVbl 

SYNC LEVEL IV,I 

laO IRE UNITS" 714mV 

Figure 5. HDG~805 Composite Output Waveform 

ORDERING GUIDE 

. Setding Time 
Model Resolution (max) 

HDG-0805 8 Bits 8ns 
HDG-0805/883 1 

HDG-0605 6 Bits 6ns 
HDG-0605/883 1 

HDG-0405 4 Bits 4ns 
HDG-0405/883 1 

1 Denotes processing to MIL·STD 883 j per method 5008. 
Consult factory for availability. 
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r"II ANALOG 8-, 10-, 12-Bit Video Speed Hybrid 
W DEVICES Current & Voltage Out D / A Converter 

HOS-0820, -1025, -1250/HOH-0802, -1003, -12051 
FEATURES 
• 25ns Current Settling to 0.1% (HDS) 
• 200ns Voltage Settling to 0.1% (HDH) 
• 10mA Current Out (HDS) 
• Guaranteed Monotonicity 

Over Temperature 
• No External Parts Required 
• Reliable Hybrid Construction 

APPLICATIONS 
• CRT Vector Displays 
• TV Video Reconstruction 
• Military Equipment (MIL-STD-883) 
• Analytical and Medical Instruments 

GENERAL DESCRIPTION 
The HDS/HDH series of digital to analog converters represent 
the fastest precision settling current and voltage DAC's avail
able. Capable of processing to MIL-STD-883 and guaranteed 
monotonicity over their operating temperature range; their 
quiescent power is 1/2 that of competitive units. The current 
output models provide lOrnA full scale allowing direct drive 
of capacitive loads and transmission lines. All versions have a 
precision reference and are active laser trimmed to specified 
accuracy, thus no external adjustment pots or other compo
nents are required. 

Other general specifications that apply to all devices include 
TTL logic; glass or hermetic metal package; unipolar or bi
polar operation with internal offsetting reference: 

The HDH voltage output devices provide access to the op amp 
summing point so that reduced full scale output voltage swing 
can be provided. Such operation ~ith an external resistor 
shunting the internallk resistor will reduce the already low 
op amp offset drift. 

With 6 available units engineering trade-offs can be made be
tween resolution, speed, current or voltage output, and of 
course price. To facilitate this comparison major specifications 
are summarized in Table 1. 

Model 

Current Output 
HDS-0820 
HDS-1025 
HDS-1250 

Voltage Output 
HDH-0802 
HDH-1003 
HDH-1205 

HDS-OS20, HOS-1025 FUNCTIONAL BLOCK DIAGRAM 

1
~~1 

DIGITAL Ii 

INPUTS 

I 
I 
I 

BIT10 
LSB 

INPUT 
BUFFER ELEC-
LOGIC TADNIC 

DTLlTTl SWITCHES 
COMP 

HDS-0820. 1025 

PRE
CISION 

RESISTOR 
NETWORK 

'--'INIr--t-=-o RL 

~----+~~~~~~ 
BIPOLAR 
OFFSET 

+lSV 

-15V 

NOTE, ON 8-BIT VERSIONS. PINS 11 AND 12 ARE NOT CONNECTED 
INTERNAllY. AND PIN 10 IS lS9 

HOS-1250 FUNCTIONAL BLOCK DIAGRAM 

DIGITAL 
INPUTS 

DIGITAL 
INPUTS 

Resolution 

8 Bits 
10 Bits 
12 Bits 

8 Bits 
10 Bits 
12 Bits 

MSB 
BIT 1 

I 

I 
I 
I 
I 
I 
I 
I 
I 

BIT 12 
LSB 

INPUT 
BUFFER ELEC-

LOGIC TRONIC 
DTlfTTl SWITCHES 

COMP 

HDS-1250 

PRE
CISION 

RESISTOR 
NETWORK 

~~---'--+---o GROUND 

'--'INv-----t"-'-ORL 

1-------+""--0 C~~TRp~~T 
BIPOLAR 
OFFSET 

HOH-oS02, HDH-1003 AND HDH-1205 
FUNCTIONAL BLOCK DIAGRAM 

INPUT 
BUFFER 
TTLlDTl 

ELEC
TRONIC 

CURRENT 
SWITCHES 

BIPOLAR 
OFFSET 

OUTPUT 

f-+-+----+---o GND 

-15V +lSV 

NOTE, ON HDH-0802 DEVICES. GROUND PINS 9. 10. 11 AND 12. 
ON HDH-l003 DEVICES. GROUND PINS 11 AND 12 

Full Scale Step 
Settling Time 

lOrnA Step 
20ns to 0.4% 
25ns to 0.1% 
3 5ns to 0.025% 

lOV Step 
200ns to 0.4% 
300ns to 0.1% 
500ns to 0.125% 

Table 1. 
For detailed information, contact factory. 
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SPECIFICATIONS (typical @+25°C with nominal power supply voltages unless otherwise noted) 

MOOEL UNITS 

RESOLUTION FS =' Full Scale Bits 

LSB WEIGHT 

ACCURACY (Relative to FS Including Linearity) ±% FS 
Linearity 

LSB 
Monotonicity 

HOS-0820 

8 

40llA 

0'.1 
±101lA 
±1I4 

CURRENT OUT 

HOS-I025 

10 

1 Oil A 

0.05 
±51lA 
±1/2 

HOS-1250 

12 

2.51lA 

0.0125 
±1.25IlA 
±1I2 

HOH-0802 

8 

40mV 

0.1 
±10mV 
±1I4 

Guaranteed Over Operating Temperature Range 
Zero Offset (Initial) 15nA max * * 10mV typ , 

50mV max 
TEMPERATURE COEFFICIENTS 

Linearity 
Gain 
Unipolar Offset 
Bipolar Offset 

DATA INPUTS 
Logic Compatibility 
Logic Voltage Levels Positive Logic "1" -

"0" = 
Logic Loading (Each Bit) "1" = 

Codes 

OUTPUT 
Current Range FS 

Unipolar 

Bipolar 

Voltage Out FSI ,2 

Unipolar HDS with ~oon 

"0" = 

Internal Connected RL 
Bipolar 

Compliance 
Impedance, Internal (See Figure 1) 

SETTLING TIME 
Current 
Voltage2 

Unipolar 'or Bipolar Out, 75n Load, 
0.56V pop 

Unipolar or Bipolar Out, Internal 

ppm/OC 
ppmtC 
ppm/oC 
ppm/oC 

v 
V 
IlA 
rnA 

rnA 

rnA 

V· 

V 

V 
n 

3 
30 
3 
15 

+2 to +7 
o to +0.8 
40 
-2.6 

+10.24 

±5.12 

+1.024 

±0.512 

+1.5,-2 
200 

ns to % FS 20 to 0.4 

ns to % FS 30 to 0.4 

TTL and 5V CMOS 

BIN,OBN 

25 to 0.1 

35 to 0.1 

+10.24 
±0.05% 
±5.12 
±0.025% 

+1.024 
±0.05% 
±0.512 
±0.025% 

±25 max 

±25 max 

-10.24 ±0.1% 

+5.12 ±0.05% 

N/A 
0.1 max 

35 to 0.025 N/A 

50 to 0.025 N/A 

VOLTAGE OUT 

HOH-I003 

10 

10mV 

0.05 
±5mV 
±1I2 

BIN,OBN 

N/A 

N/A 

HOH-1205 

12 

2.5mV 

0.0125 
±1.25mV 
±1I2 

N/A 

N/A 

200n Load, 1.024V pop ns to % FS 45 to 0.4 50 to 0.1 60 to 0.025 N/A N/A N/A 
10V Output Step ns to % FS N/A N/A N/A 200 to 0.4 300 to 0.1 500 to 0.025 

_____ 5_V __ O_u_t~pu_t __ St_e~p _____________________ n_s_t_o_~_o_F_S+_N-1A _________ N_I_A _________ N_I_A ______ +_1-5-0-t-o-0-.-4------2-0-0-t-o-0_._I ____ 3_50 __ to __ 0_.0_2~ 

POWER REQUIREMENTS 
+14.5V to +15.5V rnA max 42 50 70 
-12V to -16V rnA max 14 15 40 
Power Supply Rejection Ratio %/V 0.2 

TEMPERATURE RANGE 
Operating - Glass Package 
Operating - "M" Metal Case3 

Storage 

o to +70 
-55 to +125 
-55 to +125 

PACKAGE OPTIONS4 HY24E (glass package) HY24G (metal package) 

NOTES: 
'ather voltagts may be obtained with external resistor. 
2 For HDS series, VOUT = lOUT X Requivalent which is the value of the 
200n internal impedance in parallel with the external load resistance. 
Thus, by correct selection of external Rl VOUT can be any magnitude 
up to the + or - compliance voltage. See Figures 1 and 2. 
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Metal Case device specifications and prices. 

• See Section 20 for package outline information. 
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PIN 

1 

PIN DESIGNATIONS 
HDS-OS20, HDS-I02S 

FUNCTION 

+15V 
2,3 BIT 1 (MSB) 
4 BIT 2 
5 BIT3 
6 BIT4 
7 BIT5 
a BIT6 
9 BIT7 

10 BITa 
11 BIT 9 (HDS-1025) 
12 BIT 10 
13-20 GND 
21 OUTPUT 
22 RL 200n 
23 BIPOLAR OFFSET 
24 -15V 

Analog Output, is.12mA 

+S.l1mA (lLSB) 
+2.S6mA 
OmA 
-2.S6mA 
-S.12mA 

Offset Binary 

111 ...... 1 
110 ...... 0 
100 ...... 0 
010 ...... 0 
000 ...... 0 

Analog Output, 0 to +10.24mA Straight Binary 

+10.23mA 111 ...... 1 
+7.68mA 110 ...... 0 
+S.12mA 100 ...... 0 
+2.S6mA 0 10 ... '.' .0 
OmA 000 ...... 0 

Table 2. Coding HDS Series 

PIN DESIGNATIONS 
HDS-12S0 

PIN DESIGNATIONS 
HDH SERIES 

PIN 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13·19 
20 
21 
22 
23 
24 

FUNCTION PIN FUNCTION 

RIT 1 IM~RI 
1 BIT 1 (MSB) 
2 BIT 2 

BIT2 3 BIT 3 

BIT3 4 BIT4 

BIT 4 5 BIT 5 
6 BIT6 

BIT 5 7 BIT 7 
BIT6 B BIT B 

BIT7 9 BIT 9 

BIT B 10 BIT 10 
11 BIT 11 

BIT9 12 BIT 12 
BIT 10 13·19 GROUND 

BIT 11 20 SUM NODE 

BIT 12 
GND 

21 OUTPUT 
22 BIPOLAR OFFSET 
23 -15V 

OUTPUT 24 +15V 

RI 200n 
BIPOLAR OFFSET ON HDH·OB02 DEVICES. GROUND PINS 9,10,11 

AND 12. 
-15V 
+15V 

ON HDH·l003 DEVICES, GROUND PINS 11 AND 
12. 

Analog Output, is.12V 

-S.117SV 
-2.S6V 
OV 
+2.S6V 
+S.12V 

Analog Output, 0 to + 10.24 V 

-10.237SV 
-7.68V 
-S.12V 
-2.S6V 
OV 

Complement Offset 
Binary 

11 1 .... '.' 1 
110 ...... 0 
100 ...... 0 
010 ...... 0 
000 ...... 0 

Complement Binary 

111. ..... 1 
110 ...... 0 
100 ...... 0 
010 ...... 0 
000 ...... 0 

Table 3. Coding HDH Series 
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DIGITAL 
INPUTS 

r - ~.;;:;- - - ---, 
I 23 OFFSET 

I 
I 
I 
I 
I 
I 

21 ...--.... ---+--0 OUTPUT 

~ __ -~-+ __ -----r--oGROUND 

CURRENT CONTROLLED BY 
DIGITAL INPUT CODE 

Figure 1. HDS Current Equivalent Circuit 

r--------, 
I 
I 
I 
I 
I 
I 
I 

23 ...-_________ L--o OFFSET 

r--JV\I'v---+~-o OUTPUT 

~---~~ __ ----r--o GROUND 

VOLTAGE CONTROLLED BY 
DIGITIAL INPUT CODE 

Figure 2. HDS Voltage Equivalent Circuit 

MSB 
BIT 1 

LSB 

BIPOLAR OFFSET 

HDS 
DIA OUTPUT 

CONVERTER 1--4I~_ ±O.512V FS OR 
±5.12mA FS 

GROUND 

• -15V +15V O.lt;v 

Figure 3. Bipolar Current Output 
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MSB 
BIT 1 BIPOLAR OFFSET 

I GROUND 

I 
I RL 

HDS 
DIGITAL I DIA 10 
INPUTS I CONVERTER OUTPUT 

DIGITAL 
INPUTS 

OV TO +1.024V OR 

I o TO +10.24mA 

I GROUND 

MSB 
BIT 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

LSB 

I 
LSB 

Figure 4. 

-15V 

-15V +15V O.l~ 
Unipolar Current Output 

+15V 

GROUND 

CIRCUIT PROVIDES UNIPOLAR NEGATIVE OUT· 
PUT WITH COMPLEMENT BINARY CODING 
(BIPOLAR OFFSET GROUNDED) OR BIPOLAR 
OUTPUT WITH COMPLEMENTARY OFFSET BINARY 
CODING (BIPOLAR OFFSET TO 10). 
SETTLING TIME FOR 10.24V OUTPUT (Rl • lk) 
IS APPROXIMATELY 150n •. 

VOLTAGE 
OUTPUT 
(VOUT= 

-Rl X 10.24mA) 

Figure 5. Inverting Unipolar or Bipolar Voltage Output 

ORDERING INFORMATION 
Order model number HDS-0820, HDS-I025, HDS-1250, 
HDH-0802, HDH-I003, HDH-120S. Models with extended 
operating temperature range, hermetically-s~aled metal-case 
construction (M versions) and MIL-STD-883 processing are 
also available. Consult factory or local Analog Devices sales 
office for further information. 



"A~~AlOG 
WDEVICES 

FEATURES 
Settling Times to 10ns 
Low Glitch Energy - 200pV-sec. 
100MHz Update Rates 
B- & 10-Bit Versions Available 
Low Power < 1 Watt 
Available Screened to MIL-STD-883 

APPLICA TlONS 
Raster Scan & Vector Graphic Displays 
TV Video Reconstruction 
Digital VCO's 
High-Frequency Waveform Generators 
Analytical & Medical Instrumentation 

PRODUCT DESCRIPTION 
The HDS-0810E and HDS-lOlSE represent the latest state-of
the-art in ultra-high-speed hybrid D/ A converters. They are 
designed to be input compatible with standard ECL logic 
families, and feature internal high-precision monolithic voltage 
reference, active laser-trimmed resistor network, and 7SS1 out
put impedance - allowing them to be used to drive 7SS1 cable 
directly without external driver amplifiers. This feature assures 
that a full 1 volt is available at the load, since the D/A output 
is a full 27mA. In addition, these D/A's are monotonic over 
the full operating temperature range and require only one 
power supply (-S.2V) for operation. 

The HDS-E D/A's are ideally suitedfor use in a wide variety of 
applications, including graphic CRT displays, since they feature 
very low glitch energy and extremely fast settling time. 

Packaged in an industry standard size 24-pin double width dual 
in-line case, the HDS-E Series D/A's are available in either 
ceramic/glass cases (commercial) or hermetically sealed metal 
cases (military). They are also available screened to 
MIL-STD-883. 

For detailed infonnation, contact factory. 

Ultra High-Speed Eel 
Hybrid 0/ A Converter 

HDS-0810E - HDS-1015E I 
HDS-OSIOE, HDS-IOI5E FUNCTIONAL BLOCK DIAGRAM 

IMSBI 
BIT 1 
BIT 2 
BIT J 
BIT 4 
BIT 5 
BIT 6 
BIT7 
BIT B 
BIT 9 

INPUT 
BUFFER 

ECL 

-5.2V 

ELECTRONIC 
SWITCHES 

.GROUNO 

PRECISION 
RESISTOR 
NETWORK 

GLITCH 
ADJUST 

ON THE HOS-OB10E, PINS 10 AND 11 ARE NOT CONNECTED INTERNAll Y 

21 

Zo = 
75!l 13-20 

23.24 

OUTPUT CURRENT CONTROLLED 
BY DIGITAL INPUT CODE 

OUTPUT 

GROUND 

Current Equivalent Circuit 

....-_-'\N\,-_-f-"-21'-..-o OUTPUT 
Zo = 75!l 

13-20 
23.24 

L--+----+---QGROUND 

OUTPUT VOLTAGE CONTROLLED 
BY DIGITAL INPUT CODE 

Voltage Equivalent Circuit 
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SPECIFICATIONS (typical @25°Cwith nominai power supplies and with 75n output load unless otherwise noted) 

MODEL HDS-I015E UNITS HDS-0810E 

RESOLUTION FS = Full Scale 

LSB WEIGHT (Current) 
LSB WEIGHT (Voltage) 

ACCURACyl 
Linearity 
Monotonicity 
Zero Offset (Initial) 

TEMPERATURE COEFFICIENTS 
Linearity 
Zero Offset 
Gain 

DATA INPUTS 
Logic Compatibility 
Logic Voltage Levels " 1" = 

(Positive Logic) "0" = 
Logic Loading "1" = 

(Each Bit) "0" = 
Coding (See Coding Table) 

OUTPUT 
Current Range (Unipolar) FS 
Voltage with 75n Ext. Load 
Compliance 
Impedance, Internal 

SPEED PERFORMANCE 
Settling Time (Voltage)2 
Slew Rate 
Update Rate3 

Rise Time 
Glitch Energy4 

POWER REQUIREMENTS 
-5.2V ±O.25V 
Power Supply Rejection 

Ratio 
Reference 

TEMPERATURE RANGE 
Operating; Glass Case 
Operating; "M" Metal Case 
Storage 

Bits 

/lA 
mV 

±% FS 
±/lA 

/lA 

ppmtC 
ppmtC 
ppm/oC 

V 
V 
rnA 
/lA 

rnA 
V (±1%) 
V 
n (±5%) 

ns (to % FS) 
VI/ls 
MHz 
ns 
pV-sec 

rnA 

%1% 

°c 
°c 
°c 

8 

106 
4 

0.1 
26.5 
Guaranteed 
5 

5 

80 

ECL 
-0.9 
-1.7 
+13.6 
-50 
BIN 

o to -27.2 
o to -1.020 
-1.1 to +1.1 
75 

10(0.2) 
200 
100 
4 
200 

155 

0.04 
Monolithic, 
Internal 

o to +70 
-55 to +125 
-55 to +125 

PACKAGE OPTlONS5 HY24E (glass package) 
HY24G (metal package) 

NOTES: 
1 Relative to FS, including linearity. 
2 Worst case settling time. Includes FS and MSB transitions. 
3 Limited only by D/A settling time. . 
4 Reducible to less than 100pV-sec with appropriate deskewing 

of digital inputs. 
S See Section 20 for package outline information. 
• Specifications same as HDS-()810E. 

Specifications subject to change without notice. 
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10 

27 
1 

0.05 
13 

o to -27.~ 
o to -1.023 

15 (0.1) 

67 
4 

180 

ORDERING INFORMATION 

PIN DESIGNATIONS 

PIN FUNCTION 

1,12 -5.2V 
2 BIT 1 (MSB) 
3 BIT 2 
4 BIT3 (l 

5 BIT4 
6 BIT5 , BIT6 
8 BIT' 
9 BIT8 

10 81T9 
11 BIT 10 (LSB) 
13-20 GROUND 
21 OUTPUT 
22 GLITCH ADJUST 
23,24 GROUND 

ON THE HDS-0810E, PINS 10 
ANO 11 ARE NOT CONNECTED 
INTERNALLY, AND PIN 9 IS 
THE LSB. ALL GROUND PINS 
ARE CONNECTED TOGETHER 
INTERNALLY. 

For commercial environment applications (0 to +70oC), order 
models HDS-0810E or HDS-1015E for 8- or 10-bit operation, 
respectively. 

For extreme environment applications (-55°C to +125°C), 
order metal cased models HDS-0810EM or HDS-I015EM 
for 8- or 1O-bit operation, respectively. 

These devices are also available screened to MIL-STD-883. 
Consult the factory. 



r. Af'JALOG Ultra High Speed Eel 
W DEVICES Hybrid D/A Converter 
L. __________________ H_D_S-l_24_0E~1 

FEATURES 
12-Bit Settling Time to 40ns 
Low Glitch Energy 
ECl Compatible 
Replacement for ADH-030, DA-4000, DAC397 

APPLICATIONS 
Graphic Displays - Random Scan 
Digital VCO's 
Waveform Generation 
ECM-EW Military 
High-Speed ADC's 

GENERAL 
The HDS-1240E is a 12-bit high current output hybrid IC 
D/A converter which has an output settling time of 40ns. Its 
inputs are compatible with standard ECL (emitter coupled 
logic), and it features an actively trimmed resistor ladder 
network for high accuracy. The HDS-1240E can be operated 
in either the unipolar or bipolar mode by external pin inter
connection. For voltage output applications, the feedback 
resistors required for use with an external op-amp are built-in 
to allow various voltage ranges without the need for external 
components. Additionally, the HDS-1240E features practical
ly glitch-free operation without the need for external adjust
ments, and it operates on standard ±1S volt power supplies. 

(MSBI 
BIT 1 

BIT2 

BIT3 

BIT4 

BIT5 

BIT 6 

BIT7 

&IT 8 

BIT9 

BIT 10 

BIT 12 
(lSBI 

HDS-1240E FUNCTIONAL BLOCK DIAGRAM 

ECl 
INPUT 

BUFFER 

ELECTRONIC 
SWITCHES 

HDS-1240E 

PRECISION 

BIPOLAR 
'----1-=-_0 OFFSET 

CURRENT 

~~~6~~ 1--..-4 ..... ----11-=--0 g~~~~~T 
312n 

~--~1.:...0 _0 FB 1 

312!l 

'----~_o FB 2 

NOTE: PINS8& 11 ARE NOT CONNECTED INTERNALLY, 1 

PIN 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

+15V GROUND 

FUNCTION PIN FUNCTION 
+15 VOLTS 13 BIT 1 (MSBI INPUT 
BIPOLAR OFFSET CURRENT 14 BIT 2 INPUT 
GROUND 15 BIT 3 INPUT 
GROUND 16 BIT41NPUT 
GROUND 17 BIT 5 INPUT 
BIPOLAR OFFSET 18 BIT61NPUT 
FB 2 19 BIT71NPUT 
N.C. 20 BIT 8 INPUT 
OUTPUT 21 BIT 9 INPUT 
FB 1 22 BIT 10 INPUT 
N.C. 23 BIT 11 INPUT 
-15 VOLTS 24 BIT 12 (LSBIINPUT 

PIN DESIGNATIONS 
HDS-IZ40E 

II 
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SPECIFICATIONS (typical @ +25°C with nominal power supply voltages unless otherwise noted) 
Model 

RESOLUTION FS = Full Scale 

LSB WEIGHT 

ACCURACY (Relative to FS) 
Linearity 
Differential Linearity 
Gain 
Zero Offset - Unipolar 
Zero Offset - Bipolar 
Monotonicity 

TEMPERATURE COEFFICIENTS 
Linearity 
Differential Linearity 
Gain 
Zero Offset 

DATA INPUTS 
Logic Compatibility 

Logic "I" 
Voltage Range (Operating) 
Voltage Range (Absolute max) 
Current 

Logic "0" 
Voltage Range (Operating) 
Voltage Range (Absolute min) 
Current 

Coding 

OUTPUT 
Current - Unipolar 
Current - Bipolar 
Compliance 
Impedance 
Capacitance 

SPEED PERFORMANCE 
Settling Time l 

For FS Input Change 
to 1% of FS 
to 0.1% of FS 
to 0.0125% of FS 

For lLSB Change from 
011...11 to 100 ... 00 to 0.0125% 

Internal Skewing Time 
Output Time Constant 
Glitch Energy (with 1001'1 Load) 

POWER REQUIREMENTS 
Voltage - Operating 
Voltage - Absolute Limit 
Current 
Rejection Ratio 

TEMPERATURE RANGE (Case) 
Operating 

HDS-1240E 
HDS-1240EM, HDS-1240EMB 

Storage 

THERMAL RESIST ANCEl 
Junction to Air, Oja (free air) 

HDS-1240E 
HDS-1240EM, HDS-1240EMB 

Junction to Case, Ojc 

MTBF3 
Mean Time Between Failure 

PACKAGE OPTIONS4 

NOTES: 
I Measured with output loaded with lOon. 
2 Maximum junction temperature is ISO·C. 

Units 

Bits 

pA 

% FS 
% FS 
% FS 
p.A 
p.A 

ppm/oC 
ppm/oC 
ppmtC 
ppm/oC 

V 
V 
rnA 

V 
V 
p.A 

rnA 
rnA 
V 
1'1 
pF 

ns 
ns 
ns 

ns 
ps 
ps 
pV-s 
mA-ns 

V 
V 
rnA 
%/V 

hours 

HDS-1240E 

12 

39 

, ±0.0125 max 
±0.0125 max 
±0.05 max 
1 
4 
Guaranteed 

±3 typ; ±5 max 
±3 typ;±5 max 
25 
'10 

-0.81 to -0.96 
o 
lOmax 

-1.65 to -1.85 
-6 
1 max 
ComplementatyBinaty (CBN) for Unipolar; 
Complementary Offset Binary (COB) for Unipolar 

o to -16 
±S 
+0.5V to -l.IV 
200 
25 

20 typ; 30 max 
3S typ; 50 max 
40 typ 

30 typ; 35 max 
400 typ; SOO max 
3 into 1001'1 load 
150 
2.5 

+15 ±10%: -15 ±10% 
+IS, -18 
20 typ; 30 max: 60 typ; 80 max 
0.02 max 

o to +70 
-55 to +100 
-55 to +125 

65 max 
65 max 
7 max 

HY24E (glass package) 
HY24G (metal package) 

• HDS-1240EMB calculated using MIL Handbook-217 
Ground: Fixed Temperature Case = 60·C. 

• See Section 20 for package outline information. 

Specifications subject to change without notice. 
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APPLICATIONS 
The HDS-1240E is a current output D/A converter which is 
input compatible with standard E.CL (emitter coupled logic). 
Each digital input controls an internal switch, which through 
a precision binary weighted resistor network, sets the output 
current of the device. Starting with the most significant bit 
(MSB) and proceeding toward the least significant bit (LSB), 
each lesser bit controls one-half the current value of the pre
ceeding bit. Therefore, the MSB (Bit 1) controls 8mA, Bit 2 
controls 4mA, and so on until the LSB is reached which has a 
weight of 3.9J.LA. Thus, the output of the D/A varies from 0 
with all digital inputs at a logic "1" state to -16mA with all 
inputs at a logic "0" state. This operating condition is called 
unipolar. For bipolar operation, an 8mA current source is 
provided. When this current source is connected to the output, 
it will then swing from -8mA to +8mA. See Figures 1 and 2 
for this hook-up. 

Transfer Characteristics 
With the DAC hooked-up as shown in Figure 1, the output will 
be 0 to -16mA. Since the output compliance is +0.5V to 
-1.1 V, care must be taken not to let the output voltage exceed 
these limits. The input/output relationships are shown in the 
table beiow. 

Analog Output Digital Input Code 

Unipolar Bipolar 

0 +FS 111. .. 11 
-lI2LSB +FS -lLSB 111. .. 10 
-1/4FS +112 FS 100 ... 00 
-1/2 FS +lLSB +lLSB 100 ... 00 
-1/2FS 0 011. .. 11 
-1/2 FS -lLSB -lLSB 011. .. 10 
-3/4 FS -1I2LSB 001. .. 11 
-FS +lLSB -FS -lLSB 000 ... 00 

Table 1. Coding Table 

ANALOG OUTPUT 

A. Normal Operation Without Amplification 

The HDS-1240E is a current output D/A converter. However, 
the wide voltage compliance of +0.5V to -1.1 V allows it to 
be used to generate an output voltage within this range 
which is proportional to the digital input code and the load 
impedance. When the DAC is operated in this mode the 
following formulae apply: 

Vo = -0.016 [Rtl 

R
t 

= Ri X RL =. 200RI . 

Ri - RL 200 - RL 

Where: Ri = the internal resistance of the DAC (200n) 
RL = the external load resistance loading the DAC 
Rt = the total resistance seen by the DAC output 

current, i.e., Ri in parallel with RL. 

In general, the output voltage of DAC is limited to IV p-p. In 
this instance, from the above formulae, it can be determined 
that the maximum external load resistance will be about 90n. 
Since the bipolar offsetting provision is a true current source, 
this calculation does not differ even when the DAC is used in 
the bipolar mode. Full-scale gain may be adjusted by varying 
RL ~see Figure 4). 

MSB 13 
BIT 1 14 

I 15 

I 16 
17 

DIGITAL I 18 
INPUTS 

I 19 
20 

I 21 
22 

I 23 
BIT 12 24 

LSB 

Applications 
-15V +15V 

+ f--{> 
r---'-__ .... 1_3 . .,3~F TANTCONNECT FOR 

BIPOLAR OPERATION 
2 (!BmA) 

-l) 
HDS-1240E 6 _ --l 

DAC 

Ri' 200n 

10 -Oto-16mA 

1-'9'---_~~_ Vo 

20k 
+15V~-15V 

. f 1~g. 
PIN 9 

Offsetting 
Provision 

Figure 1. Current Output Operation 

B. Operation with Voltage Amplification 

There are certain applications that require more than the IV 
p-p that is directly obtainable with the DAC output. In these 
circumstances, the use of an ultra-high speed operational am
plifier is required. Figure 2 shows such an application uti
lizing the ADI Model HOS-050 op amp. The HDS-1240E DAC 
has built-in feedback resistors which are actively laser trim- 111 
med, and which eliminate the need for extra components. A 
variety of connections of these resistors allows various output 
voltages as shown in the table below. Care should be taken to 
keep all leads as short as possible, as the bandwidths encoun-
tered in these type circuits are quite high, and parasitics can 
be a very real problem. The power supply bypassing arrange-
ment shown in Figure 1 should be used. 

HDS-1240E 
~~~~TT~L DAC 1--------< __ --1 

I 

I 
I 

+15V 
OFFSET 

>-~--Vo 

Figure 2. Voltage Output Operation 

Voltage 
Range Jumper Connections 

±1.25V 7 to 9, 10 to A, 2 to 6 
±2.5V 10 to A, 2 to 6 
±5V 7 to A, 2 to 6 
o to +2.5V 7 to 9, 10 to A 
o to +5V 10 to A 
o to +lOV 7toA 

Table 2. Output Voltage Connections 

NOTE: The value of Cfb should be optimized for best settling time 
without overshoot. If absolute accuracy of gain is required, 
a large value of resistance can be introduced in parallel with 
Pins 7 and 9 of the DAC. 
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High-Speed LOw-Glitch Operation Suggestions 
The HDS-1240E D/A offers the highest available speed. 
However, with this speed performance, certain precautions 
and operating conditions should be considered. You are now 
in the RF world. 

1. The Df A converter should be provided with a very low 
impedance grounding system to very high frequencies. A 
large ground plane is a must. 

2. Low frequency bypassing should be provided with IJ..lF (or 
larger) tantalum capacitors mounted between the ±I5V 
supply lines and ground near the D/A (see Figure 1). 

3. High frequency bypassing should be provided by ceramic 
capacitors of O.IJ..lF or larger mounted within 0.25 inches 
of Pins 1 and 12 to ground (see Figure 1). 

4. The D/A converter should be driven with ECL registers as 
physically close to the D/A as possible. The 10176 HEX' 
"D" Master-slave flip-flop is recommended. The six most 
significant bits should come from the same package as 
shown in Figure 4. The six least significant bits should 
come from a second package. 

5. Each digital input should be terminated with a 5IOn 
resistor connected between the input and -5.2V (see Fig
ure 4). 

6. If required, variable capacitors can be added to "deskew" 
the most significant bits for lowest glitch-although this is 
not usually required in many applications. These capacitors 
are added as shown in Figure 4 (C1-4), and are adjusted 
for minimum glitch energy. ' 

7. Standard 24-pin sockets should be avoided. Individual "pin 
sockets" are most suited for evaluating devices, as lead 
inductance is reduced. In final designs, the DI A's should 
be soldered directly into the printed circuit board without 
sockets. 

• ULTRA-LOW GLITCH OPERATION 
For extremely low glitch requirements «50 - 100pV-s), an 
HTS-0025 Track-and-Hold is recommended as a deglitcher 
(see Figure 3). The duration of the HDS-1240E DfA glitch is 
approximately IOns. The hold time of the HTS-0025 should 
be at least 15ns to "mask out" the glitch. 

R4 

1/4Ul 

OUTPUT 
GLITCH 
ENERGY 

'" 50pV-SEC 

-5,2V 

CLOCK>-~~ ____________________ ~ 

INPUT " COMPONENTS: Rl. 2, 3. 4' 510,1. 1/4 W. 5% ,r-I r-1 Ul' 10102 

TIMING~ L---....J L--
Tin ns I I I 

o 20 50 

Figure 3. HTS·0025 Track & Hold Used with HDS·1240E 
D/A as Deglitcher @ 20MHz Update Rate 
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BIT 1 
(MSB) 

Cl 

BIT 2 

C2 

BIT 3 

C3 

BIT 4 

C4 

BIT 5 

BIT 6 

BIT 7 

BIT 8 

BIT 9 

BIT 10 

BIT 11 

BIT 12 
(LSB) 

STROBE 
IN 

NOTES: 

13 
BIT 1 

14 
BIT 2 

15 
BIT 3 

16 BIT 4 

17 
BIT 5 

HOS·1240E 
OIA CONVERTER 

lB BIT6 

19 
BIT7 

20 
BIT 8 

21 
BIT 9 

22 
BIT 10 

23 
BIT 11 

24 BIT 12 

3,4.5 
GROUND 
PLANE 

1-'-..... --..... +':-- + 15V 

~C6 ~C5 

t--.... ---+--15V 

~C7 ~C8 

1, Rl-l • 510n, 1/4 W, 5%; R 1 = OUTPUT LOAD; AOI PIN 79PR1K; Cl - ERIE 538·002F, 
15-60pF, OR EQUIVALENT; C2, 3, 4· ERIE 538-0020, 9-35pF, OR EQUIVALENT; 
C5, 8=3,3~F TANTALUM; C6. 7 - 0,1~F CERAMIC; Ul, 2· 10176, 10K ECl TYP 
"0" F-F, 

2, THE FIRST SIX MOST SIGNIFICANT BITS (BITS 1-6) SHOULD ALWAYS BE 
ROUTED THROUGH ONE 10176 FOR CONSISTENCY IN TIMING AND REDUCED 
DATA SKEW. 

3, RL IS ADJUSTED FOR ABSOLUTE GAIN (FULL·SCALE) ACCURACY, 

Figure 4. HDS·1240E - Typical Hook-Up and Test Circuit 

13 

ALL 
DIGITAL I 
INPUTS I 

-1,8V 

I 
24 

+15V -1SV 

12 

HCS·1240E 
CAe 

3,4,5 

Figure 5. Recommended Burn·ln Circuit 

ORDERING INFORMATION 
For commercial environment applications (0 to +70

o
C), order 

HDS-1240E. For extreme environment applications (-55°C to 
+lOOoC), order HDS-1240EM. For devices screened to MIL
STD-883, order HDS-1240EMB. 



r.ANALOG 
WDEVICES 

FEATURES 
• Small Size: 2" X 2" X 0.4" 
• Highest Speed Available 
• High Multiplying Accuracy: Maintains Monotonicity and 

Linearity for any Analog Input within the Specified Range 
• High Current Output: 10mA Full Scale 
.' High Reliability, Hybrid Microcircuit Construction 
• Guaranteed Operation: -30°C to +8SoC 

APPLICATIONS 
• CRT Displays 
• Waveform Generation 
• Vector Generation 
• Fast Digital Attenuator 

GENERAL DESCRIPTION 

The MDMS series is an ultra-high speed, one or two-quadrant, 
multiplying O/A converter capable of !OM Hz operation and 
II-bit precision. The settling time for both analog and digital 
inputs is lOOns, and the large signal bandwidth of the analog 
input is in excess of IOMHz. The module is designed for the 
needs of the graphic display field and other applications re
quiring high-accuracy, high-speed multiplying operation. 

The current output of the MOMS series 01 A is precisely pro
portional to the analog input signal multiplied by the digital 
input code. The analog input signal may be any voltage 
between OV and -lOY, and can be a sine wave, triangle wave, 
sawtooth, or other waveform. The O/A output is an accurate 
scaled version of the input waveform, the scale factor being 
the digital input code. Alternatively, the analog input voltage 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 10-37. 

Ultra High Speed 
Multiplying 0/ A Converter 

MOMS SERIES I 
MOMS SERIES FUNCTIONAL BLOCK DIAGRAM 

ZO' 2000, 
10 =+lOmA ANALOG ~~1 0-;;-t---1 

I 
I 

~--~---+~~~~~~ 

DIGITAL 
INPUTS 

I 
I 
I 
I 
I 
I 
I 
I 

LSB 
BIT 11 

HYBRID 
CURRENT 
OUTPUT 

c>7t----i CDNe~~TER 

OFFSET 21 
ADJUST ~+-"oN\"""""'''''''-~ 

AI~~~~G ()."'19+-"oN\o+--i 

Ota-10V 

BIPOLAR OPERATION IS ACCOMPLISHED 
BY CONNECTING PIN 30 to -10V, OR IF 
ADJUSTMENT IS REDUIRED, PIN 30 MAY 
BE CONNECTED THROUGH A I.Sk ADJUST
MENT POTENTIOMETER TO -15V. 

BIPOLAR 
OFFSET 

-15V 

may be used to scale a digitally generated signal. Various off-
setting provisions are made so that the analog signal, digital III 
signal, and output may be made bipolar or unipolar in order 
to accommodate various uses requiring one or two-quadrant 
operation. 

The output impedance of the O/A is 200 ohms so that a two
volt output swing is possible with no load. Loading the output 
with 200 ohms results in a 1 volt Pop output. If an external 
operational amplifier such as the Analog Devices' HOS-050 
Op Amp is connected to the output of the O/A, output volt
ages up to 20V pop are obtainable at a small sacrifice in speed. 

ORDERING INFORMATION 
Order Model Number MDMS-OBOl, MDMS-IOOl, or MDMS-
1101. Ruggedized versions with extended burn-in are also 
available. Consult the factory. 
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SPEC IFICATIONS (typical @ +25°C and nominal power supply voltages unless otherwise noted) 

MODEL 

RESOLUTION 
LSB Weight 

ACCURACY (ADJUSTABLE TO) 
Monotonicity 

MDMS-0801 

8 Bits 
40llA 

±0.2% 
Guaranteed 

MDMS-lOOl 

10 Bits 
10ilA 

±O.OS% 

MDMS-llOl 

11 Bits 
SIlA 

±0.02S% 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

~I :::~~_-_2.000 __ (5O_._8)~::~~_""....,·-1 ~ 
Linearity 20llA, ±1/2LSB SIlA, ±1/2LSB 2.SIlA, ±lI2LSB L (10.2) I Jj.400 

ANALOG INPUT 
Voltage Range 
Impedance 
Transfer F~nction (inverting) 

DIGITAL INPUT (TTL) 
Positive Logic, "I" = 

"0" = 

Loading, 2 Std. TTL Loads 
"0" = 

"I" = 
CODING (PARALLEL INPUT DATA) 

Unipolar 
Bipolar 
All "l's" Input 
All "O's" Input 

OUTPUT (CURRENT) 
Unipolar 
Bipolar 
Compliance Voltage 
Impedance 
Loading 

Zero Offset (max) 

o to -lOY 
4kn ±2% 
OV input scales D/A output to minimum output; 
-lOY input scales D/A output to maximum output. 

+2.4V to +S.OV 
OV to 0.4V 

-SmA 
SOIJA 

BIN 
OBN 

o to +lOmA 
±SmA 
+l.SV, -2V 
200n, ±l% 

SOnA 

Maximum Positive Output 
Maximum Negative Output 

200n for 0 to IV pop Out 
On for 0 ;0 2V pop Out 

""U.....----------".I :T 
0.020 (0.508) - T 

Lo.25O (6.4) MIN 

0.250 
(6.4) 

-L 

.... 32 

30 

28 

25 

23 

~. 
19 

1 
2 
3 
4 
5 

7 
8 
9 

10 
11 
12 

1 
I T BOTTOM VIEW I I--1 0.1 (2.54) GRID 

NOTE: OOT ON TOP INOICATES POSITION 
OFPIN 1 

WEIGHT: 1.60Z. 45.3 G 
PINS ARE GOLD PLATED PER MIL-G·5204 TYPE II 

DYNAMIC CHARACTERISTICS 
Settling Time (digital & analog) 
Bandwidth (analog in) 

90ns to 0.2% F.S. 
10MHz 

lOOns to 0.1% F.S. 130ns to 0.05% F.S. 

MATING SOCKET MSA·l 

PIN DESIGNATIONS 

TEMPERATURE COEFFICIENTS 
Linearity 
Monotonicity 

POWER REQUIREMENTS 
+lSV ±lO% 
-lSV ±10% 
Power Supply Rejection Ratio 

TEMPERATURE RANGE 
Operating 
Storage 

PHYSICAL CHARACTERISTICS 
Case 

2ppml"C 

60mA 
20mA 
O.OOS%/V 

·Specifications same as MDMS'(}801 

Specifications subject to chanee without notke •. 

INPUTS 
ISEE FIGURE 21 I 

LSB 

Guaranteed _30°C to +8SoC 

-30°C to +8S
o
C 

-55°C to +12S
o
C 

Diallyl Phthalate per MIL
M-14 Type SDG-F 

W~~i,~~~M jil1 1 

BIT 11 L--r:::","""...,..",,-I 

Arr,~~I~~loRjT ' 
INPUTS I 

ISEE FIGURE 21 \ 

LSB 
BIT 12 L--.-_-,-....1 

Figure 1. The MDMS·1101 Multiplying D/A 
Used as a Digital Waveform Generator with 
Digital Attenuator Control 
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PIN FUNCTION 

1 BIT 1 INPUT (MSBI 
2 BIT 2 INPUT 
3 BIT31NPUT 
4 BIT41NPUT 
5 BIT 5 INPUT 
7 BIT61NPUT 
8 BIT 7 INPUT 
9 BIT 8 INPUT 
10 BIT91NPUT 
11 BIT 10 INPUT 
12 BIT 11 INPUT LSB 
19 ANALOG INPUT 
21 OFFSET ADJ 
23' -15V POWER INPUT 
25 +15V POWER INPUT 
28 GROUND 
30 BIPOLAR OFFSET 
32 ANALOG OUTPUT 

THIS WAVEFORM IS OBTAINED 
WITH lOGIC 00000000000 AT 
THe ATTENUATOR OIGITAL 
INPUT. 

+5V ------------

THIS WAVEFORM IS OBTAINED 
WITH lOGIC 10000000000 AT 
THE ATTENUATOR DIGITAL 
INPUT. 

+10V ------------

THIS WAVEFORM IS OBTAINED 
WITH lOGIC 11111111111 AT 
THE ATTENUATOR DIGITAL 
INPUT. 

NOTES 
1. R1 MAY BE OMITTED IF 0.6% DC 

SHIFT IS PERMISSIBLE BETWEEN 
MINIMUM. MAXIMUM ATTENUATION. 

2. ADJUST R2 FOR OV OUTPUT WITH 
ATIENUATOR INPUT SET FOR 
00000000000 AND WAVEFORM 
INPUT ACTIVE. 

3. ADJUST R3 TO OBTAIN tl0V OUT· 
PUT WITH AnENUATOR INPUT SET 
FOR 11111",1" AND WAVEFORM 
INPUT ACTIVE. 

THE ABOVE WAVEFORMS DEPICT THE 
ANALOG OUTPUT FOR VARIOUS VALUES 
OF ATIENUATOR DIGITAL INPUTS TO 
D/A.2 WITH A DIGITAL TRIANGLE 
BEING APPLIED TO THE WAVEFORM 
DIGITAL INPUT OF O/A ". 

PEAK POSITIVE lEVEL· 
00000000000 DIGITAL INPUT 
PEAK NEGATIVE lEVEL· 
11111111111DIGITAlINPUT 

(THE OUTPUT OP AMP INVERTS THE 
SENSE OF THE INPUT BITSI 

Figure 2. Operation of Multiplying D/A Circuit 



Analog-to-Digital Converters 

Selection Guide 

Factors in Choosing an AID Converter 

Specifications & Terms 

AD570 Low~Cost Complete Monolithic IC 8-Bit ADCs 

AD571 Complete Monolithic IC 10-Bit ADCs 

AD572 Complete Hybrid IC 12-Bit Successive-Approximation ADCs 

.AD573j/K/S Fast, Complete 10-Bit AID Converter with Microprocessor Interface 

.AD574A/Aj/AK/AL Fast Complete 12-Bit AID Converter with Microprocessor Interface 

AD578 Fast Complete Hybrid IC 12-Bit ADCs 

.AD579jN/KN/BD/TD Very Fast, Complete 10-Bit AID Converter 

.AD673j/S Fast, Complete, 8-Bit AID Converter with Microprocessor Interface 

AD5200 Hybrid IC 12-Bit Successive-Approximation ADCs 

.AD5210 Series 12-Bit Successive-Approximation High-Accuracy AID Converter 

.AD5240KD/SD Very Fast, Complete 12-Bit AID Converter 

AD7550 CMOS IC Quad-Slope Bus-Compatible 13-Bit ADC 

.AD7552 CMOS 12-Bit Plus Sign Monolithic AID Converter 

AD7555 CMOS IC 41/2 Digit 20,000-Count ADC Subsystem 

AD7574 CMOS Microprocessor-Compatible 8-Bit ADCs 

.AD7581 CMOS IlP Compatible 8-Bit 8-Channel DAS 

AD ADC80 Hybrid IC 10- and 12-Bit ADCs with Improved Performance and Reliability 

.AD ADC84/85C Fast, Complete 12-Bit AID Converter 

~C1130/ADC1131 14-Bit High-Sp,eed AID Converter 

.ADC1140 Low Cost 16-Bit Analog-to-Digital Converter 

HAS Hybrid 8-, 10-, and 12-Bit Ultra-Fast ADCs 

MAH Ultra-High-Speed 8- and lO-Bit AID Converter 

MAS Ultra-High-Speed 8-,10- and 12-Bit AID Converter 

MATV Video 8-Bit ADCs with Built-In ~rack-Hold 

MOD-1005 10-Bit 5MHz Video ADC with Built-In Track-Hold 

MOD-1020 10-Bit 20MHz Video ADC with Built-in Track-Hold 

MOD-1205 12-Bit 5MHz Video ADC with Built-In Track-Hold 

-New product since the 1980 Data-Acquisition Components and Subsystems Catalog. 
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Selection Guide 
Analog -to-Digital Converters 

HIGH PERFORMANCEIHIGH RESOLUTION 
FEATURE SELECTION CHART 

/ / 

I"~""'~'/ ~'"' HIGH ! jJP BUS 1"''",/ COMPATIBLE ~ PERFORMANCE COMPATIBLE RESOLUTION 
CHAN 

0!.«i~~~~0~~~0401 I I ~ I I I I I I I I I I ~ " I 
Resolution 8 Bits · · · · 10 Bits · · 12 Bits · · · · · 13 Bits · · 14 Bits · 16 Bits · 4112 Digits · SI12Digits · Conversion Time 1800ms · SOms · · 66.6jJs/ch · SOjJs · · 2SjJs · · · · · · · · ISjJs · · · IntemalRcfcrcnce · · · · · · · · · · · Ratiometric Capability · · · · · · · Low Power · · · · .. 
Second Source · · · Logic TTL · · · · · · · · · · · · · · Compatibility CMOS · · · · · · Oper"ing C=Oto+70°C · · · · · · · · · · Temperature I = -25°C to +8S

o
C · · · · · · · · · · Ranges M = -SSoC to +12SoC · · · · · · · · · Dice Availability · · · Volume I 
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HIGH/SPEED VIDEO 
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Orientation 
Analog-to-Digital Converters 
FACTORS IN CHOOSING AN AID CONVERTER 
In the two volumes of this catalog, there are listed some 27 
different families of analog-to-digital converters (ADCs). If 
one were to consider all the variations, there would be con
siderably more than 50 different types to choose among. 
The reason for so many different types is the number of 
degrees of freedom in selection-technological, functional, 
performance, and package. Complete information on convert
ers may be found in the 246-page book, Analog-Digital Con
version Notes, published by Analog Devices and available for 
$5.95 from P.O. Box 796, Norwood, MA 02062. 

FUNCTIONAL CHARACTERISTICS 
Block diagrams illustrating the various conversion techniques 
appear on individual data sheets. 

The moderate-speed converters described in this catalog 
«lMHz) employ two fundamental techniques-successive 
approximations, for moderate-to-high resolution at moderate
to-high speed, and integration, for high resolution at modest 
speeds. The AD ADC80 and ADCl131 are examples of the 
fonner, the AD7550 and AD7583, the latter. 

Like a chemist's balance with binary weights (1I2, 114, 1/8, 
etc.), the successive-approximation converter compares the 
unknown input with sums of accurately-known binary frac
tions offull scale, starting with the largest (2-1), and rejecting 
any that change the comparator's state ("tip the scale"). At 
the end of conversion (EOC), the output of the converter 
is a digital word, representing the ratio of the input to full 
scale by a fractional-binary code. 

Integrating types count pulses for a period proportional to the 
input. Most-frequently used are dual slope types, which count 
off the period required for the integral of the reference to 
become equal to the average value of the input (over a fixed 
period). Integrating types can be made insensitive to drift by 
storing errors during an error-correcting cycle and subtracting 
them during the input-measuring cycle. This correction can be 
performed in analog fashion, using capacitance for storage, or 
digitally-using the information stored in a counter for cor
rection (AD7550). 

The video converters described here (MATV, MOD-1205, etc.) 
employ two basic encoding techniques: simultaneous, orflash 
conversion, and serial-Gray-Code conversion. High resolution 
and high speed are obtained by subranging, i.e., by performing 
an n-bit conversion in two steps; Analog Devices has perfected 
a form of subranging, known as DSC-digitally corrected sub
ranging-which pennits accurate resolutions of 12 bits and 
more.· 

In flash conversion, the analog signal is compared against 
2n - 1 graded voltage levels, using as many comparators, and 
the comparator output logic levels are processed by a priority 

• A considerable amount of useful information about the differences 
between video conversion and moderate-speed conversion can be found 
in the article "Very High Speed Data Acquisition," by Ed Graves, in 
Analog Dialogue 13-2, available upon request. 
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encoder, which converts the "thennometer" output to a bina
ry (or Gray) code. Since the whole conversion occurs essential
ly simultaneously, it is the fastest means of conversion, but it 
requires many accurate comparators and large numbers of gates. 

In serial-analog-parallel-digital conversion, there are a number 
of cascaded stages, each having a gain of +2 for signals less 
than one-half the reference, and a gain of -2 for signals be
tween one-half the reference and full scale. At each stage, a 
decision is made as to whether the signal is larger (1) or smal
ler (O) than one-half the reference; the stage's analog output 
becomes the input to the next stage. The complete time for 
one conversion is determined by the propagation delay of the 
analog signal through all stages; however, since the decision 
of each stage' can be latched as soon as the stage has settled 
(and a new conversion can, in principle, be started as soon 
as the first bit has been latched), the rate at which conver
sions come out of the pipeline is considerably faster than the 
time for one sample to go through the conversion process. 
Though fast, this process is difficult to implement accurately 
for more than a few bits, because of the compounding of 
gain (hence errors). ' 

A subranging converter digitizes to a group of more-significant 
bits, and stores them in a latch. A fast, very-high-accuracy 
Df A converter converts them to an analog signal, which is then 
subtracted from the input. The difference, or residue, is ampli
fied and digitized, and (in DCS) the result is combined digit-
ally in such a way as to correct for mid-scale conversion errors. 

Whatever the technique, these AID converters comprise several 
essential functions: an analog section, a digital data-generating 
section, data outputs, and digital controls. . 

Analog Section 
This section requires a reference, one or more high-gain com
parators, and either a D/A converter (successive approxima
tions) or a controllable integrator. The reference may be in
ternal or external, fixed or variable, and of a specified polarity/ 
sense in relation to the analog input. In ratiometric conversion, 
the reference is usually external and variable. 

In successive-approximation converters the comparator is 
generally used in the current-summing mode; that is, the 
current output of the DAC is summed with the current devel
oped in the DAC's "feedback resistor" by the input voltage (of 
opposite polarity), and the balancing action of the converter 
tends to bring the summing junction towards a voltage null 
(much like that of an op amp) at the· end of conversion. The 
typical DAC feedback options, when.applied in an ADC, 
provide input-scaling choices. When the bipolar-offset connec
tion is jumpered to the summing point, input signals of both 
polarities can be handled. The current-switching action of the 
DAC, at the typically fast clock-rates used in successive-ap
proximation converters, can disturb the output of the analog 
signal source, especially if it is a slow high-precision op amp. 
In such cases, buffering may be necessary. 



In integrating types, absolute-value and polarity-sensing circuitry A status (or busy or EOC) output changes state to indicate 
may be required at the front end to handle both polarities of when the data becomes valid. The exact nature of this transi-
input. Outputs are usually sign-magnitude BCD. However, the tion should be specified-polarity, timing, levels, etc. For serial 
AD7550, which uses an offset-reference scheme, requires none data, the exact relationship between the data and the synchro-
of the above; and it has a two's-complement binary output. The nizing clock should be specified, to indicate when each bit 
AD7555 provides the quadslope control logic, counters, and becomes valid, and for how long. In general, the timing of the 
analog switching, but require external integrators and comparators. whole conversion process must be clearly understood, especial-
Digital Data-Generating Section ly if high speeds are necessary, either for conversion, or for 
In successive-approximation types, this section consists of a communication with a processor (or both). The timing dia-
discrete or integrated successive-approximations register (SAR), grams on specification sheets are usually accompanied by 
its controls, and inputs from the comparator and clock (which adequate descriptions of the conversion process and specifica-
is on-board, but in many cases permits external clock pulses, tions of the critical interface parameters. 
frequency adjustment, and/or control). In integrating types, Controls 
this section consists of the clock-pulse generator, the coun- The functions, action (levels or edges), polarity, and timing of 
ter(s), the input from the comparator, and the associated all control inputs and outputs should be clearly understood, as 
controls. Often, provisions are made for the pulse-train to be well as their loading characteristics and dependence on the 
jumpered to the counter externally, so that the pulse train can supply. In addition to the essential start-conversion-command 
be operated on externally, or can transmit its train of pulses input and a status output, various control commands may be 
to a remote counter. In a few types there are no on-board available, such as clock inhibit, high (low)-byte enable, status 
counters or registers; the pulse train, magnitude, overrange, enable, and-for speeding up conversion at the cost of resolu-
and control terminals are intended to communicate with . tion in successive-approximation converters-sh 0 rt-cycle. 
external counters and registers. 

Power Supplies 
Data Outputs Appropriate power supplies should be made available, con-
Factors to consider here include coding, resolution, overrange sidering the logic levels and analog input signals to be employed 
information, levels, format, validity, and timing. Coding is in the system. The appropriate degree of power-supply stability 
usually binary, including jumper-connected offset-binary and/ to meet the accuracy specifications should be provided. Any 
or two's complement for bipolar input signals. For some types, recommended external protection circuitry should be planned 
BCD is available, with sign-magnitude for bipolar inputs. Out- for. In many cases, separate analog and digital grounds are 
put coding specs should always be checked for digital polarity required; ground wiring should follow best practice to mini~ 
(positive- or negative-true) of both magnitude and sign infor- mize digital interference with high-accuracy analog signals, 
mation. The resolution (number of output bits) must be suffi- while ensuring that a connection between grounds can always 
cient for the application; in addition, the specifications must exist at one point, even if the "mecca" point is inadvertently 
be checked to ascertain that not only will all 2n (binary) unplugged from the system. 
output codes be present (no missing codes), but they must all 
be present at any temperature in the operating range and Application Checklist 
related to the input with sufficient accuracy. Integrating types The designer will generally require specific information in the 
generally have no problems with missing codes (except some- following categories, before proceeding to the selection process: 

times at zero, with sign-magnitude coding); nevertheless, non
linear integration can cause the conversion relationship to 
become nonlinear. Successive-approximation types have no 
way of determining overrange; they simply fill up. However, 
counter types roll over and putout a carry flag to signal 
overrange 

The data levels available at the converter output must be . 
checked (TTL, low-voltage CMOS, high-voltage CMOS, ECL), 
as must the load-driving capability and fanout, and the supply 
conditions under which appropriate output levels will be 
furnished. The available choice of output formats must also be 
as desired-parallel, serial, byte-serial, and/or pulse-train. If the 
converter is intended to communicate directly with an 8-bit 
data bus, the output should have three-state capability, and 
parallel outputs must be enabled in bytes of 8 or fewer lines 
(AD573, AD574A). If the output is serial, it is usually NRZ 
(non-return-to-zero) and should be accompanied by a set of 
synchronized clock-pulses. 

• Accurate description of input and output 

1. analog signal range and s01.lrce or load impedance 

2. digital code needed - binary, offset binary, 2's com
plement, BCD, etc. 

3. logic level system, i.e., TTLlDTL compatible 

• What is the needed data throughput rate? 

• What are the control interface details? \ 

• What does the system error budget allow for the converter? 

• What are environmental conditions - temperature range, 
time, supply voltage - over which the converter should 
operate to the desired accuracy? 

For A/D converters, the following considerations are typical. 

• What is the analog input voltage range, and to what resolu
tion must the signal be measured? 
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• What is the requirement for linearity error (or relative 
accuracy error)? 

• To what extent must the various sources of error be mini
mized as environmental temperature changes? 

• How much time can be allowed in the system for each 
complete conversion? What aperture uncertainty and 
acquisition time are needed for the sample-hold? 

• How stable is the system power supply? What errors will 
result from power supply terminal voltage variations of 
this order? 

• Can the system tolerate missed codes under any con
ditions? 

• What is the character of the input signal? Is it noisy, 
sampled, filtered, rapidly-varying, slowly-varying? What 
kind of pre-processing is to be (or can be) done that will 
affect the choice (and cost) of the converter? Is aliasing 
a potential problem? 

SPECIFICATIONS & TERMS 
Definitions of performance specifications, and related informa
tion, are to be found on the following pages, in alphabetical 
order. * 
Accuracy, Absolute 
The error of an A/D converter at a given output code is the 
difference between the theoretical and the actual analog input 
voltages required to produce that code. Since the code can be 
produced by any analog voltage in a finite band (see Quantizing 
Uncertainty), the "input required to produce that code" is 
defined as the. midpoint of the band of inputs that will pro
duce the code. For example, if S volts (±1.2mV) will theoreti
cally produce a 12-bit half-scale code of 100000000000, then 
a converter for which any voltage from 4.997V to 4.999V will 
produce that code will have absolute error of 
112(4.997 + 4.999) - S volts = -2mV. 

Absolute error comprises gain error, zero error, and nonlinear
ity, together with noise, Absolute-accuracy measurements 
should be made under a set of standard conditions with sources 
and meters traceable to an internationally accepted standard. 

Accuracy, Relative 
Relative accuracy error, expressed in %, ppm, or fractions of 

" an LSB, is the deviation of the analog value at any code (rela
tive to the full analog range of the device transfer characteris-

*For video converters, there are a number of additional application
oriented specifications pertaining to the device's use in a system 
(e.g., noise power ratio, differential phase, differential gain, signal-to
noise ratio). Some useful references for understanding such specifica
tions can be found in the following publications, available from 
Analog Devices, Computer Labs Division, 505 Edwardia Drive, 
Greensboro, NC 27409. 

Kester, W. A., "PCM Signal Codecs for Video Applications", SMPTE 
Journal, Volume 88, November 1979, pp 770-778. ' 

Pratt, W.)., "Test AID Converters Digitally", Electronic Design, 
December 6, 1975 

Smith, B.F. and Pratt, W.)., "Understanding High-Speed AID 
Converter Specifications", Computer Labs, 1974 
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tic) from its theoretical value (relative to the same range), after 
the full-scale range (FSR) has been calibrated. 

Since the discrete points on the theoretical transfer character
istic lie on a straight line, this deviation can also be interpreted 
as a measure of nonlinearity (see Linearity). 

The "discrete points" of an A/D transfer characteristic are the 
midpoints of the quantization bands at each code (see Accu
racy, Absolute). 

Aperture Time 
This is the interval between the application of the hold com
mand to a sample/track-hold and the actual opening of the 
switch. The aperture time consists of a delay (which depends 
on the logic and the switching device-SOns for SHA1144) and 
an uncertainty (due to jitter-20ps max rms for HTS-002S). 
When a sample-hold is used in an application-where timing is 
critical, the timing of the hold command can be advanced to 
compensate for the known component of aperture delay. The 
jitter, however, imposes the ultimate limitation on timing ac
curacy. When a sample-hold is used with an ADC, the timing 
uncertainty of the conversion process is reduced by the ratio 
of aperture jitter to the conversion time, i.e., the maximum 
frequency which can be handled with less than 1LSB error due 
to timing is 2-n/(rr Tau) instead of 2-n/(rr Tc ), where Tau is the 
aperture uncertainty and Tc is the conversion time. ' 

Common Mode Rejection (CMR) 
The ability of a device to reject the effect of voltage applied 
to both input terminals simultaneously. Usually expressed as 
the log of a "common-mode rejection ratio," e.g., 1,000,000: 1 
(CMRR) or 120dB (CMR). A CMRR of 1,000,000 to 1 means 
that a 1 V common-mode voltage passes through the amplifier 
as through it were a differential signal of one 'microvolt at 
the input. 

'Conversion Time and Conversion Rate 
The time required for a complete measurement by an ADC is 
called conversion time. For most converters (assuming no sig
nificant additional systemic delays), this is identical to the 
inverse of c.onversion rate. However, in some high-speed con
verters, because of pipelining, new conversions are initiated 
before the results of prior conversions have been determined; 
thus, for example, the MOD-120S can provide 12-bit output 
data at a SMHz word rate (200ns/conversion), even though the 
time for anyone conversion, from start to finish, is two clock 
periods plus 27Sns, or 67Sns, at SMHz. 

Dual-Slope Converter 
An integrating analog-to-digital converter in which the unknown 
signal is converted to a proportional time interval, which is 
then measured digitally. This is done by integrating thc un
known for a predetermined time. Then a reference input is 
switched to the integrator, and integrates "down" from the 
level determined by the unknown until a "zero" level is 
reached. The time for the second integration process is propor
tional to the average of the unknown signallevel over the 
predetermined integrating period. A digital time-interval meter 
(i.e., counter) is generally used as the output indicator. 



INTEGRATOR 
OUTPUT 
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Feedthrough 

SIGNAL INTEGRATE 
TIME 

REFERENCE INTEGRATE 
TIME 

Undesirable signal-coupling around switches or other devices 
that are supposed to be turned off or provide isolation, e.g., 
feedtbrougb error in a multiplexer. It is variously specified 'in 
%, ppm, fractions of 1 LSB, or fractions of 1 volt, with a given 
set of inputs, at a specified frequency. 

"Flash" Converter 
A converter in which all the bit choices are made at the same 
time. It requires 2n - 1 voltage-divider taps and comparators, 
and a comparable amount of priority encoding logic. An ex
tremely fast scheme, it requires large numbers of precision 
components. Flash converters are often used for partial con
versions in subranging converters. 

Gain Adjustment 
The "gain" of a converter is that analog scale factor setting 
that provides the nominal conversion relationship, e.g., 10V 
full scale, in a fixed-reference converter, or 100% of full-scale 
in a ratiometric converter. Gain- and zero-adjustment princi
ples are discussed under zero. 

Least Significant Bit (LSB) 
In a system in which a numerical magnitude is represented by 
a series of binary (i.e., two-valued) digits, the "least significant 
bit" is that digit (or "bit") that carries the smallest value or 
weight. For example, in tbe natural binary number 1101 (dec
imal13, or 23 + 22 + 0 + 2°), the rightmost "1" is the LSB. 
Its analog weight, relative to full scale, is 2-n, where n is the 
number of binary digits. It represents the smallest change that 
can be resolved by an n-bit converter. 

Linearity Error 
Linearity error of a converter, expressed in percent or parts
per-million of full-scale range, or fractions of a least-significant 
bit, is the deviation of the analog values from a straight line, in 
a plot of the measured conversion relationship. The straight 
line can be either a "best straight line," determined empirically 
by manipulation of the gain andlor offset to equalize maxi
mum positive and negative deviations of the actual transfer 
characteristic from this straight line; or, it can be a straight line 
passing through the end points of the transfer characteristic 
after they have been calibrated. Sometimes referred to as 
"end-point" nonlinearity, the latter i.s both a more conserva~ 
tive measure and is much easier to verify in actual practice. 
"End-point" nonlinearity is similar to relative accuracy error 
(see Accuracy, Relative). Linearity has two components
differential and integral nonlinearity. 

Linearity, Differential and Integral 
A digital output code should correspond to a quantum of 
analog input values exactly 1 LSB in width (2-n of full scale, 
for an n-bit converter). Any deviation of the measured "step" 
from the ideal width is called Differential Nonlinearity. It is 
an important specification, because a differential nonlinearity 
error greater than 1 LSB can lead to nonmonotonic behavior of 
of a D/A converter, and missed codes in an AID converter 
employing such a DAC. A flagrant example of differential non
linearity is shown here. 

XX101 

XX100 

DIFFERENTIAL 
XXOll WIDTH LINEARITY 

ERROR 

XX010 1 LSB 
-1/2 LSB -11/2 LSB 
1 LSB 0 

XXOO1 2112 LSB +11/2 LSB 
1 LSB 0 

xxooo 

/ e~~~~~, / 

In the illustration, the horizontal bars represent the measured 
DAC output values corresponding to 6 adjacent digital codes. 
The DAC is nonlinear, in that the next-least-significant bit 
(XX010) is 1'h LSB too large. Thus, instead of the five quanta, 
or steps, being all equal ( = 1 LSB), quantum 2 is 2'h LSB and 
quantum 4 is -'h LSB. The differential linearity error, the dif
ference between the actual quantum width and the ideal 
1 LSB, is +1'h LSB for quantum 2 and -1'h LSB for 
quantum 4. 

When this DAC is used in successive-approximations conver
sion, it will lead to a missed code. Analog inputs slightly larger 
than the value of XX100 will be converted to XX100, and 
analog inputs slightly less than the value of XXIOO will be con
verted to XX010. The code XXOll will not exist; it will be a 
missed code. 

Often, instead of a maximum differential nonlinearity speci
fication, there will be a simple specification of "no missed 
codes", which implies a differential nonlinearity less than 
1 LSB. 

While differential nonlinearity deals with errors in step size, 
integral nonlinearity has to do with deviations of the overall 
shape of the conversion response. Even converters that are not 
subject to differential linearity errors (e.g., integrating types) 
have integral linearity (sometimes just "linearity") errors. 

Power-Supply Sensitivity 
The sensitivity of a converter to dc changes in power-supply 

.voltages is normally expressed in terms of percentage change 
in analog input value (or fractions of the analog equivalent 
of 1 LSB), corresponding to a given code, for a 1% dc change 
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in the power supply, e.g., O.05%1%b.Vs). Power-supply sensi
tivity may also be expressed in relation to a specified dc shift 
of the supply voltage. High-accuracy ADCs intended for 
battery operation require excellent rejection of large supply
variations. 

Quad-Slope Converter 
This is an integrating analog-to-digital converter that goes 
through two cycles of dual-slope conversion, once with zero 
input and once with the analog input being measured. The 
errors determined during the first cycle are subtracted digitally 
from the result in the second cycle. The scheme results in an 
extremely accurate converter. For example, the 13-bit single
chip AD7550 is a CMOS quad-slope AID converter with typ
ical temp cos (gain and zero temperature coefficients) of 
Ippm/oC. 

Quantizing Uncertainty (or "Error") 
The analog continuum is partitioned into 2n discrete ranges 
for n-bit conversion. All analog values within a given range are 
represented by the same digital code, 1l;sually assigned to the 
nominal midrange value. There is, therefore, an inherent quan
tization uncertainty of ±Yz LSB, in addition to the actual 
conversion errors. In integrating converters, this "error" is 
often expressed as "±1 count." 

Ratiometric Converter 
The output of an AID converter is a digital number propor
tional to the ratio of (some measure of) the input to a refer
ence. Most requirements for conversions call for an absolute 
measurement, i.e., against a fixed reference. In some cases, 
where the measurement is affected by a changing reference 
voltage (e.g., the voltage applied to a bridge), it is advantageous 
to use that same reference as the reference for the conversion, 
to eliminate the effect of variation. Ratiometric conversion 
can also serve as a substitute for analog signal division (where 
the denominator changes but little during the conversion). 

Stability 
Stability of a converter, usually applies to the insensitivity 
of its characteristics with time, temperature, etc. All measure
ments of stability are difficult and time consuming, but sta
bility vs. temperature is sufficiently critical in most applica
tions to warrant universal inclusion in tables of specifications 
(see "Temperature Coefficients"). 

Subranging Converters 
In this type of converter, an extremely fast conversion pro
duces the most-significant portion of the output word. This 
portion is converted back to analog with a fast high-accuracy 
DIA converter and subtracted from the input. The resulting 
residue is converted to digital at high speed and combined with 
the results of the earlier conversion to form the output word. 
In digitally corrected subranging (DCS), the two bytes are com
bined in a manner that corrects for the error of the LSB of the 
most-significant byte. For example, using 8-bit and 5-bit 
conversion, and this proprietary technique, a full-accuracy 
high-speed 12-bit converter can be built. 

VOL. I, 11-8 ANALOG-TO-DIGITAL CONVERTERS 

Successive Approximations 
Successive approximations is a high speed method of compar
ing an unknown against a group of weighted references. The 
operation of a successive approximations AID converter is 
generally similar to the orderly weighing of an unknown quan
tity on a precision chemical balance, using a set of weights 

. such as: 1 gram, 112 gram, 1/4 gram, 118 gram, 1116 gram, etc. 
The weights are tried in order, starting with the largest. Any 
weight that tips the scale is removed. At the end of the process, 
the sum of the weights remaining on the scale will be within 
one LSB of the actual weight (±Yz LSB, if the scale is properly 
biased - see zero). 

Temperature Coefficients . 
In general, temperature instabilities are expressed in %/ C, 
ppm/C, as fractions of 1 LSB/C, or as a change in a para
meter over a specified temperature range. Measurements are 
usually made at room temperature and at the extremes of the 
specified range, and the temperature coefficient (tempco, 
T.C.) is defined as the change in the parameter, divided by the 
corresponding temperature change. Parameters of interest 
include gain, linearity, offset (bipolar), and zero. The last three 
are expressed in % or ppm of full-scale range per Celsius degree. 

Gain Tempco: Two factors principally affect converter gain 
instability with temperature: 

a) In fixed-reference converters, the reference source will 
vary with temperature. For example, the tempco of an 
AD581L is typically 5ppm/C. 
b) The ratiometric circuitry has a sensitivity to temperature. 

Linearity Tempco: Sensitivity of linearity to temperature 
over the specified range. To avoid missed codes, it is suf
ficient that the differential nonlinearity error be less than 
1 LSB at any temperature in the range of interest. The dif
ferential nonlinearity temperature coefficient may be ex
pressed as a ratio, as a maximum change over a specified 
temperature range, andlor implied by a statement that there 
are no missed codes when operating within a specified temper
ature range. 

Offset Tempco The temperature coefficient of the all
DAC-switches-off (minus full-scale) point, of a bipolar 
successive-approximations converter, is dependent on three 
variables: 

1) The temp co of the reference source 
2) The voltage stability of the input buffer and the 
comparator 
3) The tracking capability of the bipolar-offset resistors 
and the gain resistors. 

Unipolar Zero The zero temp co of an ADC is dependent 
only on the zero stability of the integrator andlor the input 
buffer and the comparator. It may be expressed in p.V/C, 
or in percent or ppm of full-scale per degree C. 



Zero- and Gain-Adjustment Principles 
The zero adjustment of a unipolar ADC is set so that the 

transition from all-bits-off to LSB-on occurs at -f x 2-n 

of nominal full-scale. The gain is set for the final transition 

OUTPUT CODE 

to all-bits-on to occur at F.S. (1 - +x 2-n). The "zero" of an 

offset-binary bipolar ADC is set so that the first transition 
occurs at -F.S. (1 - 2-n) and the last transition at +F.S. 
(1 - 3 x 2"D). The data sheet instructions should be followed. 
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r.ANALOG 
WDEVICES 

FEATURES 
Complete AID Converter with Reference and Clock 
Fast Successive Approximation Conversion - 25JLs 
No Missing Codes Over Temperature 

o to +70°C - AD570J 
_55°C to +125°C - AD570S 

Digital Multiplexing - 3 State Outputs 
18-Pin DIP 
Low Cost Monolithic Construction 

PRODUCT DESCRIPTION 
The ADS 70 is an 8-bit successive approximation AID converter 
consisting of a DAC, voltage reference, clock,comparator, suc
cessive approximation register and output buffers - all fabri
cated on a single chip. No external components are required 
to perform a full accuracy 8-bit conversion in 2SJLs. 

The ADS 70 incorporates the most advanced integrated cir
cuit design and processing technology available today. 12 L 
(integrated injection logic) processing in the fabrication of the 
SAR function along with laser trimming of the high. stability 
SiCr thin film resistor ladder network at the wafer stage (LWT) 
and a temperature compensated, subsurface Zener reference 
insures full 8-bit accuracy at low cost. 

Operating on supplies of +SV and -15V, the AD570 will ac
cept analog inputs of 0 to + 10V unipolar or ±5V bipolar, 
externally selectable. As the BLANK and CONVERT input is 
driven low, the three state outputs will be open and a conver
sion will commence. Upon completion of the conversion, the 
DA T A READY line will go low and the data will appear at the 
output. Pulling the BLANK and CONVERT input high blanks 
the outputs and readies the device for the next conversion. 
The AD570 executes a true 8-bit conversion with no missing 
codes in approximately 25JLs. 

The AD570 is available in two versions; the AD570j is spec
ified for the 0 to 70°C temperature range, the AD570S for 
-5SoC to +125°C. Both guarantee full 8-bit accuracy and no 
missing codes over their respective temperature ranges. 
The ADS70j is also offered in an 18-pin plastic DIP. 

-Protected by Patent Nos. 3940760,4213806 and 4136349. 

Low Cost, Complete IC 
a-Bit A to 0 Converter 

AD570*1 
ADS70 FUNCTIONAL BLOCK DIAGRAM 

DIGITAL BLANK. 

I I C0:t~ON CONVERT, CONTROL 

'~ r£ r--
,,+,,"""WYo..---t 

L... 

'-- , 
10BIT 

CURRENT 1081T '-- . 
OUTPUT SAR 

'-- a" OAe , OUTPUTS 

'--

r:~~J '-- 3 L __ ...J 
'--

IS-PIN DUAL IN LINE PACKAGE 

PRODUCT HIGHLIGHTS 
1. The AD570 is a complete 8-bit AID converter. No 

external components are required to perform a con
version. Full scale calibration accuracy of ±0.8% (2LSB 
of S bits) is achie~ed without external trims. 

2. The AD570 is a single chip device employing the most 
advanced IC processing techniques. Thus, the user has at 
his disposal a truly precision component with the relia
bility and low cost inherent in monolithic construction. 

3. The AD570 accepts either unipolar (0 to +IOV) or 
bipolar (-5V to +5V) analog inputs by simply grounding 
or opening a singl~ pin. 

4. The device offers true 8-bit accuracy and exhibits no 
missing codes over its entire operating temperature 
range. 

5. Operation is guaranteed with -lSV and +SV supplies. The 
device will also operate with a -12V supply. 

6. The AD570S is also available with processing to MIL
STD-883, Class B. The single chip construction and 
functional completeness make the AD570 especially 
attractive for high reliability applications. 
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SPECIFICATIONS 
(typical @ +25°C with V+ = +5V, V- = -15V, all voltages measured with respect to digital common, unless otherwise indicated) 

MODEL 

RESOLUTION2 

RELATIVE ACCURACY @ 2S 0 C2 ,3,4 

Tmin to Tmax 

FULL SCALE CALIBRATIO~ ,5 

(With ISn Resistor In Series With 
Analog Input 

UNIPOLAR OFFSET (max)4 

BIPOLAR OFFSET (max)4 

DIFFERENTIAL NONLINEARITY 
(Resolution for Which no Missing 

Codes are Guaranteed) 
+2S

o
C 

Tmin to Tmax 

TEMPERATURE RANGE 

TEMPERATURE COEFFICIENTS4 

Guaranteed max Change 
Tmin to Tmax 

Unipolar Offset 
Bipolar Offset 
Full Scale Calibration6 

(With ISn Fixed Resistor or 
200n Trimmer) 

POWER SUPPLY REJECTIO~ 
Max Change In Full Scale Calibration 

TTL Positive Supply 
+4.SV~V+~+S.SV 

Negative Supply 
-I6.0V~V-~I3.SV 

ANALOG INPUT RESISTANCE 

ANALOG INPUT RANGES 
(Analog Input to Analog Common) 

Unipolar 
Bipolar 

OUTPUT CODING 
Unipolar 
Bipolar 

LOGIC OUTPUT 
Bit Outputs and Data Ready 

Output Sink Current 
(VOUT = 0.4V max, Tmin to Tmax) 

Output Source Current (Bit OutputS}7 
(VOUT = 2.4V min, Tmin to Tmax) 

Output Leakage When Blanked 

LOGIC INPUT 
Blank and Convert Input 

O~Vin~V+ 
Blank - Logic "1" 
Convert - Logic "0" 

CONVERSION TIME 

ADS70J 

B Bits 

±1I2LSB max 
±1I2LSB max 

±2LSB (typ) 

±1I2LSB 

±1I2LSB 

B Bits 
B Bits 

±ILSB (BBppm/oC) 
±ILSB (88ppmtC) 
±2LSB (176ppmtC) 

±2LSB max 

±2LSB max 

3kn min 
Skn typ 
7kn max 

o to +10V 
-SV to +SV 

Positive True Binary 
Positive True Offset Binary 

3.2mA min 
(2TTL Loads) 

O.SmA min 
±40J,LA.max 

±40J,LA max 
2.0V min 
O.BV max 

ISJ,Ls min 
2SJ,Ls typ 
40J,Lsmax 

VOL. I, 11-12 ANALOG-TO-DIGITAL CONVERTERS 
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±ILSB (40ppmtC) 
±ILSB (40ppmtC) 
±2LSB (BOppmtC) 



NOTES 

ALL MODELS 

POWER SUPPLY 
Absolu te Maximum 

V+ 
V-

Specified Operating - Rated Performance 
V+ 
V-

Operating Range 
V+ 
V-

Operating Current 
Blank Mode 

V+ = +5V 
V- = -15V 

Convert Mode 
V+ = +5V 
V- = -15V 

·Specifications same as ADs70J 

Specifications subject to change without notice. 

+7V 
-16.5V 

+5V 
-15V 

+4.5V to +5.5V 
-12.0V to -16.5V 

2mA typ (lOrnA max) 
9mA typ (l5mA max) 

5mA 
lOrnA 

1 The ADS 70S is available processed and screened to the requirements of MIL-STD-883B, Class B. 
When ordering, specify the ADs70SD/883B. 

2The ADs70 is a selected version of the ADs71 10-bit A to D converter. As such, some devices may 
exhibit 9 or 10 bits of relative accuracy or resolution, but that is neither tested nor guaranteed. 
Only TTL logic inputs should be connected to pins 1 and 18 (or no connection made) or damage 
may result. 

3 Relative accuracy is defined as the deviation of the code transition points from the ideal transfer 
point on a straight line from the zero to the full scale of the device. 

4 Specifications given in LSB's refer to the weight of a least significant bit at the 8-bit level, which is 
0.39% of full-scale. 

5 Full scale calibration is guaranteed trimmable to zero with "an external 200n potentiometer in place 
of the Isn fixed resistor. Full scale is defined as 10 volts minus 1 LSB, or 9.961 volts. 

6 Full Scale Calibration Temperature Coefficient includes effects of unipolar offset drift as well as 
gain drift. 

'The Data output lines have active pull-ups to source O.smA. The DATA READY line is open collector 
with a nominal 6kn internal pull-up resistor. 

ABSOLUTE MAXIMUM RATINGS 

V + to Digital Common .......... . 
V- to Digital Common " .......... . 

.0 to +7V 

. .0 to -16.5V 

Analog Common to Digital Common ............... ± 1 V 

Analog Input to Analog Common .................. ±15V 

Control Inputs .......................... 0 to V+ 

Digital Outputs (Blank Mode) .................... 0 to V+ 
Power. Dissipation ............................. 800mW 

Model 

AD570]N 
AD570]D 
ADS70SD 
AD570SD/883B 

AD570 ORDERING GUIDE 

Package Number! 

18-Pin Plastic DIP (N18A)2 
18-Pin Ceramic DIP (D28A) 
18-Pin Ceramic DIP (Dl8A) 
18-Pin Ceramic DIP (DI8A) 

Temperature 
Range 

o to +70oC 
o to +70oC 
-55°C to +12S?C 
-55°C to +12SoC 

1 See Section 20 for package outline information. 
2To be available June 1982. 

BITB 

DIGITALCOIVl 

BIPOLAR OFF 

BIT5 ANALOG COM 

BIT4 ANALOG IN 

v-

BIT 2 BLK& CONV. 

MSB BIT 1 V+ 

·SEE NOTE 2, SPEC TABLE 

Figure 1. AD570 Pin Connections 
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CONNECTING THE AD570 FOR STANDARD OPERATION 

The AD570 contains all the active components required to 
perform a complete A/D conversion. Thus, for most situa
tions, all that is necessary is connection of the power sup-
ply (+5 and -15), the analog input, and the conversion 
start pulse. But, there are some features and special con
nections which should be considered for achieving optimum 
performance. The functional pin-out is shown in Figure 1. 

FULL SCALE CALIBRATION 
The 5kn thin film input resistor is laser trimmed to produce 
a current which matches the full scale current of the internal 
DAC-plus about O.3%-when a full scale analog input voltage 
of 9.961 volts (10 volts - lLSB) is applied at the input. The 
input resistor is trimmed in this way so that if a fine trimming 
potentiometer is inserted in series with the input signal, the 
input current at the full scale input voltage can be trimmed 
down to match the DAC full scale current as precisely as 
desired. However, for many applications the nominal 9.961 
volt full scale can be achieved to sufficient accuracy by simply 
inserting a 15ll resistor in series with the analog input to pin 
14. Typical full scale calibration error will then be about 
±2LSB or ±0.8%. If a more precise calibration is desired 
a 200n trimmer should be used inste·ad. Set the analog input 
a'c 9.961 volts, and set the trimmer so that the output code 
is just at the transition between 11111110 and 11111111. 
Each LSB will then have a weight of 39.06mV. If a nominal 
full scale of 10.24 volts is desired (which makes the LSB have 
weight of exactly 40.00mV), a son resistor in series with a 
200n trimmer (or a soon trimmer with good resolution) 
should be used. Of course, larger full scale ranges can be ar
ranged by using a larger input resistor, but linearity and full 
scale temperature coefficient may be compromised if the 
external resistor becomes a sizeable percentage of 5kn. 

BIT8 
lSB 

BIT 1 
MSB 

Figure 2. Standard A 0570 Connections 

BIPOLAR OPERATION 
The standard unipolar 0 to + lOV range is obtained by shorting 
~he bipolar offset control pin to digital common. If the pin is 
left open, the bipolar offset current will be switched into the 
comparator summing node, giving a -SV to +SV range with an 
offset binary output code. (-5.00 volts in will give a 8-bit 
code of 00000000; an input of 0.00 volts results in an out
put code of 10000000 and 4.96 volts at the input yields the 
11111111 code.) 

ZERO OFFSET 
The apparent zero point of the AD570 can be adjusted by . 
inserting an offset voltage between the Analog Common of the 
device and the actual signal return or signal common. Figure 3 
illustrates two methods of providing this offset. Figure 3A 
shows how the converter zero may be offset by up to ±3 bits 
to correct the device initial offset and/or input signal offsets. 
As shown, the circuit gives approximately symmetrical ad
justment in unipolar mode. In bipolar mode R2 should be 
omitted to obtain a symmetrical range. 
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Figure 3B shows how to offset the zero code by 1/2LSB 
to provide a code transition between the nominal bit weights. 

r-----------~ AIN 

AD570 

.....--.... --.... ---4 ACOM 

R, R2 RJ 
39n 7.5k 4.7k 

SIGNAL COMMON 

+15V -15V 

ZERO OFFSET ADJ 
,3 BIT RANGE 

Figure 3A. 

r---------fAIN 

SIGNAL COMMON 

R, 

lon 
OR 20n 
POT. 

Y, BIT ZERO OFFSET 

Figure 38. 

AD570 

CONTROL AND TIMING OF THE AD570 
There are several important timing and control features on 
the AD570 which must be understood precisely to allow 
optimal' interfacing to microprocessor or other types of con
trol systems. All of these features are shown in the timing 
diagram in Figure 4. 

'The normal stand-by situation is shown at the left end of the 
drawing. The BLANK and CONVERT (B & C) line is held 
high, the output lines will be "open", and the DATA READY 
(DR) line will be high. This mode is the lowest power state 
of the device (typically 150mW). When the (B & C) line is 
brought low, the conversion cycle is initiated; but the DR 
and Data lines do not change state. When the conversion cycle 
is complete (typically 25/1s), the DR line goes low, and within 
500ns, the Data lines become active with the new data. 

About l.S/1s after the B & C line is again brought high, the 
DR line will go high and the Data lines will go open. When the 
B & Cline is again brought low, a new conversion will begin. 
The minimum pulse width for the B & C line to blank previous 
data and start a new conversion is 2/1s. If the B & Cline is 
brought high during a conversion, the conversion will stop, and 
the DR and Data lines will not change. If a 2/1s or longer pulse 
is applied to the B & C line during a conversion, the converter 
will clear and start a new conversion cycle. 

B&C 
INPUT 

DR 
OUT 

DATA 
OUT 

J START STtp START 
CONVERSION NEW 

CONVERSION 

'5"'~ 
NEW DATA READY 

Figure 4. A0570 Timing and Control Sequence 
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FEATURES 
Complete AID Converter with Reference and Clock 
Fast Successive Approximation Conversion - 25J.LS 
No Missing Codes Over Temperature 

o to +70
o

C - AD571 K 
-55°C to +12SoC - AD571S 
Digital Multiplexing - 3 State Outputs 

18-Pin Ceramic DIP 
Low Cost Monolithic Construction 

PRODUCT DESCRIPTION 
The ADS 71 is a 10-bit successive approximation AID con
verter consisting of a DAC, voltage reference, clock, com
parator, successive approximation register and output 
buffers - all fabricated on a single chip. No external 
components are required to perform a full accuracy 10-bit 
conversion in 2SJ..Ls. 

The ADS71 incorporates the most advanced integrated cir-
cuit design and processing technology available today. It is 
the first complete converter to employ 12 L (integrated in
jection logic) processing in the fabrication of the SAR function. 
Laser trimming of the high stability SiCr thin film resistor 
ladder network at the wafer stage (LWT) insures high accuracy, 
which is maintained with a temperature compensated, sub
surface Zener reference. 

Operating on supplies of +SV to +lSV and -lSV, the 
ADS71 will accept analog inputs of 0 to +10V, unipolar 
or ±SV bipolar, externally selectable. As the BLANK and 
CONVERT input is driven low, the three state outputs will 
be open and a conversion will commence. Upon completion 
of the conversion, the DATA READY line will go low and the 
data will appear at the output. Pulling the BLANK and CON
VERT input high blanks the outputS and readies the device 
for the next conversion. The ADS71 executes a true lO-bit 
conversion with no missing codes in approximately 2SJ..Ls. 

The ADS71 is available in two versions for the 0 to +70°C 
temperature range, the ADS71J and K. The ADS71 S guarantees 
lO-bit accuracy and no missing codes from -55°C to +12SoC. 

• Covered by Patent Nos. 3,940,760; 4,213,806; 4,136,349. 

Integrated Circuit 10-Bit 
Analog to Digital Converter 

AD571* I 
ADS71 FUNCTIONAL BLOCK DIAGRAM 

DIGITAL 
COMMON 

I8-PIN DIP 

PRODUCT HIGHLIGHTS 

BLANK & 
CONVERT CONTROL 

BIT 
OUTPuTS 

1. The ADS71 is a complete lO-bit AID converter. No 
external components are required to perform a con
version. Full scale calibration accuracy of ±0.3% is 
achieved without external trims. 

2. The ADS71 is a single chip device employing the most 
advanced IC processing techniques. Thus, the user has at 
his disposal a truly precision component with the relia
bility and low cost inherent in monolithic construction. 

3. The ADS71 accepts either unipolar (0 to +10V) or 
bipolar (-SV to +SV) analog inputs by simply grounding 
or opening a single pin. 

4. The device offers true 10-bit accuracy and exhibits no 
missing codes over its entire operating temp~rature 
range. 

S. Operation is guaranteed with -lSV and +SV to +lSV sup
plies. The device will also operate with a -12V supply. 

6. The ADS71S is also available with processing to 
MIL-STD-883, Class B. The single chip construction 
and functional completeness make the ADS71 especially 
attractive for high reliability applications. 

ANALOG-TO-DIGITAL CONVERTERS VOL. I, 11-15 

III 



SPECIFICATIONS 
(typical @ +25°C with V+ = +5V, V- = -15V, all voltages measured with respect to digital common, unle~s otherwise indicated) 

MODEL 

RESOLUTION 

RELATIVE ACCURACY @ 2S0C2 

Tmin to Tmax 

FULL SCALE CALIBRA TION3 

(With 1 sn Resistor In Series With 
Analog Input 

UNIPOLAR OFFSET (max) 

BIPOLAR OFFSET (max) 

DIFFERENTIAL NONLINEARITY 
(Resolution for Which no Missing 

Codes are Guaranteed) 
+2S

o
C 

Tmin to Tmax 

TEMPERATURE RANGE 

TEMPERATURE COEFFICIENTS 
Guaranteed max Change 

Tmin to Tmax 
Unipolar Offset 
Bipolar Offset 
Full Scale Calibration 

(With 1Sn Fixed Resistor or 
SOn Trimmer) 

POWER SUPPLY REJECTION 
Max Change In Full Scale Calibration 

CMOS Positive Supply (K only) 
+13.S:e;;;V+:e;;;+16.0V 

TTL Positive Supply 
+4.SV:e;;;v +:e;;;+S .SV 

Negative Supply . 
-16.0V:e;;;V-:e;;;-13.SV 

ANALOG INPUT RESISTANCE 

ANALOG INPUT RANGES 
(Analog Input to Analog Common) 

Unipolar 
Bipolar .' 

OUTPUT CODING 
Unipolar 
Bipolar 

LOGIC OUTPUT4 

Bit Outputs and Data Ready 
Output Sink Current 

(VOUT = O.4V max, Tmin to Tmax) 
Output Source Current (Bit Outputs)s 

(VOUT = 2.4V min, Tmin to Tmax) 
Output Leakage When Blanked 

LOGIC INPUT 
Blank and Convert Input 

O:e;;;vin:e;;;V+ 
Blank ~ Logic "I" 
Convert - Logic "0" 

CONVERSION TIME 

ADS71J 
10 Bits 

±ILSB max 
±1LSB max 

±2LSB (typ) 

±1LSB 

±1LSB 

10 Bits 
9 Bits 

±2LSB (44ppm/oC) 
±2LSB (44ppm/oC) 
±4LSB (88ppm/oC) 

N.A. 

±2LSB max 

±2LSB max 

3kn min 
Skn typ 
7kn max 

o to +10V 
-SV to +SV 

Positive True Binary 
Positive True Offset Binary 

3.2mA min 
(2TTL Loads) 

O.SmAmin 
±40pA max 

±40J..LA. max 
2.0V min 
0.8V max 

ISps min 
2Sps typ 
40ps max 
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ADS71K 

±1I2LSB max 
±1I2LSB max 

±1I2LSB 

±1/2LSB 

10 Bits 

ADS71SD/ADS71SD-SS3 1 

±1LSB max 
±1LSB max 

10 Bits 

±1LSB (22ppm/oC) ±2LSB (20ppm/°C) 
±IU;B (22ppm/oC) ±2LSB (20ppm/C) 
±2LSB (44ppm/oC) ±SL5B (SOppm/oC) 

±ILSB max N.A. 

±1LSB max 

±1LSB max 

-. 



MODEL 

POWER SUPPLY 
Absolute Maximum 

V+ 
V-

Specified Operating - Rated Performance 
V+ 
V-

Operating Range 
V+ 
V-

Operating Current 
Blank Mode 

V+ = +5V 
V+ = +l5V 
V- = -lSV 

Cpnvert Mode 
V+ = +SV 
V+ = +l5V 
V- = -15V 

PACKAGE OPTIONS 6 

Dl8A 
N18A7 

·Specifications same as ADS71J 
"Specifications same as ADS71K 
Specifications subject to change without notice. 

NOTES 

AD571J 

+7V 
-16.SV 

+SV 
-lSV 

+4.SV to +S.SV 
-12.0V to -l6.SV 

2mA typ (lOrnA max) 
SmA typ (lOrnA max) 
9mA typ (lSmA max) 

SmA 
lOrnA 
lOrnA 

ADS71JD 
ADS71]N 

AD571K 

+l6.5V 

+SV to +lSV 

+4.SV to +l6.SV 

AD571KD 
ADS71KN 

1 The ADS17S is available processed and screened to the requirements of MIL-STD-883, Class B. 
When ordering, specify the ADS71SD/883B. . 

2 Relative accuracy is defined as the deviation of the code transition points from the ideal transfer point 
on a straight line from the zero to the full scale pf the device. 

3 Full scale calibration is guaranteed trimmable to zero with an external son potentiometer in place 
of the 1sn fixed resistor. Full scale is defined as 10 volts minus 1LSB, or 9.990 volts. 

4 Logic Input and Output Thresholds and Levels are a function of V+. They are guaranteed TTL 
compatible at V+ = +SV, CMOS compatible at V+ = lSV for the ADS71~ 

'The data output lines have active pull-Ups to source O.SmA. The DATA READY line is open collector 
with a nominal 6kn internal pull-up resistor. 

6 See Section 20 for package outline information. 
"To be available June, 1982. 

ABSOLUTE MAXIMUM RATINGS 

AD571SD/AD571SD-883 1 

AD571SD 

V+ to Digital Common ADS71J, S ............ 0 to +7V 

AD571K ........... 0 to +l6.SV 

V- to Digital Common ................... 0 to -l6.SV 

Analog Common to Digital Common ............... ± 1 V 

Analog Input to Analog Common .................. ±lSV 

Control Inputs .......................... 0 to V+ 

Digital Outputs (Blank Mode) .................... 0 to V+ 
Power Dissipation ............................. 800mW 
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CIRCUIT DESCRIPTION 
The AD571 is a complete I O-bit AID converter which requires 
no external components to provide the complete successive
approximation analog-to-digital conversion function. A block 
diagram of the AD571 is shown in Figure 1. Upon receipt 
of the CONVERT command, the internal 10-bit current out
put DAC is sequenced by the ~2 L successive-approximation 
register (SAR) from its most-significant bit (MSB) to least
significant bit (LSB) to provide an output current which 
accurately balances the input signal current through the 5kn 
input resistor. The comparator determines whether the ad
dition of each successively-weighted bit current causes the DAC 
current sum to be greater or less than the input current; if the 
sum is less the bit is left on, if more, the bit is turned off. After 
testing all the bits, the SAR contains a 10-bit binary code 
which accurately represents the input signal to within ±IhLSB 
(0.05%). 

DIGITAL BLANKs. 
COMMON CONVERT CONTROL 

." OUTPUTS 

Figure 1. AD571 Functional Block Diagram 

Upon completion of the sequence, the SAR sends out a 
DATA READY signal (active low), which also brings the 
three-state buffers out of their "open" state, making the bit 
output lines become active high or low, depending on the 
code iIi the SAR.When the BLANK and CONVERT line is 
brought high; the output buffers again go "open", and the 

SAR is prepared for another conversion cycle. Details of the, 
timing are given further. 

The temperature compensated buried Zener reference 
provides the primary voltage reference to the DAC and 
guarantees excellent stability with both time and tempera-
ture. The bipolar offset input controls a switch which allows 
the positive bipolar offset current (exactly equal to the value of 
the MSB less V2LSB) to be injected in to the summing ( +) node 
of the comparator to offset the DAC output. Thus the nominal 
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o to +IOVunipolar input range becomes a-5V to +5Vrange. 
The 5kn thin film input resistor is trimmed so that with a full 
scale input signal, an input current will be generated which 
exactly matches the DAC output with all bits on. (The input 
resistor is trimmed slightly low to facilitate user trimming, as 
discussed on the next page.) 

POWER SUPPLY SELECTION 
The AD571 is designed for optimum performance using a 
+5V and -15V supply, for which the AD571Jand AD571S 
are specified. AD57lK will also operate with up to a +15V 
supply, which allows direct interface to CMOS logic. The input 
logic threshold is a function of V + as shown in Figure 2. The 
supply current drawn by the device is a function of both V+ 
and the operating mode (BLANK or CONVERT). These 
supply current variations are shown in Figure 3. The supply 
currents change only moderately over temperature as shown 
in Figure 7. 

v,. 
Volh 

· · 
7 

· · · 
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1 
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CURAENT
mA 
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~V 
1 13 ,. IS ,. 

Figure 2. Logic Threshold (AD571K Only) 
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Figure 3. Supply Currents vs. Supply Levels and 
Operating Modes 



CONNECTING THE ADS71 FOR STANDARD 
OPERATION 
The ADS71 contains all the active components required to 
perform a complete AID conversion. Thus, for most situa
tions, all that is necessary is connection of the power sup
ply (+5 and -15), the analog input, and the conversion 
start pulse. But, there are some features and special con
nections which should be considered for achieving optimum 
performance. The functional pin-out is shown in Figure 4. 

Figure 4. AD571 Pin Connections 

FULL SCALE CALIBRATION 
The Skn thin film input resistor is laser trimmed to produce 
a current which matches the full scale current of the internal 
DAC-plus about 0.3%-when a full scale analog input voltage 
of 9.990 volts (10 volts - 1LSB) is applied at the input. The 
input resistor is trimmed in this way so that if a fine trimming 
potentiometer is inserted in series with the input signal, the 
input current at the full scale input voltage can be trimmed 
down to match the DAC full scale current as precisely as 
desired. However, for many applications the nominal 9.99 
volt full scale can be achieved to sufficient accuracy by simply 
inserting a lSn resistor in series with the analog input to pin 
13. Typical full scale calibration error will then be about 
±2LSB or ±0.2%. If the more precise calibration is desired, 
a son trimmer should be used instead. Set the analog input 
at 9.990 volts, and set the trimmer so that the output code 
is just at the transition between 1111111110 and 1111111111. 
Each LSB will then have a weight of 9.766mV. If a nominal 
full scale of 10.24 volts is desired (which makes the LSB have 
weight of exactly 10.00mV), a lOOn resistor in series with a 
lOOn trimmer (or a 200n trimmer with good resolution) 
should be used. Of course, larger full scale ranges can be ar
ranged by using a larger input resistor, but linearity and full 
scale temperature coefficient may be compromised if the 
external resistor becomes a sizeable percentage of Skn. 

ANALOG COMMON,( ~gA~:[~~~:::ON ) 
I----""'f'o __ -/ 

"IN 
15n FIXEDOA 
SOn VARIABLE 
(SEE TEXT! 

Figure 5. Standard AD571 Connections 

Applying the AD571 
BIPOLAR OPERATION 
The standard unipolar 0 to + 1 OV range is obtained by shorting 
the bipolar offset control pin to digital common. If the pin is 
left open, the bipolar offset current will be switched into the 
comparator summing node, giving a -SV to +SV range with an 
offset binary output code. (-5.00 volts in will give a lO-bit 
code of 0000000000; an input of 0.00 volts results in an out
put code of 1000000000 and 4.99 volts at the inpu t yeilds the 
1111111111 code). The bipolar offset control inpu t is not di
rectly TTL compatible, but a TTL interface for logic control 
can be constructed as shown in Figure 6. 

Figure 6. Bipolar Offset Controlled by Logic Gate 

Gate Output = 1 Unipolar 0 - 10V Input Range 
Gate Output = 0 Bipolar ±5V Input Range 

COMMON MODE RANGE 
The ADS71 provides separate Analog and Digital Common III 
connections. The circuit will operate properly with as much 
as ±200mV of common mode range between the two 
commons. This permits more flexible control of system 
common bussing and digital and analog returns. 

In normal operation the Analog Common terminal may gener
ate transient currents of up to 2mA during a conversion. In 
addition, a static current of about 2mA will flow into Analog 
Common in the unipolar mode after a conversion is complete. 
An additional 1mA will flow in during a blank in,terval with 
zero analog input. The Analog Common current will be modu
lated by the variations in input signal. 

The absolute maximum voltage rating between the two com
mons is ±1 volt. We recommend the connection of a parallel 
pair of back-to-back protection diodes between the commons 
if they are not connected locally. 

SUPPLY 
CUAAENTS
mA 

C .. CONVERT MODE 
B • BLANK MOD E 

1~==:t:=~~~~~3~=f:~~!:::~:$~1-15V.C ~ 1+15V,C 

~==*=~;"" ___ +""'-1r-t---r--"'t''''''''11-15V,B 

~~~~a"15V'B ~ I+SV,C 

TEMPERATURE _ °c 

Figure 7. AD571 Power Supply Current vs. Temperature 
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ZERO OFFSET 
The apparent zero point of the AD571 can be adjusted by 
inserting an offset voltage between the Analog Common of the 
device and the actual signal return or signal common. Figure 8 
illustrates two methods of providing this offset. Figure 8A 
shows how the converter zero may be offset by up to ±3 bits 
to correct the device initial offset and/or input signal offsets. 
As shown, the circuit gives approximately symmetrical ad
justment in unipolar mode. In bipolar mode R2 should be 
omitted to obtain a symme~rical range. 

...-----------4AIN 

AD571 

.---..... ----4I~-_t ACOM 

R, Rz R3 
lOn 7.5k 4.7k 

SIGNAL COMMON 

+15V -15V 

ZERO'OFFSET ADJ 
±3 BIT RANGE 

Figure 8. (A) 

.---------fAIN 

AD571 
R, 

...--J\M-I ACOM 

SIGNAL COMMON 

2.7n 
OR5>! 
POT. 

~ BIT ZERO OFFSET 

Figure 8. (B) 

Figure 9 shows the nominal transfer curve near zero for an 
AD571 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be pre
ferable to offset the code transitions so that they fall between 
the nominal bit weights, as shown in the offset characteristics. 
This offset can easily be accomplished as shown in Figure 8B. 
At balance (after a'conversion) approximately 2mA flows into 
the Analog Common terminal. A 2.7fl resistor in series with 
this terminal will result in approximately the desired ~ bit off
set of the transfer characteristics. The nominal 2mA Analog 
Common current is not closely controlled in manufacture. If 
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high accuracy is required, a 5f! potentiometer (connected as 
a rheostat) can be used as Rl. Additional negative offsetrange 
may be obtained by using larger values of Rl. Of course, if 
the zero transition point is changed, the full scale transition 
point will also move. Thus, if an offset of ~LSB is introduced, 
full scale trimming as described on previous page should be 
done with an analog input of 9.985 volts. 

NOTE: During a conversion transient currents from the Analog 
Common terminal will disturb the offset voltage. Capacitive 
decoupling should not be used around the offset network. 
These transients will settle as appropriate during a conversion . 
Capacitive decoupling will "pump up" and fail to settle re
sulting in conversion errors. Power supply decoupling which 
returns to analog signal common, should go to the signal 
input side of the resistive offset network. 

OUTPUT 
CODE 

0000000100 

0000000011 

0000000010 

0000000001 

1""--
I 
I 

OOOOO~ ~~~~~-+-+---

OUTPUT 
CODE 

0000000100 

0000000011 

0000000010 

0000000001 

OV 10mV 30mV 50mV 
INPUT VOLTAGE 

NOMINAL CHARACTERISTICS 
REFERRED TO ANALOG COMMON 

r-
I 
I 

OV 10mV 30mV 50mV 
INPUT VOLTAGE 

OFFSET CHARACTERISTICS WITH 
2.7n IN SERIES WITH ANALOG COMMON 

Figure 9. AD571 Transfer Curve - Unipolar Operation 
(Approximate Bit Weights Shown for Illustration, Nominal 
Bit Weights '""9. 766mV) 



CONTROL AND TIMING OF THE ADS71 
There are several important timing and control features on 
the ADS71 which must be understood precisely to allow 
optimal interfacing to microprocessor or other types of con
trol systems. All of these features are shown in the timing 
diagram in Figure 10. 

The normal stand-by situation is shown at the left end of the 
drawing. The BLANK and CONVERT (B & C) line is held 
high, the output lines will be "open", and the DATA READY 
(DR) line will be high. This mode is the lowest power state 
of the device (typically IS0mW). When the (B & C) line is 
brought low, the conversion cycle is initiated; but the DR 
and Data lines do not change state. When the conversion cycle 
is complete (typically 2Sp.s), the DR line goes low, and within 
SOOns, the Data lines become active with the new data. 

About 1.Sp.s after the B & C line is again brought high, the 
, DR line will go high and the Data lines will go open. When the 

B & C line is again brought low, a new conversion will begin. 
The minimum pulse width for the B & C line to blank previous 
data and start a new conversion is 2p.s. If the B & C line is 
brought high during a conversion, the conversion will stop, and 
the DR and Data lines will not change. If a 2p.s or longer pulse 
is applied to the B & C line during a conversion, the converter 
will clear and start a new conversion cycle. 

DATA 
OUT 

START STOP START 

CONVERSION CON~i~SION 

Figure 10. AD571 Timing and Control Sequence 

CONTROL MODES WITH BLANK AND CONVERT 

The timing sequence of the ADS71 discussed above allows the 
device to be easily operated in a variety of systems with differ
ing control modes. The two most common control modes, the 
Convert Pulse Mode, and the Multiplex Mode, are illustrated 
here. 

Convert Pulse Mode - In this mode, data is present at the out
put of the converter at all times except when conversion is 
taking place. Figure 11 illustrates the timing of this mode. The 
BLANK and CONVERT line is normally low and conversions 
are triggered by a positive pulse. A typical application for this 
timing mode is shown in Figure 14 in which p.P bus interfacing 
is easily accomplished with three-state buffers. 

Multiplex Mode - In this mode the outputs are blanked except 
when the device is selected for conversion and readout; this 
timing is shown in Figure 12. A typical ADS71 multiplexing 
~pplication is shown in Figure 15. 

This operating mode allows multiple ADS71 devices to drive 
common data lines. All BLANK and CONVERT lines are held 
high to keep the outputs blanked. A single ADS71 is selected, 
its BLANK and CONVERT line is driven low and at the end of 

Control and Timing of the AD571 
conversion, which is indicated by DATA READY going low, 
the conversion result will be present at the outputs. When this 
data has been read from the lO-bit bus, BLANK and CONVERT 
is restored to the blank mode to clear the data bus for other 
converters. When several AD 5 71's are multiplexed in sequence, 
a new conversion may be started in one ADS71 while data is 
being read from another. As long as the data is read and the 
first ADS71 is cleared within lSp.s after the start of conversion 
of the second ADS71, no data overlap will occur. 

CONVERT 
PULSE 

.Be ~,-.-/ ______ _ 

CONVERT 
r-LINTEAVAL 

liR~ l ___ _ 

Figure 11. Convert Pulse Mode 

CONVERSION 
ENDS 

OR ------,u=-- ~~~g;J: 
,READ OUIOATA 

¢%%J9~EN~~lx$% DATA ~j~f~~~ 

Figure 12. Multiplex Mode 

SAMPLE-HOLD AMPLIFIER CONNECTION TO THE ADS71 
Many situations in high-speed acquisition systems or digitizing 
of rapidly changing signals require a sample-hold amplifier 
(SHA) in front of the A-D converter. The SHA can acquire and 
hold a signal faster than the converter can perform a conver
sion. A SHA can also be used to accurately define the exact 
point in time at which the signal is sampled. For the ADS71, 
a SHA can also serve as a high input impedance buffer. 

Figure 13 shows the·ADS71 connected to the ADS82 monoli
thic SHA for high speed signal acquisition. In this configuration, 
the ADS82 will acquire a 10 volt signal in less than 10p.s with a 
droop rate less than lOOp.V/m,s. The control signals are arranged 
so that when the control line goes low, the ADS82 is put into 
the "hold" mode, and the ADS 71 will begin its conversion 
cycle. (The ADS82 settles to final value well in advance of the 

300pF 

5 VOLT 
COM 

15 VOLT 
COM 

Figure 13. Sample-Hold Interface to the AD571 
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first comparator decision inside the AD57I). The DATA 
READY line is fed back to the other side of the differential 
input control gate so that the AD582 cannot come out of the 
"hold" mode during the conversion cycle. At the end of the 
conversion cycle, the DATA READY line goes low, auto
matically placing the AD582 back into the sample mode. 
This feature allows simple control of both the SHA and the A-D 
converter with a single line. Observe carefully the ground, sup
ply, and bypass capacitor connections between the two de
vices. This will minimize ground noise and interference during 
the conversion cycle to give the most accurate measurements. 

INTERFACING THE AD571 TO A MICROPROCESSOR 
The AD571 can easily be arranged to be driven from standard 
microprocessor control lines and to present data to any 
standard microprocessor bus (4-, 8-, 12'or 16-bit) with a mini
mum of additional control components. The configuration 
shown in Figure 14 is designed to operate with 8-bit bus 
and standard 8080 control signals. 

The input control circuitry shown is required to insure that 
the AD571 receives a sufficiently long B & C input pulse. 
When the converter is ready to start a new conversion, the 
B & C line is low, and DR is low. To command a conversion, 
the start address decode line goes low, followed by WR. The 
B & C line will now go high, followed about 1.5ps later by 
DR. This resets the external flip-flop and brings B & C back 
to low, which initiates the conversion cycle. At the end of the 
conversion cycle, the DR line goes low, the data outputs will 
become active with the new data and the control lines will 
return to the stand-by state. The new data will remain active 
until a new conversion is commanded. The self-pulsing nature 
of this circuit guarantees a sufficient convert pulse width. 

This new data can now be presented to the data bus by en
abling the three-state buffers when desired. A data word 
(8-bit or 2-bit) is loaded onto the bus when its decoded ad
dress goes low and the RD line goes low. This arrangement 
presents data to the bus "left-justified," with highest bits in 
the 8-bit word; a "right-justified" data arrangement can be set 

Figure 14. Interfacing AD571 to an 8·Bit Bus 
(8080 Control Structure) 
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~ATA 
BUS 

up by a simple re-wiring. Polling the converter to determine 
if conversion is complete can be done by addressing the gate 
which buffers the DR line, as shown. In this configuration, 
there is no need for additional buffer register storage since the 
data can beheld indefinitely in the AD57I, since the B & C 
line is continually held low. 

BUS INTERFACING WITH A PERIPHERAL INTERFACE 
CIRCUIT 
An improved technique for interfacing to a pP bus involves the 
use of special peripheral interfacing circuits (or 110 devices), 
such as the MC6821 Peripheral Interface Adapter (PIA). 
Shown in Figure 15 is a straighforward application of a PIA 
to multiplex up to 8AD571 circuits. The AD571 has 3-state 
outputs, hence the data bit outputs can be paralleled, provided 
that only one converter at a time is permitted to be the active 
state. The DATA READY output of the AD571 is an open 
collector with resistor pull-up, thus several DR lines can be 
wire-ored to allow indication of the status of the selected 
device. One of the 8-bit ports of the PIA is combined with 
2-bits from the other port and programmed as a IO-bit 
input port. The remaining 6-bits of the second port are 
programmed as outputs and along with the 2 control bits 
(which act as outputs), are used to control the 8 AD571 'so 
When a control line is in the "1" or high state, the ADC will 
be automatically blanked. That is, its outputs will be in the 
inactive open state. If a single control line is switched low, its 
ADC will convert and the outputs will automatically go active 
when the conversion is complete. The result can be read from 
the two peripheral ports; when the next conversion is desired, 
a different control line can be switched to zero, blanking the 
previously active port at the same time. Subsequently, this 
second device can be read by the microprocessor, and so-forth. 
The status lines are wire~ored in 2 groups and connected to the 
two remaining control pins. This allows a conversion status 
check to be made after a convert command, if necessary. The 
ADC's are divided into two groups to minimize the loading 
effect of the internal pull-up resistors on the DATA READY 
buffers. See the Motorola MC6821 data sheet for more ap-
plication detail. . 

l STATUS 
GROUP 1 

Figure 15. Multiplexing 8 AD571s Using Single PIA for pP 
Interface. No Other Logic Required (6800 Control Structure). 
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12-Bit Successive Approximation 
Integrated Circuit AID Converter 

FEATURES 
Performance 
True 12-Bit Operation: Max Nonlinearity < ±O_012% 
Low Gain T.C.: < ±15ppmtC (AD572B) 
Low Power: 900mW 
Fast Conversion Time: < 25/-1s 
Monotonic Feedback DAC Guarantees No Missing Codes 

Versatility 
Military/Aerospace Temperature Range: 

-55°C to +125°C (AD572S) 
MI L-STD-883 Processing Available 
Positive-True Serial or Parallel Logic Outputs 
Short-Cycle Capability 

Value 
Precision +10V Reference for External Application 
Internal Buffer Amplifier 
High Reliability Package 

GENERAL DESCRIPTION 
The AD572 is a complete l2-bit successive approximation 
analog-to-digital converter that includes an internal clock, 
reference, comparator, and buffer amplifier. Its hybrid IC 
design utilizes MSI digital and linear monolithic chips and 
active laser trimming of high-stability thin-film resistors to 
provide modular performance, flexibility, and ease of use, 
combined with IC size, pricc, and reliability. 

Important performance characteristics ofthe AD572 include 
a maximum linearity error at 25°C of ±0.Ol2%, gain T.e. 
below l5ppm/C, typical power dissipation of 900mW, and 
conversion time of less than 25/-1s. Of considerable signifi
cance in military and aerospace applications is the guaranteed 
performance from -55°C to +l25°C of the AD572S, and the 
availability of units processed to MIL-STD-883. Monotonic op
eration of the feedback D/A converter guarantees no missing 
output codes over temperature ranges of 0 to +70°C, -25°C to 
+85°C, and -55°C to +l25°C. 

The design of the AD572 includes scaling resistors that 
provide analog input signal ranges of ±2.5, ±5.0, ± 10, 0 to 
+5, or 0 to + 10 volts. Adding flexibility and value are the 
+ 10V precision reference, which also can be used for external 
applications, and the input buffer amplifier. All digital signals 

AD572 i 

AD572 FUNCTIONAL BLOCK DIAGRAM 

32-PIN DIP 

are fully DTL and TTL compatible, and the data output is 
positive-true and available in either serial or parallel form. 

The new AD572 package reduces the predicted failure rate 
by a factor of two. The new package integrates the device 
substrate and package in a single ceramic element to elimi
nate a number of bond wires and interconnections. The new 
design also eliminates a number of active components to 
further increase reliability. 

The AD572 is available in three versions with differing guaran
teed performance characteristics and operating t~mpera~r~ 
ranges; the "A" and "8" are specified from -25 C to +85 C, 
and the "s" from -55°C' to +12S

o
C. 

PRODUCT DESCRIPTION 
The AD572 functional diagram and pin-out are shown in 
Figure 1. The device consists of the following monolithic 
bipolar transistor and thin-film resistor circuit elements: 

1. l2-bit successive-approximation register 
2. l2-bit feedback DAC weighing network 
3. low-drift comparator 
4., temperature-compensated precision + lOV reference 
5. high-impedance buffer follower 
6. gated clock and digital control circuits 
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SPECIFICATIONS 
MODEL 

RESOLUTION 

ANALOG INPUTS 
Voltage Ranges 

Bipolar 
Unipolar 

Impedance (Direct Input) 
o to +SV, ±2.5V 
o to +10V, ±5V 
±10V 

Buffer Amplifier 
Impedance (min) 
Bias Current 
Settling Time 

to 0.01% of FSR for 20V step 

DIGITAL INPUTS 
Convert Command 
Logic Loading 

TRANSFER CHARACTERISTICS 
Gain Error (Note 2) 
Unipolar Offset Error 
Bipolar Offset Error 
Linearity Error (max) 
Inherent Quantization Error 
Differential Linearity Error 

No Missing Codes 
Power Supply Sensitivity 

±1SV 
±SV 

(typical @ +25°C, ±15V and +5V unless otherwise noted) 

ADS72AD 

12 Bits 

±2.S, ±S.O, ±10.0V 
o to +S, 0 to +10V 

2.Skn 
5.0kn 
lOkn 

100Mn 
SOnA 

211·s 

Note 1 
1 TTL Load 

±0.05% FSR (Adj to Zero) 
±O.OS% FSR (Adj to Zero) 
±0.1% FSR (Adj to Zero) 
0.012% FSR 
±Yz LSB 
±Yz LSB 
Guaranteed: 0 to +70

o
C 

±0.002% FSR/%LWS 
±0.001 % FSR/%6VS 

ADS72BD ADS72SD 

TEMPERATURE COEFFICIENTS 
Gain (max) ±30ppm/C (-2SoC to +8SoC) 

±3ppm FSR/C 

±1Sppm/C (-2SoC to+8S°C) ±1Sppm/oC (-2SoC to +8SoC) 
±2Sppm/oC (-SSoC to +12S°C) 

Unipolar Offset 
Bipolar Offset (max) 
Linearity 

CONVERSION TIME (max) 

DlylTAL OUTPUTS (All Codes Positive-True) 
Parallel Data 

Unipolar Code 
Bipolar Code 
Output Drive 

Serial Data (NRZ format) 
Unipolar Code 
Bipolar Code 
Output Drive 

Status 
Status 

Output Drive. 
Internal Clock 

Output Drive 
Frequency 

INTERNAL REFERENCE VOLTAGE 
Max External Current 
Voltage Temperature Coefficient (max) 

POWER REQUIREMENTS 
Supply Voltages/Currents 

Total Power Dissipation 
TEMPERATURE RANGE 

Specification 
Operating 
Storage: 

·Same specification as ADs72AD 
"Same specification as ADs72BD 

Specifications subject to 
change without notice_ 

±1Sppm FSR/C 
±3ppm FSR/oC 

25p.s 

Binary 

±Sppm FSR/oC (max) 
±7ppm FSR/C 
±2ppm FSR/oC 

Offset Binary/Two's Complement • 
2 TTL Loads 

Binary 
Offset Binary 
2 TTL Loads 
Logic "1" during Conversion 
Logic "0" during Conversion 
~ TTL Loads 

2 TTL Loads 
SOOkHz 

+10.00V, ±10mV 
±1mA 
±20ppm/C 

+1SV, ±5% @ +25mA 
-1SV, ±5% @ -20mA 
+SV, ±s% @ +80mA 
92SmW 

-2SoC to +8SoC 
-SSoC to +12S

o
C 

-SSoC to +lS0oC 

Note 1 Positive pulse 200ns wide (min). Leading edge 
("0" to "I") resets registers. Trailing edge 
("I" to "0") initiates conversion. 

Note 2 With son, 1 % fIXed resistor in place of Gain 
Adjust pot; see Figures 4 and S. 
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Applying the AD572 
z 
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Figure 1. AD572 Functional Diagram & Pinout 

The +lOV reference is derived from a low T.C. zener refer
ence diode which has its zener voltage amplified and buffered 
by an op amp. The reference voltage is calibrated to + 10V, 
±lOmV by active laser trimming of the thin-film resistors 
which determine the closed-loop gain of this op amp. 

The DAC chip uses 12 precision, high speed bipolar current 
steering switches, a control amplifier and a laser-trimmed thin 
film resistor network to produce a very fast, high accuracy 
analog output current. The DAC is laser-trimmed to calibrate 
all bit ratio scale factors to a precision of 0.0005% of FSR 
(full-scale range) to guararitee no missing codes over the 
appropriate temperature ranges specified for the AD572A, 
AD572B, and AD572S versions. 

Different unipolar and bipolar analog input ranges can be 
selected by changing connections at the device terminal pins. 
The analog voltage inpu t can be applied to either of the span 
(direct input) resistors. Alternatively, the unity buffer follow
er can be connected between the analog signal and either 
direct input terminal when a high impedance input is required. 

THEORY OF OPERATION 
On receipt of a CONVERT START command, the AD572 
converts the voltage at its analog input into an equivalent 
l2-bit binary number. This conversion is accomplished as 
follows: 

The l2-bit successive-approximation register (SAR) has its 
l2-bit outputs connected both to the respective device bit 
output pins and to the corresponding bit inputs of the feed
back DAC. 

The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the 
completion of each bit comparison period, depending on the 
state of the comparator at that time. 

TIMING 
The timing diagram is shown in Figure 2. Receipt of a 
CONVERT START signal sets the STATUS flag, indicating 
conversion in progress. This, in turn, removes the inhibit 
applied to the gated clock, permitting it to run through 

--j f-- 200ns, m;n 

~~ri~R~t·~==========~2:~~~.,~m~"~==========~ __ ~~ 
GATED 
CLOCK 

STATUS --.Jr.:;. ===:::;C;;O;NV~E;;R~SIOo;N~';N;;PR~O;;;GR;;E;;ss;::====lLJ 
~ INDETERMINATE PARALLEL DATA VALID ( I 

~ ~ L 
BIT 2 ~ 
BIT 3 ~~ ________________ ~r-
~ U 

BIT 5 ~ r-
BIT 6 ~ U 
BIT 7 ~ I 
BIT 8 ~ U 
BIT 9 ~ U 
BIT 10 ~ I 
BIT 11 ~ r-
BIT 12 
~ U (LSBI 

SERIAL 

Figure 2. Timing Diagram (Binary Code 110101011001) 
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13 cycles. All SAR parallel bit and STATUS flip-flops are 
initialized on the leading edge, and the gated clock inhibit 
signal removed on the trailing edge of the CONVERT 
START signal. At time to' B1 is reset and B2 -B12 are 
set unconditionally. At t1 the Bit 1 decision is made (keep) 
and Bit 2 is unconditionally reset. At t2' the Bit 2 decision 
is made (keep) and Bit 3 is reset unconditionally. This 
sequence continues until the Bit 12 (LSB) decision (keep) is 
made at t12' After a lOOns delay period, the STATUS flag 
is reset, indicating that the conversion is complete and that 
the parallel output data is valid. Resetting the STATUS flag 
restores the gated clock inhibit signal, forcing the clock 
output to the logic "0" state. 

Corresponding serial and parallel data bits become valid on 
the same positive-going clock edge. Serial data does not 
change and is guaranteed valid on negative-going clock edges, 
however; serial data can be transferred quite simply by clock
ing it into a receiving shift register on these edges (see Fig
ure 8). 

Incorporation of this lOOns delay period guarantees that 
the parallel (and serial) data are valid at the Logic "I" to "0" 
transition of the STATUS flag, permitting parallel data 
transfer to be initiated by the trailing edge of the STATUS 
signal. 

BINARY CODING 
The AD572 binary output number No = B1 B2 B3···B 12 
is related to the analog input voltage E jn for all unipolar 
ranges by the expression: . 

Bl 211 + B2 210 + B329 + ... + B12 20 

212 FSR 
(1) 

... where B1 = MSB, B12 = LSB, and FSR = full-scale range. 
For all bipolar ranges a fixed bipolar offset equal to ~ 
is internally summed with Ejn so that the sum of Ejn plus 
this offset will be positive over the rated operating range. 
For bipolar ranges, expression (1) becomes: 

Bl 211 + B2 210 + B329 + .. + B12 20 

212 

E FSR 
in + ---y-

FSR 

Expressions (1) and (2) can be put in an alternate form: 

(!h. +1h + !h. + +.!h.2.) FSR = E· (3) 2 4 8 .... 4096 m 

Unipolar (Binary Coding) 

... and ... 

(!!L+~+~+ ... +~)FSR- FSR =E.- (4) 
2 4 8 4096 . 2 m 

(2) 

Bipolar (Offset Binary Coding) 

Several examples will illustrate how this binary coding works. 

o TO +lOV INPUT RANGE 
Assume FSR = 10V and Bl B2 B3 .. B12 = 110001000001, 
then from (3), Ein = +5V +2.5V + 0.1563V + 0.0024V = 
+7.6587V. 
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-SV TO +SV INPUT RANGE 
Assume l'SR = lOY as above, but that the bipolar offset is 
connected and 131 B2 B3 .. B12 = 0110000000001. Then 
from (4), Ein = (+2.SV + 1.2SV + 0.0024V) - sv = -1.2476V. 

-lOY TO +lOV INPUT RANGE 
Assume the bipolar offset is connected as above, but that the 
input span is now 20V. Assuming the same digital output code 
as in the -SV to +SV input range example, from (4), Ein = 
(+SV +2.SV +0.0049V) -lOY = -2.49SlV, or twice the value 
of the previous example (neglecting round-off errors). 

The encoding process defined by the previous relations (1) 
and (2) or (3) and (4) determines that the analog input lies 
within one of the 212 = 4096 quantization levels between 0 
and FSR (or -FSR/2 and +FSR/2). Figures 3 (A) and 3 (B) 
show the actual device transfer curves for unipolar and bipolar 
ranges (offset binary coding). They also show the ideal 
straight-line transfer curves which pass through the center 
of each quantization level. As can be seen from these 
figures, the actual and ideal transfer curves differ by ex
actly ±'hLSB at the end of each quant'ization interval, 
giving rise to the fundamental ±'hLSB quantization error 
inherent in the digitizing process. 

1 J FSR -lLSB 

t~
. ~ IDEAL TRANSFER CURVE 

lLSB 

No 1: ACTUAL TRANSFER CURVE 

1 

,EIN~ 

(A) Unipolar Range (Binary Coding) 

~
ti' +V,FSR-1LSB 

No 
IDEAL TRANSFER CURVE 

L ACTUAL TRANSFER CURVE 
lLSS 

-Y,FSR _I r II 
EIN~ 

(B) Bipolar Range (Offset Binary Coding) 

Figure 3. Unipolar and Bipolar Range Transfer Curves 

ANALOG lN~UT AND POWER CONNECTIONS 
Offset Adjust:; ~nalog and power connections for 0 to + lOV 
unipolar and -10V to +lOV bipolar input ranges are shown 
in Figures 4 and 5, respectively. The Bipolar Offset pin 23 is 
open-circuited for all unipolar input ranges, and connected to 
Comparator Input pin 22 for all bipolar input ranges. The 
zero adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a 3.9Mn resis
tor to Comparator Input pin 22 for all ranges. The tolerance 
of this fixed resistor is not critical, and a carbon composition 
type is generally adequate. Using a carbon composition resis
tor having a -1200ppm/

o 
C temp co contributes a worst-case 

offset tempco of 8 x 244 x 10-6 x 1200ppm/o C = 2. 3ppmt C 
of FSR, if the OFFSET AD) potentiometer is set at either 
end of its adjustment range. Since the maximum offset ad
justment required is typically no more than ±4LSB, use of a 
carbon composition offset summing resistor typically contri
butes no more than 1ppm/C of FSR offset temp co. 



NOTE ANALOG !~I ANO OIGITAl 1"'71 GNDS ARE 
NOT TIED INTERNAllY AND MUST BE CONNECTED 
EXTERNALLY 

Figure 4. Analog and Power Connections for Unipolar 
o to +10V Input Range with Buffer Follower 

-15V 

NOTE ANALOG to/I AND DIGITAL t~ I GNDS ARE 
NOT TIED INTERNALLY AND MUST BE CONNECTED 
EXTERNALLY 

Figure 5. Analog and Power Connections for Bipolar -10V 
to +10V Input Range with Buffer Follower 

An alternate offset adjust circuit, which contribu tes negli
gible offset tempco if metal film resistors (tempco < 100 
ppm/ C) are used, is shown in Figure 6. 

+15V 

20 200k, M.F. 200k, M.F. 22 
20~' >---....... ""I'v----+--""VV'Ir-_D--I 

OFFSET ADJ 

( 
-15V 

(±8LSB's) 
11k, M.F. 

A 

AD572 

Figure 6. Low Tempco Zero Adj Circuit 

In either zero adjust circuit, the fixed resistor connected to 
pin 22 should be located close to this pin to keep the pin' 
22 connection runs short, since the Comparator Input pin 22 
is quite sensitive to external noise pick-up .. 

Gain Adjust: The gain adjust circuit consists of a lOOn 
potentiometer connected between +10V Reference Output 
pin 18 and Gain Adjust Input pin 27 for all ranges. Both 
GAIN and ZERO AD} potentiometers should be multi-turn, 
low tempco types; 20T cermet (tempco = 100ppm/C max) 

types are recommended. If the lOOn GAIN AD} potentio
meter is replaced by a fixed son resistor, absolute gain cal
ibration to ±0.1 % of FSR is guaranteed. 

Grounding: Analog and digital signal grounds should be kept 
separate where possible to prevent digital signals from flowing 
in the analog ground circuit and inducing spurious analog 
signal noise. Analog Ground pin 26 and Digital Ground pin 15 
are not connected internally; these two pins must be connect
ed externally for the device to operate properly. Preferably, 
this connection is made at only one point, and as close to 
the device as possible. 

Power Supply Bypassing: The ±lSV and +SV power leads 
should be capacitively bypassed for optimum device perfor
mance. 1pF tantalum types are recommended; these capaci
tors should be located close to the device. It is not necessary 
to shunt these capacitors with disc capacitors to provide ad
ditional high frequency power supply decoupling (as is requir
ed with some competitive products), since each power lead is 
bypassed internally with a 0.039pF ceramic capacitor. 

CALIBRATION 
External ZERO AD} and GAIN AD} potentiometers, con
nected as shown in Figures 3 and 4, are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the 
analog range (0 for unipolar and -YzFSR for bipolar input II 
ranges); Gain is adjusted with the analog input near the most 
positive end of the analog range, 

o to +10V Range: Set analog input to +lLSB = +0.0024V. 
Adjust Zero for digital output = 000000000001; Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.99S2V. 
Adjust Gain for 11111111111 0 digital ou tpu t code; full
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +S.OOOOV; digital output code should be 
100000000000. 

-10V to +10V Range: Set analog input to -9.99S1V; adjust 
Zero for 000000000001 digital output (offset binary) code. 
Set analog input to +9.9902V; adjust Gain for 111111111110 
digital output (offset binary) code. Half-scale calibration 
check: set analog input to O.OOOOV; digital outpu t (offset 
binary) code should be 100000000000. 

Other Ranges: Representative digital coding for 0 to + 10V, 
-SV to +SV, and -10V to +10V ranges is shown in Table 1. 
Coding relationships and calibration points for 0 to +SV and 
-2.SV to +2.SV ranges can be found by halving the corres
ponding code equivalents listed for the 0 to +10V and -SV 
to +SV ranges, respectively. 

Zero and full-scale calibration can be accomplished to a pre
cision of approximately ±'!.!LSB using the static adjustment 
procedure described above. By summing a small sine or tri
angular-wave voltage with the signal applied to the analog 
input, the output can be cycled through each of the calibra
tion codes of interest to more accurately determine the 
center (or end points) of each discrete quantization level. A 
detailed description of this dynamic calibration technique is 
presented in "AID Conversion Notes", D. Sheingold, Analog 
Devices, Inc., 1977, Part II, Chapter 4. 
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Analog Input - Volts Input Normalized Digital OUtpllt Code 
(Binary for Unipolar Ranges; (Center of Quantization Interval) to FSR 
Offset Binary for Bipolar Ranges) 

o to +10V -5V to +5V -10V to +10V Unipolar Bipolar B1 B12 
Range Range Range Ranges Ranges (MSB) (LSB) 

+9.9976 +4.9976 +9.9951 +FSR-1LSB +'hFSR-l LSB 1 1 1 1 1 1 1 1 1 1 1 1 
+9.9952 +4.9952 +9.9902 +FSR-2 LSB +'hFSR-2 LSB 1 1 1 1 1 1 1 1 1 1 1 0 

+5.0024 +0.0024 +0.0049 +V,FSR+l LSB +1 LSB 100000000001 
+5.0000 +0.0000 +0.0000 +'hFSR ZERO 100000000000 

+0.0024 -4.9976 -9.9951 +1 LSB -'hFSR+l LSB 000000000001 
+0.0000 -5.0000 -10.0000 ZERO -'hFSR 000000000000 

Table 1. Digital Output Codes vs Analog Input For U,nipolar and Bipolar Ranges 

RANGE AND BUFFER FOLLOWER PIN CONNECTIONS 
Analog pin connections for each of the ranges, with and 
without the buffer follower being used, are shown in Table 2. 

Range Buffer Connect Connect Connect 
Follower Analog Span Pin: Bipolar 

Input To Pin: Pin 23 To: 

Used 30. and 29 to 24 
o to +5V 25 to 22 

Not Used 24 -
Used 30. and 29 to. 24 

o to +10V -
Not Used 24 

Used 30, and 29 to 24 

1 
-2.5 to +2.5V 25 to 22 

Not Used 24 

Used 30, and 29 to 24 
-5 to +5V - 22 

Not Used 24 

l Used 30, and 29 to 25 
-10 to +10V -

Not Used 25 

Table 2. Range and Buffer Follower Pin Connections 

When the analog signal source has a low impedance (as 
would be the case if it were the output of the sample-hold 
amplifier of Figure 9), it can be connected to either of the 
direct input pins 24 or 25. The buffer follower is used in the 
application as shown in Figure 6, in which the analog input 
to the converter comes directly from the output of a FET 
analog multiplexer. The selected channel has a typical ron = 
200n which has a 3000ppm/o C tempco. If the multiplexer 
output were connected to the 0 to +10V direct input pin 24 
(5M2 input impedance, nominal), this ron would introduce 
a 4% gain scale-factor loading error, which is well beyond 
the normal ±O.25% FSR external gain adjustment r'ange, and 
a temp co of approximately 3000ppm/C x 4% = 120ppm/C. 
By connecting the buffer between the multiplexer output and 
direct input, these errors are eliminated. The buffer amplifier 
input bias current (50nA typical) must flow through the 
analog signal source, however. This limits the upper practical 
source impedance to several kilohms so that the offset volt
age (BIAS RSOURCE can be kept negligible, even though the 
buffer amplifier dynamic input impedance ~ 100Mn. The 
buffer amplifier has a 2p.s settling time to 0.01% FSR for a 
20V input step. This must be added to the conversion time 
when the input voltage can change significantly between 
successive conversions (as could be the. case in the circuit 
of Figure 7). 
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Figure 7. Using Buffer Follower With 
Multiplexed Analog Input 

Short Cycle Input: A Short Cycle Input pin 14 permits the 
timing cycle shown in Figure 2 to be terminated after any 
number of desired bits has been converted, permitting some
what shorter conversion times in applications not requiring 
full 12-bit resolution. When 12-bit resolution is required, 
pin 14 is connected to +5V (pin 16). When 10-bit resolution 
is desired, pin 14 is connected to Bit 11 output pin 2. The 
conversion cycle then terminates, and the STATUS flag 
resets after the Bit 10 decision (tlO + lOOns in timing dia
gram of Figure 2). Short Cycle pin connections and associat
ed maximum 12, 10, and 8-bit conversion times are sum-
marized in Table 3. . 

Connect Short Maximum Status Flag 
Cycle Pin 14 to Resolution Conversion Reset at: 

Pin: Bits (% FSR) Time (p.s) (Figure 2) 

16 12 0.024 25 t12 + lOOns 

2 10 0.10 21 tlO + lOOns 

4 8 0.39 17 ts + lOOns 

Table 3. Short Cycle Connections 

(One should note that the calibration voltages listed in Table 
1 are for 12-bit resolution only, and are not those correspond
ing to the center of each discrete quantization interval at re~ 
duced bit resolutions.) 

DIGITAL OUTPUT DATA 
Both parallel and seria\ data are in positive-true form and 
outputted from TTL storage registers. Parallel data output 
coding is bihary for unipolar ranges and either offset binary 



or two's complement binary, depending on whether Bit 1 
(pin 12) or its logical inverse BIT 1 (pin 13) is used as the 
MSB. Parallel data becomes valid approximately 200ns 
before the STATUS flag returns to Logic "0:;' p'erm:~ti,~g , 
parallel data transfer to be clocked on the 1 to 0 transI
tion of the STATUS flag. 

Serial data coding is binary for unipolar input ranges and 
offset binary for bipolar input ranges. Serial output is by 
bit (MSB first, LSB last) in NRZ (non-return-to-zero) format. 
Serial and parallel data outputs change state on positive-going 
clock edges. Serial data is guaranteed valid on all negative
going clock edges, permitting serial data to be clocked direct
ly into a receiving register on these edges as shown in Figure 
8. There are 13 negative-going clock edges in the complete 
12-bit conversion cycle, as shown in Figure 2. The first edge 
shifts an invalid bit into the register, which is shifted out on 
the 13th negative-going clock edge. All serial data bits will 
have been correctly transferred and be in the receiving shift 
register locations shown at the completion of the conversion 
period. 

APPLICATIONS 
Sample-Hold Amplifier: A sample-hold amplifier (SHA) is 
normally connected between the analog signal source and 
AD572 analog input when the analog signal can change by 
more than YzLSB during conversion. Typical SHA-AD572 
interconnections are shown in Figure 9. The STATUS output 
drives the SHA SAMPLE/HOLD input directly. On receipt of 
a CONVERT START pulse, the STATUS flag changes from 
"1" to "0" causing SHA mode to change from SAMPLE to 
HOLD. The SHA output voltage eo 5-H is then held constant 
at the value existing just prior to application of the HOLD 
command for the complete conversion period. At the end of 
conversion, the STATUS flag returns to "1", restoring the 
SHA mode to SAMPLE, and eo 5+1 again tracks the analog 
signal voltage ein 5+1 (after the signal acquisition transient 
has subsided). 

CON VERT 
START .JL. 

Figure 9. Sample-Hold Amplifier - AD572 Interconnections 

Note that the internal (gated) clock is inhibited for the du
ration of the CONVERT START pulse and does not start 
running until the termination of this pulse (see timing), This 
can be used to simplify control signal timing requirements. 
In the circuit of Figure 9, for example, the CONVERT 
START signal pulse-width can be extended beyo'nd the ap
erture delay time of the SHA to assure that eo 5+1 is in 
steady-state before conversion is initiated. This assures , 
accurate coiwersion without requiring additional delay tIm
ing circuitry. The effect of varying the CONVERT START 
pulse-width on the conversion timing cycle is shown in Fig
ure 10. 

STAT~ INVALID LI ____ ----' 

~~~I~BlIB2IB3IB4IB5IB6IB7IBBIB9IBl0IBlll 
(a) NARROW CONVERT START PULSE 

L-______________________ ~r_ 

(bi WIDE CONVERT START PULSE 

Figure 10. Effect of Convert Start Pulse-Width on Timing 
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Figure 8. Serial Data Transfer Into Shift Register With Parallel Output to Data Bus 

ANALOG-TO-DIGITAL CONVERTERS VOL. I, 11-29 

• 



Digital Gain Control: Figure 11 shows a method of varying 
the ADS72 gain digitally, using an 8-bit DAC. The lOOn 
GAIN ADJ potentiometer is replaced by a ISn fixed resistor. 
This biases full-scale high by approximately 3 snl2o,ooon = 
+0.18% of FSR. The ADSS9 has a large positive compliance 
voltage which permits its Current Output pin 4 to be connect
ed directly to the ADS72 Reference Input pin 27. The ADSS9 
2.SmA output current is established by the ADS80 +2.SV 
voltage reference connected through a lkn resistor to Refer
ence Current Input pin 14. The 2.SmA DAC full-scale output 
current removed from the ADS72 pin 27 node changes the 
pin 27 input current -2.SmA x ISn/20kn = -1.88J,lA, or 
-1.88J,lA/SOOJ,lA = -0.38% of FSR; this permits a digital gain 
adjustment range of approximately ±0.2% FSR from nominal. Figure 11. Digital Gain Control Using 8-Bit DAC 

ADS72 ORDERING GUIDE 

Model 
Specification 
Temp Range 

Max 
Gain T.C_ 

ADS72AD -2SoC to +8SoC ±30ppm/oC 

ADS72BD -2SoC to +8SoC ±ISppm/oC 

ADS72SD -SSoC to +12SoC ±ISppm/C (-2SoC to +8SoC) 

, ±2Sppm/oC (-SSoC to +12SoC) 

Max 
Reference T .C. 

±20ppm/oC 

±10ppm/C 
±20ppm/C 

Guaranteed Temp Range Package 
No Missing Codes Option! 

o to +70
o
C 

-2SoC to +8SoC 

-SSoC to +12SoC 

HY32G 

HY32G 

HY32G 

ADS72BD/883B} 
Meet all specifications after processing to the requirements of MIL-STD-883, Method S008, Class B. 

ADS72SD/883B 

NOTE: D suffix = Dual-In-Line package designator. 

1 See Section 20 for package outline information. 
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~ANALOG 
WDEVICES 

Fast, Complete 10-Bit AID Converter 
with Microprocessor Interface 

ADVANCE TECHNICAL DATA 
FEATURES 
Complete 10-Bit AID Converter with Reference, Clock 

and Comparator 
Full 8- or l6-Bit Microprocessor Bus Interface 
Fast Successive Approximation Conversion - l5Jls 
No Missing Codes Over Temperature 
Operates on + 5V and -12V to -15V Supplies 
Low Cost Monolithic Construction 

PRODUCT DESCRIPTION 
The ADS73 is a complete lO-bit successive approximation analog 
to digital converter consisting of a DAC, voltage reference, 
dock, comparator, successive approximation register (SAR) and 
3 state output buffers-all fabricated on a single chip. No external 
components are required to perform a full accuracy lO-bit con
version in 15 JlS. 

The ADS73 incorporates the most advanced integrated circuit 
design and processing technology available today. The successive 
approximation function is implemented with JZL (integrated 
injection logic). Laser trimming of the high stability SiCr thin 
film resistor ladder network at the wafer stage (L WT) insures 
high accuracy, which is maintained with a temperature compen
sated sub-surface Zener reference. 

Operating on supplies of + SV and -12V to -ISV, the ADS73 
will accept analog inputs of 0 to + lOV, unipolar, or - SV to 
+SV, bipolar. A positive pulse on the CONVERT line initiates 
the ISl1-s conversion cyde. DATA READY indicates completion 
of the conversion. HIGH BYTE ENABLE (HBE) and LOW 
BYTE ENABLE (LBE) control the 8-bit and 2-bit three state 
output buffers. ' 

The ADS73 is available in two versions for the 0 to + 70°C 
temperature range, the ADS73] and ADS73K. The ADS73S 
guarantees lO-bit accuracy and no missing codes from - 55°C to 
+ 125°C. 

Two package configurations are offered. The ADS73] and 
ADS73K are available in a 20-pin plastic DIP. All versions are 
offered in a 20-pin hermetically sealed ceramic DIP. 

*Proteeted by Patents 3,940,760; 4,213,806 and 4,136,349 

AD573* I 

BIPOLAR 
OFFSET -

CONTROL 

AD573 FUNCTIONAL BLOCK DIAGRAM 

V-
DIGITAL 

COMMON CONVERT 

MSB 
DB9 

DBa 

DB7 

DB6 

DBS 

DB4 

DBl 

DB2 

HIGH 
BYTE 

L.--j ")""';'-+-if- ::: } ~$~ 
LSB 

~~1~-t::::::::::::::::::::~ __________ J 

PRODUCT HIGHLIGHTS 
1. The ADS73 is a complete lO-bit AID converter. No external 

components are required to perform a conversion. 

2. The ADS73 interfaces to many popular microprocessors 
without external buffers or peripheral interface adapters. The 
10 bits of output data can be read as a lO-bit word or as 8-
and 2-bit words. 

3. The device offers true lO-bit accuracy and exhibits no missing 
codes over its entire operating temperature range. 

4. The ADS73 accepts either unipolar (0 to + lOY) or bipolar 
( - SV to + SV) analog inputs by simply grounding or opening 
a single pin. 

5. Performance is guaranteed with + SV and - ISV .supplies. 
The device will also operate with a - 12V supply. 

6. The ADS73SD/883B is screened in accordance with the Class 
B requirements of MIL-STD-883, Method 5004. Single chip 
construction renders the ADS73 inherently more reliable 
than hybrid units. That and its functional completeness 
make the ADS73 especially attractive fo~ high reliability ap
plications. 
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SPECIFICATIONS 
(typical @ + 25°C with V + = + 5V, V - = -15V, all voltages measured with respect to digital common, unless otherwise indicated) 

Model 

RESOLUTION 

RELATIVE ACCURACY @ 2soC2 

TmintoTmax 

FULL SCALE CALIBRATION3 

(With 1 Sf! Resistor In Series With 
Analog Input) 

UNIPOLAR OFFSET (max) 

BIPOLAR OFFSET (max) 

DIFFERENTIAL NONLINEARITY 
(Resolution for Which No Missing 

Codes are Guaranteed) 
+2SoC 

Tolln to Tmax 

TEMPERATURE RANGE 

TEMPERATURE COEFFICIENTS 
Guaranteed max Change 

25°C to T min orT max 
Unipolar Offset 
Bipolar Offset 
Full Scale Calibration 

(With 1 Sf! Fixed Resistor or 
sOf!Trimmer) . 

POWER SUPPLY REJECTION 
Max Change in Full Scale Calibration 

Positive Supply 
+4.5V:s:V +:s: +S.SV 

Negative Supply 
-lS.7sV:s:V -:s: -14.2SV 
-12.6V:s:V -:s: -11.4V 

ANALOG INPUT IMPEDANCE 

ANALOG INPUT RANGES 
(Analog Input to Analog Common) 

Unipolar 
Bipolar 

OUTPUT CODING 
Unipolar 
Bipolar 

LOGIC OUTPUT 
Bit Outputs and ""D:-at-a";::R:-ea-'d;-y 

Output Sink Current 
(V OUT = OAV max, T min to T max) 

Output Source Current (Bit OutputS)4 
(V OUT = 2.4V min, T min to T max) 

Output Leakage (3 State) 

LOGIC INPUT (CONVERT, HBE, LBE) 
Input Current (O:s:VIN:s:V +) 
Logic "1" 
Logic "0" 

CONVERSION TIME 
Tolln to Tmax 

ADS73J 

10 Bits 

::!: 1LSBmax 
::!: 1LSBmax 

::!:2LSB 

::!:lLSB 

::!: 1LSB 

lOBits 
9Bits 

::!: 2LSB (44ppmfOC) 
::!: 2LSB (44ppmfOC) 
::!: 4LSB (88ppm/°C) 

::!: 2LSB max 

::!: 2LSB max 
::!: 2LSB max 

3kf!min 
skf!typ 
7kf!max 

Oto + 10V 
-sVto +sV 

Positive True Binary 

ADS73K 

* 
::!: YzLSBmax 
::!: IjzLSBmax 

* 
::!:l/zLSB 

::!: YzLSB 

* 
10 Bits 

* 

::!: 1LSB (22ppm/°C) 
::!: 1LSB (22ppm/°C) 
::!: 2LSB (44ppmfOC) 

::!: 1LSBmax 

::!: 1LSBmax 
::!: 1LSBmax 

* 
* 
* 

* 
* 

* 
Positive True Offset Binary * 

3.2mAmin * 
(2TTL Loads) * 

O.5mAmin * 
::!:40J.1Amax * 

::!: 100J.1Amax * 
2.0Vmin * 
0.8max * 
lOJ.1smin * 
lsJ.1s typ * 
20J.1smax * 
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ADS73S1 

* 
::!: 1LSBmax 
::!: 1LSBmax 

* 
* 
* 

* 
** 
- 55°C to + l2SoC 

::!: 2LSB (20ppm/°C) 
::!: 2LSB (20ppm/°C) 
::!: sLSB (sOppm/°C) 

* 

* 
* 
* 
* 
* 

* 
* 

* 
* 

* 
* 

* 
* 

* 
* 
* 
* 
* 
* 



Model 

POWER SUPPLY 
Absolute Maximum 

V+ 
V-

Specified Operating - Rated Performance 
V+ 
V-

Operating Range 
V+ 
V-

Operating Current 
V+ = +SV 

V- = -lSV 

*Specifications same as ADS73J. 
"Specifications same as ADS73K. 
Specifications subject to change without notice. 

AD5731 AD573K 

+7V * 
-16.SV * 

+SV * 
-lSV * 

+4.SVto +S.SV * 
-11.4Vto -lS.7SV * 

15mAtyp 
(2SmAmax) * 

9mAtyp 
(lSmAmax) * 

IThe ADS73S is available fully processed and screened to the requirements of MIL·STD-883, Method 5004, 
Class B. When ordering specify the ADS73SD/883B. 

2Relative accuracy is defined as the deviation of the code trlmsition points from the ideal transfer point on a 
straight line from the zero to the full scale of the device. 

3Full scale calibration is guaranteed trimmable to zero with an external son potentiometer in place of the Isn 
fixed resistor. 
Full scale is defmed as 10 volts minus ILSB, or 9.990 volts. 

4The Data output lines have active pull-ups to source O.SmA. The DATA READY line is open collector with 
a nominal 6kn internal pull-up resistor. 

AD573S1 

* 
* 

* 
* 

* 
* 

* 

* 

ABSOLUTE MAXIMUM RATINGS 
V + to Digital Common . . . . . . . 
V - to Digital Common . . . . . . . 
Analog Common to Digital Common 
Analog Input to Analog Common .. 
Control Inputs . . . . . . . . . . . . 
Digital Outputs (High Impedance State) 
Power Dissipation . . . . . . . . . . . 

.. 0 to +7V 
o to -16.SV 

:tlV 
. :tlSV 
o to V+ 
o to V+ 
800mW 

AD573 ORDERING GUIDE 

Model 
ADS73}N 
ADS73KN 
ADS73}D 
ADS73KD 
ADS73SD 
ADS73SD/883B 

Package Option l 

20-Pin Plastic DIP (N20A) 
20-Pin Plastic DIP (N20A) 
20-Pin Ceramic DIP (D20A) 
20-Pin Ceramic DIP (D20A) 
20-Pin Ceramic DIP (D20A) 
20-Pin Ceramic DIP (D20A) 

I See Section 20 for package outline information. 

Temperature Relative 
Range Accuracy 
Oto + 70°C :t lLSBmax 
o to + 70°C :t 1I2LSB max 
Oto + 70°C :t lLSBmax 
o to + 70°C :t 1I2LSB max 
-SSOCto + 12SoC :t lLSBmax 
- SsoC to + 12SoC :t lLSB max 
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FUNCTIONAL DESCRIPTION 
A block diagram of the ADs73 is shown in Figure 1. The positive 
CONVERT pulse must be at least sOOns wide. DR goes high 
within 1.sf1S after the leading edge of the convert pulse indicating 
that the internal logic has been reset. The negative edge of the 
CONVERT pulse initiates the conversion. The internal lO-bit 
current output DAC is sequenced by the integrated injection 
logic (eL) successive approximation register (SAR) from its 
most signifiCant bit to least significant bit to provide an output 
current ~hich accurately balances the input signal current through 
the sk!1 resistor. The comparator determines whether the addition 
of each successively weighted bit current causes the DAC current 
sum to be greater or less than the input current; if the sum is 
less, the bit is turned off. After testing all bits, the SAR contains 
a lO-bit binary code which accurately represents the input signal 
to within l/zLSB (0.05% of full scale). 

The SAR drives DR low to indicate that the conversion is complete 
and that the data is available to the output buffers. HBE and 
LBE can then be activated to enable the upper 8-bit and lower 
2-bit buffers as desired. HBE and LBE should be brought high 
prior to the next conversion to place the output buffers in the 
high impedance state. Accuracy may be affected if HBE and 
LBE are in the enabled state during the conversion cycle. 
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Figure 1. AD573 Functional Block Diagram 

The temperature compensated buried Zener reference provides 
the primary voltage reference to the DAC and ensures excellent 
stability with both time and temperature. The bipolar offset 
input controls a switch which allows the positive bipolar offset 
current (exactly equal to the value of the MSB less'l/zLSB) to be 
injected into the summing ( + ) node of the comparator to offset 
the DAC output. Thus the nominal 0 to + lOV unipolar input 
range becomes a - sV to + sV range. The skn thin film input 
resistor is trimmed so that with a full scale input signal, an 
input current will be generated which exactly matches the DAC 
output with all bits on. 

UNIPOLAR CONNECTION 
The ADs73 contains all the active components required to 
perform a complete AID conversion. Thus, for many applications, 
all that is necessary is connection of the power supplies ( + SV 
and - IsV), the analog input and the conversion start pUlse. 
However, there are some features and special connections which 
should be considered for achieving optimum performance. The 
functional pin-out is shown in Figure 2. 
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The standard unipolar 0 to + 10V range is obtained by shorting 
the bipolar offset control pin (pin 16) to digital common 
(pin 17). 
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Figure 2. AD573 Pin Connections 

Full Scale Calibration 
The skn thin film input resistor is laser trimmed to produce a 
current which matches the full scale current of the internal 
DAC-plus about O.3%-when an analog input voltage of 9.990 
volts (10 volts - ILSB) is applied at the input. The input resistor 
is trimmed in this way so that if a fine trimming potentiometer 
is inserted in series with the input signal, the input current at 
the full scale input voltage can be trimmed down to match the 
DAC full scale current as precisely as desired. However, for 
many applications the nominal 9.99 volt full scale c~n be achieved 
to sufficient accuracy by simply inserting a IS!} resistor in series 
with the analog input to pin 14. Typical full scale calibration 
error will then be within ±2LSB or ±0.2%. If more precise 
calibration is desired, a son trimmer should be used instead. 
Set the analog input at 9.990 volts, and set the trimmer so that 
the output code is just at the transition between 1111111110 and 
11111111. Each LSB will then have a weight of 9. 766m V. If a 
nominal full scale of 10.24 volts is desired (which makes the 
LSB have weight of exactly 1O.00mV), a lOOn resistor and a 
lOOn trimmer (or a 200n trimmer with good resolution) should 
be used. Of course, larger full scale ranges can be-arranged by 
using a larger input resistor, but linearity and full scale temperature 
coefficient may be compromised if the external resistor becomes 
a sizeable percentage of skn. Figure 3 illustrates the connections 
required for full scale calibration. 
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Figure 3. Standard AD573 Connections 



Unipolar Offset Calibration 
Since the Unipolar Offset is less than ± lLSB for all versions of 
the AD573, most applications will not require trimming. Figure 
4 illustrates two trimming methods which can be used if greater 
accuracy is necessary. 

Figure 4a shows how the converter zero may be offset by up to 
± 3 bits to correct the device initial offset and/or input signal 
offsets. As shown, the circuit gives approximately symmetrical 
adjustment in unipolar mode. 
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Figure 5 shows the nominal transfer curve near zero for an 
AD573 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be preferable 
to offset the code transitions so that they fall between the nominal 
bit weights, as shown in the offset characteristics. 

This offset can easily be accomplished as shown in Figure 4b. 
At balance (after a conversion) approximately 2ma flows into the 
analog Common terminal. A 2.70 resistor in series with this 
terminal will result in approximately the desired Y2 bit offset of 
the transfer characteristics. The nominal 2mA Analog Common 
current is not closely controlled in manufacture. If high accuracy 
is required, a 50 potentiometer (connected as a rheostat) can be 
used as Rl. Additional negative offset range may be obtained by 
using larger values of RI. Of course, if the zero transition point 
is changed, the full scale transition point will also move. Thus, 
if an offset of Y2LSB is introduced, full scale trimming as described 
on the previous page should be done with an analog input of 
9.985 volts. 

NOTE: During a conversion transient currents from the Analog 
Common terminal will disturb the offset voltage. Capacitive 
decoupling should not be used around the offset network. These 
transients will settle as appropriate during a conversion. Capacitive 
decoupling will "pump up" and fail to settle resulting in conversion 
errors. Power supply decoupling which returns to analog signal 
common, should go to the signal input side of the resistive 
offset network. 
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Figure 5. AD573 Transfer Curve - Unipolar Operation 
(Approximate Bit Weights Shown for Illustration, Nominal 
Bit Weights - 9.766mV) 

BIPOLAR CONNECTION 
To obtain the bipolar - 5V to + 5V range with an offset binary 
output code the bipolar offset control pin is left open. 

A - 5.00 volt signal will give a lO-bit code of 0000000000; an 
input of 0.00 volts results in an output code of 1000000000 and 
4.99 volts at the input yields the 1111111111 code. The bipolar 
offset control input is not directly TTL compatible but a TTL 
interface for logic control can be constructed as shown in Fig
ure 6. 

·15V 

Figure 6. Bipolar Offset Controlled. by Logic Gate 
Gate Output = 1 Unipolar 0 - 10V Input Range 
Gate Output = 0 Bipolar ± 5V Input Range 

Full Scale Calibration 
Full Scale Calibration is accomplished in the same manner as in 
Unipolar operation except the full scale input voltage is 4.990 
volts. 

Negative Full Scale Calibration 
The circuit in Figure 4a can also be used in Bipolar operation to 
offset the input voltage (nominally - 5V) which results in the 
0000000000 code. R2 should be omitted to obtain a symmetrical 
range. 
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GROUNDING CONSIDERATIONS 
The AD573 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
±200mV of common mode voltage between the two commons. 
This permits more flexible control of system common bussing 
and digital and analog returns. 

In normal operation the Analog Common terminal may generate 
transient currents of up to 2mA during a conversion. In addition 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. 

The absolute maximum voltage rating between the two commons 
is ± 1 volt. It is recommended that the connection of a parallel 
pair of back-to-back protection diodes between the commons if 
they are not connected locally. 

CONTROL AND TIMING OF THE ADS73 
CONVERT, HBE and LBE are the control pins. Timing for 
the conversion cycle is shown in Figure 7a. A positive pulse at 
least 500ns in width must be applied to the CONVERT pin to 
initiate the conversion. DR goes high within 1.5J-ls after the 
rising edge of the convert start pulse to indicate that the SAR is 
reset and goes low when the conversion is complete. 

Read timing is shown in Figure 7b. The timing and control of 
the LBE and HBE pins are identical. Bringing HBE low activates 
the upper 8-bit 3 state buffer. Driving LBE low enables the 
lower 2-bit buffer. 

CONVERT ----'E cJ----
DATA READY ~ ~ 

lose _le-1 

Figure 7a. Convert Timing 
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OR --------------~~~~~ 
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Figure 7b. Read Timing 
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TIMING SPECIFICATIONS 

tes 500nsmin 
tose 1. 5 J-lS max 
te 1OJ-lsmin 

15J-ls typ 
20fLsmax 

too 250nsmax 
tHO SOns min 
tHI. 200nsmax 

Timing Reference Level is VIN H +2 VIN Lor V OUT H ; V OUT L 

Usually HBE and LBE are derived from an address decoder 
gated with the system RD, and often represent adjacent address 
locations in the microprocessor's m~mory map. The bit assign
ments for the two addresses are shown below: 

HBE 1 OB91 OB81 OB71 OB61 OB51 OB41 OB31 OB21 

LBE I OB1 I OBD I X X X X X X 

When the AD573 is connected directly to an 8-bit microprocessor 
bus the 2LSBs (pins 1 and 2) should be hardwired fo the desired 
upper bits (usually the 2MSBs - pins 9 and 10). The six least 
significant bits of the low byte should be masked out by software 
to prevent meaningless data from being read. For example, a 
logical AND operation with 1100000000 will force the unused 
bits to logic O. 

For use with 16-bit microprocessors, HBE and LBE are tied 
together and all 10 data bits are enabled simultaneously The 
1O-bit word can then be placed either at the high end of the 16-
bit word (left-justified format) or at the low end of the 16-bit 
word (right-justified). 

Access time of the three-state buffers is 250ns maximum. 

In systems where peripheral interface adapter chips are used, or 
where dedicated 110 ports exist (as in single-chip microcomputers), 
the AD573 may be used in a "stand-alone mode". In this mode, 
DR is hard-wired to LBE and HBE to disable the output buffers 
during conversion. Upon completion of the conversion cycle, 
DR enables the output drivers, and the 1O-bit parallel data can 
be read. 



SAMPLE· HOLD AMPLIFIER CONNECTION TO THE 
AD573 
Many situations in high-speed acquisition systems or digitizing 
rapidly changing signals require a sample-hold amplifier (SHA) 
in front of the A-D converter. The SHA can acquire and hold a 
signal faster than the converter can perform a conversion. A 
SHA can also be used to accurately define the exact point in 
time at which the signal is sampled. For the ADS73 a SHA can 
also serve as a high input impedance buffer. 

Figure 8 shows the ADS73 connected to the ADS82 monolithic 
SHA for high speed signal acquisition. In this configuration, the 
ADS82 will acquire a 10 volt signal in less than IOlJ-s with a 
droop rate less than IOOIJ-V/ms. 

+15V 

CONVERT PULSE 

DR goes high after the conversion is initiated to indicate that 
reset of the SAR is complete. In Figure 8 it is also used to put 
the ADS82 into the hold mode while the ADS73 begins its 
conversion cycle. (The ADS82 settles to final value well in advance 
of the first comparator decision inside the ADS73). 

DR goes low when the conversion is complete placing the ADS82 
back in the sample mode. Configured as shown in Figure 8, the 
next conversion can be initiated after a IOlJ-s delay to allow for 
signal acquisition by the ADS82. 

Observe carefully the ground, supply, and bypass capacitor 
connections between the two devices. This will minimize ground 
noise and interference during the conversion cycle. 

+5V 
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...--4 ...... --------+------1 A IN DATA READY 
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5 VOLT 
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15 VOLT 
COM 

Figure 8. Sample-Hold Interface to the AD573 
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r.ANALOG 
WDEVICES 

Fast, Complete 12-Bit AID Converter 
with Microprocessor Interface 

FEATURES 
Complete 12-Bit AID Converter with Reference 

and Clock 
Full 8- or 16-Bit Microprocessor Bus Interface 
250ns Bus Access Time 
Guaranteed linearity Over Temperature 

o to + 70°C -'AD574AJ, AK, AL 
-55°C to + 125°C - AD574AS, AT, AU 

No Missing Codes Over Temperature 
Fast Successive Approximation Conversion - 251-1s 
Buried Zener Reference for Long-Term Stability 

and Low Gain T.C. 10ppm/oC max AD574AL 
12.5ppm/oC max AD574AU 

Low Profile 28-Pin Ceramic DIP 
Low Power: 390mW 
Low Cost 

PRODUCT DESCRIPTION 
The AD574A is a complete 12-bit successive-approximation 
analog-to-digital converter with 3-state output buffer circuitry 
for direct interface to an 8-, 12-or 16-bit microprocessor bus. 
The AD574A design is implemented with two LSI chips each 
containing both analog and digital circuitry, resulting in the 
maximum performance and flexibility at the lowest cost. 

One chip is the high performance AD565A 12-bit DAC and 
voltage reference. It contains the high speed current output 
switching circuitry, laser-trimmed thin film resistor network, 
low T.C. buried zener reference and the precision input scaling 
and bipolar offset resistors. This chip is laser-trimmed at the 
wafer stage (L WT) to adjust ladder network linearity, voltage 
reference tolerance and temperature coefficient, and the calibration 
accuracy of input scaling and bipolar offset resistors. 

The second chip uses the proven LCI (linear-compatible integrated 
injection logic) process to provide the low-power eL successive
approximation register, converter control circuitry, clock, bus 
interface, and the high performance latching comparator. The 
precision, low-drift comparator is adjusted for initial input offset 
error at the wafer stage by the "zener-zap" technique which 
trims the ~omparator input stage to 1110 LSB typical error. This 
form of trimming, while cumbersome for complex ladder networks, 
is an attractive alternative to thin film resistor trimming for a 
simple offset adjustment and eliminates the need for thin film 
processing for this portion of the circuitry. 

The AD574A is available in six different grades. The AD574AJ, 
AK, and AL grades are specified for operation over the 0 to 
+ 70°C temperature range. The AD574AS, AT, and AU are 
specified for the - 55°C to + 125°C range. All grades are packaged 
in a low-profile, 0.600 inch wide, 28-pin hermetically-sealed 
ceramic DIP. 
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PRODUCT HIGHLIGHTS 
1. The AD574A interfaces to most popular microprocessors 

with an 8-, 12-, or 16-bit bus without external buffers or 
peripheral interface controllers. Multiple-mode three-state 
output buffers connect directly to the data bus while the read 
and convert commands are taken from the control bus. The 
12-bits of output data can be read either as one 12-bit word 
or as two 8-bit bytes (one with 8 data bits, the other with 4 
data bits and 4 trailing zeros). 

2. The precision, laser-trimmed scaling and bipolar offset resistors 
provide four calibrated ranges, 0 to + 10 and 0 to + 20 volts 
unipolar, or - 5 to + 5 and -10 to + 10 volts bipolar. Typical 
bipolar offset and full scale calibration of ± 0.1 % can be 
trimmed to zero with one external component each. 

3. The internal buried zener reference is trimmed to 10.00 volts 
with 1% maximum error and 15ppm;oC typical T.C. The 
reference is available externally and can drive up to 1.5mA 
beyond that required for the reference and bipolar offset 
resistors. 

4. The two-chip construction renders the AD574A inherently 
more reliable than hybrid multi-chip designs. All three military 
grades have guaranteed linearity error over the full - 55°C to 
+ 125°C and are especially recommended for high performance 
needs in harsh enviro~ments. These units are available pro
cessed to MIL-STD-883B, Level B. 
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SPECIFICATIONS (typical @ +2~oe wit~ .Vee = +15V or +12V, VLOGle = +5V, VEE = -15Vor -12V, 
.. unless otherwise specified) 

DC AND TRANSFER ACCURACY SPECIFICATIONS 

MODEL 

RESOLUTION (max) 

LINEARITY ERROR 
25°C (max) 
Tmin to Tmax (max) 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

25°C 

Tmin to Tmax 

UNIPOLAR OFFSET (max) (Adjustable to zero) 

BIPOLAR OFFSET (max) (Adjustable to zero) 

FULL SCALE CALIBRATION ERROR 
(with fixed son resistor from REF OUT to REF IN) 
(Adjustable to zero) 25°C (max) 

Tmin to Tmax (Without Initial Adjustment) 
. (With Initial Adjusonent) 

TEMPERATURE RANGE 

TEMPERATURE COEFFICIENTS (Using internal reference) 
Guaranteed max change 
Tmin to Tmax 

Unipolar Offset 

Bipolar Offset 

Full Scale Calibration 

POWER SUPPLY REJECTION 
Max change in Full Scale Calibration 

+1'3.SVo;;;;;Vcco;;;;;+16.SV or +11.4V';;;Vcco;;;;;+12.6V 
+4.5Vo;;;;;VLOGICo;;;;;+S.SV 
-16.SVo;;;;;VEEo;;;;;-13.SVor -12.6Vo;;;;;VEEo;;;;;-11.4V 

ANALOG INPUTS . 
Input Ranges 

Bipolar 

Unipolar 

Input Impedance 
10 Volt Span 
20 Volt Span 

POWER SUPPLIES 
Operating Range 

VLOGIC 
VCC 
VEE 

Operating Current 

ILOGIC 
Icc 
VEE 

POWER DISSIPATION 

INTERNAL REFERENCE VOLTAGE 
Output Current (available for exterrialloads) 
(External load should not change during conversion) 

PACKAGE TYPE' 

NOTES 
I The reference should be buffered for operation on ± 12V supplies. 
~ See Section 20 for package outline information. 
Specifications subject to change without notice. 
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ADS74AJ ADS74AK ADS74AL 

12 

±1 
±1 

11' 
11 

±2 

±10 

0.3 

0.5 
0.22 

±2 
(10) 
±2 
(10) 
±9 
(SO) 

±2 
±1I2 
±2 

12 

±1I2 
±1I2 

12 
12 

±2 

±4 

0.3 

0.4 
0.12 

o to +70 

±1 
(5) 
±1 
(5) 
±S 
(27) 

±1 
±1I2 
±1 

-5 to +5 
-10 to +10 
o to +10 
o to +20 

Sk (3k min. 7k max) 

12 

±1I2 
±1I2 

12 
12 

±2 

±4 

0.3 

0.35 
0.05 

±1 
(5) 
±1 
(5) 
±2 
(10) 

±1 
±1I2 
±1 

10k (6k min. 14k max) 

+4.5 to +5.5 
+11.4 to +16.5 
-11.4 to -16.5 

30 typo 40 max 
2 typo 5 max 

18 typo 30 max 

390 typo 725 max 

10.00 ±0.1 (max) 
1.5 maxi 

D28A 

UNITS 

Bits 

LSB 
LSB 

Bits 
Bits 

LSB 

LSB 

% ofF.S. 

% of F.S. 
% of F.S. 

LSB 
(ppm/oC) 
LSB 
(ppm/oC) 
LSB 
(ppm/C) 

LSB 
LSB 
LSB 

Volts 
Volts 
Volts 
Volts 

n 
n 

Volts 
Volts 
Volts 

rnA 
rnA 
rnA 

mW 

Volts 
rnA 



DC AND TRANSFER ACCURACY SPECIFICATIONS 

MODEL 

RESOLUTION (max) 

LINEARITY ERROR 
25°C (max) 

_25°C to +8So C (max) 
-55°C to +12S

o
C (max) 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missin} codes are guaranteed) 

25 C 
Tmin to Tmax 

UNIPOLAR OFFSET (max) (Adjustable to zero) 

BIPOLAR OFFSET (max) (Adjustable to zero) 

FULL SCALE CALIBRATION ERROR 
(with fixed son resistor from REF IN to REF OUT) 
(Adjustable to zero) 25°C (max) 

Tmin to Tmax (Without Initial Adjustment) 
(With Initial Adjustment) 

TEMPERATURE RANGE 

TEMPERATURE COEFFICIENTS (using internal reference) 
Guaranteed max change 
Tmin to Tmax 

Unipolar Offset 

Bipolar Offset 

Full Scale Calibration 

POWER SUPPLY REJECTION 
Max chan2e in Full Scale Calibration 
+13.5V~Vee~+16.5Vor +11.4V~Vee~+i2.6V 
+4.5V~VLOGIe~+5 .5V 
-16.5V~VEE~-13.5V or -12.6V~VEE~-11.4V 

ANALOG INPUTS 
Input Rang~s 

Bipolar 

Unipolar 

Input Impedance 
10 Volt Span 
20 Volt Span 

POWER SUPPLIES 
Operating Range 

VLOGIC 
Vee 
VEE 

Operating Current 

ILOGIC 
IcC 
lEE 

POWER DISSIPATION 

INTERNAL REFERENCE VOLTAGE 
Output Current (available for external loads) 
(External load should not change during conversion) 

PACKAGE TYPE2 

NOTES 
1 The reference should be buffered for operation on ± 12V supplies. 
2 See Section 20 for package outline information. 
Specifications subject to change without notice. 

ADS74AS AD574AT AD574AU UNITS 

12 12 12 Bits 

±1 ±112 ±112 LSB 
±1 ±1/2 ±1/2 LSB 
±1 ±1 ±1 LSB 

11 12 12 Bits 
11 12 12 Bits 

±2 ±2 ±2 LSB 

±10 ±4 ±4 LSB 

0.3 0.3 0.3 % of F.S. 

0.8 0.6 0.4 % of F.S. 
0.5 0.25 0.12 % of F.S. 

-55to+125 °c 

±2 ±1 ±1 LSB 
(5) (2.5) (2.5) (ppm/oC) 
±4 ±2 ±1 LSB 
(10) (5) (2.5) (ppm/oC) 

±20 ±10 ±5 LSB 111 (50) (25) (12.5) (ppm/oC) 

±2 ±1 ±1 LSB 
±112 ±112 ±lIl LSB 
±2 ±1 ±1 LSB 

-5 to +5 Volts 
-10 to +10 Volts 
o to +10 Volts 
o to +20 Volts 

5k (3k min, 7k max) n 
10k (6k min, 14k max) n 

+4.5 to +5.5 Volts 
+11.4 to +16.5 Volts 
-11.4 to -16.5 Volts 

30 typ, 40 max rnA 
2 typ, 5 max rnA 

18 typ, 30 max rnA 

390 typ, 725 max mW 

10.00 iO.1 (max) Volts 
1.5max1 rnA 

028A 

ANALOG-TO-DIGITAL CONVERTERS VOL. I, 11-41 



DIGITAL CHARACTERISTICS 1 (All grades, Tmin-Tmax) 

Min Typ Max 
Logic Inputs2 (CE, CS, RIC, Ao) 

Voltages 
Logic"I" +2.0V +5.5V 
Logic "0" -0.5V +0.8V 

Current -50J..lA +50J..lA 
Capacitance 5pF 

Logic Outputs (DB II-DBO, STS) 
Logic "0" +O.4V ISINK:S 1.6mA 
Logic "I" 2.4V ISOURCE:S 500J..lA 
Leakage (When in high-Z state) -40J..lA +40J..lA DBII-DBOOnly 
Capacitance 5pF 

IDetailed Timing Specifications appear in the Digital Interface Section. 
212/8 Input is not TTL-compatible and must be hard-wired to V l.O(ilC or DIGITAL COMMON. 

ABSOLUTE MAXIMUM RATINGS 
(Specifications apply to all grades, except where noted) 

VCC to Digital Common .. 
VEE to Digital Common .. 
V LOGIC to Digital Common 
Analog Common to Digital Common 
Control Inputs (CE, CS, Ao , 12/8, RIC) to 

o to + 16.5V 
o to -16.5V 

o to +7V 
:±:IV 

Digital Common .. -0.5V to VLOGIC +0.5V 
Analog Inputs (REF IN, BIP OFF, IOVIN) to 

Analog Common ..........:±: 16.5V 
20VIN to Analog Common. . . . . . . . . . .. :±: 24V 
REF OUT ........ Indefinite short to common 

Chip Temperature (J, K, L grades) 
(S, T, U grades) 

Power Dissipation . . . . . . 
Lead Temperature, Soldering 
Storage Temperature .. 
Thermal Resistance, OJA .•• 

Momentary short to V cc 
100°C 
150°C 

1000mW 
300°C, 10 sec. 

- 65°C to + 150°C 
60°ClW 

VLOGtC 

OATA MODE SELECT 

12/8 

CHtPSELECT 

cs 
BYTE ADDRESS! 

SHORT CYCLE .-
Ao 

REAO/cONVEAT 

RIC 

CHIP ENABLE 
CE 

Vee 

+10V REFERENCE 
REF OUT 

REFERENCE ~~~~~ 10 I-b~~~~.-r-, 

-121-15V SUPfI'LY 11 

VEE 

BIPOLAR ~~pF6!! 12 

lOV SPAN I~:~: 13 ~~~~:0--: 

20V SPAN INPUT 14 J-,.I;;';;';~~ 15 00CIGITAl COMMON 

20VIN l!::=:::===~=:=:~_~~ 

Figure 1. AD574A Block Diagram and Pin Configuration 

AD574A ORDERING GUIDE 
Resolution Max 

Linearity Error No Missing Codes Full Scale 
Model Temp. Range Max (T min to T max) (T min to T max) T .C. (ppm/°C) 

AD574AJD Oto + 70°C :±:ILSB II Bits 50.0 
AD574AKD Oto + 70°C :±:lhLSB 12 Bits 27.0 
AD574ALD Oto + 70°C :±: 1j2LSB 12 Bits 10.0 
AD574ASD - 55°C to + 125°C :±:ILSB II Bits 50.0 
AD574ASD/883B - 55°C to + 125°C :±:ILSB II Bits 50.0 
AD574ATD -55°C to + 125°C :±:ILSB 12 Bits 25.0 
AD574ATD/883B - 55°C to + 125°C :±: ILSB 12 Bits 25.0 
AD574AUD - 55°C to + 125°C :±:ILSB 12Bits 12.5 
AD574AUD/883B - 55°C to + 125°C :±:ILSB 12Bits 12.5 

THE AD574A OFFERS GUARANTEED MAXIMUM LINEARITY ERROR OVER THE FULL OPERATING 
TEMPERATURE RANGE 

DEFINITIONS OF SPECIFICATIONS 

LINEARITY ERROR 
Linearity error refers to the deviation of each individual code 
from a line drawn from "zero" through "full scale". The point 
used as "zero" occurs 1/2LSB (1.22mV for 10 volt span) before 
the first code transition (all zeros to only the LSB "on"). "Full 
scale" is defined as a level Ilj2LSB beyond the last code transition 
(to all ones). The deviation of a code from the true straight line 
is measured from the middle of each particular code. 

The AD574AK, AL, AT, and AU grades are guaranteed for 
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maximum nonlinearity of :±: 1j2LSB. For these grades, this means 
that an analog value which falls exactly in the center of a given 
code width will result in the correct digital output code: Values 
nearer the upper or lower transition of the code width may 
produce the next upper or lower digital output code. The AD574AJ 
and AS grades are guaranteed to :±: ILSB max error. For these 
grades, an analog value which falls within a given code width 
will result in either the correct code for that region or either 
adjacent one. 

Note that the linearity error is not user-adjustable. 



DIFFERENTIAL LINEARITY ERROR (NO MISSING 
CODES) 
A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing sequence 
as the analog input level is increased. Thus every code must 
have a finite width. For the AD574AK, AL, AT, and AU grades, 
which guarantee no missing codes to 12-bit resolution, all 4096 
codes must be present over the entire operating temperature 
ranges. The AD574AJ and AS grades guarantee no missing 
codes to II-bit resolution over temperature; this means that all 
code combinations of the upper 11 bits must be present; in 
practice very few of the 12-bit codes are missing. 

UNIPOLAR OFFSET 
The first transition should occur at a level lhLSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point. This offset can be adjusted as discussed 
on the following two pages. The unipolar offset temperature 
coefficient specifies the maximum change of the transition point 
over temperature, with or without external adjustment. 

BIPOLAR OFFSET 
Similarly, in the bipolar mode, the major carry transition (Olli 
1111 1111 to 1000 0000 0000) should occur for an analog value 
VlLSB below analog common. The bipolar offset error and 
temperature coefficient specify the initial deviation and maximum 
change in the error over temperature. 

FULL SCALE CALIBRATION ERROR 
The last transition (from llll llll IllO to lIll III 1 llll) 
should occur for an analog value 1 VlLSB below the nominal full 
scale (9.9963 volts for 10.000 volts full scale). The full scale 
calibration error is the deviation of the actual level at-the last 
transition from the ideal level. This error, which is typically 
0.05 to 0.1% of full scale, can be trimmed out as shown in 
Figure 5. The full scale calibration error over temperature is 
given with and without the initial error trimmed out. The tem
perature coefficients for each grade indicate the maximum change 
in the full scale gain from the initial value using the internal 10 
volt reference. 

TEMPERATURE COEFFICIENTS 
The temperature coefficients for full-scale calibration, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (25°C) value to the value at T min or T max' 

POWER SUPPLY REJECTION 
The standard specifications for the AD574A assume use of 
+ 5.00 and::!:: 15.00 or ::!:: 12.00 volt supplies. The only effect of 
power supply error on the performance of the device will be a 
small change in the full scale calibration. This will result in a 
linear change in all lower order codes. The specifications show 
the maximum change in calibration from the initial value with 
the supplies at the various limits. 

CODE WIDTH 
A fundamental quantity for AID converter specifications is the 
code width. This is defined as the range of analog input values 
for which a given digital output code will occur. The nominal 
value of a code width is equivalent to 1 least significant bit 
(LSB) of the full scale range or 2.44mV out of 10 volts for a 12-
bit ADC. 

QUANTIZATION UNCERTAINTY 
Analog-to-digital converters exhibit an inherent quantization 
uncertainty of ::!:: VlLSB. This uncertainty is a fundamental 
characteristic of the quantization process and cannot be reduced 
for a converter of given resolution. 

LEFT-JUSTIFIED DATA 
The data format used in the AD574A is left-justified. This 
means that the data represents the analog input as a fraction of 
full-scale, ranging from 0 to ~. This implies a binary point 
to the left of the MSB. 

CIRCUIT OPERATION 
The AD574A is a complete 12-bit AID converter which requires 
no external components to provide the complete successive-ap
proximation analog-to-digital conversion function. A block dia
gram of the AD574A is shown in Figure 2. The device consists 
of two chips, one containing the precision 12-bit DAC with 
voltage reference, the other containing the comparator, successive
approximation register, clock, output buffers and control cir
cuitry. 

DIGITAL 
COMMON 

ff RIC 

t~~~g~ -t"------;+' 

'l!~~~:: -f':':""'''''''-+--+ 

REF OUT 
(lO.COV) 

Figure 2. Block Diagram of AD574A 12-Bit A-to-D Converter 

When the control section is commanded to initiate a conversion 
(as described later), it then enables the clock and resets the 
successive-approximation register (SAR) to all zeros. Once a 
conversion cycle has begun, it cannot be stopped or re-started 
and data is not available from the output buffers. The SAR, 
timed by the clock, will then sequence through the conversion 
cycle and return an end-of-convert flag to the control section. 
The control section will then disable the clock, bring the output 
status flag low, and enable control functions to allow data read 
functions by external command. 

During the conversion cycle, the internal 12-bit current output 
DAC is sequenced by the SAR from the most-significant-bit 
(MSB) to least-significant-bit (LSB) to provide an output current 
which accurately balances the input signal current through the 
5kO (or IOkO) input resistor. The comparator determines whether 
the addition of each successively-weighted bit current causes the 
DAC current sum to be greater or less than the input current; if 
the sum is less, the bit is left on; if more, the bit is turned off. 
After testing all the bits, the SAR contains a 12-bit binary code 
w)1ich accurately represents the input signal to within::!:: VlLSB. 
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The temperature-compensated buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. The reference is trimmed 
to 10.00 volts ± 1%; it can supply up to l.smA to an external 
load in addition to that required to drive the reference input 
resistor (0. SmA) and bipolar offset resistor (lmA) when the 
ADs74A is powered from ± IsV supplies. If the ADs74A is 
used with ± 12V supplies, or if external current must be supplied 
over the full temperature range, an external buffer amplifier is 
recommended. Any external load on the ADs74A reference 
must remain constant during conversion. The thin film application 
resistors are trimmed to match the full scale output current of 
the DAC. There are two skO input scaling resistors to allow 
either a 10 volt or 20 volt span. The lOkO bipolar offset resistor 
is grounded for unipolar operation or connected to the 10 volt . 
reference for bipolar operation. 

DRIVING THE AD574A ANALOG INPUT 
The ADs74A is a successive-approximation type analog-to-digital 
converter. During the conversion cycle, the ADC input current 
is modulated by the DAC test current at approximately a 500kHz 
rate. Thus it is important to recognize that the. signal source 
driving the ADs74A must be capable of holding a constant 
output voltage under dynamically-changing load conditions. 

liN IS MODULATED BY 
CHANGES IN TEST CURRENT. 

:~;;6~~ER~~~~~~~~D 
OPEN lOOP OUTPUT IMPEDANCE 

AD574A 

Figure 3. Op Amp - AD574A Interface 

The closed loop output impedance of an op amp is equal to the 
open loop output impedance (usually a few hundred ohms) 
divided by the loop gain at the frequency of interest. It is often 
assumed that the loop gain of a follower-connected op amp is 
sufficiently high to reduce the closed loop output impedance to 
a negligibly small value, particularly if the signal is low frequency. 
However, the amplifier driving an ADs74A must either have 
sufficient loop gain at 500kHz to reduce the closed loop output 
impedance to a low value or have low open loop output 
impedance. 

This can be accomplished either by using a wide band op amp or 
by placing a discrete-transistor or integrated buffer inside the 
amplifier's feedback loop. 

SUPPLY DECOUPLING AND LAYOUT 
CONSIDERATIONS 
It is critically important that the ADs74A power supplies be 
filtered, well-regulated, and free from high frequency noise. Use 
of noisy supplies will cause unstable output codes to be generated. 
Switching power supplies are not recommended for circuits 
attempting to achieve 12-bit accuracy unless great care is used 
in filtering any switching spikes present in the output. Remember 
that a few millivolts of noise represents several counts of error 
in a 12-bit ADC. 

Decoupling capacitors should be used on all power supply pins; 
the + SV supply decoupling capacitor should be connected 
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directly from pin I to pin IS (digital common) and the + Vee 
and - VEE pins should be decoupled directly to analog common 
(pin 9). A suitable decoupling capacitor is a 47,..lF tantalum type 
in parallel with a O.I/-lF disc ceramic type. 

Circuit layout should attempt to locate the ADs74A, associated 
analog input circuitry, and interconnections as far as possible 
from logic circuitry. For this reason, the use of wire-wrap circuit 
construction is not recommended. Careful printed-circuit con
struction is preferred. 

UNIPOLAR RANGE CONNECTIONS FOR THE AD574A 
The ADs74A contains all the active components required to 
perform a complete 12-bit AID conversion. Thus, for most 
situations, all that is necessary is connection of the power supplies 
( + 5, + 121 + IS and -121 - IS volts), the analog input, and the 
conversion initiation command, as discussed on the next page. 
Analog input connections and calibration are easily accomplished; 
the unipolar operating mode is shown in Figure 4. 

_ AD574A 
21218 

3 CS 

4 "0 

5 RIC 

0-----113l0VIN 

0-----1'4 20V"11 
OTO+20V 

; 

MIDDLE BITS 
2023 

LOW BITS 
16-19 

Figure 4. Unipolar Input Connections 

All of the thin film application resistors of the ADs74A are 
trimmed for absolute calibration. Therefore, in many applications, 
no calibration trimming will be required. The absolute accuracy 
for each grade is given in the specification tables. For example, 
if no trims are used, the ADs74AK guarantees ± 2LSB max 
zero offset error and ± 0.3% (l2LSB) max full scale error. (Typical 
full scale error is ± 2LSB.) If the offset trim is not required, 
pin 12 can be connected directly to pin 9; the two resistors and 
trimmer for pin 12 are then not needed. If the full scale trim is 
not needed, a son ± 1% metal film resistor should be connected 
between pin 8 and pin 10. 

The analog input is connected between pin 13 and pin 9 for a 0 
to + lOV input range, between 14 and pin 9 for a 0 to + 20V 
input range. The ADs74A easily accommodates an input signal 
beyond the supplies. For the 10 volt span input, the LSB has a 
nominal value of 2.44mV, for the 20 volt span, 4.88mV. If a 
1O.24V range is desired (nominal 2.smV/bit), the gain trimmer 
(R2) should be replaced by a 500 resistor, and a 200n trimmer 
inserted in series with the analog input to pin 13 (for a full scale 
range of 20.48V (smV/bit), use a 5000 trimmer into pin 14). 
The gain trim described below is now done with these trimmers. 
The nominal input impedance into pin 13 is skO, and lOkn 
into pin 14. 

UNIPOLAR CALIBRATION 
The ADs74A is intended to have a nominal V2LSB offset so that 
the exact analog input for a given code will be in the middle of 
that code (halfway between the transitions to the codes above 
and below it). Thus, when properly calibrated, the first transition 
(from 0000 0000 0000 to 0000 0000 0001) will occur for an 
input level of + 1/2LSB (l.22mV for lOV range). 

If pin 12 is connected to pin 9, the unit typically will behave in 
this manner, within specifications. If the offset trim CRI) is 
used, it should be trimmed as above, although adifferent offset 



can be set for a particular system requirement. This circuit will 
give approximately:±: 15mV of offset trim range. 

The full scale trim is done by applying a signal 1 'IzLSB below 
the nominal full scale (9.9963 for a lOY range). Trim R2 to give 
the last transition (JIll 1111 III 0 to III 1 1111 1111). 

BIPOLAR OPERATION 
The connections for bipolar ranges are shown in Figure 5. Again, 
as for the unipolar ranges, if the offset and gain specifications 
are sufficient, one or both of the trimmers shown can be replaced 
by a son :±: 1 % fixed resistor. The analog input is applied as for 
the unipolar ranges. Bipolar calibration is similar to unipolar 
calibration. First, a signal 'IzLSB above negative full scale 
(- 4.9988V for the:±: 5V range) is applied and Rl is trimmed to 
give the first transition (0000 0000 0000 to 0000 0000 0001). 
Then a signal II/zLSB below positive full scale ( + 4. 9963V for 
the:±: 5V range) is applied and R2 trimmed to give the.last 
transition (1111 1111 1110 to 1111 1111 1111). 

1218 
AD574A 

2 STS 28 

3 cs HIGH BITS 

4 Ao 
24-27 

5 RIC MIDDLE BITS 
20-23 

6 CE 
LOW BITS 

16-19 
GAIN 10 REF IN 

8 REF OUT 

OFFSET 12 BIP OFF 
+5V 1 

±5V 

ANALOG 13 lOV,N +15V 7 
INPUTS 

14 20V,N -15V 11 
tl0V 

~ 
9 ANA COM DIG COM 15 

Figure 5. Bipolar Input Connections 

GROUNDING CONSIDERATIONS 
The analog common at pin 9 is the ground reference point for 
the internal reference and is thus the "high quality" ground for 
the AD574A; it should be connected directly to the analog 
reference point of the system. In order to achieve all of the high 
accuracy performance available from the AD574A in an environ
ment of high digital noise content, it is required that the analog 
and digital commons be connected together at the package. In 
some situations, the digital common at pin 15 can be connected 
to the most convenient ground reference point; analog power 
return is preferred. 

CONVERSION STARTIDATA READ 
CONTROL LOGIC 
The AD574A contains on-chip logic to provide conversion initi
ation and data read operations from signals commonly available 
in microprocessor systems. Figure 6 shows the internal logic 
circuitry of the AD574A. 

The control signals CE, CS, and RIC control the operation of 
the converter. The state of RIC when CE and CS are both asserted 
determines whether a data read (RIC = 1) or a convert (RIC = 

0) is in progress. The register control inputs Ao and 12i8 control 
conversion length and data format. The. Ao line is usually tied 
to the least significant bit of the address bus. If a conversion is 
started with Ao low, a full 12-bit conversion cycle is initiated. If 
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}

TD 
OUTPUT 
BUFFERS 

NOTE 1: WHEN START CONVERT GOES lOW, THE EOC (END OF CONVERSION) SIGNALS GO LOW. 
Eoe8 RETURNS HIGH AFTER AN 8·BIT CONVERSION CYCLE IS COMPLETE, AND Eoe12 
RETURNS HIGH WHEN All12 BITS HAVE BEEN CONVERTED. THE Ece SIGNALS PREVENT 
OATA FROM BEING READ DURING CONVERSIONS, 

NOTE 2: 12/81S NOT A TTL COMPATIBLE INPUT AND SHOULD ALWAVS BE WIRED DIRECTLY TO 
VLOGIC OR DIGITAL COMMON. 

Figure 6. AD574A Control Logic 

CE CS Ric 12/8 Ao Operation 

0 X X X X None 
X X X X None 

0 0 X 0 Initiate lZ-Bit Conversion 
0 0 X 1 Initiate 8-Bit Conversion 

0 Pin 1 X Enable 12-Bit Parallel Output 

0 Pin 15 0 Enobl, 8 Mo" S;gn;fi"nt Bh, III 
0 Pin 15 Enable 4LSBs + 4 Trailing Zeroes 

Table 1. AD574A Truth Tablt· 

Ao is high during a convert start, a shorter 8-bit conversion 
cycle results. During data read operations, Ao determines whether 
the three-state buffers containing the 8 MSBs of the conversion 
result (Ao = 0) or the 4 LSBs (Ao = 1) are enabled. The lZ/8 
pin determines whether the output data is to be organized as 
two 8-bit words (12/8 tied to DIGITAL COMMON) or a single 
12-bit word (12/8 tied to VLOGIC). The lZ/8 pin is not TTL
compatible and must be hard-wired to either VLOGIC or DIGI
TAL COMMON. In the 8-bit mode, the byte addressed when 
Ao is high contains the 4 LSBs from the conversion followed by 
four trailing zeroes. This organization allows the data lines to be 
overlapped for direct interface to 8-bit buses without the need 
for external three-state buffers. 

It ;:; not recommended that Ao change state during a data read 
operation. Asymmetrical enable and disable times of the three-state 
buffers could cause internal bus contention resulting in potential 
damage to the AD574A. 

An output signal, STS, indicates the status of the converter. 
STS goes high at the beginning of a conversion and returns low 
when the conversion cycle is complete. 

TIMING 
The AD574.is easily interfaced to a wide variety of microprocessors 
and other digital systems. Discussion of the timing requirements 
of the AD574A control signals will provide the system designer 
with useful insight into the operation of the device. 

Figure 7 shows a complete timing diagram for the AD574A con
vert start operation. RIC should be low before both CE and CS 
are asserted; if RIC is high, a read operation will momentarily 
occur, possibly resulting in system bus contention. Either CE or 
CS may be used to initiate a conversion. As shown in Figure 7, 
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CE is used. If CS is used to trigger conversion or if the specified 
set-up times are not met, appropriately longer pulses are necessary 
(to provide at least 200ns when RIC, CE, and CS are all valid). 
Note that CE includes one less propagation delay than CS and is 
therefore the faster input. 

CE 

RIC -~~~:t::~L--------

AO 

STS 

------t:;:::~----tc 
tosc 

DBll-0BO -----t-HIGH IMPEDANCE ------

Figure 7. Convert Start Timing 

Once a conversion is started and the STS line goes high, convert 
start commands will be ignored until the conversion cycle is 
complete. The output data ,buffers cannot be enabled during 
conversion. 

CE 

RIC 

Ao 

STS 

DBll·DBO ------!----t-'~::_l 

Figure 8. Read Cycle Timing 

Figure 8 shows the timing for data read operatons. The AD574A 
differs from the original AD574 design in that the three-state 
output buffers feature faster access time and shorter data latency 
times. This speed improvement simplifies the interface to faster 
microprocessors. During data read operations, access time is 
measured from the point where CE and RIC both are high (as
suming CS is already low). If CS is used to enable the device, 
access time is extended by lOOns. 

In the 8-bit bus interface mode (12/8 input wired to DIGITAL 
COMMON), the address bit, Ao, must be stable at least 150ns 
prior to CE going high and must remain stable during the entire 
read cycle. If Ao is allowed to change, damage to the AD574A 
output buffers may result. . 

"STAND-ALONE" OPERATION 
The AD574A can be used in a "stand-alone" mode, which is 
useful in systems with dedicated input ports available and thus 
not requiring full bus interface capability. 

In this mode, C~ and 12/8 are wired high, CS and Ao are wired 
low, and conversion is controlled by RIC. The three-state buffers 
are enabled when RIC is high and a conversion starts when RIC 
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AD574A TIMING SPECIFICATIONS 

CONVERT MODE 
Symbol Parameter Min Typ Max Units 

Inse STS Delay from CE 300 ns 

IIII,e CE Pulse Widlh 300 ns 

Isse CS 10 CE Setu p 300 ns 

Illse CS Low During CE High 200 ns 

ISRC RIC 10 CE Setup 250 ns 

IIIRe RIC Low During CE High 200 n~ 

tSAC Ao 10 CE Setup 0 

IliAC An Valid During CE High 300 ns 

Ic Convcrsion Time 
8-BilCyclc 10 24 f..ls 
12-BilCycle 15 35 f..ls 

READ MODE 

Inn Access Timc (from CE) 210 250 ns 

Illn Dala Valid aflcrCE Low 25 ns 

1111. OUlpUI Floal Delay 110 ISO ns 

ISSR CS 10CE Sctup ISO ns 

ISRR RIC 10 CE Setup 0 ns 

ISAR Ao 10 CE SCIUP ISO ns 

IIISR CS Valid Afler CE Low SO ns 

IIIRR RIC High Afler CE Low 0 ns 

IIIAR Ao Valid AflcrCE low SO ns 

goes low. This gives rise to two possible control signals-a high 
pulse or a low pulse. Operation with a low pulse is shown in 
Figure 9. In this case, the outputs are forced into the high-im
pedance state in response to the falling edge of RIC and return 
to valid logic levels after the conversion cycle is completed. The 
STS line goes high 500ns after RIC goes low and returns low 
300ns after data is valid. 

If conversion is initiated by a high pulse as shown in Figure 10, 
the data lines are enabled during the time when RIC is high. 
The falling edge of RIC starts the next conversion and the data 
lines return to three-state (and remain three-state) until the next 
high pulse of RIC. 

~'HRLIr 
R~ ~---------------

r·os-lr---_-------. 
STS --lJf \'---

-l t;. --j l--'HS 
~ t 0811-oBO ~ ,DATA VALID 

I I 

Figure 9. Low Pulse for RIC - Outputs Enabled After 
Conversion 

R/C-Ji 
STS I·HRH i·DSlr------,L 

I'DDR.I---! 11--.c---11 
t---i ~I 

DB11-DBO~ 
~-------"':':':':"=--------

I I 

Figure 10. High Pulse for RIC - Outputs Enabled While RIC 
High, Otherwise High-Z 

STAND-ALONE MODE TIMING 

Symbol. Parameter Min Typ Max Units 

tHRL Low RIC Pulse Width 350 ns 
tDS STS Delay from RIC 500 ns 

tHDR Data Valid After RIC Low 25 ns 

tHS STS Delay After Data Valid 300 1000 ns 

tHRH High RIC Pulse Width 250 ns 
tDDR Data Access Time 250 ns 
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FEATURES 

Performance 

Complete 12-Bit AID Converter with Reference and Clock 
Fast Successive Approximation Conversion: 3J.Ls 
Buried Zener Reference for Long Term Stability and Low 

Gain T_C.: ±30ppmfC max 
Max Nonlinearity: < ±O.012% 
Low Power: 775mW 
Hermetic Package Available 

Versatility 

Positive-True Parallel or Serial Logic Outputs 
Short Cycle Capability 
Precision +10V Reference for External Applications 
Adjustable Internal Clock 
"z" Models for ±12V Supplies 

PRODUCT DESCRIPTION 
The ADS78 is a high speed low cost 12-bit successive approxi
mation analog-to-digital converter that includes an internal 
clock, reference and comparator. Its hybrid IC design uti
lizes MSI digital and linear monolithic chips in conjunction 
with a 12-bit monolithic DAC to provide modular performance 
and versatility with IC size, price and reliability_ 

Important performance characteristics of the AD578 include 
a maximum linearity error at+2SoCof±O;012%, maximum gain 
temperature coefficient of ±30ppm/oC, typical power dissipa
tion of 775mW and maximum conversion time of 3J.Ls. 

The fast conversion speeds of 3J.Ls (L grade) 4.SJ.Ls (K grade) 
and 6J.Ls (J grade) make the AD578 an excellent choice in a 
variety of applications where system throughput rates from 
166kHz to 333kHz are required. In addition, it may be short 
cycled to obtain faster conversion speeds at lower resolutions. 

The design of the ADS 78 includes scaling resistors that provide 
analog input signal ranges of ±SV, ±10V, 0 to +10V or 0 to 
+20V. Adding flexibility and value is the + lOY precision refer
ence which can be used for external applications. 

The AD578 is available with either the polymer seal (N) for 
use in benign environmental applications or solder-seal (D) 
for more harsh or rigorous surroundings. Both are contained 
in a 32-pin side-brazed, ceramic DIP. 

Very Fast, Complete 
12-Bit AID Converter 

AD578 I 
ADS78 FUNCTIONAL BLOCK DIAGRAM 

32 PIN DIP 

PRODUCT HIGHLIGHTS 
1. The AD578 is a complete 12-bit AID converter. No external 

components are required to perform a conversion. 

2. The fast conversion rate of the AD578 makes it an excellent III 
choice for high speed data acquisition and digital audio 
processing applications. 

3. The internal buried zener reference is laser trimmed to 
10.00V±O.1% and ±15ppm/C typical T.C. The reference 
is available externally and can provide up to 1mA. 

4. The scaling resistors are included on the monolithic DAC 
for exceptional thermal tracking. 

5. Short cycle and external clock capabilities are provided for 
applications requiring faster conversion speeds andlor 
lower resolutions. 

6. The integrated package construction provides high quality 
and reliability with small size and weight. 
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SPECIFICATIONS 
Model 

RESOLUTION 

ANALOG INPUTS 
Voltage Ranges 

Bipolar 
Unipolar 

Input Impedance 
o to +lOV, ±5V 
±lOV, 0 to +20V 

DIGITAL INPUTS 
Convert Command! 
Clock Input 

TRANSFER CHARACTERISTICS 
Gain Error2 ,3 

Unipolar Offset3 

Bipolar Offset3,4 

Linearity Error 
+25°C 
o to +70

o
C 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

+25°C 
o to +70°C 

POWER SUPPLY SENSITIVITY 
+15V ±lO% 

-15V ±10% 

+5V ±10% 

TEMPERATURE COEFFICIENTS 
Gain 

Unipolar Offset 

Bipolar Offset 

Differential Linearity 

CONVERSION TIME5,6 (max) 

PARALLEL OUTPUTS 
Unipolar Code 
Bipolar Code 
Output Drive 

SERIAL OUTPUTS (NRZ FORMAT) 
Unipolar Code 
Bipolar Code 
Output Drive 

END OF CONVERSION (EOC) 
Output Drive 

INTERNAL CLOCK 7 

Output Drive 

INTERNAL REFERENCE 
Voltage 
External Current 

POWER SUPPLY REQUIREMENTS 
Range for Rated Accuracy 
Z ModelsB 

Supply Current + l5V 
-15V 
+~V 

Power Dissipation 

TEMPERATURE RANGE 
Op·erating 
Storage 

NOTES . 

(typical @ +25°C; ±15V, and +5V unless otherwise noted). 
AD578J 

12 Bits 

±5.0V, ±lOV 
o to +lOV, 0 to +20V 

5kn· 
lOkn 

lLS TTL Load 
lLS TTL 'Load 

±O.l % FSR, ±O.2S% FSR max 
±O.l% FSR, ±O.25% FSR max 
±O.l % FSR, ±O.25% FSR max 

±1I2LSB max 
±3/4LSB max 

12 Bits 
12 Bits 

3ppm/%L'lVs typ 
10ppm/%L'lVs max 
ISppm/%L'lVs typ 
25ppm/%lWs max 
2ppm/%L'lVs typ 
lOppm/%L'l Vs max 

±15ppm/oC typ 
±30ppm/oC max 
±3ppm/oC typ 
±lOppm/C max 
±8ppm/oC typ 
±20ppm/oC max 
±2ppm/oC typ 

6.0/1s 

Binary 
Offset BinarylTwo's Complement 
2TTL Loads 

Binary/Complementary Binary 
Offset Binary /Comp. Offset Binary 
2TTL Loads 

Logic "I" During Conversion 
8TTL Loads 

2TTL Loads 

10.000 ± 10mV 
±lmA max 

4.75 to 5.25 and ±13.S to ±16.S 
4.75 to 5.25 and ±1l.8 to ±16.5 
3mA typ, SmA max 
22mA typ, 3 SmA max 
BOmA typ, llOmA max 
775mW typ 

o to +70°C 
-55°C to +150

o
C 

AD578K AD578L 

±5ppm/C max . 
4.5/1s 3/1s 

I Positive pulse 200ns wide (min) leading edge (0 to 1) resets outputs. Trailing edge 6 Each grade is specified at the conversion speed shown. 
1 Externally adjustable by a resistor or capacitor. initiates conversion. 

1 With son, 1 % fixed resistor in place of gain adjust potentiometer. 
3 Adjustable to zero. 
• With son, 1 % resistor between Ref Out and Bipolar Offset (Pins 24 & 26). 
5 Conversion time is defined as the time betweeen the faliing edge of 

convert start and the falling edge of the EOC. 
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• For "Z" models order AD578ZJ, AD578ZK or AD578ZL. 
·Specifications same as AD578J. 
··Specifications s~me as AD578K. 
Specifications subject to change without notice. 



AD578 
-15V 

ANALOGGND 

ZERO ADJ 

20V SPAN INPUT 

10V SPAN INPUT 

BIPOLAR OFFSET 

GAIN {REF INI 

REF OUT 

SERIAL OUT 

SERIAL OUT 

CLOCK ADJ 

Figure 1. AD578/unctional Diagram and Pinout 

The ADS78 is a complete 12-bit AID converter which ~equires 
no external components to provide the successive-approxi
mation analog-to-digital conversion function. A block diagram 
of the ADS78 is shown in Figure 1. 

When the control section is commanded to initiate a conversion 
it enables the clock and resets the successive-approximation 
register (SAR). The SAR, timed by the clock, sequences 
through the conversion cycle and returns an end-of-convert 
flag to the control section. The control section disables the 
clock and brings the output status flag low. The parallel data 
bits become valid on the rising edge of the clock pulse 
starting with t1 and ending with t12' 

During the conversion cycle, the internal 12-bit current output 
DAC is sequenced by the SAR from the most-significant-bit 
(MSB) to least-significant-bit (LSB) to provide an output cur
rent which accurately balances the input signal current through 
the Skn (or 1Okn) input resistor. The comparator determines 
whether the addition of each successively-weighted bit current 
causes the DAC current sum to be greater or less than the in
put current; if the sum is less, the bit is left on; if more, t~e 
bit is turned off. After testing all the bits, the SAR contains a 
12-bit binary code which accurately represents the input 
signal to within ±1/2LSB. 

The temperature-compensated buried Zener reference pro
vides the primary voltage reference to the DAC and guaran
tees excellent stability with both time and temperature. The 
reference is trimmed to 10.00 volts ±0.1 %; it is buffered and 
can supply up to LOrnA to an external load in addition to the 
current required to drive the reference input resistor (O.SmA) 
and bipolar offset resistor (lmA). The thin film application re
sistors are trimmed to match the full scale output current of 
the DAC. There are two Skn input scaling resistors to allow 
either a 10 volt or 20 volt span. The 10kn bipolar offset re
sistor is grounded for unipolar operation or connected to the 
10 volt reference for bipolar operation. 

UNIPOLAR CALIBRATION 
The ADS78 is intended to have a nominal 1I2LSB offset so 
that the exact analog input for a given code will be in the mid
dle of that code (halfway between the transitions to the codes 
above and below it). Thus, when properly calibrated, the first 
transition (from 0000 0000 0000 to 0000 0000 0001) will 
occur for an input level of +1I2LSB (1.22mV for 10V range). 

GATED 
CLOCK 

EOC 

• BIT 1 
{MSBI 

BIT 2 

BIT 3 

BIT 4 

BIT 5 

BIT 6 

BIT 8 

BIT 9 

BIT 10 

BIT 11 

BIT 12 

SERIAL 

CLOCK 

to .,12 13 14 15 tu 11 18 19 1'0 til t'2 

~CONVERSION IN PROGRESS • LI 
-l f--75n.: : PARALLEL DATA VALlD-1-----/ 

~; L 
~ 
~ L........i.-_____ ---JI 
Wj""",,"""'------'U 

L........L.. _____ ....... I 
'----.LJ 

~ ~ ___ ~I 
~""""""""-------'U 

'~ U 

INTERNAL, CONNECT CLOCK OUT {lSI TO CLOCK IN {191 
EXTERNAL, CONNECT EXTERNAL CLOCK TO CLOCK IN {191 

CLOCK SHOULD BE AT LEAST 30% DUTY CYCLE WITH 
MINIMUM PERIOD, T""N OF lOOn •. 

Figure 2. AD578 Timing Diagram 

+15V 

AD578 

15 DIG GND r-
I I L ____________________ ~ 

Figure 3. Unipolar Input Connections 

If pin 26 is connected to pin 30, the unit will behave in this 
manner, within specifications. Refer to Table 1 and Figure 5 
for further clarification. If the offset trim (R1) is used, it 
should be trimmed as above, although a different offset can 
be set for a particular system requirement. This circuit will 
give approximately ±2SmV of offset trim range. 

The full scale trim is done by applying a signal 1 l/2LSB below 
the nominal fui1 scale (9.9963Vfora 10Vrange). Trim R2 to 
give the last transition (1111 1111 11 i 0 to 1111 1111 1111). 
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BIPOLAR OPERATION 
The connections for bipolar ranges are shown in Figure 4. 
Again, as for the unipolar ranges, if the offset and gain spec
ifications are sufficient, the lOOn trimmer shown can be 
replaced by a 50n ±1 % fixed resistor. The analog input is 
applied as for the unipolar ranges. Bipolar calibration is similar 
to unipolar calibration. First, a signal 1I2LSB above negative 
full scale (-4.9988V for the ±5V range) is applied, and Rl is 
trimmed to give the first transition (000000000000 to 
000000000001). Then, a signal' 1 112LSB below positive 
full scale (+4.9963V for the ±5V range) is applied and R2 
trimmed to give the last transition (1111 1111 1110 to 
111111111111). 

AD578 

r-- 15 DIG GND I 

I I L ____________________ ~ 

,Figure 4. Bipolar Input Connections 

ERROR SOURCES 
The analog continuum is partitioned into 212 discrete ranges 
for 12-bit conversion. All analog values within a given quan
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza
tion uncertainty of ±1I2LSB, associated with the resolution, 
in addition to the actual conversion errors. 

The actual conversion errors that are associated with AID 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 

Analog Input - Volts 
(Center of Quantization Interval) 

The matching and tracking errors in the AD578 have been mini
mized by the use of a monolithic DAC that includes the scaling 
network. The initial gain and offset errors are specified at ±0.1 % 
FSR typical. These errors may be trimmed to zero by the use 
of the external trim circuits as shown in Figures 3 and 4. Lin
earity error is defined as the deviation from a true straight line 
transfer characteristic from a zero analog input which calls for 
a zero digital output to a point which is defined as full scale. 
The linearity error is unadjustable and is the most meaningful 
indication of AID converter accuracy. Differential nonlinearity 
is a measure of the deviation in staircase step width between 
codes from the ideal least significant bit step size (Figure 5). 

Monotonic behavior requires that the differential linearity 
error be less than 1LSB, however a monotonic converter can 
have missing codes j the AD5 78 is specified as having no missing 
codes from 0 to +70° C and thus is monotonic. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer character
istic about the zero or minus full scale point. The worst case 
accuracy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves as 
the root-sum-squared (RSS) and can be shown as: 

RSS =.JEG 2 + E02 + EL2 

EG = Gain Drift Error (ppmt C) 
EO = Offset Drift Error (ppm of FSR/°C) 
EL = Linearity Error (ppm of FSR/oC) 

111 .. 111 

100 

000 

I 

~-ILSB 

Figure 5. Transfer Characteristic for an Ideal Bipolar AID 

Digital Output Code 
(Binary for Unipolar Ranges; 
Offset Binary for Bipolar Ranges) 

o to +10V o to +20V -5V to +5V -10V to +10V Bl B12 
Range Range Range Range (MSB) (LSB) 

+9.9976 +19.9951 +4.9976 +9.9951 111111111111 
+9.9952 +19.9902 +4.9952 +9.9902 111111111110 

+5.0024 +10.0049 +0:0024 +0.0049 100000,000001 
+5.0000 +10.0000 +0.0000 +0.0000 100000000000 

+0.0024 +0.0051 -4.9976 -9.9951 000000000001 
+0.0000 +0.0000 -5.0000 -10.0000 000000000000 

Table 1. Digital Output Codes vs. Analog Input for Unipolar and Bipolar Ranges 
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LAYOUT CONSIDERATIONS 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. 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 circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD578. Separate ground returns 
should be provided to minimize the current flow in the path 
from 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. 

Each of the ADS78's supply terminals should be capaci
tively decoupled as close to the AD578 as possible. A large 
value capacitor such as 10MF in parallel with a O. WF capaci
tor is usually sufficient. Analog supplies are bypassed to the 
Analog Power Return pin and the logic supply is bypassed to 
the Digital GND pin. 

+5V 11+ @ 
O.I"Fr r 10"F 

DIG _ _ (,5\ 
COM \.:::.J 

To minimize noise the reference output (Pin 24) should be 
decoupled by a 6.8MF capacitor to pin 30. 

CLOCK RATE CONTROL 
The internal clock is preset to a nominal conversion time of 
5.6Ms. It can be adjusted for either faster or slower conver
sions. For faster conversion connect the appropriate 1% 
resistor between pin 17 and pin 18 and short pin 18 to pin 19. 

For slower conversions connect a capacitor between pin 15 
and pin 17. 

3", 
CONVERSION 

RATE 

l GRADE 

1000 

13.0 

~10.0 
UJ 

~ 8.0 
;z 
a 
~ 6.0 

> 4.0 
;z 

8 2.0 

1.5 

I 
200 

4.5", 
CONVERSION 18 

RATE 

K GRADE 

CAPACITANCE - pF 
680 

·2k 
RESISTANCE -n 

P 
4 
330 

10k 

Figure 7. Conversion Time vs. R&C Values 

The curves in Figure 7 characterize the conversion time for a 
given resistor or capacitor connection. 

Note: 12-bit operation with no missing codes is not guaran
teed when operating in this mode if a particular grades conver
sion speed specification has been exceeded. 

Short Cycle Input - A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 2 to be terminated after any 
number of desired bits has been converted, allowing some
what shorter conversion times in applications not requiring 
full 12-bit resolution. Short cycle pin connections and as
sociated maximum 12-, 10-, and 8-bit conversion times are 
summarized in Table 2. 

Resolution (Bits) 12 10 8 

Connect Pin 14 to Pin 16 2 4 

Conversion Speed (Ms) 3 2.5 2 

Table 2. Short Cycle Connections 

External Oock - An external clock may be connected directly 
to the clock input, pin 19. When operating in this mode the 
convert start should be held high for a minimum of one clock 
period in order to reset the SAR and synchronize the conver
sion cycle. A positive going pulse width of 100 to 200 nano
seconds will provide a continuous string of conversions that 
start on the first rising edge of the external clock after the 
EOC output has gone low. 

External Buffer Amplifier.- In applications where the AD578 
is to be driven from high impedance sources or directly from 
an analog multiplexer a fast slewing, wideband op amp like 
the AD507 should be used. 

Voe GNO Vss 

ANALOG INPUT 
O-lOV. 

Figure 8. Input Buffer 

AD578 

MICROPROCESSOR INTERFACING 
The 3Ms conversion time of the ADS 7 8 suggests several different 
methods of interface to microprocessors. In systems where the 
AD578 is used for high sampling rates on a single signal which 
is to be digitally processed, CPU-controlled conversion may be 
inefficient due to the slow cycle times of most microproces
sors. It is generally' preferable to perform conversions inde
pendently, inserting the resultant digital data directly into 
memory. This can be done using direct memory access (DMA) 
which is totally transparent to the CPU. Interface to user
designed DMA hardware is facilitated by the guaranteed 
data validity on the falling edge of the EOC signal. 

In many multichanne.l data acquisition systems, the processor 
spends a good deal of time waiting for the ADC to complete 
its cycle. Converters with total conversion times of 25Ms to 
lOOMS are not slow enough to justify use of interru pts, nor 
fast enough to finish converting during one instruction 'and are 
usually timed out with loops, or continuously polled for status. 
The AD578 allows the microprocessor to time out the con-
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verter with just a few dummy instructions. For example, an 
8085 system running at a 5MHz clock rate will time out an 
AD578 by pushing a register pair onto the stack and popping 
the same pair back off the stack. Such a time-out routine 
only occupies two bytes of program memory but requires 22 
clock cycles (4.4J1s). The time saved by not having to wait for 
the converter allows the processor to run much more efficient
ly, particularly in multich~nnel systems. 

27 

ANALOG 
INPUT 

0-10V 

26 

25 

GAIN 
TRIM 
100P. 

15 

START 
ADDRESS 

(ACTIVE lOW} 

ViR 

H(GH BYTE 
ADDRESS 

(ACTIVE lOW} 

R6 

lOW BYTE 
ADDRESS 

IACTIVE lOW} 

+15V -15V 

74LS244 

MSB 
12 

10 

AD578 13 

7402 
4" 

7402 
4" 

18 

16 

14 

16 

14 : 
( 

12 ( 
I 
I 
I 
I 

3 _____ ~ 

(OPTIONAL} 

AD7 

ADS 

AD4 

AD3 

ADO 

Figure 9. AD578-8085A Interface Connections 

Clearly, 12 bits of data must be broken up for interface to an 
8-bit wide data bus. There are two possible fonnats: right
justified and left-justified. In a right-justified system, the 
least-significant 8 bits occupy one byte and the four MSB's 
reside in the low nybble of another byte. This fonnat is use
ful when the data from the ADC is being treated as a binary 
number between 0 and 4095. The left-justified format sup
plies the eight most-significant bits in one byte and the 
4LSB's in the high nybble of another byte. The data now re
presents the fractional binary number rclating the analog 
signal to the full-scale voltage. An advantage to this organiza
tion is that the most-significant eight bits can be read by the 
processor as a coarse indication of the true signal value. The 
full 12-oit word can then be read only when all 12 bits are 
needed. This allows faster and more efficient control of a 
process. 

Figure 9 shows a typical connection to an 8085-type bus, using 
a left justified data format for unipolar inputs. Status polling 
is optional, and can be read simultaneously with the 4LSBs. 
If it is desired to right-justify the data, pins 1 through 12 of 
the AD578 should be reversed, as well as the connections to 
the data bus and high and low byte address signals. 

When dealing with bipolar inputs (±5V, ±10V ranges), using 
the MSB directly yields an offset binary-coded output. If 
two's complement coding is desired, it can be produced by 
substituting MSB (pin 13) for the MSB. This facilitates arith
metic operations which are subsequently perfonned on the 
ADC output data. 
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SAMPLED DATA SYSTEMS 
The conversion speed of the AD578 allows accurate digiti
zation of high frequency signals and high throughput rates in 
multichannel data acquisition systems. The AD578LD, for 
example, is capable of a full accuracy conversion in 3J1s. In 
order to benefit from this high speed, a fast sample-hold 
amplifier (SHA) such as the HTC-0300 is required. This SHA 
has an acquisition time to 0.01 % of approximately 300ns, so 
that a complete sample-convert-acquire cycle can be accom
plished in approximately 4J1s. This means a sample rate of 
250kHz can be realized, allowing a signal with no frequency 
components above 125kHz to be sampled with no loss of in
formation. Note that the EOC signal from the ADS 78 places 
the SHA in the hold mode in advance of the actual start of 
the conversion cycle, and releases the SHA from the HOLD 
mode only after completion of the conversion. After allowing 
at least 300ns for the SHA to acquire the next analog value, 
the converter can again be started. 

--l I-- 2000s 

START 

EOC ___ ..J CONVERSION OF FIRST SAMPLE ,---'-'-'-'-';;""';;'---1 g~~~~~~~~ 

EOC IS ASSUMED TO BE TIED TO HOLD INPUT OF SHA 

NOTES: tsE K 10001 
- ICONV = 3111 (AD578L) 

- 4.51l' (AD578K) 
- 61ls (AD578J) 

Figure 10. Start/EOC Timing for Sampled Data System 

AD578 ORDERING GUIDE 

Conversion Package 
Model Speed Package Option l 

ADS78JN 61ls Polymer-Seal HY32H 
ADS78KN 4.5115 Polymer-Seal' HY32H 
ADS78LN 3115 Polymer-Seal HY32H 

ADS78JD 61ls Hermetic-Seal HY32H 
ADS78KD 4.Slls Hermetic-Seal HY32H 
ADS78LD 31ls Hermetic-Seal HY32H 

I See Section 20 for package outline infonnation. 



r.ANALOG 
WDEVICES 

FEATURES 

Performance 

Complete 10-Bit AID Converter with Reference and Clock 
Fast Successive Approximation Conversion: 1.8J.Ls 
Buried Zener Reference for Long Term Stability and Low 

Gain T_C_: ±30ppmfC max 
Max Nonlinearity: <±O.048% 
Low Power: 775mW 
Hermetic Package Available 

Versatility 

Positive-True Parallel or Serial Logic Outputs 
Short Cycle Capability 
Precision +10V Reference for External Applications 
Adjustable Internal Clock 
"Z" Models for ±12V Supplies 

PRODUCT DESCRIPTION 
The AD579 iSla high speed low cost IO-bit successive approxi
mation analog-to-digital converter that includes an internal 
clock, reference and comparator. Its hybrid IC design uti
lizes MSI digital and linear monolithic chips in conjunction 
with a IO-bit monolithic DAC to provide modular performance 
and versatility with IC size, price and reliability. 

Important performance characteristics of the AD579 include 
a maximum linearity error at +25°C of±O.048%,maximum 
gain temperature coefficient of ±30ppm/oC, typical power 
dissipation of 775mW and maximum conversion time of 
1.8J,Ls. 

The fast conversion speeds of 1.8J,Ls (K, Band T grades) and 
2.2J,Ls (J grade) make the AD579 an excellent choice in a 
variety of applications where system throughput rates from 
454kHz to 555kHz are required. In addition, it may be short 
cycled to obtain faster conversion speeds at lower resolutions. 

The design of the AD 5 79 includes scaling resistors that provide 
analog input signal ranges of ±SV, ±IOV, 0 to +IOV or 0 to 
+20V. Adding flexibility and value is the + lOV precision refer
ence which can be used for external applications. 

The AD579 is available with either the polymer seal (N) for 
use in benign environmental applications or solder-seal (D) 
for more harsh or rigorous surroundings. Both are contained 
in a 32-pin side-brazed, ceramic DIP. 

Very Fast, Complete 
lO-Bit AID Converter 

AD579 I 

AD579 FUNCTIONAL BLOCK DIAGRAM 

AD579 

a:: 
OJ .. 

!:~ 
I----.!f-tbf---t ~ ~ 
I----.t:f-tbf---t ~ 8 ~------l 

~~------l 

32-PIN DIP 

PRODUCT HIGHLIGHTS 
1. The ADS 79 is a complete IO-bit AID converter. No external 

components are required to perform a conversion. 

2. The fast conversion rate of the AD579 makes it an excellent 
choice for high speed data acquisition on systems requiring 
high throughput rate. 

3. The internal buried zener reference is laser trimmed to 
lO.OOV ±O.l% and ±15ppmtC typ T.C. The reference is 
available externally and can provide up to ImA. 

4. The scaling resistors are included on the monolithic DAC 
for e~ceptional thermal tracking. 

5. Short cycle andexternal clock capabilities are provided for 
applications requiring faster conversion speeds andlor 
lower resolutions. 

6. The integrated package construction provides high quality 
and reliability with small size and weight. 
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SPECIFICATIONS (typical @+25°C;±15V, and +5V power supplies unless otherwise noted) 

Model 

RESOLUTION 

ANALOG INPUTS, 
Voltage Ranges 

Bipolar 
Unipolar 

Input Impedance 
o to +10V; ±SV 
±lOV, 0 to +20V 

DIGITAL INPUTS 
Convert Command l 

Clock Input 

TRANSFER CHARACTERISTICS 
Gain Error2,3 

Unipolar Offset3 

Bipolar Offsee,4 
Linearity Error 

+2S
c
C 

Tmin to Tmax 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

+2S
c
C 

Tmin toTmax 

POWER SUPPLY SENSITIVITY 
+lsV ±10% 
-lsV ±10% 
+SV ±10% 
liZ" Versions 

+12V ±S% 
-12V ±S% 

TEMPERATURE COEFFICIENTS 
Gain 

Unipolar Offset 

Bipolar Offset 

Differential Linearity 

CONVERSION TlME5•6 (max) 
Conversion Time Tmin to Tmax 

PARALLEL OUTPUTS 
Unipolar Code 
Bipolar Code 
Output Drive 

SERIAL OUTPUTS (NRZ FORMAT) 
Unipolar Code 
Bipolar Code 
Output Drive 

END OF CONVERSION (EOC) 
Output Drive 

INTERNAL CLOCK' 
Output Drive 

INTERNAL REFERENCE 
Voltage 
Temperature Coefficient 
External Current 

POWER SUPPLY REQUIREMENTS 
Range for Rated Accuracy 
Z Models8 

Supply Current +lsV 
-lsV 
+SV 

Power Dissipation 
TEMPERATURE RANGE 

Operating 
Storage 

NOTES 

AD579JN 

10 Bits 

±s.OV, ±10V 
o to +10V, 0 to +20V 

SkU (±20%) 
10kU (±20%) 

lLS TTL Load 
lLS TTL Load 

±0.1% FSR (±O.ZS% FSR max) 
±0.1% FSR (±0.2s% FSR max) 
±0.1% FSR (±0.2s% FSR max) 

±l/2LSB max 
±3/4LSB max 

10 Bits 
10 Bits 

0.00s%I%6Vs max 
0.00s%I%6Vs max 
0.001%1%6Vs max 

0.007%/%6Vs max 
0.007%1%6Vs max 

±lsppm/"C typ 
±30ppm/

c
C max 

±3ppm/oC typ 
±lOppm/cC max 
±8ppm/

c
C typ 

±20ppm/
c
C max 

±2ppm/oC typ 

2.2J.1s 
2.4J.1s 

Binary 
Offset BinarylTwo's Complement 
2LSTTL Loads 

Binary IComplementary Binary 
Offset Binary/Comp. Offset Binary 
2LSTTL Loads 

Logic "1" During Conversion 
8LSTTL Loads 

2LSTTL Loads 

10.000 ± 10mV 
lSppm/

c
C 

±lmAmax 

4.75 to 5.25 and ±13.S to ±16.s 
4.75 to 5.25 and ±11.4 to ±16.s 
3mA typ, 8mA max 
22mA typ, 3 SmA max 
80mA typo llOmA max 
77SmW typ 

o to +70c C 
-55°C to +ls0°C 

ADS79KN 

!sppm/oc max 

±lsppm/cC max 

1.8J.1s 
2.0J.ls 

ADS79BD AD579TD 

I Positive 'Pulse 200ns wide (min) leading edge (0 to 1) resets outputs. Trailing edge 
initiates conversion. 

• Each grade is specified at the conversion speed shown. See Figure 7 
for appropriate connections. 

'With son, 1% fixed resistor in place of gain adjust potentiometer. 
• Adjustable to zero. 
'With son. 1 % resistor between Ref Out and Bipolar Offset (Pins 24 & 26). 
• Conversion time is defIned as the time between the falling edge of 

convert start and the falling edge of the EOC. 

VOL. I, 11-54 ANALOG-TO-DIGITAL CONVERTERS 

7 Externally adjustable by a resistor or capacitor. 
• For "Z" models order AD579ZJN. AD579ZKN, AD579ZBD or AD579ZTD. 
·Specifications aune u AD579JN. 
• ·Specifications aunc U AD579KN. 

/ Specifications subject to change without notice. 



THEORY OF OPERATION 
The ADS79 is a complete 10-bit AID converter which requires 
no external components to provide the successive-approxi
mation analog-to-digital conversion function. A block diagram 
of the ADS79 is shown in Figure 1. 

TEST POINT 1 AD579 -15V 

TEST POINT 2 +15V 

ANALOG GND 

ZERO ADJ 

0: 
20V SPAN INPUT 

.... 10V SPAN INPUT 
.... 0: 

~~ BIPOLAR OFFSET 

-8 GAIN (REF INI 

~ 
REF OUT c 

BIT3 SERIAL OUT 

SERIAL OUT 

BIT 1 21 CONVERT START 

m'T EOC 

SHORT CYCLE CLOCK IN 

DIGITALGND CLOCK OUT 

+5V CLOCK ADJ 

Figure 1. AD579 Functional Diagram and Pinout 

On receipt of a CONVERT START command, the ADS79 
converts the voltage at its analog input into an equivalent 
bit binary number. This conversion is accomplished as follows: 
the 10-bit successive-approximation register (SAR) has its 
10-bit outputs connected both to th_e device bit output pins 
and to the corresponding bit inputs of the feedback DAC. 
The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 

The temperature-compensated buried Zener reference pro
vides the primary voltage reference to the DAC and guaran
tees excellent stability with both time and temperature. The 
reference is trimmed to 10.00 volts ±0.1%; it is buffered and 
can supply up to 1.0mA to an external load in addition to the 
current required to drive the reference input resistor (O.SmA) 
and bipolar offset resistor (lmA). The thin film application re
sistors are trimmed to match the full scale ou tpu t current of 
the DAC. There are two Skn inpu t scaling resistors to allow 
either a 10 volt or 20 volt span. The lOkn bipolar offset re
sistor is grounded for unipolar operation or connected to the 
10 volt reference for bipolar operation. 

TIMING 
The timing diagram is shown in Figure 2. Receipt of a CON
VERT START signal sets the STATUS flag, indicating conver
sion in progress. This, in tum, removes the inhibit applied to 
the gated clock, permitting it to run through 10 cycles. All 
SAR parallel bit and STATUS flip-flops are initialized on the 
leading edge, and the gated clock inhibit signal is removed on 
the trailing edge of the CONVERT START signal. At time to, 
B1 is reset and B2 -BlO are set unconditionally. At t1 the 
Bit 1 decision is made (keep) and Bit 2 is unconditionally 
reset. At t2, the Bit 2 decision is made (keep) and Bit 3 is 
reset unconditionally. This sequence continues until Bit 10 
(LSB) decision (keep) is made at t10' After a lSns delay 
period, the STATUS flag is reset, indica ting that the con
version is complete and that the parallel output data is 
valid. Resetting the STATUS flag restores the gated clock 
inhibit signal, forcing the clock output to Logic "0" state. 

_---CONVERSiON TIME ---~ n 
-:------:-:-----:-:-----:f-____ ---', L 

GATED 
CLOCK 

to 

,EOC --JJ 25n5 

-l 1-75n.: 
BIT 1 ~ I (MSB) 

BIT 2 ~ U 
BIT 3 ~ 
BIT 4 ~ U 
BIT 5 ~ L.......I.. _____ ---', 

BIT 6 ~ U 
BIT 7 ~ L.-...L-___ ~, 

BIT 8 ~ U 
BIT 9 ~ U 
BIT 10 Wit U 

/'//#////-1 I 1M r::1 n. D n, I Iii 
SERIAL /I'I1!W1 Bl! B2 ~ B4 ~ B6 ~ B8 : B9 iB10 , 

CLOCK 
INTERNAL: CONNECT CLOCK OUT (18) TO CLOCK IN (19) 
EXTERNAL: CONNECT EXTERNAL CLOCK TO CLOCK IN (19) 

CLOCK SHOULD BE AT LEAST 30% DUTY CYCLE WITH 
MINIMUM PERIOD, TMIN OF lOOn •. 

Figure 2. AD579 Timing Diagram 

Serial data does not change and is guaranteed valid on negative
going clock edges, therefore; serial data can be transferred 
quite simply by clocking it into a receiving shift register on 
these edges (see Figure 2). 

Incorporation of this lSns delay guarantees that the parallel 
(and serial) data are valid at the Logic" 1." to "0" transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 
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UNIPOLAR CALIBRATION 
The AD579 is intended to have a nominal 1I2LSB offset so 
that the exact analog input for a given code will be in the mid
dle of that code (halfway between the transitions to the codes 
above and below it). Thus, when properly calibrated, the first 
transition (from 0000 0000 00 to 0000 0000 01) will occur 
for an input level of +1I2LSB (4.88mV for 10V range). 

. applied as for the unipolar ranges. Bipolar calibration is similar 
to unipolar calibration. First, a signal 1I2LSB above negative 
full scale (-4.9957V for the ±SV range) is applied, and R1 is 
trimmed to give the first transition (0000 000000 to 
0000000001). Then, a signel1 1I2LSB below positive 
full scale (+4.9853V for the ±5V range) is applied and R2 
trimmed to give the last transition (1111·1111 10 to 
1111111111). If pin 26 is connected to pin 30, the unit will behave in this 

manner, within specifications. Refer to Table 1 and Figure 3 
for further clarification. If the offset trim (R1) is used, it 
should be trimmed as above, although a different offset can 
be set for a particular system requirement. This circuit will 
give approximately ±50mV of offset trim range. 

The full scale trim is done by applying a signal 1 1/2LSB below 
the nominal full scale (9.985V for a lOV range). Trim R2 to 
give the last transition (1111 111110 to 1111 1111 11). 

r-
I I 
L ____ --- -~------.SiEFiG~~ 

Figure 3. Unipolar Input Connections 

BIPOLAR OPERATION 
The connections for bipolar ranges are shown in Figure 4. 
Again, as for the unipolar ranges, if the offset and gain spec
ifications are sufficient, the WOn trimmer shown can be 
replaced by a SOn ±1 % fixed resistor. The analog input is 

A0579 

6.II$lF 

r-
I ":" I L ___________________ .J 

·SEE FIGURE 1 

Figure 4. Bipolar Input Connections 

ERROR SOURCES 
The analog continuum is partitioned into 2 10 discrete ranges 
for 10-bit conversion. All analog values within a given quan
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza
tion uncertainty of ±1/2LSB, associated with the resolution, 
in addition to the actual conversion errors. 

The actual conversion errors that are associated with AID 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 

The matching and tracking errors in the AD 579 have been mini
mized by the use of a monolithicDAC.that includes the scaling 
network. The initial gain and offset errors are specified at ±0.1 % 
FSR typical. These errors may be trimmed to zero by the use 
of the external trim circuits as shown in Figures 3 and 4. Lin
earity error is defined as the deviation from a true straight line 
transfer characteristic from a zero arialog input which calls for 
a zero digital output to a point which is defined as full scale. 
The linearity error is unadjustable and is the most meaningful 
indication of AID converter accuracy. Differential nonlinearity 
is a measure of the deviation in staircase step width between 
codes from the ideal least significant bit step size (Figure 5). 

Monotonic behavior requires that the differential linearity 
error be less than 1LSB, however a monotonic converter can 
have missing codes; the ADS 79 is specified as having no missing 
codes from -55°C to +12S

o
C and thus is monotonic. 

There are three types of drift error over temperature: offset, 
gain and lineari ty. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer character
istic about the zero or minus full scale point. The worst case 
accuracy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves as 
the root-sum-squared (RSS) and can be shown as: 

RSS =V€G 2 + €02 + €L7 

€G = Gain Drift Error (ppm/ C) 
€o = Offset Drift Error (ppm of FSR/C) 
€L = Linearity Error (ppm of FSR/°C) 

Digital Output Code 
(Binary for Unipolar Ranges; Analog Input - Volts 

(Center of Quantization interval) Offset Binary for Bipolar Ranges) 

o to +10V o to +20V -SV to +5V -10V to +10V Bl BI0 
Range Range Range Range (MSB) (LSB) 

+9.9902 +19.9804 +4.9902 +9.9804 1111111111 
+9.9804 +19.9609 +4.9804 +9.9609 1111111110 

+S.0097 +10.0195 +0.0097 +0.0195 1000000001 
+S.OOOO +10.0000 +0.0000 +0.0000 1000000000 

+0.0097 +0.019S -4.9902 -9.9804 0000000001 
+0.0000 +0.0000 -S.OOOO -10.0000 0000000000 

Table 1. Digital Output Codes vs. Analog Input for Unipolar and Bipolar Ranges 
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lOa 

000 

Figure 5. Transfer Characteristic for an Ideal Bipolar A/D 

LAYOUT CONSIDERATIONS 
Many data acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. 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 circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD579. Separate ground returns 
should be provided to minimize the current flow in the path 
from 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. 

Each of the AD579's supply terminals should be capacitively 
decoupled as close to the AD579 as possible. A large value 
capacitor such as 10pF in parallel with a O.lpF capaci
tor is usually sufficient. Analog supplies are bypassed to the 
Analog Power Return pin and the logic supply is bypassed to 
the Digital GND pin. 

'5V 11+ @ 
o.l~FI I 10~F 

DIG ---~--*-----1(,5\ 
COM ~ 

@ 1 1 . -15V 

O'l~Ft ±10~F 
(jQIf---~~-+-+-- ANALOG o COMMON 

o.l~FI 10~F 

@ - J+. '15V 

Figure 6. Basic Grounding Practice 

To minimize noise the reference output (Pin 24) should be 
decoupled by a 6.8pF capacitor to pin 30. 

CLOCK RATE CONTROL 
The internal clock is preset to a nominal conversion time of 
4.8ps. It can be adjusted for eitlier faster or slower conver
sions. For faster conversion connect the appropriate 1% 
resistor between pin 17 and pin 18 and short pin 18 to pin 19. 

2.2~. 
CONVERSION 

RATE 
64911 

1% 

1.8~. 
CONVERSION 

RATE 
42211 

1% 

Figure 7. Clock Rate Control Connection 

Short Cycle Input - A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 2 to be terminated after any 
number of desired bits has been converted, allowing some
what shorter conversion times in applications not requiring 
fulll0-bit resolution. Short cycle pin connections and as
sociated maximum 10- and 8-bit conversion times are sum
marized in Table 2. 

Resolution (Bits) 10 8 

Connect Pin 14 to Pin 2 4 
Conversion Speed (ps) 1.8 1. 5 

Table 2. Short Cycle Connections 

External Oock - An external clock may be connected directly 
to the clock inpu t, pin 19. When operating in this mode the 
convert start should be held high for a minimum of one dock 
period in order to reset the SAR and synchronize the conver
sion cycle. 

External Buffer Amplifier - In applications where the AD579 
is to be driven from high impedance sources or directly from 
an analog multiplexer a fast slewing, wideband op amp like 
the LH0033G should be used. 

'15V 

Sl 

S16 

Figure 8. Input Buffer 

SAMPLED DATA SYSTEMS 

+5V.,5V-15V 

16 31 32 

The conversion speed of the ADS79 allows accurate digiti
zation of high frequency signals and high throughput rates in 
multichannel data acquisition systems. The AD579BD, for 
example, is capable of a full accuracy conversion in 1.8ps. In 
order to benefit from this high speed, a fast sample-hold 
amplifier (SHA) such as the HTC-0300 is required. This SHA 
has an acquisition time to 0.01% of approximately 300ns, so 
that a complete sample-convert-acquire cycle can be accom
plished in approximately 2.Sps. This means a sample rate of 
400kHz can be realized, allowing a signal with no frequency 
components above 200kHz to be sampled with no loss of in
formation. Note that the EOC signal from the ADS 79 places 
the SHA in the hold mode in advance of the actual start of 
the conversion cycle, and releases the SHA from the HOLD 
mode only after completion of the conversion. After allowing 
at least 300ns for the SHA to acquire the next analog value, 
the converter can again be started. 

CONVERT 
START 

EOC 

---l f- 200n. 

CONVERSION OF FIRSTSAMPLE L--"";;';'''';'';'';;;';;''';;';;'':''---J g~~~~~~~~ 

EOC IS ASSUMED TO BE TIED TO HOLD INPUT OF SHA 

NOTES: tSE = lOOn. 

Figure 9. Start/EOC Timing for Sampled Data System 
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ANALOG 
INPUT 

o TO -10V 

Figure 10. 400kHz - 10-Bit, AID Conversion System 

ANALOG 
INPUT 

OTO 10V 

CONVERT 
START 

Figure ". 154kHz - 10-Bit, AID Conversion System 

ANALOG 
INPUTS 

(16) 

DC POWER 

Figure 12. High Speed 10-Bit DAS 

A fast (8SkHz) lO-bit DAS can be configured using the AD362 
and the ADS79. The AD362 contains two a-channel multi
plexers, a differential amplifier, a sample-and-hold with high
speed output amplifier, a channel address latch and control 
logic. The multiplexers may be connected to the differential 
amplifier in either an 8-channel differential or l6-channel 
single-ended configuration. A feature of the AD362 is an 
internal user-controllable analog switch that connects the 
multiplexers in either a single-ended or differential mode. This 
allows a single device to perform in either mode without hard
wire programming and permits a mixture of single-ended and 
differential sources to be interfaced by dynamically switching 
the input mode control. 

Figure 13. High Speed-165kHz-10-Bit DAS 

A high speed lO-bit DAS with a throughput rate of 16SkHz 
can be built around an ADS79. The DAS of Figure 13 "Ping 
Pongs" two sample and hold amplifiers to eliminate the 
effects of the acquisition time of the sample and hold ampli
fiers. By applying sequential channel address the AO of the 
address enables one of the two multiplexers. The incorpora
tion of the flip-flops on the SHA moge controls and the 
switch address allows a new channel address to be latched in 
while a conversion is in progress. 

ADS79 ORDERING GUIDE 

Conversion Temperature Power Supply Package 
Model Speed Package Range Range Option! 

ADS79JN 2.21ls Polymer-Seal o to +70oC ±lSV ±lO% HY32H 
ADS79KN 1.81ls Polymer-Seal o to +70oC ±lSV ±1O% HY32H 
ADS79BD 1.81ls Hermetic Seal -2SoC to +8SoC ±lSV ±10% HY32H 
ADS79TD 1.81ls Hermetic-Seal -SSoC to 12SoC ±lSV ±10% HY32H 
ADS79ZJN 2.21ls Polymer-Seal Oto+70oC ±12V ±S% HY32H 
APS79ZKN 1.81ls Polymer-Seal o to +70oC ±l2V ±S% HV32H 
Ai:>S79ZBD 1.81ls Hermetic-Seal -2SoC to +8SoC ±12V ±S% HY32H 
ADS79ZTD 1.81l~ Hermetic-Seal ":SSoC to +12SoC ±12V ±S% HY32H 

1 See Section 20 for package oudine infonnation. 
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r.ANALOG 
WDEVICES 

Fast, Complete, 8-Bit AID Converter 
with Microprocessor Interface 

ADVANCE TECHNICAL DATA 

FEATURES 
Complete 8-Bit AID Converter with Reference, Clock and 
Comparator 
Full Microprocessor Bus Interface 
Fast Successive Approximation Conversion - 20 .... s 
No Missing Codes Over Temperature 
Operates on + 5V and -12V to - 15V Supplies 
Low Cost Monolithic Construction 

PRODUCT DESCRIPTION 
The AD673 is a complete 8-bit successive approximation analog 
to digital converter consisting of a DAC, voltage reference, 
clock, comparator, successive approximation register (SAR) and 
3 state output buffer-all fabricated on a single chip. No external 
components are required to perform a full accuracy 8-bit conversion 
in 20f-ls. 

The AD673 'incorporates the most advanced integrated circuit 
design and processing technology available today. The successive 
approximation function is implemented with I2L (integrated 
injection logic). Laser trimming of the high stability SiCr thin 
film resistor ladder network at the wafer stage (L WT) insures 
high accuracy, which is maintained with a temperature compen
sated sub-surface Zener reference. 

Operating on supplies of + SV and - 12V to - lSV, the AD673 
will accept analog inputs of 0 to + lOY, unipolar, or - SV to 
+ SV, bipolar. A positive pulse on the CONVERT line initiates 
the 20f-ls conversion cycle. I5ATA READY indicates completion 
of the conversion. DATA ENABLE controls the 8-bit three 
state output buffer. 

The AD673 is available in two versions; the AD673J is specified 
for the 0 to + 70°C temperature range, the AD673S for - 55°C 
to + 12S°e. Both guarantee full 8-bit accuracy and no missing 
codes over their respective temperature ranges and are packaged 
in 20-pin hermetically sealed ceramic DIPs. The AD673J is also 
offered in an 20-pin plastic DIP. 

*Prote~ted by Patents 3,940,760; 4,213,806 and 4,136,349 

AD673* I 
AD673 FUNCTIONAL BLOCK DIAGRAM 

OIGITAl 
COMMON 

PRODUCT HIGHLIGHTS 
1. The AD673 is a complete 8-bit AID converter. No external 

components are required to perform a conversion. 

2. The AD673 interfaces to many popular microproce~sors 
without external buffers or peripheral interface adapters. 

3. The device offers true 8-bit accuracy and exhibits no missing 
codes over its entire oper;ning temperature range. 

4. The AD673 accepts either unipolar (Q to + lOY) or bipolar 
( - SV to + SV) analog inputs by simply grounding or opening 
a single pin. 

5. Performance is guaranteed with + SV and -lSV supplies. 
The device will also operate with a -12V supply. 

6. The AD673SD/883B is screened in accordance with the Class 
B requirements of MIL-STD-883, Method 5004. Single chip 
construction renders the AD673 inherently more reliable 
than hybrid units. That and its functional completeness 
make the AD673 especially attractive for high reliability ap
plications. 
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SPECIFICATIONS 
(typical @ + 25°C with V + = + 5V, V - = -15V, all voltages measured with respect to digital common, unless otherwise indicated) 

Model AD6731 AD673S1 

RESOLUTION2 S Bits * 
RELA TIVE ACCURACY @ 2soC2,3,4 

Tmin to Tmax 

FULL SCALE CALIBRATION4,s 
(With I sn Resistor In Series With 

Analog Input) 

UNIPOLAR OFFSET (max)4 ' 

BIPOLAR OFFSET (max)4 

DIFFERENTIAL NONLINEARITY 
(Resolution for Which No Missing 

Codes are Guaranteed) 
+2SoC 

Tmin to Tmax 

TEMPERATURE RANGE 

TEMPERATURE COEFFICIENTS4 

Guaranteed max Change 
25° to T min or T max 

Unipolar Offset 
Bipolar Offset 
Full Scale Calibration6 

(With 1 sn Fixed Resistor or 
200flTrimmer) 

POWER SUPPLY REJECTION4 

Max Change In Full Scale Calibration 
TTL Positive Supply 

+ 4.5V:sV +:S + S.SV 
Negative Supply 

-IS.7SV:sV -:S -14.2SV 
- 12.6V:sV -:S - 11.4V 

ANALOG INPUT RESISTANCE 

ANALOG INPUT RANGES 
(Analog Input to Analog Common) 

Unipolar 
Bipolar 

± 1j2LSBmax 
± 1/2LSBmax 

±2LSB 

'SBits 
SBits 

± lLSB (SSppm/°C) 
± lLSB (S8ppm/°C) 
± 2LSB (176ppmroC) 

±2LSBmax 

±2LSBmax 
±2LSBmax 

3kflmin 
Skfltyp 
7kflmax 

Oto + lOY 
-SVto +SV 

* 

* 
* 
* 

* 
* 

± lLSB(40ppmfOC) 
± lLSB (40ppm/°C) 
± 2LSB (80ppmfOC) 

* 

* 
* 
* 
* 
* 

* 
* 

OUTPUT CODING 
Unipolar 
Bipolar 

Positive True Binary * 
Positive True Offset Binary * 

LOGIC OUTPUT 
Bit Outputs and =D-at-a-=R~ea-d"-y 

Output Sink Current 
(V OUT = 0.4 V max, T min to T max) 

Output Source Current (Bit Outputsf 

3.2mAmin 
(2TTL Loads) 

(VOUT = 2.4V min, T min to T max) O.SmA min 
Output Leakage (3 State) ±40,.....A max 

LOGIC INPUT (CONVERT, DATA ENABLE) 
Input Current (O:sVIN:sV +) ± IOO,.....Amax 
Logic "1" 2.0Vmin' 
Logic "0" O.8Vmax 

CONVERSION TIME 
Tmin to Tmax 

lO,.....smin 
20,.....styp 
30,.....smax 
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Model AD673J ' AD673S1 

POWER SUPPLY 
Absolute Maximum 

V+ +7V * 
V- -16.SV * 

Specified Operating - Rated Performance 
V+ +SV * 
V- -ISV * 

Operating Range 
V+ +4.SVto + S.SV * 
V- -11.4Vtp -IS.7SV * 

Operating Current 
V+ = +SV ISmA typ(2SmAmax) * 
V- = -ISV 9mA typ(1SmAmax) * 

*Specifications same as AD673J. 

'The AD673S is available fully processed and screened to the requirements' of MIL-STD-883B, Method 5004, 
Class B. When ordering, specify the AD673SD/883B. 

2The AD673 is a selected version of the AD573 lO-bit A to D converter. As such, some devices may exhibit 9 
or 10 bits of relative accuracy or resolution, but that is neither tested nor guaranteed. Only TTL logic inputs 
should be connected to pins 1 and 2 (or no connection made) or damage may result. 

3Relative accuracy is defined as the deviation of the code transition points from the ideal transfer point on a 
straight line from the zero to the full scale of the device. 

4Specifications given in LSBs refer to the weight of a least significant bit at the 8-bit level, which is 0.39% of 
full-scale. 

sFull scale calibration is guaranteed trimmable to zero with an external 200fl potentiometer in place of the 
ISfl fixed resistor. Full scale is defined as 10 volts minus lLSB, or 9.961 volts. . 

6Full Scale Calibration Temperature Coefficient includes effects of unipolar offset drift as well as gain drift. 
7The data output lines have active pull-ups to source O.SmA. The DATA READY line is open collector with 
a nominal 6kfl internal pull-up resistor. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
V + to Digital Common . . . . . . . 
V - to Digital Common . . . . . . . 
Analog Common to Digital C~mmon 
Analog Input to Analog Common 
Control Inputs 
Digital Outputs (3 State) 
Power Dissipation . . . . 

UNIPOLAR CONNECTION 

. ' .. 0 to +7V 
o to -16.SV 

:tIV 
:t ISV 

o to V+ 
o to V + 
800mW 

The AD673 contains all the active components required to 
perform a complete AID conversion. Thus, for many applications, 
all that is necessary is connection of the power supplies ( + SV 
and - ISV), the analog input and the conversion start pulse. 
However, there are some features and special connections which 
should be considered for achieving optimum performance. The 
functional pin-out is shown in Figure I. 

DATA ENABLE (DE) 

DATA READY (DR) 

DIGITAL COMMON 

BIPOLAR OFFSET 

ANALOG C~MON 

ANALOG IN 

V-

CONVERT 

MSB DB7 

'SEE NOTE 2. ABOVE 

Figure 1. A0673 Pin Connections 

The standard unipolar 0 to + lOY range is obtained by shorting 
the bipolar offset control pin (pin 16) to digital common (pin 17). 

AD673 ORDERING GUIDE 

Model 
AD673JN 
AD673JD 
AD673SD 
AD673SD/883B 

Package 1 

20-Pin Plastic DIP (N20A) 
20-Pin Ceramic DIP (D20A) 
20-Pin Ceramic DIP (D20A) 
20-Pin Ceramic DIP (D20A) 

1 See Section 20 for package outline information. 

Full Scale Calibration 

Temperature ~ 
Range .... 
Oto + 70°C 
Oto + 70°C 
- SSe to + 12SoC 
- SsoC to + 12SoC 

The Skn thin film input resistor is laser trimmed to produce a 
current which matches the full scale current of the internal 
DAC-plus about O.3%-,when a full scale analog input voltage of 
9.961 volts (10 volts - ILSB) is applied at the input. The input 
resistor is trimmed in this way so that if a fine trimming poten
tiometer is inserted in series with the input signal, the input 
current at the full scale input voltage can be trimmed down to 
match the DAC full scale current as precisely as desired. However, 
for many applications the nominal 9.961 volt full scale can be 
achieved to sufficient accuracy by simply inserting a Isn resistor 
in series with the analog input to pin 14. Typical full scale 
calibration error will then be about :t2LSB or :to.8%. If a 
more precise calibration is desired, a 200n trimmer should be 
used instead. Set the analog input at 9.961 volts, and set the 
trimmer so that the output code is just at the transition between 
11111110 and 11111111. Each LSB will then have a weight of 
39.06mV. If a nominal full scale of 10.24 volts is desired (which 
makes the LSB have weight of exactly 40.00mV), a son resistor 
in series with 200n trimmer (or a soon trimmer with good 
resolution) should be used. Of course, larger full scale ranges 
can be arranged by using a larger input resistor, but linearity 
and full scale temperature coefficient may be compromised if 
the external resistor becomes a sizeable percentage of Skn. 
Figure 2 illustrates the connections required for full scale calib
ration. 
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lSB 

MSB DB7 

(SHORT TO DIG COM FOR 
BIPOLAR OFFSET UNIPOLAR, OPEN FOR BIPOLAR) 

t-:":"n-JV:W ..... -o ANALOG IN 
R'N 1511 FIXED OR 20011 

VARIABLE (SEE TEXT) 

Figure 2. Standard AD673 Connections 

Unipolar Offset Calibration 
Since the Unipolar Offset is ± lLSB for all versions of the 
AD673, most applications will not require trimming. Figure 3 
illustrates two trimming methods which can be used if greater 
accuracy is necessary. 

Figure 3a shows how the converter zero may be offset by up to 
± 3 bits to correct the device initial offset and/or input signal 
offsets. As shown the circuit gives approximately symmetrical 
adjustment in unipolar mode. Figure 3b shows how to offset the 
converter zero by 1I2LSB. 

BIPOLAR CONNECTION 
To obtain the bipolar - sV to + sV range with an offset binary 
output code the bipolar offset control pin is left open. 

A - 5.00 volt signal will give an 8-bit code of 00000000; an 
input of 0.00 volts results in an output code of 10000000 and 
4.96 volts at the input yields the 11111111 code. 

Full Scale Calibration 
Full Scale Calibration is accomplished in the same manner as in 
un'ipolar operation except the full scale input voltage is 4.961 
volts. 

Negative Full Scale Calibration 
The circuit in Figure 3a can also be used in bipolar operation to 
offset ·the input voltage (nominally - SV) which results in the 
00000000 code. R2 should be omitted to obtain a symmetrical 
range. 

.----------iA'N 

R1 R2 R3 
3911 7.5k 4.7k 

SIGNAL COMMON 
R4 
10k 

+ 15V -15V 

ZERO OFFSET ADJ 
:t3 BIT RANGE 

Figure 3a. 

AD673 
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~------I A'N 

AD673 

ACOM 

SIGNAL COMMON 

,/, BIT ZERO OFFSET 

Figure 3b. 

CONTROL AND TIMING OF THE AD673 
CONVERT and DE are the control pins. Timing for the conversion 
cycle is shown in Figure 4a. A positive pulse sOOns in width 
must be applied to the CONVERT pin to initiate the.conversion. 
DR goes high within l.sf.ls after the rising edge of the convert 
str rt pulse to indicate that the SAR is reset and goes low when 
tire conversion is complete. 

Figure 4a. Convert Timing 

Read timing is shown in Figure 4b. Bringing DE low activates 
the 8-bit 3 state buffer. 

DATA ENABLE -----...... 1 

HIGH 

DB~DB7~IM~P~E~DA~N~C~E ____ ~~_~~_., 

Figure 4b. Read Timing 

In systems where peripheral interface adapter chips are used, or 
where dedicated 110 ports exist (as in single-chip-microcomputers), 
the AD673 may be used in a "stand-alone mode". In this mode, 
DR is hard-wired to DE to disable the output buffer during 
conversion. Upon completion of the conversion cycle, DR enables 
the output driver, and the 8-bit parallel data can be read. 

TIMING SPECIFICATIONS 

tes sOOnsmin 
tose 1. 5 f.ls max 
te lOf.lsmin 

20f.ls typ 
30f.lsmax 

too 2s0nsmax 
tHD SOns min 
tHi. 200ns max 

Timing . Measurement Reference Level is 
VINH + VINL VOUTL + YOUTH 

2 or 2 . 
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WDEVICES 

12-Bit Successive Approximation 
High Accuracy AjD Converter 

PRELIMINARY TECHNICAL DATA 

FEATURES 
True 12-Bit Operation: ±1/2LSB max Nonlinearity 
Totally Adjustment-Free 
Guaranteed No Missing Codes Over the Specified 

Temperature Range 
Hermetically-Sealed Package 
Standard Temperature Range: - 2SOC to +8SoC 
Military Temperature Range: -SSoC to +12SoC 
MI L-STD-883 Processing Available 
Serial and Parallel Outputs 
Monolithic DAC with Scaling Resistors for Stability 
Low Chip Count for High Reliability 
Industry Standard Pin Out 
Small 24-Pin DIP 

GENERAL DESCRIPTION 
The ADS200 series devices are 12-bit successive approximation 
analog-to-digital converters. The hybrid design utilizes MSI 
digital, linear monolithic chips and active laser trimming of 
high-stability thin-film resistors to provide a totally adjustment 
free converter-no potentiometers are required for calibration. 

The innovative design of the ADS200 series devices incorpo
rates a monolithic 12-bit feedback DAC for reduced chip count 
and higher reliability. The exceptional temperature coefficients 
of the monolithic DAC guarantees ±1/2LSB linearit6 over the 
entire operating temperature range of -2SoC to +8S C for the 
commercial grade and -SSoC to +12SoC for the military grade. 

The ADS200 series converters are available in 2 input voltage 
ranges: ±SV (ADS201lADS204) and ±10V (ADS202lADS20S). 
The converters are available either complete with an internal 
buried zener reference or with the option of an external refer
ence for improved absolute accuracy. 

The ADS200 series converters are available in two performance 
grades; the "B" is specified from -2SoC to +8SoC and the "T" 
is specified from -SSoC to +12SoC. The "B" and "T" grades 
are also available processed to MIL-STD-883 level B require
ments. All units are available in a 24-pin hermetically sealed 
ceramic DIP. 

AD5200 SERIES I 
ADS200 SERIES FUNCTIONAL BLOCK DIAGRAM 

·PIN 12 FUNCTION; -VREF OUT - AD5201, AOS202 
-VREF IN - AD5204. AD5205 

24-PIN DIP 

PRODUCT HIGHLIGHTS 
1. The ADS200 series devices are laser trimmed at the factory 

to provide a totally adjustment free converter-no potenti
ometers are required for 12-bit performance. 

2. A monolithic 12-bit feedback DAC is used for reduced chip 
count and higher reliability. 

3. The ADS200 series directly replaces other devices of this 
type with significant increases in performance. 

4. The devices offer true 12-bit accuracy and exhibits no 
missing codes over the entire operating temperature range. 

S. The fast conversion rate of the ADS200 series makes it an 
excellent choice for applications requiring high system 
throughput rates. 

ANALOG-TO-DIGITAL CONVERTERS VOL. I, 11-63 

a 



SPECIFICATIONS (typical @+25°C, ±15V and +5V unless otherwise noted) 

INPUT INPUT 
RANGE IMPEDANCE 

-SV to +SV S.Okn ADS20lB ADS20lT 
-lOY to +lOV 10.Okn ADS202B ADS202T 

REFERENCE Internal • 
RESOLUTION 12 Bits 

LINEARITY ERROR, MAX ±1I2LSB • 
No Missing Codes Tmin to Tmax Guaranteed • 

ZERO ERROR, MAX ±lLSB 

ZERO ERROR, MAX 
Tmin to Tmax ±2LSB 

ABSOLUTE ACCURACY, MAX ±O.OS% of FSR 1 

ABSOLUTE ACCURACY, MAX 
Tmin to Tmax ±0.4% of FSR 1 

CONVERSION TIME, MAX 
Clock = 260kHz SOJ.,Ls 

LOGIC RATINGS 
Input Logic Commands 

Logic "0" O.SV max 
Logic "I" +2.0Vmin 
Loading O.STTL Load 

CLOCK INPUT PULSE WIDTH lOOns min 

OUTPUT LOGIC 
Logic "0" 0.4Vmax 
Logic "I" 3.6V (2.4 min) • 

FANOUT - HIGH STTL Loads 

FANOUT-LOW 2TTL Loads 

POWER SUPPLY REQUIREMENTS 

VLOGIC +SV±O.SV • 
VCC +lSV ±1.SV 

VDD -lSV ±1.SV 

OPERATING CURRENT 

VLOGIC 2SmA (42mAmax) 
Vcc' lOrnA (2SmA max) 

VEE -2SmA (-3SmA max) 

VREF 

POWER SUPPLY REJECTION 
Vee ±O.OOS of FS/of P.S. 
VEE ±O.OOS of F.S.lof P.S. 

POWER CONS UMPTION 72SmW (O.SW max at 12S
o 
C) • 

OPERATING TEMPERATURE 
RANGE 

·Sames specifications as ADS201l02B. 
"Same specifications as ADS201l02T. 
···Same specifications as ADS204/0SB. 

- 2SoC to +SSoC 

J FSR is Full Scale Range and is equal to the peak to peak input signal. 
Specifications subject to change without notice. 
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-SSoC to +12SoC 

ADS204B 
ADS20SB 

External -lO.OOOV 

±0.1% of FSR1 

O.SmA 

ADS204T 
ADS20ST 

••• 

••• 

••• 

•• 



ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 
Positive Supply 
Negative Supply 
Logic Supply 
Analog Input 
Digital Outputs 
Digital Inputs 
Reference Supply 

1. 24 -6S0C to +ISOoC 
+18V ~--~--~--~GND 

-18V 
+7V 
±2SV 
Logic Supply 
+S.SV 

1kn" 

AD5200 SERIES 

soon" 

...;ISV ~---+-+--I----o +15V 

13 ~----+-""'---o -15V 

"DIVIDER ADDED FOR EXTERNAL 
REFERENCE MODELS ONLY. 

Burn In Circuit 

PROCESSING FOR HIGH RELIABILITY 

STANDARD PROCESSING. 
As part of the standard manufacturing procedure, all models 
of the ADS200 receive the following processing: 

PROCESS CONDITIONS 

1. Pre-Cap Visual Inspection In-House Criteria 
24 hours @ +ISOoC 

In-House Criteria 
48 hours @ +12SoC 

2. Stabilization Bake 

3. Seal Test, Gross 

4. Operating Bum-In 

ADS200 SERIES ORDERING GUIDE 

Model 
ADS20-BD 
ADS20-BD/883B 
ADS20-TD 
ADS20-TD/883B 

Linearity 
1/2LSB 
1/2LSB 
1I2LSB 
1I2LSB 

Absolute 
Accuracy 
2LSB 
2LSB 
2LSB 
2LSB 

-Insert number according to desired input voltage range. 
1 See Section 20for package oudine information. 

Temperature 
Range 
-2SoC to +8SoC 
-2SoC to +8SoC 
-SSoC to +12SoC 
-SSoC to +12SoC 

Package 
Option t 

HY24C 
HY24C 
HY24C 
HY24C 
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EXTERNAL 
CLOCK 

START 
CONVERT 

E.O.C. 

BIT 1 

BIT 2 

BIT3 

BIT 4 

BIT 5 

BIT 6 

BIT 7 

BIT 8 

BIT 9 

BIT 10 

BIT 11 

BIT 12 

SERIAL 

LJ 
~ 

D.J 
IT1J 
IT! 
U U 
U 

U U 
U 

U U 
U U 
U 

0 
U 

Figure 1. Timing Diagram 

ADS201lADS204 
+S.OOOOV 

O.OOOOV 
-4.9976V 

TIMING 
The timing diagram is shown in Figure 1. A conversion is initi-· 
ated by holding the start convert low during a rising edge of 
the clock. The start convert transition must occur at a mini
mum of 2Sns prior to the clock transition. The end of conver
sion (E.O.C.) signal will be set simultaneously with the initia
tion of conversion. The actual conversion will not start until 
the first rising edge of the clock after the start convert is again 
set high. 

Parallel data is valid on the f~lling edge of the E.O.C. and 
it will remain valid until the next conversion is initiated. The 
serial data is in the Non-Return To Zero format and it is valid 
on the same transition as the parallel data. 

An external clock of 260kHz will yield SO/-Ls conversion time. 
Increasing the clock frequency will decrease the conversion 
time; the linearity error, however, will increase. Refer to Fig
ure 2 for the acceptable minimum conversion time. 

1LSB 

I 
3/4LSB 

1/2LSB 

1/4LSB 

\ 

"" 15 30 

MICROSECOND~ 

45 50 

Figure 2. Linearity Error vs. Conversion Time (Normalized) 

ADS202lADS20S 
+10.000V 

O.OOOV 
- 9.99SV 

MSB LSB 
0000000000 
1000000000 
1111111111 

Table 1. Logic Coding (Complementary Offset Binary) 
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r.ANALOG 
WDEVICES 

12-Bit Successive Approximation 
High Accuracy AID Converter 

FEATURES 
True 12-Bit Operation: ±1/2LSB max Nonlinearity 
Totally Adjustment-Free 
Guaranteed No Missing Codes Over the Specified 

Temperature Range 
Hermetically-Sealed Package 
Standard Temperature Range: -25°C to +85°C 
Military Temperature Range: -55°C to +125°C 
MI L-STD-883 Processing Available 
Serial and Parallel Outputs 
Monolithic DAC with Scaling Resistors for Stability 
Low Chip Count for High Reliability 
Industry Standard Pin Out 
Small 24-Pin DIP 

GENERAL DESCRIPTION 
The ADS210 series devices are 12-bit successive approximation 
analog-to-digital converters. The hybrid design utilizes MSI 
digital, linear monolithic chips and active laser trimming of 
high-stability thin-film resistors to provide a totally adjustment 
free converter-no potentiometers are required for calibration. 

The innovative design of the ADS210 series devices incorpo
rates a monolithic 12-bit feedback DAC for reduced chip count 
and higher reliability. The exceptional temperature ~oefficients 
of the monolithic DAC guarantees ±V2LSB linearity over the 
entire operating temperature range of -2SoC to +8SoC for the 
commercial grade and -S SO C to + 12 SO C for the military grade. 

The ADS210 series converters are available in 2 input voltage 
ranges: ±SV (ADS2111ADS214) and ±10V (ADS212/ADS21S). 
The converters are available either complete with an internal 
buried zener reference or with the option of an external refer
ence for improved absolute accuracy. 

The ADS210 series converters are available in two performance 
grades; the "B" is specified from -2SoC to +8SoC and the "T" 
is specified from -SSoC to +12SoC. The "B" and "T" grades 
are also available processed to MIL-STD-883 level B require
ments. All units are available in a 24-pin hermetically sealed 
ceramic DIP. 

AD5210 SERIES I 

AD5210 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The AD5210 series devices are laser trimmed at the factory 

to provide a totally adjustment free converter-no potenti
ometers are required for 12-bit perfonnance. 

2. A monolithic 12-bit feedback DAC is used for reduced chip 
count and higher reliability. • 

3. The AD5210 series directly replaces other devices of this 
type with significant increases in performance. 

4. The devices offer true 12-bit accuracy and exhibits no 
missing codes over the entire operating temperature range. 

S. The fast conversion rate of the ADS210 series makes it an 
excellent choice for applications requiring high system 
throughput rates. 
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SPECIFICATIONS (typical @+25°C,±15Vand +5V unless otherwise noted) 

,INPUT INPUT 
RANGEl IMPEDANCE 

-SV to +SV S.Okn 
-toV to +10V to.Okn 

REFERENCE 
RESOLUTION 

LINEARITY ERROR MAX 
No Missing Codes Tmin to Tma."( 

ZERO ERROR, MAX 

ZERO ERROR, MAX 
Tmin to Tmax 

ABSOLUTE ACCURACY, MAX 

ABSOLUTE ACCURACY, MAX 
Tmin to Tmax 

CONVERSION TIME, MAX 
Clock = 1MHz 

LOGIC RATINGS 
Input Logic Commands 

Logic "0" 
Logic "1" 
Loading 

CLOCK INPUT PULSE WIDTH 

OUTPUT LOGIC 
Logic "0" 
Logic "1" 

FANOUT - HIGH 

FANOUT-LOW 

POWER SUPPLY REQUIREMENTS 

VLOGIe 
Vee 
VDD 

OPERATING CURRENT 

VLOGIe 
Vee 
VDD 
VREF 

POWER SUPPLY REJECTION 
Vee 
VDD 

POWER CONSUMPTION 

OPERATING TEMPERATURE 
RANGE 

·Same specifications as AD5211/12B. 
"Same specifications as AD5211112T. 
···Same specifications as AD5214/15B. 

ADS211B 
ADS212B 

Internal 
12 Bits 

±1/2LSB 
Guaranteed 

±lLSB 

±2LSB 

±2LSB 

±0.4% of FSR2 

13ps 

O.BV max 
+2.0V min 
O.STTL Load 

lOOns min 

0.4V max 
3.6V (2.4 min) 

BTTL Loads 

2TTL Loads 

+SV ±10% 
+lSV ±10% 
-lSV ±10% 

2SmA (42mA max) 
lOrnA (16mA max) 
20mA (2BmA max) 

±O.OOS%/% 
±O.OOS%/% 

S7SmW 

-25°C to +BSoC 

1 Other input ranges are available, consult factory. 

ADS211T 
ADS212T 

-SSoc to +12SoC 

2 FSR is Full Scale Range and is equal to the peak to peak input signal. 
Specifications subject to change without notice. 

~OL. I, 11-68 ANALOG·TO·DIGITAL CONVERTERS 

ADS214B 
ADS21SB 

External -to.OOOV 

±0.1% of FSR2 

O.SmA 

ADS214T 
ADS21ST 

... 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 
Positive Supply 
Negative Supply 
Logic Supply 
Analog Input 
Digital Outputs 
Digital Inputs 
Reference Supply 

+5Vo-+---t 
1. 

12 

AD5210 SERIES 

-65°C to +150
o
C 

+18V 
-18V 
+7V 
±Z5V 
Logic Supply 
+5.5V 
-15V 

24 

lk!!' 

SOOW 

1---1--1-11---<1 + ISV 

131----H~-<1 -ISV 

'DIVIDER ADDED FOR EXTERNAL REFERENCE MODELS ONL Y. 

Figure 1. Burn In Circuit 

1-

AD5211/AD5214 
+5.0000V 

O.OOOOV 
-4.9976V 

TEST 
POINT 

ANALOG 
GND 

-VREF OUT 
-VREF IN 

AD52121AD5215 
+lO.OOOV 

O.OOOV 
- 9.995V 

'PIN 12 FUNCTION: -VREF OUT - AD521T. AD5212 
-VREF IN - AD5214. AU5215 

Figure 2. Pin Designations 

MSB LSB 
0000000000 
1000000000 
1111111111 

Table I. Logic Coding (Complementary Offset Binary) 

AD5210 SERIES ORDERING GUIDE 

Absolute Temperature Package 
Model Linearity Accuracy Range Option1 

AD521"'BD lIZLSB ZLSB -25°C to +85°C HY24C 
AD521"'BD/883B 1I2LSB ZLSB -25°C to +8SoC HYZ4C 

. AD521"'TD lIZLSB ZLSB -55°C to +125°C HY24C 
AD521"'TD/883B 1/2LSB 2LSB -55°C to +12SoC HY24C 

1 See Section 20 for package outline information. 

• Insert number according to desired input voltage range. 

CLOCK IN 

DIG GND 

EOC 

BIT 7 

BIT 8 

BIT 9 

BIT 10 

BIT 11 

BIT 12 

+15V 

ANALOG 
IN 

-15V 
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THEORY OF OPERATION 
On receipt of a CONVERT START command, the AD5210 
converts the voltage as its analog input into an equivalent 
12-bit binary number. This conversion is accomplished as 
follows: the 12-bit successive-approximation register (SAR) has 
its 12-bit outputs connected both to the device bit outpu't pins 
and to the corresponding bit inputs of the feedback DAC. 
The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last), The 
decision to keep or reject cach bit is then made at the com
pletion of each bit comparison period, depending on the'state 
of the comparator at that time, 

TIMING 
The timing diagram is shown in Figure 3. A conversion is initi
ated by holding the !>tart convert low during a rising edge of 
the clock, The start convert transition must occur at a mini
mum of 25 ns prior to thc clock transition. The end of conver
sion (E.a,c.) signal will be set simultaneously with the initia-

START -, I 
CONVERT L-J 

EXTERNAL 
CLOCK 

STATUS 

tion of conversion. The actual conversion will not start until 
the first rising edge of the clock after the start convert is again 
set high. At time to, B1 is reset and Bz-B12 are set uncon-
di tionally. At t 1 the Bit 1 decision is made and Bit 2 
is unconditionally reset. At tz, the Bit 2 decision is made 
(keep) and Bit 3 is reset unconditionally. This sequence con
tinues until the Bit 12 (LSB) decision (keep) is made at t12. 
The STATUS flag is reset at time tlZ indicating that the 
conversion is complete and that the parallel output data is 
valid. 

Corresponding serial and paral\cJ data bits become valid on 
the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simply by clocking it into a 
receiving shift register on th'ese edges (see Figure 3) An ex
ternal clock of IMHz will yield 13Jls conversion time, In
creasing the clock frequency will decrease the conversion 
time; the linearity error, however, will increase. 

IT9 

* 
MSB ===, "0" I 

BIT 2 

BIT 3 

BIT 4 

BIT 5 

BIT 6 

BIT7 

BIT 8 

BIT 9 

===r-LJ'T' i I I :: :J LJ~"1"~---:--~I=------:---1 ~....!....--.:..--

:::J 1"0" 
---J j"o" I I I 
---~ ______ ~'~~~±=~=C=±~==~==== 
===J LJ1" I I I 
:=:J~----------------------------~~~"1-"~I----~1 ~----~~I ---------

==] LJ"1" I I 
::] 1"0" 

BIT 10 

BIT 11 

LSB 

SERIAL 
DATA OUT 

~==J U"1" I 
===Jr-----------------,~'T' I 
==J "0" 

:.-:..-=-~ 2: 3 I 4 : 5 I 6 : 7 : 8 .lJU 10 
LSB 11 lIL. 

"1" "0;'1 1:2" 'T' 'T' "0" "0" "1" "1" "1" "0" "1" 

Figure 3. Timing Diagram 

The analog continuum is partitioned into 212 discrete ranges 
for 12-bit conversion. All analog values within a given quan
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza
tion uncertainty of ±1/2LSB, associated with the resolution, 
in addition to the actual conversion errors, 

The actual conversion errors that are associated with AID 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection, 
The matching and tracking errors in the converter have been 
minimized by the use of a monolithic DAC that includes the 
scaling network. The initial gain and offset errors have been 
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internally trimmed to provide an absolu te accuracy of ±O.05%. 
Linearity error is defined as the deviation from a true straight 
line transfer characteristic from a zero analog input which 
calls for a zero digital output to a point which is defined as 
full scale. The linearity error is un adjustable and is the most 
meaningful indication of AID converter accuracy. Differential 
nonlinearity is a measure of the deviation in the staircase step 
width between codes from the ideal least significant bit step 
size (Figure 4). 

Monotonic behavior requires that the differential linearity 
error be less than lLSB, however a monotonic converter can 
have missing codes; the AD5210 is specified as having no 
missing codes over the entire temperature range as specified 
on the data page. 



There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer characteristic 
about the zero or minus full scale point. The worst case ac
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 
as the root-sum-squared (RSS) and can be shown as: 

EG = Gain Drift Error (ppm/oC) 

EO = Offset Drift Error (ppm of FSRtC) 

EL = Linearity Error (ppm of FSRtC) 

000. .. 000 

0 
u 
co 
8 
I 

I-
:::J 011 0. 
I-
:::J 
0 

~ 
(3 
C 

111. 

I 

+F~R -lLSB 

Figure 4. Transfer Characteristics for an Ideal Bipolar AID 

GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Digital Ground and 
Analog Ground (Analog Power Return). These grounds must 
be tied together at one point, usually at the system power
supply ground. Ideally, a single solid ground would be de
sirable. 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 
ground pin of the AD5210. Separate ground returns should 
be provided to minimize the current flow in the path from 
sensitive points to the system ground point. In this way sup
ply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

"IF INDEPENDENT. OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 

Figure 5. Basic Grounding Practice 

Each of the AD5210's supply terminals should be capacitively 
decoupled as close to the AD5 210 as possible. A large value 
capacitor such as IIlF in parallel with O.OIIlF capacitor is 
usually sufficient. Analog supplies are bypassed to the Analog 
Ground pin and the logic supply is bypassed to the Digital 
Ground pin. 

o 1 1- +5V 

O,01~F 1.0~F 

@ I I _ DIGITAL 
GROUND 

® ~. ~ _ .15V 

;"Ol~F I I 1.:~F ANALOG 

Q I I GROUND 

O,01~FI Il.o~F 

@p----4~~~~._ ..... - -15V 

Figure 6. Power Supply Decoupling 

SAMPLED DATA SYSTEMS 
The conversion speed of the AD5210 allows accurate digit
ization of high frequency signals and high throughput rates 
in multichannel data acquisition systems. To make the AD5210 
capable of full benefit from this high speed, a fast sample
hold amplifier such as the AD346 or ADSHC-85 is required. 
Figures 7 and 8 show the use of an AD346 and ADSHC-85 
as sample and holds in combination with the AD5210. 

ANALOG 
INPUT 

-10VTO+l0V 

CONVERT 
START 

CLOCK IN 

13 

Figure 7. 66.6Hz-12-Bit, AID Conversion System 

ANALOG 
INPUT 

-10V TO .10V 

CONVERT 
START 

o------------------------------------~ 

CLOCK IN 

24 

Figure 8. 57.1kHz-12-Bit, AID Conversion System 

In sampled data systems there are two limiting factors in 
digitizing high frequency signals. The maximum value of 
input signal frequency that can be acquired and digitized 
using a sample and hold amplifier and AID converter com-

_ bination is influenced by the bandwidth of the SHA, but it 
is also dictated by: 

A. The aperture uncertainty (jitter) of the sample and 
hold amplifier. 
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B. The desired accuracy and corresponding resolution of . 
the converter. 

The resolution of an AD5210 is 1 part in 4096 to a tolerance 
of 0.012% of the full scale range, the maximum value of input 
signal frequency which can be digitized is determined by: 

F I ::; ___ --=2'--_N _____ _ 
MAX (27T)(Aperture Uncertainty) 

1 
FMAX/AD346 = (27T) (4096) (4 X 10-10 ) ::; 97.1kHz 

FMAX /ADSHC-85 ::; 1 ::; 77.7kHz 
(27T) (4096) (5 X 10-10 ) 

The maximum throughput rate for each of these combinations 
is again different. The maximum throughput rate is the sum 
of the sample and hold acquisition time and AID conversion 
time as shown in Figure 9. 

EXTERNAL 
CLOCK 

coZ~~=~LJ 
f--TcONV.-j 

E.O.C. -1 CONVERSION OF L....J CONVER&ION OF L-
SAMPLE 1 ACOUISTION SAMPLE 2 

OF 
SAMPLE 2 

E. O.C. CONNECTED TO SAMPLE AND HOLD MODE CONTROL 

Figure 9. START/E.O.C. Timing for Sampled Data 
System 

When using an AD346 with an AD5210 the throughput 
rate is, 2.0ps acquisition time plus 1311s conversion time, 
66.6kHz. The ADSHC-85 used in combination with an 
AD5210 is, 4.511s acquisition time plus 13l1s conversion time, 
57. 1kHz. To meet th~ requirements of the nyquist sampling 
criteria, the AD346 and AD5210 combination can be used 
for input frequencies from dc through 33.3kHz; the ADSHC-
85 and AD5210 combination for inputs from dc through 
28.5kHz. Input frequencies higher than these (up to the maxi
mum frequency) would result in "under-sampling" of the 
input signal. Signals up to the maximum frequency could be 
processed if their bandwidth is less than one-half the sample 
frequency. 

A fast (32kHz) 12-bit DAS can be configured using the AD362 
and the AD5210. The AD362 contains two 8-channel multi
plexers, a differential amplifier, a sample-and-hold with Iligh
speed output amplifier, a channel address latch and control 
logic. The multiplexers may be connected to the. differential 
amplifier in either an 8-channel differential or 16-channel 
single-cnded configuration. A feature of the AD362 is an 
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internal user-controllable analog switch that connects the 
multiplexers in either a single-ended or differential mode. This 
allows a single device to perform in either mode without hard
wire programming and permits a mixture of single-ended and 
differential sources to be interfaced by dynamically switching 
theinput mode control. 

DC POWER 

HOLD 
~CAPACITOR 

DATA 
BITS 
OUT 

(1-121 AI~ALOG 
INPUTS 

1161 
AD362 ANALOG ANALOG AD5210 

OUT IN 

SAMPLE/HOLD 

CHANNEL 
SELECT 
LATCH 

STATUS OUTPUT 

Jl 
CONVERT DATA STROBE 

START (~~~~i~~J 

Figure 10. High Speed 12-Bit DAS 

CONVERT START USING A POSITIVE EDGE 
In some systems it may be inconvenient to generate a negative 
going start convert pulse of the proper width. The circuit of 
Figure 11 can be used to start a conversion on the AD5210 
series of AIDs with a positive going edge. To perform a con
version both the convert start signal and the E.O.C. must be 
low. The output of the inverter and nand gate will then be in 
the high state. The converter will reset on the next rising 
clock edge. Resetting brings the E.O.C. to a high state; the 
inverter goes low; the convert start is still high so the output 
of the nand gate goes high allowing the conversion to continue 
immediately. The convert start line has only to be brought 
back down before the conversion is complete. 

START <>---l"lo 
SIGNAL ~1-~---2~: ....... _A_D_5_2_10_--I 

CLOCK SL.f1.Jl..r1...~ 
~~L-__ _ START 

SIGNAL ___ --.J 

STATUS ____ ..J" (~ 
N~:V:::~: ---...,,-~ ___ ---;~ 
CO~~~~~ ----.U,..------,IISOS------

Figure 1,. Convert Start Using a Positive Edge 
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FEATURES 
Performance 

Complete 12-Bit AID Converter with Reference and Clock 
Fast Successive Approximation Conversion: 5ps 
Buried Zener Reference for Long Term Stability and Low 

Gain T_C_: 10ppmfC 
Max Nonlinearity: <±O.012% 
Low Power: 775mW Typical 
Hermetic Package Available 
Low Chip Count - High Reliability 
Pin Compatible with AD AOC84/AO AOC85 
"Z" Models for ±12V Operation Available 
MI L-STO-883B Processing Available 
Military Temperature Range -55°C to +125°C 

Versatility 

Negative-True Parallel or Serial Logic Outputs 
Short Cycle Capability 
Precision +6.3V Reference for External Applications 

PRODUCT DESCRIPTION 
The AD5240 is a high speed low cost 12-bit successive approx
imation analog-to-digital converter that includes an internal 
clock, reference and comparator. Its hybrid IC design utilizes 
MSI digital and linear monolithic chips in conjunction with a 
12-bit monolithic DAC to provide modular performance and 
versatility with IC size, price and reliability. 

Important performance characteristics of the ADS 240 include 
a maximum linearity error at +25°C of 0.012%, gain T.e. 
below 15ppmtC, typical power dissipation of 775mW, and 
conversion time of less than 511s for 12-bit conversions. Of 
considerable significance "in military and aeros!,ace applica
tions is the guaranteed performance from -55 C to + 12 5° C.of 
the AD5240S which is also available processed to MIL~STD-
883B. Monotonic operation of the feedback DI A converter 
guarantees no missing output codes over temperature ranges 
of 0 to +700 C, and -55°C to +125°C. 

The design of the AD5240 includes scaling resistors that pro
vide analog input signal ranges of ±2.5V, ±5V, ±10V, 0 to +5V, 
or 0 to +10V. Adding flexibility and value are the +6.3V pre
cision reference, which also can be used for external applica
tions, and the input buffer amplifier. All digital signals are 
fully DTL and TTL compatible, and the data output is nega
tive-true and available in either serial or parallel form. 

The AD5240K is specified for operation over the 0 to +70°C 
tem.rerature ra~ge and the AD5240S is specified for the 
-55 Cto+125 Crange. 

Very Fast, Complete 
12-Bit A/DConverter 

AD5240 I 
AD5240 FUNCTIONAL BLOCK DIAGRAM 

BIT 12 
(LSB FOR 12 BITS) 

BIT 10 
(LSB FOR 10 BITS) 3 

SHORT 
CYCLE 

DIGITAL 
GROUND 

PRODUCT HIGHLIGHTS 

+15V SUPPLY 

r----'=J GAIN ADJUST 

ANALOG 
GROUND 

20V 
SPAN INPUT 

10V 
SPAN INPUT 

BIPOLAR 
OFFSET 

L-<p----I--+----1 22 T~MPARATOR 

CONVERT 
COMMAND 

STATUS 

CLOCK RATE 
CONTROL 

32-PINDIP .. 

1. The AD5240 is a complete 12-bit AID converter. No ex
terna!" components are required to perform a conversion. 

2. The AD5240 directly replaces other devices of this type 
with significant increases in performance. 

3. The fast conversion rate of the AD5240 makes it an excel
lent choice for applications requiring high system through
put rates. 

4. The internal buried zener reference is laser trimmed to 
6.3V ±0.1 % and 10ppmtC typical T.C. The reference is 
available externally and can provide up to 1mA. 

5. The integrated package construction provides high quality 
and reliability with small size and weight. 

6. The monolithic 12-bit feedback DAC is used for reduced 
chip count and high reliability. 

7. The AD5240SD/883B comes processed to MIL-STD-883, 
class B requirements. 
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SPECIFICATIONS (typical @+25°C, ±15V and +5V unless otherwise noted) 
MODEL 

RESOLUTION 

ANALOG INPUTS 
Voltage Ranges 

Bipolar 
Unipolar 

Impedance (Direct Input) 
OV to +SV, ±2.SV 
ov to +IOV, HV 
ilOV 

Buffer Amplifier' 
Impedance (min) 
Bias Current 
Offset Voltage 
Settling Time 

To 0.01% for lOV Step 

DIGITAL INPUTS' 
Convert Command 

Logic Loading 

TRANSFER CIIARACTERISTICS 
Gain Error3 

Offset Error' 
Unipolar 
Bipolar' 

Linearity Error (max)· 
Inherent Quantization Error 
Differential Linearity Error 
No Missing Codes Temperature Range 
Power Supply Sensitivity 

±1SV 
+SV 

DRIFT 
Specification Temperature Range 
Gain (max) 
Offset 

Unipolar 
B'polar (rnax)s 

Linearity (max) 
Monotonicity 

CONVERSION SPEED (MAX) 

DIGITAL OUTPUT 
(all codes compl~mentary) 

Parallel 
Output Codes' 

Unipolar 

Bipolar 
Output Dnve 

Serial Data Codes (NRZ) 
Output Drive 

StatuS 

Status Output Drive 

Internal Cluck 
Clock Output Drive 
Frequency8 

INTERNAL REFERENCE VOLTAGE 
Max. External Current (with no 

degradation of specifications) 
Tempco of Reference 

POWER REQUIIUMI·.NTS 
Rated Voltages 
Range for Rated Accuracy 
Z Models' 
Supply Drain +ISV 

-15V 
+5V 

Total Power Dissipation 

n "'PERATURE HAN(;I·. 
Specification' 
Operating (Derated Sp<.:cs) 
Storage 

PACKAGE OPTION'· 

NOTES 

AD5240KD 

12 Bits 

tl.SV, tSV, tlOV 
OV to +SV, OV to + 10V 

2.Skll(tlO%) 
Skll(±lO%) 
10kll(±lO%) 

100Mll 
SOnA 
6mV 

Positive Pulse SOns min Trailing 
Edge Initiates Conversion 
ITTL Load 

±0.2% 
Adjustable to Zero 
±0.I%ofFSR4 

±0.2% of FSR4 

±0.012% FSR 
±1/2LSB 
o to +70°C 

±0.004% of FSR/% V 
±0.001% of FSR/% V 

o to +70°C 
±30ppm/oC 

±3ppm/C 
±ISppm/C 
±2ppm/C 
GUARANTEED 

51'S 

CSB 
COB, CTC 
ZTTL Loads 
CSB, COB 
2TTL Loads 
Logic ". " during Conversion 
2TTL Loads 

2TTL Loads 
2.6MHz 

6.3V/±ISmV max 

1.0mA 
±10ppm/oC 

+SV, ±ISV 
4.7SV to S.HV and ±13.SV to ±16.SV 
4.7SV to S.2SV and ±I1.4V to ±16.SV 
ISmA max 
3SmA max 
IOOmA max 
1I00mW max 

o to +70°C 
_HOC to +8SoC 
_65°C to +150°C 

Hermetic Ceramic 

(HY32F) 

1 Buffer Settling time adds to conversion speed when buffer is connected to input. 
a DTLITrL compatible Logic "0" • O.BV max, Logic: "I" • 2.0V min for 

digital input, Loric "0" • O.4V max, Logic "." • 2.4V min, digital output. 
:. Adju!ootahlc to ".('fO • 

.. FSR mnns Full Scale Range. 
'euaranteed at VIN :: 0 volts. 
-Error sh~wn is the same!lS !II2LSB max error in %of FSR. 
"Sec Table I. 
'Pin 17 tied to +SV. 
'For t12Voperaton add "Z" to model number. Input range 

limited to a maximum of ±'V when input buffer is used. 
10 See Section 20 for package oudine infonnation . 

• Specifications same asAD'240KD. 
Specifications subject to chanKc without notice. 
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AD5240SD 

12 Bits 

_55°C to +12SOC 

-55°C to +llSoC 
±2Sppm/oC 

-55°C to +12S"C 

Hermetic Ceramic 

(HY3lF) 

Figure 1. AD5240 Functional Diagram 
and Pin Out 

Model 

ADS240KD 
ADS240ZKD 

ADS2405D 
AD5240Z5D 
ADS 2405D/883 B 
ADS240Z5D/883B 

ORDERING GUIDE 

Power 
Requiremenu 

±ISV 
±12V 

±1SV 
±12V 
±lSV 
tlZV 

Temperature Range 

o to +70·C 
o to +70

o C 
_SSoC to +12S·C 

-55°C to +12S
o

C 
-SSoCro +12S·C 

-SS·C to +12S
o
C 



1/2 r----,r-----,----,----,...----.,.--.....,.--.....,.--..... 

1/4 1---l--~I_--1f.\_--1-------4---+-=~~--.....f 

CONVERSION TIME -"' 

Figure 2. Linearity Error vs. Conversion Speed 

+0.25,..---r----,--,-------,.--r---..., 

+0.21---l----+---+------I--+------j 

-25 +25 +70 +85 +125 

TEMPERATURE -"C 

Figure 4. Gain Drift Error (% FSR) vs. Temperature 

The analog continuum is partitioned into 212 discrete ranges 
for 12-bit conversion. All analog values within a giveri quan
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza
tion uncertainty of ±112LSB, associated with the resolution, 
in addition to the actual conversion errors. 

The actual conversion errors that are associated with AID 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the converter have been 
minimized by the use of a monolithic DAC that includes the 
scaling network. The initial gain and offset errors are specified 
at ±O.2% FSR for gain and ±O.l % FSR for offset. These 
errors may be trimmed to zero by the use of the external trim 
circuits as shown in Figures 11 and 13. Linearity error is defined 
as the deviation from a true straight line transfer characteristic 
from a zero analog input which calls for a zero digital output 
to a point which is defined as full scale. Tht; linearity error is 
unadjustable and is the most meaningful indication of AID 
converter accuracy. Differential nonlinearity is a measure of 
the deviation in the staircase step width between codes from 
the ideal least significant bit step size (Figure 6). 

Monotonic behavior requires that the differential linearity 
error be less than I LSB, however a monotonic converter can 
have missing codes; the AD5240 is specified as having no 
missing codes over the entire temperature range as specified 
on the data page. 

Typical Performance Curves 

1/2 t-----t--------II---t---t---+----'~--t--_+--_l 

CONVERSION TIME - "' 

Figure 3. Differential Linearity Error vs. Conversion Speed 

10~~~--T--~-_r-_...-~~--T--r_-~-_, 

~8~-~~-+~-~-~---I-~+---+--~-~-~ 
I 

::E 

~ 6~-,.-~~-~~~-~-~+---+--r_-~-~ 
o 

~ . 
~ 4t----1----t-~r-~~-~~~~=_~~--~=_-+--_____4 

CONTROL VOLTAGE ON PIN 17 - V 

Figure 5. Conversion Speed vs. Control Voltage 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer characteristic 
about the zero or minus full scale point. The worst case ac
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 
as the root-sum-squared (RSS) and can be shown as: 

R'SS -= JEG 2 + EO 2 + CL 2 

CG = Gain Drif-t Error (ppm/DC) 

EO = Offset Drift Error (ppm of FSR/°C) 

EL = Linearity Error (ppm of FSR/oC) 

;3 
'" 0 
U 
I 

:> 

:> 
0 

« .... 

" a 
111 

Figure 6. Transfer Characteristics for an Ideal Bipolar AID 
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THEORY OF OPERATION 
On receipt of a CONVERT START command, the AD5240 
converts the voltage as its analog input into an equivalent 12-
bit binary number. This conversion is accomplished as follows: 
the 12-bit successive-approximation register (SAR) has its 12-
bit outputs connected both to the device bit output pins and 
to the corresponding bit inputs of the feedback DAC. The 
analog input is successively compared to the feedback DAC 
output, one bit at a time (MSB first, LSB last). The decision 
to keep or reject each bit is then made at the completion of 
each bit comparison period, depending on the state of the 
comparator at that time. 

TIMING 
The timing diagram is shown in Figure 8. Receipt of a CON
VERT START signal sets the STATUS flag, indicating conver
sion in progress. This, in turn. removes the inhibit applied to 

the gated clock. permitting it to run through 13 cycles. All the 
SAR parallel bits. STATUS flip-flops. and the gated clock 
inhibit signal are initialized on the trailing edge of the 
CONVERT START signal. At time to. Bl is reset and B2 -

B12 are set unconditionally. At tl the Bit 1 decision is made 
(keep) and Bit 2 is unconditionally reset. At t2. the Bit 2 
decision is made (keep) and Bit 3 is reset unconditionally. 
This sequence continues until the Bit 12 (LSB) decision (keep) 
is made at t12' After a 40ns delay period. the STATUS flag is 
reset. indicating that the conversion is complete and that the 
parallel output data is valid. Resetting the STATUS flag re
stores the gated clock inhibit signal. forcing the clock output 
to the Logic "0" state. 

Corresponding serial and parallel data bits become va.lid on 
the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges. however; 
serial data can be transferred quite simple by clocking it into a 
receiving shift register on these edges (see Figure 7). 

Incorporation of this 40ns delay guarantees that the parallel 
(and serial) data are valid at the Logic "1" to "0" transition 
of the STATUS flag. permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 

MAXIMUM THROUGHPUT TIME 

CONVERT1 

START 

INTERNAL 
CLOCK 

STATUS 

MSB 

BIT 2 

BIT 3 

BIT 4 

BIT 5 

BIT6 

BIT7 

BIT8 

BIT9 

BIT '0 

BIT " 

LSB 

SERIAL 
DATA OUT 

CONVERSION TIME (2) ~I 

I I I I I I I I I 

~to I t1 I t2 114 Its I ts I t7 Its It 9 I t10 
(3) * * * * * * * * 

::.:' "0" I I I I I I I I 
---~"1" 

I I 

I I I I :::J L-j''1'' 

I I I ===J 1"0" r-
:::J j"o" I I I r-
:::J U"l" I I I 
==] U"," I I I 
=::J 1-.1"," 

I I ::] 1"0" r-
:::J U'T' I I 
==:J LJ"," 

1"0" :::J r-
:-=-:~ 2 I 3 I 4 I 5 I 6 I 7 I 8 ~'O " ~ff$& I I I I 

I:!" "'" "'" "0" "0" "'" "'" "'" "0" "'" "'" "0; I 
NOTES: 
,. THE CONVERT START PULSE WIDTH IS 50ns MIN AND MUST REMAIN LOW DURING 

A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAILING EDGE" OF THE 
CONVERT COMMAND. 

2. 5p$ FOR 12 BITS AND 4.2ps FOR 10 BITS (MAX - PIN 17 TIED TO +5V) 
3. MSB DECISION 
4. LSB DECISION 40ns PRIOR TO THE STATUS GOING LOW 
*BIT DECISIONS 

Figure 7. Timing Diagram (Binary Code 011001110110) 

VOL. I, 11-76 ANALOG·TO·DIGITAL CONVERTERS 



DIGITAL OUTPUT DATA 
Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output coding is complemen
tary binary for unipolar ranges and either complementary off
set binary or complementary two's complement binary, de
pending on whether BIT 1 (pin 12) or its logical inverse BIT 1 
(pin 13) is used as the MSB. Parallel data becomes valid approx
imately 40ns before the STATUS flag returns to Logic "0", 
permitting parallel data transfer to be clocked on the "I" to 

"0" transition of the STATUS flag. 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran
teed valid 200ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 7. There are 13 
negative-going clock edges in the complete 12-bit conversion 
cycle, as shown in Figure 7. The first edge shifts an invalid bit 
into the register, which is shifted out on the 13th negative
going clock edge. All serial data bits will have been correctly 
transferred and be in the receiving shift register locations 
shown at the completion of the conversion period. 

Short Cycle Input: A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 8 to be terminated after any 
number of desired bits has been converted, permitting some
what shorter conversion times in applications not requiring full 
12-bit resolution. When 12-bit resolution is required, pin 14 is 
connected to +5V (pin 16). When 10-bit resolution is desired, 
pin 14 is co~nected to Bit 11 output pin 2. The conversion 
cycle then terminates and the STATUS flag resets after the 
Bit 10 decision (tlO +40ns in timing diagram of Figure 7). 
Short Cycle pin connections and associated maximum 12-, 10-
and 8-bit conversion times are summarized in the table below. 

Connect Short Connect Clock 
Cycle Pin 14 To Rate Control 

Pin: Pin 17 To Bits 

16 

2 

4 

16 

16 

16 

12 

10 

8 

Maximum 
Rc,olurion Conversion Status Flag 

('Yo FSR) Time (ps) Resct 

0,014 

0.100 

0,390 

5,0 

4.1 

3.3 

tl2 + 40ns 
tiO + 40ns 

t8 + 40ns 

CLOCK RATE CONTROL ALTERNATE CONNECTIONS 
If adjustment of the CLOCK RATE is desired for faster con
version speeds, the CLOCK RATE CONTROL may be con-

Analog Input 
Voltage Range ±IOV ±5V 

Code COB· COB· 
Designation orCTC·· orCTC·· 

One Least FSR 20V 10V 
Significant 2n 2n 2n 

Bit (LSB) n=8 78.13mV 39.06mV 
n= 10 19.53mV 9,77mV 
n = 12 4,88mV 2.44mV 

Transition Values 
MSB LSB 

Applying the AD5240 
nected to an external multi-turn trim potentiometer with a 
TCR of ± 1 OOppmt C or less as shown in Figures 8 and 9. 
If the potentiometer is connected to -15V, conversion time 
can be increased as shown in Figure 8. If these adjustments are 
used, delete the connections shown in the previous table for 
pin 17. See Figure 2 for linearity error vs. conversion speed 
and Figure 5 for the effect of the control voltage on clock 
speed. +sv 

CLOCK - I CLOCK 

CON~~6~ @- - - - -12kl1 ~~3~rCY 

1,2·BIT RESOLUTION) 
RANGE OF ADJUSTMENT IS 5 TO 6.'", 

Figure 8. 12-Bit Clock Rate Control Optional Fine Adjust 

+15V 

CLOCK i CLOCK 
RATE @----- Skl1 FREQUENCY 

CONTROL ADJUST 

lB· OR 'O·BIT RESOLUTION) 
RANGE OF ADJUSTMENT IS 2.5 TO 5,1.!s 

'O·BIT AND 2,2 TO •. ,", FOR B·BIT RESOLUTIONS 

Figure 9. 8-Bit Clock Rate Control Optional Fine Adjust 

INPUT SCALING 
The AD5240 inputs should be scaled as close to the maximum 
input signal range as possible in order to utilize the maximum 
signal resolution of the AID converter. Connect the input sig
nal as shown in Table II. See Figure 10 for circuit details. 

TOSAR 

Figure 10. AD5240 Input Scaling Circuit 

For Direct For Buffered 
Input Input Pin 30 

Input Connect Connect Connect Connect 
Signal Output Pin 23 Pin 25 Input Pin 29 
Range Code To Pin To Signal To To Pin 

±lOV COB or CTC 22 Input Signal 25 25 

±5V COB or CTC 22 Open 24 24 
±2,5V COB or CTC 22 Pin 22 14 24 

OV to +5V CSB 26 Pin 22 24 24 
OV to +IOV CSB 26 Open 24 24 

Table II. Input Scaling Connections 

±2.5V OV to +IOV OV to +5V 

COB· 
orCTC·· CSB··· CSB··· 

~ IOV 2Y 
2n 2n 2n 

19.53mV 39,06mV 19.53mV 
4,88mV 9.77mV 4.88mV 
1.22mV 2.44mV 1.22mV 

000 ... 000···· +Full Scale + 10V -312LSB +5V -3/2L5B +2.5V -3/2LSB +IOV -3/2LSB +5V -3/2LSB 
Oil ... III Mid Scale 0 0 +5V +2.5V 

'111 ... 110 -Full Scale -IOV +1I2LSB -5V +1/2L5B -2,5V +1/2L5B 0+ 1/2LSB o +112LSB 
NOTES, 
·COB = Complementary Offset Binary • ··CS8 = Complementary Straight Binary. 
··eTC = Complementary Two's com~cnt-obtaincd by using the complement ••• ·Voltages given are the nominal value for transition to the code specified, 

of the most significant bit (MSB). MSB is available to pin 13. 

Table I. Input Voltage Range and LSB Values 
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OFFSET ADJUSTMENT 
The zero adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a 1.8Mr2 resistor 
to Comparator Input pin 22 for all ranges. As shown in Figure 
11 the tolerance of this fixed resistor is not critical, and a car
bon composition type is generally adequate. Using a carbon 
composition resistor having a-1200ppmtC tempco contributes 
a worst-case offset temp co of 8X 244X 10-6 X 1200ppm/C = 
2.3ppm/C of FSR, if the OFFSET ADJ potentiometer is set 
at either end of its adjustment range. Since the maximum off
set adjustment required is typically no more than ±4LSB, use 
of a carbon composition offset summing resistor typically con· 
tributes no more than Ippm/C of FSR offset tempco. 

+15V 

'~'g! ~ AD5240 
'OOkll 

-'5V 

Figure 11. Offset Adjustment Circuit 

An alternate offset adjust circuit, which contributes negli
gible offset tempco if metal film resistors (temp co < 100 
ppmfC) are used, is shown in Figure 12. 

OFFSET 

Figure 12. Low Tempco Zero Adjustment Circuit 

In either zero adjust circuit, the fixed resistor connected to 
pin 22 should be located close to this pin to keep the pin 
connection runs short (Comparator Input pin 22 is quite 
sensitive to external noise pick-up). 

GAIN ADJ USTMENT 
The gain adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a 10Mr2 resistor 
to the gain adjust pin 27 as shown in Figure 13. 

10k!! 
TO ~~""""_-1 

lOOkS! 

Figure 13. Gain Adjustment Circuit 

An alternate gain adjust circuit which contributes negligible 
gain tempco if metal film resistors (Tempco < 10OppmtC) 
are used is shown in Figure 14. 

10k!l 
TO ~~""""-_-'VIN-~ 

100k!Z 

Figure 14. Low Tempco Gain Adjustment Circuit 

CALIBRATION 
External ZERO ADJ and GAIN ADJ potentiometers, con
nected as shown in Figures 11 and 13 are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the analog 
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NOTE ANALOG 10/ I AND DIGITAL 1 ~ I GNOS 
ARE NOT TIED INTEANAll V AND MUST BE 
CONNECTED EXTERNALLY 

Figure 15. Analog and Power Connections for Unipolar 
o to + 10V Input Range with Buffer Follower 

NOTE ANALOG 10/1 AND DIGITAL I~I GNDS -'5V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 

Figure 16. Analog and Power Connections for Bipolar -10V 
to + 10V Input Range with Buffer Follower 

range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. 

o to +IOV Range: Set analog input to +lLSB = +0.0024V. 
Adjust Zero for digital output = 111111111110. Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. 
Adjust Gain for 000000000001 digital output code; full
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog inpu t to +5 .OOOOV; digital output code should be 
011111111111. 

-10V to +10V Range:-Set analog input to -9.9951 V; adjust 
Zero for 111111111110 digital output (complementary offset 
binary) code. Set analog input to +9.9902V; adjust Gain for 
000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to O.OOOOV; 
digital output (complementary offset binary) code should be 
0111111111111. 

Other Ranges: Representative digital coding for 0 to + 1 OV and 
-10V to + 1 OV ranges is given above. Coding relationships and 
calibration points for 0 to +5V, -2.5V to +2.5V and -5V to 
+5V ranges can be found by halving the corresponding code 
equivalents listed for the 0 to +10V and -IOV to +10V ranges, 
respectively. 



Zero and full-scale calibration can be accomplished to a pre
cision of approximately ±1I4LSB using the static adjustment 
procedure described above. By summing a small sine or tri-' 
angular-wave voltage with the signal applied to the analog in
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or 
end points) of each discrete quantization level. A detailed 
description of this dynamic calibration technique is presented 
in "AID Conversion Notes", D. Sheingold, Analog Devices, 
Inc., 1977, Part II, Chapter 4. 

GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. 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 circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD5240. Separate ground returns 
should be provided to minimize the current flow in the path 
from 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. 

Each of the AD5240's supply terminals should be capacitively 
decoupled as close to the AD5240 as possible. A large value 
capacitor such as l,uF in parallel with a O.I,uF capacitor is 
usually sufficient. Analog supplies are bypassed to the Analog 
supplies are bypassed to the Analog Power Return pin and the 
logic supply is bypassed to the Logic Power Return pin. 

'IF INDEPENDENT. OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG PS. COMMON 

Figure 17. Basic Grounding Practice 

SAMPLED DATA SYSTEMS 

DIGITAL 
DATA 
OUTPUT 

The conversion speed of the AD5240 allows accurate digitiza
don of high frequency signals and high throughput rates in 
multichannel data acquisition systems, To make the AD5240 
capable of full benefit from this high speed, a fast sample-hold 
amplifier such as the AD346 or ADSHC-85 is required. Fig
ures 18 and 19 show the use of an AD346 and ADSHC-85 as 
sample and hold's in ~om~ination with the AD5240. 

ANALOG 
INPUT 

a TO 10V 

Figure 18. 142.8kHz-12-Bit, AID Conversion System 

--+----~.__--------........ - +15V 

-+-.---I-----t------.--+- ·15V 

ANALOG 71----:;..;..:::....:.::.:.---1 24 

ol~6~6v AOSHC·85 

CONVERT 
START 

Figure 19. 105kHz-12-Bit, AID Conversion System 

In sampled data systems there are two limiting factors in digi
tizing high frequency signals. The maximum value of input 
signal frequency that can be acquired and digitized using a 
sample and hold amplifier and AID converter combination is 
influenced by the bandwidth of the SHA, but it is also dictated 
by: 

A. The aperture uncertainty (jitter) of the sample and hold 
amplifier. 

B. The desired accuracy, and corresponding resolu tion of the 
converter. 

The resolution of an AD5240 is 1 part in 4096 to a tolerance 
of 0.012% of the full scale range, the maximum value of input 
signal frequency which can be digitized is determined by: 

FMAXI = 
(21T) (Aperture Uncertainty) 

1 
FMAX/AD346 = (21T) (4096) (4 X 10-10 ) = 97.1kHz 

1 
FMAX /ADSHC-85 = (21T)(4096)(5XlO-10 ) = 77.7kHz 
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The maximum throughput rate for each of th.ese combinations 
is again different. The maximum throughput rate is the sum of 
the sample and hold acquisition time and AID conversion time 
as shown in Figure 20. 

~- n CONVERT -=::J ..... c: L.-. ___ _ 

START I-- T CONV --I 

STATUS 

STATUS CONNECTED TO SAMPLE AND HOLD MODE CONTROL 

Figure 20. Start/Status Timing for Sampled Data System 

When using anAD346 with an AD5240 the throughput rate is, 
2.0J..ls acquisition time plus SJ..ls conversion time, 142.BkHz. The 
ADSHC-B5 used in combination with an AD5240 is, 4.5J..ls 
acquisition time plus 5J..ls conversion time, 105.3kHz. To meet 
the, requirements of the nyquist sampling criteria, the AD346 
and AD5240 combination can be used for input frequencies 
from dc through 71kHz; the ADSHC-B5 and AD5240 combin
ation for inputs from dc through 52kHz. Input frequencies 
higher than these (up to the maximum frequency) would 
result in "under-sampling" of the input signal. Signals up to 
the maximum frequency could be processed if their bandwidth 
is less than one-half the sample frequency. 

ANALOG 
INPUTS 

116) 

DC POWER 

Figure 21. High Speed 12-8it DAS 

A fast (43.5kHz) 12-bit DAS can be configured using the 
. AD362 and the AD5240. The AD362 contains two 8-channel 

multiplexers, a differential amplifier, a sample-and-hold with 
high-speed output amplifier, a channel address latch and con
trollogic. The multiplexers may be connected to the differen
tial amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A feature of the AD362 is an in
ternal ~ser-controllable analog switch that connects the multi
plexers in either a single-ended or differential mode. This 
allows a single device to perform in either mode without hard
wire programming and permits a mixture of single-ended and 
differential sources to be interfaced by dynamically switching 
the input mode control. 

MICROPROCESSOR INTERFACING 
The 5J..ls conversion time of the AD5240 suggests several dif
ferential methods of interface to microprocessors. In systems 
where the AD5240 is used for high sampling rates on a single 
signal which is to be digitally processed, CPU-controlled con
version may be ihefficient due to the slow cycle times of most 
microprocessors. It is generally preferable to perform conver
sions independently, inserting the resultant digital data 
directly into memory. This can be done using direct memory 
access (DMA) which is totally transparent to the CPU. Inter
face to user-designed DMA hardware is facilitated by the guar
anteed data validity on the falling edge of the EOC signal. 
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Clearly, 12 bits of data must be broken up for interface to an 
8-bit wide data bus. There are two possible formats: right
justified and left-justified. In a right-justified system, the 
least significant B bits occupy one byte and the four MSBs 
reside in the low nybble of another byte. This format is use-

ANALOG 
INPUT 
a -10V 

START 
ADDRESS 

(ACTIVE LOW) 

HIGH BYTE 
ADDRESS 

(ACTIVE LOWI 

LOW BYTE 
ADDRESS 

• (ACTIVE LOW) 

24 MSB 12 

30 
10 

AD5240 
13 

17 

16 

74lS244 

74lS244 

18 

16 

14 

12 

16 

14 

12 

I 
I 
I 
) 
I 
I 
I 
I 

3 _____ ~ 

(OPTIONAL) 

Figure 22. AD5240 Interface Connections 

AD7 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

ful when the data from the ADC is being treated as a binary 
number between 0 and 4095. The left-justified format sup
plies the eight most-significant bits in one byte and the 
4LSB's in the high nybble of another byte. The data now re-' 
presents the fractional binary number relating the analog 
signal to the full-scale voltage. An advantage to this organiza
tion is that the most-significant eight bits can be read by the 
processor as a coarse indication of the true signal value. The 
full 12-bit word can then be read only when all 12 bits are 
needed. This allows faster and more efficient corltrol of a 
process. 

Figure 22 shows a typical connection to an BOBS-type bus, 
using a left justified data format for unipolar inpu ts. Status 
polling is optional, and can be read simultaneously with the 
4LSBs. If it is desired to right-justify the data, pins 1 through 
12 of the AD5240 should be reversed, as well as the connec
tions to the data bus and high and low byte address signals. 

When dealing with bipolar inputs (±5V, ±10V ranges), using 
the MSB directly yields a complementary offset binary-coded 
output. If complementary two's complement coding is desired, 
it can be produced by substituting MSB (pin 13) for the MSB. 
This facilitates arithmetic operations which are subsequently 
performed on the ADC output data. 



r.ANALOG 
WDEVICES 

CMOS 
l3-Bit Monolithic A/D Converter 

FEATURES 

Resolution: 13 Bits, 2'5, Complement 
Relative Accuracy: ±1/2 LSB 
"Quad Slope" Precision 

Gain Drift: 1ppmfC 
Offset Drift: 1ppmfC 

Microprocessor Compatible 
Ratiometric 
Overrange Flag 
Very Low Power Dissipation 
TTL/CMOS Compatible 
CMOS Monolithic Construction 

GENERAL DESCRIPTION 
The AD7550 is a 13-bit (2's complement) monolithic CMOS 
analog-to-digital converter on a 118 x 1'25 mil die packaged 
in a 40-pin ceramic DIP. Outstanding accuracy and stability 
(lppm/C) is obtained due to its revolutionary integrating 
technique, called "Quad Slope" (Analog Devices patent 
No. 3872466). This conversion consists of four slopes of 
integration as opposed to the traditional dual slope and 
provides much higher precision. 

The AD7550 parallel output data lines have three-state logic 
and are microprocessor compatible through the use of two 
enable lines which control the lower eight LSB's (low byte 
enable) and the five MSB's (high byte enable). An overrange 
flag is also available which together with the BUSY and 
BUSY flags can be interrogated through the STATUS 
ENABLE providing easy microprocessor interface. 

The AD7550 conversion time is about 40ms with a 1MHz 
clock. Clock can be externally controlled or internally gen
erated by simply connecting a capacito; to the clock pin. A 
positive start pulse can be self-generated by having a capacitor 
on the start pin or can be externally applied. 

AD7550 I 
AD7550 FUNCTIONAL BLOCK DIAGRAM 

VAEF1 AIN IRIN IRJCT IROUT 

VAEF2 
OGNO 

ClK CaUT 

STRT srEN 

lBEN 
HBEN 

C,. 

BUSY IiUSY OVRG OB12 OBO 

40-PIN DIP 

For most applications, the AD7550 needs only three resistors, 
one capacitor, and a reference voltage since the integrating 
amplifier, comparator, switches and digital logic are all on 
the CMOS chip. 

A wide range of power supply voltages (±5V to ±12V) with 
minuscule current requirements make the AD7550 ideal for 
low power and/or battery operated applications. Selection 
of the logic (Vee) supply voltage (+5V to Voo) provides 
direct TTL or CMOS interface on the digital input/output 
lines. 

The AD7550 uses a high density CMOS process featuring 
double layer metal and silicon nitride passivation to ensure 
high reliability and long-term stability. 

PIN CONFIGURATION 

STEN BUSY OB12 OB6 0B4 OB2 OBO 

NC VREF' AIN VREF2 Vss NC NC 
IRJCT IRIN IROUT AGNO NC NC STRT 

TOP VIEW 
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SPECIFICATIONS (Voo = +12V, Vss = -5V, Vee = +5V, VREFl = +4.25Vunless otherwise noted)1 

OVER SPECIFIED 
PARAMETER TA = +25°C TEMPERATURE RANGE TEST CONDITIONS 

ACCURACY 
Resolution 13 Bits 2's Comp min 
Relative Accuracy ±ILSB max ±l LSB max fCLK = 500kHz, RI = IMil, 
Gain Error ±ILSB max C1 = O.OI/.LF, IRJCT Voltage 
Gain Error Drift lppm/C typ Adjusted to VREF1 ±0.6% 
Offset Error ±O.SLSB max 2 
Offset Error Drift lppm/C typ 

ANALOG INPUTS 
AIN Input Resistance1 RIMil min 
V REFI Input Resistance1 RIMil min 
V REF2 Leakage Current IOpA typ 

DIGITAL INPUTS 
CIN,LBEN,HBEN,STEN 

VINL +0.8V max +0.8V max Vee = +5V 
VINH +2.4V min +2.4V min 
VINL +1.2V max +1.2V max Vee = +12V 
VINH +10.8V min +10.8V min 

I'NL,IINH 5nA typ 

START 
VINL +0.8V max +0.8V max Vee = +5V to Voo 
VINH +2.4V min +2.4V min 

IINL -l/.LA typ Vee = +5V to VOD ' BUSY = Low 
IINH +150/.LA typ Vee = +5V to VOO ' BUSY = High 

CLOCK 
VINL +0.8V max +0.8V max Ve~ = +5V 
VINH +3V min +3V min 
VINL +1.2V max +1.2V max Vee = +12V 
VINH +10.8V min +ID.8V min 

IINL -lOO/.LA typ VIN = VINL; Vce = +5V to +12V 

IINH +lOO/.LA typ VIN = VINH; Vee = +5V to + 12V 

DIGITAL OUTPUTS 

VOUTL +0.5V max +O.BV max Vec = +5V, ISINK = 1.6mA 
YOUTH +2.4V min +2.4V min Vcc = +5V, 'soURCE = 40/.LA 
VOUTL +1.2V max +1.2V max Vcc = +12V, IsINK = 1.6mA 
YOUTH +lO.BV min +IO.BV min Vee = +12V, !sOURCE = 0.6mA 
Capacitance (Floating State) 5pF typ 

(OVRG, BUSY, BUSY, 
and'DBO-DBI2 

ILKG (Floating State) ±5nA typ Vee = +5V to +12V 
(OVRG, BUSY, BUSY, VOUT = OV and Vec 
and DBO-D812) 

DYNAMIC PERFORMANCE 

90ms typ VIN(CLK) = 0 to +3V, 

Conversion Time 
fcLK = 500kHz 

40ms typ 
VIN(CLK) = 0 to +3V, 
fCLK = IMHz 

STEN, HBEN,LBEN 
Propagation 250'ns typ, 500ns max VIN(STEN, HBEN, LBEN) 

Delay tON' tOFF o to +3V 

External STRT BOOns min V1N(STRT) = 0 to +3V Pulse Duration 

POWER SUPPLIES 
Voo Range +IOV min, +12V max 
VSS Range -5V min, -12V max 
VCC Range +5V min, Voo max 

100 O.6mA typ, 2mA max 

Iss 0.3mA typ, 2mA max feLK = IMHz 

Ice 0.06mA typ, 2mA max 

I Full Scale Voltaic. tVREFl + 2.125. For VREFI • +4.25V, FS voltage is t2.000V. 
• The equivalent input circuit i. the inugrator resistor R 1 (lMn min, lOMn max) in series with a voltage source VREFI ,(see Figure 1). 

Specifications subject to change without notice. 2 
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ORDERING INFORMATION 

Model Temperature Range Package 

AD7550BD Ceramic - .(D40A) 

See Section 20 for package outline infonnation. 

CAUTION: 

1. The digital control inputs are zener protected; however, 
permanent damage may occur on unconnected units 
under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. Prior to pulling 
the devices from the conductive foam, ground the 
foam to deplete any accumulated charge. 

2. Vee should never exceed VDD by more than 0.4V, 
especially during power ON or OFF sequencing. 

ABSOLUTE MAXIMUM RATINGS 

VDD to AGND ......................... OV, +14V 
VDD to DGND .......... ' ............... OV, +14V 
Vss to AGND .......................... OV, -14V 
Vss to DGND .......................... OV,-14V 
AGND to DGND ........................ OV, +14V 

Vee to DGND .......................... OV, VDD 
VREF1 · ...••••.................... " ... Vss , VDD 
VREF2 · ...•....••........••........ AGND, VDD 
AIN ................................ Vss , VDD 
IRIN ................................ Vss ' VDD 
IR}CT ............................. AGND, VDD 

IROUT ............................ : . Vss , VDD 
Digital Input Voltage 

HBEN, LBEN, STEN, em ....... DGND, (DGND +27V) 
CLK, START ...................... DGND, VDD 

Digital Output Voltage 
DBO-DB12, OVRG, BUSY, BUSY, CaUT ... DGND,'Vee 

Power Dissipation (Package) 
Up to +SOoC ......................... 1000mW 
Derates above +SOoC by ................. lOmW/C 

Storage Temperature ................ -6SoC to +lSOoC 
Operating Temperature: ............... -25°C to +85°C 
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PIN FUNCTION DESCRIPTION 

PIN MNEMONIC 

NC 

2 IRJCT 
3 VREF1 
4 IRIN 

5 AIN 

6 IROUT 

7 VREF2 
8 AGND 

9 VSS 
10 NC 

11 NC 

12 NC 

13 NC 

14 STRT 

15 CLK 

16 CoUT 

17 <1N 

18 HBEN 

19 LBEN 

20 DGND 

21 DBO 

22 DB1 
23 DB2 

24 DB3 

25 DB4 

26 DB5 

27 DB6 

28 DB7 

29 DB8 

30 DB9 

31 DB10 

32 DBn 

33 DB12 

34 OVRG 

35 BUSY 

36 BUSY 

37 STEN 

38 NC 

39 Vee 

40 VDO 

DESCRIPTION 

No Connection 

IntegratoR JunCTion. Summing junction (negative input) of integrating amplifier. 
Voltage REFerence Input 
IntegratoR INput. External integrator input R is connected between IRJCT and IRIN. 

Analog INput. Unknown analog input voltage to be measured. Fullscale AIN equals VREF /2.125. 

IntegratoR OUTput. External integrating capacitor ~ is connected between IROUT and IRJCT. 
Voltage REFerence -;. 2 Input 

Analog GrouND 

Negative Supply (-5V to -12V) 

No Connection 

No Connection 

No Connection 
No Connection 
STaRT Conversion. When STRT goes to a Logic "I," the AD7550's digital logic is set up and 

'BUSY is latched "high." When STRT returns "low," conversion begins in synchronization with 
CLK. Reinitiating STRT during conversion causes a conversion restart. STRT can be driven from 
an external logic source or can be programmed for continuous conversion by connecting an 
external capacitor between STRT and DGND. An externally applied STRT command must be 
a positive pulse of at least 800 nanoseconds to ensure proper set-up of the AD7550 logic. 
CLocK Input. The CLK can be driven from external logic, or can be programmed for internal 

oscillation by connecting an ext~rnal capacitor between CLK and DGND. 
Count OUT provides a number (N) of gated clock pulses given by: 

N =[AIN . 2.125 + 1J 4096 L V REF1 
Count IN is the input to the output counter. 2's complement binary data appears on the DBO 

through DB12 output lines (if the HBEN and LBEN enable lines are "high") if CoUT is con

nected to GN' 
High Byte ENable is the three-state logic enable input for the DB8-DB12 data outputs. When 

HBEN is low, the DB8-DB12 outputs are floating. When HBEN is "high," digital data appears 

on the data lines. 
Low Byte ENable is the three-state logic enable for DBO-DB7. When LBEN is "low," DBO

DB7 are floating. When "high," digital data appears on the data lines. 

Digital GrouND is the ground return for all digital logic and the comparator. 

Data Bit 0 (least significant bit) 

'! 
CODE: 2's Complement 

j 
Data Bit 12 (most significant bit) 

OVerRange indicates a Logic "I" if AIN exceeds plus or minus full scale by at least 1/2 LSB. 

OVRG is a three-state output and floats until STEN is addressed with a Logic "I ". 

Not BUSY. BUSY indicates whether conversion is complete or in progress. BUSY is a three

state output which floats until STEN is addressed with a Logic "1." When addressed, BUSY 

will indicate either a "1" (conversion complete) or a "0" (conversion in progress). 

BUSY indicates conversion status. BUSY is a three-state output which floats until STEN is 
addressed with a Logic "1." When addressed, BUSY indicates a "0" (conversion complete) or a 

"1" (conversion in progress). 

STatus ENable is the three-state control input for BUSY, BUSY, and OVRG. 

No Connection 
Logic Supply. Digital inputs and outputs are TTL compatible if Vee = +5V, CMOS compatible 

for Vee = +10V to Vnn' 
Positive Supply +lov to .j.12V. 
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PRINCIPLES OF OPERATION 

BASIC OPERATION 

The essence of the quad slope technique is best explained 
through Figures 1 and 2. 

SW3 SWO 

V REF2o--------"-I TO CONTROL LOGIC 

Vs ~ VREF2 + Vos + IBIAS Rl + IlKGSWO Rl 

AGND 

Figure 1. Quad Slope Integrator Circuit 

The inputs AGND (analog ground), VREFI and AIN (analog 
input) are applied in sequence to an integrator (Figure 1), 
creating four slopes (phases 1 through 4, Figure 2) at the 

. V I V"d II al VREFI mtegrator output. 0 tage S IS I ea yequ to --2- , 

but if not, will create an error count "n" that will be mini
mized by the "quad-slope" conversion process. VREFI and 
VREF2 must be positive voltages. 

The equivalent integrator input voltages and their integration 
times are shown in Table 1. 

, TABLE 1 
INTEGRATOR EQUIVALENT INPUT VOLTAGES 

AND INTEGRATION TIMES 

Phase Input Voltage Integration Time 

tl = Kl t 

t2 = (K1 + n)t 

t3 = (2K1- n)t 

1 

2 

3 

4 

AGND-VS 

VREFI-VS 

AIN-Vs 

VREFl-VS t4 = (K3- 2Kl + n -2N}t 

NOTE: Ideally Vs = VREF2 = 112 VREFI 

PHASE 0 PHASE 1 PHASE 2 " 

where: 
t = The CLK period 
n = System error count 
Kl = A fixed count equal to 4352 counts 
K2 = A fixed count equal to 17408 counts (K2 = 4Kl) 
K3 = A fixed count equal to 25600 counts 
N = Digital output count <.:Orresponding to the analog input 

voltage, AIN 

PHASE 0 
After the start pulse is applied, switch SW2 is closed (all other 
switches open) and the integrator output is ramped to compar
ator zero crossing. Ph.ase 0 can be considered the reset phase 
of the converter, and always has a duration to = Rl Cl (integra
tor time constant). Upon zero crossing, counters Kl and K2 
are started, switch SW2 is opened and SWI is closed. 

PHASE 1 
Phase 1 integrates (AGND - Vs) for a fixed period of time 
(by counter Kl) equal to tl = Kit. At the end of phase 1, 
switch SWI is opened and SW2 is closed. 

PHASE 2 

The integrator input is switched to (VREFI - Vs) and the 
output ramps down until zero crossing is achieved. The integra
tion time t2 = (Kl + n)t includes the error count "n" due to 
offsets, etc. At the end of phase 2, switch SW2 is opened, SW3 
is closed, and a third counter (K3) is started. 

PHASE 3 
Phase 3 integrates the analog input (AIN - Vs) until counter 
K2 counts 4Kl t. At this time SW3 is opened and SW2 is 
closed again. 

PHASE 4 
Phase 4 integrates (VREFI - Vs) and the comparator output 
ramps down until zero crossing once again is achieved. Since 
the comparator always approaches zero crossing from the 
same slope, propagation delay is constant and hysteresis effect 
is eliminated. 

PHASE 3 PHASE .. PHASE 5 

I 
1'" / 

OS SHOWN IN eOLO ARE 
ED BY n SINCE THEY ARE 

NOTES 
It-1fClK. 
2T1MEPERIO 

UNAFFECT 
OETERMIN 
ORK3. 

ISTEN· LOG 
BUSY AND 
STATE. 

1ROUT 
(PIN 6) 

EO BY COUNTERS K,. K2. 

Ie 1. IF STEN - 0, BUSY, 
OVRa ARE IN FLOATING 

~ / ~ 
j: 

, 

~ 
f:Jf/ .,7 ~.,o 

$i .;; ,,\,,~~ .... 
/ ~o"'/ 

'" ~\,,~ V', )// 

STRT 
IPIN 14) 

IiUSY IPIN 35) 
INOTE 3) 

---- BOOn',MIN 

--LOGIC RESET 
DATA 
VALID 

to-
R,C 

" .....!:!.- I 

K2 t • 4K,1 

K3t (NOTES 1 AND 2) 

t]-IK2 -2K,-n}t 

1, - K,t t2-IK, + nit ti- 12K,-nlt t.t. (K3 .2K, +n -2Nlt 15· 2Nt te· 2• 

I 
tc· (34306 + nit + R,C,. (NOTE 1) 

CON· INTEGRATOR 
~VERTER 

REr
T 

RESET 
CONVERSION '" SLOPES) 

DATAVALID~ 

~ 

Figure 2. Quad Slope Timing Diagram 
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The time t5 between the phase 4 zero crossing and the termin
ation of counter K3 is considered equal to 2N counts. N, the 
number of counts at the CoUT terminal, is obtained by a di
vide-by-two counter stage. This reduces "jitter" effect. Bar
ring third (and higher) order effects, it can be proven that: 

(EQN 1) 

~ = (--':\I:-.J _ 1\ • 2Kl + ~ +1- AIN - ;\.[AGND (I + 20) - Q 2] • 2Kl 
VREI'I) 2 \VREF1 ) LVREF1 

\ v .II\. 'V' I 

ideal transfer function error term 

where: 

a = 2VS-VREFl 

VREFI 

The ideal case assumes: 

AGND = OV 
. VREFl 

Vs = --2-' therefore a = 0 

Then (EQN 1) simplifies to: 

N = ~ • 8704 + 4096 
VREF1 

or 

IN =~ . 4096 + 4096, 

where: 

. V 
VFS = full scale Input voltage = REF1 

2.125 

(EQN 2) 

(EQN 3) 

The parallel output (DBO-DB12) of the AD7550 represents 
the number N in binary 2's complement coding when the 
COUT pin is connected to the CIN pin (see Table 11). 

TABLE II 
OUTPUT CODING (Bipolar 2's Complement) 

Analog Input 
(Note 1) 

N Parallel Digital Output 

(Note 2) (Note 3) 

OVRG DB12 

+Overrange 0 1 1 1 1 1111 
+VFS (1-2-12 ) 8191 0 0 1111 1111 
+VFS (2-12 ) 4097 0 0 0000 0000 
0 4096 0 0 0000 0000 
-VFS (2-12 ) 4095 0 1 1 1 1 1 1111 
-VFS 0 0 0000 0000 
-Overrange 1 0000 0000 

Notes V
REFl 

VFS = 2.125 
2 N = number of counts at COUT pin 

DBO 

1 1 1 1 
1111 
0001 
0000 
1111 
0000 
0000 

3 COUT strapped to CIN; LBEN, HBEN and STEN = Logic 1 

ERROR ANALYSIS 

Equation 1 shows that only a andAGND generate error terms. 
Their impact can be analyzed as follows: 

Case 1: AGND = 0, a =I=- 0 

Error sources such as capacitor-leakage (I L) and op 
amp offset (e) cause a to be different from zero. 
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Under this condition, 

a = 2 (e + IL Rl ) 
VREFl 

where ILR1 is the equivalent error voltage generated 
by leakage IL. -

The evaluation of this error term is best demonstrated 
through the following example: 

Assume: 

e = 5mV, IL = 5nA, R1 = 1Mn and VREF1 = 4.25V. 

Then: 

a =4.7 x 10-3 

and: 

N= [~-1]X8704;12800- [~IN -1]X22.1XIO-' x8704 vREFl VREF1 
\ V I 

error term N€ 

Therefore,. the error count N( is as follows: 

For AIN = -VFS: N€ = 0.28 counts = 0.28LSB 
AIN = 0: N€ = 0.19 counts = 0.19LSB 
AIN = +VFS : N€ =0.09 counts = 0.09LSB 

The above example shows the strong reduction of 
the circuit errors because of the a2 term in (EQN 1). 
Another consequence of this effect is that Nf is 
always positive, regardless of the polarity of the cir
cuit errors. 

Case 2: AGND =I=- 0, a = 0 

When AGND is different from the signal ground, then 
this error will come through on a first-order basis. 
Indeed: 

N=~-J'8704+12800JAIN -J. AGND 
LVREF1 J LVREF1 J VREF1 

. \.. .... ____ ____ ""1 

V 

error term N € 

The following example demonstrates thOe impact 
of AGND. 

Let AGND = 1mV and VREF1 = 4.25V. 

For AIN = -VFS ' then N€ = 3.01 counts 
AIN = 0, then N€ = 2.05 counts 
AIN = + VFS ' then N€ = 1.08 counts 

Therefore, ground loops should be minimized 
because a 3301-N difference between AGND and 
signal ground will cause 1 count (1 LSB) of error 
when the analog input is at minus full scale. An 
optimized ground system is shown in Figure 7. 



OPERATING GUIDELINES 

The following steps, in conjunction with Figure 3, explain the 
calculations of the component values required for proper 
operation. 

1. DETERMINATION OF VREFI 

When the full scale voltage requirement (VFS) has been 
ascertained, the reference voltage can be calculated by: 

VREF1 = 2.125 (VFS ) 

VREF1 must be positive for proper operation. 

2. SELECTION OF C3 (INTERNAL CLOCK OPERATION) 

For internal clock operation, connect capacitor C3 to the 
clock pin as shown in Figure 3. The clock frequency versus 
capacitor C3 is shown in Figure 4. 

The clock frequency must be limited to I.3MHz for proper 
operation. 

3. SELECTION OF INTEGRATOR COMPONENTS (RI 
AND CI) 

To ensure that the integrator's output doesn't saturate to 
its bound (VDD ) during the phase (3) integration cycle, 
the integrawr time constant (R1 C1) should be approxi
mately equal to: 

The integrator components RI and CI can be selected by 
referring to Figure 5 and/or Figure 6. Figure 5 plots the time 
constant (RICI) versus clock frequency for different refer
ence voltages. Figure 6 is a direct plot of the required CI 
versus feLK for Rl values of IMn and lOMn. 

Rl can be a standard 10% resistor, but must be selected 
between IMn to IOMn. 

The integrating capacitor "C!,' must be a low leakage, low 
dielectric absorption type such as teflon, polystyrene or 
polypropylene. To minimize noise, the outside foil of CI 
must be connected to IRoUT ' 

4. CONVERSION TIME 

As shown in Figure 2, the conversion time is independent of 
the analog input voltage AIN, and is given by: 

34306 
tconvert = tSTRT + --- + RICI 

fCLK 

where: 

tSTRT = STRT pulse duration 
R 1 CI = Integrator Time Constant· 
fCLK = CLK Frequency 

For example, if VEEFI = 4.25V, Rl = IMn, Cl = 4,000pF 
and CLK = 'IMHz, the conversion time (not including 
tSTRT ' which is normally only microseconds in duration) 
is approximately 40 milliseconds. 

5. EXTERNAL OR AUTO STRT OPERATION 

The STRT pin can be driven externally, or with the addition 
of C2, made to self-start. 

The size of C2 determines the length of time from end of 
conversion until a new conversion is initiated. This is the 
"data valid" time and is given by: 

tOAV ~ (1.7 x 106n) C2 + 20l1s 

When first applying power to the AD7550, a OV to Voo 
positive pulse (power up restart) is required at the STRT 
terminal to initiate auto STRT operation. 

6. INITIAL CALIBRATION 

Trim R4 (Figure 3) so that pin 2 (lR]CT) equals 112 VREF1 
±0.6%. When measuring the voltage on IR]CT, apply a Logic 
"I" to the STRT terminal. 

+5VTO 
+12V -5V +12V STEN lBEN HBEN BUSY BUSY 

20 31 19 18 36 C2 AIN STRT 

C~DGND ClK 
15 

~DGND AD1550 OVRG 
34 

DB12 
33 

I 
I 

21 
DBO 

16 11 

AGND t.N 

R1 C1 

Figure 3. Operation Diagram 
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APPLICATION HINTS 

When operating at fCLK greater than 500kHz, the following 
steps are recommended to minimize errors due to noise 
coupling (see Figure 7). 

1. Decouple AIN (pin 5), VREF1 (pin 3) and VREF2 ( pin 7) 
through O.OlJ,LF to signal ground. 

2. Signal ground must be located as close to pin 8 (AGND) 
as possible. 

3. Keep the lead lengths of R1 and C1 toward pin 2 (IRJCT) 
as short as possible. In addition, both components should 
lie over the analog ground plane. If C1 has an outside foil, 
connect it to pin 6 (IROUT), not pin 2. 

4. Hold the data bit enables (HBEN, LBEN) in th.e 0 state 
during conversion. This is easily accomplished by tying 
STEN to the 1 state and driving HBEN and LBEN with 
BUSY. This prevents the DBO through DB12 outputs from 
coupling noise into the integrator during the phase 1-4 
active integration periods. 

AIN 

"" 

40 ....,~-------, 

39 ....... ---+-.., 

AD7550 

20~~~=;-:: 

Figure 7. Ground System 
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FEATURES 
12-Bit Binary with Polarity and Overrange 
Accuracy ± 1 LSB 
Microprocessor Compatible 
Ratiometric. Operation 
Low Power Dissipation 
Low Cost 

GENERAL DESCRIPTION 
The AD7552 is a 12-bit plus sign and ovcrrangc monolithic 
C\10S analog to digital converter. The "Quad Slope" conv'ersion 
algorithm (Analog Devices patent No. 3872466) com·crts any 
offset voltages due to the integrator, comparator etc. to a digital 
number and subsequently reduccs the total system drift crror to 
a second order effect. 

The AD7552 parallel output data lincs have three-state logic and 
are microprocessor compatible. Separatc enable lines control the 
lower eight LSBs (low byte enable) and the five MSBs (high 
byte enable). An overrange flag is also available which togcther 
with the BUSY and BUSY flags can be interrogated through the 
STATUS ENABLE providing easy microprocessor interface. 

CMOS 12-Bit Plus Sign 
Monolithic A/D Converter 

AD7552 I 
AD7SS2 FUNCTIONAL BLOCK DIAGRAM 

IRIN IRJCT 

BUSY OVRG DB12 - - - ~- - DBO 

PRODUCT HIGHLIGHTS 

COUT 

STEN 

LBEN 

HBEN 

1. The output data (l2-bits plus sign) may be directly accessed 
under cont'rol of two byte enable signals for a simplc parallel 
bu~ interface. The overrange and convertcr busy signals arc 
accesscd by a status enable signal. 

2. The AD7552 conversion timc is approximately 160ms with a 
250kHz dock. 

3. Serial count out available for isolated AID conversion via 
opto-isolators. 

4. A conversion start can bc controllcd by an externally applicd 
signal or, with the addition of a capacitor, thc converter can 
be made to self start. 

5. For most applications, the AD7552 needs only three resistors, 
onc capacitor, and a rcfcrence voltagc since the intcgrating 
amplifier, comparator, switches and digital logic are all on 
the CMOS chip. 
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SPECIFICATIONS (Voo = + 12V, Vee = +5V, Vss = 

Parameter 

ACCURACY 
Resolution 
Accuracy of Reading (Including Noise) 

Noise (Flicker) 

ANALOG INPUTS 
AIN (pin 5) Input Resistance2 

V REF! (pin 3) Input Resistance2 

V REF2 (pin 7) Leakage Current 

DIGITAL INPUTS 
CIN (pin 17), HBEN (pin 18), 

LBEN (pin 19), STEN (pin 37) 
VII. 
VJH 

VII. 
VJH 

III.,I JH 
START (pin 14) 

VII. 
VIH 

IlL 

IJH 
CLOCK (pin IS) 

V IL 
VJH 
Vn . 
V IH 

Ill. 
IJH 

DIGITAL OUTPUTS 
CouT(pin 16), OVRG(pin34) 

BUSY(pin 35), BUSY (pin 36) and 
DBO-DBI2(pins21-33) 

VOL 
VOII 
VOL 
VOH 

Capacitance per Pin3 

Leakage per Pin 

DYNAMIC PERFORMANCE 
Conversion Time 
Propagation Delays3 

STEN to BUSY, BUSY, or OVRG 

LBEN to DBO-DB7 

HBENtoDB8-DBI2 

STRT Pulse Width 

POWER SUP~LIES 
Voo 
Vss 
Vee 
100 

Iss 
Icc 

NOTES 

TA = +25°C 

12-bits plus sign 
±I 

±l 
±2 

RI 
RI 
I 

+0.8 
+2.4 
+1.2 
+ 10.8 
I 

+0.8 
+3.0 
-5/-50 
+0.5/+2.0 

+0.8 
+3.0 
+1.2 
+ 10.8 
-0.1/-1.0 
+0.11+ 1:0 

+0.8 
+4.0 
+1.2 
+ 10.8 
5 
I 

160 

400 

300 

300 

300 

+ 10/+ 12 
-5/-12 
+5NDD 

0.8/2 
0.3/2 
0.111 
0.5/2 

'Full seale voltage = :t VREF , .,. 2.125. ForVREF , = +4.2SV FS voltage is :t 2.00V. 
'The equivalent input circuit is the integrator resistor RI in series with a voltage source 

V REF2 (= VREF" .,. 2,seeFigure I). 
'Guaranteed but not tested. 

Specifications subject to change without notice. 
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TA = Oto + 70°C 

12-bits plus sign 
±I 

±I 
±2 

RI 
RI 
10 

+0.8 
+2.4 
+1.2 
+ 10.8 
I 

+0.8 
+3.0 
-5/-50 
+0.5/+2.0 

+0.8 
+3.0 
+1.2 
+ 10.8 
-0.1/-1.0 
+0.11+ 1.0 

+0.8 
+4.0 
+1.2 
+ 10.8 
5 
I 

160 

700 

500 

500 

500 

+ 10/+ 12 
-5/·-12 
+5Noo 
0.8/2 
0.3/2 
0.1/1 
0.512 

-5V, VREF1 + 4.25V unless otherwise noted)! 

Units Conditions/Comments 

± 4096 counts, binary 2's complement coding 
Counts max feLK = 250kHz, RI = 1.8Mfl. CI = 0.01 fLF 

95% of conversions meet this specification 
Counts max From nominal reading, not exceeded 95% of time 
Counts max From nominal reading, not exceeded 99% of time 

M!lmin RI is the external integrating resistor 
M!lmin connected between IROUT AND IR}CT 
nAtyp 

Vmax Vee = +5V 
Vmin 
Vmax Vee = +12V (VIL = 10%ofVec) 
Vmin (VIH = 90%ofVec) 
fLAmax Vee = +5Vto + 12V 

Vmax Vee = :+-5VtoVDD 
Vmin 
fLAtyp/max Vee = +5V toVDD,BUSY (pin 36) = VOL 
mAtyp/max Vee = +5VtoVDD,BUSY(pin36) = VOH 

Vmax Vee = +5V 
Vmin 
Vmax Vee = +12V (VIL = lO%ofVec) 
Vmin (V IH = 90%ofVec) 
mAtyp/max VIN = VII.; Vee = + 5Vto + 12V 
mAtyp/max VIN = VIH ; Vee = + 5Vto + 12V 

Vmax Vee = + 5V, ISINK = 1.6mA 
Vmin Vee = + 5V, IsouReE = 40fLA 
Vmax Vee = + 12V,ISINK = 1.6mA 
Vmin Vee = + 12V, IsouReE = 0.6mA 
pFtyp Outputs in high impedance state 
fLAmax Outputs in high impedance state 

mstyp Rl = 1.8M!l,CI = O.OlfLF,feLK = 250kHz 

nsmax Typically 250ns at + 25°C (see next page) 
STEN going HIGH ( + 3V) or LOW (OV) 

nsmax Typically 160ns at + 25°C (see next page) 
LBEN going HIGH ( + 3V) or LOW (OV) 

nsmax Typically 160nsat + 25°C (see next page) 
LBEN going HIGH ( + 3V) or LOW (OV) 

nsmin Typically 220ns at + 25°C 
VIN(STRT) = Oto +3V 

V minimax 
V min/max 
V minimax 
mAtyp/max STRT (pin 14) held HIGH, 

' mAtyp/max digital outputs floating. 
mAtyp/max Vee = +5V 
mAtyp/max Vee = +12V 



ABSOLUTE MAXIMUM RATINGS· 
(TA = + 25°C unless otherwise noted) 

Vnn to AGND 
Vnn to DGND 
Vss to AGND . 
Vss to DGND . 
AGND to DGND 
Vee to DGND 
VREF1 

VREF2 

AIN . 
IRIN 
IRJCT. 

OV, + 14V 
OV, + 14V 
OV, -14V 
OV,~-14V 

OV, + 14V 
. OV, Vnn 
Vss, Von 

AGND, Von· 
., Vss, Von 
., Vss, Vnn 

AGND, Von 
*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 condition above 

IROUT ........... . Vss, Voo 
Digital Input Voltage 

HBEN, LBEN, STEN, C'N 
CLK, START ...... . 

DGND, (DGND + 27V) 
DGND, Vou 

Digital Output Voltage 
DBO-DBI2, OVRG, BUSY, BUSY, Cour 

Operating Temperature Range 
Storage Temperature . . . . . . . . . . . 
Power Dissi{lation (Package) 

Up to +SO°C ........... . 
Derates above + 50°C by . . . . . . 

Lead Temperature (Soldering, IOsecs) 

. DGND, Vee 
... 0 to +70"C 
+ 65°C to + 150°C 

. lOOOmW 
IOmWrC 

. + 300°C 

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 (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect- WARNING! eJ 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The foam 
should be discharged to the destination socket before devices are removed. ~~DEVICE 

ORDERING INFORMATION 

Model Temperature Range Package! 

AD7552KN 0 to + 70°C Plastic DIP (N40A) 
I See Section 20 for package outline information. 

PIN CONFIGURATION 

STEN 

BUSY, BUSY, 
OVRG 

STEN to BUSY, BUSY, or OVRG Propagation Delays 

3V I 
LBEN,HBEN ~ 

~~------------------

DBD-DB7, 
DBS-DB12 

LBEN to DBD-DBl, HBEN to DB8-DB12 Propagation Delays 
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PIN FUNCTION DESCRIPTION 

PIN MNEMONIC 

1 NC 
2 IRjCT 
3 VlmFI 

4 IRIN 
5 AIN 
6 IROUT 
7 VREF2 
8 AGND 
9 Vss 
10 NC 
11 NC 
12 NC 
13 NC 
14 STRT 

15 CLK 

16 COUT 

17 C'N 

18 HBEN 

19 LBEN 

20 DGND 
21 DBO 
22 DBI 
23 DB2 
24 DB3 
25 DB4 
26 DB5 
27 DB6 
28 DB7 
29 DB8 
30 DB9 
31 DB 10 
32 DB 11 
33 DBI2· 
34 OVRG 

35 BUSY 

36 BUSY 

37 STEN 

38 NC 
39 Vee 

40 VDD 

DESCRIPTION 

No Connection 
IntegratoR junCTion. Summing junction (negative input) of integrating amplifier. 
Voltage REFerence Input (normally + 4.25 volts). 
IntegratoR INput. External integrating resistor R I is connected between IRjCT and IRIN. 
Analog INput. Unknown analog input voltage to be measured. Full scale AIN equals V REFI2.125. 
IntegratoR OUTput. External integrating capacitor C I is connected between IROUT and IRjCT. 
Voltage REFerence -;- 2 Input. V REF2 is normally obtained by a potential divider circuit as shown in Figure 3. 
Analog GrouND 
NegativcSupply( - 5Vto -12V) 
No Connection 
No Connection 
No Connection 
No Connection 
STaRT Conversion. When STRT goes to a Logic" I", the AD7552's digital logic is set up 
and BUSY is latched "high". When STRT returns "low", conversion begins in synchronization 
with CLK. Reinitiating STRT during conversion causes a conversion restart. STRT can be 
driven from an external logic source or can be programmed for continuous conversion by con
necting an external capacitor between STRTand DGND. An externally applied STRT command 
must be a positive pulse of at least 300 nanoseconds to ensure proper set-up ofthe AD7552 internal logic. 
CLocK Input. The CLK can be driven from external logic, or can be programmed for internal 
oscillation by connecting an external capacitor between CLK and DGND. 
Count OUT provides a number (N) of gated clock pulses given by: 

N = [VAIN 2.125 + IJ 4096 
REFI 

Count IN is the input to the output counter. 2's complement binary data appears on the DBO 
through DB 12 output lines (ifthe HBEN and LBEN enable lines are "high") ifColJT is 
r.onnected to C'N' 
High Byte ENable is the three-state logic enable input for the DB8-DB 12 data outputs. When 
HBEN is "low", the DB8-DB 12 outputs are floating. When HBEN is "high," digital data 
appears on the data lines. 
Low Byte ENable is the three-state logic enable for DBO-DB7. When LBEN is "low," 
D BO-DB7 are floating. When "high,'? digital data appears on the data lines. 
Digital GrouND is the ground return for all digital logic and the comparator. 
Data Bit 0 (least significant bit) 

I 
CODE, 2'fomP1<m<nt 

Data Bit 12 (most significant bit) 
OVer RanGe indicates a Logic" I" if AIN exceeds plus or minus full scale by at least 1I2LSB. 
OVRG is a three-state output and floats until STEN is addressed with a Logic" 1 ". 
Not BUSY. BUSY indicates whether conversion is complete or i,n progress. BUSY is a three
state output which floats until STEN is addressed with a Logic "1." When addressed, 
BU SY will indicate either a" 1 " ( conv(;rsion complete) or a "0" (conversion in progress). 
BUSY indicates conversion status. BUSY is three-state output which floats until STEN is 
addressed with a Logic" 1." When addressed, BUSY indicates a "0" (conversion complete) 
or a "1" (conversion in progress). 
STatus ENable is the three-state control input for BUSY, BUSY, and OVRG. When STEN is "high", 
the three outputs are enabled. 
No Connection 
Logic Supply. Digital inputs and outputs are TTL compatible if V cc = + 5V, CMOS 
compatible for Vee = + 10V to V nn. 
Positive Supply + lOY to + 12V. 
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Component limitations such as switch leakage, as well as opera
tional amplifier offset voltage and bias current (and the temperature 
dependency of these errors), are major obstacles when designing 
high resolution integrating AID converters. The AD7552 utilizes 
a patented quad slope conversion technique (Analog Devices 
Patent No. 3872466) to reduce the effects of such errors to 
second order effects. 

Figure I shows a simplified quad slope integrator circuit. The 
various inputs AGND (Analog Ground), VREF1 , and AIN (Analog 
Input) are applied in sequence to the integrator via switches 1-3 
(see Table 1), creating four slopes at the integrator output (phase 
1-4 of Figure 2). If the equivalent summing junction voltage Vs 
is precisely 0.5VREF" the phase I and phase 2 integration times 
are equal, indicating there are no input errors. If V s oF 0.5V REF I 
(due to amplifier offset voltage, bias current, etc.), an error 
count "n" is obtained. The analog input integration cycle (phase 
3) is subsequently lengthened or shortened by "n" counts, 
depending on whether the error was positive or negative. 

swo 

VAEF2o----------..;.c 

AD7552 
Vs = VREF2 + VOS + IBRl + IswoR1 

Figure 1. Simplified Quad Slope Integrator Circuit 

Phase Input Voltage Integration Time 

AGND-Vs tl = Kit 
2 VREFI-VS t2 = (KI + n)t 
3 AIN-Vs t3 = (2KI - n)t 
4 VREFI-VS t4 = (K3 - 2KI + n -2N)t 

Table 1. Integrator Equivalent Input Voltages and 
Integration Times 

PHASE 0 PHASE 1 PHASE 2 

NOTE& 

Quad Slope Theory of Operation 
where: 

t = The CLK period 
n = System error count 
KI A fixed count equal to 4352 counts 
K2 = A fixed count equal to 17408 counts (K2 = 4K I) 
K3 = A fixed count equal to 25600 counts 
N = Digital output count corresponding to the analog input 

voltage, AIN 

The time ts between the phase 4 zero crossing and the termination 
of counter K3 is considered equal to 2N counts. N, the number 
of counts at the CmF/, terminal, is obtained by a divide-by-two. 
counter stage. This reduces "jitter" effect. Barring third (and 
higher) order effects, it can be proven that: 

(EQN 1) 

N = (_A_IN __ 1)'2KI +.!S + (_A_I_N _ l).[_AG_N_D_ CI + 2a) _ az] .2K, 
V REF I 2 V REF I V REFI 

~~~------------~vr------------J/ 
ideal term error term 

where: 

AGND Voltage at AD7552 pin 8 (AGND) measured 
with respect to V REF I and AIN signal com
mon ground. (Ideally, AGND = OV) 

a is an error term equal to 2V sV- VREF1 

REFI 

Ideally a 

NOTE: 

when Vs 0.5VREF1 · 

Vs = VREF2 + Vos + IE RI + Is\x'o RI 

WHERE: 
VREF2 = 0.5VREFI if no error is present 
Vos = Offset voltage of integrator amplifier 
IE Rl = Equivalent integrator amplifier offset voltage due to 

bias current of integrator amplifier 
Iswo RI Equivalent integrator amplifier offset voltage due 

to SWO leakage current. 

PHASE 3 I PHASE 4 PHASE 5 

~ 
:};,,:,~cl~io OS SHOWN IN BOLD ARE 

ED BY. SINCE THEY ARE UNAFFEeT 
DETERMIN 
OR K •• 
'ill!t. LOG 

BUSY AND 
STATE. 

IROUT 
IPIN 6) 

ED BY COUNTERS K,. K •• 

IC 1. IF STEN' O. BUSY. 
DVRG ARE IN FLOATING 

~ v ~ 
/ I ",,-

~ 
.. ~",,/ I " 

~~ ... '/<> " 
,/*" $ ~ ~~ "-

... ro, ... ,-l"'" "'-l. 
/ .~O r '" I to'''/'' "- ,J I- ./ "-

// " 

STAT 
IPI"I14) 

IiIJSV IPIN 35) 
INOTE 3) 

-300ns.MIN --LOGIC RESET 
DATA 
VALID 

'0' 
RtC, 

K,' I 
K2t· .. K,t 

K" INOTES 1 AND 21 

I) = (K, - 2K, - nIt • , • K,. t, = (K 1 + nit t) = 12K, - nIt t .. • 1K3 - 2K, + n - 2NIt Is·2N • ... 2. 

Ie· {34306 + nit + R,C, (NOTE 1) J 
I 

I 
CON· INTEGRATOR 

~VERTER 
REr

T 
RESET 

CONVERSION 14 SLOPESI DATA VALID __ 

Figure 2. Quad Slope Timing Diagram 
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The ideal case assumes: 

AGND = OV 

v s = V RJFl , therefore a = 0 

Then (EQN 1) simplifies to: 

N AIN ·,8704 + 4096 
VREF1 

(EQN 2) 

or 

N = AIN . 4096 + 4096 
FS 

(EQN 3) 

where: 

FS = full scale input voltage 

Equation 1 shows that only (X and AGND generate error terms. 
Errors due to (X -# 0 are strongly reduced because of the (X2 term 
in equation 1. Errors due to AGND -#0 will, however, have a 
first order effect on the system performance. Great care should 
be taken in any circuit layout to minimize or climinilte ground 
loops between AGND and signal ground. A recommended ground
ing system is shown in Figure S. 

OUTPUT CODING 
The parallel output (DBO-DB 12) of the AD7SS2 represents the 
number N in binary 2's complement coding when the COUT pin 
is connected to the C1N pin (see Table 2). 

Analog Input N Parallel Digital Output 
(Notel) (Note 2) (Note 3) 

OVRG DBl2 DBll DBO 

+Overrange 8191 I 0 1111 1111 1111 
+(FS-ILSB) 8191 0 0 1111 1111 1111 
+ILSB 4097 0 0 0000 0000 0001 
0 4096 0 0 0000 0000 0000 
-ILSB 4095 0 I 1111 1111 1111 
-(FS-ILSB) I 0 I 0000 0000 0001 
-FS 0 0 I 0000 0000 0000 
- Overrange 0 I I 0000 0000 0000 

NOTE~~EF1 '" , 
IFS = 2.i25 ; 1 Least Slgmficant Bit (LSB) = FS(2 12) 

2N = number of counts at COCT pin 

3COVT strapped to CIN; LBEN and HBEN = Logic I 

Table 2, Output Coding (Bipolar 2'5 Complement 

ANALOG CIRCUIT SET-UP AND OPERATION 
The following steps, in conjunction with the analog circuitry of 
Figure 3 explain the selection of the various component values 
required for proper operation. 

1. Determination of V REFl 
The reference voltage VREFI and the full scale input voltage 
FS are related by 

VREFI = 2.125 (FS)' 

VREFI must be positive for proper operation. A typical value 
of VREFI is +4.251. An ADS84 may be used to provide the 
reference, 

2. Selection of Integrator Components Rl and Cl 
The integrator time ~onstant should be approximately equal 
to 

The integrating capacitor Cl should be a low leakage, low 
dielectric absorption type such as Teflon, polystyrene or 
polypropylene. To minimize noise, the outside foil of Cl 
should be connected to the output of the integrating amplifier 
and not to its summing junction. 

VOL. I, 11-94 ANALOG-TO-DIGITAL CONVERTERS 

+SV TO +12V 

v."o-_-'-I---r:n 

R2 

R3'S ... -----f71 

R4 

Figure 3. AD7552 Operational Diagram 

Improper selection of the integrator time constant (time 
constant = Rl Cl) may cause excessive noise due to the 
integrator output swing being too low, or may cause nonlinear 
operation if the integrator output attempts to exceed the 
rated output voltage of the amplifier. 

3. Determining Conversion Time 
As shown in Figure 2, the conversion time is independent of 
the analog input voltage AIN, and is given by: 

34306 
tCONVERT = tSTRT + fCLK + Rl Cl 

where: 
tSTRT = STRT pulse duration. 
RIC I = Integrator Time Constant. 
fCLK = CLK Frequency at pin IS. 

4. External or Auto STRT Operation 
The STRT pin can be driven externally, or with the addition 
of C2, made to self-start. 

The value of C2 determines the length of time from end of 
conversion until a new conversion is initiated. This is the 
"data valid" time and is given by: 

tDAV = (1.17 x 1060) C2 + 20f.Ls 

When first applying power to the AD7SS2, a OV to VDD 
positive pulse (power up restart) is required at the STRT 
terminal to initiate auto STRT operation. See APPLICATIONS 
HINTS No. S. 

5. Internal Clock Operation 
The CLK input, pin IS, should normally be driven from an 
external crystal frequency source, particularly if operation 
above 250kHz is required. However, for noncritical applications 
an internal clock oscillator can be activated when a capacitor 
is connected from pin IS to DGND. Figure 4 shows a 
typical curve of clock frequency versus capacitance, C3. Due 
to process variations the actual operating frequency for a 
given value of C3 can vary from device to device by up to 
100%. Consequently it may be necessary to "tune" C3 to 
provide the correct clock frequency for a given VREF1 and 
RICI. For proper operation'the clock frequency should be 
limited to 250kHz. Conversion speeds of up to 80ms can be 
obtained by increasing the dock frequency to 500kHz. 
However the flicker due to noise will also increase. See 
APPLICATIONS HINTS No.8. 

6. Initial Calibration 
Trim R3 (Figure 3) so that the voltage on pin 2 (IRJCT) 
equals 1/2VREFI ±0.6%. During this trim and measurement 
cycle apply a logic HIGH to pin 14 (STRT). This will 
prevent the AD7SS2 from executing a conversion. 
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Figure 4. Internal Clock Frequency vs. C3 

Figure 5. Recommended Grounding System 

APPLICA TIONS HINTS 
1. Decouple AIN (pin 5), VR.EFI (pin 3) and VR.EF2 (pin 7) 

through O.OIJl.F to signal ground. 

2. Signal ground must be located as close io pin S (AGND) as 
possible. 

3. Keep the lead lengths of RI and CI toward pin 2 (lRJCr) as 
short as possible. In addition, both components should lie 
over the analog ground plane. If CI has an outside foil, 
connect it to pin 6 (IROUT), not pin 2. 

4. Hold the data bit enables (HBEN, LBEN) in the 0 state 
during conversion. This is easily accomplished by tying 
STEN to the I state and driving HBEN and LBEN with 
BUSY. This prevents the DBO through DBI2 outputs from 
coupling noise into the integ'rator during the phase 1-4 active 
integration periods. 

5. To avoid the requirement of providing a positive STRT 
pulse on power-up to initiate the auto start operation, the 
following circuit may be used. 

Application Hints 

vcc-+--..... -_----(39'1 

The output of the open collector NAND gate is initially high 
on power-up. When the charging voltage on CS reaches the 
input threshold level of the NAND gate, the output goes low 
and remains low to allow the AD7552 to self start. 

6. Under no circumstances should V cc exceed V DO especially 
during power-up and power-down. In cases where this 
situation could occur the following diode protection scheme 
is recommended. 

7. Some solder fluxes and cleaning materials can form slightly 
conductive films which cause leakage effects across the 
integrating capacitor. The user is cauti9ned to ensure that III 
the manufacturing process for circuits using the AD7522 
does not allow such films to remain after assembly. Otherwise 
the accuracy and noise performance of the device will be 
affected. 

S. A suggested crystal oscillator circuit is shown below for use 
with aVec of + 5V. It uses a standard 4.096MHz crystal 
which is divided down by 16 to produce a clock frequency of 
256kHz. 

+5V +5V 

TO 
PIN 15 _.J-------!~ 

OF AD7552 

J~o-l~N9.14~ ____________ ~~ __ ~ 

9. A printed circuit layout for an evaluation board is shown in 
Figure Sa and Sb. Figure 6 shows the circuit diagram for this 
evaluation board with component values for fcu, = 250kHz, 
VR.EFI = + 4.25V operation. Figure 7 shows the component 
overlay for Figure 8a. Note that either BUSY (pin 35) or 
BUSY (pin 36) is available at the edge connector via a wire 
link. Note also that STEN (pin 37) may be tied high via a 
wire link. 
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NOTES: 
'Sl IS A PUSHBUnON SWITCH TO INITIATE AUTO·START 
OPERATION. Sl AND C2 ARE NOT REQUIRED FOR EXTERNAL. 
START OPERATION. 

2C3 IS NOT REQUIRED FOR EXTERNAL CLOCK OPERATION. 
'FOR CALIBRATION HOLD PIN 14 (STRTI HIGH. ADJUST 
R6 UNTIL THE VOLTAGE ON PIN 3 (V • ..,) IS 4.250V. ADJUST 
R3 UNTIL THE VOLTAGE ON PIN 2 (lRJCT) IS 2.125 :!:0.025V. 

4Rl. R2. R4. R5 1% TOLERANCE. METAL FILM. 

1)---... --~t+_--O+12V 

+5V 

~~-----------~STEN 

"'0---------00 BUSY 

DGND 

'Cl MUST BE A LOW LEAKAGE. LOW DIELECTRIC ABSORPTION 
TYPE SUCH AS TEFLON. POLYSTYRENE OR POLYPROPYlENE. 

'C8. Cl0 AND C12 ARE SOLID ELECTROLYTE TANTULUM CAPACITORS. 
'l1 - 114 ARE LEOS. MONSANTO MV55 OR EQUIVALENT. 
'R7 - R13 AND R14 - R20 ARE PROVIDED BY TWO THICK·FILM. 
RESISTOR NETWORKS. EACH IN AN 8·PIN SINGLE·IN·lINE 
PACKAGE. SUITABLE NETWORKS AVAILABLE FROM BECKMAN 
INSTRUMENTS INC .• 2500 HARBOR BOULEVARD. FULLTERTON. 
CA 92634. MODEl NO. 764-1-4K7. 

Figure 6. Evaluation Board Circuit with Component Values 
for feLK = 250kHz, VREF1 = + 4.25V 

o-J C1 ~ 
O.01 .. F _ ____..r_ 

C9~ 
O.01I-lF~ 

Figure 7. Component Overlay for Figure 8a 
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Figure 8a. Component Side 

Figure 8b. Foil Side 

ANALOG DEVICES 
AD7550/52 EVALUATION 

BOARD 
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OBTAINING SIGN·MAGNITUDE 4 DIGIT BCD CODING 
FROM THE AD7552 
Referring to Figure 9 when a convert start pulse is received the 
four decade presettable up/down counter is loaded with the 
value 4096. The low level on the up/down count input (Q of Xl 
= 0) places the CD4029 counters into the count down mode. 
The contents of the four decade BCD counter are decremented 
each time a pulse is detected on COUTo The number of pulses 
appearing on COUT is related to both the magnitude and the 
polarity of the input voltage. If the counter reaches the all O's 
state, the flip-flop (Xl) is set, placing a high level signal on the 
up/down count input. The counter will now count up on 
succeeding COUT pulses. 

OVRG 

FROM 
AD7552 t-t-+--------- ~~~ 

Cou,-t---t--+-.... 
LEAST 
SIGNIFICANT 
DIGIT 

MOST 
~:~~FICANT 

Figure 9. Sign-Magnitude BCD Conversion Circuitry 

Analog Input2 N3 OVRG DBI2 DBll 

+Ov.:rrange 8191 
+FS-ILSB 8191 
+ILSB 4097 
0 4096 
-ILSB 4095 
-(FS -ILSB) 1 
-'FS 0 
- Overrange 

NOTES 
'UsingcircuitofFigure 10. 

I 0 
0 0 
0 0 
0 0 
0 1 
0 1 
1 1 
1 1 

'FS = V., . .!_, ~ 2.12S; I Least Significant BiULSB) c FS(2·"). 
3N := number of counts at Con pin. 

I 
1 
0 
0 
0 
1 
0 
0 

DBIO DB9 

I I 
1 1 
0 0 
0 0 
0 0 
1 1 
0 0 
0 0 

SIGN-MAGNITUDE BCD CODlNG l 

Analog Input2 N3 OVRG Sign Digit 4 

+Overrange 8191 I 0 
+FS -ILSB 8191 0 0 
+ILSB 4097 0 0 
0+ 4096 0 0 
0- 4096 0 1 
-ILSB 4095 0 I 
-(FS -ILSB) I 0 I 
-FS 0 I I 
-Overrange 0 I I 

NOTES 
IUsing circuit of Figure 9. 
'FS = Vue, ~ 2.12S; I Least Significant Bit (LSB) = FS(2·"). 

'-N = number of COU'1tS at C()LTpin. 

4 
4 
0 
0 
0 
0 
4 
4 
4 

Digit 3 Digit 2 

0 9 
0 9 
0 0 
0 0 
0 0 
0 0 
0 9 
0 9 
0 9 

Table 3. Sign-Magnitude BCD Coding 

Digiti 

5 
5 
I 
0 
0 
I 
5 
6 
6 

Referring to Table 3 no counts occur on COUT when the input 
voltage is either overrange or equal to - FS. Since the most 
negative value which can be represented in sign-magnitude 
coding is - (FS - ILSB) whereas in two's complement coding it 
is - FS, the X2 flip-flop of Figure 9 ensures that the OVRG 
output is high if either AIN is overrange or AIN = - FS. Note 
that there are two codes for zero analog input. This is the result 
of gating the carry out signal from X6 with the input clock 
signal COUTo As mentioned previously, the number of counts at 
the COUT terminal is obtained by an internal rlivide-by-two 
counter stage. Depending on whether the number of counts to 
this divide-by-two was odd or event COUT can remain in either a 
high or a low state at the end of phase 4. If AIN is negative and 
less than 1I2LSB (AIN = 0 - ), COUT is high after outputting 
4096 counts thus preventing the sign flag from changing. If 
AIN is positive and less than 1I2LSB, COUT is low after 
outputting 4096 counts allowing the sign flag to change. If the 
carry out signal from X6 is directly connected back to Xl, then 
the code for AIN = 0- vanishes leaving one code (the 0 + 
one) for OV. 

This circuit may be used to provide direct readout of analog 
input voltage with proper scaling of the reference voltage and 
serial output COUT. For instance, dividing COUT by two and 
adjusting VREF1 = +4.352V gives a FS voltage of 2.048V 
which will be displayed directly. 

SIGN-MAGNITUDE CODlNG l 

DB8 DB7 DB6 DBS DB4 DB3 DB2 DBI DBO 

I 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 
1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

Table 4. Sign-Magnitude Binary Coding 
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OBTAINING SIGN-MAGNITUDE BINARY CODING 
FROM THE AD7552 
The circuit of Figure lO converts the two's complement coding 
from the AD7552 into sign-magnitude coding. It does this by 
complementing the AD7552 data and adding ILSB whenever 
DBI2 is high. In sign-magnitude coding the most negative value 
that can be represented is - (FS - ILSB); in two's complement 
coding it is - FS. The OR gate in Figure lO ensures only valid 
output codes are produced (see Table 4). Note that there is only 
one code for zero scale. 

FROM 
AD7552 

OVRG-------------~ 

DB12 - ...... --..--------+---__ .. 

DB11 -+-+-11 54 

DBID -+--+--1 J 
53 

DB9 -+--+--/1 52 

DBS -+-+-11 51 

CD4008 

DB7 -+-t---/,L."" 54 

DBS --+--t--/1 53 

DBS -+--+--1 J 52 

DB4 --+--+--11 51 

CD40D8 

DB3 --+--+---11 54 

DB2 --+-+-1 J 
53 

OBI --+-+-1 J 52 

DBD --t----/,L."" 51 

CD4Q08 

OVRG 

SIGN 

DBll 

DB10 

DB9 

DB8 

DB7 

DBS 

DBS 

DB4 

DB3 

DB2 

OBI 

DBO 

Figure 10. Sign-Magnitude"Binary Conversion Circuitry 

MICROPROCESSOR INTERFACING 
The three-state output capability of the AD7552 allows the 
multiplexing of the data and status lines onto a single 8-bit wide 
bus. Figure 11 shows the AD7552 directly interfaced to the 
6800 with convert stan, data read, etc., all under program 
cOlltrol. Note that the two status lines OVRG and BUSY are 
connected to the data bus in the MSB and LSB positions so that 
they can easily be interrogated by reading the status word to the 
microprocesso"r accumuiator, rotating right or left through carry 
and then checking the carry flag. 

AO - A15 

VMAL.....-....r-..... 

.1>2 ,......_-......_J)--~OI 

6800 

STEN lBEN HBEN STRT 

DBa - DB7 

DBB - DB12 

OVRG 

L.....---tBUSY 

DATA BUS 

AD7552 

Figure 11. AD7552-6800 Direct Interface 

Care should be taken when using fast-access memory or 
operating at high temperatures to ensure that the AD7552 
output drivers relinquish the data bus in time to avoid any 
possible bus conflict with the following instruction. In any 
situation where bus conflict is likely, the interfacing technique 
of Figure 12 is recommended. 

AD7552-8085A INTERFACE 
Figure 12 shows the AD7552 interfaced to the 8085A. In this 
application the two status lines share the data bus with the data • 
high byte (DB8-DB12) since the STEN and HBEN inputs are 
driven simultaneously from a single decoded address. The 8282 
data latch which buffers the AD7552 three state drivers from 
the microprocessor bus ensures that the bus is relinquished 
promptly at the end of a data read instruction. 

Ro~---------------------~ 

8085A 

ADDRESS/DATA BU5 

Figure 12. AD7552-8085A Direct Interface 
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CONTINUOUS CONVERSION MODE 
Figure 13 shows the AD7552 connected for continuous conversion. 
The conversion STRT signal is synchronized with the ALE 
signal of the SOS5A. The BUSY signal is used to update the S
bit data latches at a time when the microprocessor is not 
attempting a read operation. Thus the AD7552 appears to the 
microprocessor as memory which can be read at any time 
although scrambled data can result if a data update occurs 
between reading the high byte and low byte data. One method 
of a\'oiding this is to read data only after an update has occurred. 
The microprocessor can be interrupted to perform a data read 
by tying .the AD7552 STRT input to one of the RST inputs on 
the SOS5A. 

OPTO-ISOLATED SERIAL. INTERFACE 
Figure 14 shows a serial interface to the MCS-S5 system. This 
system can accommodate a remote interface where a common-mode 
voltage is expected to exist between system grounds. 

Port C of the 8155 is configured as a control port. Port B is an 
input port. This port configuration is necessary if sign and/or 
overrange information 1s required. Magnitude information is 
obtained by interrogating the 8155 counter value. The rising 
edge of BUSY is used to cause ~n interrupt on the RST 7.5 
line. The value (2 14 - COUT) in the S155 timer should now be 
read. When BUSY returns low, the 8155 counter is reset to 
FFH • The falling edge of BUSY also latches the sign and 
overrange data into port B. This is indicated by a rising edge on 
BF (buffer full) which can be used to call the 8085 CPU to read 
port B data. 

ANALOG 
INPUT 

ISOLATED AD7552 POWER SYSTEM 

*AD7552 USING AUTO·START FACILITY 

SOS5A 

ALE t--+--+--i 

AD7552 

Figure 13. AD7552 in Continous Conversion Mode 

MCS-85 POWER SYSTEM 

TO 8085 
INTERRUPT INPUTS 

} PORT C 

8155 

}PORTB 

TIMER! 
COUNTER 
SECTION 

Figure 14. Optically Isolated Serial AD75521MCS-85 Interface 
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,. ANALOG CMOS 
W DEVICES 4~/5~ Digit ADC Subsystem 
[ ____________________ A_D7_55~51 
PRELIMINARY TECHNICAL DATA 

FEATURES 
Resolution: ±4 1/2 Digits BCD or ±20k Count Binary Capa

bility for 5 1/2 Digit Resolution or Custom Data Formats 
Data Format: Multiplexed BCD (for Display) and Serial Count 

(for External Linearization, Data Reformatting, or Micro
processor Interface) 

Accuracy: ±1 Count in ±20k Counts 
Scale Factor Drift: O.2ppmfC Using Only Medium-

Precision Op Amps 
Requires only a Single Positive Reference 
Overrange Display 
Auto Calibration Capability 
Interfaces to TTL or 5V CMOS 
HOLD Input and SCC (System Conversion Complete) 

Output for Interface Flexibility 

GENERAL DESCRIPTION 
The AD7555 is a 4112 digit, monolithic CMOS, quad slope 
integrating ADC subsystem designed for display or micro
processor interface applications. Use of the high resolution 
enable input expands the display format to 5 112 digits BCD. 
With SCO (Serial Count Out) connected to SCI (Serial Count 
In), the output data format is multiplexed BCD suitable for 
visual display purposes. As an added feature, SCO can also be 
used with rate multipliers for linearization, or with BCD or 
binary counters for data reformatting (up to 200k binary 
counts). 

The quad slope conversion algorithm (Analog Devices patent 
No. 3872466) converts the external amplifier's input drift 
errors to a digital number and subsequently reduces the total 
system drift error to a second order effect. Using only inex
pensive, medium-precision amplifiers a scale factor drift of 
O.2ppmt C is achieved. 

ORDERING INFORMATION 

Operating 
Model Package Temperature Range 

AD7555BD ' 28 Pin Side Brazed Ceramic - (D28B) -25°C to +85°C 

AD7555KN 28 Pin Molded Plastic - (N28A) o to +70
o
C 

See Section 20 for package outline information. 

AD7555 FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 
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SPECIFICATIONS (\Icc = +5V, VSS = -5V, VREFl = +4.0960V, FCLK = 614.4kHz, AGND = OV) 

LIMIT AT LIMIT AT TA 

PARAMETER TA = +25°C = Tmin, Tmax UNITS CONDITIONS/COMMENTS 

ANALOG SWITCHES 
RON (Switch 1-3) BOO 1200 nmax -2V<AIN<+2V Refer to Functional Diagram 
l:IRON (Switch 1) versus AIN 300 500 n typ -2V<AIN<+2V 
Mismatch Between Any Two 

Switches (excluding SWO) 300 500 n typ -2V < AIN < +2V 
ILKG (Switch OFF) 

SWO (pin 6) 70 nAmax IRjCT (pin 5) = +2.04BV 
OV<IROUT (pin 5)<+10V 

SWI (pin 2) 70 nA typ AIN = +2V to -2V, BUFIN = OV and +4.096V 
SW2 (pin 3) 70 nA typ . AGND = OV, BUFIN = -2V to +2V, +4.096V 
SW3 (pin 1) 70 nA typ VREFl =+4.096V, BUFIN = -2V to +2V 

ILKG (BUFIN, pin 4) 200 nA typ Any 1 of SW1, 2, 3 on 

CONTROL INPUTS (pins 7, B, 9,15) 

V1NH 3.0 3.0 Vmin 
V1NL O.B O.B Vmax 
IINH or IINL 10 /1A max VIN = OV or Vcc 

CLOCK INPUTS (pin 12 and 13) 
VINH (CLK) 3.5 3.5 Vmin 
VINL (CLK) O.B O.B V max 
V1NH (DMC) 3.0 3.0 Vmin 
V1NL (DMC) O.B O.B V max 
IINH (CLK) 1.0 1.5 mAmax 
IINL (CLK) -1.0 -1.5 mAmax 
IINH (DMC) 200 300 /1A max 
IINL (DMC) -100 -150 /1A max 

DIGITAL OUTPUTS 
DO - D5 (pins 22-27) 

VOH 4.5 4.5 Vmin ISOURCE = 40/1A 
VOL 4.0 4.0 V max ISINK = SmA (Display Driver Load) 
VOL 0.5 O.B V max ISINK= J..6mA (TTL Load) 

Bl, B2, B4, BB, DAV, SCC, SCO 
(pins 20,19, IB, 17, 10, 11, 16) 

VOH 4.0 4.0 Vmin ISOURCE = 40/1A 
VOL 0.5 O.B V max ISINK = 1.6mA 

DYNAMIC PERFORMANCE 
DMC Pulse Width /1S min See Figure 3 
DMC Frequency 100 100 kHz max Typical fOMC is 1.5kHz with 

COMC = O.OI/1F 
CLK Frequency 1.5 I.S MHz max 
Propagation Delays 

DMC HIGH to DAV HIGH 5 7 /1s max See Figure 3 
DMC HIGH to DAV LOW 5 7 /1s max 
DMC HIGH to BCD Data on 

BB,B4,B2,Bl 5 /1S max 
DMC LOW to Digit Strobe 

(D0-D5) LOW /1s max 

POWER SUPPLY 
Icc 5 mAmax During Conversion 

Iss 5 mAmax During Conversion 
Vcc Range +5 to +17 +5 to +17 V See Absolute Maximum Ratings 

VSS Range -5 to -17 -5to-17 V 

Specifications subject to change without notice. 
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System Electrical Characteristics 
ABSOLUTE MAXIMUM RATINGS Power Dis~ipation (package) 

Plastic (AD7555KN) 
Vee to DGND ............................ +17V 
VSS to DGND ............................. -17V To +50°C. ......................... 1200mW 

Vee to Vss .............................. +22V Derate above +50
o
C by ................ 12mWtC 

Ceramic (AD7555BD) Digital Outputs ....................... Vee, DGND 
Digital Inputs To +50°C. ......................... 1000mW 

DMC (Pin 13), CLK (Pin 12) .............. Vss, Vee Derate above +50
o
C by ................ 10mW/oC 

All other Logic Inputs. . . . . . . . . . . . . . . DGND, + 17V 
Analog Inputs/Outputs . 

·Whichever is the least positive. 
tWhichever is the least negative. 

NOTE: 
AGND to DGND (Positive Limitation) .... Vee or VIROUT* 
AGND to DGND (Negative Limitation).Vss or VIROUT -20Vt 

AIN (Pin 2), VREFI (Pin 1), . 
BUFIN (Pin 4) ..................... Vee, Vss 
IRJCT (Pin 6), IROUT (Pin 5) ........ +27V, AGND 

Operating Temperature Range 
AD7555KN (Plastic) .................. 0 to +70

o
C 

AD7555BD (Ceramic) .............. -25°C to +85°C 
Storage Temperature ................ -65°C to +150

o
C 

Lead Temperature (Soldering, lOs) ............. +300°C 

Do not apply voltages to any AD7555 digital output, AIN or 
VREFI before Vss and Vee are applied. Additionally, the 
voltages at AIN, VREFI or any digital output must never 
exceed Vee and Vss (if an op amp output is used to drive 
AIN it must be powered by the AD7555 Vee and Vss supply 
voltages). Do not allow any digital input to swing below 
DGND. VDD, the external op-amps positive supply voltage, 
should be applied before Vee. 

CAUTION: 
ESD (Electro - Static - Discharge) sensitive device. The digital control inputs are zener 
protected; however, permanent damage may occur on unconnected devices subject to high 
energy electrostatic fields. Unused devices must be stored in conductive foam or shunts. The 
foam should be discharged to the destination socket before devices' are removed. 

SYSTEM ELECTRICAL CHARACTERISTICS (TA = 0 to +45°C) 
Characteristics refer to the system of Figures 6a and 6b. Vee 
= +5V, Vss :: -5V, VREFI :: +4.096V, error count n calibrated 
to zero at TA = +25°C as described in the calibration section 
unless otherwise noted. Switch leakages and limitations in 
temperature performance of auxiliary components (such as 
the integrating capacitor) cause performance degradations 
above +45°C. 
CHARACTERISTIC LIMIT CONDITIONS/COMMENTS 

Resolution 

Relative Accuracy 

Count Uncertainty Due 
to Noise (Flicker) 

Conversion Time 

NOTES: 

4 112 Digit BCD 
5 112 Digit BCD 

±1 Count max 
±10 Count max 

±1I2 Count max 
±2 Counts max 

610ms max 
1,760ms max 

±20,OOO Counts 
±200,OOO Counts 
(See Note 1) 

4 112 Digit BCD 
5 112 Digit BCD 
(See Notes 1 and 2) 

4 112 Digit BCD 
5 112 Digit BCD 
(See Note 1) 

4 112 Digit BCD 
5 112 Digit BCD 
(See Note 1) 

141/2 digit mode; fCLK = 614.4kHz, HREN = LOW, Rl = 360kn 
el = O.22/-1F 

5 1/2 digit mode; feLK = 1.024MHz, HREN = HIGH, Rl = 750kn 
el = O.22/-1F 

2 Assumes voltage reference (VREFl) Te of Oppmfe. 

WARNING! eJ 
~~. 
~ ,~;; ~ENSITIVE DEVICE 
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Applying the AD7555 LOGIC OUTPUTS 

AD7SSS PIN DESCRIPTION B8 - B1 (Pins 17- BCD8 - BCDI output, Active HIGH 

ANALOG FUNCTIONS 20) (See table 1) 

VREFI (Pin 1): +4.096V Reference Input D5 (Pin 22): 10-5 digit output, Active LOW in 
AIN (Pin 2): Analog Input Voltage (±2V Full Scale) 5 112 digit mode, stays HIGH in 4 112 
AGND (Pin 3): Analog Signal Common Ground digit mode 
BUFIN (Pin 4): To External Buffer Amplifier Input 
IROUT (Pin 5): From Integrator Amplifier Output 
IRjCT (Pin 6): To Integrator Amplifier Summing 

Junction 
LOGIC INPUTS 

i)4 - 01 (Pins 23- 10-4 
- 10-1 digit outputs, 

27) Active LOW 
.-

(Pin 27): 10° loverfiow/polarity output, DO 
Active LOW 

COMP (Pin 7): Input from the external comparator. SCC (Pin 11): System conversion complete, goes 
HREN (Pin 8): High Resolution Enable, determines HIGH when conversion is complete, 

converter resolution returns LOW on comparator crossing 

HREN = LOGIC LOW, Full Scale = at end of phase 0 integration period. 

±1.9999V (100J,LV resolution) SCO (Pin 16): Serial Count Out, a serial output pulse 

HREN = LOGIC HIGH, Full Scale = 
±1.99999V (lOJ,LV resolution) 

--
(Pin 9): Hold Input HOLD 

HOLD = LOGIC HIGH, the ADC 
converts and updates the displays 
continuously as per the timing 
diagram of Figure 3. 

HOLD = LOGIC LOW, the ADC is 
reset and conversion is disabled. Data 
from the last complete conversion con-
tinues to be displayed. To ensure most 
recent data is displayed, HOLD should 
not be taken LOW when DAVis 
HIGH. When HOLD returns HIGH, 
the next leading edge of DMC initiates 

train proportional in length to the 
magnitude of AIN. SCO can be __ 
externally pulled HIGH while DAV 
= HIGH to display the error count 
"n" for calibration purposes (see 
calibration section) .. 

DAV (Pin 10): Data Valid - When low, DAV indicates 
that the data being presented on the 
BCD output bus is valid. DAV goes 
high on the first positive edge of DMC 
after a conversion is complete and 
returns low two DMC pulses later. 
When it returns low, the digit counter 
is reset to DO. This is termed the 
MASTER RESET. 

a new conversion. 

DMC (Pin 13): Display Multiplexer Clock, can be 
driven from an external logic source, 
or with the addition of an external 
capacitor, will self oscillate. With an 
external capacitor of 1O,000pF, DMC 

LED DISPLAY 
DATA B8 B4 B2 Bl WHEN USING 7447 

SEGMENT DECODER 
oscillates at approximately 1.5kHz at a 
5% to 10% duty cycle, suitable for 
display purposes. 

0 0 0 0 0 :] 
I 

1 0 0 0 1 , 
CLK (Pin 12): Clock Input for maximum line rejec- =, 

2 0 0 1 0 c... 
tion in the 4 112 digit mode; ':I 

3 0 0 1 1 ..J 

50Hz: fCLK = 512kHz (= 4.096MHz 
78) 

60Hz: fCLK = 614.4kHz (= 4.915MHz 
78) 

50/60Hz:fcLK = 409.6kHz 
(=3 .2768MHz 78) 

For maximum line rejection in the 

0 1 0 0 
!,.I 

4 , 
,-

S 0 1 0 J =, 
t 

6 0 1 1 0 Co' 
0 1 1 1 

-; 
7 , 
8 1 0 0 0 8 
9 1 0 0 1 9 

5 1/2 digit mode; OVERFLOW 1 1 0 0 I_, 
50/60Hz, £eLK = 1.024MHz 

(= 4.096MHz 74) 

SCI (Pin 15): Serial Count In. Input to totalizing 
counter in the AD7555. SCI is 
normally connected to SCO for direct 

r 0 0 0 0 +: 
DI~IT -1 0 0 1 0 -; 
ONLY + 1 1 0 0 + 

0 1 1 1 -
count totalization. 

SUPPLY INPUTS Table 1. Output Coding 
VCC (Pin 28): Positive Supply Input (+5V) 
Vss (Pin 14): Negative Supply Input (-5V) 
DGND (Pin 21): Digital Ground 
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Component limitations such as switch leakage, as well as 
operational amplifier offset voltage and bias current (and the 
temperature dependency of these errors), are major obstacles 
when designing high resolution integrating AID converters. 

The AD7555 however, utilizes a patented quad slope conver
sion technique (Analog Devices Patent No. 3872466) to reduce 
the effects of such errors to second order effects. 

Figure 1 shows a simplified quad slope integrator circuit. The 
various inputs AGND (Analog Ground), VREFl, and AIN 
(Analog Input) are applied in sequence to the integrator via 
switches 1-3 (see Table 2), creating four slopes at the inte
grator output (phase 1-4 of Figure 2). If the equivalent sum
ming junction voltage Vs is precisely 0.5VREFt. the phase 1 
and phase 2 integration times are equal, indicating there are 
no input errors. If Vs =F 0.5VREFl (due to amplifier offset 
voltage, bias current, etc.), an error count "n" is obtained. 
The analog input integration cycle (phase 3) is subsequently 
lengthened or shortened by "n" counts, depending on 
whether the error was positive or negative. 

swo 

VREF2 o--------!../ 

Figure 1. Simplified Quad Slope Integrator Circuit. 

PHASE 4 

PHASE 0 PHASE 1 PHASE 2 PHASE 3 

Figure 2. Quad Slope Integrator Output 

The final effeet is to reduce the analog input error terms to 
second order effects. This can be proven by solving the dif
ferential equations obtained during the phase 1 through phase 
4 integration periods. Barring third (and higher) order effect~, 
the solutions are given in equations 1 and 2. 

Quad Slope Theory of Operation 

IDEAL TERM . ERROR1ERM EQNl 

[ AIN ] [. AIN J[ 2 AGND ] N(AIN<o)=-Kr ..-r-- -Kr .,..,.----1 -a +.,.---(1+2a) 
VREFI VREFI VREfl 

I PI I 

IDEAL TERM ERROR TERM 

WHERE: 

N = Number of counts appearing at AD7555 Serial' 
Count Out pin corresponding to the analog input 
voltage, AIN. . 

AIN = Analog Input Voltage to be digitized 

KT = 40960 counts (4 112 Digit Mode) 
409600 counts (5 1/2 Digit Mode) 

AGND = Voltage at AD7555 pin 3 (AGND) measured 
with respect to VREFl and AIN signal com
mon ground. (Ideally, AGND = OV) 

a is an error term equal to 2V,,- VREFl 
REFl 

Ideally a = 0 when Vs = 0.5VREFl. 

NOTE: 
Vs = VREF2 + VOSl + VOS2 + IB2Rl + IsWORl 

WHERE: 

VREF2 = 0.5VREFl if no error is present 

EQN2 

VOSl = Offset voltage of buffer amplifier Al (required to 
buffer the effect of ~RON of SWI - SW2) 

VOS2 = Offset voltage of integrator amplifier A2 

IB2Rl = Equivalent integrator amplifier offset voltage due to 
bias current of A2 

ISWORI = Equivalent integrator amplifier offset voltage due 
to SWO leakage current. 

If AGND = 0, then the error tenus of EQN 1 and 2 contain 
only second order effects due to a =1= O. Thus, the AD7555 
is a powerful tool which allows high precision system perform
ance to be obtained when using only moderate precision op 
amps. 

Other advantages of the quad slope technique include bipolar 
operation using a single positive voltage reference, and the 
fact that since the comparator propagation delay is constant 
hysteresis effects are eliminated. (This is because the com
parator always approaches the zero crossing from the same 
direction). 

Switch Equivalent 
Closed Input 

Phase (Figure 1) Voltage Integration Time 

0 

1 

2 

3 
4 

5 

SW3 VREFI - Vs too = Rl Cl 
SW2 AGND - Vs tOl=Klt 
SW3 VREFI - Vs t02 = (Kl + n}t 
SWI AIN - Vs t03 = (2K l - nh 
SW3 VREFI - Vs t04 = (2Kl + n±Nh 

SWO RESET INTEGRATOR 

Table 2. Integrator Equivalent Input .voltages and 
Integration Times 
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TIMING AND CONTROL 
Figure 3 shows the AD7555 timing. SCC goes HIGH at the 
end of SCO indicating conversion is complete. DA V goes 
HIGH on the 1st leading edge of DMC after conversion is 
complete. New data is strobed into the data latches (see func
tional diagram) on the leading edge of the 2nd DMC. DA V 
returns low on the leading edge of the 3rd DMC. 

BCD data is placed on B1, B2, B4, B8 on the positive edge of 
DMC while the digit counter is incremented on the negative 
edges of DMC. 

A reset phase (phase 0) is initiated on the 4th DMC after con
version is complete. SCC returns low at the phase 0 comparator 
crossing indicating a conversion start. 

If the DMC oscillator is set up to free run (C8 in Figure 6b 
causes DMC to run at about l.5kHz), the AD7555 will con
tinuously convert and update the displays. 

Externally controlling the generation of DMC pulses provides a 
means of controlling data outputting for computer interface ap
plications. Microprocessor Interfacing page illustrates how to 
use this feature to interface the AD7555 to a microprocessor. 

DISPLAY 
The output data format of the AD.7555 is multiplexed BCD 
as per the Timing Diagram of Figure 3. The output code for
mat is shown in Table 1. 

Overflow causes digit 1 through digit 4 (digit 1 through digit 
5 in 5 112 digit mode) to output a BCD 12 (1100). Overflow 
does not affect digit O. Therefore, a positive overflow is dis
played as ft. '_/UL'!..' and a negative overflow as _ l. L' L' L"_' 
when using the 7447 seven-segment decoder. 

PRINTED CIRCUIT LAYOUT 
To ensure performance with the system specifications Figures 

DSG 
Dl707 

DS5 
Dl707 

DS4 
Dl707 

DSJ 
Dl707 

DS2 
DL707 

DS1 
Dl701 

Al TERNA liVE SIZE CRYSTAL 

01-06 2N3702 

5a and 5b show the recommended P.C. board layout for the 
AD7555. Figure 4 shows the component overlay for Figure 5a. 

rrA'J 
1st DMC AFTER SCC 

PHASE 4 
COMPARATOR CROSSING, , 

IROUT 

NEGATIVE POSITIVE 
AIN AIN 

UPDATE DATA LATCHES TO 
NEW DATA 12nd DMC AFTER SCC) 

~O~~~llnT~·r.~I __ ~ ______ ~ __________ .-____ __ 

sec 1"11 ";jl jl ~I 
--------'---~ MASTER 

-RESET 

DMC~Ln.-.JL 

rrA'J _________ -'~-DATA NOT VALID II 

r;o---------n n ntw~l-------Jr;or---
_________ J LJ LJ LEU ~ 

Figure 3. Timing Diagram (Self Start DPM Mode) 

o Vss 
o Vee o AIN 
o AGND 

o DAV 
o EXT DMC 

o o 
9 0 
100 
11 0 
12 0 
13 0 
14 0 
1S 0 
16 0 
17 0 
18 0 
19 0 
200 
21 0 
22 0 
23 0 
24 0 
25 0 
26 0 DAV 

27 0 VREF1 

28 0 CAL 

29 0 HREN 

30 0 HOLD 

31 0 sea 
32 0 88 
33 0 81 
34 0 84 

35 0 82 
36 0 DGND 

37 0 Vee 

Figure 4. Component Overlay for Figure 5a 
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Note that a pad already exists on the PCB layout for an AD584LH voltage reference, suitable for 4 1/2 digit operation. 

Figure 5a. Component Side (Reduced Scale) 

:: ;' ... ~L\··-" ----.. ........ ,~-. ---... ,.., ......... . ______ ~ •• s ••••••••••• 
_____ • 9 •••• • •••••• ____ •• 10............ • • 
_____ • 11 •••••••••••• 

:::::~.!o13............ · 
.14 •••••••••••• 

___ .... 15 •••••••••••• 
______ ~ •• 16 •••••••••••• 
_____ • 17 •••••••••••• 
____ •• IS •••••••••••• 

:::::~.!o19 •••••••••••• 
• 20 •••••••••••• ---.... 21............ J 

-----.~ •. ~~::::::::::::. 
____ •• 24 ••••••••••••• -----0 ~~:::::::::::::. -==::! •• 27 •••••••••••••• .... . ............. . -----. ::::::::::::: 

• 
Figure 5b. Foil Side (Reduced Scale) 

6 

7 • S. 
9 • 
10. 
11 • Il. 
13 • 
14. 
15 • 
16. 
17 ., 

IS. 19 • 
20. 
21 • 
22. 
23 • 
24. 
25 • 
26. 
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ANALOG CIRCUIT SET-UP AND OPERATION 
The following steps, in conjunction with the analog circuitry 
of Figure 6a explain the selection of the various component 
values required for proper operation. 

1. Selection of Integrator Components R1 and C1 
Improper selection of the integrator time constant (time 
constant = RIC I) may cause excessive noise due to the 
integrator output level being too low, or may cause non
linear operation if the integrator output attempts to exceed 
the rated output voltage of the amplifier. The integrator 
time constant RI CI must be: 

(VREFI )(Ka) ~R C ~ (VREFI)(Ka ) 
. (fCLK ) (7V) ~ 1 1 ~ (fCLK)(VOO '-5V) 

Where: 

VOD is the integrator amplifier positive supply voltage 

fClK is the clock frequency at pin 12 
Ka = 8.2 X 104 (4 112 digit mode) 

or 4.0 X 105 (5 112 digit mode) 

The integrating capacitor must be a low leakage, low 
dielectric absorption type such as teflon (5 112 digit mode), 
polystyrene or polypropylene (4 112 digit mode). To mini
mize noise injection, the outside foil of C1 must be con-

AGND-DGND 
INTERTIE 

Vee. Vss SUPPLY RETURN 

nected to the output of the integrating amplifier, not to 
its summing junction. 

The recommended maximum value for R1 in both the 
4 1/2 digit and 5 112 digit mode is 750H2. Higher values 
may cause noise injection. 

2. Deterrning Conversion Time 
Maximum conversion time occurs when AIN = -FS and 
is given by 

4 1/2 DIGIT MODE 

tCONVERT = (325,760)(tCLK) + RI CI 

5 1/2 DIGIT MODE 

tCONVERT = (l,628,800)(tCLK) + RI CI 

Where: 

tCLK = Period of CLK as measured at pin 12 
RI CI = Integrator Time Constant. 

3. Initial Calibration 
a. Adjust VREFI so that the voltage at pin 1 (VREFI) of 

the AD7555 is +4.0960V. 

b. Apply OV to AIN and adjust R5 (VREF2 Adjust) for 
display 0.0000. (See optional calibration procedure 
on the next page for more precise calibration.) 

4.0960V 

VREFl {VREFl RETURN 
NOTE 3 

Voo '" +15V 
r-----------~r-~----r-~----~~ 

, APPLICATION HINTS 

R420k 
NOTE 2 

NOTE 2 t--+---t---------+----' 
R15 
10k 

NOTES: . . 
1. R,C, VALUES SHOWN ARE FOR 5 1/2 DIGIT MODE. FOR 4112 DIGIT MODE R, = 360k. C, = 0.22pF. 

SUITABLE CAPACITORS AVAILABLE FROM COMPONENT RESEARCH CO. INC .• 1655 26th STREET. 
SANTA MONICA. CA. 90404. (STOCK NUMBER FOR O.22pF CAPACITOR IS D11B224KXWI. 

2. R4. R6. R151% TOLERANCE 
3. FOR 41/2 DIGIT MODE USE AD584LH. FOR 5 1/2 DIGIT MODE A TEMPERATURE CONTROLLED 

BURIED ZENER REFERENCE SUCH AS THE LM399H SHOULD BE USED. 

Figure 6a. Analog Circuit Diagram 

Vss=-SV 

1. See Note under Absolute Maximum Ratings for proper 
power sequencing and input/output voltage ratings. 

accomplished. A resistor value no larger than 750kn is rec
ommended to minimize noise pickup. 

2. For linear operation the absolute magnitude of AIN cannot 
exceed 112 VREFI. In no case must AIN be more negative 
than Vss. 

3. Do not leave unused CMOS inputs floating. 

4. Check that integrator components R1 and C1 are chosen as 
per paragraph 1 of the setup and operatio'n section on this 
page and that initial calibration as per paragraph 3 has been 
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5. For optimum nonnal mode noise rejection, use the crystal 
frequencies shown in the applications section. 

6. In order for the calibrate mode (on the next page) to display 
the error count properly it can be shown that 

VREF2~VREFI X 0.4883 
Specifically, for VREFI = 4.0960V 

VREF2~2V 



LOGIC AND DISPLAY CIRCUITRY 
The AD75 5 5 possesses 4 112 digit accuracy with potential for 
5 112 digit resolution. Figure 6b shows the logic and display 
circuitry when operating the AD7555 with this high resolution. 

Vee =+5V Vee = +5V 

MODIFYING THE FULL SCALE DISPLAY 
Availability of the SCO and SCI terminals on the AD7555 
provides flexibility for range-switching and modified data
format applications. 

For example, in the 5 1/2 digit mode, inserting a 75 counter 
between SCO and SCI provides a full scale count at SCI of 
39,999 counts (199,999 7 5). 

yJ 01 
n;02 ri o3 nO< ri" fl ~2N3702 2N3702 2N3702 2N3702 2N3702 2N3702 

NOTE 3 

r-R ~d~ ffi ffi ffi ffi 3 9 14 NOTE 3 

DL701 I C 6 DL707 DL707 DL/07 DL707 DL707 

.. ". m ~. "' .. ~ ~. O" .. ~ ~. ~"fll ~. '" .. I-
10 DGN[> 13 2~ 13 2~ 13 2~ 13 2 Ii Ttl T-H '1-+--T ~~7 

~.'" .. ~ 
r13 2~. I±f 

I I 
Vee" +5V 

+5VSUPPlV 

C7 
10,uF 

l "'''"" 
~ ,0 ,- '" '" ,. '" -, I. . 
V ~~1271~611:51124112311221 211120111911;81117 

~~NOTE4 

'" '" 

T 
DG ~ol 

16 11 15 1 

AD7555 

IC1 

l2JL:JL:J1411 5 11 6 117 I' 8 II 9 I~o II 11 II 12 1311 14 I Vss 

j JIi] 1" om,. 
NOTE 1 HREN_ 7rODGND 

HOLD 

TESi NOTE 4 fClK = 1.024MHz 

OA 41/2 DIGIT MODE HAEN (PIN 8) = LOGIC LOW 
NO 
I.F 

F 
2.S 

A 
3.0 

o 

OR 5112 DIGIT MODE HREN (PIN 8) '" LOGIC HIGH. 
EE eLK PIN DESCRIPTION (PAGE 4) FOR LINE 
EJECTION INFORMATION 
6 AND aS6 ARE NOT REQUIRED FOR 4 1/2 DIGIT 
PERATION. SCC 

4. C ALiBRATION CIRCUITRY SHOWN IN FIGURE 7 

-5V 

Vee'" +SV 

.--L-L 
716313~ 
1 

12 
A8 

2 A9 
6 11 

AID 
IC2 10 

7447 9 
All 

A12 
15 

A13 
8 14 

R7-R13 

TO 200n ..----'--
OGND 5 

78 
14 

lIN~ 8 'C4 1:~ 11 10 IC3 

I 't>-
7493 

74C901 9 
74 

~ 
NOTE2 

1--14 
2 310 

02 i 4096MHZ-JD~ ~ 
IN914T NOTE 2 

TO+15V 
TO DGND 

TO 
R210Mr! DGND 

Figure 6b. Logic and Display Circuitry (for 5 1/2 Digit Resolution) 

CALIBRATING THE AD7555 
When the AD7555 is placed in the calibrate mode, any re
sulting error voltage in Vs (summing junction voltage), due 
to drift, etc., will be contained in the resulting display. To 

'display the error SCI and SCO must be taken HIGH (only 
allowable when DAVis HIGH). In the calibrate mode the 
display indicates +l?0480 ±n (+l?04800 ±n in 5 112 digit 
mode) where 16 indicates a blanked digit and n is a number 
representing the reference input errors. This gives the change 
required in VREF2 (±lWREF2) for proper calibration (ie., 
n ~ 0). The exact relationship between nand D.VREF2 can 
be shown to be equal to: 

(VREFl)n 
lWREF2 = 40,960 + n (4 112 digit operation) 

(VREFl) IOn 
D.VREF2 = (5 112 digit operation) 

40,960 + IOn 

For this capability to operate, IVREF21 must be 1/2 VREFI ±2%. 

Figure 7 shows the hardware connections for manual cali
bration. With the switch in the calibrate mode, adjust VREF2 
(potentiometer R5 as shown in Figure 6a) until the display 
reads +16.0480 (+l?0.04800 in 5 112 digit mode). The AD7555 
is now calibrated to the center of its error correcting range. 

Return the switch to normal to resume normal conversion. 

+5V : ~ORM 
+5V 

AD7555 CAL 

13 DAV 

I 
DAV 

: NORM 
AIN 

AIN I 
AIN 

: ~VREFI 
CAL 

Figure 7. Hardware Requirements for Manual 
Calibration of n = 0 
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Microprocessor Interfacing 
AD7555 AS A POLLED INPUT DEVICE (MCS-85 SYSTEM) 
Figure 8 shows an AD7555/8085 interface. The DMC clock 
input of the AD7555 is controlled by the microcomputer via 
an output port of the 8155. 

:!1£.!.cal timing for this interface mode is shown in Figure 9. 
DAV goes HIGH on the 1st DMC leading edge after SCC goes 
HIGH. It returns LOW on the rising edge of the 3rd DMC 
pulse. Digit zero is avail abe on Bl, B2, B4 and B8 at this time. 
The leading edge of the 4th DMC pulse initiates a new con
version and places digit 1 on Bl, B2, B4 and B8. 

Table 3 shows a procedure for polling the AD7555. 

8155 

OMC 

PORT C I-------J 

A07555 SYSTEM 
AS PER FIGURE 

6. AND 6b 

Figure B. AD7555 as a Polled Input Device 

sec 

PHASE 4 
COMPARATOR 

CROSSING 

PHASE 0 
START 

BC:TA ----'i I I I I ~...."..,.... __ 
TO 8155 PREVIOUS DATA ~,--__ D~4~_ 

Figure 9. Timing Diagram for Operation as a Polled 
Input Device (BOB5/AD7555) 

....-___ -Put DMC HIGII 

Put DMl= LOW 
Delay or 
Main Program 

Put DMC LOW 
Put DMC IIIGII 
Put DMC LOW 
PutDMC IIIGII 
Put DMC LOW 
Read BCD Data (Digit 0) 
Put DMC IIIGII (Initiates 

New Conversion) 
Put DMC LOW 
Read BCD Data (Digit 1) 

Put DMC IIIGH J PutDMC LOW 

Read BC~ Da, ta (Digit 2) 

, I 
I 

etc. 
I 
I 
I 

Read ~CD Data (Digit 4) 

Table 3. Procedure for Interfacing the AD 7555 as a Polled 
Input Device 

VOL. 1,11-110 ANALOG-TO-DIGITAL CONVERTERS 

AD7555 AS AN INTERRUPTING INPUT DEVICE 
(MCS-85 SYSTEM) 
The AD7555 DMC oscillator provides DMC pulses until SCC 
(System Conversion Complete) goes high. This causes an inter
rupt on the RST 7.5 line whereby the three-state buffer is 
activated and the microprocessor takes control of DMC. Table 
4 shows a procedure for using the AD7555 in this mode. Fig
ure 10 shows the basic hookup. 

TO 8085 
RST 7.5 

Figure 10. AD7555 as an Interrupting Input Device 
(MCS·B5 System) 

Interrupt Entry (SCC Goes High Causing Interrupt) 

Enable Three-State Buffer (74126 as Shown in Figure 10) 
Put DMC HIGH 
DAV HIGH? 

¥~~ 
Put DMC LOW Put DMC LOW 

Put DMC HIGH 
DAV LOW? 

~ ~o~ ___ ~ 
Put DMC LOW 
Read BCD Data (Digit 0) 
Put DMC HIGH 
PutDMC LOW 
Read BCD. Data (Digit 1) 

: 
etc. 

Read BCD Data (Digit 4) 
Disable Three-State Buffer 
Return to Main Program 

Table 4. Procedure for Interfacing the AD7555 as an Inter· 
rupting Input Device 



OPTO·ISOLATED SERIAL INTERFACE 
Figure 11 shows a serial interface to the MCS·85 system. This 
system can accommodate a· remote interface where a common
mode voltage is expected to exist between system grounds. The 
8155 counter/timer is only 14 bits long, i.e., it can only count 
down from 214; therefore SCO output from the AD7555 (20k 
counts full scale) has to be divided by 2 with consequent re
duction in system resolution. 

Port C of the 8155 is co~figured as a control port. Port B is 
an input port. This port configuration is necessary if sign infor
mation is required. Magnitude information is obtained by 

interrogating the 8155 counter value. The rising edge of DA V 
is used to cause an interrupt on the RST 7.5 line. The value 
(214 - I~ I) in the 8155 counter should now be read. 

When DAV returns low the 8155 counter is reset to FFH. 
Sign information is checked at this time since Do BCD data 
is present and stable on the BCD bus (see Figure 9). The B2 
line of the BCD bus is latched into port B by the signal on 
B STB i.e. the falling edge of DAV. This causes a nsing edge 
signal on BF (buffer full) to call the 8085 CPU to read the B2 
bit. B2 bit is HIGH for negative data, LOW for positive data. 

ISOLATED AD7555 POWER SYSTEM MCS·85 POWER SYSTEM 

ANALOG 
INPUT 

+15V TO OP AMPS AND REFERENCE 

AD7555 
ANALOG 
SYSTEM 

PER 
FIGURE 6a 

NOTE: 

+5V RETURN 

+15V. -5V RETURN 

SYSTEM RESOLUTION CAN BE INCREASED BY 
PROVIDING SUFFICIENT COUNTER CAPACITY 
TO TOTALIZE 20k (OR 200k) COUNTS. 

B~} PORT 
~t----'l--l B STB C 

!J=;:;;;~ 8155 

PORT B 

TIMER/ 
COUNTER 

( 

SECTION 

10,000 COUNTS 
FULL SCALE 

Figure ". Optically Isolated Serial AD7555/MCS-85 Interface (Full Scale = 10,000 Counts) 
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r-IANALOG 
WDEVICES 

FEATURES 
a-Bit Resolution 
No Missed Codes over Full Temperature Range 
Fast Conversion Time: 15/1s 
Interfaces to /1P like RAM, ROM or Slow - Memory 
Low Power Dissipation: 30mW 
Ratiometric Capability 
Single +5V Supply 
Low Cost 
Internal Comparator and Clock Oscillator 

GENERAL DESCRIPTION 
AD7574 is a low-cost, S-bit /1P compai:ible ADC which uses 
the successive-approximations technique to provide a con
version time of 15/1s. 

Designed to be operated as a memory mapped input device, 
the AD7574 can be interfaced like static RAM, ROM, or slow 
memory. It's CS (decoded device address) and RD 
(READ/WRITE control) inputs are available in all /1P memory 
systems. These two inputs control all ADC operations such as 
starting conversion or reading data. The ADC output data bits 
use three-state logic, allowing direct connection to the /1P data 
bus or system input port. 

Internal clock, +5V operation, on-board comparator and 
interface logic, as well as low power dissipation (30mW) and 
fast conversion time make the AD7574 ideal for most ADCI/1P 
interface applications. Small size (lS-pin DIP) and monolithic 
reliability will find wide use in avionics, instrumentation, and 
process automation applications. 

CMOS 
,Up Compatible 8-Bit ADC 

AD7574 I 

AD7S74 FUNCTIONAL BLOCK DIAGRAM 

r ___ ~t ___ ,_VR" 
, 

, 
6 131 

J ------. 
, , 

, 
" L...-_---~,'<>AGNO 
, 
, , , 

~~--~~-4~~~~----~'~14 ~ 
RD"::"T----t.._~=--.J 

ORDERING INFORMATION 

Tem~rature Range and Package! 
Differential Nonlinearity Plastic (NISB) Ceramic (D18B) Ceramic (DI8B) 

o to +70°C _25°C to +8SoC _SSoC to +12SoC 

±7/8LSB A07S74JN AD7S74AO l AD7S74S0 l 

±3/4LSB AD7S74KN AD7S74BOl AD7S74TO l 

I S .. Section 20 for package outline information . 
• Available 100% screened to MIL·ST0-883, Class B. To order, add "/883B" to 

part number shown. See note I, next page for details. 

PIN CONFIGURATION 

(NOT TO SCAlEI 

IS-PIN DIP 
TOP VIEW 
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CAUTIONi-------------------------------------------------------
WARNING! ~ ESD (Electro - Static - Discharge) sensitive device. The digital control inputs are zener 

protected; however, permanent damage may occur on unconnected devices subject to high 
energy electrostatic fields. Unused devices must be stored in conductive foam or shunts. The 
foam should be discharged to the destination socket before tlevices are removed. ~~~ 
DC SPECIFICATIONS (VOO = +5V, VREF = -10V, Unipolar Configuration, 
RCLK = 180kn, CCLK = 100pF, unless otherwise noted) , 

PARAMETER 

ACCURACY 
Resolution 
Relative Accuracy Error 

AD7S74JN, AD, SO 
AD7574KN, BD, TO 

Differential Nonlinearity 
AD7574JN, AD, SO 
AD7574KN, BD, TO 

Full Scale Error (Gain Error) 
AD7S74JN, AD, SO 
AD7574KN, BD, TO 

Offset Error2 

AD7S74JN, AD, SO 
AD7574KN, BD, TO 

Mismatch Between BOFS (pin 3) 
and AIN (pin 4) Resistances l 

ANALOG INPUTS 
Input Resistance 

At VREF (pin 2) 
At BOFS (pin 3) 
At AIN (pin 4) 

VREF (for specified performance) 
VREF Range 4 

, 

Nominal Analog Input Range 
Unipolar Mode 
Bipolar Mode 

LOGIC INPUTS 
Ro (pin IS), CS (pin 16) 

VINII Logic IlIGH Input Voltage 
VINL Logic LOW Input Voltage 
liN Input Current 
CIN Input Capacitance' 

CLK (pin 17) 
VINH Logic HIGH Input Voltage 
VINL Logic LOW Input Voltage 
IINH Logic IIIGII Input Current 
IINL Logic LOW Input Current 

LOGIC OUTPUTS 
BUSY (pin 14), DB7 to DBO (pins 6 ·13) 

VOH Output HIGH Voltage 
VOL Output LOW Voltage 

LIMITS 

TA=+2S oC Tmin.Tmax
l 

±l/4 ±% 
±11l ±11l 

±'/8 ±'/8 
±% ±'/. 

±5 ±6.5 
±3 ±4.5 

±60 ±BO 
±30 ±50 

±1.5 ±1.5 

5/10/15 5/10115 
10/20/30 10/20/30 
10/20130 10/20/30 

-10 -10 
-5 to -IS -5 to -IS 

o to +IVREFI 
-IVREFI to +IVREFI 

+3.0 +3.0 
+O.B +O.B 

I 10 
5 

+3.0 +3.0 
+0.4 +0.4 

+2 +3 
I 10 

+4.0 +4.0 
+0.4 +O.B 

10 

7 

UNITS 

Bits 

LSB max 
LSB max 

LSB max 
LSB max 

I LSB max 
LSB max 

mV max 
mVmax 

% 

H2 min/typ/max 
kl1 min/typ/max 
kl1 min/typ/max 

I 

V 
V 

v 
v 

Vmin 
V max 

pA max 
pI' max 

V min 
V max 

mAmax 
pA max 

V min 
V max 

pA max 

pI' max 

I LKG DB7 to DBO Floating Stage Leakage 

Floating State Output Capacitance (087 to OBO)' 

Output Code Unipolar Binary, Offset Binary 

POWER REQUIREMENTS 
VDD +5 

5 
+5 

5 I DO (STANDBY) 

IREF VREF divided by 5kl1 

NOTES: 
1 Temperature ranges as follows: IN, KN (0 to +70°C) 

AO. BO (-25°C to +B5°C) 
SO, TO (-SSoC to +12SoC) 

V 
mAmax 

CONDITIONS/COMMENTS 

Rdative Accuracy and Differential Nonlinearity are measured 
dynamically using the external clock circuit of Fig. 7b. 
Clock frequency is 500kHz (conversion time 15ps) 

Full Scale Error is measured after calibrating out offset error. See 
Fig. Ba and associated calibration procedure for offset. Max Full 
Scale change from +2S

o
C to T min or T max is ±2 LSB. 

Maximum Offset change from +2SoC to 

T min or T max is ±20mV. 

±S% for specified transfer accuracy. 
Degraded transfer accuracy. 

During Conversion, VIN(CLK);;' VINIl(CLK) 
During Conversion, VIN(CLK) ';;;VINL(CLK) 
(see circuit of Fig. 7b if external clock operation is required). 

ISOURCE ; 40pA 
ISINK; 1.6mA 

VOUT; OV or VO D 

Sec Figs. Ba. 9a, lOa and Bb, 9b, lOb. 

±S% for specified performance. 
AIN ; OV, AOC in RESET condition. 
Conversion complete, prior to RESET. 

Screening to MIL·ST0-8B3 is avaiiable.lBB3B versions are 100% screened to method 5004 for a cIass B device. Final electricai tests are 
performed to +2SoC and +BSoC (AO. BO versions) or +2SoC and +12SoC (SO. TO versions). 

'Typical offset temperature coefficient is ±IS0"V/oC. 
3RBOFS/RAIN mismatch causes transfer function rotation about positive Full Scale. The effect is an offset and again term when using the 

circuit of Figure 9a. 
"Typical value. not guaranteed or subject to test. 
I Guaranteed but not tested. • 

Specifications subject to change without notice. 
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AC Specifications 
(Voo = +5V, CClK = 100pF, R ClK = 180kn unless otherwise noted) 

LIMIT at LIMIT at LIMIT at 
CONDITIONS SYMBOL SPECIFICATION TA = +25°C TA = Tmin TA;' Tmax 

STATIC RAM INTERFACE MODE (See Figure 1 and Table 1) 

tcs ES Pulse Width Requirement lOOns min 150ns min 150ns min 

tWSCS RD to'es Setup Time Omin Omin Omin 

tCBPD es to BUSY Propagation Delay 90ns typ 70ns typ 150ns typ } BUSY Load = 20pF 
120ns max 120ns max 180ns max 
120ns typ lOOns typ 180ns typ } BUSY Load = 100pF 
150ns max 150ns max 200ns max 

tSSR BUSY to RD Setup Time Omin Omin Omin 

tBSCS BUSY to es Setup Time Omin Omin Omin 

tRAD Data Access Time 120ns typ lOOns typ 180ns typ } DBO' DB7 Load = 20pF 
150ns max 150ns max 220ns max 
240ns typ 220ns typ 300ns typ } DBO' DB7 Load = 100pF 
300ns max 300ns max 400ns max 

tRHD Data Hold Time 80ns typ 40ns typ 120ns typ 
50ns min 30ns min 80ns min 
120ns max 80ns max 180ns max 

tRHCS CS to RD Hold Time 250ns max 200ns max 500ns max 

tRESET Reset Time Requirement 3jJs min 3jJs min 3jJs min 

tCONVERT Conversion Time 
using internal clock oscillator See typical data of Figure 7a 

tCONVERT Conversion Time fCLK = 500kHz 
using external clock '15jJs 15jJs 15jJs circuit of Figure 7b 

ROM INTERFACE MODE (See Figure 2 and Table 2) 

t RAD Data Access Time 
tRHD Data Hold Time 

tWBPD RD HIGH to BUSY 
Propagation Delay 

tSSR BUSY to RD LOW Setup Time 

tCONVERT Conversion Time 
using internal clock oscillator 

Same as RAM Mode 
Same as RAM Mode 

400ns typ 350ns typ IjJs typ } BUSY Load = ZOpF 
l.5jJs max l.OjJs max Z.OjJs max 

RD can go LOW prior to BUSY = HIGH. but must not 
return HIGH until BUSY = HIGH. See Table 2 

See typical data of Figure 7a. Add ZjJs to 
data shown in Figure 7a for ROM Mode 

SLOW - MEMOR Y INTERFACE MODE (See Figure 3 and Table 3) 

tCBPD ES to BUSY Propagation Delay Same as RAM Mode 
tRESET Reset Time Requirement Same as RAM Mode 
t RAD Data Access Time Same as RAM Mode 
t RHD Data Hold Time Same as RAM Mode 
t CONVERT Conversion Time Same as RAM Mode 

ABSOLUTE MAXIMUM RATINGS 

VDD to AGND ......... . 
VDD to DGND ......... . 
AGND to DGND ........ . 
Digital Input Voltage to DGND 

(pins 15 and 16) ....... . 
Digital Output Voltage to DGND 

(pins 6 -14) .......... . 
CLK Input Voltage (pin 17) to DGND. 
VREF (pin 2) .. 
VBOFS (pin 3) . 
VAIN (pin 4) .. 

TERMINOLOGY 

· . OV, +7.0V 
· . OV, +7.0V 
· -0.3V, VDD 

.-0.3V, +15.0V 

· -0.3V, VDD 
· -0.3V, VDD 

. ±20V 
'. ±20V 
. ±20V 

Operating Temperature Range 
jN, KN .. 
AD,BD .......... . 
SD, TO .......... . 

Storage Temperature Range. 
Lead Temperature (soldering, 10 sees.). 
Power Dissipation (Package) 

Plastic (suffix N) 
to +70

0
C .... '0' ••• 

Derate above +70 C by . 
Ceramic (~uffix D) 

to +75 C .... '0' .... 
Derate above +75 C by .. 

· .. 00C to +70
0

C 
· -25°C to +85°C 
-55°C to +125°C 
-65°C to +150

0
C 

· ..... +300
0

C 

· . 670mW 
8.3mw/oC 

· . 450mW 
· 6mW/oC 

RESOLUTION, Resolution is a measure of the nominal analog change 
required for a 1 - bit change in the AID converter's digital output. While 
normally expressed in a number of bits, the analog resolution of an 
n- bit unipolar AID converter is (z-n)(VREF)' Thus the AD7574, an 

device's measured zero and measured full scale transition points. Rel
ative accuracy, therefore, is a measure of code position. 

8 - bit AID converter, can resolve analog voltages as small as 
(%56)(VREF) when operated in a unipolar mode. When operated in a 
bipolar mode, the resolution is (1!t2S)(VREF)' Resolution does not 
imply accuracy. Usable resolution is limited by the differential nonlin
earity of the AID converter. 

RELATIVE ACCURACY, Relative accuracy is the deviation of the ADC's 
actual code transition points from a straight line drawn between the 

DIFFERENTIAL NONLINEARITY, Differential nonlinearity in an ADC 
is a measure of the size of an analog voltage ~ange associated with any 
digital output code. As such differential nonlinearity specifies code 
width (usable resolution). An ADC with a specified differential nonlin
eafity of ±n bits will exhibit codes ranging in width from 1 LSB - nLSB 
to 1 LSB + nLSB. A specified differential nonlinearity of less than 
±l LSB guarantees no - missing - codes operation. 
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TIMING & CONTROL OF THE AD7574 

STATIC RAM INTERFACE MODE 
Table 1 and Figure 1 show the truth table and timing require-. 
ments for AD7574 operation as a static RAM. 

A convert start is initiated by executing a memory WRITE 
instruction to the address location occupied by the AD7574 
(once conversion has started, subsequent memory WRITES 
have no effect). A data READ is performed by executing a 
memory READ instruction to the AD7574 address location. 

BUSY must be HIGH before a data READ is attempted, i.e. 
the total delay between a convert start and a data READ must 
be at least as great as the AD7574 conversion time. The delay 

MICItO"OCiSSOR 

____ ~~~~+-~~~~~~~~r_~-'~OA~O~~"~.o~o.~'" 

e' ..... 1!o1 

iUlY'P""'" 

Figure 1. Static RAM Mode Timing Diagram 

ROM INTERFACE MODE 
Table 2 and Figure 2 show the truth table and timing require
ments for interfacing the AD7574 like Read Only Memory. 

CS is held LOW and converter operation is controlled by the 
RD input. The AD7574 RD input is derived from the decoded 
device address. MEMRD should be used to enable the address 
decoder in 8080 systems. VMA should be used to enable the 
address decoder in 6800 systems. A data READ is initiated by 
executing a memory READ instruction to the AD7574 address 
location. The converter is automatically restarted when RD 

Figure 2. ROM Mode Timing Diagram rcs Held LOW) 

SLOW ·MEMORY INTERFACE MODE 
Table 3 and Figure 3 show the truth table and timing require
ments for interfacing the AD75 74 as a slow - memory. This 
mode is intended for use with processors which can be forced 
into a WAIT state for at least 12J.Ls (such as the 8080, 8085 
and SC/MP). The major advantage of this mode is that it 
allows the J.LP to start conversion, WAIT, and then READ data 
with a single READ instruction. 

In the slow-memory mode, CS and RD are tied together. It is 
suggested that the system ALE signal (8085 system) or SYNC 
signal (8080 system) be used to latch the address. The decoded 
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can be generated by inserting NOP instructions (or other 
program instructions) between the WRITE (start convert) and 
READ (read data) operations. Once BUSY is HIGH (conver
sion complete), a data READ is performed by executing a 
memory READ instruction to the address location occupied 
by the AD7574. The data readout is destructive, i.e. when RD 
returns HIGH, the converter is internally reset. 

The RAM interface mode uses distinctly different commands 
to start conversion (memory WRITE) or read the data (memory 
READ). This is in contrast to the ROM mode where a memory 
READ causes a data READ and a conversion restart. 

AD7574 INPUTS AD7574 OUTPUTS 

CS RD BUSY DB7 - DBO 
AD7S74 OPERATION 

L H II IIIGII Z WRITE CYCLE (START CONVERT) 
L ""'L. II IIIGI1 Z -+ DATA READ CYCLE (DATA READ) 
L ..r II DATA-+mGII Z RESET CONVERTER 

II Xl X IIIGIi Z NOT SELECTED 
L II L IIIGI1 Z NO EFFECT. CONVERTER BUSY 
L .... L IIIGII Z NO EFFECT. CONVERTER BU~Y 
L ..r L IIIGII Z NOT ALLOWED. CAUSES 

INCORRECT CONVERSION 

Note 1: If AD goes LOW to HIGH when Cs is LOW, the ADC is 
internally reset. RD has no effect while Cs is HIGH. 
See application hint No.1. 

Table 1. Truth Table, Static RAM Mode 

returns HIGH. As in the RAM mode, attempting a data READ 
before BUSY is HIGH will result in incorrect data being read. 

The advantage of the ROM mode is its simplicity. The major 
disadvantage is that the data obtained is relatively poorly 
defined in time inasmuch as executing a data READ auto
matically starts a new conversion. This problem can be over
come by executing two READs separated by NO oOPS (or 
other program instructions) and using only the data obtained 
from the second READ. 

AD7S74 INPUTS AD7574 OUTPUTS 

CS RD BUSY DB 7 - DBo 
AD7S74 OPERATION 

L ""'L. II HIGH Z -+DATA DATA READ 
L ..r .... DATA-+HIGlt Z RESET AND 

START NEW CONVERSION 

L .... L I1IGH Z NO EFFECT. CONVERTER BUSY 
L ..r L HIGII Z NOT ALLOWED. CAUSES 

INCORRECT CONVERSION 

Table 2. Truth Table, ROM Mode 

device address is subsequently used to drive the AD7574 CS 
and RD inputs. BUSY is connected to the microprocessor 
READY input. 

When the AD7574 is NOT addressed, the CS and RD inputs 
are HIGH. Conversion is initiated by executing a memory 
READ to the AD7574 address. BUSY subsequently goes LOW 
(forcing the J.LP READY input LOW) placing the J.LP in a WAIT 
state. When conversion is complete (BUSY is HIGH) the J.LP 
completes the memory READ. 

Do not attempt to perfo~ a memory WRITE in this mode, 
since three· state bus conflicts will arise. 



Timing & Control of the AD7574 (cont.) 

I I ~'R"n 
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Figure 3. Slow Memory Mode Timing Diagram 
rcs and RD Tied Together) 

GENERAL CIRCUIT INFORMATION' 

BASIC CIRCUIT DESCRIPTION 
The AD7574 uses the successive approximations technique to 
provide an 8 - bit parallel digital output. The control logic was 
designed to provide easy interface to most microprocessors. 
Most applications require only passive clock components (R & 
C), a -lOY reference, and +5V power. 

DB1-DBO 
DATA OUT 
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Figure 4. AD7574 Functional Diagram 

Figure 4 shows the AD7574 functional diagram. Upon 
receipt of a start command either via the CS or RD pins 
for Control Logic and Timing Details), BUSY goes low 
indicating conversion is in progress. Successive bits, starting 
with the most significant bit (MSB), are applied to the input of 
a DAC. The comparator determines whether the addition of 
each successive bit causes the DAC output to be greater than 
or less than the analog input. AIN' If the sum of the DAC bits 
is less than AIN. the trial bit is left ON, and the next smaller 
bit is tried. If the sum is greater than AIN. the trial bit is 
turned OFF and the next smaller bit is tried. 

A[)7574 INPUTS 

CS & RD 

II 
"'1... 

AD7574 OUTPUTS 

IIICIl Z 
II-I. IIIGIIZ 

I. IIIGII Z 

....r- IIIGII Z - DATA 

DATA -IIIGII Z 

IIIGII Z 

AD7574 OPERATION 

NOT SELECTED 
START CONVERSION 
CONVERSION IN PROGRESS, 
J.!P IN WAIT STATE 
CONVERSION COMPLETE, 
f-lP READS DATA 
CONVERTER RESET 
AND DESELECTED 
NOT SELECTED 

Table 3. Truth Table, Slow Memory Mode 

Each successively smaller bit is tried and compared to AIN in 
this manner until the least significant bit (LSB) decision has 
been made. At this time BUSY goes HIGH (conversion is com
plete) indicating the successive approximation register contains 
a valid representation of the analog input. The RD control (see 
the previous page for details) can then be exercised to activate 
the three-state buffers, placing data on the DBo - DB7 data 
output pins. RD returning HIGH causes the clock oscillator to 
run for I cycle. providing an internal ADC reset (i.e. the SAR 
is loaded with code 10000000). 

DAC CIRCUIT DETAILS 
The current weighting D/A converter is a precision multiplying 
DAC. Figure 5 shows the functional diagram of the DAC as 
used in the AD7574. It consists of a precision Silicon Chrom
ium thin film RI2R ladder network and 8 N - channel MOS
FET switches operated in single - pole - double - throw. 

The currents in each 2R shunt arm are binarily weighted, i.e. 
the current in the MSB arm is VREF divided by 2R, in the 
second arm is VREF divided by 4R, etc. Depending on the 
DAC logic input (AID output) from the successive approx
imation register, the current in the individual shunt arms is 
steered either to AGND or to the comparator summing point. 

Figure 5. D/A Converter As Used In AD7574 
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OPERATING THE AD7574 

APPLICATION HINTS 

1. TIMING & CONTROL 
In the AD7574 when a conversion is finished the fresh data 
must be read before a new conversion can be started. 
Failure to observe the timing restrictions of Figures 1, 2 or 3 may 
cause the AD7574 to change interface modes. -For example, in the 
RAM mode, holding CS LOW too long after RD goes HIGH will 
cause a new convert start (i.e. the converter moved into the ROM 
mode). 

2. LOGIC DEGLITCHING IN uP APPLICATIONS 
Unspecified states on the address bus (due to different rise and fall 
times on the address bus) can cause glitches at the AD7574 CS or 
RD terminals. These glitches can cause unwanted convert starts, 
reads, or resets. The best way to avoid glitches is to gate the address 
decoding logic with RD or WR (8080) or VMA (6800) when in the 
ROM or RAM mode. When in the slow - memory mode, the ALE 
(8085) or SYNC (8080) signal should be used to latch the address. 

3. INPUT LOADING AT VREF, AIN AND BOFS 
To prevent loading errors due to the finite input resistance at the 
VREF, AIN or BOFS pins, low impedance driving sources must be 
used (i.e. op amp buffers or low output - Z reference). 

4. RATIOMETRIC OPERATION 
Ratiometric performance is inherent to AID converters such as the 
AD7574 which use a multiplying DAC weighting network. However, 

CLOCK OSCILLATOR 
The AD7574 has an internal asynchronous clock oscillator 
which starts upon receipt of a convert start command, and 
ceases oscillating when conversion is complete. 

The clock oscillator requires an external Rand C as shown in 
Figure 6. Nominal conversion time versus RCLK and CCLK is 
shown in Figure 7a. The curves shown in Figure 7a are applic
able when operating in the RAM or slow - memory interface 
modes. When operating in the ROM interface mode, add 2fJ.s 
to the typical conversion time values shown. 

The AD7574 is guaranteed to provide transfer accuracy to 

published specifications for conversion times down to 15fJ.s, 
as indicated by the unshaded region of Figure 7a. Conversion 
times faster than 15fJ.s can cause transfer accuracy degradation. 

OPERATION WITH EXTERNAL CLOCK 
For applications requiring a conversion time close to or equal 
to 15fJ.s, an external clock is recommended. Using an external 
clock precludes the possibility of converting faster than 15fJ.s 
(which can cause transfer accuracy degradation) due to temp
erature drift ---: as may be the case when using the internal 
clock oscillator. 

Figure ,7b shows how the external clock must be connected. 
The BUSY output of the AD7574 is connected to the three
state enable input of a 74125 three - state buffer. RI is used as 
a pullup, and can be between 6kS""! and lOOkS""!. A 500kHz 
clock will provide a conversion time: of 15fJ.s. 

The external clock should be used only in the static - RAM or 
slow - memory interface mode, Ilnd not in the ROM mode. 

Timing constraints for external clock operation are as follows: 

STATIC RAM MODE 
1. When initiating a conversion, CS should go LOW on a pos

itive clock edge to provide optimum settling time, for the 
MSB. 

2. A data READ can be initiated any time after BUSY = I. 
SLOW-MEMORY MODE 
1. When initiating a conversion, CS and RD should go LOW 

oli a positive clock edge to provide optimum settling time 
for the MSB. 
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the user should recognize that comparator limitations such as offset 
voltage, input noise and gain will cause degradation of the transfer 
characteristics when operating with reference voltages less than 
-lOY in magnitude. 

5. OFFSET CORRECTION 
Offset error in the transfer characteristic can be trimmed by off
setting the buffer amplifier which drives the AD7574 AIN pin (pin 
4). This can be done either by summing a cancellation current into 
the amplifier's summing junction, or by tapping a voltage divider 
which sits between VDD and VREF and applying the tap voltage to 
the amplifier's positive input (an example of a resistive tap offset 
adjust is shown in Figure lOa where R8, R9 and RIO can be used to 
offset the ADC). 

6. ANALOG AND DIGITAL GROUND 
It is recommended that AGND and DGND be connected locally to 
prevent the possibility of injecting noise into the AD7574. In 
systems where the AGND - DGND intertie is not 16cal, connect 
back - to - back diodes (lN914 or equivalent) between the AD7~74 
AGND and DGND pins. ' 

7. INITIALIZATION AFTER POWER - UP 
Execute a memory READ to the AD7574 address 10catioJ;l, and 
subsequently ignore the data. The AD7574 is internally reset wi!en 
reading out data, i.e. the data readout is destructive. 

"00 1+5'" 

Figure 6. Connecting R CLK and CCLK To CLK Oscillator 
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Figure la. Typical Conversion Time vs. Temperature 
For Different R CLK and CCLK 
(Applicable to RAM and Slow-Memory MO,des. For ROM 
Mode add 2fJ.S to values shown) 

VOOI+SV) 

Figure lb. External Clock Operation 
(Static RAM and Slow- Memory Mode) 



UNIPOLAR BINARY OPERATION 

Figures 8a and 8b show the analog circuit connections and 
typical transfer characteristic for unipolar operation. An 
A0584 is used as the -J OV reference. 

Calibration is as follows: 

OFFSET 
Offset must be trimmed out in the signal conditioning cir
cuitry used to drive the signal input terminals shown in Figure 
8a. An example of an offset trim is shown in Figure lOa, 
where RS, R9 and RIO comprise a simple voltage tap which is 
applied to the amplifier's positive input. 

Note 1: R 1 and R2 can be omitted if 
gain trim is not required 

DIGITAL 
SUPPLY RETURN 

Figure 8a. AD7574 Unipolar (OV to +10V) Operation 
(Output Code is Straight Binary) 

BIPOLAR (OFFSET BINARY) OPERATION 

Figures 9a and 9b illustrate the analog circuitry and transfer 
characteristic for bipolar operation. Output coding is offset 
binary. As in unipolar operation, offset correction can be per
formed at the buffer amplifier used to drive the signal input 
terminals of Figure 9a (Resistors R8' R9 and RIO in Figure 
lOa show how offset trim can be done at the buffer amplifier). 

Calibration is as follows: 
1. Adjust R6 and R7 for minimum resistance across the 

potentiometers. 
2. Apply + 10.000V to the buffer amplifier used to drive the 

signal input (i.e. -lO.OOOV at R6)' 

3. While performing continuous conversions, trim R6 or R7 
(whichever required) until OB7 - OBI are LOW and the LSB 
(OBO) flickers. 

Note 1: A 1 and R2 can be omitted if 
gain trim is not required 

Figure 9a. AD7574 Bipolar (-10V to +10V) Operation 
(Output Code is Offset Binary) 

Operating the AD7574 (cant.] 

1. Apply -39.1mV (1 LSB) to the input of the buffer ampli
fierused to drive Rl (i.e. +39.1mV at Rl)' 

2. While performing continuous conversions, adjust the offset 
potentiometer (described above) until OB7 - 081 are LOW 
and the LSB (OBO) flickers. 

GAIN (FULL SCALE) 
Offset adjustment must be performed before gain adjustment. 
1. Apply -9.961V to the input of the buffer amplifier used to 

drive Rl (i.e. +9.961 Vat Rl)' 
2. While performing continuous conversions, adjust trim pot 

R2 until OB7 - OBI are HIGH and the LSB (OBO) flickers. 

''''''''1 
111111'0 

"'''''AC'''''''W'~ 

,'F 

~"lL' " 00001""0 

0000000' 

OOOOOOOOO()4,OOB0120 ... -----9~ 
INPUTIiOlTAGE\lOLTS 

'''I'~''Rf 0 10 ""'''lOG GFlOU"O " .. ~ O~ A01!>a, 

Note: Approximate bit weights are shown for illustration. 
Nominal bit weight for a -10V reference is ::::; 39.1mV 

Figure 8b. Nominal Transfer Characteristic For Unipolar 
Circuit of Figure 8a 

4. Apply OV to the buffer amplifier used to drive the signal 
input terminals. 

5 .. Doing continuous conversions, trim the offset circuit of the 
buffer amplifier until the AOC output code flickers 
between 01111111 and 10000000. 

6. Apply + 10.000V to the input of the buffer amplifier 
(i.e. -10.000V as applied to R6)' 

7. Doing continuous conversions, trim R2 until OB7 - OB1 are 
LOW and the LSB (OBO) flickers. 

8. Apply -9.922V to the input of the buffer amplifier (i.e. 
+9.922V at the input side of R6)' 

9. If the AOC output code is not 11111110 ±1 bit, repeat the 
calibration procedure. 

OUTPUT 

1~(100-----""""'----"""""" 

·320-240 ·1110 -10 0 .eo .,60.2400J2'O"'00 
INPUT VOLTAGE MILLIVOLTS 

I l\(ffll'UDlOAJroI"lDGGIlOUNO, 

Note: Approximate bit weights are shown for illustration. 
Nominal bit weight for ± 10V full scale is ::::; 78.1 mV 

Figure 9b. Nominal Transfer Characteristic Around 
Major Carry for Bipolar Circuit of Figure 9a 
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OPERATING THE AD7574 

BIPOLAR (COMPLEMENTARY OFFSET 
BINARY) OPERATION 
Figure lOa shows the analog connections for complementary 
offset binary operation. The typical transfer characteristic is 
shown in Figure lOb. In this bipolar mode, the ADC is fooled 
into believing it is operated in a unipolar mode - i.e. the + 1 OV 
to -10V analog input is conditioned into a 0 to +lOV signal 
range. R2 is the gain adjust, while R9 is the offset adjust. 

Calibration is as follows (adjust offset before gain): 

OFFSET 
1. Apply OV to the analog input shown in Figure lOa. 

Notes: 
1. R1 and R2 can be omitted if gain trim is not required 
2. RS. Rg and R 1 0 can be omitted if offset trim is not required 
3. RsliRsIIR10 = 5kS"11f RS, Rg andR10 not used, make RS = 5kD 

Figure 10a. AD7574 Bipolar Operation (-10V to +10V) 
(Output. Code is Complementary Offset Binary) 
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2. While performing continuous conversions, adjust R9 until 
the converter output flickers between codes 01111111 and 
10000000. 

GAIN (FULL SCALE) 
1. Apply -9.922V across the analog input terminals shown in 

Figure lOa. 
2. While performing continuous conversions, adjust R2 until 

DB7 - OBI are HIGH and the LSB (DBO) flicke~s between 
HIGH and LOW. . 

OUTPUT 

01C'~~~11 ,......----'T"'""---..,-, 

-120-2.0 -150·10 0 *10 .'60.240-320"00 
INPuTvOLTAGlE,MILLIVOLTS 

III:UllIIlI:fOlO ..... .IIlOGGIIIOVND '''111'0,,1,075141 

Note: Approximate bit weights are shown for illustration. Nominal 
bit weight for ±10V full scale is ~ 78.1mV 

Figure 10b. Nominal Transfer Characteristic Around Major 
Carry for Bipolar Circuit of Figure 10a 



r.ANALOG 
WOEVICES 

CMOS 
pP Compatible 8-Bit 8-Channel DAS 

FEATURES 
8-Bit Resolution 
On-Chip 8 X 8 Dual-Port Memory 
No Missed Codes Over Full Temperature Range 
Interfaces Directly to Z80/8085/6800 
CMOS, TTL Compatible Digital Inputs 
Three-State Data Drivers 
Ratiometric Capability 
Interleaved DMA Operation 
Fast Conversion 
A/D Process Totally Transparent to f.1P 
Low Cost 

GENERAL DESCRIPTION 
The AD7S81 is a microprocessor compatible 8 bit, 8 channel, 
memory buffered, data-acquisition system on a monolithic 
CMOS chip. It consists of an 8 bit successive approximation 
AID converter, an 8 channel multiplexer, 8 X 8 dual-port 
RAM, three-state DATA drivers (for interface), address latches 
and microprocessor compatible control logic. The device inter
faces directly to 8080, 8085, Z80, 6800 and other micro-
processor systems. 

The successive approximation conversion takes place on a 
continuous, channel sequencing, basis using microprocessor 
control signals for the clock. Data is automatically transferred 
to its proper location in the 8 X 8 dual-port RAM at the end 
of each conversion. When under microprocessor control, a 
READ DATA operation is allowed at any time for any channel 
since on-chip logic provides interl~aved DMA. The facility to 
latch the address inputs (Ao - A2) with ALE enables the 
AD7S81 to interface with f.1P systems which feature either 
shared or separate address and data buses. 

ORDERING INFORMATION 

Differential 
Nonlinearity 

Temperature Range 

o to +70oC -25°C to +8So C 

±17/8LSB 
±7/SLSB 
±3/4LSB 

AD7581JN 
AD7S81KN 
AD7581LN 

PACKAGE IDENTIFICATION1 

Suffix D: Ceramic DIP - (D28B) 
Suffix N: Plastic DIP - (N28A) 

1 See Section 20 for package outline information. 

AD7S81AD 
AD7581BD 
AD7581CD 

AD7581 I 
AD7SS1 FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 
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DC SPECIFICATIONS (Voo = +5V; VREF = -lOV, Unipolar Operation, unless otherwise stated) 

Typical at Limit Over 
Parameter Version l +ZSoC Temperature Units 

ACCURACY 
Resolution All S S Bits 
Relative Accuracy IN,AD ±17/S ±1 7/S max LSB 

KN,BD ±3/4 ±3/4 max LSB 
LN,CD ±1I2 ±1/2 max LSB 

Differential Nonlinearity IN,AD ±17/S ±1 7/S max LSB 
KN,BD ±7/S ±7/S max LSB 
LN,CD ±3/4 ±3/4 max LSB 

Offset Error1 IN,AD 200 200 max mV 
KN,BD SO SO max mV 
LN,CD 50 50 max mV 

Gain Error 
Worst Channel IN,AD ±3 ±6 max LSE 

KN,BD ±2 ±4 max LSB 
LN,CD ±1 ±2 max LSB 

Gain Match Between Channels IN,AD 2 3 max LSB. 
KN,BD 1 112 2 max LSB 
LN,CD 1 1 max LSB 

BOFS Gain Error All -21/2 LSB 

ANALOG INPUTS 
Input Resistance 

At VREF (pin 10) All 10/20/30 10/20/30 H2 min/typ/max 
At BOFS {pin 1)3 All 10/20/30 10/20/30 kn min/typ/max 
At Any Analog Input (pins 2-9) All 10/20130 10/20/30 kn min/typ/max 

VREF (For Sfecified Performance) All -10 -10 V 
VREF Range All -5 to -15 -5 to -15 V 
Nominal Analog Input Range 

Unipolar Mode All o to +VREF' o to +VREF V 
o to -VREF o to -VREF V 

Bipolar Mode ,All -VBoFS ~VAIN~IVREFI-VBOFS 

DIGIT AL INPUTS 
CS (pin 13), ALE (pin 16), Ao - A2 

(pins 17-19), CLK (pin 15) 
VINH Logic HIGH Input Voltage All +2.2 +2.4 min V 
VINL Logic LOW Input Voltage All +0.4 +O.S max V 
lIN Input Current All 0.01 1 max IlA 
CIN Input CapacitanceS All 4 5 max pF 

DIGITAL OUTPUTS 
STAT (pin 12), DB7 to DBo (pins 20-27) 
VOH Output HIGH Voltage All +4.S +4.5 min V 
VOL Output LOW Voltage All +0.4 +0.6 max V 
ILKG DB7 to DBo.Floating State 

Leakage All 0.3 10 max IlA 
Floating State Output Capacitance 

(DB7 -DBo) All 10 max pF 
Output Code All Unipolar Binary Figure 7 

Complementary Binary Figure S 
Offset Binary Figure 9 

POWER REQUIREMENTS 
Voo 'All +5 +5 
100 - Static All 3 typ 5 max 
100 - Dynamic All 3 typ Smax 

Notes: . 
'Temperature range as follows: jN, KN, LN (0 to +70°C), AO; BO, CO (-25°C to +SS°C). 
2 Typical offset temperature coefficient is ±lS0",V/oC. 

V 
rnA 
rnA 

3 ROOFS/RAIN (0-7) mismatch causes transfer function rotation about positive full scale. The effect is an offset 
and a gain term when using the circuits of Figure Sa, and Figure 9a. 

4Typical value, not guaranteed or subject to test. 
5 Gu'aranteed but not tested. 
6 Typical change in BOFS gain from +2 SoC to Tmin to Tmax is ±2 LSB's. 

Specifications subject to change without notice. 
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Conditions/Comments 

Adjustable to zero, see Figure 7a. 

Adjustable to zero, see Figure 7a. 
Gain Error is Measured After Offset 
Calibration. Max Full Scale Change 
for Any Channel from +25°C to 
Tmin or Tmax is ±2LSB. 

Adjustable to zero, see Figure 7a. 

±S% 

See Figure 7 and S. 

See Figure 9 

VIN =OV, Voo 

ISOURCE = 40llA 
ISINK = 1.6mA 

'VOUT = OV to Voo 

fCLK = 1MHz 



AC SPECIFICATIONS (Vpo = +5V, VREF = -10V, Unipolar Operation, unless otherwise noted) 

Symbol Specification 

tH ALE pulse width 
tALS Address valid to latch set-up time 
tALH Address valid to latch hold time 
tLCS Address latch to CS set-up time 
tACC CS to output propagation delay 
tcw CS pulse width 

tcF CS to output float propagation delay 

tcLZ CS to low impedance bus 
fCLK Clock frequency for stated accuracy 

ABSOLUTE MAXIMUM RATINGS 

Typical at 
+25°C 

50 
45 
10 
10 
200 
250 
50 
100 
1600 

VOO to AGND ............................. +7V 
Voo to DGND ............................. +7V 
AGND to DGND ....................... -0.3V, Voo 
Digital Input Voltage to DGND 

(pins 13, 16-19) ......................... +15V 
Digital Output Voltage to DGND 

(pins 12,20-27) ..................... -0.3V, Voo 
CLK (pin 15) input voltage to DGND ............. +15V 
VREF (pin 10) to AGND ...................... ±25V 
VBOFS (pin 1) to AGND ...................... ±17V 
AIN (0-7) (pin 9-2) ......................... ±17V 
Operating Temperature Range 

jN, KN, LN ........................ 0 to +70oC 

CAUTION: 

Limit Over 
Temperature Units Conditions 

80 min ns See "Switching Terminology" 
70 min ns 
20 min ns 
20 min ns 
250 max ns CL = 100pF 
280 min ns 
80 max ns 
150 max ns 
1200 maxi kHz 
I Guaranteed conversion time of 66.6J.ls/channel with 1200kHz clock. 

AD, BD, CD ............. '" ..... -25°Cto +85°C 
Storage Temperature ................ -65°C to +150

o
C 

Lead Temperature (Soldering, 10 sees) .......... +300
o
C 

Power Dissipation (Package) 
i'lastic (Suffix N) 
to +50oC ......... : .................. 1200mW 

Derate above +70
o
C by .................... 12mW/C 

Ceramic (Suffix D) 
to +50o C ............................ 1000mW 

Derate above +50
o
C by ............•....... 10mW/C 

ESD (Electro-Stinic-Discharge) sensitive device. The digital control inputs are zener protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The foam should be 
discharged to the des"tination socket before devices are removed. 

WARNING! 0 
-.~~ .. ~ '~~I~ ~ENSITIVE DEVICE • 
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GENERAL CIRCUIT INFORMATION 

BASIC CIRCUIT DESCRIPTION 
The AD7581 accepts eight analog inputs and sequentially con
verts each input into an eight-bit binary word using the succes
sive approximation technique. The conversion results are 
stored in an 8 X 8 bit dual-port RAM. The device runs either 
directly from the microprocessor clock (in 6800 type systems) 
or from some suitable signal (e.g. ALE in 8085 type systems). 
Most applications require only a -lOY reference and a +5V 
supply. Start-up logic is included on the device to establish 
the correct sequences on power-up. A maximum of 800 clock 
pulses are required for this period. Figure 1 shows the AD7581 
functional diagram. 

Voo floFS 

DGND eLK SfAf ALE AO A1 A2 

Figure 1. AD7581 Functional Diagram 

Conversion of a single channel requires 80 input clock periods 
and a complete scan through all channels requires 640 input 
clock periods. When a channel conversion is complete, the suc
cessive approximation register contents are loaded into the 
proper channel location of the 8 X 8 RAM. At this time a 
status signal output, STAT (pin 12), gives a short negative 
going pulse (8 clock periods). This negative going STAT pulse 
is extended to 72 clock periods when channel 1 conversion is 
complete. An external pulse-width detector connected to the . 
status pin can be used to derive conversion-related timing sig
nals for microprocessor interrupts (see Channel Identification 
opposite page). Simultaneous with STAT going low, the MUX 
address is decremented. Eight clock periods later the next con
version is started. 
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Automatic interleaved DMA is provided by on-chip logic to 
ensure that memory updates take place at instants when the 
microprocessor is not addressing memory. Memory locations 
are addressed by Ao, Al and A2. This address may be latched 
by ALE for systems .which feature a multiplexed address/data 
bus or alternatively, for systems which have separate address 
and data buses, the address latches can be made transparent by 
tying ALE (pin 16) HIGH. CS (pin 13) activates three-state 
buffers to place addressed data on the DBo - DB7 data out
put pins. 

AID CIRCUIT DETAILS 
In the successive approximation technique, successive bits, 
starting with the most significant bit (DB7), are applied to the 
input of the D/A converter. The DAC output is then compared 
to the unknown analog input voltage, AIN (n), using a com
parator. If the DAC·output is greater than AIN(n), the data 
latch for the trial bit is reset to zero, and the next smaller data 
bit is tried. If the DAC output is less than AIN(n), the trial 
data bit stays in the "I" state, and the next smaller data bit is 
tried. Each successive bit is tried, compared to AIN(n), and set 
or reset in this manner until the least significant bit (DBo) 
decision is made. The successive approximation register now 
contains a valid digital representation of AIN(n). AIN(n) is 
assumed to be stable during conversion. 

The current weighting D/A converter is a precision multiplying 
DAC. Figure 2 shows the functional diagram of the DAC as 
used in the AD7581. It consists of a precision Silicon Chromi
um thin film R/2R ladder network and 8 N-channel MOSFET 
switches operated in single-pole-double-throw. 

The currents in each 2R shunt arm are binarily weighted i.e., 
the current in the MSB arm is VREF divided by 2R, in the 
second arm is VREF divided by 4R, etc. Depending on the 
D/A logic input (AID output) from the successive approxima
tion register, the current in the individual shunt arms is steered 
either to AGND or to the comparator summing point. 

AIN (0) AIN (7) Bo,s 

Figure 2. D/A Converter as Used in AD7581 



TIMING AND CONTROL OF THE AD7581 
CHANNEL SELECTION 
Table I shows the truth table for the address inputs. The input 
address is latched when ALE goes LOW. When ALE is HIGH 
the address input latch is transparent. 

Channel Data 
A2 Al AO ALE To Be Read 

0 0 0 Channel 0 
0 0 Channell 
0 0 Channel 2 
0 Channel 3 
I 0 0 Channel 4 
I 0 Channel 5 

0 Channel 6 
I Channel 7 

Table 1. Channel Selection Truth Table 

TIMING AND CONTROL 
A typical timing diagram is shown in Figure 3. When CS is 
HIGH, the three-state data drivers are in the high-impedance 
state. When CS goes LOW the data drivers switch to the low
impedance state (i.e., low impedance to DGND or to VDD). 
Output data is valid after time tACC' 

Figure 3. Timing Diagram for the AD7581 

SWITCHING TERMINOLOGY 
tH: ALE pulse width requirement.· 
tALH :Address Valid to latch hold time. 
tALS: Address Valid to latch set-up time. 
tLCS: Address latch to Chip Select set-up time. 
tcw: Chip Select pulse width requirement. 
tACC :Chip Select to valid data propagation delay. 
tcF: Chip Select to output data float propagation delay. 
teLz : Chip Select to low impedance data bus. 

CHANNEL IDENTIFICATION 
In some real-time applications, it may be necessary to provide 
an interrupt signal when a particular channel receives updated 
data. To achieve this, it is necessary to identify which channel 
is currently under conversion. The STAT output provides an 

identifying signal by staying low for an additional 64 clock 
periods over normal (8 clock periods) when channel 0 is active. 
This is illustrated in Figure 4. Memory update takes place on a 
rising edge of a clock pulse and is completed in 200ns. This 
occurs 6 clock periods before STAT goes low. 

j--BO CLOCK PERIOOs-1 

FOR CHANNELS 1 TO 7 S1J . i ~s 
STAT U 

F ~
~iil~~~ ~ r~iil~~~ 

PREVIOUS CHANNEL START NEXT g~~~~~[ 
g~~~L~~~TE CONVERSION DATA 
MUX ADDRESS WITH MSB UPDATE 
DECREMENTED TRIAL COMPLETE 

FOR CHANNEL 0 STAT S1 \LJ~ 

~:~:' ~'----k-~-:-~-!-~-:-~-:,-':-~'-~-~o-o~-~-~~ ~~: ""'" 
1~ ~~~ COMPLETE. MUX 

ADDR ESS RESET TO 
CHAII:NEL 7 

Figure 4. STAT Output for Channel Identification 

I 

One simple circuit using the STAT output is shown in Figure 
5. The time constant RC is chosen such that X2 ignores the 
normal STAT low pulse width (8 clock periods wide) but III 
respond to the much wider STAT low pulse width (72 clock 
periods wide) occurring during channel 0 conversion. Typically 
for a IJ.,Ls clock period C = 0.022J.,LF, R = 1.8kn. 

1/6CD4009A 1/6CD4009A 1/6CD4009A 

Figure 5. Hardware Channel Identification 

Another possibility is to use the microprocessor to interrogate 
the STAT output and hence determine channel identity. A 
simple routine is shown in Figure 6. 

Figure 6. Software Channel Identification 
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,OPERATING THE AD7581 

UNIPOLAR BINARY OPERATION 
Figures 7a and 7b show the analog circuit connections and 
typical transfer characteristic for unipolar operation (OV to 
+10V). An ADS84 is used for the -10V reference. Calibration 
is as follows (device clocked i.e., continuous conversions); 
OFFSET: 
Comparator offset is trimmed out via the bipolar offset pin 
BOFS. RIO, Rll and R12 comprise a simple voltage tap 
buffered by Al and feeding into BOFS. 

1. Since comparator offset will be the same regardless of 
which channel is active, take Ao, Al and A2 LOW and 
and exercise ALE to latch the address. 

2. With AIN 0 = 19.5mV (1I2LSB) adjust Rll, i.e., the offset 
voltage on BOFS, until DB7 - DBI are LOW and DBo (LSB) 
flickers. 

NOTES, 
'A1, Rla, Rl1 AND R12 CAN BE OMITTED IF OFFSET TRIM 

IS ~OT REQUIRED AND BOFS CAN BE TIED TO AGND. 
'Rl-R8 AND R9CAN BE OMITTED IF GAIN TRIM IS 

NOT REQUIAED. • 

Figure 7a. AD7581 Unipolar (OV to +10V) Operation (Output 
Code is Straight Binary) 

GAIN (FULL SCALE) 
In many applications gain adjustment is not required thus 
removing the need for trimmers in the analog channels. For 
channels requiring gain trim, the following procedure is recom
mended. Offset adjustment must be performed before gain 
adjustment. 
1. Apply +9.941V (FS - 1 1/2LSB) to all input channels 

AIN (0-7). 
OUTPUT 

CODE 

"1'1'1'1 
11111110 

11111101 

00000010 

00000001 

I 
I 

I ' 

FULL SCALE 
TRANSITION 

, , , , 

)-
0000001'~' 

"""" ----- I I. 
'0 0,40' 0,80 1.20 9,92 9.96'10.00 

INPUT VOLTAGE. VOLTS (REFERRED TO ANALOG GROUND) 

NOTE: APPROXIMATE BIT WEIGHTS ARE SHOI'!N FOR ILLUSTRATlO~I. 
BIT WEIGHT FOR A -10V REFERENCE IS "'39.1mV. 

Figure lb. Transfer Characteristic for Unipolar Circuit of 
Figure la 
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2. Select required channel n via Ao, AI, A2 and latch the 
Address using ALE. 

3. Adjust trimmer RN of selected chaQnel until DB7 - DBI 
are HIGH and the LSB (DBo) flickers. 

4. Select next channel requiring gain trim and repeat steps 
2 and 3. 

UNIPOLAR (COMPLEMENTARY BINARY) OPERATION 
Figures 8a and 8b show the analog circuit connections and 
typical transfer characteristic for unipolar (complementary 
binary) operation. 
Calibration is as follows (continuous conversions); 

OFFSET: 
Comparator offset is trimmed out via the bipolar offset pin 
BOFS. RIO, Rll and R12 comprise a simple voltage tap buf
fered by Al and feeding into BOFS. 

1. Since comparator offset will be the same regardless of 
which channel is active, take Ao, Al and A2 LOW and 
exercise ALE to ·latch the address. 

2. With AIN 0 = -9.98V (-FS + 1I2LSB) adjust Rll, i.e., the 
offset voltage on BOFS, until DB7 - DBI are LOW and the 
LSB (DBo) flickers. 

Rl0' 
27k5% 

+5Vo-->N\r----, 

-lDV o-~IN---l 
A12' 
56k 5% 

NOTES, 

-15V 

A16' 
6.Bk 

A1510k 0.1% 

'AID. All AND A12 CAN BE OMITTED IF OFFSET TAIM IS NOT AEQUIAED. 
'AI - AB AND A9 CAN BE OMITTED IF GAIN TAIM IS NOT AEQUIAED. 
'AI6/RID/A12- skn.IF RID. R11 AND R12 AAE NOT USED. MAKE A16'5kn, 

Figure 8a. AD7581 (OVto -10V) Operation (Output Code 
is Complementary Binary) , 

GAIN (FULL SCALE) 
In many applications gain adjustment is not required thus 
removing the need for trimmers in the analog channels. For 
channels requiring gain trim, the following procedure is recom
mended. Offset adjustment must be performed before gain 
adjustment. 

1) Apply -S8.6mV (1112LSB) to all input channels AIN (0-7). 
2) Select required channel n via Ao, AI, A2 and exercise ALE 

to latch the address. 
3) Adjust trimmer RN of selected channel until D B7 - DB 1 are 

HIGH and the LSB (DBo) flickers. 
4) Select next channel requiring gain trim and repeat step 2 

and 3. 



OUTPUT 
CODE 

111111111 

11111110 

11111101 

1 

I , 

00000001 

, , 
, , " , 
r 

::::::~~tL 
00000000 ----- I I I I 

-10 -9.6 -9.2 -0.160 ..{l.OB 0 
-0.120 ..{l.040 

INPUT VOL TAGE, VOLTS (REFERRED TO ANALOG GROUND) 

NOTE: APPROXIMATE BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 
BIT WEIGHT FOR A -10V REFERENCE IS'" 39.1mV. 

Figure 8b. Transfer characteristic for Unipolar Circuit of 
Figure 8a 

BIPOLAR (OFFSET BINARY) OPERATION 
Figures 9a and 9b illustrate the analog circuitry and transfer 
characteristic for ±SV bipolar operation. Output coding is off
set binary. Comparator offset correction is again applied to the 
BOFS pin. 

Calibration is as follows (continuous conversions); 

OFFSET: 
1. Apply -4.980V (-F.S. + 1I2LSB) to all input channe~~. 

AIN (0-7). 
2. Trim R11 of the comparator offset circuit until DB7 - DBI 

are LOW and the LSB (DBo) flickers. 

GAIN (FULL SCALE) 
1. Apply +4.984V (+F.S. - 1I2LSB) to all input channels, 

AIN (0-7). 
2. Select required channel n via Ao. At. A2. and latch the 

address using ALE. 
3. Adjust trimmer RN of selected channel until DB7 - DBI 

are HIGH and the LSB (DBo) flickers. 
4. Select next channel requiring gain trim and repeat steps 

2 and 3. 
S. Apply OV to each gain-trimmed channel. If the ADC out

put code does not flicker between 01111111 and 10000000 
repeat the calibration procedure. 

R10' 
27k5% 

R151Dk 0.1% 

+5Vo--~""""----, 

-lOV O----'\N\r---I 

NOTES: 

R12' 
561< 5% 

DIGITAL 
SUPPLY RETURN 

'R10, Rll AND R12 CAN BE OMITTED IF OFFSET TRIM IS NOT REQUIRED. 
'Rl - RS AND R9 CAN BE OMITTED IF GAIN TRIM IS NOT REOUIRED. 
'R16/R10/R12' 6.Skil. IF R10, Rll AND R12 ARE NOT USED, MAKE R16: 6.8kil. 

Figure 9a. AD7581 Bipolar (-5V to +5V) Operation (Output 
Code is Offset Binary) 

10000109 

10000011 

10000010 

10000001 

100000004--+-+--+-+o-+~~~~~~~ 

01111111 

01111110 

01111101 

01111100 

01111011 ~~-~~~~~-;-+--+-+-~ 
-200 -160 -120 -80 -40 0 +40 +BO +120 +160 +200 

INPUT VOLTAGE, MILLIVOLTS (REFERRED TO ANALOG GROUND) 

NOTE: 
APPROXIMATE BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 
BIT WEIGHT FOR ±5V FULL SCALE IS'" 39.1mV. 

Figure 9b. Transfer Characteristic Around Major Carry for. 
Bipolar Circuit of Figure 9a 
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INTERFACING THE AD7581 

AO-A1S 

VMA I----~ 

6800 ~1 ~ ________________ ~ 

DO -07 

Figure 10. AD7581/68oo Interface 

NOTES: 
1. ANALOG AND DIGITAL GROUND 

It is recommended that AGND and DGND be connected 
locally to prevent the possibility of injecting noise into the 
AD7581. In systems where the AGND - DGND intertie is 
not local, connect back-to-back diodes (lN914 or equiv
alent) between the AD7581 AGND and DGND pins. 
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AS-A1S 

Ro~--d 

AD76S1 

SOSSA 
ALE 1-----------41....--. 

MULTIPLEXED 
ADO - AD7 ADDRESS/DATA BUS (S) 

Figure ". AD7581/8085 Interface 

2. LOGIC DEGLITCHING IN IlP APPLICATIONS 
Unspecified states on the address bus (due to different rise 
and fall times on the address bus) can cause glitches at the 
AD7581 CS terminal. These glitches can cause unwanted 
reads. The best way to avoid glitches is to gate the address 
decoding logic, e.g., with RD (8080), RD (8085) or VMA 
(6800). 
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12-Bit Successive Approximation 
Integrated Circuit AID Converter 

FEATURES 
True 12-Bit Operation: Max Nonlinearity ±O.012% 
Low Gain T.C.: ±30ppmtC max 
Low Power: 800mW 
Fast Conversion Time: 25J.Ls 
Precision 6.3V Reference for External Application 
Short-Cycle Capability 
Serial or Parallel Data Outputs 
Monolithic DAC with Scaling Resistors for Stability 
Low Chip Count-High Reliability 
Industry Standard Pinout 
"z" Models for ±12V Supplies 

PRODUCT DESCRIPTION 
The AD ADC80 is a complete 12-bit successive approximation 
analog-to-digital converter that includes an internal clock, refer
ence and comparator. Its hybrid IC design utilizes MSI digital 
and linear monolithic chips in conjunction with a 12-bit mono
lithic DAC to provide modular performance and versatility with 
IC size, price and reliability. 

Important performance characteristics of the AD ADC80 in
clude a maximum linearity error at +2S

o
C of ±0.012%, max 

gain T.C. of 30ppm/oC, typical power dissipation of 800mW 
and max conversion time of 2SJ.Ls. Monotonic operation of the 
feedback DI A converter guarantees no missing codes over the 
temperature range of -25°C to +8S oC. 

The design of the AD ADC80 includes scaling resistors that 
provide analog signal ranges of ±2.S, ±S.O, ±1O, 0 to +5 or 0 
(Q +10 volts. The 6.3V precision reference may be used for ex
ternal applications. All digital signals are fully DTL and TTL 
compatible; output data may be read in both serial and par-
allel form. . 

The AD ADC80 is available in two performance grades, the 
AD ADC80-12 (0.012% of FSR max) and the AD ADC80-10 
(0.048% of FSR max). B~th grades are specified for use over 
the -25°C to +8S

o
C temperature range and both are'available 

in a 32-pin hermetically sealed ceramic DIP. 

AD ADC80 I 

AD ADC80 FUNCTIONAL BLOCK DIAGRAM 

32-PIN DIP 

PRODUCT HIGHLIGHTS 
1. The AD ADC80 is a complete 12-bit AID converter. No III 

external components are required to perform a conversion. , 

2. A monolithic 12-bit feedback DAC is used for reduced 
chip count and higher reliability. 

3. The internal buried zener reference is laser trimmed to 6.3 
vohs. The reference voltage is available externally and can 
supply up to 1.SmA beyond that required for the reference 
and bipolar offset current. 

4. The scaling resistors are included on the monolithic DAC 
for exceptional thermal tracking. 

5. The AD ADC80 directly replaces other devices of this type 
with significant increases in performance. 

6. The fast conversion rate of the AD ADC80 makes it an 
excellent choice for applications requiring high system 
throughput rates. 

7. The short cycle and external clock options are provided for 
applications requiring faster conversion speeds or lower 
resolutions. 
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SPECIFICA TlONS (typical @ +25°C, ±15V and +5V unless otherwise noted) 
MODEL 

RESOLUTION 

ANALOG INPUTS 
Voltage Ranges. 

Bipolar 
Unipolar 

Impedance (Direct Input) 
OV to +SV. ±2.SV 
OV to +IOV. ±SV 
±IOV 

DIGITAL INPUTS I 

Convert Command 

Logic Loading 
External Clock 

TRANSFER CHARACTERISTICS ERROR 

AD ADC80·12 ADADC80'10 

12 Bits 10 Bits 

±2.SV, ±SV, ilOV 

2.Sk!l 
Sk!l 
10k!l 

OV to +SV, OV to +IOV 

Positive Pulse lOOns Wide (min) 
("0" to "I" Initiates Conversion) 

ITTL Load 
lTTL Load 

Gain Error' iO.1 % of FSR3 

Offset Error' 
Unipolar 
Bipolar 

Linearity Error (max)" 
Inherent Quantization Error 
Differential Linearity Error 
No Missing Codes Temperature Range 
Power Supply Sensitivity 

±ISV 
+SV 

DRIFT 
Specification Temperature Range 
Gain (max) 
Offset 

Unipolar 
Bipolar (max) 

Linearity (max) 
Monotonicity 

CONVERSION SPEED' 

DIGITAL OUTPUT 
(all codes com plementary) 

Parallel 
Output Codes" 

Unipolar 
Bipolar 

Output Drive 
Serial Data Codes (NRZ) 

Output Drive 
Status 

Status Output Drive 
Internal Clock 

Clock Output Drive 
Frequency' 

INTERNAL REFERENCE VOLTAGE 
Max. External Current (with no 

degradation of specifications) 
Tempco of Drift 

POWER REQUIREMENTS 
Rated Voltages 
Range for Rated Accuracy 
ZModels' 
Supply Drain +lSV 

-ISV 
+SV 

TEMPERATURE RANGE 
Specification 
Operating (Derated Specs) 
Storage 

PACKAGE OPTION 9 

NOTES, 

±O.OS% of FSR 
±O.l%of FSR 
±0.012% of FSR 
±II2LSB 
±1I2LSB 
-2S·C to +8S·C 

±0.048% of FSR 

±0.0030% of FSR/% Vs • 
±O.OOIS% of FSR/% Vs • 

-2S·C to +8S·C 
±30ppm/·C 

±3ppm of FSR/C 
±ISppm of FSR/·C 
±3ppm of FSR/C 
GUARANTEED 

22/.1s typ, 2S/.Is max 

CSB 
COB,CTC 
2TTL Loads 
CSB, COB 
2TTL Loads 

21/.1smax 

Logic "I" During Conversion 
2TTL Loads 

2TTL Loads 
575kHz' 

6.3V ±IOmV 

1.SmA 
±IOppm/C typ, ±20ppm/·C max 

i1SV, +SV 
4.7SV to S.2SV and ±14.0V to ±16.0V 
4.7SV to S.2SV and ±11.4V to ±16.0V 

+IOmA 
-20mA 
+70mA 

-2S·C to +8S·C 
-SS·C to +100·C 
-SS·C to +12S·C 

HY32E 

1 OTL/TIL compatible i.e., Logic "0" = O.8V max, Logic "1" = 2.0V min for digital'inputs, 
Logic "0" = +O.4V max and "I" = 2.4V min digital outputs. 

2 Adjustable [0 zero with external trim pots. . 
3 FSR means Full Scale Range- for example, unit connected for !lOY range has 20V FSR. 
"'Error shown is the same as ±1I2LSB max for resolution of AID converter. 
'Conversion time with internal clock. 
6 See Table 1. CSB - Complementary Straight Binary 

COB - Compl~mentary Offset Binary 
CTC - Complementary Two's Complement 

., For conversion speeds sp~cified. 
• For Z models order AD ADC8UZ·12 or AD ADC80Z·10. 
'See Section 20 for package oudine information. 

·Spe..:ifications ~ame as AD ADC80·12. 

S.,ecifications subject to change without notice. 
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+5V ANALOG 
SUPPLY 

~8 

+5V DIGITAL 
SUPPLY 

DIGITAL GND 

COMPARATOR 
IN 

BIPOLAR 
OFFSET 12 

OUT 

ANALOGGND 

GAIN ADJUST AD ADC80 

BIT 7 

BIT9 

BIT 10 

BIT 11 

BIT 12 LSB 

SERIAL OUT 

·15V OR -12V 

REFOUT 
16.3VI 

CLOCK OUT 

STATUS 

SHORT 
CYCLE 

CLOCK 
INHIBIT 

EXTERNAL 
CLOCK IN 

CONVERT 
START 

Figure 1. AD A DCBO Functional Diagram and Pinout 



Figure 2. Linearity Error vs. Conversion 
Time (Normalized) 
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Figure 4. Maximum Gain Drift Error - % of 
FSR vs. Temperature 

0 
a: 
a: 
w 

0 

I- -0.1 LL. 
a: 

-0.2 0 
z 
~ -0.3 
(!l -25 0 

~ 0.081oo::---+------i----t-------+--...".. 

0.06 t't-'~~t--_;--_+-----___:~rr~ 

~.M~~~~~~~-~---~~~~~~ 

-0.06 ft-'I:~~t--_;--_+------~n_~ 

-0.08fC---+---1-----t-------+-~ 

CONVERSION TIME - 115 

Figure 3. Differential Linearity Error vs. 
Conversion Time (Normalized) 
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The analog continuum is partitioned into 212 discrete ranges 
for 12-bit conversion. All analog values within a given quan
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza
tion uncertainty of ±1/2LSB, associated with the resolution, 
in addition to the actual conversion errors. 

The actual conversion errors that are associated with AID 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the AD ADCBO have been 
minimized by the use of a monolithic DAC that includes the 
scaling network. The initial gain and offset errors are specified 
at ±0.1 % FSR for gain and ±O.OS% FSR for offset. These 
errors may be trimmed to zero by the use of the external trim 
circuits as shown in Figures 7 and 9. Linearity error is defined 
as the deviation from a true straight line transfer characteristic 
from a zero analog input which calls for a zero digital output 
to a point which is defined as full scale. The linearity error is 
unadjustable and is the most meaningful indication of AID 
converter accuracy. Differential nonlinearity is a measure of 
the deviation in staircase step width between codes from the 
ideal least significant bit step size (Figure 6). 

Monotonic behavior requires that the differential linearity 
error be less than 1LSB, however a monotonic converter can 
have missing codes; the AD ADCBO is specified as having no 
missing codes over the entire temperature range from -2SoC 
to +BSoC. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer characteristic 
about the zero or minus full scale point. The worst case ac
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 
as the root-sum~squared (RSS) and can be shown as: 

4l 
"C o 
tJ 
aI o 
tJ 
I 

I

€G = Gain Drift Error (ppm/ C) 

€o = Offset Drift Error (ppm of FSR/oC) 

€L = Linearity Error (ppm of FSR/oC) 

000 ... 000 

~ 011 ... 111 +---/J-----.. o!oWI 
I
:l o 
..J 
<t 
l-
e:; 
25 

I 

~-1LSB 

Figure 6. Transfer Characteristic for an Ideal Bipolar AID 
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OFFSET ADJ USTMENT 
The zero adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a 1.BMr2 resistor 
to Comparator Input pin 11 for all ranges. As shown in Figure 
7 the tolerance of this fixed resistor is not critical, and a car
bon composition type is generally adequate. Using a carbon 
composition resistor having a -1200ppml C tempco contributes 
a worst-case offset temp co of 8X 244X 10-6 X 1200ppmlC = 
2.3ppm/oC of FSR, if the OFFSET ADJ potentiometer is set 
at either end of its adjustment range. Since the maximum off
set adjustment required is typically no more than ±4LSB, use 
of a carbon composition offset summing resistor typically con
tributes no more than 1ppmlC of FSR offset tempco. 

+15V 

10kn 1.SMn " 
TO ~1--~1I'v--.o--I AD ADCSO 

100kn 

) 
-15V 

Figure 7. Offset Adjustrn,ent Circuit 

An alternate offset adjust circuit, which contributes negli
gible offset tempco if metal film resistors (tempco <100 
ppm/o C) are used, is shown in Figure 8. 

OFFSET 
ADJ 

+15V 

'~~n )ooI1--'"JS0'llk.",MiI"'._F.~.-_'S.J\0",k",M~.F_·_'O'--1 AD ADCSO 

100kn 

-15V 

Figure 8. Low Tempco Zero Adjustment Circuit 

In either zero adjust circuit, the fixed resistor connected to 
pin 11 should be located close to this pin to keep the pin 11 
connection runs short (Comparator Input pin 11 is quite 
sensitive to external noise pick-up). 

GAIN ADJUSTMENT 
The gain adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a 10Mr2resistor 
to the gain adjust pin 16 as shown in Figure 9. 

+15V 
I 

10kn 10Mn 16 
TO ""1--~"""-O--4 AD ADCSO 

100kn 

r> 
-15V 

Figure 9. Gain Adjustment Circuit 

An alternate gain adjust circuit which contributes negligible 
gain tempco if metal film resistors (Tempco <100ppmlC) are 
used is shown in Figure 10. 

+15V 

'~~n ""1--"J2V7.",Ok_~t-....#\2,,70,,"k~_'06--4 AD ADCSO 

100kn 

-15V 

Figure 10. Low Tempco Gain Adjustment Circuit 



THEORY OF. OPERATION 
On receipt of a CONVERT START command, the AD ADC80 
converts the voltage at its analog input into an equivalent 12-
bit binary number. This conversion is accomplished as follows: 
the 12-bit successive-approximation register (SAR) has its 
12-bit outputs connected both to the device bit output pins 
and to the corresponding bit inputs of the feedback DAC. 
The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 

TIMING 
The timing diagram is shown in Figure 11. Receipt of a CON
VERT START signal sets the STATUS flag, indicating conver
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 13 cycles. All 
SAR parallel bit and STATUS flip-flops are initialized on the 
leading edge, and the gated clock inhibit signal is removed on 
the trailing edge of the CONVERT START signal. At time to, 

Applying the AD ADC80 
Bl is reset and B2 -B12 are set unconditionally. At tl the Bit 1 
decision is made (keep) and Bit 2 is unconditionally reset. At 
t2, the Bit 2 decision is made (keep) and Bit 3 is reset uncon
ditionally. This sequence continues until the Bit 12 (LSB) de
cision (keep) is made at t12' After a 40ns delay period, the 
STATUS flag is reset, indicating that the conversion is com
plete and that the parallel output data is valid. Resetting the 
ST ATUS flag restores the gated clock inhibit signal, forcing the 
clock output to the Logic "0" state. 

Corresponding serial and parallel data bits become valid on 
the same positive-going clock ed~e. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simply by clocking it into a 
receiving shift register on these edges (see Figure 11). 

Incorporation of this 40ns delay guarantees that the parallel 
(and serial) data are valid at the Logic "1" to "0" transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 

MAXIMUM THROUGHPUT TIME 

CONVERT' 
START CONVERSION TIME (2) 

INTERNAL 
CLOCK 

STATUS 

MSB 

BIT2 

BIT3 

BIT4 

BIT5 

BIT6 

BIT7 

BITS 

BIT9 

BIT 10 

BIT 11 

LSB 

SERIAL 
DATA 
OUT 

I I I I I I I I I 

~To IT, IT2 IT:! I T4 ITs ITs IT7 ITs I Tg IT
lO 

(3) * * * * * * * * ---1 "0" I I I I I I I I 
---r-Lj"1" i ! ! 

I I I I ---:::J L..J'T' 
I I I I I :::J 1"0" r-

:::J i "0"1 I I I r-
:::J U"1"j I :::J LJ"1" I 
:::J Lj"1" I 
:::J 1"0" r-
:::J U"1" 

! 

I I :::J Lj"1" 

1"0" :::J r-
:::l?~ 2 i 3 I 4 : 5 I 6 i 7 I 8 u.J 10 11 ~$J7~ I I I 

1:0" 
"1" "1" "0" "0" "1" "1" "1" "0" "1" "1" "O~ I 

NOTES: 
1. THE CONVERT START PULSE WIDTH IS 100ns MIN AND MUST REMAIN LOW DURING 

A CONVERSION. THE CONVERSION IS INITIATED BY THE "RISING EDGE" OF THE 
CONVERT COMMAND. 

2. 25J..1s FOR 12 BITS AND 21J..1s FOR 10 BITS (MAX). 
3. MSB DECISION 
4. LSB DECISION 40ns PRIOR TO THE STATUS GOING LOW 
*BIT DECISIONS 

Figure ". Timing Diagram (Binary Code 011001110110) 
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DIGITAL OUTPUT DATA Connect Short Maximum Status Flag 
Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output coding is complemen
tary binary for unipolar ranges and either complementary off
set binary or complementary two's complement binary, de
pending on whether BIT 1 (pin 6) or its logical inverse BIT 1 
(pin 8) is used as the MSB. Parallel data becomes valid approx
imately 40ns before the STATUS flag returns to Logic "0", 
permitting parallel data transfer to be clocked on the "1" to 
"0" transition of the STATUS flag. 

Cycle Pin 21 to Resolution Conversion Reset 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output' is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran
teed valid 200ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on these 
edges as shown in Figure 11. There are 13 negative-going clock 
edges in the complete 12-bit conversion cycle, as shown in Fig
ure 11. The first edge shifts an invalid bit into the register, 
which is shifted out on the 13th negative-going clock edge. All 
serial data bits will have been correctly transferred and be in 
the receiving shift register locations shown at the completion 
of the conversion period. 

Short Cycle Input: A Short Cycle Input, pin 21, permits the 
timing cycle shown in Figure 11 to be terminated after any 
number of desired bits has been converted, permitting some
what shorter conversion times in applications not requiring full 
12-bit resolution. When 12-bit resolution is required, pin 21 is 
connected to +5V (pin 9). When lO-bit resolution is desired, 
pin 21 is connected to Bit 11 output pin 28. The conversion 
cycle then terminates, and the STATUS flag resets after the 
Bit 10 decision (tlO +40ns in timing diagram of Figure 11). 
Short Cycle pin connections and associated maximum 12-, 10-
and 8-bit conversion times are summarized in Table I. 

Pin: Bits (% FSR) Time (JlS) 

9 12 0.024 25 tl2 +40ns 
28 10 0.100 21 tlO +40ns 

30 8 0.390 17 t8 +40ns 

Table I. Short Cycle Connections 

INPUT SCALING 
The AD ADC8G input should be scaled as close to the maxi
mum input signal range as possible in order to utilize the 
maximum signal resolution of the AID converter. Connect the 
input signal as shown in Table II. See Figure 12 for circuit 
details; 

10V RANGE 13 0----.., 

R25kn 
20V RANGE 14 o-----W_ .. 

COMPIN 110--+--+--1 

BIPOLAR 
OFFSET 

CA~:~g~ 15~ 

TOSAR 

Figure 12. AD ADC80 InputScaling Circuit 

Connect 
Input Connect Connect Input 
Signal Output Pin 12 Pin 14 Signal 
Range Code To Pin To To 

±10V COB.orCTC 11 Input Signal 14 

±5V COB or CTC 11 Open 13 

±2.5V COB or CTC 11 Pin 11 13 

OV to +5V CSB 15 Pin 11 13 

OV to +10V CSB 15 Open 13 

Table II. AD A DC80 Input Scaling Connections 

Binary (BIN) 
INPUT VOLTAGE RANGE AND LSB VALUES Output 

Analog Input 
Voltage Range Defined As: ±lOV ±5V 
Code COB· COB· 
Designation or CTC" .or CTC" 
One Least FSR ZOV 10V 
Significant zn zn zn 
Bit (LSB) n=8 78.13mV 39.06mV 

n= 10 19.53mV 9.77mV 
n = lZ 4.88mV Z.44mV 

Transition Values 
MSB LSB 

000 ... 000···· +Full Scale +10V -3/ZLSB +5V -3I2LSB 
011 ... 111 Mid Scale 0 0 
111".110 -Full Scale -lOY +1I2LSB -5V +1I2LSB 

NOTES: 
·COB = Complementary Offset Binary 
• ·CTC = Complementary Two's complement-obtained by using the complement 

of the most- significant bit (f,\SB). MSB is available .on pin 8. 
···CSB = Complementary Straight Binary. 
····Voltages given are the nominal value for transition to the code specified. 

±Z.5V 

COB· 
orCTC" 
5V zn 
19.53mV 
4.88mV 
l.ZZmV 

+Z.5V -3/ZLSB 
0 

-2.5V +1I2LSB 

Table III. Input Voltages and Code Definitions 
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OV to +lOV OV to +5V 

CSB"· CSB·" 
10V 5V 
F Tn 
39.06mV 19.53mV 

9.77mV 4.88mV 
Z.44mV l.ZZmV 

+10V -3/ZLSB +5V -3/ZLSB 
+5V +Z.5V 

0+ 1I2LSB o +1I2LSB 



GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. 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 circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the' system ground point 
and the ground pin of the AD ADC80. Therefore, separate 
ground·returns should be provided to minimize the current 
flow in the path from sensitive points to the system ground 
point and the two device grounds should be tied together. 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. 

Each of the AO ADC80's supply terminals should be capaci
tively decoupled as close to the AD ADC80 as possible. A 
large value capacitor such as 1J..1F in parallel with a O.1J..1F 
capacitor is usually sufficient. Analog supplies are bypassed 
to the Analog Power Return pin and the logic supply is by
passed to the Logic Power Return pin. 

"IF INDEPENDENT. OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 

Figure 13. Basic Grounding Practice 

CONTROL MODES 
The timing sequence of the AD ADC80 allows the device to 
be easily operated in a variety of systems with different con
trol modes. The most common control modes are illustrated 
in Figures 14-17. 

n AD ADC80 
18 CONY 28 10·BIT 

CONVERT COM BIT 11 
OPERATION 

COMMAND 
SHORT 
CYCLE I 12.BIT 
CLOCK OPERATION 

INHIBIT 

EXTERNAL +5V CLOCK 

Figure 14. Internal Clock-Normal Operating Mode. 
Conversion Initiated by the Rising Edge of the Convert 
Command. The Internal Clock Runs Only During 
Conversion. 

JUUl.. 
EXTERNAL 

CLOCK 

AD ADC80 

SHORT 21 
CYCLE 

18 CONY. 
COM. 

CLOCK 20 
INHIBIT 

10·BIT 
/ OPERATION 

I 12.BIT 
:/ OPERATION 

-- +5V 

DIGITAL -----..... 
COMMON 

":" DIGITAL 
COMMON 

Figure 15. Continuous Conversion with External Clock. 
Conversion is Initiated by 14th Clock Pulse. Clock Runs 
Continuously. 

10·BIT 

.J'U'U'L 
19 gJ~~NAL BIT 11 

28 
/ OPERATION 

I EXTERNAL 
:CLOCK 

AD ADC80 I 12.BIT 
I 

:/OPERATION I 
22 SHORT 21 I STATUS 

I CYCLE -_+5V 

I 
I 
I 

18 20 JL CONY. CLOCK DIGITAL 
I CONVERT 

COM. INHIBIT ... COMMON 
I COMMAND 

Figure 16. Continuous External Clock. Conversion Initiated 
by Rising Edge of Convert Command. The Convert Command II 
must be Synchronized with Clock. 

28 10·BIT 
OPERATION 

I 
CLOCK 12·BIT 

INHIBIT OPERATION 

STATUS EXT. 19 
+5V 

CLOCK 

Figure 17. Continuous Conversion with Internal Clock. 
Conversion is Initiated by the 14th Clock Pulse. Clock Runs 
Continuously. The Oscillator Formed by Gates 2 and 3 Insures 
that the Conversion Process will Start When Logic Power is 
First Turned On. 
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CALIBRATION 
External ZERO AD) and GAIN AD) potentiometers, con
nected as shown in Figures 18 and 19, are used for device 
calibration. To prevent interaction of these two adjustments; 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the analog 
range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. ' 

o to +10V Range: Set analog input to +ILSB = +0.0024V. 
Adjust Zero for digital output = 111111111110. Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. 
Adjust Gain for 000000000001 digital output code; full
scale (Gain) is now calibrated. Half~scale calibration check: 
set analog input to +5.0000Vj digital output code should be 
011111111111. 

-lOY to +IOV Range: Set analog input to -9.9951 Vj adjust 
Zero for 111111111110 digital output (complementary offset 
binary) code. Set analog input to +9.9902V j adjust Gain for 
000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to O.OOOOV; 
digital output (complementary offset binary) code should be 
0111111111111. 

Other Ranges: Representative digital coding for 0 to +10V and 
-10V to + 1 OV ranges is given above. Coding relationships and 
calibration points for 0 to +SV, -2.SV to +2.SV and :...sv to 
+5V ranges can be found by halving the corresponding code 
equivalents listed for the 0 to +iOV and -lOY to +10V ranges, 
respectively. 

Zero and full-scale calibration can be accomplished to a pre
cision of approximately ±1I4LSB using the static adjustment 
procedure described above. By summing a small sine or tri
angular-wave voltage with the signal applied to the analog in
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or 
end points) of each discrete quantization level. A detailed 
description of this dynamic calibration technique is presented 
in "AID Conversion Notes", D. Sheingold, Analog Devices, 
Inc., 1977, Part II, Chapter 3. 

+1SV 

-1SV 

10M 
ANALOG 

INPUT 

+1SV 

Figure 18. Analog and Power Connections for Unipolar 
0-10V Input Range 

VOL. I, 11-136 ANALOG-TO-DIGITAL CONVERTERS 

+1SV 

ANALOG 
INPUT 

Figure 19. Analog and Power Connections for Bipolar ± 10V 
Input Range 

MULTICHANNEL CONVERSION 
In multichannel conversion systems, elements of the acquisi
tion chain may be shared by two or more input sources. This 
sharing may occur in a number of ways, depending on the 
desired properties of the multiplexed system. 

The data acquisition system shown in Figure 20 is a low cost 
solution to digitizing data from many analog channels. For 
most efficient use of time, the multiplexer is acquiring the next 
channel to be converted while the sample-hold is holding the 
previous output level for conversion. When conversion is com
plete, the status line from the converter causes the SIH to 
return to the sample mode and acquire the new data. After the 
acquisition time is completed, the sample hold can be switched 
to hold. A conversion can then begin and the multiplexer can 
be switched to the next channel. 

IN' STATUS 
750n 

OUT 20V,N 

-IN 

3 AD ADCBO j,m A07501 OUT 
MUX 

ANALOG LSB 
GNO 

Fig,ur(J 20. Data Acquisition System 
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FEATURES 

Performance 

Complete 12-Bit AID Converter with Reference and Clock 
Fast Successive Approximation Conversion: 10llS 
Buried Zener Reference for Long Term Stability and Low 

Gain T.C.: 10ppmfC 
Max Nonlinearity: <±O.012"10 
Low Power: 880mW Typical 
Hermetic Package Available 
Low Chip Count - High Reliability 
Industry Standard Pin Out 
liZ" Models for ±12V Operation Available 
MI L-STD-883B Processing Available 
Military Temperature Range -SSoC to +12SoC 

Versatility 

Negative-True Parallel or Serial Logic Outputs 
Short Cycle Capability 
Precision +6.3V Reference for External Applications 

PRODUCT DESCRIPTION 
The AD ADC84/AD ADC8S"series devices are high speed low 
cost 10- and 12-bit successive approximation analog-to-digital 
converters that include an internal clock, reference and com
parator. Its hybrid IC design utilizes MSI digital and linear 
monolithic chips in conjunction with a l2-bit monolithic DAC 
to provide modular performance and versatility with IC size, 
price and reliability. 

Important performance characteristics of the AD ADC841 
AD ADC8S series include a maximum linearity error at +2SoC 
of ±0.012%, gain T.C. below lSppm/C, typical power dis
sipation of 880mW, and conversion time of less than lOlls for 
the l2-bit versions. Of considerable significance in military 
and aerosrace applications is the guaranteed performance 
from -S5 C to +125°C of the AD ADC85S which is also avail
able processed to MIL-STD-883B. Monotonic operation of the 
feedback D/A converter guarantees no missing output codes 
over temperature ranges of 0 to +70oC, -2SoC to +8SoC, and 
-SSoC to +12SoC. 

The design of the AD ADC84/AD ADC85 includes scaling 
resistors that provide analog input signal ranges of ±2.S, ±S, 
±1O, 0 to +5, or 0 to +10 volts. Adding flexibility and value 
are the +6.3V precision reference, which also can be used for 
external applications, and the input buffer amplifier. All digital 
signals are fully DTL and TTL compatible, and the data out
put is negative-true and available in either serial or parallel 
form. 

The AD ADC84/AD ADC8S series devices are available in two 
different performance grades. The devices are specified for 
either 10-bit accuracy (±0.048% FSR max) or 12-bit accuracy 

Fast, Complete 
12-Bit AID Converter 

AD ADC84/AD ADC85 I 

AD ADC84/AD ADC8S FUNCTIONAL BLOCK DIAGRAM 

~';+---l23 ~I:~SLE~R 

4--l~t---r222]2 ~~MPAR.A.TOR 

21 ~g~~~~TD 

32-PIN DIP 

(±0.012% FSR max) with 61ls, 10fJs max conversion times 
respectively. 

The AD ADC84 and AD ADC85C specified for operation over. 
the 0 to +70

o
C temperature range. The AD ADC85 and 

AD ADC85S are specified for the -25°C to +85°C, -55°C to 

+ 125 ° C ranges respectively. 

PRODUCT HIGHLIGHTS 
1. The AD ADC84/AD ADC85 series devices are complete 12-

bit AID converters. No external components are required 
to perform a conversion. 

2. The AD ADC84/AD ADC85 directly replaces other devices 
of this type with significant increases in performance. 

3. The fast conversion rate of the AD ADC84/AD ADC85 
makes it an excellent choice for applications requiring 
high system throughput rates. 

4. The internal buried zener reference is laser trimmed to 
6.3V ±O.l % and ±lOppm/C typical T.C. The reference 
is available externally and can provide up to lmA. 

5. The integrated package construction provides high quality 
and reliability with small size and weight. 

6. The monolithic l2-bit feedback DAC is used for reduced 
chip count and higher reliability. 

7. The AD ADC8SS/883B comes processed to MIL-STD-883, 
class B requirements. 

ANALOG-TO-DIGITAL CONVERTERS VOL. I,' 11-137 



SPECIFICATIONS (tvpical @+25°C, ±15V and +5V unless otherwise noted) 
MODEL 

RESOLUTION 

ANALOG INPUTS 
Voltage Ranges 

Bipolar 
Unipolar 

Impedance (Direct Input) 
OV to +5V, ±2.5V 
OV to +10V, ±5V 
±lOV 

Buffer Amplifierl 
Impedance (min) 
Bias Current 
Settling Time 

To 0.01% for 20V Step 

DIGITAL INPUTS2 

Convert Command 

Logic Loading 

TRANSFER CHARACTERISTICS 
Gain Error3 

Offset Error3 

Unipolar 
Bipolar5 

Linearity Error (max)6 
Inherent Quantization Error 
Differential Linearity Error 
No Missing Codes Temperature Range 
Power Supply Sensitivity 

±15V 
+5V 

DRIFT 
Specification Temperature Range 
Gain (max) 
Offset 

Unipolar 
Bipolar (max)' 

Linearity (max) 
Monotoniciry 

CONVERSION SPEED (MAX) 

DIGITAL OUTPUT 
(all codes complementary) 

Parallel 
Output Codes 7 

Unipolar 
Bipolar 

Output Drive 
Serial Data Codes (NRZ) 

Output Drive 
Status 

Status Output Drive 
Internal Clock 

Clock Output Drive 
Frequency 

INTERNAL REFERENCE VOLTAGE 
Max. External Current (with no 

degradation of specifications) 
Tempco of Drift, (max) 

POWER REQUIREMENTS 
Rated Voltages 
Range for Rated Accuracy 
Z Models8 

Supply Drain + 15V 
-15V 
+5V 

Total Power Dissipation 

TEMPERATURE RANGE 
Specification 
Operating (Derated Specs) 
Storage 

PACKAGE 

NOTES 

ADADC84 

10112 

±2.5, ±5, ±10 
Oto+5,Oto+1O 

2.5(±2O%) 
5(±20%) 
10(±20%) 

100 
50 

Positive Pulse SOns min Trailing 
Edge Initiates Conversion 
1 

±0.1(±0.25% max) 
Adjustable to Zero 
±0.05(±0.2% max) 
±0.1(±0.25% max) 
±0.048/±0.012 
±0.5 
±0.5 
o to +70 

±0.004 
+0.001 

o to +70 
±30 

±3 
±15 
±3 
GUARANTEED 

6/10 

CSB 
COB, CTC 
2 
CSB, COB 
2 
Logic "1" during Conversion 
2 

2 
1.9/1.22 

6.3/±15mV max 

1.0 
±20/max 

+5, ±15 
4.75 to 5.25 and ±13.5 to ±16.5 
4.75 to 5.25 and ±11.4 to ±16.5 
25 max 
30 max 
100 max 
1100 max 

o to +70 
-25 to +85 
-55 to +125 

Ceramic 

ADADC85C AD ADC8S 

10/12 10112 

o to +70 -25 to +85 

-25 to +85 
±40/±25 ±20/±15 

±20/±l2 ±101±7 
±3/±2 

± 10 typ ±5 typ 

-25 to +85 

Hermetic Ceramic Hermetic Ceramic 

I Buffer Settling time adds to conversion speed when huffer is connected to input. • Error shown is the some as ±lI2LSB miX error in % of FSR. 
• DTLlTTL compatible Logic "0" = 0.8V max. Logic "I" = 2.0V min for 'See Tahle 1. 

AD ADC85S 

10112 

-55 to +125 

-55 to +125 
±25 

±5 max 
±10 

±5 typ 

-55 to +125 

Hermetic Ceramic 

digital output, Logic "0" = 0.4V max. Logic "t" = 2.4V min. 'For ±l2Voperation add "z" to model number. Input range limited to a 
, Adjustable to zero. maximum of ±SV. 
• FSR means Full Scale Range. . • Specifications same as AD ADe84. 
'Guaranteed at VIN = 0 volts. Specifications subject to change without notice. 
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UNITS 

Bits 

Volts 
Volts 

H2 
kn 
kn 

Mn 
nA 

/.Is 

TTL Load 

% 

% of FSR4 

% of FSR 
% of FSR 
LSB 
LSB 
°c 

% of FSR/%V 
% of FSR/%V 

°c 
ppmtC 

ppmtC 
ppmtC 
ppmtC 

lIS 

TTL Loads 

TTL Loads 

TTL Loads 

TTL Loads 
MHz 

Volts 

rnA 
ppmtC 

Volts 
Volts 
Volts 
rnA 
rnA 
rnA 
mW 
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Figure 1. Linearity Error vs. Conversion Speed 
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Figure 2. Change in Differential Linearity vs. Conversion 
Speed 
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Figure 4. Conversion Speed vs. Control Voltage 
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The analog continuum is partitioned into 212 discrete ranges 
for 12-bit conversion. All analog values within a given quan
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza
tion uncertainty of ±1I2LSB, associated with the resolution, 
in addition to the actual conversion errors. 

The actual conversion errors that are associated with AID 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the converter have been 
minimized by the use of a monolithic DAC that includes the 
scaling network. The initial gain and offset errors are specified 
at ±0.1% FSR for gain and ±0.05% FSR for offset. These 
errors may be trimmed to zero by the use of the external trim 
circuits as shown in Figures 6 and 8. Linearity error is defined 
as the deviation from a true straight line transfer characteristic 
from a zero analog input which calls for a zero digital output 
to a point which is defined as full scale. The linearity error is 
unadjustable and is the most meaningful indication of AID 
converter accuracy. Differential nonlinearity is a measure of 
the deviation in the staircase step width between codes from 
the ideal least significant bit step size (Figure 5). 

Monotonic behavior requires that the differential linearity 
error be less than lLSB, however a monotonic converter can 
have missing codes; the AD ADC84/AD ADC85 are specified 
as having no missing codes over the entire temperature range 
as specified on the data page. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer characteristic 
about the zero or minus full scale point. The worst case ac
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 
as the root-sum-squared (RSS) and can be shown as: 

II) 
'tl o 
U 
m 
o 
u 
I ..

RSS=VEG 2 + E02 + EL2 

EG = Gain Drift Error (ppm/oC) 

EO = Offset Drift Error (ppm of FSR/oC) 

EL = Linearity Error (ppm of FSR/oC) 

000 ... 000 

~ 011 ... 111 +---IIr----·~!'W! ..
::J 
o 
...I 

~ 
a 
o 

I 

~-1LSB 

Figure 5. Transfer Characteristics for an Ideal Bipolar AID 
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OFFSET ADJ USTMENT 
The zero adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a 1.8Mn resistor 
to Comparator Input pin 22 for all ranges. As shown in Figure 
7 the tolerance of this fixed resistor is not critical, and a car
bon composition type is generally adequate. Using a carbon 
composition resistor having a -1200ppmt C temp co contributes 
a worst-case offset temp co of 8X 244X lO-6 X 1200ppm/oC = 
2.3ppmtC of FSR, if the OFFSET AD] potentiometer is set 
at either end of its adjustment range. Since the maximum off
set adjustment required is typically no more than ±4LSB,use 
of a carbon composition offset summing resistor typically con
tributes no more than Ippm/oC of FSR offset tempco. 

+15V 

10kn 1.8Mn 
TO :>oiI1--...JVVv---{ 

100kn 

-15V 

AD ADC84/ 
AD ADC85 

Figure 6. Offset Adjustment Circuit 

An alternate offset adjust circuit, which contributes negli
gible offset temp co if metal film resistors (temp co <lOO 
ppmt C) are used, is shown in Figure 7. 

+15V 

180kn M.F. OFFSET . 10kn 
ADJ 10~~n >oIt--....... M...._'""'it-----JW ......... -{ 

AD ADC84/ 
AD ADC85 

22kn M.F. 
-15V 

A 

Figure 7. Low Tempco Zero Adjustment Circuit 

In either zero adjust circuit, the fixed resistor connected to 
pin 22 should be located close to this pin to keep the pin 
connection runs short (Comparator Input pin 22 is quite 
sensitive to external noise pick-up). 

GAIN ADJUSTMENT 
The gain adjust circuit consist~ of a potentiometer connected 
across ±Vs with its slider connected through a 10Mn resistor 
to the gain adjust pin 27 as shown in Figure 8. 

+15V 

10kn 10Mn 
TO :>oiIt--~~~.-~ 

100kn 

-15V O.Ol/L
F 7 

AD ADC84/ 
AD ADC85 

Figure 8. Gain Adjustment Circuit· 

An alternate gain adjust circuit which contributes negligible 
gain tempco if metal film resistors (temp co <lOOppml C) 
are used is shown in Figure 9 . 

AD ADC84/ 
AD ADC85 

Figure 9. Low Tempco Gain Adjustment Circuit 



Applying the AD ADC84/AD ADC85 
THEORY OF OPERATION 
On receipt of a CONVERT START command, the AD ADC841 
AD ADC8S converts the voltage as its analog input into an equiv
alent 12-bit binary number. This conversion is accomplished as 
follows: the 12-bit successive-approximation register (SAR) has 
its 12-bit outputs connected both to the device bit output pins 
and to the corresponding bit inputs of the feedback DAC. 

B12 are set unconditionally. At tl the Bit 1 decision is made 
(keep) and Bit 2 is unconditionally reset. At t2, the Bit 2 
decision is made (keep) and Bit 3 is reset unconditionally. 
This sequence continues until the Bit 12 (LSB) decision (keep) 
is made at t12' After a 40ns delay period, the STATUS flag is 
reset, indicating that the conversion is complete and that the 
parallel output data is valid. Resetting the STATUS flag re
stores the gated clock inhibit signal, forcing the clock output 
to the Logic "0" state. 

The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or. reject each bit is then made at the com
pletion of each bit comparison period, depe'nding on the state 
of the comparator at that time. 

Corresponding serial and parallel data bits become va.lid on 
the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be trans(erred quite simply by clocking it into a 
receiving shift register on these edges (see Figure 10). 

TIMING 
The timing diagram is shown in Figure 10. Receipt of a CON
VERT START signal sets the STATUS flag, indicating conver
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 13 cycles. All the 
SAR parallel bits, STATUS flip-flops, and the gated clock 
inhibit signal are initialized on the trailing edge of the 
CONVERT START signal. At time to, Bl is reset and B2 -

Incorporation of this 40ns delay guarantees that the parallel 
(and serial) data are valid at the Logic "1" to "0" transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 

CONVERT1 

START 

INTERNAL 
CLOCK 

STATUS 

MSB 

BIT 2 

BIT 3 

BIT 4 

BIT 5 

BIT 6 

BIT 7 

BIT 8 

BIT9 

BIT 10 

BIT 11 

LSB 

SERIAL 
DATA OUT 

...... E-------- MAXIMUM THROUGHPUT TIME ------'---~ 

~;__-------- CONVERSION TIME (2) ------___ .. ~I 

I~) !T2 lT3 lT4 lTs !Ts !T7 !Ts t g 

=: : 1 "0" I I I I 1 1 I 1 
= = :~:=::~'~':::: .. 1·:::j· i==±=:::±=:::±=::±:1 ::±I =±I ==±==±==t:::==== 

:::J LJ"1" I I I 
---J 1"0" r-
---~----~-~~~~~t-~~-T~~ =::J j .. o" 1 I· 1 r-
:::J U"1" i I I 
==]~------------~~~"1~"~1--~1 ~--~~-----

==] Lj"1" I 
---J 1"0" r----~-------------=. :::r---t.;=.::+===~=-.-
~==J U"1" I I ==:J LJr--"1"~I--
:==Jr-----------------..., "0" r
---'"V7nIT/lJ. M§B I ~~~:::;I~ ... L:SE."Sn~B~ V,77nmn; 
___ lLIL/WLL-LJ 2 : 3 I 4 : 5 I 6 : 7 : 8 L.£...J 10 : l' LlLYLULlLLI.. 

1::.2." "1" "'" "0" "0" "'" "1" "'" "0" ",.. "'" "0;' I 
NOTES: 
1. THE CONVERT START PULSE WIDTH IS 50n5 MIN AND MUST REMAIN LOW DURING 

A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAILING EDGE" OF THE 
CONVERT COMMAND. 

2. 'OIlS FOR '2 BITS AND 6115 FOR '0 BITS (MAX). 
3. MSB DECISION 
4. LSB DECISION 40ns PRIOR TO THE STATUS GOING LOW 
*BIT DECISIONS 

Figure 10. Timing Diagram (Binary Code a 1 1 a a 1 1 1 a 1 1 0) 
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DIGITAL OUTPUT DATA 
Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output coding is complemen
tary binary for unipolar ranges and either complementary off
set binary or complementary two's complement binary, de
pending on whether BIT 1 (pin 12) orits logicalinverse BIT 1 
(pin 13) is used as the MSB. Parallel data becomes valid approx
imately 40ns before the STATUS flag returns to Logic "0", 
permitting parallel data transfer to be clocked on the "1" to 
"0" transition of the STATUS flag. 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran
teed valid 200ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 10. There are 13 
negative-going clock edges in the complete 12-bit conversion 
cycle, as shown in Figure 10. The first edge shifts an invalid bit 
into the register, whiCh is shifted out on the 13th negative
going clock edge. All serial data bits will have been correctly 
transferred and be in the receiving shift register locations 
shown at the completion of the conversion period. 

Short Cycle Input: A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 10 to be terminated after any 
number of desired bits has been converted, permitting some
what shorter conversion times in applications not requiring full 
12-bit resolution. When 12-bit resolution is required, pin 14 is 
connected to +5V (pin 16). When 10-bit resolution is desired, 
pin 14 is connected to Bit 11 output pin 2. The conversion 
cycle then terminates, and the STATUS flag resets after the 
Bit 10 decision (tlO +40ns in timing diagram of Figure 10). 
Short Cycle pin connections and associated maximum 12-, 
10- and 8-bit conversion times are summarized in Table I. 

Connect Short Connect Clock Maximum 
Cycle Pin 14 To Rate Control Resolution Conversion Status Flag 

Pin: Pin 17 To Bits (%FSR) Time (Ils) Reset 

16 15 12 0.024 10 til + 40ns 
2' 16 10 0.100 6 tlO + 40ns 

4 28 8 0.390 3.2 ts +40n5 

Table I. Short Cycle Connections 

INPUT SCALING 
The AD ADC84/AD ADC85 inputs should be scaled as close 
to the maximum inpu t signal range as possible in order to 
utilize the maximum signal resolution of the AID converter. 
Connect the input signal as shown in Table II. See Figure 11 
for circuit details. 

~r 
29 -~ 

30 + L. 

COMP IN 

TOSAR 

COMPARATOR 

cAcf~~g~~ 

Figure 11. AD ADC84/AD A DC85 Input Scaling Circuit 

For Direct For Buffered 
Input Input Pin 30 

Input Connect Connect Connect Connect 
Signal Output Pin 23 Pin 25 Input Pin 29 
Range Code To Pin To Signal To To Pin 

±IOV COB orCTC 22 Input Signal 25 25 

±5V COB or CTC 22 Open 24 24 

±2.5V COB or CTC 22 Pin 22 24 24 

OV to +5V CSB 26 Pin 22 24 24 

OV to +IOV CSB 26 Open 24 24 

Table II. AD ADC84/AD A DC85 Input Scaling Connections 

INPUT VOLTAGE RANGE AND LSS VALUES 

Analog Input 
Voltage Range ±10V ±SV 
Code COS· COS· 
Designation or CTC·· or CTC·· 
One Least FSR 20V 10V 
Significant 2n zn zn 
Sit (LSB) n=8 78.13mV 39.06mV 

n = 10 19.53mV 9.77mV 
n = 12 4.88mV 2.44mV 

Transition Values 
MSS LSS 

000 ... 000···· +Full Scale +10V -3/2LSS +SV -3/2LSS 
011 ... 111 Mid Scale 0 0 
111 ... 110 -Full Scale -10V +1I2LSS -SV +1I2LSS 

NOTES: 
·COB = Complementary Offset Binary 
"CTC = Complementary Two's com~ent-obt~ined by using the complement 

of the most significant bit (MSB). MSB is available to pin 13 . 
•• ·CSB = Complementary Straight Binary . 
••• ·Voltages given are'the nominal value for transition to the code specified. 

±2.SV 
COS· 
or CTC·· 

IT 
2n 

19.53mV 
4.88mV 
1.22mV 

+2.SV -3/2LSB 
0 

-2.SV +1I2LSS 

Table III. Input Voltages and Code Definition 
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OV to +10V OV to +SV 

CSB··· CSS··· 
10V SV 
zn 2n 

39.06mV 19.53mV 
9.77mV 4.88mV 
2.44mV 1.22mV 

+lOV -3/2LSS +SV -3/2LSS 
+SV +2.SV 

0+ 1I2LSS o +II2LSS 



NOTE, ANALOG (<ql AND DIGITAL (~I GNDS -15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 

Figure 12. Analog and Power ConnectiCJns for Unipolar 
o to +10V Input Range with Buffer Follower 

NOTE, ANALOG (<q ) AND DIGITAL (~) GNDS -15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 

Figure 13. Analog and Power Connections for Bipolar -10V 
to +10V Input Range with Buffer Follower 

CALIBRATION 
External ZERO AD] and GAIN AD] potentiometers, con
nected as shown in Figures 12 and 13, are used fo r device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the analog 
range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. 

o to +10V Range: Set analog input to +1LSB = +0.0024V. 
Adjust Zero for digital output = 111111111110. Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. 
Adjust Gain for 000000000001 digital output code; full
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +5.0000V; digital output code should be 
011111111111. 

-10V to +10V Range: Set analog input to -9.9951 V; adjust 
Zero for 111111111110 digital output (complementary offset 
binary) code. Set analog input to +9.9902V; adjust Gain for 
000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to O.OOOOV; 
digital output (complementary offset binary) code should be 
0111111111111. 
Other Ranges: Representative digital coding for 0 to + 1 OV and 
-lOY to +lOV ranges is given above. Coding relationships and 
calibration points for 0 to +5V, -2.5V to +2.5V and -5V to 

+5V ranges can be found by halving the corresponding code 
equivalents listed for the 0 to +10V and -lOY to +10V ranges, 
respectively. 

Zero and full-scale calibration can be accomplished to a pre
cision of approximately ±1/4LSB using the static adjustment 
procedure described above. By summing a small sine or tri
angular-wave voltage with the signal applied to the analog in
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or 
end points) of each discrete quantization level. A detailed 
description of this dynamic calibration technique is presented 
in "AID Conversion Notes", D. Sheingold, Analog Devices, 
Inc., 1977, Part II, Chapter 4. 

GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. 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 circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD ADC84/AD ADC85. Separate 
ground returns should be provided to minimize the current 
flow in the path from sensitive points to the system ground 
point. In this way supply currents and logic-gate return cur- .. 
rents are not summed into the same return path as analog 
signals where they would cause measurement errors. 

Each of the AD ADC84/AD ADC85's supply terminals should 
be capacitively decoupled as close to the AD ADC841 
AD ADC85 as possible. A large value capacitor such as 1JlF 
in parallel with a O.lJlF capacitor is usually sufficient. Analog 
supplies are bypassed to the Analog Power Return pin and the 
logic supply is bypassed to the Logic Power Return pin. 

CLOCK RATE CONTROL ALTERNATE CONNECTIONS 
If adjustment of the CLOCK RATE is desired for faster con
version speeds, the CLOCK RATE CONTROL may be con
nected to an external multi-turn trim potentiomer with a 
TCR of ±100ppm/C or less as shown in Figures 14 and 15. 
If the potentiometer is connected to -15V, conversion time 
can be increased as shown in Figure 10. If these adjustments 
are used, delete the connections shown in Table I for pin 17. 
See Figure 1 for nonlinearity error vs. conversion speed and 
Figure 4 for the effect of the control voltage on clock speed. 

+5V 

CLOCK -l CLOCK 
RATE @----- 2k1) FREOUENCY 

CONTROL ADJUST 

112·BIT RESOLUTION) 
RANGE OF ADJUSTMENT IS 10 TO 1.5/015 

Figure 14. 12-Bit Clock Rate Control Optional Fine Adjust 

+15V 

CLOCK i CLOCK 
RATE @----- 5kn FREQUENCY 

CONTROL ADJUST 

18· OR 10·BIT RESOLUTION) 
RANGE OF ADJUSTMENT IS 8 TO 4j.1s FOR 

10·BIT AND 6.5 TO 3", FOR 8·BIT RESOLUTIONS 

Figure 15. 8-Bit Clock Rate Control Optional Fine Adjust 
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MICROPROCESSOR INTERFACING 
The lOps conversion time of the ADC84/ADC85 suggests 
several different methods of interface to microprocessors. In 
systems where the AD ADC841 AD ADC85 is used for high 
sampling rates on a single signal which is to be digitally pro
cessed, CPU-controlled conversion may be inefficient due to 
the slow cycle times of most microprocessors. It is generally 
preferable to perform conversions independently, inserting 
the resultant digital data directly into memory. This can be 
done using direct memory access (DMA) which is totally 
transparent to the CPU. Interface to user-designed DMA hard
ware is facilitated by the guaranteed data validity on the fall
ing edge of the EOC signal. 

Clearly, 12 bits of data must be broken up for interface to an 
8-bit wide data bus. There are two possible fonnats: right
justified and left-justified. In a right-justified system, the 
least-significant 8 bits occupy one byte and the four MSB's 
reside in the low nybble of another byte. This format is use
ful when the data from the ADC is being treated as a binary 
number between a and 4095. The left-justified format sup
plies the eight most-significant bits in one byte and the 
4LSB's in the high nybble of another byte. The, data now re
presents the fractional binary number relating the analog 
signal to the full-scale voltage. An advantage to this organiza
tion is that the most-significant eight bits can be read by the 
processor as a coarse indication of the true signal value. The 
full 12-bit word can then be read only when all 12 bits are 
needed. This allows faster and more efficient control of a 
process. 

Figure 16 shows a typical connection of an 8085-type bus, 
using a left-justified data format for unipolar inputs. Status 
polling is optional, and can be read simultaneously with the 
4LSBs. If it is desired to right-justify the data, pins 1 through 
12 of the AD ADC84/AD ADC85 should be reversed, as well 

+5V +15V -lSV 

74LS244 

24 
MSB J..!!.---+----!+-~>_+-+.:.:..---

ANALOG 
INPUT 

0-10V 

START 
ADDRESS 

(ACTIVE LOW) 

HIGH BYTE 
ADDRESS 

(ACTIVE LOW) 

LOW BYTE 
ADDRESS 

(ACTIVE LOW) 

29 

30 

AD ADC84! 
AD ADC85 

10 14 

12 

11 

13 

15 

16 

14 

12 

3 _____ -'" 

(OPTIONAL) 

74LS244 

Figure 16. AD ADC84/AD ADC85-8085A Interface 
Connections • 

as the connections to the data bus and high and low byte 
address signals. 

AD7 

AD6 

AD4 

AD3 

AD2 

ADl 

ADO 

When dealing with bipolar inputs (±5V, ±10V ranges), using 
the MSB directly yields a complementary offset binary-coded 
output. If complementary two's complement coding is desired, 
it can be produced by substituting MSB (pin 13) for the MSB. 
This facilitates arithmetic operations which are subsequently 
performed on the ADC output data. 

ORDERING GUIDE 

Temperature Gain Package 
Modell Linearity Range Package T. C. - ppmlC Option2 

AD ADC84-10 ±O.O48% o to +70o C Ceramic ±30 
'AD ADC84-I2 ±O.OI2% o to +70o C Ceramic ±30 
AD ADC85C-IO ±O.O48% o to +70o C Hermetic Ceramic ±40 
AD ADC85C-12 ±O.OI2% o to +70o C Hermetic Ceramic ±25 
AD ADC85-10 ±O.O48% -25°C to +85°C Hermetic Ceramic ±20 
AD ADC85-I2 ±O.OI2% -25°C to +85°C Hermetic Ceramic ±15 
AD ADC85S-10 ±O.O48% -55°C to +125°C Hermetic Ceramic ±25 
AD ADC85S-I2 ±O.OI2% _55°C to +12S o C Hermetic Ceramic ±2S 

I For complete model number suffixes must be added for "Model Number 
.. z" option (±12V operation). linearity and military 
screening. The following guide shows the proper suffix order. 
AD ADC(")("")- (""")/(" """) 

.... z It Version Designator 

.. ··Linearity 
....... "883B" Versions 

"See Section 20 for package oudine information. 
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HY32F 
HY,32F 
HY32F 
HY32F 
HY32F 
HY32F 
HY32F 
HY32F 

Typical Part Numbers 
ADADC84-12 

,AD ADC85SZ-12l883B 



NANALOG 
WDEVICES 

FEATURES 
14-BIT Resolution and Accuracy 
Fast 12ps Conversion Time (ADC1131J/K) 
Low 1 Oppmt C Maximum Gain TC 
User Choice of Input Range 
No Missing Codes 

APPLICA TlONS 
Wide Band Data Digitizing 
Multi-Channel Computer Interface 
High Accuracy Data Acquisition . 
X-Ray Tomography 
Nuclear Accelerator Instrumentation 

GENERAL DESCRIPTION 
The ADC1130 and ADCl131 are high speed analog-to-digital 
converters packaged in a small 2" x 4" x 0.4" (51 x 102 x 10mm) 
module, which perform complete 14-bit conversions in 25ps 
and 12ps respectively. Using the successive approximations 
technique, they convert analog input voltages into natural 
binary, offset binary, or two's complement coded outputs. 
Data outputs are provided in both parallel and non-return-to
zero serial form. 

Four analog input ranges are available: 0 to +20V, 0 to +lOV, 
±IOV, ±5V. The user selects the desired range by making ap
propriate connections to the module terminals. The ADC 1130 
and ADC1131 can also be connected so as to perform conver
sions of less than 14 bit resolution with a proportionate de
crease in conversion time. 

TIMING 
As shown in Figure 1, the leading edge of the convert command 
set the MSB output to Logic "0" and the CLOCK OUT, 
STATUS, MSB, and BIT 2 through BIT 12 outputs to Logic 
"1". Nothing further happens until the convert command re
turns to Logic "0", at which time the clock starts to run and 
the conversion proceeds. 

With the MSB in the Logic "0" state, the internal digital-to
analog converter's output is compared with the analog input. 
If the DIA output is less than the analog input, the first "0" to 
"1" clock transition resets the MSB to Logic "1". If the DIA 
output is greater than the analog input, the MSB remains at 
Logic "0". 

The first "0" to "1" clock transition also sets the BIT 2 output 
to Logic "0" and another comparison is made. This process con
tinues through each successive bit until the BIT 14 (LSB) com
parison is completed. At this point the STATUS and CLOCK 
OUT return to Logic "0" and the conversion cycle ends. 

The serial data output is of. the non-return-to-zero (NRZ) format_ 
The data is available, MSB first, 20ns after each of the four
teen "0" to "1" clock transitions. 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 11-11. 

14-Bit High Speed 
Analog-to-Digital Converters 

CLOCK 
OUT 

STATUS 

MSB 

BIT 2 

BIT 3 

BIT 13 

LSB 

SERIAL 
OUTPUT 

ADC1130, ADC1131 I 

ADC1l30 AND ADCll31 
FUNCTIONAL BLOCK DIAGRAM 

~ 

~--------------

L_ 

---.J 

~~-------------
BIT 2 
~ .... 

MSB BIT 3 

Timing Diagram 

BIT 13 

. SsB· 
PREVIOUS WORD: 100 ... 10 
NEW WORD: 101 ... 01 
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SPECIFICATIONS (typical @+25°C unless otherwise noted) 
HIGH SPEED 12/.1s 

MODEL 

RESOLUTION. BITS 

CONVERSION TIME (max) 

ACCURACY 
Integral Nonlinearity Error (LSB) 
Differential Nonlinearity 

Error (LSB) 
Missing Codes 

TEMPERATURE COEFFICIENTS 
Gain pprn/oC 
Unipolar Offset 
Bipolar Offset 

INPUT VOLTAGE RANGES 

INPUT IMPEDANCE (10V RANGE) 

CONVERT COMMAND 

PARALLEL DATA OUTPUT 
Unipolar 
Bipolar 

SERIAL DATA OUTPUT 
Unipolar 
Bipolar 

STATUS OUTPUT 

LOGIC FANOUTS AND LOADINGS 
Convert Command Input 
Clock Input 
Short Cycle Input 
Parallel Data Outputs 
Serial Data Output 
STATUS Output 
STATUS Output 
Clock Output 

POWER REQUIREMENTS 

POWER SUPPLY SENSITIVITY 
To ·±·15V Tracking Supplies 

Gain 
Zero 

To ±15V Non-Tracking Supplies 
Gain 
Zero 

TEMPERATURE RANGE 
Operating 
Storage 

·Same Specifications as ADCI131J. 

NOTES, 

ADCll31 
J 

14 

12/.1s 

±112 (max) 

±112 (1 max) 
No missing codes 

±12 (max) 
±0.7 (±3 max) 
±3 (±7 max) 

±5V. ±10V. +10V. +20V 

2500n 

Positive Pulse. 200ns min. 
400ns max Leading Edge 
Resets. Trailing Edge Starts. 
TTLlDTL Compatible 

Positive True Binary 
Positive True Offset Binary. 
Two's Compkment 

Positive True Binary 
Positive True Offset Binary 

"I" During Conversion. 
Complement also available 
TTLlDTL Compatible. 

lTTL Unit Load 
3TTL Unit Loads 
lTTL Unit Load 
3TTL Unit Loads/Bit 
8TTL Unit Loads 
2TTL Unit Loads 
12TTL Unit Loads 
4TTL Unit Loads 

+15V ±5% @ 40mA 
-15V ±S% @ 60mA 
+SV ±5% @ 250mA 

±4.5ppm/%t. Vs 
±4.5ppm/%t. V S 

±10ppm/%t. Vs 
±7ppm/%t. V S 

o to +70°C 
-SSoC to +8So C 

I Offset (zero) and gain errors arc adjustable to 'Zero by means of external 
potentiometers. 

'Recommended power supply, Analog Devices model 923. 
Specifications subject to change without notice. 

VOL. I, 11-146 ANALOG-TO-DIGITAL CONVERTERS 

K 

14 

12/.1s 

· 
±112 (max) 

· 
±7 (+10 max) · · · · 
· 
· 
· 
· · 
· 
· · · · · · · · · · · 
· · 
· · 

MEDIUM SPEED 25/.1-
ADC1l30 

14 

25/.1s 

±1/2 (1 max) 

· 
±12 max · · · · 
· 
· 
· 
· · 
· 
· · · · · · · · · 
· 
· · 
· · 
· · 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm) .. 

t--- 2.01 MA~ (51.1) -----j 0.41 MAX (10.4) 

1; .. ",,,,,u, /4:,."." 
t ,-.-

36 37 

4.02 MAX 
19 54 (102.1) 

18 55 

I 

1 72 

BOTTOM VIEW --11-- GRID 0.1" (2.5) 

NOTE: 
Terminal pins installed only in shaded hole 
locations. 
Module weight: 3.5 ounces (99.3 grams!. 



~ANALOG 
WDEVICES 

FEATURES 
Guaranteed Nonlinearity: ±0.003% FSR max 
351ls Maximum Conversion Time 
Small Size 2" X 2" X 0.4" 
Wide Power Supply Operation: ±12V to ±17V 
Low Cost 

APPLICATIONS 
Process Control Data Acquisition 
Seismic Data Acquisition -
Nuclear Instrumentation 
Medical Instrumentation 
Pulse Code Modulation Telemetry 
Industrial Scales 
Robotics 

GENERAL DESCRIPTION 
The ADCl140 is a low cost 16-bit successive-approximation 
analog-to-digital converter having a 3SIls maximum conversion 
time. This converter provides high accuracy, high stability, and 
low power consumption all in a 2" X 2" X 0.4" module. 

High accuracy performance such as integral, and differential 
nonlinearity of ±0.003% FSR max are both guaranteed. Guar
anteed stability such as differential nonlinearity TC of ±2ppml 
°c maximum, offset TC of ±301lVtC maximum, gain TC of 
±12ppm/oC maximum, and power supply sensitivity of 
±0.002% of FSR/% Vs are also provided by the ADC1140. 
The ADC1140 makes extensive use of both integrated circuit 
and thin-film components to obtain excellent performance, 

I small size, and low cost. The internal 16-bit DAC incorporates 
Analog Devices proprietary thin-film resistor technology and 
proprietary CMOS current-steering switches. A low noise ref
erence, low power comparator, and-low power successive-ap
proximation ,register are also used to optimize the ADC1140's 
design. 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 11-15. 

Low Cost 16-Bit 
Analog-to-Digital Converter 

ADC1140 I 
ADC1140 FUNCTIONAL BLOCK DIAGRAM 

DIGITAL 
GROUND 

ADC1140 

16·BIT CMOS 
DIGITAL·TO·ANALOG 

CONVERTER 

gg~!~b 21}----------l 

19 
18 
17 
16 

15 
14 
13 
12 
11 
10 
9 

8 

5 

LSB 
BIT 15 
BIT 14 

BIT 13 

BIT 12 

BIT 11 
BIT 10 
BIT9 
BIT B 
BIT 7 
BIT 6 

BIT 5 
BIT 4 

BIT 3 
BIT 2 

The ADC1140 can operate with power supplies ranging from 
±12V to ±17V and has provisions for a user supplied ex-
ternal reference. Four analog input voltage ranges are selectable~ 
via pin programming: ±5V, ±IOV, 0 to +SV and 0 to +IOV. 
Bipolar coding is provided in the offset binary and two's com
plement formats with unipolar coding displayed in true binary. 
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SPECIFICATIONS (typical@+25°e ±Vs = ±15V, Vee = +5V, VREF = +10.0V unless otherwise specified) 

Model 

RESOLUTION 

CONVERSION TIME 

ACCURACy l 

Nonlinearity Error 
Differential Nonlinearity Error 

STABILITY 
Differential Nonlinearity 
Gain (with internal reference) 

(without internal reference) 
Unipolar Offset 
Bipolar Offset 

POWER SUPPLY SENSITIVITY 

ANALOG INPUT 
Voltage Ranges 

Bipolar 
Unipolar 

Inpu t Resistance 
o to +5V 
o to +10V, ±5V 
±10V 

External Reference Input3 

Voltage Range 
Input Resistance 

DIGITAL INPUT 
Convert Command 

Logic Loading 

DIGITAL OUTPUT 
Parallel Output Data 

Unipolar 
Bipolar 
Output Drive 

Status 
Output Drive 

INTERNAL REFERENCE VOLTAGE 
Extemai Load Current· 

(Rated Performance) 
Temperature Stability 

POWER REQUIREMENTS4 

Voltage (Rated Performance) 
Voltage (Operating) 
Supply Current Drain ±15V 

+5V 

TEMPERATURE RANGE 
Specified 
Operating 
Storage 

SIZE 
Weight 

ADC1140 

16 Bits 

35psmax 

±0.003% FSR2 max 
±0.003% FSR2~max 

±2ppmtC max 
±12ppm/oC max 
±4ppmtCmax 
±30pV/oC max 
±7ppm/o C max 

±0.002% FSR/% Vs 

±5V, ±10V 
o to +5V, 0 to +10V 

2.5kn 
5.0kn 
10.0kn 

o to +12V 
2.5kn 

Positive Pulse, lOOns Width min 
Negative Edge Triggered 
1TTL Load 

. Binary (BIN) 
Offset Binary (OBIN) Two's Complement 
1TTL Load . 
Logic" 1" During Conversion 
1TTL Load 

+lOV, ±0.3% 

2mAmax 
±8.5ppmtC max 

±15V ±3%, +5V ±3% 
±12V to ±17V, +4.75V to +5.25V 
±25mA 
150mA 

o to +70
o
C 

.;..25°C to +85°C 
-55°C to +85°C 

2" X 2" X 0,4" (51 X 51 X 10Amm) 
1.2 oz (33g) 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (rom). 

I- 2.01 (51.11 MAX----1j 

I J
o.41 

.L (~~ 
D 0.019 (0.481 DIA::---T 

Lo.2'(5.0IMIN 

16 17 

9 24 

B 25 

1 32 

1 
2.01 

(51.11 

1 
BOTTOM VIEW --11--0.1 (2.5)'GRID 

TERMINAL PINS INSTALLED ONLY 
IN SHADED HOLE LOCATIONS. 

MATING PINS 
AC1577 (2 REQUIRED) 

PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

1 +5V 32 +15V 
2 DIGITAL GROUND 31 -15V 
3 MSB 30 ANALOG GROUND 
4 MSB 29 ANALOG IN 1 
5 BIT 2 2B ANALOG IN2 
6 BIT 3 27 ANALOG IN3 
7 BIT 4 2B +10V REF OUT 
B BIT 5 25 REFERENCE IN 
9 BIT6 24 OFFSET ADJUST 
10 BIT 7 23 NOT USED 
11 BIT8 22 STATUS 
12 BIT 9 21 CONVERT COMMAND 
13 BIT 10 20 NOT USED 
14 BIT 11 19 LSB 
15 BIT 12 lB BIT 15 
16 BIT 13 17 BIT14 

1 Offset and gain error are adjustable to zero by means of external 
potentiometers. 

:I FSR means Full Scale Range. 

4 Recommended Power Supply: Analog Devices Model 923. 
Specifications subject to change without notice. 

'Rated performance is specified with +lO.OV reference • 

.VOL. I, 11-148 ANALOG-TO-DIGITAL CONVERTERS 



r.ANALOG 
WDEVICES 

FEATURES 
• Conversion Times as Low as 1.2J.ls 
• Resolution: 8, 10 and 12 Bits 
• Exceptional Accuracy, 0.012"10 of F .S. 
• Low Power 
• Contained in Glass or Metal 32·Pin DIP 
• Adjustment-Free Operation 

APPLICATIONS 
• Waveform Analysis 
• Fast Fourier Transforms 
• Radar 

GENERAL DESCRiPTION 
With a typical conversion time of only 2.2J.ls for complete 12-
bit conversion, the Analog Devices' HAS series hybrid AID con
verters are among theJastest, smallest, most complete successive
approximation AID's available. Housed in 32-pin DIP packages, 
these converters feature laser trimming for accuracy and line
arity surpassing the best modular competitive AID's. This 
series offers a unique combination of flexibility and simpli
city which allows them to' be used as stand-alone AID con
verters requiring no additional external potentiometers and 
needing only an analog inpu t signal and encode command 
for operation. ,. 

The HAS-1202 AID features an accuracy of 0.012% and when 
combined with an HTC-0300 track-and-hold, forms an AID 
conversion system capable of up to 350kHz sainpling rates. 

The HAS series AID's are ideally !iuited for applications re
quiring excellent performance characteristics, small size, low 
power consumption and adjustment-free operation. Some of 
these applications include radar, PCM, data-acquisition, and 
digital-signal-processing systems where FFT's and other digital 
processing techniques are to be performed on analog input 
data. 

For the ultra-high reliability requirements of military and aero
space applications these AID's are optionally available with 
hermetically sealed metal cases and with MIL-STD-883 
processing. 

Ultra-Fast Hybrid 
Analog to Digital Converters 

HAS-0802j1002j1202 I 

HAS SERIES FUNCTIONAL BLOCK DIAGRAM 

D/A OUT o--"+----:::-=::-:-----i 
BIPOLAR 
OFFSET 

GROUND 

COMI~:;'~~TOR o--+--~ 

A,",.~~~G o--t-AoMo ..... ., 

GROUND o--"+"NIo~-i 

D/A IN 

DIGITAL 
GROUND 

ENCORE 
COMMAND 

1. FUNCTIONAL CONFIGURATION SHOWN IS FOR THE HAS-l202. 
FOR THE HAS-l002 PINS 15 AND 16 ARE NOT CONNECTED IN
TERNAlLY. FOR HAS-0802 PINS 13. '4, 15 AND 16 ARE NOT CON· 
NECTED INTERNALLY. 

2. FOR BIPOLAR OPERATION, CONNECT PINS 21. 22 AN029. 
FOR UNIPOLAR OPERATION,CONNECT PIN 21 TO PIN 22 
AND GROUNO PIN 29. 

DATA READY 

BIT 1 
6 IMSBI 

I 
I 
I 
I 
I 
I 
I 

err 12 
IlSB) 

Extreme care in circuit layout should be exercised when using 
these hybrids in order to obtain rated performance. In partic
ular, input and output runs should be as short as possible, a 
ground plane should be used to tie all ground pins together, 
and power supplies should be bypassed as close to the hybrid 
circuit power supply pins as possible. Do not allow input or 
other analog signal lines to be in close proximity' to or cross 
over any digital output line. 
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SPECIFICATIONS (typical@+25°C with nominal voltages unless otherwise noted) 

MODEL 

RESOLUTION 
LSB Weight 

UNITS HA5-0S02 

BITS 
% Full Scale 004 

mV 40 

HAS-l002 

10 
0.1 
10 

HAS-1202 

12 
0.025 
2.5 

RELATIVE ACCURACY (INCLUDING LINEARITY) % Full Scale 0.05 0.025 0.012 
Quantization Error LSB ±I12 

LINEARITY VS. TEMPERATURE ppmfC 3 

INPUT OFFSET VOLTAGE 
Initial (Trimmable to Zero) 
Zero Offset vs. Temperature 
Bipolar Offsetvs. Temperature 

GAIN ERROR 
Initial (Trimmable to Zero) 
Gain vs. Temperature 

INPUT 
Ranges (Full Scale) 

"Built-In" Standard Unipolar 
Bipolar 

Resistor Programmable (See Figure 3) 
Impedance 
Overvoltage 

CONVERSION TIME (COMPLETE CYCLE TIME) 

CONVERSION RATE 

ENCODE COMMAND - TTL LOGIC INPUT 
Logic Levels (Positive Logic) 
Function l 

Loading 

Pulse Width 
Repetition Rate 

LOGIC OUTPUTS 
Data Ready (DR) 

Function 

Timing 
Loading 
Parallel Data 

Format 

Logic Levels 

Loading 

Coding2 

POWER REQUIREMENTS 
+14.5V to +IS.5V (+18V Absolute Max) 
-14.5V to -15.5V (-18V Absolute Max) 
+4.75V to +S.25V (+7V Absolute Max) 

TEMPERATURE RANGE 
Operating (Case) 
Storage 

PACKAGE OPTION3 

NOTES: 
I After converter i. reset, all other logic signals, including 
clock, arc internally generated. 

'When HAS series AID's are used with HTC-Q300 track/hold, 
output coding is complementary binary (CBN) for unipolar 
inputs and complementary offset binary (COB) for bipolar 
inputs (see Tabl. 1). 

J See Stction 20 for package outline information. 

'Specifications same as model HAS'()802. 
Specifications subject to change'without notice. 

mV 
p.vtc 
p.vfc 

(No Missing Codes over Temperature Range) 

10 
15 
100 

% Full Scale 0.1 
ppmfC '30 

V ±0.1%· +10.24 
V ±0.05% ±5.12 
V, 0 to: +5, +7.5, +15, +20, ±2.5, ±3.75, ±7.5, ±10 
n min 1000 • • 
V Two Times Full Scale + or -

p.s max (typ) 1.5 0.2) 1. 7 (04) 2.8 (2.2) 

• kHz max 

V 

nsmin 

rnA 
rnA 
rnA 

667 588 357 

"0" = 0 to +004, "1" = +2 to +5 
Logic "I" Resets Converter 
Logic "0" Starts Conversion 
1 Standard TTL Load: 

"0" = -1.6mA, max 
"I" = 40p.A, max 

100 • 
o to Maximum Conversion Rate 

Signal~onversion is complete when low. 
After DR goes low, data is valid. A ne~con
version may be initiated at this time. DR may 
be used to strobe data into external register if 
adequate register setup time is allowed. 
See Figure 1 
5 Standard TTL Loads, max 

8-, 10-, or 12-bits parallel data. Valid from time 
DR output goes low until 20ns after receipt of next 
encode command. 
TTL Compatible: 

"0" = OV to +0.4V 
"I" = +2.4V to +5V 

Will drive up to 5 Standard TTL Loads or 2 TTL 
"S" or "H" Loads. 
Offset Binary (BIN) for Unipolar Inputs: 

+10.24V = 1111 .... I 
OV = 0000 .... 0 

Offset Binary (OBN) for Bipolar Inputs: 

40 
15 
200 

+5.12V = 1111 .... 1 
OV = 0111 .... 1 

-5.12V = 0000 ...• 0 

o to +70 
-55 to +125 

HY32A (glass package) HY32C (metal package) 
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Table 1. Output Coding * 

SCALE INPUT OF HTC-0300 INPUT OF HAS-1202 

UNIPOLAR OPERATION 
FS-1LSB -10.2375V +10.2375V 
3/4 FS - 7.6800V + 7.6800V 
112 FS - 5.1200V + 5.1200V 
114 FS - 2.5600V + 2.5600V 
+lLSB - 0.0025V + 0.0025V 
0 O.OOOOV O.OOOOV 

BIPOLAR OPERATION 
+FS-1LSB - 5.1175V + 5.1175V 
0 O.OOOOV O.OOOOV 
-FS+1LSB + 5.1175V - 5.1175V 
-FS + 5.1200V - 5.1200V 

·Coding and input levels shown are for HAS-l202. For 8- and lO-bit 
AID's the input levels are less by the values of the LSB weight for 
each type, and the digital output will show only 8 or 10 bits, respectively. 

PIN DESIGNATIONS 

HAS-1202* 

PIN FUNCTION 
1,30 DIGITAL GROUND 
2,27,31 +5V 
3 DATA READY 
4 +15V 
5 BIT 1 OUTPUT (MSB) 
6 BIT 2 OUTPUT 
7 BIT 3 OUTPUT 
8 BIT 4 OUTPUT 
9 BIT 5 OUTPUT 

10 BIT 6 OUTPUT 
11 BIT 7 OUTPUT 
12 BIT 8 OUTPUT 
13 BIT 9 OUTPUT 
14 BIT 10 OUTPUT 
15 BIT 11 OUTPUT 
16 BIT 12 OUTPUT (LSB) 
17, 18, 19 ANALOG GROUND 
20,23,24 ANALOG GROUND 
21 D/A OUT 
22 D/A IN 
25 COMP INPUT 
26 ANALOG INPUT 
28 -15V 
29 BIPOt.:AR OFFSET 
32 ENCODE COMMAND 

*HAS-1002, PINS 15 AND 16 ARE NOT 
CONNECTED INTERNALLY. 
HAS-0802, PINS 13. 141 15 AND 16 
ARE NOT CONNECTED INTERNALLY. 

DIGITAL OUTPUT 

111111111111 
110000000000 
100000000000 
010000000000 
000000000001 
000000000000 

111111111111 
100000000000 
000000000001 
000000000000 
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ENCODE ___ n 
COMMA~ 1-- 150ns 

I ,~-------------------------------
, I 
I I 

DATA 60ns ---: I .1 2.Blls (MAX)------.~L 
READY ::.......:....u: I 

:--: 1_150ns I 
I I I I 

BITl "V:J:l 
\MSB)....6!.J: 11--_______________________ :-.-_ 

I I I 
I I I 
I I I 

BIT 12"'V!1 I. 2.651ls (MAX)----+R~ 
(LSB) ~IIL-

TIMING SHOWN FOR HAS·1202. TIMING IS SIMILAR FOR HAS-l002 AND 
HAS-OB02 EXCEPT LSB IS BIT 10 AND B, RESPECTIVELY, AND TOTAL 
TYPICAL CONVERSION TIME IS 1.41ls AND 1.41S, RESPECTIVELY. 

Figure 1. Timing Diagram (Typical) 

STANDARD 
+10.24V 
INPUT 

FS ADJUST 
son. 

--~---

OPTIONAL 0 TO+l0.000 ±2% 
RANGE WITH 

GAIN ADJUSTMENTS 

GND FOR 
UNIPOLAR 

RANGES 

GND 29 FOR fJ
UNIPOLAR RANGES OR 
UNGND 29 AND TIE TO 

21 FOR BIPOLAR INPUTS 

26 

17 

18 

19 

20 

23 

24 

29 

+1SV 

1S0kn. 
10kn. >-_'V'IJ"" 

22 

.~""--I ?1 

NOTES: 

OPTIONAL OFFSET ADJ 

-1SV 

HAS-0802 
HAS-l002 
HAS-1202 

1. THIS CIRCUIT SHOWN FOR UNIPOLAR (0 TO +10.24V) 
INPUT.OV INPUT = 000000000000;+10.24 INPUT = 
11 1 1 11 1 1 1 1 1 1. 

2. FOR BIPOLAR (±S.12V) INPUT, UNGROUND PIN 29 AND 
CONNECT PIN 29 TO PIN 21. 

3. FOR EXTRA-PRECISE GAIN (FULL·SCALE) ADJUSTMENT. 
CONNECT A 50n VARIABLE RESISTANCE IN SERIES WITH 
PIN 26 OF HAS-1202. THIS WILL RESULT IN 0 TO +10.000V 
INPUT WITH ADJUSTMENT RANGE OF ±2% OF FULL SCALE. 

4. FOR EXTRA-PRECISE ZERO OFFSET ADJUSTMENT, CONNECT 
1S0k RESISTOR FROM PIN 21 TO THE TAP OF A 10k POTEN
TIOMETER. END TERMINATIONS OF POTENTIOMETER CONNECT 
TO +1SV AND -1SV. THIS ZERO OFFSET ADJUSTMENT WILL 
HAVE A RANGE OF APPROXIMATELY ±100mV. 

Figure 2. Input Connections For Standard Input Ranges 
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ABSOLUTE 
MAXIMUM 

INPUT RANGE Rl R2 ZIN SIGNAL 

o to +5V, ±2.5V SHORT 800 500 ±10V 
o to +7.5V, ±3.75V SHORT 2500 750 ±15V 
o to +15V, ±7.5V 500 OPEN 1500 ±30V 
o to +20V, ±10V 1000 OPEN 2000 ±40V 

Input Connections For Optional Input Ranges 

ANALOG 
SIGNAL - Rl 

OPTIONAL FS 
FINE ADJ 

~ 

R2 

26 

HAS-0802 
HAS-l002 
HAS-1202 

2S 

Figure 3. Full Scale Trim 

APPLICATION CIRCUIT 

- ....... ---~.-------1~---- +15V 
-+-.---I-~P----l-........ --- -15V 
-+-+~t--I--I---1.--l-+-....... - +5V 

ANALOG 

28 2.27.31 

3 
5 

OT~~~0~24V HTC'()300 
13 T~~gK 21 I--~t----t 17. la. 19.20 

HOLD 23.24 

HAS-1202 
AID 10 

29 CONVERTER 1 1 

~---~------~32 

21 
22 30 

12 
13 
14 
15 

16 

DR 
BIT 1 IMSB) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BIT 121LSB) 

Figure 4. DC to 350kHz, 12-Bit, A/DConversion System 

ORDERING INFORMATION 
Order model number HAS-0802, HAS-1002, or HAS-1202 for 
8-, 10-, or 12-bit operation, respectively. Mating connector for 
the HAS series AID's is model number HSA-2. Metal cased ver
sions of this AID with extended operating temperature range, 
and MIL-STD processing are also available. Consult the factory 
or nearest Analog Devices' sales office for further information. 



r.ANALOG 
WDEVICES 

FEATURES 
High Speed at Low Cost 

a-Bits @ }50ns max 
10-Bits @ 1J.Ls max 

Monotonic Over Temperature 
Differential Nonlinearity ±1/4LSB typ 
Parallel and Serial Outputs 
Pin and Function Compatible with 4130,4131 

APPLICATIONS 
High Speed Data Acquisition 
Real Time Waveform Analysis 
Radar Signal Processing 
Analytical Instruments 

GENERAL DESCRIPTION 
The MAH series of high-speed analog-to-digital converters 
represent the latest "state-of-the-art" in high speed succes-
sive approximation technology. They are the fastest and most 
accurate complete converters of their type, featuring internal 
reference, clock, timing, encoding, and control logic functions. 
The MAH series AIDs should be considered in applications 
where completeness of design function, ease of interface, and 
speed are required. These modules make maximum use of the 
latest monolithic and hybrid parts to minimize total parts 
complexity and increase reliability. They are designed to be 
form, fit, and function compatible with the T.P. 4130 and 
4131, with advantages over the latter in overall accuracy with
'out any sacrifice in speed. 

In almost all applications, these AIDs require the use of 
fast sample-and-hold. Depending upon the application, either 
the ADI THC or THS series of ultra-fast sample-and-holds are 
recommended. 

ORDERING INFORMATION 
The 8- and lO-bit versions of the MAH series may be ordered 
with various options according to the chart below. 

MAH-080l 

r=="J 
RESOLUTION 
AND ACCURACY 

MAH-080l = 8 Bits 
MAH-1001 = 10 Bits 

-1 
-r::.-.., 

ANALOG INPUT 
RANGE 

-10to-SVFS 
-20 to -lOV FS 
-3 ±SV FS 
-4 ±10V FS 
-5 ±1.024V FS 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume 0, page 11-19. 

Ultra High Speed 
8- and 10~Bit AjD Converters 

MAH-0801, -1001 I 

MAH-080l, MAH-IOOl FUNCTIONAL BLOCK DIAGRAM 

NOTES: 

POWER 
GROUND 

1. ON MOOEL MAH·0801, PINS 15 AND 18 ARE UNUSED. 

2. ~~t~~E~~~~~~:L~~~UNDS ARE CONNECTED 

'"'1 .... ---------
4.o (101.6)--------_ .. ~1 J. 

lr---
I 
----~0.4 ... 

L. 110.2).-

U 0.02 DIA PINS =-r -r-- . 10.5) . ~ T . 
L-0 2501635) MIN 

36 1 

30 
8 

11 

16 
~ 20 17 

19 

1 
2.0 

J 
BOTTOM VIEW 
WEIGHT: 4 Ol; 114 G 

NOTES: 

--l1 __ 0.112.54)GRID 

SOME MODELS DO NOT USE ALL PIN OUTS. 1111 THESE 
CASES. UNUSED PINS ARE DELETED. 

PINS ARE GOLD PLATED 
DOT ON TOP INDICATES POSITION OF PIN 1 

MATING CONNECTOR: MSA·l 
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SPECIFICATIONS, (typical @ +25°C unless othe~ise noted) 
MODEL 

RESOLUTION FS @ Full Scale 

ACCURACY (Relative to Full Scale) 
Quantization Error 
Nonlinearity 
Differential Nonlinearity 

Missing Codes 
Monotonicity 

TEMPERATURE COEFFICIENTS 
Differential Nonlinearity 
Gain 
Zero Offset (Unipolar) 
Zero Offset (Bipolar) 

INPUT 
Ranges (Full Scale) 

MAH-XXXX-l 
MAH-XXXX-2 
MAH-XXXX-3 
MAH-XXXX-4 
MAH-XXXX-5 

Impedance (Function of Option) 

OVERVOLTAGE 

CONVERSION TIME! 

ENCODE COMMAND 
Logic Levels (1 Standard TTL Load) 
Function 

Duration (Width) 
Rise and Fall Times 
Repetition Rate 

LOGIC OUTPUTS 
Levels TTL (Same as Encode Command) 
Drive Capability 

Parallel Data 

Coding (Unipolar) 
(Bipolar) 

Serial Data 

Coding 

Clock 

POWER REQUIREMENTS 
+14.5V to +15.5V 
-14.5V to -15.5V 
+5V ±5% 

TEMPERATURE RANGE 
Operating 
Storage 

PHYSICAL CHARACTERISTICS 
Case 

NOTE: 

UNITS 

Bits 

±% FS 
LSB 
LSB (max) 
LSB (max) 
LSB (typ) 

±ppm/OC 
±ppm/C 
±I1V tC 
±ppmfC 

v 
V 
V 
V 
V 
nrv 
V 

nsmax 
ns typ 

V 

ns min (max) 
nsmax 
kHz max 

mAmax 
mAmax 
mAmax 

I Total conversion time from leading edge of encode command pulse to 
trailing edge of data ready pulse with 50ns wide encode command. 

• Specifications same as MAH-0801. 
Specifications subject to change without notice. 
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MAH-QSOI MAH-I00l 

8 10 

0.02 
±1/2 
±1/4 ±1I2 
±1I4 ±112 
±1/8 ±1I4 
No Missi~g Codes 0 ~o +70°C 
Monotonic 0 to +70 C 

20 
10 
15 

. 0 to-5 
o to -10 
±5 
±10 
±1.024 
100 

To Twice Peak Input FS Without Damage. 

750 
700 

1000 
950 

"0".= 0 to +0.4, "1" = +2 to +5.5 
Positive-going edge resets converter. 
Trailing edge starts conversion. 
50 (150) • 
20 
1333 1000 

Data and Data Ready-l0 Std TTL Loads, 
Clock-l0 TTL Loads 
8 or 10 lines of data held until start of 
next Encode Command 
CBN 
COB/C2SC 
MSB first, successive pulse output during 
conversion, NRZ. 
Same as parallel output except 2SC not 
available. . -
Pulse train of 9 or 11 internal clock pulses, 
gated on during the conversion period. 

50 
30 
250 

o to +70 
-55 to +85 

Diallyl Phthalate per MIL-M-14 Type SDG-F 



NANALOG 
WDEVICES 

FEATURES 
High Speed at Low Cost 

8 Bits 1,us max 
10 Bits 1.5,us max 
12 Bits 2,us max 

No Missing Codes Over Temperature 
Low Power 
Industry Standard Pin Out 
Parallel and Serial Outputs 

APPLICATIONS 
High Speed Data Acquisition 
Real Time Waveform Analysis 
Radar Signal Processing 
Analytical Instruments 

GENERAL DESCRIPTION 
The MAS series of high speed analog to digital converters 
represent the "state of the art" in application of the succes
sive approximation conversion technique by providing highest 
speed at lowest cost. With monotonicity guaranteed over 
temperature these reliable modules are form, fit and function 
compatible with popular industry standards from Date! and 
Philbrick (for new designs consider the HAS series of hybrid 
converters). 

In most applications these AIDs should be used with a fast 
sample hold such as the THSITHC series. 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 11-23. 

MAS-oSOI, MAS-IOOI OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm) . 

... �----------- 4.0 (101.6) --------~·I ~ 

LI I (1~~) 
U 0.02DIAPINS~' 

C 0250 (6 35) MIN (0.5) 

36 

30 

20 
19 

BOTTOM VIEW 
WEIGHT: 4 oz; 114 G 

1 1 
8 

11 

'116 

2.0 

J 
~ ~0.1 (2.54) GRID 

Ultra High Spe~d 8-,10-, 
and 12-Bit AID Converters 

MAs-oa01, -1001, -1202 I 
MAS-OSOI, MAS-IOOI FUNCTIONAL BLOCK DIAGRAM 

30 
REF OUT 

31 
REF IN 

ANALOG 19 R'N 
INPUT 

32 
OFFSET 

ANALOG 20 
GROUND 

ENCODE 
COMMAND 

+15V -15V +5V POWER 
GROUND 

SERIAL DATA 
OUT 

(MSB) 
BIT 1 

I 
I 
I 
I PARALLEL 

DATA OUT 

I 
I 
I 

BIT 10 
(LSB) 

DATA READY 
OUT 

INTERNAL 
CLOCK OUT 

MAS-1202 FUNCTIONAL BLOCK DIAGRAM 

MAS-1202 

GAIN 
ADJUST 

UNIPOLAR 
ZERO 

ANALOG 
IN 

ANALOG 
GROUND 

SERIAL DATA OUT 

BIT NO, 

MsB 
MSB 1 

I 
I 
I 
I PARALLEL 
I 6 DATA 

I OUT 

I 
I 
I 10 

I 11 

LSB 12 

DATA READY 
OUT 

ENCODE 29 
COMMANDo-:'+----+i 
INPUT 

+15V -15V +5V POWER 
GROUNO 

MAS-1202 OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

101._--------- 4.0 (101.6) ---------... ~I_*_ 

'1;"--1 ------;~0.4 
. . (10.2) 

LwU---------------O-.0-2-D-IA-P-)N-S-(0-.5-)--~~ 

Lo 25 (6.35) MIN 

11 

18 

--II-- 0.1 (2.54) GRID 

1 
2.0 

(50.8) 

J 
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SPECIFICATIONS 
Model 

RESOLUTION FS = Full Scale 

ACCURACY (Relative to Full Scale) 
Quantization Error 
Nonlinearity 
Differential Nonlinearity 

Missing Codes 

TEMPERATURE COEFFICIENTS 
Differential Nonlinearity 
Gain 
Gain (Option-P) 
Zero Offset (Unipolar) 
Zero Offset (Bipolar) 
Zero Offset (Option-P) 

INPUT 
Ranges (Full Scale) 

MAS-XXXX-I 
MAS-XXXX-2 
MAS-XXXX-3 
MAS-XXXX4 
MAS-XXXX-S 

Impedance (Function of Option) 

OVERVOLTAGE 

CONVERSION TIME I 

ENCODE COMMAND 
Logic Levels (1 Standard TTL Load) 
Function 

Duration (Width) 
Rise and Fall Times 
Repetition Rate 

LOGIC OUTPUTS 
Levels TTL (Same as Encode Command) 
Drive Capability 

Parallel Data 

Coding (Unipolar) 
(Bipolar) 

Serial Data 

Coding 

Clock 

POWER REQUIREMENTS 
+14.SV to +IS.SV 
-14.SV to -IS.SV 
+SV tS% 

, TEMPERATURE RANGE 
Operating 
Storage 

PHYSICAL CHARACTERIS:nCS 
Case 

NOTE: 

(typical @+25°C unless otherwise noted) 

Units 

Bits 

t%FS 
LSB 
LSB (max) 
LSB (max) 

MAS-oS01 

S 

0.2 
t1l2 
t1l2 
t1l2 

MAS-1001 

10 

O.OS 

No Missing Codes 0 to +70
o
C 

MAS-1202 

12 

0.012 

tppmtc 
tppm/oC 20 
tppm/oC S 

30 
NA 
100 tllV/oC 10 

tppm/oC IS 
tppm/oC S NA 

Options MAS-oSOI and MAS-IOOI ONLY STANDARD 
o to +IOltS 
NA 

V 0 to -S • 
V 0 to -10 
V ts NA 
V t10 NA 
V t1.024 NA 

nN 100 llSOn 

V 

Ilsmax 
Ils typ 

V 

nsmin 
nsmax 
kHz max 

mA 
mA 
mA 

To Twice Peak Input F.S Without Damage. 

O.S 
1.5 
1.3 

2 
I.S 

"0" = 0 to +0.4, "I" = +2 to +S.S 
Positive-going edge resets converter, 
Trailing edge starts conversion for 8-
and 10-bit versions. 
SO 100 
20 
1000 666 SOO 

Data and Data Ready - 4 Std TTL Loads, 
Clock - 6TTL Loads 
8, 10 or 12 lines of data held until next 
Encode Command 
CBN 
COB/2SC 

BIN 
OBN/2SC 

MSB first, successive pulse output during 
conversion, NRZ. 
Same as parallel output except 2SC not 
available. 

Pulse train of 9, 11 or 13 internal clock 
pulses, gated on during the conversion 
period. ' 

70 
30 
ISO 

o to +70 
-SS to +8S 

80 
20 

Diallyl Phthalate per MIL-M-f4 Type SDC-F 

1 Total conversion time from leading edge of encode command pulse to 
trailing edge of data ready pulse with SOns wide encode command. 

Specifications same as MAS'{)801. 

Specifications subject to change without notice. 
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r.ANALOG 
WDEVICES 

FEATURES 
8-Bit Accuracy - Guaranteed Monotonic 
Ultra-High Speed - dc to 20M Hz Word Rates 
Most Economical Video AID 
Smallest Available Complete AID - 5.5" X 4.38" X 0.85" 
Self Contained - Includes Input Buffer, Encoder, Reference, 

Timing, and Buffered Parallel Output 

APPLICATIONS 
Digitize Color Television at Up to Three or Four Times 

NTSC or PAL Color Subcarrier Frequencies 
Video Time Base Correction and Frame Synchronization 
Radar Signal Processing 
Real Time Transient and Continuous Spectrum Analysis 

GENERAL DESCRIPTION 
The Analog Devices' MATV series of AID converters represent 
a major breakthrough in high-speed AID technology. Providing 
conversion word rates from dc to 11MHz, i6MHz and 20MHz 
the MATV-0811, MATV-0816 and MATV-0820 are the lowest 
cost AID converters in their performance class. As complete 
devices, they require only the addition of external power to 
accomplish precision video AID conversion. 

The use of internal hybrid microcircuit construction allows 
these modular AID's to occupy a volume of only 21 cubic 
inches-about liS the volume of available comparable devices. 
They are housed in metal cases which not only shield the cir
cuits from external RF interference, but aid in efficient heat 
dissipation. A choice of analog input voltages is available, in
cluding the industry standard 0 to + 1 V at 7Sn. The encode 
command input, data ready output, and the digital bit outputs 
are all TTL compatible. Designed to operate from either ±12V 
or ±lSV analog and +SV digital supplies (MATV-0811 and 
MATV-0816 also require -S.2V), the MATV series dissipate 
less than 8 watts. Their weight is < 10 ounces due to enclosure 
rather than encapsulation. This technique facilitates rapid, 
inexpensive factory repair and aids in reliable printed circuit 
board mounting by the customer without extensive mechan
ical constraints or system engineering. 

Relative dc accuracy is 0.2% of full scale ±1I2LSB when oper
ating over the frequency range of dc to 20MHz. The MA TV 
series is designed to digitize color television signals at rates 
up to 20MHz and is also ideally suited for other analog to 
digital conversion requirements, such as radar signal processing, 
laser pulse analysis, transient analysis, and medical electronics 
applications 'where real-time analysis and display of large quan
tities of information are required. 

This two1'age data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 11-27. 

8-Bit Video 
Analog-to~Digital Converter 

MATV-0811, -0816, -0820 I 
MATV-08U, MATY-0816 FUNCTIONAL BLOCK DIAGRAM 

ANALOG 
INPUT 

ANALOG 
GROUND 

BIT 1lMSBI BIT 6 
ADJUST ADJUST 

81T8 
IlSBI 

I 
I 
I 
I 
I 

UNIPOLAR 
BIPOLAR 
INPUT 
RANGE 
SELECT 

I 
I 

PARALLEL 
QATAOUT 

~NCOOE 

COMMAND 
INPUT 

ENCODE 
GROUND 

I 
I 
I 
I 

14 1~~81) 

L _____ )--------==--=--j.'..!.....o ~~~~y 

.POWER POWER .5\1 52V POWER lOuie 
INPUT INPUT INPUT INPUT GROUND GROUND 

MATy-0820 FUNCTIONAL BLOCK DIAGRAM 

POWER LOGIC 
GROUND GROUND 

RA AND Re ARE OETERMINED BY THE ANALOG INPUT IMPEDANCE 
AND ENCODE COMMAND INPUT IMPEDANCE, RESPECTIVELY. 

BIT'] 
(MSB) 

i. DIGITAL 
I OUTPUTS 

I 

! 
BITS 
(LSB) 

ORDERING INFORMA nON 
Each MATY series AID converter will be calibrated at ±lSV 
as a standard. Order by model number either MATV-0811, 
MATY-0816 or MATV-0820. 

Optional Versions 
The MAT V series AID's are available with a variety of options, 
including analog input range and impedance, encode command 
input impedance, encode word rate, power supply voltage cali
bration, etc. Any option other than what is shown on the data 
sheet will have longer delivery, since each non-standard device 
is built on a per order ba~is. 

A complete listing of optional designators is available from ! 

either the factory or your local Analog Devices' sales office. 
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SPECIFICATIONS (typical @ +25°C and nominal power supply voltages unless othe"Vise not~d) 

MODEL 

RESOLUTION (FS = Full Scale) 
LSB Weight 

ACCURACY (relative) at de 

Monotonicitv 
Differential Nonlinearity vs Temperature 
Linearity and Gain \'S Temperature 

UNITS 

Bits/% FS 
% FS 

typ 

% FS/oC 
% FStC 

Mllz 

MATV-oSII MATV-oS16 MATV-oS20 

8/0.4 
0.4 

±O.15% ±II2LSB .' 
±O.2% ±1/2LSB .' 
GUARANTEED 
0.01 0.005 
0.02 0.01 

11 IS 20 
DYNAMIC CHARACTERISTICS 

AC Linearity @ Encode Rate1 

Analog Input Frequency 
DC to 3.6Mllz Spurious Signals are 

3.6Mllz to S,SMllz 
Conversion Rate (Encode Word Rate) 
Conversion Time3 

Aperture UncertaintY (J itter) 
Aperture Time' 
Signal to Noise Ratio 

(rms signal to rms noise) 
(peak signal to rms noise) 

Noise Power Rati04 

Transient Responses 
Ovcrvoltage Recovery Time6 

Differential Gain 1 

Differential Phase 
Bandwidth 

Small Signal 3dB 
Large Signal 3dB 

Flat ±O.ldB, dc through 

INPUT8 

Voltage Range 
Unipolar (Pin 5 Grounded) 
Bipolar (Pin 5 open) 

Impedance (Terminated to Ground) 

ENCODE COMMAND INPUTs 
Logic Levels, TTL Compatible 

Impedance (terminated to ground) 
Rise and Fall Times (10% to 90%) max 
Duration/Width 50% points (see timing diagram) 

Frequency (random or periodic) 

DIGITAL DATA OUTPUT! 
Format 
Logic Levels, TTL 
Drive Capability (not short circuit protected) 
Time Skew 
Coding 

DATA READY OUTPUT 
Format9 

Logic Levels, TTL 
Drive Capability 
Width 

POWER REQUIREMENTS'o 
MATV-08l!, MATV-0816IMATV-0820 

+ISV ±2%/+l1.8V to +IS.5V 
-ISV ±2%/-l1.8V to -IS.SV 
+SV ±S%/+5V +5% 
-S.2V ±S% 

TEMPERATURE RANGE 
Operating (case) 
Storage 

'Same as MATV-{J811. 

NOTES, 

>dB below FS 

Mllz max 
ns 
psmax 

dB min 
dB min 
dB min 
ns 
ns 
% 
Degrees 

Mllz 
MHz 
Mllz 

V 
V 
n 

n 

nsmin 

dc to Mllz 

TTL Loads 
ns max 

ns 

rnA max 
rnA max 
rnA max 
rnA max 

°c 
°c 

I Applies to a customer specified operating frcqu(,,·n(:y. t 10%. Outside this range. an:uncy may 
degrade to '0.3%, 1f2LSB. 

:a At. linearity expressed in terms of spurious in-band signals generated at specified encode rates. 
3 Pipeline delay nOI related to encode rate. 
• DC 10 SMHz while noise BW wilh slol frequency al 500kHz. 
• Time 10 achieve 8-bil (0.2%) accuracy after F.S. slep input. 
• For signals not exceedmg 10% overvoltage. the AID will reCOver to K·bit accuracy within 60ns 

after the signal returns to the specified tange. Overvoltage inputs greater than 150% of F .S. 
may damage input drcuits and should be avoided. 

7 At maximum encode rate, 20 IRE unit subcarrit:r. not including quantization effects. 
·Consult factory for other voltagc, impedance and logil' level option!>. 
• The leading edge of Ihe dala ready pulse occurs approximalely IOns before OUIPUI data 

changcs. Thc trailing edge is rec.:ommendcd for !tItrobing data into external drl'uits. . 
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50 
45 
11 16' 
150±20 120±20 
±30 
3 

48 
58 
37 
50 
60 
3 

20 
IS 
5.5 

Otol 
to.5 
75 

"0" = 0 to +0.4V 
"I" = +2.4V to +SV • 
75 ±5% 
10 
10 
50% duty cycle 40 
11 16 

Eight Parallel Bits NRZ 
(Same as Encode Command) 

10 Std 10 Schottky 

20 
35 ±IO + I/Encode Rate 

12 

20 

20 

IS 10 10 
Straight Binary (BlN) 

RZ 
(Same as Encode Command) 

10 Std 10 Schottky 
40+10 3S±S 2S±S 

210 
ISO 
450 
280 

o to +70 
-55 to +85 

540 

70 
400 
200 
N/A 

• For MATV-{J811, the leading edge of the Oala Ready pulse occurs approximately ISns before 
output data changes. The trailing edge is recommended for strobing data into external circuits. 

For MATV-{J816, the leading edge of the Data Ready pulse occurs approximately IOns before 
output data changes. The trailing cdge is recommended for strobing data into external circuits. 

For MATV-{J820, the leading edge of the Oala Ready pulse occurs approximately simultaneously 
with output data changes. The trailing edge is recommended for strobing data into external 
cir~its. This provides a minimum of 20ns set-up time for external registers. 

IOThc f\/D's arc (."alibrated at the factory at either! 12V or ! 15V as a no-cost option. OthC'r 
operating voltages within this range m~y be specified by the user at slight additional cost. 

Specifications subjC'ct to change without noticc-. 
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WDEVICES 

FEATURES 
10 Bits @ 5MHz Word Rate 
One-27 Sq. I n. PC Board 
Built-In Track-and-Hold - 25ps Aperture Uncertainty 
20MHz Analog Input Bandwidth 
TTL Compatible 
Low (10-Watt) Power Dissipation 
Signal-To-Noise Ratio Greater Than 58dB 
Noise Power Ratio Greater Than 49dB 
Completely Repairable 

APPLICATIONS 
Radar Digitizing 
Digital Communications 
Real Time Spectrum Analysis 
High Resolution TV 

GENERAL DESCRIPTION 
Analog Devices' model MOD-lOOS is a very high-speed AID 
converter capable of digitizing video input signals to lO-bit 
accuracy at random or periodic word rates of dc through 
SMHz. The MOD-lOOS is truly a breakthrough in high-speed 
AID technology. It is the most cost effective AID in this speed 
category, combining small size and low power dissipation with 
low cost. 

The MOD-lOOS is constructed on a single printed circuit card 
which is intended for mounting on a system mother-board, and 
occupies only 27 square inches. Within this AID is the required 
sampleltrack and hold amplifier, encoder, timing circuits and 
output latches for a true simultaneous, all-parallel digital outc 
put. 

The encode command input and digital outputs are TTL com
patible. The AID requires only an external encode command 
pulse and external power supplies for operation. NO external 
parts are required. Gain and offset potentiometers are provided 
on the card. The AID is fully repairable either at the factory or 
in the field. 

The MOD-lOOS is ideally suited for systems requiring the ul
timate in conversion speed and accuracy. Such applications 
include radar digitizing, digital communications, spectrum 
analysis, and many others. Each MOD-lOOS is backed by 
Analog Devices' limited one year warranty. 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume D, page 11-31. 

10-Bit Video 
Analog to Digital Converter 

MOD·l005 I 

5.43 
1131.91 

MOD-lOOS FUNCTIONAL BLOCK DIAGRAM 

OUTLINE DIMENSIONS 
Dimensions sh<;>wn in inches (mm). 
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BOTTOM VIEW 
WEIGHT: 5 DZ; 142 G 
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ORDERING INFORMATION 
Order model number MOD-lOOS AID converter. Mating 
pin sockets for the MOD-lOOS are model number MSB-2 
(31 required per AID). 
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SPECIFICATIONS (typical @+25°C with nominal power supplies unless otherwise noted)' 

MODEL 

RESOLUTION (FS ;: FULL SCALE) 

LSB WEIGHT 

ACCURACY (INCLUDING LINEARITY) @ DC' 
Monotonicity 
Differential Nonlinearity vs. Temperature 
Gain vs. Temperature 

DYNAMIC CHARACTERISTICS 
AC Linearity I 
Conversion Time 
Conversion Rate (Word Rate) 
Aperture Uncertainty (J itter) 
Aperture Time 
Signal to Noise Ratio (rms signal to rms noise) 
Noise Power Rati02 

Transient Response (Full Scale Step Input) 
Overvoltage Recovery Time 

Recovers to 10-bit accuracy after 
Z X FS input overvoltagc in 

Input Bandwidth (small signal, 3dB) 
Input Bandwidth (large signal, 3dB) 

INPUT 
Vol tage Range 

Impedance 
Offset Voltage 
Offset vs. Temperature 
Bias Current 

ENCODE COMMAND INPUT 
Logic Levels, TTL Compatible 

Logic Loading 
Rise and Fall Times 
Duration MinIMax 
Frequency (Random or Periodic) 
Sample Delay 

DIGITAL DATA OUTPUT 
Format 
Logic Levels, TTL Compatible 

Drive (Not Short Circuit Protected) 

Time Skew 
Coding 
Conversion Time 

POWER REQUIREMENTS 
+15V ±50/0 
-15V ±50/0 
-6V ±4% 
+5V ±5% 
-5V ±5% 
Power Consumption 

TEMPERATURE RANGE 
Operating' 
Storage 
Cooling Requirements 

PHYSICAL CHARACTERISTICS 
Construction 

NOTES: 

MOD-1005 

10 Bits (0.1 % FS) 

4mV 

±0.05% Full Scale ±l/ZLSB 
Guaranteed 
0.0005% of FS/C 
0.01% of FS/oC 

Spurious Signals >59dB below FS 
See Text 
dc to 5MHz 
±Z5ps max 
45ns (±10ns from unit to unit) 
58dB min at 500kHz analog input 
49dB min 
lO-Bit (0.05%) Accuracy within SOns 

ZOOns 
ZOMHz min 
15MHz min flat within ±O.ldB, 
dc through 5MHz 

±Z.048V FS 
±4V Absolute max 
SOn 
Adjus't to 0 with On Board Potentiometer, 
0.01 % Full Scale/oC 
InA max 

"0" = 0 to +0.4V 
"I" = +Z.4V to +5V 
Z Standard TTL Gates 
IOns max 
ZOns/60% of Duty Cycle 
dc to 5MHz 
45ns (unit to unit tolerance is ±lOns) 

10 Parallel Bits, NRZ 
"0" = 0 to +0.4V 
"I" = +Z.4V to +5V 
Up to 1 Schottky TTL or 
Z Standard TTL Loads 
IOns max 
Z's Complement (ZSC) 
See Text on the Next Page 

typ/max 
150/170mA 
150/170mA 
300/350mA 
350/400mA 
5001550mA 
10 Watts 

o to +70
o

C 
-55°C to +85°C 
100 Linear Feet Per Min (LFPM) 

Single Printed Circuit Card 

I AC linearity expressed in terms of spurious in-band signals generated as specified encode rates, 
with dc to 2.SMHz analog input. 

2 DC to 2.4MHz white noise BW with Slot frequency of 512kHz. 

Specifications subject to change without notice. 
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FEATURES 
10-Bits @ 20MHz Word Rates 
One 35 Sq. In. PC Board 
Built-In Track-and-Hold - 25ps Aperture 
15MHz large-Signal Input Bandwidth 
ECl Compatible 
Signal-to-Noise Ratio Greater Than 56dB 
Noise Power Ratio Greater Than 45dB 

APPLICATIONS 
Television Digitizing 
Radar Digitizing 
Medical Instrumentation 
Digital Communications 
Spectrum Analysis 
Sonar Digitizing 

GENERAL DESCRIPTION 
The Analog Devices' model MOD-1020 is an ultra-high-speed 
AID converter capable of digitizing video input signals to 10-
bit accuracy at word rates through 20MHz.,The MOD-1020 is 
another in the series of state-of-the-art AID converters from 
Analog Devices that employs the unique digital correcting 
subranging (DCS) conversion technique to virtually eliminate 
errors normally associated with subranging type AID convert
ers. No other AID converter commercially available offers the 
user the speed and accuracy attainable with the MOD-1020. 

The MOD-l020 is constructed on a single printed circuit card 
which is intended for mounting on a system mother board and 
occupies only 35 square inches. The AID is complete with inter
nal track-and-hold, encoder, timing circuitry, references, and 
latched output. It produces a true all-parallel digital output. 

The encode command input, digital outputs, and data ready 
output are balanced ECL compatible. The AID requires only 
an external encode command input pulse and external power 
supplies for operation. The analog input impedance is at least 
soon, so that the user can easily terminate the AID with lower 
impedances in his system. Gain and offset potentiometers are 
provided on the card so that the AID can be operated in either 
the unipolar or bipolar modes. The AID is fully repairable. 

The MOD-1020 is ideally suited for systems requiring the 
ultimate in conversion speed and accuracy. Such applications 
include radar digitizing, digital communications (baseband 
digitizing), composite color television digitizing, spectrum ana
lysis, medical instrumentation, and many others. Each MOD-
1020 is backed by Analog Devices' limited one-year warranty. 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 11-35. 

10-Bit Video 
Analog to Digital Converter 

MOD·l020 \ 
MOD-l020 FUNCTIONAL BLOCK DIAGRAM 

ORDERING INFORMATION 
IMPORTANT-THE ENCODE RATE OF THE MOD-1020 
MUST BE SPECIFIED BY THE CUSTOMER AS SHOWN 
BELOW: 
ORDER MODEL NUMBER: MOD-10ZO- "XXX", where 
"XXX" is-to be specified by the customer. "XXX" represents 
the encode word rate in MHz with the decimal place assumed 
to be (but not shown) between the second and third places. 
Full 10-bit accuracy will be maintained within ±12% of this 
specified frequency, up to a maximum o'f 2lMHz. Forexample, 
a device specified as MOD-l020-200 is for operation at 
20.0MHz and will maintain accuracy from l7.6MHz to 2lMHz. 

For encode rates of lOMHz or less, the MOD-l020 will main
tain full accuracy from dc to lOMHz. For encode frequencies 
of lOMHz or less, order MOD-1020-l00. 

Mating sockets for the MOD-1020 are model number 
MSB-2 (36 required per AID). 
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SPECIFICATIONS (typical @+25°Cwith nominal power supplies unless otherwise noted) 

MOPF! 

RESOLUTION (FS = FULL SCALE) 

LSB WEIGHT 

ACCURACY (INCLUDING LINEARITY) ~ DC 
Monotonicity 
Nonlinearity vs. Trmperaturc 
Gain vs. Temperature 

DYNAMIC CHARACTERISTICS 
AC Linearity' (de to IMHz) 

(lMBz to sMBz) 
(sMBz to IOMllz) 

Conversion Time 
Conversion Ratc::'2 
Aperture Uncertainty (Jitter) 
Aperture Time (Del;y) 
Signal to Noise Ratio' 
Signal to Noise Ratio4 

Noise Power RatioS 
Transient Response6 

Overvoltage Recovery 7 

Input Bandwidth (small signal, 3dB)8 
Input Bandwidth (large signal, 3dB)' 
Two-Tone Linearity (@ Input Frequency); 

60kHz; 62kHz 
4.998MHz; s.OOOMHz 
9.996MHz; 9.998MHz 

Differential Gain' 0 

Differential Phase'o 

ANALOG INPUT 
Voltage Range 

Impedance 

Offset 
Offset vs. Temperature 

ENCODE COMMAND INPUT 
Logic Levels, ECL Compatible 
(Balanced Input) 
Impedance 
Rise and Fall Times 
Duration (minimax) 
Frequency 

DIGITAL OUTPUT DATA 
Fonnat 
Logic Levels, ECL Compatible 
(Balanced Outputs) 
Drive: 
Time Skew 
Coding 

DATA READY OUTPUT 
Logic Level, ECL Compatible 
(Balanced Output) 
Rise and Fall Times 
Duration 
Conversion Time: 

POWER REQUIREMENTS 
+lsV ±S% 
-lsV ±s% 
+SV ±S% 
-S.ZV ±S% 
Power Consumption 

TEMPERATURE RANGE 
Operating 
Storage 
Cooling Requirements 

PHYSICAL CHARACTERISTICS 
Construction 

MOD-I020 

10 Bits (0.1% FS) 

ImV or 2mV Depending on Analog Input Range 

±O.Os% Full Scale ±1!2LSB 
Guaranteed 0 to +70 C 
0.0005% of FSt"C 
0.015% of FS/oC 

Spurious Signals ;;>60dB below FS 
Spurious Signals ;;>sSdB below FS 
Spurious Signals ;;>sOdB below FS 
See Text and Timing Diagram 
de to 20MHz (See Note and Ordering Information) 
±2Sps max 
sns (±2ns unit-to-unit tolerance) 
S6dB min 
6SdB min 
4sdB min, 47dB typ 
SOns 
SOns 
30MHz 
ISMHz; Flat within 1l.2dB, de to 10MBz 

In-Band Spurious Signals ;;>60dB below FS 
In-Band Spurious Signals;;'s SdB below FS 
In·Band Spurious Signals ;;'SOdB below FS 
1% owith 20 IRE UnitReference 
0.5 w,th 20 IRE Untt Reference 

IV pop or 2V pop, Depending on Hook-Up 
Either Unipolar or Bipolar 
±4V Absolute max Input 
1000n (2V Input Range) 
SOOn (IV Input Range) 
Adjustable to Zero with On-Card Potentiometer (R4) 
O.OI%/oC 

"0" = -,1.7V 
"1"=-O.9V 
lOOn Line-to-Line 
5ns max 
10ns170% of Duty Cycle 
Specified by Customer, dc to 20MHz (See Ordering Information) 

10 Parallel Bits, NRZ 
"0" = -1.7V 
"I" = -0.9V 
7sn to lOOn, Line-to-Line 
Sns max 
Binary (BIN); 2's Complement (2SC) 

"0" = -1.7V 
"I" = -O.9V 
5ns max 
2sns±3ns 
Output data is valid two clock perios plus 18S 
±20ns after the application of an initial Encode 
Command pulse-assuming that two pulses occur after 
the first. Use of the trailing edge of the Data Ready 
pulses are required to shift the data to the output. 
For example, with a 20MHz encode rate, data is ~alid 
28S ±2Ons after the application of the first Encode 
Command pulse-assuming that two pulses occur aft .. 
the first. Use of the trailing edge of the Data Ready 
pulse is recommended for strobing output data into 
external registers. 

200mA 
200mA 
100m A 
2.7A 
21 Watts 

o to +70
o
C 

-SSoC to +8SoC 
SOO Linear Feet pet Minute (LFPM) 

Single Printed Circuit Card 

NOTES: "For full-scale stcp input, attains lo.bit accuracy in tUnc specified. 
I AC linearity expressed in terms of spurious in-band signals g~nerated at 20MHz 'With analog input signal 40dB below FS. 
encod~ rate at the analog frequencies ( ) shown. 'With FS analog input. 

S To be sp~cified by the customer. Sec text and ordering information. 10 Applies to devices optimind (or vid~o applications. Di(fer~ntial gain and 
J RMS signal to nns noise ratio with 500kHz analog input. phase arc measured and optimized (or AOC', which have the followint 
.. Peak-to-peak signal to rms noise ratio with 500kHz analog input. encode rate optional designators (sec OrdeTing Information); "101" (3 X 
'oc to 8.2MH, white noise bandwid'h wi,h ,10' frequency of 3.886MHz and NTSC ,ubearner); "133" (3 X PAL); "143" (4 X NTSC), "177" (4 X PAL). 

an encode rate of 20MHz. 
'Recovers to Io-bit accuracy after 2 X FS input overvoltage in time specified. Specifications subject to change without notice. 
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WDEVICES 

FEATURES 
12 Bits @ 5MHz Word Rate 
One·27 Sq. In. PC Board 
Built·ln Track·and·Hold - 25ps Aperture Uncertainty 
15MHz Analog Input Bandwidth 
TTL Compatible 
Low (13·Watt) Power Dissipation 
Signal·to·Noise Ratio Greater Than 66dB 
Noise Power Ratio Greater Than 56dB 
Completely Repairable 

APPLICATIONS 
Radar Digitizing 
Digital Communications 
Real Time Spectrum Analysis 
Signature Analysis 

TERMINATION 

ANALOG 
INPUT 

ANALOG 
GROUNO 

ENCODE 
COMMAND 1 
INPUT 

ENCODE 
COMMAND 
GROUND 

12-Bit Video 
Analog to Digital Converter 

MOD-1205 I 

MOD-120S FUNCTIONAL BLOCK DIAGRAM 

5 BITS 

+15V -15V +5V -6V 

iiiTf 
BIT 1 
MSB 

I 
I'" 
15 
I~ 
15 
l;i 
I~ 
1S1 
1° 
I 

BIT 12 
LSB 

NOTE: WITH PIN 30 OPEN. ANALOG INPUT IMPEDANCE IS 400n. WITH PIN 30 
GROUNDED. ANALOG IMPEDANCE IS son. 

GENERAL DESCRIPTION III 
Analog Devices' model MOD-120S is a very high-speed AID 
converter capable of digitizing video input signals to 12·bit 
accuracy at random or periodic word rates of dc through 
SMHz. The MOD-120S is truly a breakthrough in high·speed 
AID technology. It utilizes the latest state·of-the-art conver-
sion technique called digital correcting subranging (DCS) to 
effectively eliminate errors normally associated with sub
ranging type ADCs. It is the most cost effective AID in this 
speed category, combining small size and low power dissipation 
with low cost. 

The MOD-120S is constructed on a single printed circuit card 
which is intended for mounting on a system mother board and 
occupies only 27 square inches. Within this AID is the required 
sample/track-and-hold amplifier, encoder, timing circuits and 
output latches for a true simultaneous, all-parallel digital output. 

The encode command input and digital outputs are TTL com' 
patible. The AID requires only an external encode command 
pulse and external power supplies for operation. NO external 
parts are required. Gain and offset potentiometers are pro
vided on the card. The AID is fully repairable either at the 
factory or in the field. 

The MOD·120S is ideally suited for systems requiring the ul· 
timate in conversion speed and accuracy. Such applications 
include radar digitizing, digital communications, spectrum 
analysis, and many others. Each MOD-120S is backed by 
Analog Devices'limited one year warranty. 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application, Additional infor
mation on this product can be found in Volume II, page 11-39. 

PIN FUNCTION PIN FUNCTION 

1 ENCODE COMMAND 17 BIT 9 

2 GND' 18 BIT 10 

3 +5V 19 BIT 11 

4 GND' 20 BIT 12 (LSB) 

5 GND' 21 +15V 

6 -6V 22 -15V 

7 -6V 23 GND' 

8 BiTI 24 GND' 

9 BIT 1IMSB) 25 GND' 

10 BIT 2 26 +5V 

11 BIT3 27 -6V 

12 BIT 4 28 GND' 

13 BIT 5 29 GND' 

14 BIT 6 30 TERMINATION 

15 BIT 7 31 GND' 

16 BIT8 32 ANALOG INPUT 

'ALL GROUND PINS ARE CONNECTED TOGETHER 
WITHIN THE MOD·1205 

Pin Designations 

ORDERING INFORMATION 
Order model number MOD-120S AID converter. Mating pin 
sockets for the MOD-120S are model number MSB·2 (32 
required per AID). 
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SPECIFICATIONS (typical @ +25°C with nominal power supplies unless otherwise noted) 

MODEL 

RESOLUTION (FS = FULL SCALE) 

LSB WEIGHT 

ACCURACY (INCLUDING LINEARITY) ® DC 
Monotonicity 
Nonlinearity vs. Temperature 
Gain vs. Temperature 

DYNAMIC CHARACTERISTICS 
AC Linearityl (dc to 1MHz) 

(1MHz to 2.SMHz) 
Conversion Time 
Conversion Rate (Word Rate) 
Apetture Uncertainty (Jitter) 
Apetture Time 
Signal to Noise Ratio1 

Noise Power Ratio3 

Transient Response4 

Overvoltage Recovery Times 
Input Bandwidth (small signal, 3dB) 
Input Bandwidth (large signal, 3dB) 

ANALOG INPUT 
Voltage Range 

Impedance 
Offset Voltage 
Offset vs. Temperature 
Bias Current 

ENCODE COMMAND INPUT 
Logic Levels, TTL Compatible 

Logic Loading 
Rise and Fall Times 
Duration minImax 
Frequency (Random or Periodic) 

DIGITAL DATA OUTPUT 
Format 
Logic Levels, TTL Compatible 

Drive (Not Short Circuit Protected) 

Time Skew 
Coding 
Conversion Time 

POWER REQUIREMENTS 
+lSV ±5% 
-1SV ±S% 
-6V±4% 
+SV ±S% 
Power Consumption 

TEMPERATURE RANGE 
Operating 
Storage 
Cooling Requirements 

PHYSICAL CHARACTERISTICS 
Construction 

NOTES: 

MOD-120S 
12 Bits (0.024% FS) 

1mV 

±0.012S% Full Scale ±lI2LSB 
Guaranteed (0 to +70°C) 
O.OOOS% of FS/oC, max 
0.002% of FS/oC, typ; O.OOS% of FS/oC, max 

Spurious Signals >70dB belo'w FS, max 
Spurious Signals >6SdB below FS, max; >68dB, typ 
See Text and Timing Diagram in Volume II 
dc to SMHz 
±2Sps max 
30ns (±10ns from unit to unit) 
66dB min; 68dB, typ 
S6dB min, S8dB typ 
12-Bit (0.012S%) Accuracy within 200ns 
200ns 
lSMHz min 
10MHz min; flat within ±O.ldB, dc through SMHz 

±2.048V FS 
±4V Absolute max 
400n with pin 30 open, SOn with pin 30 grounded 
Adjust to 0 with On Board Potentiometer 
0.002% FS/oC, typ; O.OOS% of FS/C, max 
InA max 

"0" = 0 to +0.4V' 
"1" = +2.4V to +SV 
2 Standard TTL Gates 
IOns max 
2SnsISO% of Duty Cycle 
dc to SMHz 

12 Parallel Bits, NRZ 
"0" = 0 to +0.4V 
"I" = +2.4V to +SV 
Up to 1 Schottky TTL or 
2 Standard TTL Loads 
IOns max 
Offset Binary (OBN) or 2's complement (2SC) 
See Text in Volume II 

200mA 
lS0mA 
700mA 
800mA 
13 Watts 

o to +70
o
C 

-SSoC to +8SoC 
SOO Linear Feet Per Min (LFPM) ® +70°C 

Single Printed Circuit Card 

J AC linearity expressed in terms of spurious in-band signals generated at specified encode 
rates at analog input frequencies ( ). 

2 rms signal to rms noise at 500kHz analog input. 
'dc to 2.4MHz white noise bandwidth with slot frequency of 512kHz. 
4 For full-scale step input, attains 12-bit accuracy in time specified. 
S Recovers to 12-bit accuracy after 2 X FS input overvoltage in time specified. 
Specifications subject to change without notice. 
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Frequency-to-Voltage Converters 
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Selection Guide 
Voltage-ta-Frequency & 

Frequency-to-Voltage Converters 
In this Selection Guide, V IF and F IV Converters are listed in separate tables, in order of increasing maximum 
frequency range. Co~plete descriptions, specifications, and applications information can be found in the data 
sheets. General information regarding VFCs and FVCs can be found in the following pages. Specifications are 
typical at rated supply voltage and load, and TA = +25°C, except where noted. 

VOLTAGE-TO-FREQUENCY CONVERTERS 

Max F.S. 
Frequency Model Brief Description 

10kHz 450 0.005% max nonlinearity, 
max tempcos: offset - 20J.l.V/OCj gain - 25ppmtC 

10kHz 456 0.02% max nonlinearity, 
'max tempcos: offset - lOOIlV/OCjgain - 80ppmtC 

20kHz 454 0.005% max nonlinearity, 
max tempcos: offset - 20llVtCj gain -:- 25ppm/C 

100kHz AD537 0.07% max nonlinearity, low power, 
max tempcos: offset - 11lV t C (K); gain - 5 Oppm/o C (K) 

100kHz 458 0.01% nonlinearity, 
max tempcos: offset - 30llV/OCjgain - 5ppmtC 

500kHz ADVFC32 ±O.O 1 % of max nonlinearity, 
max tempcos: offset - 3 0IlV t C; gain - 1 OOppm/o C 

1MHz 460 0.015% nonlinearity, 
max tempcos: offset - 301lV/oC; gain - 15ppm/oC, 

1MHz AD650 ±0.01% max nonlinearity, 
max tempcos: offset -lOIlV/OCjgain -100ppmfC 

FREQUENCY-TO-VOLTAGE CONVERTERS 

Max F.S. 
Frequency Model Brief Description 

100Hz-20kHz 451 0.008% max nonlinearity, 30ms to full scale, 
Adjustable max gain tempco - 50ppmfC 
1kHz-200kHz 453 0.008% max nonlinearity, 4ms to full scale, 
Adjustable max gain tempco - 50ppm/C 
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Orientation 
Voltage-to-Frequency & 
Frequency-to-Voltage Converters 
VOLTAGE-TO-FREQUENCY CONVERTERS 

Voltage-to-frequency converters (VFC's) convert analog volt
age or current levels to pulse trains or square waves in a logic
compatible form (usually TTL) at frequencies that are accu
rately proportional to the analog quantity. The output contin
uously tracks the input signal, responding directly to changes 
in the input signal; external-clock synchronization is not re
quired. V/f converters find applications in analog-to-digital 
converters with high resolution, long-term high-precision inte
grators, two-wire high-noise-immunity digital transmission, and 
digital voltmeters. 

FREQUENCY-TO-VOLTAGE CONVERTERS 

Frequency-to-voltage converters (FVC's) perform the inverse 
operation; they accept a wide variety of periodic waveforms 
and produce an analog output proportional to frequency. 
Combining adjustable threshold, gain, and output offset with 
low linearity-error, F/V converters offer economical solutions 
to a wide variety of applications where it is required to convert 
frequency to an analog voltage. Examples are motor-speed con
trollers, power-line frequency monitors, and VCO stabiliza
tion circuits. In analog-to-analog data transmission, they con
vert serially transmitted data in the form of pulse streams back 
to analog voltage. 
Applications of both forms of conversion, as appropriate to 
specific device types, are illustrated with varying degrees of 
detail on the individual data sheets. 

FACTORS IN CHOOSING VFC's AND FVC's 

Voltage-to-frequency converters are available from Analog 
Devices in both pulse train and square wave outputs. The 
output of the change balance types, operate up to 1MHz F.S., 
is a train of pulses of constant height and width, with very 
low duty cycle for small analog inputs. The output of the 
AD537 is unique in that its output is square-wave, an 
advantage in some applications. 

The most-popular VFC designs (Figure 1) contain an integra
tor, which charges at a rate proportional to the value of the 
input signal. Each time the integrator's charge has been in
creased by a precisely metered increment, the threshold crossing 
produces a pulse of accurately known area. The pulse serves 
both as the output (via a buffer) and as a subtractive charge 

VOL. /, 12-4 VIF & FIV CONVERTERS 

ONE SHOT 
CAPACITOR 

FOUTPUT 7 

+IN 

VOUT 

10 COMPARATOR 
INPUT 

Figure 1. Block Diagram of the AD VFC32 

increment to reduce the integrator's net charge. The next pulse 
is triggered when the net integral has again reached the thresh
old. The relationship between the pulse rate and the input 
level is linear. The AD537'" operates on a somewhat different 
principle (Figure 2): an input current charges a capacitor 
between 2 threshold levels, first in one direction, then in the 
other, in an emitter-coupled astable multivibrator circuit. 
Since the time required to reach the switching threshold is 
inversely proportional to the analog input, the frequency is 
directly proportional. For constant analog input, the charging 
rate and the discharge rate are equal, so the output is a 
square wave. 

Figure 2. Block Diagram of the AD537 

·A useful20-page Application Note, "Applications of the AD537 IC 
Voltage-to-Frequency Converter", by Doug Grant, is available 
upon request. 



Figure 3. Block Diagram - Models 451 & 453 FVC's 

Frequency-to-vo]tage converters (Figure 3) average a train 
of equal-area pulses that are generated internally by a 
precision charge dispenser, in response to each crossing of an 
input threshold. The analog output voltage is proportional to 
the sum of the pulse areas over a given period. F IV conversion 
can also be obtained by using the ADVFC32. 

SPECIFICATIONS 
The salient specifications for VFC's are (non)linearity, as a 
percentage of full-scale frequencYifrequency range, the greater 
the frequency range, the greater the resolution for a given 
counting period ifull-scale-calibration error; gain-temperature 
coefficient, in ppm of signal per 0 C, where "gain II is the ratio of 
full-scale frequency to full-scale voltage, input-offset tempera
ture coefficient; overrange capability, within rated specifica
tions, and step response, the worst-case time interval required 
for the frequency to respond to a full-scale-step input change. 

For FVC's, important specs, in addition to accuracy specs cor
responding to the above, include output ripple (for specified 
input frequencies), threshold (for recognition that another 
cycle has been initiated, and for versatility in interfacing vari
ous types of sensors directly), hysteresis, to provide a degree 
of insensitivity to noise superimposed on a slowly-varying . 
input waveform, and dynamic response (important in motor 
control). 

Definitions of some critical specifications, and the conditions 
for adjusting o~ measuring them, are detailed on individual 
data sheets. 
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r.ANALOG 
WDEVICES 

Integrated Circuit 
Voltage to Frequency Converter 

FEATURES 
Low Cost A-D Conversion 
Versatile Input Amplifier 

Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 

Single Supply, 5 to 36 Volts 
Linearity: ±0.05% FS 
Low Power: 1.2mA Quiescent Current 
Full Scale Frequency up to 100kHz 
1.00 Volt Reference 
Thermometer Output (1mV/K) 
F-V Applications 

PRODUCT DESCRIPTION 
The ADS 37 is a monolithic V -F converter consisting of an in
put amplifier, a precision oscillator system, an accurate inter
nal reference generator and a high current output stage. Only 
a single external RC network is required to set up any full 
scale (F.S.) frequency up to 100kHz and any F.S. input vol
tage up to ±30V. Linearity error is as low as ±O.OS% for 10kHz 
F.S., and operation is guaranteed over an 80dB dynamic range. 
The overall temperature coefficient (excluding the effects of 
external components) is typically ±30ppm/C. The ADS37 
operates from a single supply of S to 36V and consumes only 
1.2mA quiescent current. 

A temperature-proportional output, scaled to 1.00mV/K, 
enables the circuit to be used as a reliable temperature-to
frequency converter; in combination with the fixed reference 
output of 1.00V, offset scales such as OOC or OOF can be 
generated. 

The low drift (If../.V/C typ) input amplifier allows operation 
directly from small signals (e.g., thermocouples or strain gages) 
while offering a high (2S0Mn) input resistance. Unlike most 
V-F converters, the ADS37 provides a square-wave output, and 
can drive up to 12 TTL loads, LEDs, very long cables, etc. 

The excellent temperature characteristics and long-term stabil
ity of the ADS 37 are guaranteed by the primary band-gap 
reference generator and the low T.C. silicon chromium thin 
film resistors used throughout. 

The device is available in either a TO-116 ceramic DIP or a 
TO-IOO metal can; both are hermetically sealed packages. 

The ADS 3 7 is available in three performance/temperature 
grades; the J and K grades are specified for operation over the 
o to 70°C range while the ADS 3 7S is specified for operation 
over the full military temperature range, -SSoC to +12SoC. 
MIL-STD-883, Level B processing is available. 

·Covered by Patent Numbers 3,887,863 and RE 30,586 

AD537* I 
ADS37 FUNCTIONAL BLOCK DIAGRAMS 

-Vs (CONNECTED TO CASE I 

TO-IOO 
TOP VIEW 

PRODUCT HIGHLIGHTS 

TO-U6 STYLE 
TOP VIEW 

1. The ADS 37 is a complete V -F converter requiring only an 
external RC timing network to set the desired full scale 
frequency and a selectable pull-up resistor for the open
collector output stage. Any full-scale input voltage range 
from 100mV to 10 volts (or greater, depending on +V s) can 
be accommodated by proper selection of timing resistor. 
The full scale frequency is then set by the timing capacitor 
from the simple relationship, f = V/10RC. 

2. The power supply requirements are minimal, only 1.2mA 
quiescent current is drawn from a single positive supply 
from 4.S to 36 volts. In this mode, positive inputs can vary 
from 0 volts (ground) to (+ V S - 4) volts. Negative inputs can 
easily be connected for below ground operation. 

3. F-V converters with excellent characteristics are also easy to 
build by connecting the ADS 37 in a phase-locked loop. Ap
plication particulars are shown in Figure 8. 

4. The versatile open-collector NPN output stage can sink up 
to 20mA with a saturation voltage less than 0.4 volts. The 
Logic Common termin:tl can be connected to any level be
tween ground (or -Vs) and 4 volts below +Vs. This allows 
easy direct interface to any logic family with either positive 
or negative logic levels. 
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SPECIFICATIONS (typical @ +25°C with Vs (total) = 5 to 36V, unless otherwise noted) 

MODEL 

CURRENT-TO·FREQUENCY CONVERTER 
Frequency Range 
Nonlinearity2 

fmax = 10kHz 
fmax = 100kHz 

Full Scale Calibration Error 
C = O.OlIlF, lIN = 1.000mA 
vs. Supply (fmax < 100kHz) 
vs. Temp. (Tmin to Tmax) 

ANALOG INPUT AMPLIFIER 
(Voltage-to-Current Converter) 
Voltage Input Range 

Single Supply 
Dual Supply 

Input Bias Current 
(Either Input) 

Input Resistance (Non-Inverting) 
Input Offset Voltage 

(Trimmable in "D" Package Only) 
vs. Supply 
vs. Temp. (Tmin to Tmax) 

Safe Input Voltage4 

REFERENCE OUTPUTS 
Voltage Reference 

Absolute Value 
vs. Temp. (Tmin to Tmax) 
vs. Supply 
Output ResistanceS 

Absolute Temperature Reference6 

Nominal Output Level 
Initial Calibration @ +25°C 
Slope Error from 1.00mV/K 
Slope Nonlinearity 
Output ResistanceS 

OUTPUT INTERFACE (Open Collector Output) 
(Symmetrical Square Wave) 

Output Sink Current in Logic "0" 
VOuT=0.4Vmax, Tmin to Tmax) 

Output Leakage Current in Logic "1" 
(T min to T max) 

Logic Common Level Range 
Rise/Fall Times (CT = O.OlIlF) 

lIN = ImA 
lIN = lilA 

POWER SUPPLY 
Voltage, Rated Performance 

Single Supply 
Dual Supply 

Quiescent Current 

TEMPERATURE RANGE 
Rated Performance 
Storage 

PACKAGE OPTIONS' 
"D" Package: TO-1l6 Style (D14A) 
"H" Package: TO-lOO 

·Specifications same as ADH7JH. 
··Specifications same as ADS37K. 

Specifications subject to change without notice. 
I The ADS 37S is available inspected and processed to the 

AD537JH AD537JD ADS37K 

o to 150kHz 

0.15% max (0.1% typ) 0.07% max 
0.25% max (0.15% typ) 0.1% max 

±10% max ±7% max ±5% max 
±O.l%N max (0.01% typ) 
±15OppmlC max (50ppm typ) 50ppmlC max (30ppm typ)3 

o to (+Vs - 4) Volts (min) 
-Vs to (+VS - 4) Volts (min) 

100nA 
250Mn 

5mVmax 2mVmax 
200llV/V max 100llVN max 1001lV/V max 
51lV/oC . 11lVlC 
±Vs . 
1.00 Volt ±5% max 
50ppmtC 100ppmlC max3 

±0.03%/V max . 
380n 

1.00mV/K 
298mV (±5mV) 298mV (±5mV max) 
±0.02mV/K . 
±O.lK 
900n 

lOrnA min 20mA min 20mAmin 

200nA max 
-VS to (+VS - 4) Volts 

0.21ls 
IllS 

4.5V to 36V 
±5 to ±18V 
1.2mA (2.5mA max) 

o to +70
o

C 
-65°C to +150°C 

AD537JD AD537KD 
AD537JH AD537KH 

• Guaranteed not tested. 

full requirements of MIL·STD·883, Level B. A complete 
listing of the tests is available on request. Order part number 
ADS37SD/883B or ADS37SH/883B. 

• Maximum voltage input level is equal to the supply on either 
input tenninal. However, large negative voltage levels can be 
applied to the negative tennin.1 if the input is scaled to a nominal 
1mA full scale through an appropriate value resistor (sec Figure 2). 

5 Loading the 1.0 volt or I mV/K outputs can cause a signifi<ant change 
in overall circuit performance. as indicated in the applications section. 
To maintain normal operation, these outputs should be operated • Nonlinearity is specified for a current input level ([IN) to the 

converter from 0.1 to 1000IlA. Converter has 100% overrange 
capability up to lIN = 2000IlA with slightly reduced linearity. 
Nonlinearity is defined as deviation from a straight line from 
zero to full scale, expressed as a percentage of full scale. 
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into the internal buffer or an extemal amplifier. 
'Temperature reference output performance is specified from 0 10 +70"C 

for "J" and "K" devices. -SSoC 10 +12S"C for "S" model. 
'Sec Section 20 for package outline information. 

ADS37S· 

150ppm/oC max 

101lV/oC max 

lOrnA min 

21lA max 

-55°C to +125°C 

AD537SD 
AD537SH 



CIRCUIT OPERATION 
A block diagram of the AD5 37 is shown on the first page. A 
versatile operational amplifier (BUF) serves as the inpu t stage; 
its pupose is to convert and scale the input voltage signal to a 
drive current in the NPN follower. Optimum performance is 
achieved when, at the full scale input voltage, a 1mA drive cur
rent is delivered to the current-to-frequency converter. The 
drive current to the current-to-frequency converter (an astable 
multivibrator) provides both the bias levels and the charging 
current to the externally connected timing capacitor. This 
"adaptive" bias scheme allows the oscillator to provide low 
nonlinearity over the entire current input range of 0.1 to 
2000pA. The square wave oscillator output goes to the output 
driver which provides a floating base drive to the NPN power 
transistor. This floating drive allows the logic interface to be 
referenced to a different level than -VS. The "SYNC" input 
("D" package only) allows the oscillator to be slaved to an 
external master oscillator; this input can also be used to shut 
off the oscillator. 

The reference generator uses a band-gap circuit (this allows 
single-supply operation to 4.5 volts· which is not possible with 
low T.e. zeners) to provide the reference and bias levels for the 
amplifier and oscillator stages. The reference generator also 
provides the precision, low T.e. 1.00 volt output and the 
VTEMP output which tracks absolute temperature at 1mV/K. 

Applying the AD537 
V-F CONNECTION FOR POSITIVE INPUT VOLTAGES 
The positive voltage input range is from -V S (ground in single 
supply operation) to 4 volts below the positive supply. The 
connection shown in Figure 1 provides a very high (250MS1) 
input impedance. The input voltage is converted to the proper 
drive current at pin 3 by selecting a scaling resistor. The full 
scale current is 1mA, so, for example a 10 volt range would 
require a nominal 10kS1 resistor. The trim range requir'ed will 
depend on capacitor tolerance. Full scale currents other than 
1mA can be chosen, but linearity will be reduced; 2mA is the 
maximum allowable drive. 

As indicated by the scaling relationship in Figure 1, a O.OlpF 
timing capacitor will give a 10kHz full scale frequency, and 
O.OOlpF will give 100kHz with a 1mA drive current. The maxi
mum frequency is 150kHz. Polystyrene.or NPO ceramic capa
citors are preferred for T.e. and dielectric absorption; poly
carbonate or mica are acceptable; other types will degrade line
arity. The capacitor should be wired very close to the AD53 7. 

OPTIONAL 
INPUT 
FILTER 

fOUT 

+Vs 

Figure 1. Standard V-F Co,!nection for Positive Input Voltages __ 
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V-F CONNECTIONS FOR NEGATIVE INPUT VOLTAGE 
OR CURRENT 
A wide range of negative input voltages can be accommodated 
with proper selection of the scaling resistor, as indicated in 
Figure 2. This connection, unlike the buffered positive con
nection, is not high impedance since the 1mA F.S. drive cur
rent must be supplied by the signal source. However, very large 
negative voltages beyond the supply can be handled easily; just 
modify the scaling resistors appropriately. Diode CR1 (HPS082-
2811) is necessary for overload and latchup protectionfor cur
rent or voltage inputs. 

If the input signal is a true current source, Rl and Rz are not 
used. Full scale calibration can be accomplished by connecting 
a 200Hl pot in series with a fixed 27Hl from pin 7 to -Vs 
(see calibration section, below). 

Figure 2. V-F Connections for Negative Input Voltage or 
Current 

CALIBRATION 
There are two independent adjustments: scale and offset. The 
first is trimmed by adjustment of the scaling resistor R and the 
second by the (optional) potentiometer connected to +Vs and 
the Vos pins ("D" package only). Precise calibration requires 
the use of an accurate voltage standard set to the desired FS 
value and a frequency meter; a scope is useful for monitoring 
output waveshape. Verification of linearity requires the avail
ability of a switch able voltage source (or a DAC) having a lin
earity error below ±O.OOS%, and the use of long measurement 
intervals to minimize count uncertainties. Every ADS3 7 is 
automatically tested for linearity, and it will not usually be 
necessary to perform this verification, which is both tedious 
and time-consuming. 

Although drifts are small it is good practice to allow the op
erating environment to attain stable temperature and to en
sure that the supply, source and load conditions are proper. 

VOL. I, 12-10 V/F & FN CONVERTERS 

Begin by setting the input voltage to 1110,000 of full scale. 
Adjust the offset pot until the output frequency is 1110,000 
of full scale (for example 1Hz for FS of 10kHz). This is most 
easily accomplished using a frequency meter connected to the 
output. Then apply the FS input voltage and adjust the gain 
pot until the desired FS frequency is indicated. In applications 
where the FS input is small, this adjustment will very slightly 
affect the offset voltage, due to the input bias current of the 
buffer amplifier. A change of lkr2 inR will affect the input 
by approximately 1 OOJ,LV, which is as much as 0.1 % of a 
100mV FS range. Therefore, it may be necessary to repeat 
the offset and scale adjustments for the highest accuracy. The 
design of the input amplifier is such that the input voltage 
drift after offset nulling is typically below IJ,LVtC. 

In some cases the signal may be in the form of a negative cur
rent source. This can be handled in a similar way to a negative 
input voltage. However, the scaling resistor is no longer re
quired, eliminating the capability of trimming full scale in this 
fashion. Since it will usually be impractical to vary the capac
itance, an alternative calibration scheme is needed. This is 
shown in Figure 3. A resistor-potentiometer connected from 
the VR output to -VS will alter the internal operating con
ditions in a predictable way, providing the necessary adjust
ment range. With the values shown, a range of ±4% is available; 
a larger range can be attained by reducing Rl. This technique 
does not degrade the temperature-coefficient of the converter, 
and the linearity will be as for negative input voltages. The 
minimum 5upply voltage may be used. 

Unless it is required to set the input node at exactly ground 
potential, no offset adjustment is needed. The capacitor C is 
selected to be 5% below the nominal value; with R2 in its mid
position the output frequency is given by 

f=----
10.5 X C 

where f is in kHz, I is in rnA and C is in J,LF. For example, for 
a FS frequency of 10kHz at a FS input of 1mA, C = 9S00pF. 
Calibration is effected by applying the full-scale input and 
adjusting R2 for the correct reading. 

This alternative adjustment scheme may also be used when it 
is desired to present an exact input resistance in t,he negative
voltage mode. The scaling relationship is then 

f= __ V __ • __ 1_ 

Rexact 10.5 C 

The calibration procedure is then similar to that used for posi
tive input voltages, except that the scale adjustment is by 
means of R2. 



f'~ 10C 

Figure 3. Scale Adjustm~nt for Current Inputs 

INPUT PROTECTION 
The ADS 3 7 was designed to be used with a minimum of ad
ditional hardware. However, the successful application of a 
precision IC involves a good understanding of possible pitfalls 
and the use of suitable precautions. 

The -VIN' +VIN and lIN pins should not be driven more than 
300mV below -Vs. This would cause internal junctions to con
duct, possibly damaging the IC. The ADS37 can be protected 
from "below-Vs" inputs by a Schottky diode, CR1 (HPS082-
2811) as shown in Figure 2. It is also desirable not to drive 
+VINi -VIN and lIN above +VS. In operation, the converter 
will become very nonlinear for inputs above (+Vs -3.SV). 
Control currents above 2mA will also cause nonlinearity. 

The BOdB dynamic range of the ADS 3 7 guarantees opera-
tion from a cantrol current of 1mA (nominal FS) dawn to 
100nA (equivalent to' 1mV to 10V FS). Below 100nA im
proper aperatian af the ascillator may result, causing a false 
indicatian af input amplitude. In many cases this might be 
due to' shart-lived noise spikes which became added to' the 
input. For example, when scaled to accept a FS input af 1 V, 
the -80dB level is anly 100pV, sa when the mean input is 
anly 60dB below FS (1mV), naise spikes af O.9mV aresuf
ficient to cause mamentary malfunctian. 

This effect can be minimized by using a simple low-pass 
filter ahead af the canverter. Far a FS af 10kHz a single
pale filter with a time-canstant af lOOms (Figure 1) will be 
suitable, but the aptimum canfiguratian will depend on the 
applicatian and type af signal processing. Naise spikes are 
only likely to' be a cause of errar when the input current 
remains near its minimum value far lang periads of time; 
above 100nA (1mV) full integratian af additive input naise 
occurs. 

The ADS37 is somewhat susceptible to interference fram 
ather signals. The mast sensitive nades (besides the inputs) 
are the capacitor terminals and the SYNC pin. The timing 
capacitar shauld be lacated as close as passible to the 
ADS37 to' minimize signal pickup in the leads. In some 
cases, guard rings ar shielding may be required. The SYNC 
pin should be decaupled thraugh a O.OOSpF (ar larger) ca
pacitar to' pin 13 (+VS)' This minimizes the possibility that 

the ADS37 will attempt to' synchronize to' a spuriaus signal. 
This precautian is unnecessary an the metal can package since 
the SYNC function is nat brought out to a package pin 
and is thus nat susceptible to' pickup. 

DECOUPLING 
It is gO' ad engineering practice to' use bypass capacitars an 
the supply-valtage pins and to' insert small-valued resistars 

·(10 to' lOOn) in the supply lines to' provide a measure af 
decoupling between the variaus circuits in a system. Ceramic 
capacitars af O.lpF to' 1.0pF should be applied between the 
supply-voltage pins and analog signal ground for proper by
passing an the ADS37. 

A decciupling capacitar may alsO' be useful from +Vs to' SYNC 
in thase applications where very law cycle-ta-cycle period vari
atian (jitter) is demanded. By placing a capacitor across +Vs 
and SYNC this noise is reduced. On the 10kHz FS range, a 
6.8pF capacitor reduces the jitter to ane in 20,000 which is 
adequate far most applications. A tantalum capacitar should 
be used to' avaid errors due to dc leakage. 

OPERATION WITH NON-ZERO TC 
The gO' ad temperature stability af the ADS 37 can anly be 
realized using stable timing companents. Hawever, campensa
tion far timing companents which yield a net negative full
scale frequency TC can be easily intraduced by adding a re
sistar between the +lmV /K autput and -Vs. The value shauld 
be selected from the curve given in Figure 4. Over this range of 
campensation the scale factar is anly slightly affected; the 
errar is abaut +0.03%/ppm/K in frequency (e.g., lS0ppm 
shift wauld change the scale factor 4.S%). 
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TC -ppml"C 

.......... 

1 OOkll 

50kll 

RESISTOR 
VALUE 

PIN 6TO 
PIN 81 

( 

20kll 

1 

5kll 

2kll 

Figure 4. Positive T.C. Induced Versus Correction Resistance 

NONLINEARITY SPECIFICATION 
The preferred method for specifying linearity error is in terms 
of the maximum deviation from the ideal relatiansh ip after 
calibrating the converter at full scale and "zero". This error 
will vary with the full scale frequency and the mode of opera
tian. The AD537 aperates best at a 10kHz full scale frequency 
with a negative voltage input; the linearity is typically within 
±O.OS%. Operating at higher frequencies ar with pasitive inputs 
will degrade the linearity as indicated in the specificatians. The 
shape of a typical linearity plat is given in Figure S. 
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Figure 5a. Typical Nonlinearity Error Envelopes with 10kHz 
F.S. Output 
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Figure 5b. Typical Nonlinearity Error with 100kHz F.S. Output 

OUTPUT INTERFACING CONSIDERATIONS 
The design of the output stage allows easy interfacing to all 
digital logic families. The collector and emitter of the output 
NPN transistor are both uncommitted; the emitter can be tied 
to any voltage between -Vs and 4 volts below +Vs. The open 
collector can be pulled up to a voltage 36 volts above the emit
ter regardless of +Vs. The high power output stage can supply 
up to 20mA (lOmA for "H" package) at a maximum satura
tion voltage of 0.4 volts. The stage limits the output current 
at 2SmA; it can handle this limit indefinitely without dam
aging the device. 

Figure 6 shows the ADS37 with a standard 0 to +10 volt input 
connection and the output stage connections. The value for 
the logic common voltage, pull-up resistor, positive logic level, 
and -v s supply are given in the accompanying chart for several 
logic forms. 

10k 

LOGIC COM r-------------oV,. 

fOUT 

lOGIC Vee 

+VS 
i+15V) 

TTL/DlL 
5V CMOS 
15V CM )SIHNll 
ECll0k 

ECl2.5k 
PMOS 

Vcr VEE 
+5 GND 
+5 GND 
+15 GND 
0 -8 

+1.3 -2 
0 -15 

Figure 6. Interfacing Standard Logic Families 
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Rl -Vs 
5k GND 

01< ND 
10k GND 
5k -8 to 

-15 
5k -5 
luk -15 

APPLICATIONS 
The diagrams and descriptions of the following applications 
are provided to stimulate the discerning engineer with alter
native circuit design ideas. "Applications of the ADS37 IC 
Voltage-to-Frequency Converter", available from Analog 
Devices on request, covers a wider range of topics and con
cepts in data conversion and data transmission using voltage
to-frequency converters. 

TRUE TWO-WIRE DATA TRANSMISSION 
Figure 7 shows the ADS 3 7 in a true two-wire data transmission 
scheme. The twisted-pair transmission line serves the dual pur
pose of supplying power to the device and also carrying fre
quency data in the form of current modulation. The PNP cir
cuit at the receiving end represents a fairly simple way for 
converting the current modulation back into a voltage square 
wave which will drive digital logic directly. The 0.6 volt square 
wave which will appear on the supply line at the device ter
minals does not affect the performance of the ADS 37 because 
of its excellent 'supply rejection. Also, note that the circuit 
operates at nearly constant average power regardless of 
frequency. 

Figure 7. True Two-Wire Operation 

F-V CONVERTERS 

+V, 

The ADS 37 can be used as a high linearity VCO in a phase
locked loop to accomplish frequency-to-voltage conversion. 
By operating the loop without a low-pass filter in the feedback 
path (first-order system), it can lock to any frequency from 
zero to an upper limit determined by the design, responding 
in three or four cycles to a step change of input frequency. In 
practice, the overall response time is determined by the charac
teristics of the averaging filter which follows the PLL. 

Figure 8 shows a connection using a low-power TTL quad 
open-collector nand gate which serves as the phase comparator. 
The input signal should be a pulse train or square wave with 
characteristics similar to TTL or S-volt CMOS outputs. Any 
duty cycle is acceptable, but the minimum pulse width is 40tLs. 
The output voltage is one volt for a 10kHz input frequency_ 
The output as shown here is at a fairly high impedance level; . 
for many situations an additional buffer may be required. 

Trimming is similar to V-F application trimming. First set the 
Vos trimmer to mid-scale. Apply a 10kHz input frequency and 
trim the 2kn potentiometer for 1.00 volts out. Then apply a 
10Hz waveform and trim the Vos for 1mV out. Finally, retrim 
the full scale output at 10kHz. Other frequency scales can be 
obtained by appropriate scaling of timing components .. 



+5V 

Figure 8. 10kHz F-V Converter 

TEMPERATURE-TO-FREQUENCY CONVERSION 
The linear temperature-proportional output of the AD537 can 
be used as shown in these applications to perform various direct 
temperature-to-frequency conversion functions; it can also be 
used with other external connections in a temperature sensing 
or compensation scheme. If the sensor output is used externally, 
it should be buffered through an op amp since loading that 
point will cause significant error in the sensor output as well 
as in the main V-F converter circuitry. 

An absolute temperature t Kelvin) -to-frequency converter 
is very easily accomplished, as shown in Figure 9. The 1mV 
per K output serves as the input to the buffer amplifier, which 
then scales the oscillator drive current to a nominal 298J.LA at 
+2SoC (298K). Use of a 1000pF capacitor results in a corres
ponding frequency of 2.98kHz. Setting the single 2kn trimmer 
for the correct frequency at a well-defined temperature near 
+2SoC will normally result in an accuracy of ±2°C from -SSoC 
to +12SoC (using an ADS37S). An NPO ceramic capacitor is 
recommended to minimize nonlinearity due to capacitance 
drift. 

}-...... ---o f ~ 10Hz/K 

v 

+ 

l000pF 

5 

-Vs (CONNECTED TO CASE) 

Figure 9. Absolute Temperature to Frequency Converter 

OFFSET TEMPERATURE SCALES 

Many other temperature scales can be set up by offsetting the 
temperature output with the voltage reference output. Such a 

scheme is shown by the Celsius-to-frequency converter in 
Figure 10. Corresponding component values for a Fahrenheit-
to-frequency converter which give 10Hz/

o
F are given in 

p aren th eses. 

A simple calibration procedure which will provide ±2°C accu
racy requires substitution of a 7.27k resistor for the series 
combination of the 6.04k with the 2k trimmer; then simply 
set the SOOn trimmer to give 2S0Hz at +2SoC. 

High accuracy calibration procedure: 

1.. Measure room temperature in K. 
2. Measure temperature output at pin 6 at that temperature. 
3. Calculate offset adjustment as follows: 

Offset Voltage (mV) = VTEMP (pin 6) (mV) x 273.2 
Room temp (K) 

4. Temporarily disconnect 49n resistor (or SOOn pot) and 
trim 2kn pot to give the offset voltage at the indicated 
node. Reconnect 49n resistor. 

S. Adjust slope trimmer to give proper frequency at room 
temperature (+25°C = 250Hz). . 
Adjustment for OF or any other scale is analogous. 

SOO1I 

2.74k 
14.02~) 

49!! 
1205m 

6.04k 
110k) 

........ ~--o f1~~:rc 
10k 110HzrF) 

3900pF 
11500pF) 

+5V 

Figure 10. Offset Temperature Scale Converters-Centigrade 
~nd (Fahrenheit) to Frequenc.y 

SYNCHRONOUS OPERATION 
The SYNC terminal at pin 2 of the DIP package can be used to 
synchronize a free running AD53 7 to a master oscillator, either 
at a multiple or a sub-multiple of the primary frequency. The 
preferred connection is shown in Figure 11. The diodes are 
used to produce the proper drive magnitude from high level 
signals. The SYNC terminal can also be used to shut off the 
oscillator. Shorting the terminal to +Vs will stop the oscillator, 
and the output will go high (output NPN off). 

fOUT 

+Vs 

VIN 

NOTE-:- if V;y;" -; 2V ~ i 
USE THIS LIMITER I 6 

VSYNC Cs I 

0 .... f i II-ffi I 7 10k I 
IN4148: L-_____ ~ 

.". -= I 

Figure 11. Connection for Synchronous Operation 
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Figure 12 shows the maximum pull-in range available at a given 
signal level; the optimum signal is a 0.8 to 1.0 volt square wave; 
signals below 0.1 volt will have no effect; signals above 2 volts 
p-p will disable the oscillator. The AD5 37 can normally be 
synchronized to a signal which forces it to a higher frequency 
up to 30% above the nominal free-running frequency, it can 
only be brought down about 1-2%. 

FREQUENCY 
LOCK·IN 
RANGE 

0,2 0,4 0,6 0,8 1,0 

VSYNC SQUARE·WAVE INPUT VOLTS p.p 

Figure 12. Maximum Frequency Lock-In Range Versus Sync. 
Signal 

LINEAR PHASE LOCKED LOOP 
The phase-locked-loop F N circuit described earlier operates 
from an essentially noise-free binary input. PLL's are also used 
to extract frequency information from a noisy analog signal. 
To do this, the digital phase-comparator must be replaced by a 
linear multiplier. In the implementation shown in Figure 13, 
the triangular waveform appearing across the timing capacitor 
IS used as one of the multiplier inputs; the signal provides the 
other input. It can be shown that the mean value of the multi
plier output is zero when the two signals are in quadrature. In 
this condition, the ripple in the error signal is also quite small. 
Thus, the voltage at pin 5 is essentially zero, and the frequency 
is determined primarily by the current in the timing resistor, 
controlled either manually o'r by a control voltage. 

FAEQUENCY 
CONTROL. INPUT 

OTO-10V 9" ~----fO"---_ 

Figure 13. Linear Phase-Locked Loop 

COMPOSITE 
ERROR 

SIGNAL, 
i1VPK 

Noise on the input signal affects the loop operation only 
slightly; it appears as noise in the timing current, but this 
is averaged out by the timing capacitor. On the other hand, 
if the input frequency changes there is a net error voltage 
at pin 5 which acts to bring the oscillator back into quadra
ture. Thus, the output at pin 14 is a noise-free square-wave 
having exactly the same frequency as the inpu t signal. The 
effectiveness of this circuit can be judged from Figure 14 
which shows the response to an input of IV rms 1kHz sinu
.soid plus IV rms Gaussian noise. The positive supply to the 
AD537 is reduced by about 4V in order to keep the voltages 
at pins 11 and 12 within the common-mode range of the 
AD534. 

Since this is also a first-order loop the circuit possesses a very 
wide capture range. However, even better noise-integrating 
properties can be achieved by adding a filter between the 
multiplier output and the VCO input. Details of suitable 
filter charact'eristics can be found in the standard texts on 
the subject. 
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_ 1V RMS SIGNAL 
+ 1V RMS NOISE 

_OUTPUT 

Figure 14. Performance of AD537 Linear Phase
Locked Loop 

By connecting the multiplier output to the lower end of the 
timing resistor and moving the control input to pin 5, a high
resistance frequency-control input is made available. However, 
due to the reduced supply voltage, this input cannot exceed 
+6V. 

TRANSDUCER INTERFACE 
The AD53 7 was specifically designed to accept a broad range 
of input signals, particularly small voltage signals, which may 
be converted directly (unlike many V-F converters which re
quire signal pre-conditioning). The 1.00V stable reference out
put is also useful in interfacing situations, and the high input 
resistance allows non-loading interfacing from a source of 
varying resistance, such as the slider of a potentiometer. 

THERMOCOUPLE INPUT 
The output of a Chromel-Constantan (Type E) thermocouple, 
using a reference junction at OoC, varies from 0 to 53.14mV 
over the temperature range 0 to +700

0
C with a slope of 

80.678pV /degree over most of its range and some nonlinearity 
,over the range 0 to +200°C. For this example, we assume that 
it is desired to indicate temperature in Degrees Celsius using a 
counter/display with a lOOms gate width. Thus, the V-F con
verter must deliver an output of 7kHz for an input of 53.14mV. 
If very precise operation down to 0° C is imperative, some sort 
of linearizing is necessary (see, for example, Analog Devices' 
Nonlinear Circuits Handbook, pp92-97) but in many cases 
operation is only needed over part of the range. 

The circuit shown in Figure 15 provides good accuracy from 
+3000 C to +700

0
C. The extrapolation of the temperature

voltage curve back to OoC shows that an offset of -3.34mV is 
required to fit the curve most exactly. This small amount of 
voltage can be introduced without an additional calibration 
step using the +1.00V output of the AD537. To adjust the 
scale, the thermocouple should be raised to a known refer
ence temperature near 500u C and the frequency adjusted to 
value using R 1. The oerror should be within ±0.2% over the 
range 400 C to 700 C. 

Figure 15. Thermocouple Interface with First-Order 
Linearization 
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Voltage-to-Frequency and 
Frequency-to-Voltage Converter 

ADVANCE TECHNICAL DATA 
FEATURES 
V/F Conversion to 1MHz 
Unipolar, Bipolar; or Differential V/F 
Very High Linearity 

0.002% typ at 10kHz 
0.005% typ at 100kHz 
0.1% max at 1MHz 

Input Offset Trimmable to Zero 
CMOS or TTL Compatible 
Reliable Monolithic Construction 
V/F or F/V Conversion 

PRODUCT DESCRIPTION 
The AD650 V/F/V (voltage to frequency or frequency to 
voltage) converter features both high linearity and ultra 
fast operation yet is priced in the same range as many lower 
performance devices. This is possible due to the AD650's 
sophisticated charge balancing circuit technique combined 
with completely diffused monolithic construction. Three 
other features that contribute to the AD650's flexibility are 
unipolar or bipolar input voltage ranges, input offset trim 
capability and separate analog and digital grounds. 

At frequencies of 10kHz and lower, the AD650 outperforms 
all but the most expensive hybrids with a typical linearity 
error of 20ppm. Continuing up the frequency scale other V IFs 
begin to experience serious linearity problems at 100kHz but 
the AD6S0 maintains very solid performance with SOppm 
typical linearity error. And at 1MHz, linearity error is still 
only 1000ppm max. 

Input offset voltage can be nulled out by using a 20kn. ad
justable resistor across pins 13 and 14 with the center tap 
connected to +VS through a 250kn. resistor. This adjustment 
'compensates for input offset by changing the collector bias 
current in the differential input transistor pair. 

Two commercial grades are offered in both 16-pin plastic (N) 
and CERDIP (Q) dual-in line packages. The less expensive J 
grade is specified for operation up to 500kHz, while the 
premium K grade operates up to 1MHz'. A -55°C to +125°C 
ceramic part (AD650SQ) with operation up to 1MHz is also 
available. 

AD650 i 
AD650 FUNCTIONAL BLOCK DIAGRAM 

BIPOLAR 
OFFSET 4 

CURRENT 

ONE 
SHOT 

CAPACITOR 

PRODUCT HIGHLIGHTS 

11 ~~~LOG 

COMPARATOR 
INPUT 

1. In addition to very high linearity, the AD650 can operate 
at full scale output frequency up to IMHz. The combi
nation of these two features make the AD650 an inex
pensive alternative in applications requiring high resolution 
monotonic AID conversion. 

2. An internal current source connected to the +IN terminal 
can be activated to allow bipolar or differential V IF 
conversion. With an extra 10V zener diode the differential 
mode input range can be expanded to ±10 volts common 
mode and ±IO volts differential. 

3. TTL or CMOS compatibility is achieved using an open 
collector frequency output. The pullup resistor can be 
connected to voltages up to +30V, or +15V or +5V for 
conventional CMOS or TTL logic levels. 

4. The maximum input voltage can be adjusted to accom
modate a wide range by selecting the appropriate input 
resistor. Maximum input current should be set at O.25mA. 

5. The same components used for V IF conversion can,also be 
used for F N conversion by adding a simple logic biasing 
network and reconfiguring the AD650. 

6. Separate analog and digital grounds make real world 
applications easier by preventing ground loops. 
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SPECIFICATIONS (typical @ +25°C with Vs = ±15V, unless otherwise noted) 

MODEL 

DYNAMIC PERFORMANCE 
Minimum Frequency Range 
Maximum Nonlinearityl fmax = 10kHz 

100kHz 
500kHz 
1MHz 

Full Scale Calibration Error 
(Adjustable to Zero) 
vs. Supply2 
vs. Temp. 

BIPOLAR OFFSET CURRENT 
Activated by 1.2Skn between pins 4 and 5 

DYNAMIC RESPONSE 
Maximum Settling Time for Full Scale 

Step Input 
Overload Recovery Time 

ANALOG INPUT AMPLIFIER (V IF Conversion) 
Current Input Range 
Voltage Input Range 
Differential Impedance 
Common Mode Impedance 
Input Bias Current 

Noninverting Inpu t 
Inverting Input 

Input Offset Voltage 
(Trimmable to Zero) 
vs. Temp. (T min to T max) 

Safe Inpu t Voltage 

COMPARATOR (FlY Conversion) 
Logic "0" Level 
Logic "1" Level 
Pulse Width Range 
Input Impedance 

OPEN COLLECTOR OUTPUT (V IF Conversion) 
Output Sink Current in Logic "0" 

VOUT = 0.4V max, Tmin to Tmax 
Output Leakage Current in Logic "1" 
Voltage Range 

AMPLIFIER OUTPUT (F/V Conversion) 
Voltage Range (lsoon min load resistance) 
Source Current (7S0n max load resistance) 
Capacitive Load 

POWER S UPPL Y 
Voltage, Rated Performance 

Dual Supply 
Quiescent Current 

TEMPERATURE RANGE 
Rated Performance 
Storage 

PACKAGE OPTIONS3 

Plastic DIP - N14A 
CERDIP - Q16A 

NOTES 

AD6S0J 

o to SOOkHz 
100ppm 
200ppm 
SOOppm 

±S% 
±0.002% of FSR/% max 
±lS0ppmfC max 

0.5mA±10% 

1 Pulse of New Frequency 
Plus l~s 

1 Pulse of New Frequency 
Plus l~s 

o to +0.2SmA 
-10 to 0 
170knll10pF min 
2.SMn1l10pF min 

·40nAmax 
8nAmax 

4mVmax 
30~V/oC 
±Vs 

-VS to -IV 
+lV to +Vs 
O.l~s to (O.lSlfmax)~s 
2S0kn 

8mAmin 
100nA max 
o to 30V 

o tolOV 
+10mA min 
100pF 

±9V to ±20V 
6mAmax 

o to +70o C 
-6SoC to +lS0oC 

AD6S0JN 
AD6S0JQ 

I Nonlinearity is defined as deviation from a straight line from zero 
to full scale, expressed as a fraction of full scale. 

2 Power supply rejection measured at full scale output frequencylof 10kHz. 
'See Section 20 for package ou dine information. 

• Specifications same as AD6S0J. 
Specifications subject to change without notice. 
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AD6S0K 

Oto 1MHz 

*. 

1000ppm 

AD650KN 
AD650KQ 

AD6S0S 

o to 1MHz 

1000ppm 
2000ppm 

* 

* 

* 

* 

N/A 
AD650SQ 
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W'DEVICES 

Voltage-to-Frequency and 
Frequency-to-Voltage Converter 

PRELIMINARY TECHNICAL DATA 
FEATURES 
High Linearity 

±O.01% max at 10kHz FS 
±O.05% max at 100kHz FS 
±O.2% max at O.5MHz FS 

Output DTL/TTL/CMOS Compatible 
V/F or F/V Conversion 
6 Decade Dynamic Range 
Voltage or Current Input 
Reliable Monolithic Construction 
Low Cost 

PRODUCT DESCRIPTION 
The industry standard ADVFC32 is a low cost monolithic 
voltage to frequency (V IF) converter or frequency to voltage 
(F/V) converter with good linearity (0.01 % max error at 
10kHz) and operating frequency up to O.SMHz. In the V/F 
configuration, positive or negative input voltages or currents 
can be converted to a proportional frequency using extemal 
components. For F/V conversion, the same components are 
used with a simple biasing network to accommodate a wide 
range of input logic levels. 

TTL or CMOS compatibility is achieved in the V/F operating 
mode using an open collector frequency output. The pullup 
resistor can be connected to voltages up to 30 volts, or to 
+1SV or +SV for conventional CMOS or TTL logic levels. This 
resistor should be chosen to limit current through the open 
collector output to 8mA, or a larger resistance can be used if 
driving a high impedance load. 

Input offset drift is only 3ppm of full scale per ° C, and full 
scale calibration drift is held to a maximum of 100ppm/ C 
(ADVFC32BM) due to a low T.C. zener diode. Power supply 
rejection of ±0.002%1% keeps additional external error sources 
at a minimum. 

The ADVFC32 is available in commercial, industrial, or mili
tary temperature grades. The commercial grade is packaged in 
a 14 pin epoxy DIP while the two wider temperature range 
parts are packaged in hermetically sealed T<O-lOO cans. 883B 
processing is also available on the -55°C to +12S oC part. 

ADVFC32 I 
ADVFC32 FUNCTIONAL BLOCK DIAGRAM 

ONE,SHOT 
CAPACITOR 

FOUTPUT 7 

PRODUCT HIGHLIGHTS 

+IN 

VOUT 

10 COMPARATOR 
INPUT 

1. The ADVFC32 uses a charge balancing circuit technique 
(see Functional Block Diagram) which is well suited to 
higher accuracy voltage to frequency conversion. Another 
strong point of this technique is that capacitance changes 
in the integration capacitor due to temperature or other 
influences are subtracted out in the V IF conversion cycle 
and have no net effect. 

2. Full scale frequency to O.SMHz is possible using commonly II 
available capacitors for one shot timing and integration:': 
The maximum input voltage can also be adjusted to accom
modate a wide range by selecting the appropriate input 
resistor. Maximum input current should be set at 0.2SmA. 

3. The same components used for V IF conversion can also be 
used for F IV conversion by adding a simple logic biasing 
network and reconfiguring the ADVFC3 2. 

4. Inexpensive diffused monolithic construction and plastic 
packaging (ADVFC32KN) for a low cost to the end user. 

V/F& F/VCONVERTERS VOL. I, 12-17 



SPECIFICATIONS (typical @+25°Cwith Vs = ±15V, unless otherwise noted) 

Model 

DYNAMIC PERFORMANCE 
Minimum Frequency Range 
Maximum Nonlinearity1 

fmax = 10kHz 
fmax = 100kHz 
fmax = O.SMHz 

Full Scale Calibration Error (adjustable to zero) 
vs. Suppll 
vs. Temperature 

DYNAMIC RESPONSE 
Max Settling Time for Full Scale 

Step Input 
Overload Recovery Time 

ANALOG INPUT AMPLIFIER (V IF Conversion) 
Current Input Range 
Voltage Input Range 
Differential Impedance 
Common Mode Impedance 
Input Bias Current 

Noninverting Input 
Inverting Input 

Input Offset Voltage 
(trimmable to zero) 
vs. Temperature (Tmin to Tmax) 

Safe Input Voltage 

COMPARATOR (FIV Conversion) 
Logic "0" Level 
Logic "I'·' Level 
Pulse Width Range 
n{put Impedance 

OPEN COLLECTOR OUTPUT (V IF Conversion) 
Output Sink Current in Logic "0" 

VOUT = O.4V max (Tmin to Tmax) 
Output Leakage Current in Logic "I" 
Vol tage Range 

Fall Times (Load = SOOpF and 
lOUT = -SmA) 

AMPLIFIER OUTPUT (FN Conversion) 
Voltage Range 
Source Current 

Capacitive Load 

POWER SUPPLY 
Voltage, Rated Performance 
Dual Supply 
Quiescent Current 

TEMPERATURE RANGE 
Rated Performance 
Storage 

PACKAGE OPTIONS3 

Plastic DIP (N14A) 
TO-100 

VFC32KN 

o to SOOkHz 

±0.01% max 
±O.OS% max 
±0.2% 
±S% 
±0.002% of FSR/% max 
±lS0ppm/o C max 

1, Pulse of New Frequency 
Plus l~s 

1 Pulse of New Frequency 
Plus l~s 

o to +0.2SmA 

VFC32BH 

-10 to 0, 0 to O.2SmA X R1 • 
170knll10pF min 
2.SMn 1I10pF min 

40nA max 
8nAmax 

4mVmax 
30~VtC 
±VS 

-VS to -O.6V 
+lV to +VS 
O.l~s to (O.lS/fmaxin Hz)~s • 
2S0kn 

8mAmin 
100nA max 
o to +30V 
400ns 

o to 10V (1soon min) 
+10mA min (max Load 

Resistance of 7S0n) 
100pF 

±9V to ±20V 
6mAmax 

o to +70
o
C 

-6S
o
C to +lS0

o
C 

ADVFC32KN 
N/A 

N/A 
ADVFC32BH 

I Nonlinearity is defined as deviation from a straight line from zero to full scale, 
expressed as a percentage of full scale. 

:3 Power supply rejection measured at full scale output frequency of 10kHz. 
'See Section 20 for package oudine information. 
·Specifications same as VFC32KN. 
Specifications subject to change without notice. 
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VFC32SH 

NIA 
ADVFC32SH 



"H" PACKAGE - TO-IOO 

+IN 

ONE,SHOT 10 COMPARATOR 
CAPACITOR INPUT 

Part 
Number 

ADVFC32KN 
ADVFC32BH 
ADVFC32SH* 

"N" PACKAGE - N14A 

ORDERING GUIDE 

Gain Tempco 
ppm/DC 

150 
100 
150 

Temp Range 
°c 

o to +70 
-25 to +85 
-55 to +125 

*Order ADVFC32SH/883B for 883B processing. 

Package 

N14A (Plastic DIP) 
TO-lOO 
TO-lOO 

Applying the ADVFC32 
UNIPOLAR VIF, POSITIVE INPUT VOLTAGE 
When operated as a VIF converter, the transformation from 
voltage to frequency is based on a comparison of input signal 
magnitude to the ImA internal current source. To illustrate 
this, consider one full cycle: the one shot output has just gone 
low disconnecting the ImA current source from the. inverting 
input, so that the only current flowing into the integrator is 
VIN/RlN . This current charges the integration capacitor (C2), 
forcing the integrator output down until the comparator trig
gers the one shot. During the active one shot period, the ImA 
current source discharges the integration capacitor causing the 
integrator to ramp back up. The end of the one shot time 
period marks the end of the cycle and the integrator output 
voltage will be at the same level as at the beginning of the 
cycle. Some thought will show that this loop is self stabilizing, 
and will converge to a unique frequency. 

Throughout the entire cycle (including the one shot time 
period) the input current (VIN IRIN) flows into the summing 
junction. The resulting voltage developed across the integration 
capacitor is discharged during the one shot time period 
through the ImA current source. Since the integrator voltage 
ended up at the same level, the two (current X time) products 
must be equal. 

Mathematically, 

VlN 
ImA X tone shot::: RIN X Frequency 

or reformulated, frequency is directly proportional to in
put voltage: 

VIN 
Frequency = ----~~~--~~-------

ImA X tone shot X RlN 

C2 

)-.... -+--o +15V 

-15Vo--.... -.,..,..( 

lOUT o....-------{ 

Figure 2. Connection Diagram for V IF Conversion, 
Positive Input Voltage 
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Components should be selected to optimize performance over 
the desired input voltage and output frequency range using· 
the equation listed below. 

3.3 X 10-5 
Cl = -:- 3.0 X 10-11 Farads 

Fmax 

10-4 
C2 = Fmax Farads (lOOOpF minimum) 

R - VIN max kn 
IN ---o.zs 

(maximum sink current of 8mA) 

Both RIN and CI should have very low temperature coeffi
cients as changes in their values will result in a proportionate 
change in the V IF transfer function. Other component values 
and temperature coefficients are not critical. 

Input resistance RIN is composed of a fixed resistor (RI) and 
a variable resistor (R3) to allow for initial gain error compen
sation. To cover all possible situations, R3 should be 20% of 
RIN, and Rl should be 90% of RIN' This allows a ±1O% gain 
compensation. If more accurate initial offset is required, the 
circuit of R4 and RS can be added. RS can have a value 
between 10kn and 100kn but must have a temperature coef
ficient of <lOOppm/oC. The tolerance and temperature coef
ficient of R4 are not critical as long as it has a nominal value 
of 10Mn. 

BIPOLAR V/F 
By adding another resistor from pin I (pin 2 of TO-IOO can) 
to a stable positive voltage, the ADVFC32 can be operated 
with a bipolar input voltage; For example, an 80kn resistor 
to +IOV causes an additional current of 0.12SmA to flow into 
the integrator so that the net current flow to the integrator is 
positive even for negative input voltages. At negative full scale 
input voltage, -0.12SmA will flow into the integrator from 
VIN cancelling out the 0.12SmA from the offset resistor, 
resulting in an output frequency of zero. At positive full 
scale, the sum of the two currents will be 0.2SmA and the 
output will be at its maximum frequency. 

UNIPOLAR V/F, NEGATIVE INPUT VOLTAGE 
Figure 3 shows the connection diagram for V IF conversion of 
negative input voltages. In this configuration full scale output 
frequency occurs at negative full scale input, and zero output 
frequency corresponds with zero input voltage. 

A very high impedance signal source may be used since it only 
drives the non inverting integrator input. Typical input im
pedance at this terminal is 2S0kH or higher. For V/F conver
sion of positive input signals the signal generator must be able 
to source 0.2SmA to properly drive the ADVFC32, but for 
negative V IF conversion the 0.2 SmA integration current is 
drawn from ground through RI and R3. 

Circuit operation for negative input voltages is very similar to 
positive input unipolar conversion described in a previous 
section. For best operating results use component equations 
listed in that section. 
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C2 

Figure 3. Connection Diagram for V IF Conversion, 
Negative Input Voltage 

F IV CONVERSION 
Although the mathematics of F IV conversion can be very 
complex, the basic principle is easy to understand. Figure 4 
shows the connection diagram for F IV conversion with TTL 
input logic levels. Each time the input signal crosses the com
parator threshold going negative, the one shot is activated 
and switches ImA into the integrator input for a measured 
time period (determined by CI). As the frequency increases, 
the amount of charge injected into the integration capacitor 
increases proportionately. The voltage across the integration 
capacitor is stabilized when the leakage current through RI 
and R3 equals the :werage current being switched into the 
integrator. The net result of these two effects is an average 
output voltage which is proportional to the input frequency. 
Optimum performance can be obtained by selecting com
ponents using the same guidelines and equations listed in the 
V IF conversion section. 

GAIN ADJUST 

~""---""-<l +15V 

-15V o----4I---~ 

Figure 4. Connection Diagram for FN Conversion, TTL 
Input 

/ 
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Low-Cost, Versatile, 10jl00kHz 
Frequency to Voltage Converters 

FEATURES 
Low Cost 
Versatility: Adjustable Threshold, Gain & Output Offset 
Guaranteed Low Nonlinearity: 80ppm Max, 451 Land 453L 
Accepts TTL, CMOS, HNIL, Sinewave, Pulse, Squarewave and 

Triangle Wave Input Signals 
No External Components to Meet Rated Performance 
+20mA Output to Operate Relays and Meters 
Low Profile Package, 0.4" Case Height 
Meet MIL·STD·202E Environmental Testing 

APPLICATIONS 
Motor Control and Speed Monitor 
Line Frequency Monitor and Alarm Indicator 
Fluid Flow Measurements and Control 
FM Demodulation and VCO Stabilization 
Frequency vs. Amplitude Response Measurements 

GENERAL DESCRIPTION 
Models 451 and 453 are low cost 10kHz and 100kHz frequency 
to voltage converters that feature excellent low nonlinearity to 
less than 80ppm, output current of +20mA and the capability 
of interfacing with TTL, HNIL, CMOS, sinewave, squarewave, 
pulse and triangular input signals. External components are not 
required to achieve rated performance, however, extreme ver
satility is maintained by allowing access to all critical points of 
the design. This versatility allows programmable input thresh
old, gain, and output offset voltage. 

Both models 451 and 453 are available in three selections, each 
offering guaranteed maximum nonlinearity error as well as 
maximum gain drift error. Models 451) and 453) offer 0.03% 
max nonlinearity and 100ppm/C max gain drift. Models 451K 
and 453K offer 0.015% max nonlinearity and 50ppm/oC max 
gain drift. Models 451 Land 45 3L offer 0.008% max nonline
arity and 50ppm/oC max gain drift. 

WHERE TO USE FREQUENCY TO VOLTAGE CONVERTERS 
Pin compatible with existing popular models, these versatile 
new designs offer economical solutions to a wide variety of 
applications where it is required to convert frequency to an 
analog voltage. 

Process Control Systems: For motor speed controllers, power 
line frequency monitoring and fluid flow measurements where 
flow transducers, such as variable reluctance magnetic pickups, 
provide pulse train outputs as a linear function of flow rate. 

Audio and Accoustic Systems: For wow and flutter measure
ments with tape recorders and turntables, FMdemodulation 
and speaker response measurements. 

Test Instrumentation: For VCO stabilization, analog readout 
frequency meter, vibrational analysis and frequency versus 
amplitude X-Y plots where the vertical axis presents the nor-

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 12-11. 

MODELS 451, 453 I 
MODEL 4S 1, 4S3 FUNCTIONAL BLOCK DIAGRAM 

mal amplitude signal and the horizontal axis presents the out
put signal from the F/V converter. 

Data Acquisition Systems: For converting serially transmitted 
data back to analog voltages. 

DESIGN FEATURES AND USER BENEFITS 
The combination of low cost and high performance provided 
by models 451 and 453 offers exceptional quality and value 
to the OEM designer. These compact modules have been de- .. 
signed to provide maximum versatility, thereby increasing their ~ 
utility in a broad scope of applications. 

Adjustable Input Threshold: Threshold level is externally resis
tor programmable from 0 to ±12V, permitting simple, direct 
interface with low level signals, e.g. IOmV pop, as well as with 
high level inputs such as CMOS and HNIL logic levels, e.g. 0 
to +12V. 

Adjustable Gain: Model 4S 1 can be adjusted to provide full 
scale output voltage for any input frequency from 1kHz to 
20kHz. Model 453 can be adjusted to provide full scale output 
voltage for any input frequency from 1kHz to 200kHz. This 
adjustable gain feature enables the, user to easily match the 
maximum frequency output from a wide class of frequency 
transducers to the + 10V full scale output from models 451 and 
453. Increased signal conversion sensitivity with higher resolu
tion results. 

Adjustable Output Offset Voltage: The output offset is adjust
able from -10V to +10V, enabling bipolar outputs or expanded 
scale measurements or setting the input frequency where zero 
output voltage occurs. 
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SPECIFICATIONS (typical @+25°C and Vs = ±15V dc unless otherwise noted) 
10kHz FULL SCALE 100kHz FULL SCALE 

1 451 I I 453 

I MODEL J K L J K L 

TRANSFER FUNCTION Eo = (l0-3 V/Hz)(FIN) Eo = (l0-4VlHz)(FIN) 

FREQUENCY INPUT 
Frequency Range dc to 10kHz min dc to 100kHz min 
Overrange 10% min 10% min 
Waveforms Sine, Square, Triangle, Pulse Train Sine, Square, Triangle, Pulse Train 

Pulse Width (Pulse Train Input) 20~s min 2~smin 

Threshold +1.4V +1.4V 
With External Adjustment OV to ±12V . OV to ±12V 

Hysteresis ±SOmV ±100mV 
Levels (TTL Compatible) High +1.4SV to +12V +1.SV to +12V 

Low -12V to + 1.3SV -12V to +1.3V 
Max Safe Input Voltage I ±VS ±VS 
Impedance 10MmlOpF 10MSlilIOpF 

ACCURACY 
Warm·Up Time 
Nonlinearityl 

one minute one minute 

FIN = 1Hz to 11kHz -
FIN = 1Hz to 110kHz 

±0.03% max I ±O.OIS% max 
- -

I ±O.OOS% max 
±0.03% max - I ±O.OIS% max ±O.OOS% max I -

Gain vs. Temperature3 (0 to +70°C) ° ° ±100ppml C max ±SOppml C max ±SOppm/oC max ±100ppm/C max ±SOppm/C max ±SOppm/oC max 

vs. Supply Voltage ±300ppm/% ±3S0ppm/% 
vs. Time ±30ppm/month ±30ppm/month 

RESPONSE 
Step Response to ±O.S% of Final Value 

FIN = dc to Full Scale 4ms O.Sms 
FIN = Full Scale to dc 30ms 4ms 

Internal Filter Time Constant 200~s 24~s 
External Filter Time Constant 20ms/~F 20ms/~F 

OUTPUT4 

Voltage (FIN = Full Scale)s +9.SSV min; +9.9SV max +9.SSV min; +9.9SV max 
Current (Eo = +10V, -IOV) (+20. -2)mA min (+20. -2)mA min 
Offset Voltage6 @ +2SoC ±7.SmV max ±7.SmV max 

vs. Temperature (0 to +70°C) ±30~V/oC max ±30~V/oC max 
vs. Supply Voltage ±IOO~V/% max ±SO~V/% max 
vs. Time ± I OO~V Imonth ± 100~V Imonth 

Ripple 
FIN = 1Hz 3mV pop SSmV P'p 
FIN = 10kHz SOmV rms 3SmVrms 
FIN = 100kHz - 3SmVrms 

Impedance O.m o.m 
Offset Scale Factor' -S6~A/V -4S~A/V 

POWER SUPPL y 8 

Voltage, Rated Performance ±ISV dc ±ISV dc 
Voltage. Operating ±(I2 to IS)V dc ±(l2 to IS)V dc 
Current. Quiescent (+10, -S)mA (+10,-S)mA 

TEMPERATURE RANGE 
Rated Performance o to +70°C o to +70

o
C 

Operating -2SoC to +SSoC -25°C to +SSOC 
Storage -SSoC to +SSOC -SSoC to +12SoC 

MECHANICAL 
Case Size I.S" x I.S" x 0.4" I.S" x I.S" x 0.4" 
Weight 

1 FIN and REF tenninals can be sborted to tVs indefinitely without damage. 
'Nonlinearity error is specified as a percentage of IOV full scale output level. 
'Gain temperature drift is specified in ppm of oU.tput signal level. 
• OUT tenninal can be shorted inddinitdy 10 tV s and ground without damage. 
S Adjustable to +IO.OOOV using FULL SCALE ADJUST trim pot. 

All Units Meet the Requirements of 
MIL-STD-202E as Outlined Below 

TEST METHOD CONDITION 

High Temperature Storage !USA o (Non-Operating) 

.\1oisture Res;stance !U6D (10 Davs) 

Solderability 20SC 

Thermal Shock !U7D A (S Cycles) 

Terminal Strength 211A A (Pull Test· !U lbs) 

Temperature Cycling !U2A D (-5SoC/+SSoC) 

Vibration 204C B (lSg Peak) 

Barometric Pressure IOSC B (50000 Feet) 

TABLE 1. Enviro~me"tal Specifications 
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2S grams 2S grams 

• Adjustable to zero usmg SOkn OFFSET ADJUST tram pot. 
"Current into the SUM PT terminal to offset the output vOltage positive. 
'Recommended power supply, ADI modd 904, ±1SV@ SOmA output. 
Specifications subject to change without notice. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm) 

~1 ~-+-+-+++++ +V. 5 
1 TRIMI-+-+++-+-+-H-I 

t-HH-+++t-+-tCOM 6 

\----15113811 MAX----J ~ 

1.-1 I:~ 
o 2 TO 025 0 U--r 

15 TO 6.41 T 
'-0.0411021 DIA --l f--

WEIGHT: 25 grams 

I.SI 

t-HH-+++t-+-'H-V, 7 138.11 

t-HI-+-+++t-+-t OUT B lMAX 

2 FIN ++-+-+-+-H-+-H 

+ :-t~rF'; ADJUST 9 
I+--+++++++-+~ 

BOTTOM VIEW --l ~ ~~1~51 
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Selection Guide 
Synchro & Resolver Converters 
The products in this section are generally concerned with angular measurements. They include the following classes of 
device: 

Digital Angle to Trigonometric (sine-cosine) Analog Voltage 
Digital-to-Resolver Converters 
Digital-to-Synchro Converters 
Inductosyn TM_to-Digital Converters 
Resolver-to-Analog Voltage Converters 
Resolver-to-Digital Converters 
Resolver-to-Digital Display (Angular-Position Indicators) 
Synchro-to-Analog Voltage Converters 
Synchro-to-Digital Converters 
Synchro-to-Digital Display (Angular-Position Indicators) 

Complete descriptions, specifications, and applications information on the products in this section can be found in the data 
sheets. Brief general information can be found overleaf. 

The Selection Guide is provided to ease the job of finding the right unit to do your job. Devices are listed in the Selection 
Guide vertically; by model number, in alphabetic, then numeric order, as well as by function and type of input. Salient 
characteristics are listed horizontally. A bullet is placed at each intersection that is appropriate for each device. 

SYNCHRO Angle Position API1620 
RESOLVER INPUT Indicator API1718 

Digital to DSC1705 
DIGITAL Synchro Resolver DSC1706 

INPUT Digital to DTMl716 
Trig. (Analog) DTM1717 

Inductosyn/ 
. INDUCTOSYN Resolver to 

Digital 

Resolver to 

RESOLVER INPUT Digital 
Converters 

SYNCHROINPUT 

Sync/Resolver 
Analog 

Synchro or 
Resolver to 
BCD Converters 

Synchro or 
Resolver to 
Binary 

Synchro to 
Digital 

IRDC1730 
IRDC1731 

RDCl727 
RDC1740 
RDC1741 
RDC1742 

SAC1763 

SBCD1752 
SBCD1753 
SBCD1756 
SBCD1757 

SDC1700 
SDC1702 
SDC1704 
SDCl725 
SDCl726 

SDCl727 
SDC1740 
SDC1741 
SDC1742 

• • 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • 

1 13 Bit BCD plus sign. 
214 Bits BCD. 

• • 
• 
• 

• • 
• • 
• 
• 
• 
• • 
• • 
• 
• 
• 
• 
• 

• • 

• • 

• 

• 
• 
• • 

• 

• 
• • 
• 

• • 
• 
• 
• '. • 
• 
• 

• 
• 

Inductosyn is a registered trademark of Farrand Industries Inc. 
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Here's an example of its use: if you were looking for a 14-bit resolver-to-digital converter with the highest accuracy in the 
smallest package, you night start at the 14-bit column; you would see that there are two resolver families that have 14-bit 
resolution and error less than 5 arc-minutes: RDC1740 and SDC1704; the 'RDC1740 is a hybrid, and the SDC1704 is in a 
O.4"H module. Thus, you would be quickly led to look at the SDC/RDCI740 data sheet and be guided to its location by the 
page number at the right. 

In addition to the devices listed in the chart, data sheets for the following accessory products are also to be found in this 
section: 

• 

• 

Resolver and Synchro 5VA Output Transformers, models 
RTM/STMI686/1696/1736/1687 /1697 /1737 

Synchro/Resolver 5VA-Gutput Power Amplifier, model SPA1695 

, Two-Speed Processor for Coarse/Fine Synchro/Resolver Systems, 
model TSL1612 

• • 
• 
• • 

• 

• 
• 

• 

• 

• 

• 

• 

• • 

• 
• 
• 
• 
• 
• 

• 

• 

• 

• 
• 
• 

• 
• 
• 

• 
• 

• 
• 
• 
• 

• 
• 
• 

• 
• 

• 

• 
• 
• 
• 
• 

• 

. -. -

13-5 
13-5 
13-5 

13-5 
13-5 
13-5 

13-5 
13-5 

13-9 
13-9 

API1620 
API1718 

DSC1705 
DSC1706 

13-13 DTMI716 
13-13 DTM1717 

13-17 IRDC1730 
13-23 IRDC1731 

13--49 
13-53 
13-53 
13-53 

13-31 

RDCI727 
RDC1740 
RDC1741 
RDC1742 

SAC1763 

13-35 SBCD1752 
13-35 SBCD1753 
13-35 SBCD1756 
13-35 SBCD1757 

13-39 
13-39 
13-39 
13--45 
13-45 

13-49 
13-53 
13-53 
13-53 

SDC1700 
SDC1702 
SDC1704 
SDCI725 
SDC1726 

SDC1727 
SDC1740 
SDC1741 
SDC1742 

Volume II, Page 13-27 

Volume II, Page 13-57 

Volume II, Page 13-59 
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Orientation 
Synchro & Resolver Converters 
These products constitute a complete line of devices for the 
digital measurement and control of angular and linear displace
ments by means of synchros, resolvers, and Inductosyns. In 
addition to modules and hybrid circuits that perform the 
appropriate conversions, the line also includes modules that 
perform purely algebraic or logical functions; in some cases, 
solid-state circuitry emulates the functions of electromechan
ical devices. 

The range of synchro processing modules now available covers 
a wide area of application. They are widely used in military and 
radar applications, but there are additional fields in which they 
could be used to advantage because of the proven ruggedness 
and high precision of the electromechanical hardware, their 
standardized specifications, and their low cost. They have a 
number of advantages over potentiometers and optical systems. 

In this introductory section, there will be provide,d a brief set 
of device definitions. Detailed data and applications informa
tion is given in the data sheets. For a complete introduction to 

synchro/digital conversion, Analog Devices has available a 208-
page book, Synchro and Resolver Conversion, edited by G. 
Boyes (1980),$11.50. 

In this section, and in much of the text, the word "Synchro" 
appears frequently. In many cases, the word "Resolver" could 
be used in its place. The modules make use of angular data in 
resolver form; if the input data is in three-wire synchro form, 
transformers in "Scott T" configuration convert it to resolver 
form; analog outputs are available in both forms. There are a 
number of voltage and frequency options. 

REPRESENTATION OF ANGLES IN DIGITAL FORM 
Binary 
The most commonly used method of representing angles in 
digital form is simple natural binary weighting, where the most
significant bit (MSB) represents 180°, the next represents 90°, 
etc. The table shows the bit weights in degrees, degrees-and
minutes, and radians for this coding method. 

BCD 
When angular measures have to be displayed in visual form, 
BCD coding is used, through the use of binary-to-BCD con
verters, such as the BDM1615, which provides the necessary 
scaling and conversion, e.g., from 10100000000000 (180° 
+ 45°) to 100010 0101.0000 000 (or 225.00°). 

TYPICAL S/D/S DEVICES 

Binary-to-Binary-Coded-Digital Converter (BDMI615/16/17) 
A device that accepts angular data in binary form and converts 
it to BCD form, with fractional degrees in decimal fractions of 
1° (1615, 1617) or minutes and seconds (1616). The BCD 
output is modulo 360°. 
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Bit No. Degrees Degrees, minutes Radians 

180 180 0 3.141593 
2 90 90 0 1.570796 
3 4S 45 0 0.785398 
4 22.5 22 30 0.392699 

11.25 11 15 0.196349 
6 5.625 5 37.5 0.098175 
7 2.8125 2 48.75 0.049087 
8 1.40625 24.38 0.024544 
9 0.70312 0 42.19 0.012272 

10 0.35156 0 21.09 0.006136 
11 0.17578 0 10.55 0.003068 
12 0.08789 0 5.27 ' 0.001534 

13 0.04395 0 2.64 0.000767 
14 0.02197 0 1.32 0.000383 
15 0.01099 0 0.66 0.000192 
16 0.00549 0 0.33 0.000096 

Digital-to-Synchro Converters (DSC1705/06) 
Devices that accept parallel binary digital inputs (14 or 12 
bits) and an ac reference signal, and provide outputs in 3-Wire 
synchro form. 

Inductosyn/Resolver-to-Digital Converter (IRDCI730) 
A device that produces a digital output capable of resolving 
(to 12 bits) intermediate distances within a single track-pitch 
of a Farrand linear-Inductosyn stator in displacement- and 
angle-measuring Inductosyn systems. The moving element is 
used as though it were a resolver input; hence the device will 
also convert resolver information to digital. 

Synchro-to-Digital Converter 
A device that accepts either 3-wire synchro- or 4-wire resolver 
inputs, together with a 2-wire ac reference, and outputs angu
lar binary data in a continuously tracking mode, employing a 
Type 2 servo loop. The inputs may be from either remote 
synchros or from electrically simulated synchros (e.g., DSC's). 

Digital Converter and 'Processor for Two-Speed Synchros 
(TSL1612) 
A two-speed processor takes as inputs two sets of digital infor
mation, representing the angles from coarse and fine synchros, 
and combines them to produce a single 19-bit word represent
ing the actual angle of the "coarse" shaft. The TSL .consists of 
the processing logic alone-it can be used with a pair of SDC's, 
which provide the two sets of digital information. 



r.ANALOG 
WDEVICES 

12 and 14 Bit Hybrid Synchro/ 
Resolver to Digital" Converters 

FEATURES 
Internal Isolating Transformers 
14·Bit or 12·Bit Resolution 
Three Accuracy Options 
Three·State Latched Output 
Continuous Tracking - Even During Data Transfer 
Simple Data Transfer 
Laser Trimmed - No External Adjustments 
MI L Spec/Hi Rei Options Available 
Hermetically Sealed 

APPLICATIONS 
Avionic Systems 
Servo Mechanisms 
Coordinate Conversion 
Axis Transformation 
Antenna Monitoring 
Artillery Fire Control Systems 
Engine Controllers 

GENERAL DESCRIPTION 
The SDC1740, SDC1741 and SDC1742 are hybrid, continuous 
tracking synchro or resolver to digital converters which employ 
a type 2 servo loop and contain three·state latches on the 
digital outputs. 

The input signals can either be 3 wire synchro plus reference 
or 4 wire resolver format plus reference depending on the 
option; and the outputs are presented in TTL compatible 
parallel natural binary buffered by three-state l~tches. 

The three state output facility, which has separate ENABLE 
inputs for the most significant 8 bits and the least significant 
4 bits (or 6 bits in the case of the SDC1740), not only simpli
fies multiplexing of more than one device onto a single data 
bus, but also enables the INHIBIT to be used without opening 
the internal converter loop. 

An outstanding feature of these converters is that although the 
profile height is only 0.28 inches (7.1mm) they contain inter
nal transformers which provide for true isolation on the signal 
and reference inputs. 

The converters are hermetically sealed in a metal 32-pin dual 
in line package. 

To ensure a level of reliability consistent with the performance, 
each converter receives a stringent pre-cap visual inspection, 
high temperature storage and temperature cycling, fine and 
gross leak testing, acceleration testing and operating burn-in. 

The converters are also available processed in accordance with 
MIL-STD-883, Method 5008, Class B. 

SDC/RDC1740/1741/1742 I 
SDC/RDC17401174111742 FUNCTIONAL BLOCK DIAGRAM 

MODELS AVAILABLE 
The three synchro/resolver to digital converters described in 
this data sheet differ primarily in the areas of resolution, 
accuracy and dynamic performance as follows: 

Model SDC1740XYZ is a 14-bit converter with an overall 
accuracy of ±4 arc-minutes and a resolution of 1.3 arc
minutes. 

Model SDC1741XYZ is a 12-bit converter with an accuracy 
of ±15.3 arc-minutes and a resolution of 5.3 arc-minutes. 

" Model SDC1742XYZ is a 12-bit converter with an accuracy of 
±8.5 arc·minutes and a resolution of 5.3 arc·minutes. 

The XYZ code defines the option as follows: (X) signifies the 
operating temperature range, (Y) signifies the reference fre
quency, (Z) signifies the signal and reference voltage and 
whether it will accept synchro or resolver format. 

More information about the option code is given under the 
heading of "Ordering Information". ' 

THEORY OF OPERATION 
If the unit is a Synchro to Digital Converter the 3 wire synchro 
output will be connected to SI, S2 and S3 on the unit and the 
Scott T transformer pair will convert these signals into resolver 
format. 

i.e., Vt = K Eo Sin wt Sin e 
V2 = K Eo Sin wt Cos 0 

Where e is the angle of the synchro shaft. 
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SPECIFICATIONS (typical @+25°C unless otherwise specified) 

Models SDC/RDC1742 SDC/RDC1741 SDC/RDC1740 

ACCURACy l 

(Max Error on all Options) ±8.5 arc-minutes ±15.3 arc-minutes ±4 arc-minutes 

RESOLUTION 

OUTPUT 

SIGNAL AND REFERENCE 
FREQUENCY 

SIGNAL VOLTAGE {Line to Line) 

SIGNAL IMPEDANCE 
90 Volt Signal 
26V Signal 
11.8V Volt Signal 

REFERENCE VOLTAGE 

REFERENCE IMPEDANCE 
115 Volt Reference 
26 Volt Reference 
11.8 Volt Reference 

TRANSFORMER ISOLATION 

TRACKING RATE (Minimum) 

ACCELERATION 
.Constant Ka 

STEP RESPONSE (179
0 

Step for 
Settling to 1 LSB of Error) . 

POWER LINES 
+15V 
-15V 
+5V 

POWER DISSIPATION 

12 Bits (lLSB = 5.3 arc-minutes) 

12 Bits Parallel Natural Binary 

400Hz or 2.6kHz 

90V, 26V or 11.8V rms 

200H2 (Resistive) 
57.7kn (Resis tive) 
26kn (Resistive) 

115V, 26V or 11.8V rms 

120kn (Resistive) 
27kn (Resistive) 
12.3kn (Resistive) 

350V de 

18 Revolutions Per Second 

66,OOO/sec2 

150ms 

19mA (typ) 23mA (max) 
19mA (typ) 23mA (max) 
45mA (typ) 1l0mA (max) 

0.8 Watts (typ) 1.3 Watts (max) 

DATA LOGIC OUTPUTS2 6TTL Loads 

BUSY LOGIC OUTPUT LOADING2 2TTL Loads 

BUSY LOGIC OUTPUT WIDTH 3ps (max) 

INHIBIT INPUT (TO INHIBIT) Logic "0" lTTL Load 

ENABLE INPUTS (TO ENABLE)3 Logic "0" lTTL Load 

TEMPERATURE RANGE 
Operating 
Storage 

PACKAGE OPTION4 

Hennetic DIP 

WEIGHT 

-55°C to +125°C 
-65°C to +150oC 

HY32B 

0.8 ozs (23 G) 

• Specifications the same as for SDC/RDC1742: 

NOTES 

* I 

1 Specified over the appropriate operating temperature range and for: (a) ±10% signal and reference amplitude 
variation; (b) 10% signal and reference harmonic distortion; (c) ±S% power supply variation; and (d) ±10% 
variation in reference frequency. 

2 Schottky IOl!ic loading rules apply. 
3 ENABLE M enable most significant 8 bits. 

ENABLE L enable least significant 4 bits (or 6 bits for the SDC/RDC1740). 
4See Section 20 for package outline information. 
Specifications subject to change without notice. 
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14 Bits (lLSB = 1.3 arc-minutes) 

14 Bits Parallel Natural Binary 

12 Revolutions Per Second 

36.000/sec2 

23mA (typ) 30mA (max) 
23mA (typ) 30mA (max) 
150mA (typ) 180mA (max) 

1.44 Watts (typ)1.8 Watts (max) 



If the unit is a Resolver to Digital Converter, the 4 wire re
solver output will be connected to 51, 52, 53 and 54 on the 
unit and the transformers will act purely as isolators. 

To understand the conversion process, assume that the current 
word state of the up-down counter is </>. 

Then V 1 is multiplied by Cos ¢ and V 2 is multiplied by Sin ¢ 
to give: 

and 
K Eo Sin wt Sin () Cos ¢ 

K Eo Sin wt Cos () Sin ¢ 

These signals are subtracted by the error amplifier to give: 

K Eo Sin wt (Sin () Cos ¢ - Cos 0 Sin ¢) 
or 

K Eo Sin wt Sin«() -¢) 

A- phase sensitive detector, integrator and voltage controlled 
oscillator (VCO) form a closed loop system which seeks to null 
Sin «() - </». 

When this is accomplished, the word state of the up-down 
counter (¢) equals, within the rated accuracy of the converter, 
the synchro shaft angle () . . 

Assuming that the "INHIBIT" is at a logic high state, then the 
digital word ¢ will be strobed into the latches Ips after the up
down counter has been updated. If the three state "ENABLE" 
is at a logic low, then the digital output word will be presented 
to the output pins of the unit. 

RHI 

Rco 
51 
52 
53 
54 

DIGITAL OUTPUT WORD 
t120R '''SITS} 

Functional Diagram of the SDC/RDC1740, SDC/RDC1741 
and the SDC/RDC1742 

DATA TRANSFER 
Data transfer from the converters is straig~tforward. 

Consider the timing sequence shown in the timing diagram 
which assumes that the input to the converter is changing. 

From this diagram, it can be seen that there are two ways to 
transfer data. 

One method is to detect the state of the BUSY signal, which 
is high for up to 2.0 microseconds (typical) while the up
down counters and latches are se~tling, and transfer data 
when it is in a low state. 

An alternative method is to use the "INHIBIT" input. As can 
be seen from the functional diagram, application of the 
"INHIBIT" prevents the two monostables being triggered and 
consequently the latches being updated. Therefore, it follows 
that data will always be valid after 3ps has elapsed from the 
application of the INHIBIT (i.e. taken to logic low). It can also 

be seen that this method of data transfer is valid regardless of 
when the INHIBIT is applied. 

The three-state ENABLE can be used at any time in order to 
present the data in the latches to the output pins. ENABLE M 
enables the most significant 8 bits while ENABLE L enables 
the least significant 4 bits (6 bits in the SDC/RDC1740). 

Note that the operation of the internal converter loop cannot 
be affected in any way by the logic state present on the 
INHIBIT and ENABLE pins. 

DISTANCE DEPENDS ON 
-VELOCITY OF INPUT

VCO OUTPUT 
(POINT "A" 

ON DIAGRAM) 

ASSUMING 
INHIBIT = "'" 

ROTATION 

UP·DOWN 
COUNTER 

I UPDATED 

,-,~. 

I 
LATCHES 
UPDATED 

: • 3~. (MAX) 

I 

I 
I' 
I 

DATA ~i;I __ jl~~li~m VALID 
(HIGH STATE) 

Timing Diagram 

Bit Number Weight in Degrees 

(MSB) 

4 
5 
6 

10 
11 
12 (LSB) For 1741/1742 
13 
14 (LSB For 1740 

Bit Weight Table 

CONNECTING THE CONVERTER 

180.0000' 
90.0000 
45.0000 
22.5000 
11.2500 

5.6250 
2.8125 
1.4063 
0.7031 . 
0.3516 
0.1758 
0.0879 
0.0439 
0.0220 

The electrical connections to the converter are straightforward. 
The power lines, which must not be reversed, should be con
nected to the "+15V", "-15V'~ and "+5V" pins with the com
mon connection to the ground pin "GND". It is suggested that 
a parallel combination of a O.lpF and a 6.8pF capacitor is 
placed in each of the three positions from "+15V" to "GND", 
from "-15V" to "GND" and from "+5V" to "GND". 

The pin marked "case" is connected electrically to the case 
and should be taken to a convenient zero volt potential in 
the system. 

The digital output is taken from Pin "I" through to "12" for 
the SDC/RDC1742 and SDC/RDC1741 and "1" through to 
"14" for the SDC/RDC1740, where Pin "1" is the MSB. 

The reference connections are made to "RHI" and "RLO ". 

In the case of a Synchro, the signals are connected, to "51", 
"52" and "53" acc·ording to the following convention: 

ESl - S3 == ERLO - RHI Sin wt Sin () 
ES3 - S2 == ERLO - RHI Sin wt Sin «() + 120°) 

ES2 - SI = ERLO - RHI Sin wt Sin (0 + 240°) 

For a resolver, the signals are connected to "51", "52", "S3" 
and "54" according to the following convention: 
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Est -S3 = ERLO - RHI Sin wt Sin () 

Es2 - S4 == ERHI - RLO Sin wt Cos () 

The "BUSY", "INHIBIT" and "ENABLE" pins should be con
nected as described under the heading "Data Transfer". 
RESISTIVE SCALING OF INPUTS 
A feature of these converters is that the signal and reference 
inputs can be resistively scaled to accommodate any range of 
input signal and reference voltages. 

This means that a standard converter can be used with a per
sonality card in systems where a wide range of input and ref
erence voltages are encountered. 

ORDERING INFORMATION 

To calculate the values of the external scaling resistors in the 
case of a Synchro Converter, add l.11k!1 per extra volt of 
signal in series with "SI ", "S2" and "S3 ", and lk!1 per extra 
volt of reference in series with "RHI". 

In the case of a Resolver to Digital Converter, add 2.22k!1 in 
series with "SI" and "S2" per extra volt of signal and lkn per 
extra volt of reference in series with "RHI". 

MEAN TIME BETWEEN FAILURES (MTBF) 
The reliability of these products is very high due to the exten
sive use of custom chip circuitry. For details of MTBF figures 
under particular conditions please consult the factory. 

When ordering, the converter part numbers should be suffixed by an option code in order to fully define them. All the standard 
options and their option codes are shown below. For options not shown, please consult the factory. 

SDC 1740 X 

T 
SOC = Synchro to Digital Converter 
RDC = Resolver to Digital Converter 

1740 = 14-bit resolution, ±4 arc-min accuracy 
1741 = 12-bit resolution, ±IS.3 arc-min accuracy 
1742 = 12-bit resolution, ±8.S arc-min accuracy 

Y Z 

1 z=! Signal 11.8V Reference 
Z=2 Signal 90V Reference 
Z=3 Signal 11.8V Reference 
Z=4 Signal 26V Reference 
Z=8 Signal 11.8V Reference 

Y = 1400Hz Reference Frequency 
Y = 4 2.6kHz Reference Frequency 

X= 4 -55°C to +12S
o
C Operating Temperature Range 
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Sample/Track-Hold Amplifiers 

Selection Guide 

General Information and Definitions of Key Specifications 

eAD~46JD/SD High-Speed Sample-and-Hold Amplifier 

AD582K/S Monolithic IC Sample-Hold Amplifier, Low Cost 

AD583K Monolithic IC Sample-Hold Amplifier, High Speed 

eADSHC-85 Fast 0.01 % Track/Sample-Hold Amplifiers 

eADSHM-5/5K Ultra Fast 0.01 % Track/Sample-Hold Amplifiers 

HTS/HTC Hybrid High-Speed Track-Hold Amplifier Series 

SHA1l44 High-Resolution Sample-Hold Amplifier ' 
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1. GENERAL PURPOSE 
Model 

AD583K 
AD582K/S 

Acquisition Time 

4J.Ls to ±0.1% (C = 50pF) 
6J.Ls to ±0.1 % (C = 100pF) 

2. HIGH SPEED 

Model 

AD346 
ADSHC-85 

Acquisition Time 

2J.Ls to ±0.01 % 
4.5J.Ls to ±0.01 % 

3. VERY HIGH SPEED 
Model 
HTS-0025 
THS-0025 
THS-0060 
THS-D225 
HTC-0300 
THC-D300 
THC-0750 
THC-1500 
ADSHM-5 
ADSHM-5K 

Acquisition Time 
20ns to 1% 
20ns to 1% 
75ns to 1% 
300ns to 1% 
lOOns to 0.1 % 
lOOns to 0.1 % 
300ns to 0.1 % 
1000ns to 0.1 % 
350ns to 0.01 % 
250ns to 0.01 % 

4. HIGH RESOLUTION 
Model 

SHA1144 

Acquisition Time 

8J.Ls max to 0.003% 

Selection Guide 
Sample/Track-Hold Amplifiers 

Characteristics 

Aperture time SOns, lOpC charge transfer 
Aperture time 150ns, nonlinearity ±0.01%, low cost 

Characteristics 

Aperture time 60ns, low droop 0.5mVIJ.Ls 
Aperture time 25ns, low droop 0.2mVIJ.Ls 

Characteristics 
Aperture jitter 20ps, 0.01% nonlinearity 
Aperture jitter 20ps, 0.01 % nonlinearity 
Aperture jitter 20ps, 0.01 % nonlinearity 
,Aperture jitter 20ps, 0.01 % nonlinearity 
Aperture jitter lOOps, max, 0.01 % nonlinearity 
Aperture jitter lOOps, max, 0.01 % nonlinearity 
Aperture jitter lOOps, max, 0.01 % nonlinearity 
Aperture jitter lOOps, max, 0.01 % nonlinearity 
Low droop 20J.LVIJ.Ls, 0.005% nonlinearity 
Low droop 12J.LVIJ.Ls, 0.005% nonlinearity 

Characteristics 

Aperture jitter 500ps, gain nonlinearity ±0.001 % 

Vol'l Vol II 
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Orientation 
Sample/Track-Hold Amplifiers 
The principal application for sample/track-hold amplifiers is to 
maintain an analog-to-digital converter's input constant during 
conversion, at a value representing the analog input as of a cer
tain precisely known time. The characteristics of the SHA are 
crucial to system accuracy and the reliability of the digital 
data, especially in 12-bit and/or high-through put-rate 
applications. 

A sample/track-hold amplifier (s/h or SHA), as its name indi
cates, has two modes of operation, programmed by a digital 
control-input. In the track- or sample-mode, the output 
follows the input, usually with a gain of + 1. When the mode
input switches to hold, the output of the SHA ideally retains 
the last value it had when the command to hold was given, 
and it retains that value until the logic input dictates track 
(sample), at which time the output ideally jumps to the input 
value and follows the input until the next hold command is 
given. 

Analog Devices track-holds and sample-holds are functionally 
identical; they are designed to acquire input signals for either 
immediate hold or for a possibly extended period of tracking. 
They should not be confused with ac devices termed "sample
hold" that can only obtain quick samples and cannot track the 
input continuously. 

SHACIRCUITRY AND HARDWARE 
A sample-hold amplifier usually consists of a storage capacitor, 
input- and output buffer-amplifiers, and a switch and its drive

. circuitry. During sample, the circuit is connected to promote 
rapid charging of the capacitor. During hold, the capacitor is 
disconnected from its charging source and-ideally- retains· 
its charge. The figure below shows a typical feedback con
figuration (AD583): the input buffer is a high-gain differ
ential amplifier with a current output that charges the capaci
tor through the logic-controlled switch. The capacitor is 
unloaded by a unity-gain buffer-follower. The output is fed 
back to the negative input (as in an op-amp follower con
figuration), and thus, in sample, the charge on the capacitor 
is compelled to follow the input. In hold, the input amplifier 
no longer drives the capacitor; it retains its charge, unloaded 
by the output follower. In another popular configuration, the 
capacitor is used as the feedback element of an inside-the-Ioop 
integrator (AD582, SHA1144,·HTC-0300). The highest-speed 
devices (HTS-0025) usually run open-loop. 

HIGH GAIN 

"~~~O~"' 
~I

MODE CONTROL 
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Since drive current is finite, and leakage current in hold is not 
zero, the capacitance-if large-limits the slewing rate in sam
ple and-if small-converts leakage current to "droop" in 
hold. In sib hybrids, the capacitance is usually fixed, and the 
properties of the complete device are optimized for one con
dition- and so specified. In s/h monolithic ICs, the capacitor 
is omitted, and furnished by the user (both for flexibility and 
because good capacitors for this purpose are hard to integrate). 
The optimum capacitance can be selected for th.e specific appli
cation. Design curves of performance vs. capacitance, given on 
the IC data sheets (AD582 andAD583) facilitate this process. 
In some types, the gain connections are external, like those of 
an op amp (AD582, AD583, SHA1144), permitting gains 
other than + 1. 

PERFORMANCE 
In the sample mode, it is useful to consider that a SHA's per
formance can be characterized by specifications similar to 
those of a closed-loop operational amplifier (offset, drift, 
nonlinearity, gain error, bias current, etc.), but with somewhat 
slower response (gain-bandwidth, slewing rate, settling time) 
because of the need to charge the storage capacitor. 

However, during the sample-to-hold, hold, and hold-to-sample 
states, the dynamic nature of the mode-switching introduces a 
number of specifications that are peculiar to SHAs. The most
important of these are defined below and illustrated in the 
adjoining figure. They include the aperture time and its uncer
tainty, the sample-to-hold step, feedthrough and droop (in 
hold), and acquisition time. 

HOLD/SAMPLE DELAY 

HOLD 

--.J 
SAMPLE 1 

LOGIC INPUT SAMPLE 

DEFINITIONS 
Acquisition Time is the time required by the output of the 
device to reach its final value, within a specified error band, 
after the sample command has been given. Included are 
switch-delay time, the slewing interval, and settling time for 
a specified output-voltage change. 



Aperture (Delay) Time is the time required after the hold com
mand for the switch to open fully. The sample is, in effect, 
delayed by this interval, and the hold command would have to 
be advanced by this amount for precise timing. 

Aperture Uncertainty-or Aperture (Delay) Jitter-is the range 
of variation in the aperture time. If the aperture time is "tuned 
out" by advancing the hold command a suitable amount, this 
spec establishes the ultimate timing error, hence, the max
imum sampling frequency to a given resolution. 

Charge Transfer (or offset step), the principal component of 
sample-to-hold offset (or pedestal), is the charge transferred 
to the storage capacitor via stray capacitance when switching 
to the hold mode. It can sometimes be reduced by lightly 
coupling an appropriate-polarity version of the hold signal to 
the capacitor for cancellation. The associated voltage error 
(boQ/C) can be reduced by using greater capacitance for storage; 
but this increases response time. . 

Droop is the change of the output voltage during hold as a 
result of leakage or bias currents flowing through the storage 
capacitor. Its polarity depends on the sources of leakage 
current within a given device. In ICs, it is specified as a (droop 
or drift) current, in modules, a dV Idt. (Note: 1= CdV Idt.) 

Feedthrough is the fraction of the input signal variation or ac 
input waveform that appears at the output in hold. It is caused 
by stray capacitive coupling from the input to the storage ca
pacitor, principally across the open switch. 

Sample-to-Hold Offset, a shift in level between the last value in 
sample and the value settled-to in hold, is the residual step er
ror after the charge transfer is accounted for and/or cancelied. 
Since it is unpredictable in magnitude and may be a function 
of the signal, it is also known as offset nonlinearity. 
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r.ANALOG 
WDEVICES 

FEATURES 
Fast 2.0~s Acquisition Time to ±O.01% 
Low Droop Rate: O.5mV/ms . 
Low Offset 
Low Glitch: <40mV 
Aperture Jitter: 400ps 
Military Temperature Range: -55°C to + 125°C 
Internal Hol~ Capacitor 

PRODUCT DESCRIPTION 
The AD346 is a high speed (2J.Ls to 0.01%), adjustment free 
sample and hold amplifier designed for high throughput rate 
data acquisition applications. The fast acquisition time (2J.Ls to 
0.01%) and low aperture jitter (400ps) make it suitable for use 
with fast AID converters to digitize signals up to 97kHz. 

The AD346 is complete with an internal hold capacitor and it 
incorporates. a compensation network which minimizes the sample 
to hold charge offset. The AD346 is also laser trimmed to eliminate 
the need for external trimming potentiometers. 

Typical applications for the AD346 include sampled data systems, 
D/A deglitchers, peak hold functions, strobed measurement 
systems and simultaneous sampling converter systems. 

The device is available in two versions: the "J" specified for 
operation over the 0 to + 700e commercial temperature range 
and the "S" specified over the full military temperature range, 
- ssoe to + l2See with processing to MIL-STD-883, Level B 
screening available. 

High Speed 
Sample and Hold Amplifier 

AD346 I 

AD346 FUNCTIONAL BLOCK DIAGRAM 

ANALOG 
INPUT 

+15V 

-15V 

CONTROL 
LOGIC 
INPUT 

LOGIC GND 4 

SUMMING PT 

AD346 

PRODUCT HIGHLIGHTS 

8 ANALOG 
OUTPUT 

1. The AD346 is an improved second source for other sample 
and holds of the same pin configuration. 

2. The AD346 provides separate analog and digital grounds, 
thus improving the device's immunity to ground and switching 
transients. 

3. The droop rate is only O.SmV/ms so that it may be used in 
slower high accuracy systems without the l?ss of accuracy. 

4. The fast acquisition time and low aperture make it suitable 
for very high speed data acquisition systems. 

PIN CONFIGURATIONS 

DIGITAL INPUT 

PIN OUT 

-15V 

ANALOG INPUT 

SUMMING PT 

+15V 

N/C 
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S PEe I Fie. AT ION S (typical @ + 25°C, Vs = ± 15V unless otherwise noted) 

Model AD346JD AD346SD Units 

ANALOG INPUT 
Voltage Range :!:: 10.0 * Volts 
Input Impedance 3.0 * kn 

DIGITAL INPUT 
"0" Input Threshold Voltage (Hold) +0.8max * Volts 
"1" Input Threshold Voltage (Sample) 2.0min * Volts 
"0" Input Current 50.0 * fLA 
"1" Input Current 1.0 * fLA 

TRANSFER CHARACTERISTICS 
Gain -1.0 * 
Gain Error :!::O.02 max(:!:: 0.01 typ) * %FSR 
Gain Error, T min - T max :!:: 0.05 max(:!:: 0.03 typ) * %FSR 
Offset Voltage :!:: 3 max ( :!:: 1 typ) * mV 
Offset Voltage, T min - T max :!:: 20 max(:!:: 6 typ) * mV 
Pedestal :!:: 4 max ( :!:: 2 typ) * mV 
Pedestal, T min - T max :!:: 20 max (:!:: 8 typ) :!:: 20 max (:!:: 10 typ) mV 
Droop Rate 0.5 max (0.1 typ) * mV/fLs 
Droop Rate, T min- T max 60 max (20 typ) 700 max (200 typ) mV/fLs 

DYNAMIC CHARACTERISTICS . 
Full Power Bandwidth 

VOUT = + lOV, -3dB 1.4 * MHz 
Output Slew Rate 50 * V/fLS 
Acquisition Time 

To :!::0.01% lOVStep 2.0ma~ (1.0 typ) * fLS 
To :!::O.OI% 20V Step 2.5 max(1.6 typ) * fLS 

Aperture Delay 60 max (30 typ) * ns 
Settling Time 

Sample Mode (lOV Step) 2.0 max(1.0 typ) * fLs 
Sample to Hold 500 max (150typ) .* ns 

Feedthrough (Hold Mode) 
at 1kHz 0.02 max (0.005 typ) * %FSR 

Transient Peak Amplitude 
Sample/Hold/Sample 40 * mV 

ANALOG OUTPUT 
Output Voltage Swing' :!:: 1O.0min * Volts 
Output Current 3.0 * rnA 

POWER REQUIREMENTS 
Operating Voltage Range :!:: 12 to :!:: 18 * Volts 
Supply Current 

+V 18 max (9 typ) * rnA 
-V - 10 max ( - 3 typ) * rnA 

Power Supply Rejection Ratio 100 * fLVIV 
Power Consumption 500 max (200 typ) * mW 

PACKAGEOPTION2 

14PinDIP HY14C * 
'Maximum output swing is 4V less than + V s. 
2See Section 20 for package outline information. 
*Specifications same as AD346JD. 
Specifications subject to change without notice. 
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~ANALOG 
WDEVICES 

FEATURES 
Low Cost 
Suitable for 12-Bit Applications 
High Sample/Hold Current Ratio: 107 

Low Acquisition Time: 6J1s to 0_1% 
Low. Charge Transfer: <2pC 
High Input Impedance in Sample and Hold Modes 
Connect in Any Op Amp Configuration 
Differential Logic Inputs 

LOGIC 
IN· 

-Ys 

Low Cost 
Sample/Hold Amplifier 

AD582 I 
ADS82 PIN CONFIGURATION AND 
FUNCTIONAL BLOCK DIAGRAM 

LOGIC LOGIC 
NC NC IN + IN - -IN OUTPUT 

+IN NC NULL NULL -Ys 

la-PIN TO-IOO 
TOP VIEW 

14-PIN TO-116 
TOP VIEW 

PRODUCT DESCRIPTION 
The AD582 is a low cost integrated circuit sample ~nd hold 
amplifier consisting of a high performance operational ampli
fier, a low leakage analog switch and a JFET integrating ampli
fier - all fabricated on a single monolithic chip. An external 
holding capacitor, connected to the device, completes the sam
ple and hold function. 

With the analog switch closed, the AD582 functions like a stan
dard op amp; any feedback network may be connected around 
the device to control gain and frequency response. With the 
switch open, the capacitor holds the output at its last level, 
regardless of input voltage. 

Typical applications for the AD582 include sampled data sys
tems, D/A deglitchers, analog de-multiplexers, auto null systems, 
strobed measurement systems and AID speed enhancement. 

The device is available in two versions: the "K" specified for 
operation over the a to +70

o
C commercial temperature range 

and the "s" specified over the full military temperature range, 
-55°C to +12SoC with processing to MIL-STD-883, Class B 
available. All versions may be obtained in either the hermeti
cally sealed, TO-lOa can or the TO-116 DIP. 

PRODUCT HIGHLIGHTS 
1. The monolithic AD582 is the lowest cost sample arid hold 

amplifier available. Until recently, quality sample and hold 
circuits could only be fabricated with costly discrete or 
hybrid components. I 

2. The specially designed input stage presents a high impedance 
to the signal source in both sample and hold modes (up to 
±12V). Even with signal levels up to ±VS' no undesirable 
signal inversion, peaking or loss of hold voltage occurs. 

3. The AD582 may be connected in any standard op amp con
figuration to control gain or frequency response and provide 
signal inversion, etc. 

. 4. The AD582 offers a high, sample-to-hold current ratio: 107 

The ratio of the available charging current to the holding III 
leakage current is often used as a figure of merit for a sam- • 
pie and hold circuit. 

5. The AD582 has a typical charge transfer less than 2pC. A 
low charge transfer produces less offset error and permits 
the use of smaller hold capacitors for faster signal acquisition. 

6. The AD582 provides separate analog and digital grounds, 
thus improving the device's immunity to ground and switch
ing transients. 
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SPECIFICATIONS (typical @+25°C, Vs = ±15V and CH = 1000pF, A == +1 unless otherwise specified) 

MODEL 

SAMPLEIHOLO CHARACTERISTICS 
Acquisition Time, 10V Step to 0.1%, 

CH = lOOpF 
Acquisition Time, IOV Step to 0.01%, 

CH= IOOOpF 
Aperture Time, 20V p'p Input, 

Hold OV 
Aperture Jitter, 20V Pop Input, 

,Hold OV 
Settling Time, 20V pop Input, 

Hold OV, to 0.01% 
Oroop Current, Steady State, ±IOVOUT 
Oroop Current, Tmin to Tmax 
Charge Transfer 
Sample to Hold Offset 
Feedthrough Capacitance 

20V pop, 10kHz Input 

TRANSFER CHARACTERISTICS 
Open Loop Gain 

VOUT = 20V pop, RL = 2k 
Common Mode Rejection 

VCM = 20V pop, F = 50Hz 
Small Signal Gain Bandwidth 

VOUT = lOOmV pop, CH = 200pF 
Full Power Bandwidth 

VOUT = 20V pop, CH = 200pF 
Slew Rate 

VOUT = 20V pop, CH = 200pF 
Output Resistance 

Hold Mode, lOUT = ±SmA 
Lineariry 

VOUT = 20V pop, RL = 2k 
Output Short Circuit Current 

ANALOG INPUT CHA~ACTERISTICS 
Offset Voltage 
Offset Voltage, Tmin to Tmax 
Bias Current 
Offset Current 
Offset Current, Tmin to Tmax 
Input Capacitance, f = IMHz 
Input Resistance, Sample or Hold 

20V pop Input, A = + 1 
Absolute Max Oiff Input Voltage 
Absolute Max Input Voltage, Either Input 

DIGITAL INPUT CHARACTERISTICS 
+Logic Input Voltage 

Hold Mode, Tmin to Tmax , -Logic @ OV 
S:unple Mode, Tmin to Tmax , -Logic @ OV 

+Logic Input Current 
Hold Mode, +Logic @ +SV, -Logic @ OV 
Sample Mode, + Logic @ OV, -Logic @ OV 

-Logic Input Current 
Hold Mode, +Logic @ +SV, -Logic @ OV 
Sample Mode, +Logic@ OV, -Logic@ OV 

Absolute Max Diff Input Voltage, +L to-L 
Absolute Max Input Voltage, Either Input 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range 
Supply Current, RL = 00 

Power Supply Rejection, 
b.V s = 5V, Sample Mode (see next page) 

TEMPERATURE RANGE 
Specified Performance 
Operating 
Storage 
Lead Temperature (Soldering, 15 sec) 

PACKAGE OPTION1 

"H" Package: TO-IOO 
."0" Package: TO·116 Style (014A) 

I See Section 20 for p""kage outline information. 
·Specifications same as,ADS82K. 

Specifications subject to change without notice. 

ADS82K 

61ls 

2SIls 

ISOns 

lSns 

O.Slls 
100pAmax 
InA 
5pC max (l.SpC typ) 
O.SmV 

0.05pF 

2Sk min (SOk typ) 

60dB min (70dB typ) 

l.SMHz 

70kHz 

3V/Ils 

12n 

±O.Ol% 
±2SmA 

6mV max (2mV typ) 
4mV 
31lA max (1.SIlA typ) 
300nA max (7SnA typ) 
100nA 
2pF' 

30Mn 
30V 
±Vs 

+2V min 
+0.8V max 

1.SIlA 
InA 

241lA 
41lA 
+lSV/-6V 
±VS 

±9V to ±18V 
4.SmA max (3mA typ) 

60dB min (7SdB typ) 

o to +70°C 
_25°C to +85°C 
_65°C to +lSOoC 
+300°C 

AOS82KH 
A0582KO 
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ADS82S 
(AOS82S/883 B) 

lSOnA max 

~mV max (SmV typ) 

!OOnA max (lOQnA typ) 

±9V to ±22V 

-55°C to +12SoC 
-55°C to +12SoC 

ADS82SH 
AOS82SD 



APPLYING THE AD582 
Both the inverting and non-inverting inputs are brought out to 
allow op amp type versatility in connecting and using the 
AD582. Figure 1 shows the basic non-inverting unity gain con
nection requiring only an external hold capacitor and the usual 
power supply bypass capacitors. AI1'offset null pot can be 
added for more critical applications. 

Hro+5_V ____ --, 

OV...J 
SAMPLE 

I 

-~:~:.r ~~'" 
-'" ",,[1 

Figure 1. Sample and Hold with A = + 1 

RL ,'2k 

Figure 2 shows a non-inverting configuration where voltage 
gain, Ay, is set by a pair of external resistors. Frequency shap
ing or non-linear networks can also be used for special applica
tions. 

HOLD 

r +05_V __ ---'_--, 

OV --.J 
SAMPLE 

-15V 

VOUT = tl0V 

RL" 2k 

Figure 2. Sample and Hold with A'= (1 + RF/RIJ 

Applying the AD582 
The hold capa~itor, CH, should be a high quality polystyrene 
(for temperatures below +8SoC) or Teflon type with low 
dielectric absorption. For high speed, limited accuracy applica
tions, capacitors as small as lOOpF may be used. Larger values 
are required for accuracies of 12 bits and above in order to 
minimize feedthrough, sample to hold offset and droop errors 
(see Figure 6). Care should be taken in the circuit layout to 
minimize coupling between the hold capacitor and the digital 
or signal inputs. 

In the hold mode, the output voltage will follow any change 
in the -VS supply. Consequently, this supply should be well 
regulated and filtered. 

Biasing the +Logic Input anywhere between -6V to +O.8V with 
respect to the -Logic will set the sample mode. The hold mode 
will result from any bias between +2.0V and (+Vs - 3V). The 
sample and hold modes will be controlled differentially with 
the absolute voltage at either logic input ranging from -V s to 
within 3V of +VS (VS - 3V). Figure 3 illustrates some examples 
of the flexibility of this feature. 

+JV/+1SV CMOS/MaS 
OR 
+SV TTL/DTL 

AD582 

Figure 3A. Standard Logic Connection 

+JV/+12V CMOS/MOS 

+LOGIC 

AD582 

-LOGIC 

Figure 38. Inverted Logic Sense Connection 

+15V HTL 

Figure 3C. High Threshold Logic Connection 
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DEFINITION OF TERMS 
Figure 4 illustrates various dynamic characteristics of the 
AD582. 

SAMPLE J 

I 
I 

I 
I 
I 
I 
~ _____ J 

HOLD 

lOGIC INPUT 

HOlO/SAMPlE DELAY 

SArliPlE 

Figure 4. Pictorial Showing Various SIH Characteristics 

Aperture Time is the time required after the "hold" command 
until the switch is fully open and produces a delay in the effec
tive sample timing. Figure 5 is a plot giving the maximum fre-' 
quency at which the AD582 can sample an input with a given 
accuracy (lower curve). 

Aperture Jitter is the uncertainty in Aperture Time. If the 
Aperture Time is "tuned out" by advancing the sample-to-hold 
command 15005 with respect to the input signal, the Aperture 
Jitter now determines the maximum sampling frequency (upper 
curve of Figure 5). 

Acquisition Time is the time required by the device to reach its 
final value within a given error band after the sample command 
has been given. This includes switch delay time, slewing time 
and settling time for a given output voltage change. 

Droop is the change in the output voltage from the "held" 
value as a result of device leakage. In the AD582, droop can 
be in either the positive or negative direction. Droop rate may 
be calculated from droop current using the following fonnula: 

/:;V (Volts/sec) = I(pA) 
/:;T CH(pF) 

(See also Figure 6.) 

Feedthrough is that component of the output which follows 
the input signal after the switch is open. As a percentage of the 
input, feed through is determined as the ratio of the feed
through capacitance to the hold capacitance (CF/CH)' 

Charge Transfer is the charge transferred to the holding capa
citor from the interelectrode capacitance of the switch when 
the unit is switched to the hold mode. The charge transfer gen
erates a sample-to-hold offset where: 

S/H Offset (V) = Charge (pC) 
CH(pF) 

(See also Figure 6.) 

Sample to Hold Offset is that component of D.C. offset inde
pendent of CH (see Figure 6). This offset may be nulled using 
a null pot, however, the offset will then appear during the 
sampling mode. 
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,. ANALOG Ie Sample and Hold 
a... DEVICES Gated Op Amp 

,I~ ______ ~--____ ------A-D5-83~1 
FEATURES. 
High Sample-to-Hold Current Ratio: 106 

High Slew Rate: 5V/ps 
High Bandwidth: 2MHz 
Low Aperture Time: SOns 
Low 'Charge Transfer: 10pC 
DTL/TTL Compatible 
May Be Used as Gated Op Amp 

PRODUCT DESCRIPTION 
The AD583 is a monolithic sample and hold circuit consisting 
of a high performance operational amplifier in series with an 
ultra-low leakage analog switch and unity gain amplifier. An 
external holding capacitor, connected to the switch output, 
completes the sample-and-hold or track-and-hold function. 

With the analog switch closed, the AD583 functions like a stan
dard op amp; any feedback network may be connected around 
the device to control gain and frequency response. With the 
switch open the capacitor holds the output at its previous level. 

The AD583 may also be used as a versatile operational ampli
fier with a gated output for applications such as analog switches, 
peak holding circuits, etc. 

PRODUCT HIGHLIGHTS 
1. Sample-and-hold operation is obtained with the addition of 

one external capacitor. 

2. Low charge transfer (lOpC) and high sample-to-hold current 
ratio insure accurate tracking. 

3. Any gain or frequency response is available using standard 
op amp feedback networks. 

4. High slew rate and low aperture time permit sampling of 
rapidly changing signals. 

5. Output, gated through a low leakage analog switch, also 
makes the AD583 useful for applications such as analog 
switches, peak holding circuits, etc. 

AD583 FUNCTIONAL BLOCK DIAGRAM 

SAMPLE/HOLD 
IN- CONTROL 

IN+ GND 

OFFSET ADJ. N.C. 

OFFSET ADJ. HOLD CAP. 

v- N.C. 

N.C. v+ 

OUT CASE 

TO-U6 

Schematic Diagram 
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SPECIFICATIONS (typical @+25°C and ±15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GAIN 
RL = 2kU, Tmin to Tmax 

OUTPUT VOLTAGE SWING 
RL = 2kU, Tmin to Tmax 

OUTPUT CURRENT 

OUTPUT RESISTANCE 

OFFSET VOLTAGE 
Tmin to Tmax 

BIAS CURRENT 
Tmin to T max 

OFFSET CURRENT 
Tmin to Tmax 

INPUT RESISTANCE 

COMMON MODE RANGE 

COMMON MODE REJECTION 
Tmin to T max 

GAIN BANDWIDTH PRODUCT 

SLEW RATE 
Av = +1, RL = 2kU, CL = SOpF, 

Vout = ±lOV pop 

RISE TIME 
Av = +1, RL = 2kU, CL = SOpF, 

Vout = 400mV pop 

OVERSHOOT 
Av = +1, RL = 2kU, CL = SOpF, 

Vout = 400m V pop 

DIGITAL INPUT CURRENT 
Yin = 0, Tmin to Tmax 
Yin = +S.OV, Tmin to Tmax 

DIGITAL INPUT VOLTAGE 
Low T min to T max 
High T min to T max 

ACQUISITION TIME 
Av:: +1, RL = 2kU, CL = SOpF 
to 0.1% of final value: 
to 0.01 % of final value: 

APERTURE TIME 

APERTURE JITTER 

DRIFT CURRENT 
Tmin to Tmax 

CHARGE TRANSFER 

SUPPLY CURRENT 

POWER SUPPLY REJECTION 

OPERATING TEMP 

STORAGE TEMP 

PACKAGE STYLE I : TO-116 Style 

ADSS3KD 

2Sk min (SOk typ) 

±lOV min 

±lOmA min 

6mV max (3rnV typ) 
SmV max (4mV typ) 

200nA max (SOnA typ) 
400nA max 

SOnA max (lOnA typ) 
100nA max 

SMU min (lOMU typ) 

±lOV min 

74dB min (90dB typ) 

2MHz 

SVIlls 

lOOns 

20% 

O.SmA max (Logic "Sample") 
20llA max (Logic "Hold") 

O.SV max 
2.0V min 

41ls 
Sils 

SOns 

Sns 

SOpA max (SpA typ) 
1.0nA max (O.OSnA typ) 

20pC max (lOpC typ) 

5.0mA max (2.SmA typ) 

74dB min (90dB typ) 

(D14A) 

Specifications subject to change without notice. 
I See Section 20 for package outline infonnation. 
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ABSOLUTE MAXIMUM RATINGS 

Voltage between V+ and V-Terminals 
Differential Input Voltage 
Digital Voltage (Pin 14) 
Output Current ' 
Internal Power Dissipation 

40V 
±30V 
+8V, -lSV 
Short Circuit Protected 
30mW (Derate power 
dissipation by 4.3mW/C 
above +150°C ambient 
temperature) 



APPLYING THE AD583 
Figure 1 shows the AD583 connected in a simple sample and 
hold configuration with unity gain and offset nulling. Any other 
standard op amp gain and frequency response configuration 
may also be used. Note that the holding capacitor, CH, should 
have extremely high insulation resistance and low dielectric 
absorption. Polystyrene (below +85°C), teflon or Mica types 
are recommended. 

CONTROL 

100kn 
OFFSET TRIM 

OUT 

Figure 1. Basic Track-and-HoldISample-and-Hold 

Figure 2 shows the guard ring used to reduce leakage paths be
tween the pc board and the package. This minimizes drift during 
the hold command. 

CONTROL 

r ~ GN°Ntr-
HOLOING~ I • . 

(BOTTOM VIEW) 

,""r-~ 

~IN(-) 

~IN+ 

$ 
<P 

V-

Figure 2. Guard Ring Layout 

Also note that the input amplifier of the AD583 may be used 
as a gated amplifier by utilizing Pin 11 as the output. This 
amplifier has excellent drive capabilities along with exception
ally low switch leakage. 

Applying the AD583 

IN 

OUT 

"ZERO" O-..... ---------__ ----l 

Figure 3. Automatic Offset Zeroing 

The circuit of Figure 3 illustrates how the AD583 may be used to 
automatically zero a high gain amplifier. Basically, the input is 
periodically grounded and the outpu t offset is then sampled 
and fed back to cancel the error. This technique is useful in 
AID conversion, instrumentation, DVM's to eliminate offset 
drift errors by periodically rezeroing the system. 

Care should be taken to assure that the zeroing loop is dynamic
ally stable. A second sample-and-hold could be added in series 
with the output to remove the output discontinuity. 

DEFINITION OF TERMS 
Acquisition Time: 
Acquisition Time is the time required by the device to reach 
its final value within ±O.l % after the sample command has 
been given. This includes switch delay time, slewing time, and 
settling time 'lnd is the minimum sample time required to ob
tain a given accuracy. 

Charge Transfer: 
Charge Transfer is the small charge transferred to the holding 
capacitor from the interclectrode capacitance of the switch 
when the unit is switched to the sample mode. Sample-to-hold 
offset error is directly proportional to this charge, where: 

Charge (pC) 
Offset Error (V) = ---~ 

CH(pF) 

Aperture Time: 
The time required after the "hold" command until the switch 
is fully open. This delays the effective sample timing with 
rapidly changing input signals. 

Drift Current: 
Leakage currents from the holding capacitor during the hold 
mode cause the output voltage to drift. Drift rate (or droop 
rate) is calculated from drift current values using the formula: 

t::N 
L\T 

I(pA) 
(Volts/sec) = C

H 
(pF) 
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Performance Curves 
VSUPPL Y = ±15V dc, T A = +25°C, CH = 1 ,OOOp F unless otherwise specified 
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WDEVICES 

FEATURES 
Improved SHC-aS Replacement 
SOOns Sample-to-Hold Transient 
SOJLV rms Noise 
Low Droop Rate of 0.2mV/ms 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay and Storage 
Peak Amplitude Measurements 

GENERAL DESCRIPTION 
The ADSHC-85 Sample/Hold amplifier combines fast acquisition 
time and linear performance with low cost to provide an economical 
solution for a variety of applications. 

The unit is an improved second source for the SHC-85, featuring 
faster'sample-to-hold settling, and lower noise. It is pin-for-pin 
compatible with other 14-pin DIP packages of this type; designed 
to acquire and hold analog signals as large as ± 10V dc. 

Accuracies of ±0.01% can be achieved in 4.5f.Ls for lO-volt input 
steps, and in only 5f.Ls for 20-volt steps. .' 

Both commercial temperature ranges 'and extended temperature 
ranges are available, respectively, in the ADSHC-85 and the 
ADSHC-85ET. In addition, the ADSHC-85ET can be processed 

, per the requirements of MIL-STD-883, Method 5008. 

TRACK-AND-HOLD (T/H) MODE 
When operated in the T/H mode, the ADSHC-85 "tracks" all 
changes in analog input as they occur, functioning like a unity 
gain amplifier. The "hold" mode is initiated by the user and causes 
the output of the T/H unit to be "frozen". 

A logic "1" at Pin 3 causes the unit to be in a "track" (or sample) 
mode; a logic- "0" puts the output in :'hold". . 

Fast 0.01% 
Track/Sample-Hold Amplifiers 

ADSHC-85 I 
ADSHC-85 FUNCTIONAL BLOCK DIAGRAM 

.J;.
'2kTO ---, 

5k I 
r , I 
I OFFSET I 
I ADJUST I 

ANALOG 
IN 

-15V MODE ANALOG N/C EXT. 
CONTROL COMMON C 

I I 
L __ - .,r - - ~ 
OPTIONAL EXTERNAL C 

N/C = NO CONNECTION 
INTERNALLY 

OUTPUT 
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SPECIFICATIONS (typical @ + 25°C, 1,OOOpF internal capacitance, 
and nominal supply voltages unless otherwise noted) 

MODEL 

ANALOG INPUT 
Voltage Range 
Overvol tage, no damage 
Impedance 
Capacitance 
Bias Current 
Initial Offset Voltage 

DIGITAL INPUT (TTL Compatible) 
Mode Control 
"Sample/Track" Logic" 1" 
"Hold" Logic "0" 

ANALOG OUTPUT 
Voltage 
Current 
Impedance 
Capacitive Load 
Noise 

@100kHz 
@ 1.0MHz 

DC ACCURACY/STABILITY 
Gain 
Gain Error 
Gain Nonlinearity 
Gain Temperature Coefficient. 
Input Offset vs. Temperature 

SAMPLE (TRACK) MODE DYN AMICS 
Frequency Response 

Small Signal ( - 3dB) 
Full Power ( - 3dB) 

Slew Rate 

SAMPLE (TRACK)-TO-HOLD SWITCHING 
Aperture Tirne 
Aperture Uncertainty (Jitter) 
Offset Step (Pedestal) 
Switching Transient 

Amplitude 
Settling to 1 m V 

HOLD MODE DYNAMICS 
Droop Rate 

Typical (Maximum) 
Variation with Temperature 

Feedthrough Rejection 
(20V Pop @ 1kHz) 

HOLD-TO-SAMPLE (TRACK) DYNAMICS 
Acquisition Time (to ::!:O.OI%) 

IOVStep 
20VStep 

POWER REQUIREMENTS l 

Nominal Voltages 
Current 
Power Supply Rejection 

(dc - 50kHz) 

TEMPERATURE RANGE 
Operating (Case) 
Storage 

MTBF2 
Mean Time Between Failures 

PACKAGE OPTION3 

. *Specifications same as Model ADSHC·85. 

UNITS 

V 
V max 
Ohms 
pF 
nA,max 
mV,max 

Voltage 
+2.0Vto +5.5V 
OVto +0.8V 

V 
rnA 
Ohms max 
pF. 

~Vrms 
~Vrms 

VN 
% 
% 
ppm/oC 
~VloC 

MHz 
kHz 
V/~s 

ns 
ns 
mV 

mV 
~s,max 

mV/ms 

dB 

~s,max 

~s,max 

V(%) 
rnA, typ (max) 

~VN 

°C 
°C 

hours 

HY14D 

IRecommended power supply ADI Model 902-2 ::':: 15V «i ::':: 100mA 
2CalcuJated using MIL-HNBK-217; Ground; Fixed; + 70°C case 
3See Section 20 for package outline information. 

Specifications subject to change without notice. 
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ADSHC-85 

::!: 10 
::!: 15 
lOll 

10 
0.5 
::!: 2, adjustable to zero 

Current 
50nAmax 
-50~Amax 

::!:IO 
::!:IO 
1 
1,000 

50 
150 

+1 
::!:O.OI 
::!:O.OI 
:!:2 
::!:25 

3 
200 
15 

25 
0.5 
1.0 

325 
0.5 

0.2(0.5) 
Doubles/10°C Change 

80 

4.5 
5.0 

::!: 15 (::!: 3) 
::!: 18 (::!: 20) 

100 

Oto +70 
-55to+125 

466,797 

ADSHC-85ET 

* 

- 55 to + 125 

* 
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Figure 1. 

As shown in Figure 2, two different intervals of time can affect 
the point on the analog input which is sampled when the T/H is 
switched from "track" to "hold". One of these, aperture time, 
is a constant and, therefore, should not be regarded as an error 
source. The other, aperture uncertainty (or "jitter"), may vary 
from one "hold" command to the next and qualifies as a valid 
error source. 

This "jitter" is the result of noise signals of various kinds which 
modulate the phase of the hold command and are manifested as 
sample-to-sample variations in the value of the analog input which 
is being "frozen". The aperture error which results from this jitter 
is directly related to the dV/dt of the analog input. 

-r--::: 
III 

--lIt-- APERTURE 
III UNCERTAINTY 

C~:~~L ." .. TRACK ! 
INPUT • 

-----t t---APERTURE TIME 1 
~HOLD PERIOO------l 

~ f~rRR~uRR~~~~~~~!l~~Y DROOP 

I 
ACOUlsmON nME--I 

I 

Figure 2. Track-and-Hold Operation 

Another phenomenon associated with the hold period which can 
contribute to error is feedthrough. High feed through rejection is 
important in a track-and-hold to prevent leakage from input to 
output during the hold interval. 

Acquisition time is the interval required for the T/H to reestablish 
accurate tracking of the analog input signal after the "hold" period 
has ended. 

Applications 
Longer intervaJs will be required for greater accuracy; but the 
interval is also affected by the rate of change of the input. Nyquist 
sampling is the most stringent tracking requirement. 

SAMPLE-AND-HOLD (S/H)MODE 
In the S/H mode, the output of the ADSHC-85 is left in the "hold" 
mode most of the time, but is switched to the "sample" (track) 
mode for brief intervals. 

The width of the sample pulse at the MODE CONTROL in
put is dictated by (I) the acquisition time of the ADSHC-85, 
in combination with (2) the desired accuracy of the sampled 
output. 

A third factor which affects the accuracy is the amount of change 
which has occurred since the preceding sample; this is analogous 
to the situation which happens between successive "hold" com
mands when operating as aT/H. 

OPTIONAL EXTERNAL CAPACITOR 
The droop, charge offset, and acquisition time of the ADSHC-85 
are determined by the holding capaCitor. 

(Charge offset is caused by the transfer of charge to the holding 
capacitor via the gate capacitance of the switching FET when 
switching into "hold". The charge is essentially restored by a 
compensation circuit inside the ADSHC-85 when the unit goes 
into the "hold" mode.) 

The droop rate can be reduced with the use of an external capacitor, 
but this technique is not an unmixed blessing, since additional 
capacitance which improves droop rate characteristics also adds 
to settling time. 

Figure 1 approximates the relationship of acquisition time and 
added external capacitance. The droop rate is determined by: 

Droop = dV = 0.5 X 10-9 

dt 1,000pF + Ccxt 

OFFSET ADJUSTMENT 
Offset in the Functional Diagram should be adjusted with the 
analog input grounded, and with the sample/hold switching 
continuously between the "sample" and "hold" modes. 

Output offset error is adjusted to zero when the unit is in the 
"hold" mode. This will compensate for both charge offset (see 
above) and amplifier offset. 

APPLICATIONS 
The most common application for a track-and-hold is to place it 
ahead of a converter to allow digitizing of signals with 
bandwidths higher than the converter alone can handle. 

For these kinds of applications, the ADSHC-85 series can 
reduce system aperture to 500 picoseconds or less. 

Their ability to be operated as either track-and-hold or sample
and-hold devices adds to their flexibility, and makes them 
appropriate for multiple uses. 
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OPERATION WITH AID CONVERTER 
Figure 3 shows in simplified form the use of an ADSHC-85 as a 
track-and-hold in combination with a converter. 

END OF CONVERSION SIGNAL 
IDEPENDING ON CONVERTER USED, 

EOC SIGNAL MAY REQUIRE INVERTED I 

Figure 3. 

OUTPUT 
DATA 

The maximum value of input signal frequency that can be 
acquired and digitized using this combination is influenced by 
the bandwidth of the T/H, but is also dictated by: 

A. The aperture uncertainty (jitter) ofthe ADSHC-85 
and 

B. The desired accuracy, and corresponding resolution of the con
verter (the largerthe number of bits, the lower the maximum 
instantaneous input frequency). 

If the desired accuracy of digitizing were 0.1 % to a tolerance of 
± 1I2LSB, the maximum value of input signal frequency which 
can be digitized is determined by: 

2-N I 
Fmax = 27TTa = 27T o I,024 0 5 x 10-10 = 3IO.8kHz' 

where 0.1 % is 10 bits; and aperture uncertainty of the 
ADSHC-85 is 0.5ns. 

For this situation, the converter in Figure 3 could be either 
the Analog Devices Model HAS-1002, or the Analog Devices ' 
Model AD579. 

Either of these units and the ADSHC-85 could acquire and 
digitize an analog input frequency of slightly less than 
311kHz. 

The maximum throughput rate of each of these combinations 
would be different, however. 

When using an ADSHC-85 with HAS-I002, throughput 
would be 169k samples per second (a period of 4.5J.Ls plus 
1.4J.Ls). Using the AD579 results in 154k (4.5J.Ls plus 
2.0J.Ls). NOTE: These update rates are based on using the 
ADSHC-85 without external capacitance; none is required 
because droop is insignificant during the conversion time. 

Without violating the Nyquist sampling theorem, the HAS-1002 
could be used for input frequencies from dc through 84kHz; the 
AD579 for inputs from dc through 77kHz. Input frequencies 
higher than these (up to the maximum of 311kHz) would result 
in "undersampling" of the input signal. Signals up to 311kHz 
could be processed if their bandwidth is less than one-half the 
sample frequency (example: IF, signals). 

SIMULTANEOUS SAMPLE/HOLD 
The ADSHC-85 can be used for time correlation of sampled 
data signals by using one sample/hold for each analog signal. 
The outputs of the units are then applied to the input of an 
analog multiplexer. 

The worst-case droop error of the sample/hold in the last 
chamiel to be sampled is determined by the maximum "Hold" 
time of the system. This maximum hold time, in turn, is 
established by the A/D conversion rate, and the number of data 
channels. 

Droop error is computed by: 

MAX DROOP ERROR (for Channel N) = (T x n) 
(Droop Rate) 
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where T = A/D Conversion Rate 

and n = number of multiplexer data channels 

Figure 4 shows an 8-channel system using ADSHC-85 units for 
simultaneous sampling. Their outputs are applied to either a 
Model AD7501 or Model AD7503 CMOS analog multiplexer; 
the output of the MUX is then applied through an amplifier to 
a Model HAS-1202. 

'-CHANNEL SIMULTANEOUS SAMPLING 

Figure 4. 

When the input signal range is ± 10 volts, this 12-bit system 
will have a value for the Least Significant Bit (LSB) of slightly 
less than 5mV (4.88mV). 

If the system is going to maintain 12-bit integrity, the droop 
rate must be appreciably less than 1I2LSB. In this example, if 
one assumes a system sample rate of 20kHz, the computed 
droop error of the last channel meets that requirement: 

Droop = (S S 1 I R ) (max T/H droop) ystem amp e ate 

Droop = (20 ~ 103 ) (0.5mV/ms) = 25J.LV 

The computed droop error is negligible; therefore, no external 
capacitance need be added to the ADSHC-85s. This should hold 
true for all except the very slowest A/Ds which might be 
substituted for the HAS-1202. 

RECOMMENDED CONVERTERS 
The applicatiori notes above offer suggestions on ~onverters 
from the Analog Devices product line which are candidates for 
use with the ADSHC-85 Sample/Hold units. 

Depending on the application and desired resolution, a number 
of units should be considered. 
They include: 

ADC84 
ADC85 
AD578 

AD579 
HAS-0802 
HAS-I002 

HAS-1202 
MAH-0801 
MAH-1001 

MAS-0801 
MAS-IOOI 
MAS-1202 
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Ultra Fast 0.01 % 
Track/Sample - Hold Amplifiers 

FEATURES 
ADSHM-S 
2nd Source-Replaces all SHM-S Series 
Fast 3S0ns Acquisition Time to ±0.01% 
Aperture Uncertainty 250ps 
ADSHM-SK 
Ultra Fast 2S0ns Acquisition Time to ±0.01% 

100ns Acquisition Time to ±0.1% 
Wide 12MHz Bandwidth 
300V//ls Slew Rate 
Super Low 2nA Input Bias Current 

APPLICATIONS 
Fast Data Acquisition 
Data Distribution Systems 
Peak Measurement 
Simultaneous Sample & Hold 
Analog Delay & Storage 

GENERAL DESCRIPTION 
The ADSHM-5 is a new ultra-fast (3 50ns to 0.01 %) sample
hold amplifier designed for use with high-speed 10- and l2-bit 
analog-to-digital converters, such as Analog Devices' MAH, 
MAS, and HAS Series, as well as other manufacturers' types. 

Designed specifically to second source other SHM-5 's, the 
ADSHM-5 is a fit, form and function equivalent for these 
modules. 

When used in a l2-bit data acquisition system, the ADSHM-5 
acquires to within 12 bits (±0.01%) in 350ns for a lOV step 
change. For systems requiring 10-bit performance, the 
ADSHM-5 acquires to within ±O.l % in just 200ns max. 

Other salient features of the ADSHM-5 include 0.005% max 
Tracking Nonlinearity and a Small Signal Bandwidti) of 5MHz. 

To upgrade system performance one need only to look at the 
new ADSHM-5K. While sharing the same pinout and package 
of the ADSHM-5, this all new module utilizes the latest "state
of-the-art" hybrid techniques to offer the user the optimum in 
specifications. The ADSHM-5K features a maximum l2-bit 
acquisition time of only 250ns and 10-bit acquisition time of 
an astonishing 100ns'max. Another improvement is in acqui
sition time where the input buffer must also respond to a lOV 
step change, such as in multiplexed applications. The total 
acquisition time in this application is only 3 SOns max. Fur
ther, the Small Signal Bandwidth has been improved from 
5MHz to l2MHz. 

This two-page data summary contains key specifications to speed your -
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 14-7. 

ADSHM-5 / ADSHM-5K I 
ADSHM-S, ADSHM-SK FUNCTIONAL BLOCK DIAGRAM 

+15V de -15V de POWER 
GROUND 

ANALOG 
OUTPUT 
GROUND 

Both units are packaged in a 2" X 2" X 0.4" case. The opera
ting temperature range is 0 to +70

0 
C, and the power require

ments are ±lSV dc @ 7SmA max. 

0.3 

t 0.2 
<t 
a: 
:> 
u 
u 
<t 
;>1 

0.1 

100 

0.1%@200ns 
,- ADSHM-5 

200 300 

ACQUISITION TIME - ns 

400 

Acquisition Time vs. Settling Accuracy 
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SPECIFICATIONS· (typical @+25°C and ±15V dc power supplies unless otherwise noted) 

MODEL 

ANALOG INPUT 
Input Voltage Range 
Input Overvoltage, No Da,mage 
Input Impedance 
Input Bias Current 
Offset Adjustment Range 

SAMPLE CONTROL INPUT 
Sample Mode: Logic "\", TTL' 
Hold Mode: Logic "0", TTL 
Loading 

ANALOG OUTPUT 
Output Voltage Range 
Output Currcnt, S.c. Protected 
Output Impedance 
Noise (de to 2.5MHz) 

ACCURACY/STABILITY DC 
Gain2 

Gain vs. Temperature 
Output Offset vs. Temperature 
Output Offset vs. Supply 
Tracking Nonlinearity 
Output Offset Voltage, Sample Mode 

DYNAMIC RESPONSE 3 

Acquisition Time4
, 10V to 0.1% 

Acquisition Time4 
, lOY to 0.01% 

Acquisition Times, 10V to 0.01,% 

Bandwidth, Tracking, -3dB 
Slew Rate, Tracking 
Aperture Delay Time6 

Aperture Uncertainty Time 
Hold Mode Droop 
Hold Mode Feectthrough, de to 500kHz 
Sample to Hold Offset Error 

POWER REQUIREMENT 
Power Supply Voltage 
Quiescent Current 

PHYSICAL-ENVIRONMENTAL 
Operating 
Storage 
Relative Humidity 

Case Size 
Case Material 

Pins 

NOTES 

UNITS 

Vmin 
Vmax 
n 
nAmax 
mV 

V 
V 
rnA 

Vmin 
rnA 
n max 

IlV 

V/V 
ppmtC 
IlV/oC max 
mVIV 
%max 
mV max 

ns max 
ns max 
ns typ 

MHz 
V/Il s 
ns 
ps 
IlV/lls max 
dB 
mV max 

V de 
rnA max 

N/A 

N/A 

ADSHM-5 

±10 
±15 
100M 
250 
±300 

+2.0 to +5.5 
o to +0.8 
+1 

±IO 
±40 
0.1 
100 

-1.000 ±O.I% 
±10 
±30 
1 
±0.005 
±50 

200 
350 
1,000 

5 
25 
20 
250 
20 
70 
±5 

±15±0.5 
75 

o to +70 
-55 to +125 
Up to 100%, 

. noncondensing 
2.0 X 2.0 X 0.4 

ADSHM-5K 

1000 
2 

±50 

100 
250 
300 

12 
300 

100 
12 

Diallyl Phthalate per MIL-M-14 
Type SDG-f 
0.020" round, gold plated; 0.25" 
long min 

1 TTL compatible. Schottky Pull Up (74S132 or e.quivalent) recommended to supply the ImA required. 
'The Cain Error of ±0.1% can be adjusted out most easily by using the Cain Adjust of the companion 
AID converter. . 

'When switched into !laid, about SOns is required for switching transients to settle. This time should 
be allowed before initiating the first·conversion. 

• From Tracking Mode. 
S From Input Buffer. 
6 The Analog Signal Delay from the input to the Sampling Switch is approximately 32ns. Aperture 

Delay time is 20ns. . 

·SpeCifications same as ADSHM-S. 
Specifications and prices subject to change without notice. 
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MECHANICAL DIMENSIONS 
Dimensions shown in inches and (mm). 

I · 2.0 (50.811
---__ 

0.4 -.i. '-n-____ SI_D_E _VI_EW ___ --. ...... (10.21 

T 

0.150 
(3.81 ) 

l 

17 

21 

24 

26 

31 
32 

0.02 (0.5081 

1 
2 

8 

9 

15 
16 

T 
2.0 

(50.8) 

T BOTTOM VIEW II __ __0.1 (2.54) 

NOTES: PINS ARE GOLD PLATED 
DOT ON TOP INDICATES POSITION OF PIN 1 

PIN DESIGNATIONS 

PIN FUNCTION 

1 SAMPLE CONTROL 
2 SAMPLE CONTROL GND 

15 ANALOG OUTPUT GND 
16 ANALOG OUTPUT 
17 NC 
18 OFFSET ADJUST 
19 +15V POWER 
20 -15V POWER 
21 POWER GROUND 
31 ANALOG INPUT GND 
32 ANALOG INPUT 



r.ANALOG 
WDEVICES 

FEATURES 
Aperture Times to 20ps 
Acquisition Times to 20ns 
Linearity 0.01% 
1010 n Input Z (HTS·0025) 
±50mA Output Current 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Peak Measurement Systems 
Simultaneous Sample & Hold 
Analog Delay & Storage 

GENERAL DESCRIPTION 
The HTS-0025 and HTC-0300 represent "state of the art" in 
the ability of an analog device to capture and hold rapidly 
changing transient or continuous wavefonns. The user can 
choose between them by making engineering trade-offs be
tween maximum speedlbandwidth capability, precision gain, 
feedthrough rejection, input impedance, hold time, harmonic 
distortion, output swing, logic type, power requirements and 
price. With an aperture uncertai;uy of only 20ps and an ac
quisitionlsettling time of 20ns, the HTS-0025 is the fastest 
hybrid sample/track-and-hold amplifier available. 

It achieves this performance with a dc coupled Schottky diode 
sampling bridge driven by a 1010 n input impedance FET am
plifier and followed by a low impedance - IOn max - output 
amplifier. 

The HTC-0300 provides lOOps aperture uncertainty and 170ns 
acquisition/settling time to 0.1% for a 10 volt input-output 
swing (less than 300ns for 12-bit settling). It achieves this 
speed and precision gain (-1.00 ±0.1 %) with high speed op 
amps and diode switches. These techniques also improve feed
through rejection, output swing, linearity, harmonic distortion 
and droop rate. 

APPLICATIONS 
The most common use for a sampleltrack-and-hold is to place 
it ahead of an AID converter to allow digitizing of signals with 
bandwidths higher than the digitizer alone can handle. The use 
of the HTS-0025 can allow a reduction of system aperture to 
2Ops. These sample/track-and-hold amplifiers are also used for 
peak holding functions, simultaneous sampling AID's (with ap
propriate analog multiplexing), and other high-speed analog 
signal processing applications. These hybrids have been used to 
construct A/D converters of up to 12 bits of resolution with 
word rates as high as 20MHz. The HTC-0300 is designed to be 
used with Analog Devices' HAS Series hybrid AID converters. 

Ultra High Speed Hybrid 
Track-and-Hold Amplifiers 

HTS-0025, HTe-0300· I 
HTC-0300 FUNCTIONAL BLOCK DIAGRAM 

'---t---\N'v--~""-'--' ~ GROUNO 

I 

NOTE: PIN 12 SHOULD BE GROUNDED IF NOT USED. 

HTS-0025 FUNCTIONAL BLOCK DIAGRAM 

ANALOG 
INPUT 

HOLD 
COMMAND 

r ;T~0~2~---------' 
1 I 

13 1 

TCH I 18,19
0

ANALOG ¢t------rj c:::..:..:-oGROUND 

.E~1,-~r-t+J~ 
Vcc+ Vcc- v- v+ VEE 

POWER SUPPLY VOLTAGES 
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SPECIFICATIONS (typical at +25°C and nominal power supply voltages unless otherwise noted) 

MODEL 

DYNAMIC CHARACTERISTICS 
Acquisition Time (See Figure 1) 

to 1% for IV Output Step 
to 0.1% for 10V Output Step 

Sample Rate l 

Aperture Time 
Settling Time 
Bandwidth (3dB 2V p'P Input) 

(3dB Small Signal Input) 
Slew Rate 
Aperture Uncertainty 
Harmonic Distortion (See Figure 6 and 

Output Loading) 
Feedthrough Rejection (2V P'P, 10MHz Input) 

(dc to 2.SMHz) 
Droop Rate 
Pedestal During Hold (See Figure 1) 

Transients (See Figure 1) 

ACCURACYISTABILITY DC 
Gain 
Gain vs. Temperature 
Zero Offset Voltage 
Offset vs. Temperature 
Linearity 

INPUT 
Voltage Range 

60dB Feedthrough Rejection 
Impedance 
Bias Current 

OUTPUT 
Voltage 
Current (not short circuit protected) 
Impedance 
Loading - Harmonic 

Distortion for 2V P'p SOdB 
Signal and Specified Rl 60dB 

6SdB 

HOLD COMMAND (DIGITAL INPUT) 
Logic Compatible 
"0" = Trackl"l" = Hold4 

"Hold" Input, "0" = Trackl"l" = Hold 
"Hold" Input, "0" = Hold/"l" = Track 

POWER REQUIREMENTS - HTS 
V+ = +l~V iO.SV (Pins 8 and 22) 
V- = -lSV to.SV (Pins 3 and 12) 
Vee + = +4.4V to +lS.SV (Pins 1 and 9)5 
Vee- = -4.9SV to -lS.SV (Pins 2 and 10)5 
VEE = -S.2V ±0.2SV (Pin 4) 

POWER REQUIREMENTS - HTC 
±l2V to i18V 
+SV to iO.2SV 
Power Supply Rejection Ratio 

TEMPERATURE RANGE 
Operating (Case) 
Storage 

NOTES, 

UNITS 

ns typ (max) 
ns typ (max) 
MHz max 
ns min (typ) (max) 
ns typ (max) 
MHz min 
MHz min 
V Ips typ (min) 
ps(rms) max 

dB typ (max) 
dB min 
dB min 
mVlps typ (max) 
mV typ(max) 
mV typ (max) 

VIV 
ppmtC typ (max) 
mV typ (max) 
typ (max) 
%max 

V max 
V pop max 
n typ (min) 
nAmax 

V max 
mAmax 
n typ (max) 

nmin 
nmin 
nmin 
mV rms 

V 
V 
V 

mAmax 
mAmax 
mAmax 
mAmax 
mAmax 

mAmax 
mAmax 
mVIV 

J Sample rates shown are a guide only, and are based on system acquisition 
times - not logic speed. These rates can be exceeded with acquisition 
time trade-offs. ' 

'Droop rate for case temperatures up to sooe is ImVI"s max. 
• Noise level measured in track mode is SMHz bandwidth. Noise level 

increases when high, duty cycle repetitive hold command is applied. 
A 50% duty cycle hold command results in approximately 0.3mV (rms) 
total noise output. 

'One Eel·l0k Gate, no pulldown resistor. 
'Vee+ may be tied to V+. Vee- may be tied to V- or VEE. However. for 

proper operation, Vee+ and Vee- must have the same numerical value. 

'Specifications same as model HTS'()()2S . 
• 'Specifications same as model HTC'()300. 

Specifications subject to change without notice. 

Specifications in parenthesis ( ) indicate maxImin over 
entire specified operating temperature range. 
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HTS-0025 

20 (30) 
NIA 
30 
6 (10) (20) 
20 (30) 
30 
NIA 
400 (200) 
20 

65 (60) 
70 
NIA 
0.2 (4)2 
2 (20) 
30 (100) 

+0.92 min 
20 (40) 
2 (20) 
50 (l50)pVloC 
0.01 

t2 
±So 
3 (10) 

SO 
100 
200 
0.1 (max) 

ECL 
-1.5 to -1.41-0.7 to -LOS 
NIA 
NIA 

40 
40 
15 
15 
40 

N/A 
NIA 
N/A 

o to +70 
-55 to +125 

HTS-002SM 

20 

0.2 (30) 

0.2 (max) 

-55 to +100 

HTC-0300 

NIA 
170 (200) 
5 

100 (120) 
N/A 
8 
250 (120) 
100 

75 (62) 
NIA 
70 

,0.005 (0.007) 
5 (SO) 
NIA 

-1.00±0.1% 
10 (SO) 
2 (20) 
!O (7S)ppmloC 

±10 
NIA 
1000 
lSpA 

t10 

0.1 (de) 

NIA 
NIA 
NIA 
0.1 

TTL 
NIA 
o to +0.41+2.4 to +5 
o to +0.4/+2.4 to +5 

NIA 
N/A 
N/A 
N/A 
NIA 

25 
25 
10 

o to +70 

HTC-0300M 

170 (200) 

250 (100) 

0.005 (0.1) 

. ' 

-55 to +100 



OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm) 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm) 

HTC-0300 (Only) 
GLASS PACKAGE 

PIN DESIGNATIONS HTS-0025, HTS-0025M, HTC-0300M 
METAL PACKAGE 

r O.8OO (20.31--1 J 
.L I ;:=:i .'" (5.11 

0'~1~.1) ~ u ~ 
.-- 0.020(0.511 

T DIA 

0.105 
(2.7) 

H~12-1-1- 13C>-1 
1.31 

PIN FUNCTION (HTC·03001 

1 ANALOG OUTPUT 
2 NiA 
3 N/A 
4 N/A 
5 N/A 
6 N/A 
7 N/A 
8 N/A 
9 +5V 
10 GROUND 
11 HOLD 
12 HOLD 
13 ANALOG INPUT 
15 INPUT GROUND 
18 N/A 
19 N/A 
21 GROUND 

22 1-15V 
23 GROUND 
24 +15V 

FUNCTION (HTS·00251 

Vee+ [+5V to +15.5V)· 
Vee - [-5V to -15.5V)* 
V- [-15V) 
VEE [-5.2V! 
HOLD COMMAND 
GROUND 
GROUND 
V+ [+15V) 
Vee+ [+5V to +15.5V)* 
Vee - [-5V to -15.5V)· 
GROUND 
V- [-15V) 
ANALOG INPUT 
N/A 
ANALOG GROlJND 
ANALOG GROUND 
N/A 

1 
1.38 

1~- -I-f-hCr 

V+ [+15V) 
N/A I 
ANALOG OUTPUT J 

.L H~l-1-1-,...24 >- l' 'FOR PROPER OPERATION, Vee- SHOULD 
HAVE THE SAME NUMERICAL VALUE. 

0.14 
(3.6) 

L f-4)1 - -l-f- 24 >-lI' r BOTTOM I VIEW I I 0.1 (2.541 
--t r--' GR ID 

DOT ON TOP INDICATES POSITION OF PIN 1. 

TRACK-AND-HOLD (T/H) MODE 
When operated in the T/H mode, these devices are allowed to 
"track" ~he input signal for a period of time prior to initiating 
a "hold command". During the track period, the output fol
lows the input, and the devices function as operational ampli
fiers. The HTS-0025 operates as a precision follower with a 
gain of +1, the HTC-0300,-1. 

When a Logic "I" is applied to the "hold command" input of 
the unit, its output is frozen. This output level is held until the 
track mode is reestablished by a Logic "0" at the hold com
mand input. This operation is shown graphically in Figure 1. 
The held output level is the voltage value at the input at the 
instant (plus the aperture time) the hold command is applied. 

+'OV 

OV 

APERTURE 
ERROR 

ACTUAL i-, 
SAMPLED---

POINT T- 11\ 

--1: l-u:6:~;~,~~y 
OV 

I 
I 

"'''HOLDI 

"0" TRACK "'1 ~I --------.,L-
co~~L,!lND --l f-- APERTURE TIlv1E : 

INPUT i-+- HOLD PERIOD---l 

I ERROR RANGE DUE TO 
:_[APERTURE UNCERTAINTY 

(SHOWN INVERTED) 

Figure 1a. Track/Hold Waveforms - HTC-0300 

I 
I 

-, I 
I 

SETTLING I 

~~~~~~ +' TIME ~ 

tSOTTOM 
VIEW I I 0.1 (2.541 

--1 t-- GRID 

DOT ON TOP INDICATES POSITION OF PIN 1. 

1111 
I III APERTURE ------
I -II~UNCERTAINTY r-' I FEEDTHROUGH REJ (dB) = 20 LOG ( ~:T ) 

I:: VFT = FEEoTHROUGH VOLTAGE, p.p 

) I ;..1 --.",...0;,=-= ...... - ...... .., 

I 

SLEW 
RA'fE 

FINAL VALUE : :--AC~~I~,I~~ON 
APERTURE --l ~ --I :-.. APERTURE 

TIME, Ts II I TIME, Ts 

TRACK r"1---:H':':o:':"L=-o--'I: TRACK "'" 
~g~~AND "0" 

Figure 1b. Track/Hold Waveforms - HTS-0025 

The HTC-0300 provides a hold input for use if the hold com
mand is inverted, that is if the user wishes to use a "0" for the 
hold condition and a "1" for the track mode. Performance of 
the unit is identical with either type of input. 

Variations in the instants of sampling are called aperture un
certainty. It appears as jitter in the sampling point and can 
cause significant errors when very high dV Idt inputs are sam
pled. During the hold period, feed through and droop rate can 
introduce errors at the output. It is important that a track-and
hold have high feedthrough rejection to prevent input-to-out
put leakage during the hold period. The droop rate is the 
amount the output changes during the hold period as a result 
of loading on the internal hold capacitor. 

When the hold command input returns to the track condition, 
the amount of time required for the track-and-hold output to 
reestablish accurate tracking of the inpu t signal is called the 
acquisition time. 
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SAMPLE-AND-HOLD (SIH) MODE 
In the S/H mode of operation, the devices are normally left in 
the hold condition. A very short sample pulse is applied to the 
hold command input when a new sample needs to be obtained 
at the output. The sample pulse width is dictated by the acqui
sition time. For small sample-to-sample variations, a pulse 
width as narrow as 20 to 80ns may be used. In general, how
ever, the pulse width should be 100 to 300ns (see Figure 4). 

Figure 2. Sample/Hold Operation - HTC·0300 

The HTC·0300 hybrid track-and-hold amplifier has been de
signed to operate without external trimming potentiometers 
and "compensation" devices required in most modular units. 
Active laser trimming is used on the HTC-0300 to "null" the 
pedestal (the offset during "HOLD" times), set the dc offset 
to zero, and adjust the gain of the device to unity. Internal 
frequency compensating elements are incorporated to make 
the HTC-0300 unconditionally stable and to optimize the fre
quency response of the internal operational amplifier for this 
application. Unlike other microcircuit T/H amplifiers, the HTC 
has a high drive capability (±50mA) and a very low output 
impedance which allows it to drive directly virtually all types 
of AID converters (even the "current-bucking" input types 
which will produce a degraded AID conversion without suf· 
ficient TIH OUtput drive) and those with low input imped
ance. 

15.0 

> 12.5 

1 

r---- 10V ~.p INPUT SIG~AL II 
::E 

10.0 I 
a:: 7.5 0 
a:: 5.0 
~ 

2.5 
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l 

1 
/ 

./ -....... 
50 500 5000 

INPUT ANALOG BANDWIDTH - kHz 

Figure 3. HTC·0300 Error Due to Aperture Uncertainty 
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Figure 4b. Settling Accuracy vs. Acquisition 
Time - HTS-0025 
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INPUT: 2V, pop, 4MHz 
LOAD: lkU 

OHz 

Figure 6a. Harmonic Distortion - Track Mode 

HOLD COMMAND 
lV/DIV 

250kHz SINE 
WAVE INPUT 

ANALOG OUTPUT 
O,5V/DIV 

Figure la. Track/Hold Operation 

HOLD COMMAND 
lV/DIV 

ANALOG OUTPUT 
5OmV/DIV 

Typical HTS-0025 Operation 

RATE: 15MHz 
INPUT: 2V. pop, 3MHz 
LOAD: lkU 

Figure 6b. Frequency Domain Outputs 

HOLD COMMAND 
lV/DIV 
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WAVE INPUT 

ANALOG OUTPUT 
O,5V/DIV 
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Figure lb. Sample/Hold Operation 
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Figure lc. Expanded View of Output Signal Showing 
Switching Transients and Pedestal with DC Input 
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A/D CONVERSION SYSTEM WITH 300kHz CONTINUOUS 
SAMPLING RATE AND 12-BIT BINARY OUTPUT 
The circuit below illustrates a typical application of the HTC-
0300 as a sample/hold amplifier preceding a successive-approx
imation type of A/D converter. During the conversion interval, 
the input voltage to the A/D must be held constant. To the ex
tent that this input signal is not absolutely constant, an error 
results in the digitized output of the A/D. However,. ~ith. the 
excellent feedthrough-rejection and droop-rate specificatIOns 
of the HTC-0300, very little error in the AID conversion pro
cess will be due to the T IH circuit. In addition, the very fast 
acquisition time of this hybrid microcircuit means that the 
AID can be operated at very near its maximum sample rate 
since very little of the conversion cycle time is required for 
the T/H to acquire each successive signal sample. 

OTO -10.24V 

ANALOG INPUT 

ANALOG G:lOUND 

Figure 8. AID Conversion System 
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12·BIT 
DIGITAL 
OUTPUT 

Sample Rate 

Analog Inpu t 
OV 
-10V 

Approximately 300kHz 

Digital Output 
000000000000 
111111111111 

Table 1. Performance Parameters For This AID System 

ORDERING INFORMATION 
Order Model Number HTS-0025 or Model Number HTC-0300 
for 0 to +70

0
C operation. For operation from -55°C to + 100° C 

order Model HTS-0025M or HTC-0300M in metal cases. For 
units processed to MIL-STD-883, consult the factory or the 
nearest Analog Devices' sales office. 
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WDEVICES 

FEATURES 
±10V min Input/Output Range 
50ns Aperture Delay 
0.5ns Aperture Jitter 
6ps Settling Time 
±0.001% Max Gain Linearity Error 
Complete with Input Buffer 

APPLICATIONS 
Track and Hold 
Peak Measurement Systems 
Data AcquiSition Systems 
Simultaneous Sample-and-Hold 

GENERAL DESCRIPTION 
The SHA1144 is a fast sample-hold amplifier module with ac 
curacy and dynamic performance appropriate for applications 
with fast l4-bit AID converters. In the "sample" mode, it acts 
as a fast amplifier, tracking the input signal. When switched to 
the "hold" mode, the output is held at a level corresponding 
to the input signal voltage at the instant of switching. The 
droop rate in "hold" is appropriate to allow accurate conver
sion by 14-bit AID converters having conversion times of up 
to 150ps. 

DYNAMIC PERFORMANCE 
The SHAl144 was designed to be compatible with fast l4-bit 
AID converters such as the Analog Devices' ADC 1130 and 
ADCll31 series, which convert 14 bits in 25ps and 12ps, re
spectively. Maximum acquisition time of Bps for the SHAl144 
permits high sampling rates for l4-bit conversions. The 
SHAl144 is guaranteed to have a maximum gain nonlinearity 
of ±O.OOI % offuB scale to insure 1I2LSB accuracy in l4-bit 
systems. When in the "hold" mode, the droop rate is lpV Ips, 
so the SHAl144 will hold an input signal to ±0.003% of full 
scale (20V pop) for over 600ps. 

PRINCIPLE OF OPE~ TION 
The SHAll44 consists basically of two high speed operational 
amplifiers, a storage capacitor, and a digitally controlled 
switch. It differs from typical sample-and-hold modules in one 
important respect; application versatility. The user completes 
the SHAl144 feedback circuit external to the module. There
fore, the module may be used in inverting or noninverting con
figurations and can easily be arranged to provide circuit gain of 
more than unity to simplify signal conditioning in a subsystem. 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 14-11. 

High Resolution 14-Bit 
Sample and Hold Amplifier 

SHAl144 I 
SHAl144 FUNCTIONAL BLOCK DIAGRAM 

+INPUT 

-INPUT 

MODE 
CONTROL 

DIGITAL 
GROUND 

-15V 

FEEDBACK CONNECTIONS· 

ANALOG 
GROUND +15V 

HOLD CAPACITOR 

The input section acts as a voltage-to-current converter, pro
viding the current needed to charge the "hold" capacitor. The 
output amplifier isolates the "hold" capacitor and provides 
low output impedance for driving the load. Since feedback is 
not hard-wired in the module, both inverting and noninverting 
input terminals are available, and the SHA1l44 can be con
nected as a follower with unity gain or potentiometric gain, 
as well as inverter or even a differential amplifier. Since the 
unity gain follower mode will be the most frequent applica
tion, performance data listed in the specification table is based 
on this operating mode. 
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SPECIFICATIONS (typical @ +25°C, gain = +1 V IV and nominal supply voltages unless otherwise noted) 

MODEL 

ACCURACY 
Gain 
Gain Error 
Gain Nonlinearity 
Gain Temperature Coefficient (0 to +70

o
C) 

INPUT CHARACTERISTICS 
Input Voltage Range 
Impedance 
Bias Current 
Initial Offset Voltage 
Offset vs. Temperature (0 to +70

o
C) 

OUTPUT CHARACTERISTICS 
Voltage 
Current 
Resistance 
Capacitive load 
Noise @ 100kHz Bandwidth 

@ IMHz Bandwidth 

SAMPLE MODE DYNAMICS 
Frequency Response 

Small Signal (-3dB) 
Full Power 

Slew Rate 
SAMPLE-TO-HOLD SWITCHING 

Aperture Delay Time 
Aperture Uncertainty 
Offset Step 
Offset Nonlinearity 
Switching Transient 

Amplitude 
Settling Time to ±0.003% 

HOLD MODE DYNAMICS 
Droop Rate 

Variation with Temperature 
Feedthrough (for 20V pop Input @ 1kHz) 

HOLD-TO-SAMPLE SWITCHING 
Acquisition Time to ±0.003% (20V Step) 

(lOV Step) 

DIGITAL INPUT 

±0.01% (20V Step) 
(lOV Step) 

Sample Mode (Logic "I") 

Hold Mode (Logic "O") 

POWER REQUIRED l 

TEMPERATURE RANGE 
Operating 
Storage 

SHA1144 

+IVN 
±0.005% 
±0.0005% (±0.001 % max) 
±lppm/oC (±2ppm/oC max) 

±10V 
1011 nlll0pF 
0.5nA max 
Adjustable to Zero 
±3011V/C max 

±10V min 
±20mA min 
<In 
350pF 
70pV pop 
175pV pop 

IMHz 
50kHz 
3VIlls 

SOns 
0.5ns 
ImV 
160pV 

50mV 
Ips 

IpV Ips (2pV IllS max) 
double every +lOoC 
-BOdB 

6ps (Blls max) 
, 5ps 
5ps 
4ps 

+2V<Logic "I" <+5.5V 
@ 15nA max 

OV<Logic "0" <+O.BV 
@ SpA (20pA max) 

+15V ±3% @ 60mA 
-15V ±3% @45mA 

o to +70
o
C 

-55°C to +B5°C 

I Recommended Power Supply ADI Model 902-2, ±lSV @ ±l00mA o~tput. 

Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

1-2,015 MAX (51,18)-j ~ 

0,42 MAX L Ln-___ S_H_Al_I44 ___ --,,~ (10,7) 

=-r 0,019DIA(0,48) 

1 

2 

3 

4 

5 

6( 

7C 

8 

9 

10 

.11 

1 
2.015 MAX 

(51,18) 

J 
BOTTOM VIEW 

-II-GRIDO.1 (2.5) 

PIN DESIGNATIONS 

1. TRIM 
2. TRIM 
3. +INPUT 
4. -INPUT 
5. TRIM 
6. +15V 

7. ANALOG GROUND 
B. -15V 
9. ANALOG OUTPUT 

10. MODE CONTROL 
11. DIGITAL GROUND 

OFFSET ZERO ADJUST 
(OPTIONAL) 

r- 01 
I 

O::~gT r __ -=: 
ADJUST: , 

: 10~n 02 
I 
.. ----- - 05 

+INPUT 

OUTPUT 

Figure 1. Unity Gain Follower 

Rl lk 

Figurf/ 2. Noninverting Operation 



Data-Acquisition Subsystems 

Contents 

Selection Guide 

AD362 Hybrid-IC 16-to-S-Channel DAS Front End, for User-Chosen AID Converter 

AD363 Hybrid-IC 16-to-S-Channel12-Bit Complete DAS 
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DAS1l2S 16/S-Channel12-Bit Data-Acquisition System 
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The products to be found in this section are high-performance 
modules arid hybrid A/D conversion circuits that also provide 
sample-hold and/or multiplexing. In addition, some types have 
programmable-gain amplifiers, microprocessor interface logic, 
and switching for applications involving both differential and 
single-ended inputs. 

In addition to the devices listed in the Selection Guide, there 
are a number of other devices, to be found in this Volume, 
which perform data-acquisition functions, including MACSYM, 
the J,LMAC-4000 Intelligent Measurement-and-Control Subsys
tem, Microcomputer Interface Boards, Digital Panel Meters, 
and A/D Converters (including, for example, the 12-bit 5MHz 
MOD-1205, with on-board track-hold amplifier). 

Of especial note are the AD2036, AD2037, and AD2038 scan
ning digital panel instruments (to be found in the Digital Panel 
Instrument Section), which provide complete six-channel data-

/ 

Selection Guide 
Data-Acquisition Subsystems 

acquisition (including power supply) for measurement of tem
perature or voltage and have BCD data outputs for system 
input. Also of note (and to be found in Volume I) is the 
monolithic AD7581 data-acquisition-system-on-a-chip, which 
continuously converts 8 channels of analog information, stores 
stores them in dual-port RAM, and continuously makes all 
eight available by direct memory read instructions to the 
appropriate channel. 

The data sheets provide complete descriptions, specifications, 
and application information. Additional general information 
pertaining to portions of the subsystems may be found in the 
appropriate sections of this Databook (e.g., A/D Converters, 
Sample/Track-Hold Amplifiers). Basic general information can 
be found in Analog-Digital Conversion Notes, a 246-page book 
published by Analog Devices, Inc. It is available at $5.95 from 
P.O. Box 796, Norwood, MA 02062. 

SINGLE / MULTI·CHANNEL / CHANNEL 

//~ ~00'l///////1 ~ ~ ~ ~ ~ ~ * ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ 

Resolution 8 Bits 
12 Bits 
14 Bits 
15 Bits 

Input Structure Sample/Hold 
Single Ended 
Differential 

Amplifier 
Differential Amplifier 
Resistor Programmable Gain 

Channels 
One 
Eight 
Sixteen 

Internal Reference 

pP Bus Compatible 

Operating 
o to +70°C Temperarure 

Ranges -25°C to +85°C 
-55°C to +125°C 

Output Digital 
Analog 

Logic TTL 
Compatible CMOS 

Volume I 
Pa!!e 

Volume II 
Page 

IS channels differential input. 16 channels single ended. 
• Two DIP packages. 
3 DAS Analog Input Section. 

• 

• • 

• 

• 
• 
• • 
• 
• 

15-39 

15-25 

• 
• • • 

• 
• • 
• • • • • • • • • • • • 

• • • • • • 
• • • • • • 
• • 

• • • 
• • • • • 

• • • • 
• • • • • • • 
• • • • • 
• • • • • • • • 
• • • • 

• • • 
• • • • • • • 

• 
• • • • • • • • 

• 
15-39 15-41 15-41 11-121 15-13 15-25 15-5 15-37 

15-25 15-29 15-29 - 15-9 15-13 15-5 15-17 
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WDEVICES 

FEATURES 
16 Single-Ended or a Differential Channels with Switchable 

Mode Control 
True 12-Bit Precision: Nonlinearity ~0_005% 
High Speed: 1 OilS Acquisition Time to 0.01% 
Complete and Calibrated: No Additional Parts Required 
Small, Reliable: 32 Pin Hermetic Metal DIP 
Versatile: Simple Interface to Popular Analog to Digital 

Converters 
High Differential Input Impedance (1010n) and Common 

Mode Rejection (aOdB) 
Fully Protected Multiplexer Inputs 

PRODUCT DESCRIPTION 
The AD362 is a complete, precision 16-channel data acquisi
tion system analog input section in hybrid integrated circuit 
form. Large-scale linear integrated circuitry, thick- and thin
film technology and active laser trimming gives the AD362 
extensive applications versatility along with full 12-bit 
accuracy. 

The AD362 contains two 9-channel multiplexers, a differential 
amplifier, a sample-and-hold with high-speed outpu t amplifier, 
a channel address latch and control logic. The multiplexers may 
be connected to the differential amplifier in either an 8-chan
nel differential or 16-channel single-ended configuration. A 
unique feature of the AD362 is an internal user-controllable 
analog switch that connects the multiplexers in either a single
ended or differential mode. This allows a single device to per
form in either mode without hard-wire programming and per
mits a mixture of single-ended and differential sources to be 
interfaced by dynamically switching the input mode control. 

The sample-and-hold mode control is designed to connect 
directly to the "Status" output of an analog to digital con
verter so that a convert command to the ADC will automati
cally put the sample-and-hold into the "Hold" mode. A 
precision hold capacitor is included with each AD362. The 
AD362 output amplifier is capable of driving the unbuffered 
analog input of most high-speed, 12-bit successive-approxima
tion ADCs. Interface is thereby reduced to two simple con
nections with no additional components required. 

When used with a 12-bit, 25-microsecond ADC such as the 
AD572, AD574 or AD ADC80, system throughput rate is as 
high as 30kHz at full rated accuracy. The AD362KD is specified 
for operation over a 0 to +70

o
C temperature range while the 

AD362SD operates to specification from -55° C to + 125°C. 
Processing to MIL-STD-883, Class B is available for the 
AD362SD. Both grades are packaged in a hermetic, elec
trostatically shielded 32-pin metal dual-in-line package. 

Precision Sample-and-Hold 
with 16-Channel Multiplexer 

AD362 I 

AD362 FUNCTIONAL BLOCK DIAGRAM 

~~ 
"lOW" ANALOG INPUTS 

32-PIN DIP 

PRODUCT HIGHLIGHTS 

SINGlEEND/OlffERENTIAL 
+5\1 MQOESElECTINPUT 

INPUT 
CHANNEL 
SELECT 

CHANNel 
SELECT 
LATCH 

1. The AD362, when used with a precision analog to digital 
converter, forms a complete, accurate, high-speed data 
acquisition system. 

2. The 16-input channels may be configured in single-ended, 
differential or a mixture of both modes. Mode switching is 
provided by a user-controllable internal analog switch. 

3. Multiplexers, differential amplifier, sample-and-hold and 
high-speed output buffer provide complete analog inter
facing capabilities. 

4. Internal channel address latches are provided to facilitate 
interfacing the AD362 to data, address or control buses. 

5. All grades of the AD362 are hermetically sealed in rugged 
metal DIP packages. 

6. A precision hold capacitor is provided with each AD362. 

7. The AD362SD is specified over the entire military tem
perature range, -55°C to +125°C. Processing to MIL-STD-
883, Class B is available. 
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SPECIFICATIONS (typical @ +25°C, ±15V and +5V with 2000pF hold capacitor as provided 
. unless otherwise noted) 

MODEL 

ANALOG INPUTS 
Number of Inputs 

Input Voltage Range, Linear 
Tmin to Tmax 

Input (Bias) Current, Per Channel 
Input Impedance 

On Channel 
Off Channel 

Input Fault Current (Power Off or On) 
Common Mode Rejection 

Differential Mode 
Mux Crosstalk (Interchannel, 

AD362KD 

16 Single-Ended or 8 Differential 
(Electronically Selectable) 

±10V min 
±SOnA max 

1010 n, 100pF 
1010 n, lOpF 
20mA, max, Internally Limited 

70dB min (80dB typ) @ 1kHz, 20V pop 

Any Off Channel to Any On Channel) -80dB max (-90dB typ) @ 1kHz, 20V pop 
Offset, Channel to Channel ±2.SmV max 

ACCURACY 
Gain Error, Tmin to Tmax 
Offset Error, Tmin to Tmax 
Linearity Error 

Tmin to Tmax 
Noise Error 

Tmin to Tmax 

TEMPERATURE COEFFICIENTS 
Gain, T min to Tmax 
Offset, ±IOV Range, Tmin to Tmax 

SAMPLE AND HOLD DYNAMICS 
Aperture Delay 
Aperture Uncertainty 
Acquisition Time, for 20V Step to 

±O.OI % of Final Value 
Feedthrough 
Droop Rate 

DIGITAL INPUT SIGNALS2 

Input Channel Select (Pins 28-31) 

Channel Select Latch (Pin 32) 

Single EndedIDifferential 
Mode Select (Pin 1) 

Sample and Hold Command (Pin 13) 

POWER REQUIREMENTS 
Supply Voltages/Currents 

Total Power Dissipation 

TEMPERATURE RANGE 
Specification 
Storage 

NOTES: 

±0.02% FSR, max 
±4mV 
±O.OOS% max 
±0.01% max 
ImV pop, 0.1 to IMHz, max 
2mV pop, 0.1 to IMHz, max· 

±4ppm/oC max 
±2ppm/C max 

lOOns max (SOns typ) 
SOOps max (lOOps typ) 

18/1s max (lO/1s typ) 
-70dB max (-80dB typ) @ 1kHz 
2mV/ms max (lmV/ms typ) 

4-Bit Binary, Channel Address 
lLS TTL Load 
"I": Latch Transparent 
"0": Latched 
8LS TTL Loads 

"0": Single-Ended Mode 
"I": Differential Mode 
3TTL Loads 

"0": Sample Mode 
"I": Hold Mode 
ITTL Load 

+ISV, ±S% @ 30mA max 
-ISV, ±S% @ 30mA max 
+SV, ±S% @ 40mA max 

1.1 Watts max 

o to +70
o
C 

-55°C to +8S
0
C3 

1 The AD362 is available processed and screened to the requirements of MIL-5TD-883, Class B. 
When ordering, specify "AD362SD/883B". 

'One TTL Load is defined as In.. =-1.6mA max ® Vn.. =O.4V,lrn =40~A max ® Vrn = 2.4V. 

AD362SD/AD362SD-S83B1 

±2ppm/C max 
±1.Sppm/C max 

-SSoC to +12SoC 
-55°C to +IS0

o
C 

OneLS TTL Load is defined as 1n..=-O.36mA max ® VTL=O.4V,lrn =201lA max ® Vrn =2.7V. 
3 AD362KD External Hold Capacitor is limited to +8SoC; AD362 device itself may be stored at up to +lSO°C. 
• Specifications same as AD362KD. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

(ALL MODELS) 

+5.5V 

+16V 

-16V 

+V, Digital Supply 

+V, Analog Supply 

-V, Analog Supply 

VIN, Signal iV, Analog Supply 

VIN, Digital 

AcND to DGND 

o to +V,Digital Supply 

±IV 

Model 

AD362KD 
AD362SD 
AD362SDI 

8838 

AD362 ORDERING GUIDE 

Specification 
Temp Range 

o to +70
o

C 
-SSoC to +12SoC 
-SSoC to +12SoC 

Max Gain 
TC 

±4ppm/C 
±2ppm/C 
±2ppm/C 

NOTE: D Suffix = Dual-In-Line package designator. 
1 See Section 20 for package outline information. 

Package 
Option l 

HY32D 
HY32D 
HY32D 

Pin 
Number 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 

14 
15 
16 

17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 

AD362 PIN FUNCTION DESCRIPTION 

Function 

Single-End/Differential Mode Select 
"0": Single-Ended Mode 
"1": Differential Mode 

Digital Ground 
Positive Digital Power Supply, +5V 
"High" Analog Input, Channel 7 
"High" Analog Input, Channel 6 
"High" Analog Input, Channel 5 
"High" Analog Input, Channel 4 
"High" Analog Input, Channel 3 
"High" Analog Input, Channel 2 
"High" Analog Input, Channell 
"High" Analog Input, Channel 0 
Hold Capacitor (Provided) 
Sample-Hold Command 

"0": Sample Mode 
"1": Hold Mode 
Normally Connected to ADC Status 

Offset Adjust (See Figure 5) 
Offset Adjust (See Figure 5) 
Analog Output 

Normally Connected to ADC 
"Analog In" 

Analog Ground 
"High" ("Low") Analog Input, Channel 15 (7) 

"High" ("Low") Analog Input, Channel 14 (6) 

Negative Analog Power Supply, -15V 
Positive Analog Power Supply, +15V 
"High" ("Low") Analog Input, Channel 13 (5) 

"High" ("Low") An:i.log Input, Channel 12 (4) 
"High" ("Low") Analog Input, Channel 11 (3) 

"High" ("Low") Analog Input, Channel 10 (2) 
"High" ("Low") Analog Input, Channel 9 (1) 
"High" ("Low") Analog Input, Channel 8 (0) 
Input Channel Select, Address Bit AE 
Input Channel Select, Address Bit AO 
Input Channel Select, Address Bit Al 
Input Channel Select, Address Bit A2 
Input Channel Select Latch 

"0": Latched 
"1 ": Latch Transparent 
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AD362 DESIGN 
The AD362 consists of two 8-channel multiplexers. a differen
tial amplifier. a sample-and-hold with high-speed output buf
fer. channel address latches and control logic as shown in 
Figure 1. The multiplexers can be connected to the differential 
amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A unique feature of the AD362 is 
an internal analog switch controlled by a digital input that 
performs switching between single-ended and differential 
modes. This feature allows a single AD3 62 to perform in 
either mode without external hard-wire interconnections. 
Of more significance is the ability to serve a mixture of both 
single-ended and differential sources with a single AD362 by 
dynamically switching the input mode control. 

~----~I Ir------~ 

"lOW" ANALOG INPUTS 

SINGLE END/OIFFERENTIAL 
+511 MOOE SHECT INPUT 

INP'UT 
CHANNEL 
SELECT 

CHANNEL 
SELECT 
LATCH 

Figure 1. AD362 Analog Input Section Functional Block 
Diagram and Pinout 

Multiplexer channel address inputs are interfaced through a 
level-triggered ("transparent") input register. With a Logic "I" 
at the Channel Select Latch input, the address signals feed 
through the register to directly select the appropriate input 
channel. This address information can be held in the register 
by placing a Logic "0" on the Channel Select Latch input. In
ternallogic monitors the status of the Single-Ended/Differential 
Mode input and addresses the multiplexers accordingly. 

A differential amplifier buffers the multiplexer outputs while 
providing high input impedance in bt)th differential and· single
ended modes. Amplifier gain and common mode rejection are 
actively laser-trimmed. 

The sample-and-hold is a high speed monolithic device that can 
also function as a gated operational amplifier. Its uncommitted 
differential inputs allow it to serve a second role as the output 
subtractor in the differential amplifier. This eliminates one 
amplifier and decreases drift, settling time and power consump
tion. A Logic "I" on the Sample-and-Hold Command input 
will cause the sample-and-hold to "freeze" the analog signal 
while the ADC performs the conversion. Normally the Sample
and-Hold Command is connected to the ADC Status output 
which is at Logic "I" during conversion and Logic "0" be
tween conversions. For slowly-changing inputs, throughput 
speed may be increased by grounding the Sample-and-Hold 
Command input instead of connecting it to the ADC status. 

A Polystyrene hold capacitor is provided with each commer
cial temperature range device (AD362KD) while a Teflon ca" 
pacitor is provided with units intended for operation at tempera
tures up to 125°C (AD362SD). Use of an external capacitor 
allows the user to make his own speed/accuracy tradeoff; a 
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smaller capacitor will allow faster sample-and-hold response 
but will decrease accuracy while a larger capacitor will in
crease accuracy at slower conversion rates. 

The output buffer is a high speed amplifier whose output 
impedance remains low and constant at high frequencies. 
Therefore. the AD362 may drive a fast. unbuffered. precision 
ADC without loss of accuracy. 

The AD362 is constructed ona substrate that includes thick
film resistors for non-critical applications such as input pro
tection and biasing. A separately-mounted laser-trimmed thin
film resistor network is used to establish accurate gain and 
high common-mode rejection. The metal package affords 
electromagnetic and electrostatic shielding and is hermetically 
welded at low temperatures. Welding eliminates the possibility 
of contamination from solder particles or flux.while low tem
perature sealing maintains the accuracy of the laser-trimmed 
thin-film resistors. 

THEORY OF OPERATION 
Concept 
The AD362 is intended to be used in conjunction with a high
speed precision analog-to-digital converter to form a complete 
data acquisition system (DAS) in microcircuit form. Figure 2 
shows a general AD362-with-ADC DAS application . 

. J 
"'V"{' cow 

Figure 2. AD362 with ADC as a Complete Data Acquisition 
System 

By dividing the data acquisition task into two sections. several 
important advantages are realized. Performance of each design 
is optimized for its specific function. Production yields are 
increased thus decreasing costs. Furthermore. the standard 
configuration packages plug into standard sockets and are 
easier to handle than larger packages with higher pin counts. 

System Timing 
Figure 3 is a timing diagram for the AD362 connected as 
shown in Figure 2 and operating at maximum conversion rate. 
The ADC is assumed to be a conventional 12 bit type such as 
the ADS72 or AD ADC80. 

ADDRESS MAY BE CHANGED 

ADDRESS ~ rxxxxxxxkXxxxm m 
ADDRESS LATCH 

I f- S/H ACDUISITION 

CONVERT COMMAND l
~ f-?ns MIN STATE DOESN'T MATTER 
~ ~20nsMIN 
~ MIN CONV COMMAND IADCI rL. 

HI 
s~ 

MAX CONV SAMPLE·HOLD I f--:-TIME IADCI I c4 ACQUISITION 

~ 

STATUS ISAMPLE·HOLDI 

GATED CLOCK 

Figure 3. DAS Timing Diagram 



The normal sequence of events is as follows: 
1. The appropriate Channel Select Address is latched into the 

address register. Time is allowed for the multiplexers to 
settle. 

2. A Convert Start command is issued to the ADC which, in 
response, indicates that it is "busy" by placing a Logic "1" 
on its Status line. 

3. The ADC Status controls the sample-and-hold. When the 
ADC is "busy", the sample-and-hold is in the Hold mode. 

4. The ADC goes into its conversion routine. Since the sample
and-hold is holding the proper analog value, the address 
may be updated during conversion. Thus multiplexer set
tling time can coincide with conversion and need not affect 
throughput rate. 

5. The ADC indicates completion of its conversion by return
ing Status to Logic "0". The sample-and-hold returns to 
the Sample mode. 

6. If the input signal has changed full-scale (different channels 
may have widely-varying data) the sample-and-hold will 
typically require 10 microseconds to "acquire" the next 
input to sufficient accuracy for 12-bit conversion. 

After allowing a suitable interval for the sample-and-hold to 
stabilize at its new value, another Convert Start command may 
be issued to the ADC. 

+15V 

5k!l 

NOTE: 

ANALOG 
INPUT 

ADe 
UNDER TEST 

BUSY 

C·~s~~~t~·~ :::::~ 
I I 
I , 

CHANNEL B 
"LSB" 

~A 
-, .-STATUSDELAY 

Figure 4. ADC Status Valid Test 

Valid Output Data 

o 

Not all ADCs have all data bits available when Status indicates 
that the conversion is complete. Successive approximation 
ADCs based on the 2502/3/4 type of register must have a Status 
delay built in or the final data bit will lag Status by approx
imately SOns. This will result in two problems: 
1. The sample-and-hold will return to Sample, disturbing the 

analog input to the ADC as it is attempting to convert the 
least significant bit. This may result in an error. 

2. If the falling edge of Status is being used to load the data 
into a register, the least significant bit will not be valid 
when loaded. 

An external lOOns delay or use of an ADC with a valid Status 
output is necessary to prevent this problem. The applications 
shown in this data sheet ensure that all data bits will be valid. 

The following test may be made to determine if the ADC 
Status timing is correct: 
1. Connect the ADC under test as shown in Figure 4. 

Applying the AD362 
2. Trigger the oscilloscope on Status. Delay the display such 

that Status is mid-screen. 
3. Observe the LSB data output of the ADC. 

4. Vary the analog input control to confirm that the LSB 
transition precedes the Status transition. 

Single-Ended/Differential Mode Control 
The AD362 features an internal analog switch that configures 
the Analog Input Section in either a 16-channel single-ended 
or 8-channel differential mode. This switch is controlled by a 
TTL logic input applied to pin 1 of the Analog Input Section: 

"0": Single-Ended (16 channels) 
"1 ": Differential (8 channels) 

When in the differential mode, a differential source may be 
applied between corresponding "High" and "Low" analog 
input channels. 

It is possible to mix SE and DIFF inputs by using the mode 
control to command the appropriate mode. In this case, four 
microseconds must be allowed for the output of the Analog 
Input Section to settle to within ±0.01 % of its final value, but 
if the mode is switched concurrent with changing the channel 
address, no significant additional delay is introduced. The 
effect of this delay may be eliminated by changing modes 
while a conversion is in progress (with the sample-and-hold 
in the "Hold" mode). When SE and DIFF signals are being 
processed concurrently, the DIFF signals must be applied 
between corresponding "High" and "Low" analog input chan
nels. Another application of this feature is the capability of 
measuring 16 sources individually and/or measuring differences 
between pairs of those sources. 

Inpu t Channel Addressin\! 
Table 1 is the truth table for input channel addressing in both 
the single-ended and differential modes. The 16 single-ended 
channels may be addressed by applying the corresponding 
digital number to the four Input Channel Select address bits, 
AE, AO, AI, A2 (pins 28-31). In the differential mode, the 
eight channels are addressed by applying the appropriate. 
digital code to AO, Al and A2; AE must be enabled with a 
Logic "1 ". Internal logic monitors the status of the SE/DIFF 
Mode input and addresses the multiplexers singularly or in 
pairs as required. 

ADDRESS ON CHANNEL (Pin Number) 

Differential 
AE A2 Al AO Single Ended "Hi" "Lo" 

0 0 0 0 0 (11) None 
0 0 0 1 1 (10) None 
0 0 0 (9) None 
0 0 (8) None 
0 0 (} 4 (7) None 
0 0 1 5 (6) None 
0 1 0 6 (5) None 
0 1 7 (4) None 
1 0 0 0 8 (27) 0(11) o (27) 

0 0 1 9 (26) 1 (10) 1 (26) 

0 1 0 10 (25) 2 (9) 2 (25) 

0 11 (24) 3 (8) 3 (24) 

1 0 0 12 (23) 4 (7) 5 (23) 

0 13 (22) 5 (6) 5 (22) 

1 0 14 (19) 6 (5) 6 (19) 

1 15 (18) 7 (4) 7 (18) 

Table 1. Input Channel Addressing Truth Table 
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When the channel address is ~hanged, six microseconds must 
be allowed for the Analog Input Section to settle to within 
±0.01 % of its final output (including settling times of all 
elements in the signal path). The effect of this delay may be 
eliminated by performing the address change while a conver
sion is in progress (with the sample-and-hold in the "Hold" 
mode). 

Input Channel Address Latch . 
The AD362 is equipped with a latch for the Input Channel 
Select address bits. If the Latch Control pin (pin 32) is at 
Logic "1 to, input channel select address information is passed 
through to the multiplexers. A Logic "0" "freezes" the input 
channel address present at the inputs at the "l"-to-"O" tran
sition (level-triggered). 

This feature is useful when input channel address information 
is provided from an address, data or control bus that may be 
required to service many devices. The ability to latch an 
address is helpful whenever the user has no control of when 
address information may change. 

Sample-and-Hold Mode Control 
The Sample-and-Hold Mode Control input (pin 13) is normally 
connected to the Status output (pin 20) from an analog to 
digital converter. When a conversion is initiated by applying a 
Convert Start command to the ADC, Status goes to Logic "1 ", 
putting the sample-and-hold into the "Hold" mode. This 
"freezes" the information to be digitized for the period of 
conversion. When the conversion is complete, Status returns 
to Logic "0" and the sample-and-hold returns to the "Sample" 
mode. Eighteen microseconds must be allowed for the sample
and-hold to acquire ("catch up" to) the analog input to within 
±0.01 % of the final value before a new Convert Start com
mand is issued. 
The purpose of a sample-and-hold is to "stop" fast changing 
input signals long enough to be converted. In this application, 
it also allows the user to change channels and/or SEt DIFF 
mode while a conversion is in progress thus· eliminating the 
effects of multiplexer, analog switch and differential amplifier 
settling times. If maximum throughput rate is required for 
slowly changing signals, the Sample-and-Hold Mode Control 
may be wired to ground (Logic "0") rather than to ADC 
Status thus leaving the sample-and-hold in a continuous 
Sample mode. 

Hold Capacitor 
A 2000pF capacitor is provided with each AD362. One side 
of this capacitor is wired to pin 12, the other to analog ground 
as close to pin 17 as possible. The capacitor provided with the 
AD362KD is Polystyrene while the wider operating temperature 
range of the AD362SD requires a Teflon capacitor (supplied). 

Smaller capacitors will allow slightly faster operation, but only 
with increased noise and decreased precision. 1000pF will 
typically allow acquisition to 0.1 % in four microseconds. 

Larger capacitors may be substituted to reduce noise, and 
sample-to-hold offset, but acquisition time of the sample-and
hold will be extended. If less than 12 bits of accuracy is re
quired, a smaller capacitor may be used. This will shorten the 
S/H acquisition time. In all cases, the proper capacitor die
lectric must be used; i.e., Polystyrene (AD326KD only) or 
Teflon (AD362KD or SD). Other types of capacitors may 
have higher dielectric absorption (memory) and will cause 
errors. CAUTION: Polystyrene capacitors will be destroyed 
if subjected to temperatures above +85

0 
C. No capacitor is 

required if the sample-and-hold is not used. 
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Analog Input Section Offset Adjust Circuit 
Although the offset voltage of the AD362 may be adjusted, 
that adjustment is normally performed at the ADC. In some 
special applications, however, it may be helpful to adjust the 
offset of the Analog Input Section. An example of such a case 
would be if the input signals were small «10mV) relative to 
AD362 voltage offset and gain was to be inserted between the 
AD362 and the ADC. To adjust the offset of the AD362, the 
circuit shown in Figure 5 is recommended. 

AD362 
ANALOG 

INPUT 
SECTION 

Figure 5. AD362 Offset Voltage Adjustment 

Under normal conditions, all calibration is performed at the 
ADC Section. 

Other Considerations 

Grounding: Analog and digital signal grounds should be kept 
separate where possible to prevent digital signals from flowing 
in the analog ground circuit and inducing spurious analog sig
nal noise. Analog Ground (pin 17) and Digital Ground (pin 2) 
are not connected internally; these pins must be connected 
externally for the system to operate properly. Preferably, this 
connection is made at only one point, as close to the AD362 
as possible. The case is connected internally to Digital Ground 
to provide good electrostatic shielding. If the grounds are not 
tied common on the same card with the AD362, the digital 
and analog grounds should be connected locally with back-to
back general-purpose diodes as shown in Figure 6. This will 
protect the AD362 from possible damage caused by voltages 
in excess of ±1 volt between the ground systems which could 
occur if the key grounding card should be removed from the 
overall system. The device will operate properly with as much 
as ±200mV between grounds, however this difference will be 
reflected directly as an input offset voltage. 

TO 
CARD 

CONNECTOR 

AD362 ADC 

AGND 

Figure 6. Ground-Fault Protection Diodes 

Power Supply Bypassing: The ±15V and +5V power leads 
should be capacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. 1J,LF 
tantalum types are recommended; these capacitors should be 
located close to the system. It is not necessary to shunt these 
capacitors with disc capacitors to provide additional high 
frequency power supply decoupling since each power lead is 
bypassed internally with a 0.039J,LF ceramic capacitor. 



Interfacing to Popular Analog to Digital Converters 
The AD362 has been designed to interface directly to most 
analog to digital converters; often no additional components 
are required and only two interconnections must be made. 
The direct interface requirements for the ADC are as follows: 

1. The ADC Status output must be positive-true Logic ("1" 
during conversion). 

2. Transition from "0" to "1" must occur at least 200ns 
before the most significant bit decision is made (successive 
approximation ADC) or before input integration starts 
(integrating type ADC). 

3. Status must not return to "0" before the LSB decision is 
made. 

4. If Status is being used to latch output data, it must not 
return to Logic "0" until all output data bits are valid and 
available. 

Complete system throughput performance is determined by 
combining the worst-case specifications of the AD362 and the 
ADC. If guaranteed system performance is required, the 
AD363 and AD364 are recommended. The AD363 includes 
an AD362 and an ADS72 12-bit, 25-microsecond precision 
ADC. The AD364 consists of an AD362 and an AD574 12-bit, 
microprocessor-compatible, low cost ADC. Each is specified 
as a complete, two-package system; data sheets are available 
upon request. 

ANALOG 
INPUTS 

(161 
AO ADC80 

DATA 
BITS 
OUT 
(121 

STATUS OUTPUT 

Jl 
CONVERT DATA STROBE 

START (~~~m~r 

a. 12-Bit DAS Using AD362 and AD ADC80 

Figure 7a shows the AD362 driving an AD ADC80. The 
AD ADC80 is a 12-bit, 25-microsecond, low-cost ADC that 
meets all of the requirements listed above. Throughput rate 
is typically 30kHz with no missing codes over the operating 
temperature range. 

Figure 7b shows a lO-bit application based on the AD362 and 
the AD571, a complete low cost 10-bit, 25-microsecond ADC. 
In this case, two of the above requirements are not met: 

1. DR (DATA READY), as Status, is positive-true but ... 

2. DR does not indicate that a conversion is in progress until 
1.51ls after conversion starts. 

3. DR does indicate conversion complete after the LSB deci-
sion is made, but. . . ' 

4. DR precedes the enabling of the AD571 output 3-state 
gates by 500ns. 

The gating provided by VI allows the applied convert com
mand (CC) to initiate input hold at the AD362. CC must last 
for more than 1.51ls so that DR may then assume control 
of Hold. If conversion is continuous (consistent with multi
channel operation), the next convert command can be used to 
load the previously-converted data into an output register. For 
single conversion operation, a Ills delay of the falling edge of 
DR may be used to signify valid data. 
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ANALOG ANALOG 
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B&C" 

DATA STROBE 
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b. 10-Bit DAS Using AD362 and AD571 

DATA 
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Figure 7. Data Acquisition Systems Based on the AD362 and Popular ADC's 
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Interfacing to Special Purpose ADCs 
The AD5200 series of ADCs perform a 12-bit conversion in 50 
microseconds and feature totally adjustment-free operation, 
high accuracy, and a small hermetically-sealed 24-pin package. 

These ADCs are often used in high-reliability applications 
and, like the AD362SD (which operates over the _SSoC to 
+12S

o
C temperature range) are available processed to MIL

STD-SS3, Class B. The ADS200 series meets all of the inter
facing requirements for direct connection to the AD362 as 
shown in Figure Sa. System throughput rate is typically 16kHz. 
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(lSI 

DC POWER 

DATA 
BITS 
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(l21 

STATUS OUTPUT 

JL 
CLOCK CONVERT DATA STROBE 
INPUT START (~~~m~; 

a. 12·Bit High Accuracy and Reliability DAS Using 
AD362 and AD5200 

The HAS series of ultra-fast ADCs are S-bit (HASOS01), 10-
bit (HASI001) and 12-bit (HASI202) devices that convert in 
1.5, 1.7, and 2.S microseconds (maximum) respectively. These 
devices are hybrid IC's, packaged in 32-pin DIPs. Since the 
Data Ready signal from the HAS precedes the LSB decision, 
DR must be delayed. Figure Sb shows the appropriate cir
cuitry to provide that delay. Throughput rate for the 12-bit 
system is typically SOkHz. 
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b. High-Speed DAS Using AD362 and HAS 

Figure 8. Data Acquisition Systems Based on the AD362 and Purpose ADCs 

CAPACITOR OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

HOLD CAPACITOR 

·THIS DIMENSION IS FOR POLYSTYRENE CAPACITOR 
SUPPLIED WITH AD362KD 

MAX BODY LENGTH OF TEFLON CAPACITOR SUPPLIED 
WITH AD362SD IS UlO", 
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r.ANALOG 
WDEVICES 

Complete 16-ChanneI12-Bit Integrated 
Circuit Data Acquisition System 

FEATURES 
Versatility 

Complete System in Reliable IC Form 
Small Size 
16 Single-Ended or 8 Differential Channels with 

Switchable Mode Control 
Military/Aerospace Temperature Range: -55°C to 

+125°C (AD363S) MIL-STD-883B Processing 
Available 

Versatile Input/Output/Control Format 
Short-Cycle Capability 

Performance 
True 12-Bit Operation: Nonlinearity ~±0_012% 
Guarantee~ No Missing Codes Over Temperature Range 
High Throughput Rate: 30kHz -
Low Power: 1.7W 

Value 
Complete: No Additional Parts Required 
Reliable: Hybrid IC Construction, Hennetically Sealed. 

All Inputs Fully Protected 
Precision +10_0 ±0_005 Volt Reference for External 

Application 
Fast Precision Buffer Amplifier for External Application 
Low Cost 

PRODUCT DESCRIPTION 
The AD363 is a complete 16 channel, 12-bit data acquisition 
system in integrated circuit form. By applying large-scale linear 
and digital integrated circuitry, thick and thin film hybrid tech
nology and active laser trimming, the AD363 equals or exceeds 
the performance and versatility of previous modular designs. 

The AD363 consists of two separate functional blocks. Each 
in hermetically-sealed 32 pin dual-in-line packages. The analog 
input section contains two eight-channel multiplexers, a dif
ferential amplifier, a sample-and-hold, a channel address regis
ter and co~trollogic_ The multiplexers may be connected to 
the differential amplifier in either an 8-channel differential 
or 16-channel single-ended configuration. A unique feature 
of the AD363 is an internal user-controllable analog switch 
that connects the multiplexers in either a single-ended or dif
ferential mode. This allows a single device to perform in either 
mode without hard-wire programming and permits a mixture 
of single-ended and differential sources to be interfaced to an 
AD363 by dynamically switching the input mode control. 

AD363 I 

AD363 FUNCTIONAL BLOCK DIAGRAM 

TWO-32 PIN DIPS 

The Analog-to-Digital Converter Section contains a complete 
I2-bit successive approximation analog-to-digital converter, 
including internal clock, precision 10 volt reference, compara
tor, buffer amplifier and a proprietary-design 12-bit D/A con
verter. Active laser trimming of the reference and D/A conver
ter results in maximum linearity errors of ±O.012% while per
forming a 12-bit conversion in 25 microseconds. 

Analog input voltage ranges Of ±2.5, ±5 .0, ±10, 0 to +5 and 
o to +10 volts are user-selectable. Adding flexibility and value 
are the precision 10 volt reference (active-trimmed to a toler
ance of ±5 m V) and the internal buffer amplifier, both of which 
may be used for external applications. All digital signals are 
TTLlDTL compatible and output data is positive-true in paral
lel and serial form. 

System throughput rate is as high as 30kHz at full rated ac
curacy. The AD363K is specified for operation over a 0 to 
+70

o
C temperature range while the AD363S operates to speci

fication from -55°C to +125°C. Processing to MIL-STD-883B 
is available for the AD363S. Both device grades are guaranteed. 
to have no missing codes over their specified temperature 
ranges. 
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(typical @ +25°C, SPECIFICATIONS ±15V and +5V with 2000pF hold capacitor as provided unless otherwise noted) 

MODEL 

ANALOG INPUTS 
Number of Inputs 

Input Voltage Ranges 
Bipolar 
Unipolar 

Input (Bias) Current, Per Channel 
Input Impedance 

On Channel 
Off Channel 

Input Fault Current (Power Off or On) 
Common Mode Rejection 

Differential Mode 
Mux Crosstalk (Interchannel, 

AD363K 

16 Single-Ended or 8 Differential 
(Electronically Selectable) 

±2.SV, ±S.OV, ±10.0V 
o to +SV, 0 to +10V 
±SOnA max 

lOlon,lOOpF 
10 lo n,10pF 
20mA, max, Internally Limited 

70dB min (BOdB typ) @ 1kHz, 20V pop 

Any Off Channel to Any On Channel) -80dB max (-90dB typ) @ 1kHz, 20V'p-p 

RESOLUTION 

ACCURACY 
Gain Error l 

Unipolar Offset Error 
Bipolar Offset Error 
Linearity Error 
Differential Linearity Error 
Relative Accuracy 
Noise Error 

TEMPERATURE COEFFICIENTS 
Gain 
Offset, ±lOV Range 
Differential Linearity 

SIGNAL DYNAMICS 
Conversion Time2 

Throughput Rate, Full Rated Accuracy 
.Sample and Hold . 

Aperture Delay 
Aperture Uncertainty 
Acquisition Time 

To ±0.01 % of Final Value 
for Full Scale Step 

Feedthrough 
Droop Rate 

DIGIT AL INPUT SIGNALS3 

Convert Command (to ADC Section. 
Pin 21) 

Input Channel Select (To Analog 
Input Section, Pins 28-31) 

Channel Select Latch (To Analog 
Input Section, Pin 32) 

12 BITS 

±O.OS% FSR (Adj. to Zero) 
±10mV (Adj to Zero) 
±20mV (Adj to Zero) 
±YzLSB max 
±lLSB max (±YzLSB typ) 
±0.02S% FSR 
1mV pop, 0 to 1MHz 

±30ppm/OC max (±lOppm/oC typ) 
±10ppm/oC max (±Sppm/C typ) 
No Missing Codes Over Temperature 

Range 

2Sps max (22ps typ) 
25kHz min (30kHz typ) 

lOOns max (SOns typ) 
SOOps max (lOOps typ) 

18ps max (lOps, typ) 

-70dB max (-80dB typ) @ 1kHz 
2mV/ms max (lmV/ms typ) 

Positive Pulse. 200ns min Width. Leading 
Edge ("0" to "I") Resets Register, 
Trailing Edge ("I" to "0") Starts Con
version. 
lTTL Load 

4 Bit Binary, Channel Address. 
1LS TTL Load 

"I" Latch Transparent 
"0" Latched 
4 LS TTL Loads 
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AD363S 

±2Sppm/oC max (±lSppm/oC typ) 
±8ppm/oC max (±Sppm/C typ) 



MODEL 

DIGITAL INPUT SIGNALS, cont. 
Sample-Hold Command (To Analog 

Input Section Pin 13 Normally 
Connected To ADC "Status", 
Pin 20) 

Short Cycle (To ADC Section Pin 14) 

Single EndedIDifferential Mode Select 
(To Analog Input Section, Pin 1) 

DIGITAL OUTPUT SIGNALS3 

(All Codes Positive True) 
Parallel Data 

Unipolar Code 
Bipolar Code 
Output Drive 

Serial Data (NRZ Format) 

Unipolar Code 
Bipolar Code 
Output Drive 

Status (Status) 
Output Drive 

Internal Clock 
Output Drive 
Frequency 

INTERNAL REFERENCE VOLTAGE 
Max External Current 
Voltage Temp. Coefficient 

POWER REQUIREMENTS 
Supply Voltages/Currents 

Total Power Dissipation 

TEMPERATURE RANGE 
Specification 
Storage 

NOTES: 

AD363K 

"0" Sample Mode 
"1" Hold Mode 
2LS TTL Loads 
Connect to +5V for 12 Bits Resolution. 
Connect to Output Bit n + 1 For n Bits 

Resolution. 
lTTL Load 

"0": Single-Ended Mode 
"1": Differential Mode 
3TTL Loads 

Binary 
Offset Binary/Two's Complement 
2TTL Loads -

Binary 
Offset Binary 
2TTL Loads 
Logic "1" ("0") During Conversion 
2TTL Loads 

2TTL Loads 
500kHz 

+10.00V, ±10mV 
±lmA 
±20ppm/o C, max 

+15V, ±5% @ +45mA max (+38mA typ) 
-15V, ±5% @ 45mA max (-38mA typ) 
+5V, ±5% @ +136mA max (+I13mA typ) 
2 watts max 0.7 watts typ) 

o to +70°C 
-55°C to +8SoC4 

1 With son, 1% fixed resistor in place of Gain Adjust pot; see Figures 7 and 8. 
2 Conversion time of ADC Section. 
,'One TTL Load is defined as IlL = -1.6mA max @VIL = O.4V, 1m = 40,uA max @ VIH = 2.4V. 

AD363S 

-55°C to +12S
o
C 

-55°C to +IS0°C 

One LS TTL Load is defined as IlL = -O.36mA max @ VIL = O.4V, IIH = 20,uA max @ VIH = 2.7V. 
4 AD363K External Hold Capacitor is limited to +8SoC; Analog Input Section and ADC Section may be stored at up to +150oC. 

·Specifications same as AD363K. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 

(ALL MODELS) 

+V, Digital Supply 

+V, Analog Supply 

-V, Analog Supply 

VIN, Signal 

VIN, Digital 

AGND to DGND 

+S.5V 

+16V 

-16V 

tv, Analog Supply 

o to +V, Digital Supply 

±IV 
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PIN FUNCTION DESCRIPTION 

ANALOG INPUT SECTION 

Pin 
Number Function 

1 Single-EndlDifferential Mode Select 
"0": Single-Ended Mode· 
"1 ": Differential Mode 

2 Digital Ground 
3 Positive Digital Power Supply, +5V 
4 "High" Analog Input, Channel 7 
5 "High" Analog Input, Channel 6 
6 "High" Analog Input, ChannelS 
7 "High" Analog Input, Channel 4 
8 "High" Analog Input, Channel 3 
9 "High" Analog Input, Channe1.2 

10 "High" Analog Input, Channell 
11 "High" Analog Input, Channel 0 
12 Hold Capacitor (Provided, See Figure 1) 
13 Sample-Hold Command 

"0": Sample Mode 
"1 ": Hold Mode 
Normally Connected to ADC Pin 20 

14 Offset Adjust (See Figure 6) 
15 Offset Adjust (See Figure 6) 
16 Analog Output 

Normally C~nnected to ADC 
"Analog In" (See Figure 1) 

17 Analog Ground 
18 "High" ("Low") Analog Input, Channel 15 (7) 
19 "High" ("Low") Analog Input, Channel 14 (6) 

20 Negative Analog Power Supply, -15V 
21 Positive Analog Power Supply, +15V 
22 "High" ("Low") Analog Input, Channel 13 (5) 
23 "High" ("Low") Analog Input, Channel 12 (4) 
24 "High" ("Low") Analog Input, Channel 11 (3) 
25 "High" ("Low") Analog Input, Channel 10 (2) 
26 "High" ("Low") Analog Input, Channel 9 (1) 

27 "High" ('~Low") Analog Input, Channel 8 (0) 
28 Input Channel Select, Address Bit AE 
29 Input Channel Select, Address Bit AO 
30 Input Channel Select, Address Bit Al 
31 Input Channel Seiect, Address Bit A2 
32 Input Channel Select Latch 

"0": Latched 
"1": Latch "Transparent" 
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ANALOG TO DIGITAL CONVERTER SECTION 

Pin 
Number 

1 

2 

3 
4 
5 
6 

7 

8 
9 

10 
11 
12 

13 
14 

15 
16 
17 

18 
19 
20 

21 

22 
23 

24 
25 
26 
27 
28 
29 
30 

Function 

Data Bit 12 (Least Significant Bit) Out 
Data Bit 11 Out 
Data Bit 10 Out 
Data Bit 9 Out 
Data Bit 8 Out 
Data Bit 7 Out 
Data Bit 6 Out 
Data Bit 5 Out 
Data Bit 4 Out 
Data Bit 3 Out 
Data Bit 2 Out 
Data Bit 1 (Most Significant Bit) Out 
Data Bit 1 (MSB) Out 
Short Cycle Control 

Connect to +5V for 12 Bits 
Connect to Bit (n+1) Out for n Bits 

Digital Ground 
Positive Digital Power Supply, +5V 
Status Out 

"0": Conversion in Progress 
(Parallel Data Not Valid) 

"1": Conversion Com plete 

(Parallel Data Valid) 
+10Volt Reference Out (See Figures 3, 7,8,11) 
Clock Out (Runs During Conversion) 
Status Out 

"0": Conversion Complete 
(Parallel Data Valid) 

"1": Conversion in Progress 
(Parallel Data Not Valid) 

Convert Start In 
Reset Logic : ~ 
Start Convert ~ 

Comparator In (See Figures 3,7,8) 
Bipolar Offset 

Open for Unipolar Inputs 
Connect to ADC Pin 22 for 

Bipolar Inputs 
(See Figure 8) 

lOV Span R In (See Figure 7) 
20V Span R In (See Figure 8) 
Analog Ground 
Gain Adjust (See Figures 7 and 8) 

Positive Analog Power Supply, + 15V 
Buffer Out (For External Use) I 

Buffer In (For External Use) 

31 Negative Analog Power Supply, -15V 
32 Serial Data Out 

Each Bit Valid On Trailing (~) 
Edge ClockOut, ADC Pin 19 



AD363 DESIGN 

Concept 
The ;\D363 consists of two separate functional blocks as 
shown in Figure 1. 

Figure 1. AD363 Functional Block Diagram 

The Analog Input Section contains multiplexers, a differential 
amplifier, a sample-and-hold, a channel address register and 
control logic. Analog-to-digital conversion is provided by a 
12 bit, 25 microsecond "ADC" which is also available separate
ly as the ADS72. 

By dividing the data acquisition task into two sections, several 
important advantages are realized. Performance of each design 
is optimized for its specific function. Production yields are 
increased thus decreasing costs. Furthermore, the standard 
configuration 32 pin packages plug into standard sockets and 
are easier to handle than larger packages with higher pin 
counts. 

Analog Input Section Design 

Figure 2 is a block diagram of the AD363 Analog Input Section 
(AIS). 

HOLD 
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SINGLE·END/DIFFEAENTIAL 
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INPUT 
CHANNEL 
snECT 

CHANNEL 
SELECT 
lATCH 

Figure 2. AD363 Analog Input Section Functional Block 
Diagram and Pinout 

AD363 Description 
The AIS consists of two 8-channel multiplexers, a differential 
amplifier, a sample-and-hold, channel address latches and con
trollogic. The multiplexers can be connected to the differen
tial amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A unique feature of the AD363 is 
an internal analog switch controlled by a digital input that 
performs switching between single-.:nded and differential 
modes. This feature allows a single product to perform in 
either mode without external hard-wire interconnections. Of 
more significance is the ability to serve a mixture of both 
single-ended and differential sources with a single AD363 by 
dynamically switching the input mode control. 

Multiplexer channel address inputs are interfaced through a 
level-triggered ("transparent") input register. With a Logic" 1" 
at the Channel Select Latch input, the address signals feed 
through the register to directly select the appropriate input 
channel. This address information can be held in the register 
by placing a Logic "0" on the Channel Select Latch input. In
ternallogic monitors the status of the Single-EndedlDifferential 
Mode input and addresses the multiplexers accordingly. 

A differential amplifier buffers the multiplexer outputs while 
providing high input impedance in both differential and-single
ended modes. Amplifier gain and common mode rejection are 
actively laser-trimmed. 

The sample-and-hold is a high speed monolithic device that can. 
also function as a gated operational amplifier. Its uncommitted 
differential inputs allow it to serve a second role as the output 
subtractor in the differential amplifier. This eliminates one 
amplifier and decreases drift, settling time and power consump
tion. A Logic "1" on the Sample-and-Hold Command input 
will cause the sample-and-hold to "freeze" the analog signal 
while the ADC performs the conversion. Normally the Sample
and-Hold Command is connected to th:! ADC Status output 
which is at Logic "1" during conversion and Logic "0" be
tween conversions. For slowly-changing inputs, throughput 

, speed may be increased by grounding the Sample-and-Hold 
Command input instead of connecting it to the ADC status. 

A Polystyrene hold capacitor is provided with each commer
cial temperature range system (AD363K) while a Teflon capaci-
tor is provided with units intended for operation at tempera- ... 
tures up to 125°C (AD363S). Use of an external capaCitor .. 
allows the user to make his own speed/accuracy tradeoff, a 
smaller capacitor will allow faster sample-and-hold response 
but will decrease accuracy while a larger capacitor will in-
crease accuracy at slower conversion rates. 

The Analog Input Section is constructed on a substrate that 
includes thick-film resistors for non-critical applications such 
as input protection and biasing. A separately-mounted laser
trimmed thin-film resistor network is used to establish accurate 
gain and high common-mode rejection. 
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Analog-to-Digital Converter Design 

Figure 3 is a block diagram of the Analog-to-Digital Converter 
Section (ADC) of the AD363. 

Figure 3. AD363 ADC Section (AD572) Functional 
Diagram and Pinout 

Available separately as the AD572, the ADC is a 12-bit, 25 
microsecond device that includes an internal clock, reference, 
comparator and buffer amplifier. 

The +IOV reference is derived from a low T.C. zener reference 
qiode which has its zener voltage amplified and buffered by an 
op.amp. The reference voltage is calibrated to +IOV, ±IOmV 
by active laser-trimming of the thin-film resistors which de
termine the closed-loop gain of the op amp. ImA of current 
is available for external use. 

The DAC chip uses 12 precision, high speed bipolar current 
steering switches, control amplifier and a laser-trimmed thin 
film resistor network to produce a very fast, high accuracy 
analog output current. This ladder network is active laser
trimmed to calibrate all bit ratio scale factors to.a precision of 
0.005% of FSR (full· scale range) to guarantee no missing 
codes over the operating temperature range. The design of the 
ADC includes scaling resistors that provide user-selectable 
analog input signal ranges of ±2.5, ±5, ±IO, 0 to +5, or 0 to 
+10 volts. 

Other useful features include true binary output for unipolar 
inputs, offset binary and two's complement output for bipolar 
inputs, serial output, short-cycle capability for lower resolu
tion, higher speed measurements, and an available high input im
pedance buffer amplifier which may be used elsewhere in 
the system. 
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THEORY OF OPERATION 

System Timing 

Figure 4 is a timing diagram for the AD363 connected as shown 
shown in Figure 1 and operating at maximum conversion rate. 

ADDRESS MAY BE CHANGED 
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STATUS ,SAMPLE-HOLDI 

GATED CLOCK 

Figure 4. AD363 Timing Diagram 

The normal sequence of events is as follows: 
1. The appropriate Channel Select Address is latched into the 

address register. Time is allowed for the multiplexers to 
settle. -

2. A Convert Start command is issued to the ADC which 
indicates that it is "busy" by placing a Logic "I" on its 
Status line. 

3. The AD~ Status controls the sample-and-hold. When the 
ADC is "busy" the sample-and-hold is in the hold mode. 

4. The ADC goes into its 25 microsecond conversion routine. 
Since the sample-and-hold is holding the proper analog 
value, the address may be updated during conversion. Thus 
multiplexer settling time can coincide with conversion and 
need not effect throughput rate. 

5. The ADC indicates completion of its conversion by return
ing Status to Logic "0". The sample-and-hold returns to 
the sample mode. 

6. If the input signal has changed full-scale (different channels 
may have widely-varying data) the sample-and-hold will 
typically require 10 microseconds to "acquire" the next in
put to sufficient accuracy for 12-bit conversion. 

After allowing a suitable interval for the sample-and-hold to 
stabilize at its new value, another Convert Start command may 
be issued to the ADC. 
ADC Operation 

On receipt of a Convert Start command, the analog-to-digital 
converter converts the voltage at its analog input into an 
equivalent 12-bit binary number. This conversion is accom-
plished as follows: . 

The 12-bit successive-approximation register (SAR) has its 
12-bit outputs connected both to the respective device bit 
output pins and to the corresponding bit inputs of the 
feedback DAC. 



The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The de
cision to keep or reject each bit is then made at the comple
tion of each bit comparison period, depending on the state of 
the' comparator at that time. 
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u 
L...-J. _____ ---II 
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u 
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u 

Figure 5. ADC Timing Diagram (Binary Code 110101011001) 

The timing diagram is shown in Figure 5. Receipt of a Convert 
Start signal sets the Status flag, indicating conversion in prog~ 
ress. This, in turn, removes the inhibit applied to the gated 
clock, permitting it to run through 13 cycles. All SAR parallel 
bit and Status flip-flops are initialized on the leading edge, and 
the gated clock inhibit signal removed on the trailing edge of 
the Convert Start signal. At time to, Bl is reset and B2-B12 
are set unconditionally. At tl the Bit 1 decision is made (keep) 
and Bit 2 is unconditionally reset. At t2, the Bit 2 decision is 
made (keep) and Bit 3 is reset unconditionally. This sequence 
continues until the Bit 12 (LSB) decision (keep) is made at 
t12. After lOOns delay period, the Status flag is reset, indi
cating that the conversion is complete and that the parallel 
output data is valid. R~setting the Status flag restores the gated 
clock inhibit signal, forcing the clock output to the Logic 
"0" state. 

Corresponding serial and parallel data bits become valid on the 
same positive-going clock edge. Serial data does not change and 
is guaranteed valid on negative-goingclock edges, however; 
serial data can be transferred quite simply by clocking it into 
a receiving shift register on these edges. 

Incorporation of the lOOns delay period guarantees that the 
parallel (and serial) data are valid at the Logic "1:' to "0" 
transition of the Status flag, permitting parallel data transfer 
to be initiated by the trailing edge of the Status signal. 

Applying the AD363 
The versatility and completeness of the AD363 concept results 
in a large number of user-selectable configurations. This allows 
optimization of most systems applications. 

Single-EndedlDifferential Mode Control 

The 363 features an internal analog switch that configures the 
Analog Input Section in either a 16-channel single-ended or 8-
channel differential mode. This switch is controlled by a TTL 
logic input applied to pin 1 of the Analog Input Section: 

"0": Single-Ended (16 channels) 
"1": Differential (8 channels) 

When in the differential mode, a differential source may be 
applied between corresponding "High" and "Low" analog 
input channels. 

It is possible to mix SE and DIFF inputs by using the mode 
control to command the appropriate mode. Figure 11 illus
trates an example of a "mixed" application. In this case, four 
microseconds must be allowed for the output of the Analog 
Input Section to settle to within ±0.01% of its final value, but 
if the mode is switched concurrent with changing the channel 
address, no significant additional delay is introduced. The 
effect of this delay may be eliminated by changing modes 
while a conversion is in progress (with the sample-and-hold in 
the "hold mode"). When SE and DIFF signals are being 
processed concurrently, the D IFF signals must be applied 
between corresponding "High" and "Low" analog input chan
nels. Another application of this feature is the capability of 
measuring 16 sources individually and/or measuring differences 
between pairs of those sources. 

Input Channel Addressing 

Table 1 is the truth table for input channel addressing in both 
the single-ended and differential modes. The 16 single-ended 
channels may be addressed by applying the corresponding 
digital number to the four Input Channel Select address bits, 
AE, AO, AI, A2 (Analog Input Section, pins 28-31). In the 
differential mode, the eight channels are addressed by applying 
the appropriate digital code to AO, Al and A2; AE must be 
enabled with a Logic "1". Internal logic monitors the status ~ 
of the SE/DIFF Mode input and addresses the multiplexes ... 
singly or in pairs as required. 

ADDRESS ON CHANNEL (Pin Number) 

Differential 

AE A2 AI AO Single Ended "Hi" "Lo" 

0 0 0 (11 ) None 
0 1 1 (10) None 

0 0 2 (9) None 
, (8) None 

0 0 4 (7) None 
0 I 5 (6) None 

0 I 0 (5) None 
0 <-n None 
1 0 0 0 (27) 0(11) o (27) 

0 0 1 9 (26) 1 (10) 1 (26) 

0 1 0 10 (25) (9) 2 (25) 

0 11 (24) (8) 3 (24) 

1 0 0 12 (23) (7) 5 (23) 

0 13 (22) (6) 5,(22) 

0 14 (19) 6 (5) 6 (19) 

1 1 I 15 (18) 7 (4) 7 (18) 

Table 1. Input Channel Addressing Truth Table 
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When the channel address is changed, six microseconds must 
be allowed for the Analog Input Section to settle to within 
±0.01 % of its final output (including settling times of all 
elements in the signal path). The effect of this delay may be 
eliminated by performing the address change while a conver
sion is in progress (with the sample-and-hold in the "hold" 
mode). 

Input Channel Address Latch 

The AD363 is equipped with a latch for the Input Channel 
Select address bits. If the Latch Control pin (pin 32 of the 
Analog Input Section) is at Logic "1", input channel select 
address information is passed through to the multiplexers. A 
Logic "0" "freezes" the input channel address present at the 
inputs at the time of the. "I" to "0" transition. 

This feature is useful when input channel address information 
is provided from an address, data or control bus that may be 
required to service many devices. The ability to latch an 
address is helpful whenever the user has no control of when 
address information may change. 

SaI'!!E.le-and-Hold Mode Control 

The Sample-and-Hold Mode Control input (Analog Input 
Section, pin 13) is normally connected to the Status output 
(pin 20) from the ADC section. When a conversion is initiated 
by applying a Convert Start command to the ADC (pin 21), 
Status goes to Logic "1", putting the sample-and-hold into the 
"hold" mode. This "freezes" the information to be digitized 
for the period of conversion. When the conversion is complete, 
Stat~s returns to Logic "0" and the sample-and-hold returns 
to the sample mode. Eighteen microseconds must be allowed for 
the sample-and-hold to acquire ("catch up" to) the analog in
put to within ±0.01 % of the final value before a new Convert 
Start command is issued. 
The purpose of a sample-and-hold is to "stop" fast changing 
input signals long enough to be converted. In this application, 
it also allows the user to change channels and/or SEt DIFF 
mode while a conversion is in progress thus eliminating the 
effects of multiplexer, analog switch and differential amplifier 
settling times. If m~ximum throughput rate is required for 
slowly changing signals, the Sample-and-Hold Mode Control 
may be wired to ground (Logic "0") rather than to ADC 
Status thus leaving the sample-and-hold in a continuous 
sample ,mode. 

HoW_Capacitor 

A 2000pF capacitor is provided with each AD363. One side 
of this capacitor is wired to the Analog Input Section pin 12, 
the other to analog ground as close to pin 17 as possible. The 
capacitor provided with the AD363K is Polystyrene while the 
wider operating temperature range of the AD363S demands a 
Teflon capacitor (supplied). 

Larger capacitors may be substituted to minimize noise, but 
acquisition time of the sample-and-hold will be extended. If 
less than 12 bits of accuracy is required, a smaller capacitor 
may be used. This will shorten the S/H acquisition time. In all 
cases, the proper capacitor dielectric must be used; i.e., Poly
styrene (AD363K only) or Teflon (AD363K or S). Other types 
of capacitors may have higher dielectric absorption (memory) 
and will cause errors, CA UTION: Polystyrene capacitors will 
be destroyed if subjected to temperatures above +85°C. No 
capacitor is required if the sample-and-hold is not used. 

Shon.£ycle Con lli>l 
A Short Cycle Control (ADC Section, pin 14) permits the 
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timing cycle shown in Figure 5 to be terminated after any 
number of desired bits has been converted, permitting some
what shorter conversion times in applications not requiring full 
12-bit resolution. When 12-bit resolution is required, pin 14 is 
connected to +5V (ADC Section, pin 10). When 10-bit resolu~ 
tion is desired, pin 14 is connected to Bit 11 output pin 2. The 
conversion cycle then terminates, and the Status flag resets 
after the Bit 10 decision (dO + lOOns in timing diagram of Fig
ure 2). Short Cycle pin connections and associated maximum 
12-, 10- and 8-bit conversion times are summarized in Table 2. 

Connect Short Maximum Status Flag 
Cycle Pin 14 to Resolution Conversion Reset at: 

Pin: Bits (% FSR) Time (ps) (Figure 5) 

16 12 0.024 25 t12 +100ns 

2 10 0.10 21 tlO +100ns 

4 8 0.39 17 t8 +100ns 

Table 2. Short Cycle Connections 

One should note that the calibration voltages listed in Table 
4 are for 12-bit resolution only, and are not those correspond
ing to the center of each discrete quantization interval at 
reduced bit resolution. 

Digital Output Data Forma.t 

Both parallel and serial data are in positive-true form and out
putted from TTL storage registers. Parallel data output coding 
is binary for unipolar ranges and either offset binary or two's 
complement binary, depending on whether Bit 1 (ADC Section 
pin 12) or its logical inverse Bit 1 (pin 13) is used as the MSB. 
Parallel data becomes valid approximately 200ns before the 
Status flag returns to Logic "0", permitting parallel data trans
fer to be clocked on the "I" to "0" transition of the Status flag. 

Serial data coding is binary for unipolar input ranges and off
set binary for bipolar input ranges. Serial output is by bit 
(MSB first, LSB last) in NRZ (non-return-to-zero) format. 
Serial and parallel data outputs change state on positive-going 
clock edges. Serial data is guaranteed valid on all negative-going 
clock edges, permitting serial data to be clocked directly into a 
receiving register on these edges. There are 13 negative-going 
clock edges in the complete 12-bit conversion cycle, as shown 
in Figure 5. The first edge shifts an invalid bit into the register, 
which is shifted out on the 13th negative-going clock edge. 
All serial data bits will have been correctly transferred at the 
completion of the conversion period. 

Analog Input Voltage Ran~t 

The AD363 may be configured for any of 3 bipolar or 2 uni
polar input voltage ranges as shown in Table 3. 

Connect Connect 
Analog Input Connect ADC Bipolar ADC 

Range To ADC Pin: Span Pin: Pin 23 To: 

o to +5V 24 25 to 22 
--

o to +10V 24 --
-2.5V to +2.5V 24 25 to 22 

-5V to +5V 24 -- 22 

-10V to +10V 25 --

Table 3. Analog Input Voltage Range Pin Connections 



Analog Input - Volts Input Normalized Digital Output Code 
(Binary for Unipolar Ranges; (Center of Quantization Interval) to FSR 
Offset Binary for Bipolar Ranges) 

o to +10V -5V to +5V -IOV to +10V Unipolar Bipolar. Bl B12 
Range Range Range Ranges Ranges (MSB) (LSB) 

+9.9976 +4.9976 +9.9951 +FSR-l LSB +Y,FSR-I LSB I I II 1 I 
+9.9952 +4.9952 +9.9902 +FSR-2 LSB +Y,FSR-2 LSB 11 II II I 0 

+5.0024 +0.0024 +0.0049 +V,FSR+I LSB +1 LSB 100000000001 
+5.0000 +0.0000 +0.0000 +'hFSR ZERO 100000000000 

+0.0024 -4.9976 -9.9951 +1 LSB -V,FSR+I LSB 000000000001 
+0.0000 -5.0000 -10.0000 ZERO -Y,FSR 000000000000 

Table 4. Digital Output Codes vs Analog Input For Unipolar and Bipolar Ranges 

The resulting input-<>utput transfer functions are given by 
Table 4. 

Analog Input Section Offset Adjust Circuit 

The offset voltage of the AD363 may be adjusted at either the 
Analog Input Section or the ADC Section. Normally the ad
justment is performed at the ADC but in some special appli
cations, it may be helpful to adjust the offset of the Analog 
Input Section. An example of such a case would be if the in
put signals were small «lOmV) relative to Analog Input Section 
voltage offset and gain was inserted between the Analog Input 
Section and the ADC. To adjust the offset of the Analog Input 
Section, the circuit shown in Figure 6 is recommended. 

AD363 
ANALOG 

INPUT 
SECTION 

Figure 6. Analog Input Section Offset Voltage Adjustment 

Under normal conditions, all calibration is performed at the 
ADC Section. 

ADC Offset Adjust Circuit 

Analog and power connections for 0 to + 1 OV unipolar and 
-lOV to +10V bipolar input ranges are shown in Figures 7 and 
8, respectively. The Bipolar Offset, ADC pin 23 is open-cir
cuited for all unipolar input ranges, and connected to Compar
ator input (ADC pin 22) for all bipolar input ranges. The zero 
adjust circuit consists of a potentiometer connected across 
±Vs with its slider connected through a 3.9Mn resistor to 
Comparator input (ADC pin 22) for all ranges. The tolerance 
of this fixed resistor is not critical, and a carbon composition 
type is generally adequate. Using a carbon composition resistor 
having a -1200ppml" C tempco contributes a worst-case offset 
tempco of 8 x 244 X 10-6 x 1200ppm/oC = 2.3ppmtC of 
FSR, if the OFFSET ADJ potentiometer is set at either end 
of its adjustment range. Since the maximum offset adjustment 
required is typically no more than ±4LSB, use of a carbon 
composition offset summing resistor normally contributes no 
more than 1 ppmt C of FSR offset tempco. 

~~. ~Z=E:::RO:-:A-:-DJ'---"" 
(!8lSB',) 

FROM ANALOG 
INPUT SECTION 
PIN 16 
OTO+l0V 

Figure 7. ADC Analog and Power Connections for 
Unipolar 0 to +10V Input Range 

~~. ~Z=E=RO:-:A-:-DJ'---.J 
t'8lSS',) 

,,.t 

FROM ANALOG 
INPUT SECTION 
PIN 16 
-10V 10+'0" 

Figure 8. ADC Analog and Power Connections for Bipolar 
-10V to +10V Input Range 

An alternate offset adjust circuit, which contributes negli
gible offset tempco if metal film resistors (tempco < 100 
ppmtC) are used, is shown in Figure 9. 

+15V 

200k. M.F. 200k. M.F. 

~~~ <E--O-F-FS-'E\I'T"'A ..... DJ-1I~--""N1,---2Q2--l 
('8LSB'sl 

-15V 

AD363 
ADe 

Figure 9. Low Tempco Zero Adj Circuit 
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In either zero adjust circuit, the fixed resistor connected to 
ADC pin 22 should be located close to this pin to keep the 
connection runs short, since the Comparator input (ADC pin 
22) is quite sensitive to external noise pick-up. 

Gain Adjust 

The gain adjust circuit consists of a lOOn potentiometer con
nected between +10V Reference Output pin 18 and Gain Ad
just Input (ADC pin 27) for all ranges. Both GAIN and ZERO 
AD) potentiometers should be multi-turn, low tempco types; 
20T cermet (tempco = 100ppmtC max) types are recom
mended. If the lOOn GAIN AD) potentiometer is replaced by 
a fixed son resistor, absolute gain calibration to ±0.1 % of 
FSR is guaranteed. 

Calibratiol} 

Calibration of the AD363 consists of adjusting offset and gain. 
Relative accuracy (linearity) is not affected by these adjust
ments, so if absolute zero and gain error is not important in a 
given application, or if system intelligence can correct for such 
errors, calibration may be unnecessary. 

External ZERO AD) and GAIN AD) potentiometers, con
nected as shown in Figures 7, 8,and 9, are used for device cali
bration. To prevent interaction of these' two adjustments, Zero 
is always adjusted first and then Gain. Zero is adjusted with 
the analog input near the most negative end of the analog range 
(0 for unipolar and -1f2FSR for bipolar input ranges). Gain is 
adjusted with the analog input near the most positive end of 
the analog range. 

o to +lOV Range: Set analog input to +ILSB = +0.0024V. 
Adjust Zero for digital output = 000000000001; Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. Ad
just Gain for 111111111110 digital output code; full-scale 
(Gain) is now calibrated. Half-scale calibration check: set ana
log input to +5.0000V; digital output code should be 
100000000000. 

-IOV to +lOV Range: Set analog input to -9.9951 V; adjust 
Zero for 000000000001 digital output (offset binary) code. 
Set analog input to +9.9902V; adjust G'ain for 111111111110 
digital output (offset binary) code. Half-scale calibration check: 
set analog input to O.OOOOV; digital output (offset binary) 
code should be 100000000000. 

. Other Ranges: Representative digital coding for 0 to +lOV, 
-5V to +5V, and -IOV to +10V ranges is shown in Table 4. 
Coding relationships are calibration points for 0 to +5V and 
-2.5V to +2.5V ranges can be found by halving the corre
sponding code equivalents listed for the 0 to +lOV and -5V 
to + 5 V ranges, respectively. 

Zero and full-scale calibration can be accomplished to a preci
sion of approximately ±\4LSB using the static adjustment pro
cedure described above. By summing a small sine or triangular
wave voltage with the signal applied to the analog input, the 
output can be cycled through each of the calibration codes 
of int~rest to more accurately determine the center' (or end 
points) of each discrete quantization level. A detailed descrip
tion of this dynamic calibration technique is presented in 
"AID Conversion Notes", D. Sheingold, Analog Devices, Inc., 
1977, Part II, Chapter 11-4. 

Other Considerations 

Grounding: Analog and digital signal grounds should be kept 
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separate where possible to prevent digital signals from flowing 
in the analog ground circuit and inducing spurious analog sig
nal noise. Analog Ground (Analog Input Section pin 17, ADC 
Section pin 26) and Digital Ground (Analog Input Section pin 
2 and ADC Section pin 15) are not connected internally; these 
pins must be connected externally for the system to operate 
properly. Preferably, this connection is made at only one point, 
as close to the system as possible. The cases are connected in
ternally to Digital Ground to provide good electrostatic shield
ing. If the grounds are not tied common on the same card with 
both system packages, the digital and analog grounds should 
6e connected locally with back-to-back general-purpose diodes 
as shown in Figure 10. This will protect the AD363 from pos
sible damage caused by voltages in excess of ± 1 volt between 
the ground systems which could occur if the key grounding 
card should be removed from the overall system. The system 
will operate properly with as much as ±200mV between 
grounds, however this difference will be reflected directly as 
an input offset voltage: 

DGND 

TO 
CARD 

AD363 
AIS 

AD363 
ADC 

CONNECTOR 
------~~~~~~~~ 

AGND 

Figure 10. Ground-Fault Protection Diodes 

'Power Supply Bypassing: The ±15V and +5V power leads 
should be C:1pacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. 1pF 
tantalum types are recommended; these capacitors should be 
located close to the system. It is not necessary to shunt these 
capacitors with disc capacitors to provide additional high 
frequency power supply decoupling since each power lead is 
bypassed internally with a 0.039pF ceramic capacitor. . 

Applications 

The AD363 contains several unique features that contribute 
to its application versatility. The more significant features 
include a precision + lOV reference, an uncommitted buffer 
amplifier, the dynamic single-ended/differential mode switch 
and simple, uncommitted digital interfaces. 

Transducer Interfacing 
The precision +10V reference, buffer amplifier and mode 
switch can simplify transducer interfacing. Figure 11 illus
trates how these features may be used to advantage. 

Figure 11. AD363 Transducer Interface Application 

DIGITAL 
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The AD590 is a temperature transducer that can be considered 
an ideal two-terminal current source with an output of one 
microamp per degree Kelvin (lpA/oK). With an offsetting cur
rent of 273pA sourced from the +5.46 volt buffered reference 
through 20kn resistors (R1-R12) each of the 12 AD590 cir
cuits develop -20mV/C. The outputs are monitored with the 
AD363 front-end in the single-ended mode (Logic "0" on the 
Mode Control input). The +5.46 volt reference is'derived from 
the ADC + 10 volt precision reference and voltage divider R13, 
R14. Low output impedance for this +5.46 volt reference is 
provided by the ADC internal buffer amplifier. (The 10pV/oC 
offset voltage drift of the buffer amplifier contributes negli
gible errors.) At O°C, each temperature transducer circuit de
livers a 0 volt output. At 125°C, the output is -2.5V; at -55°C, 

,the output is +1.10V. By using the two's complement ADC 
output (complemented MSB or sign bit), the negative voltage 
versus temperature function is inverteQ and digital reading 
proportional to temperature in degrees centigrade is provided. 
Resolution is 0.061°C per least significant bit. 

The, precision + 10 volt reference is also used to power several 
bridge circuits that require differential read-out. When address
ing these bridge transducers, a Logic "1" at the mode, control 
input will switch the AD363 to the differential mode. In many 
cases, this feature will eliminate the requirement for a differen
tial amplifier for each bridge transducer. 

Microprocessor Interfacing 
Digital interfacing to the AD363 has been deliberately left 
uncommitted; every processor system and application has 
different interface requirements and designing for one specific 
processor could complicate other applications. 
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Figure 12. AD363 Microprocessor Interface Application 

The addition of a small amount of hardware will satisfy most 
,interface requirements; an example based on BOBO-type archi
tecture is shown in Figure 12. 

In this system the data bus is used to transmit multiplexer chan
nel selection and convert and read commands to the AD363. 
It is also possible to address the AD363 as memory using the 
address bus to perform channel selection, convert and read 
operations. 

The address lines can be decoded to provide channel selection, 
ADC convert start, status and ADC data (2 bytes) locations. 
These are accessed with 1/0 readlwrite instructions. 

The ADC outputs are buffered with tri-state drivers. Figure 12 
shows the 4 most significant ADC data bits and status as one 
byte 

FFII: I STATUS I-I-I-I(~~B) B2 B3 B4 

07 DO 

and the B least significant ADC data bits as the second byte. 

FEll: B5 B6 B7 

07 

B8 B9 BI0 Bl1 I B12 
(LSB) 

DO 

Internal tri-state buffering is not provided because in many 
applications it would be better to have the first byte contain 
the B most significant bits. To accomodate both left and right 
justified formats would require more package pins and increase 
complexity. 

The operating sequence for this system is as follows: 

1 MVI 

2 OUT 

3 OUT 

4 IN 

puts the address for channel 0 
(including SE/DIFF mode) into 
accumulator 

puts BOti on data bus and FFH on address 
bus. Pulses 110 WRITE. OUT FFH is 
decoded as a "LOAD ADDRESS" com
mand to the channel select latches. 

puts FOH on address bus and pulses 110 
WRITE. This is decoded to issue a "CON-
VERSION START" to the ADC. .,.. 
Accumulator contents are of no significance. _ 

puts FFH on address bus and pulses I/O 
READ. This is decoded to enable the 
appropriate tri-states, thus putting status 
and the 4 most significant bits on the 
data bus. 

,~ ~~ 

The status may be examined for "0" (conversion complete). 
In that case, the 4 MSB's would be read. 

'r" r" "'r-" ... ., ... " 
5 IN FEH puts FEH on address bus and pulses 110 

READ. This is decoded to enable the 
appropriate tri-states, thus putting the B 
least significant bits on the data bus. 

At this point, the multiplexer channel selection may be 
changed and another channel processed with the same instruc
tion set (steps 2 through 5). 
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Model 

AD363KD 

AD363SD 

AD363SDI 
~83B 

SpeCification 
Temp Range 

o to +70oC 

-SSoC to +12SoC 

Max 

CAPACITOR OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

HOLD CAPACITOR 

1.00125.41 I 0.69117.51 I 0.3518.91 I I 
MIN MAX MAX ----
~O 
'THIS DIMENSION IS FOR POLYSTYRENE CAPACITOR 
SUPPLIED WITH K GRADE. 

MAX BODY LENGTH OF TEFLON CAPACITOR SUPPLIED 
WITH S GRADE IS 1.00" 

AD363 ORDERING GUIDE 

Max Guaranteed Temp Range 
Gain T.C. Reference T.C. No Missing Codes 

±30ppm/C ±20ppm/oC o to +70oC 

±2Sppm/oC ±20ppm/oC -SSoC to +12SoC 

Meets all AD363SD specifications after processing to 
the requirements of MIL-STD-883B, Method S008. 

NOTE: D Suffix = Dual-In-Line package designator. 

1 See Section 20 for package outline information. 
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Package Styles1 

Analog 
Input ADC 
Section Section 

HY32D 

HY32D 

HY32G 

HY32G 



,. ANALOG Fast, Complete, 16-Channel uP Compatible 
W DEVICES 12-Bit Data Acquisition System 
I AD364 I 

ADVANCED TECHNICAL DATA 
FEATURES 
Complete Data Acquisition System in 2-Package IC Form 
Full 8- or 16-Bit Microprocessor Bus Interface 
16 Single-Ended or 8 Differential Channels with Switchable 

Mode Control 
True 12-Bit Operation: Nonlinearity ~±O.012% 
Guaranteed No Missing Codes Over Specified Temperature 

Range 
High Throughput Rate: 20kHz 
Fast Successive Approximation Conversion: 25J.Ls 
Buried Zener Reference for Long-Term Stability and 

Low Gain TC 
Small Size: Requires Only 2.8 Square Inches 
Short·Cycle Capability 
Low Power: 1.4 Watts 
Military/Aerospace Temperature Range: -55°C to +125°C 

MI L-STD-883 Class B Processing Available 

PRODUCT DESCRIPTION 
The AD364 is a complete 16 channel, microprocessor com
patible, 12-bit data acquisition system in integrated circuit 
form. The AD364 design is implemented with linear com
patible LSI chips, active laser trimming and hybrid technol
ogy resulting in maximum performance and flexibility. 

The AD364 consists of two separate functional blocks, each in 
a hermetically sealed dual-in-line package. The analog input 
section contains two eight-channel multiplexers, a differential 
amplifier, a sample-and-hold, a channel address register and 
control logic. The multiplexers may be connected to the dif
ferential amplifier in either an 8-channel differential or 16-
channel single-ended configuration. A unique feature of the 
AD364 is an internal user-controllable analog switch that 
connects the multiplexers in either a single-ended or differen
tial mode. This allows a single device to perform in either 
mode without hard-wire programming and permits a mixture 
of single-ended and differential sources to be interfaced to an 
AD364 by dynamically switching the input mode control. 

The ADC section contains a complete 12-bit successive ap
proximation ADC, including internal clock, precision 10 volt 
reference, comparator and bus interface. The ADC uses the 
newly-developed LCI (Linear-Compatible Integrated Injection 
Logic) process to provide the low power logic necessary to 
make a high speed 12-bit ADC and 3-state output buffer 
circuitry for direct interface to an 8-, 12- or 16-bit micro
processor bus. 

The AD364 is available in 4 different grades. The AD364] and 
K grades are specified for operation over the 0 to +70

o
C tem

perature range. The AD364S, T are specified for the -55°C to 
+125°C range. 

... J 
"'""{' LCW! 

AD364 FUNCTIONAL BLOCK DIAGRAM 

TWO DUAL IN-LINE PACKAGES 

PRODUCT HIGHLIGHTS 
1. The precision laser-trimmed scaling and bipolar offset 

resistors provide three calibrated ranges j 0 to + 1 0 
volts unipolar, or -5 to +5 and -10 to +10 volts bipolar. 
Typical bipolar offset and full scale calibration errors of 
±0.05% can be trimmed to zero each with one external 
component. 

2. The internal buried zener reference is trimmed to 10.00 
volts with a ±1% maximum error and 15ppm/C typical TC. 
The reference is available externally and can drive up to 
1.5mA beyond that required for the reference and bipolar 
offset resistors. 

3. The AD364 interfaces to most popular microprocessors 
with an 8·, 12-, or 16-bit bus without external buffers or 
peripheral interface controllers. Multiple-mode three-state 
output buffers connect directly to the data bus while the • 
read and convert commands are taken from the control bus. 
The 12 bits of output data can be read either as one 12-bit 
word or as two 8-bit bytes (one with 8 data bits, the other 
with 4 data bits and 4 trailing zeros). 
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SPECIFICATIONS 
PARAMETER 

ANALOG INPUTS 
Number of Inputs 
Inp~t Voltage Range 

Tmin to Tmax 
Input (Bias) Current per Channel 
Input Impedance ON Channel 

. OFF Channel 
Input Fault Current 
(Power ON or OFF) 
Common Mode Rejection 

Differential Mode 1kHz 20Vp-p 
Mux Cross Talk (Any OFF Channel 

to Any ON Channel) 1kHz 
20V pop 

Offset, Channel to Channel 

ACCURACY 
Gain Error! 
Unipolar Offset Error2 

Bipolar Offset Error2 

Linearity Error 
Tmin to Tmax 

Differential Linearity Error 
Tmin to Tmax 

Noise Error 

TEMPERATURE COEFFICIENTS 
Gain 
Offset (±10V Range) 
Operating Temperature Range 

SIGNAL DYNAMICS 
Conversion Time 
Throughput Rate, Full Accuracy 
Sample Hold· 

Aperture Delay 
Aperture Uncertainty 
Acquisition Time 

To 0.01 % of Final Value 
For Full Scale Step 

Feedthrough at 1kHz 
Droop Rate 

DIGITAL INPUT SIGNALS 
Analog Input Section 

Input Channel Select 

Channel Select Latch 

Single EndedlDifferential 
Mode Select 

Sample and Hold Command 

ADC Section3 4.S~VL ~S.S 
Logic Input Threshold 

Tmin to Tmax 
Logic "1" 
Logic "0" 

Logic Input Current 
Tmin to Tmax . 

Logic "1" 
Logic "0" 

(typical @+25°C, ±15V and +5V with 2000pF hold capacitor as provided unless 
otherwise noted) 

AD364J AD364K AD364S 

16 Single-Ended or S Differential (Electronically Selectable) 

±10 
±SO 
1010 /100 
1010 /10 
20 

70 min (SOtyp) 

-so max (-90 typ) 
±5 

0.3 
±10 
±SO 
0.024 
0.024 
0.024 
0.024 
1mV pop O.lHz to 1MHz 

32 max (25 typ) 
20 min (25 typ) 

100 max (50 typ) 
500 max (100 typ) 

IS max (10 typ) 
-70 max (-SO typ) 
2 max (1 typ) 

4 Bit Binary Address 
1 LS TTL Load 
"1" Latch Transparent 
"0" Latched 
4 LS TTL Loads 
"0" Single Ended 
"1" Differential 
3TTL Loads 
"0" Sample Mode 
"1" Hold Mode 
1TTL Load 

2.0 
O.S 

10 
10 

±S 
±20 
0.012 
0.012 
0.012 
0.012 

31 
7 

AD364 T UNITS 

.. 

V 
nAmax 
n/pF 
n/pF 
rnA max 
(Internally 
Limited) 
dB 

dB 
mVmax 

% of FSR 
mV 
mV 
% of FSR max 
% of FSR max 
% ofFSR max 
% ofFSR max 

ppmtc 
ppmtC 
ppmtC 

Ils 
kHz 

ns 
ps 

Ils 
dB 
mV/ms 

Vmin 
V max 

IlA max 
IlA max 
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PARAMETER AD364} AD364K AD364S AD364T UNITS 

DIGITAL OUTPUT SIGNALS 
Logic Outputs Tmin to Tmax 

Sink Current VOUT = 0.4V 
Source Current VOUT = 2.4V 
Output Leakage When In 

Three State 
Output Coding 

Unipolar 
Bipolar 

POWER REQUIREMENTS 
Supply VoltageS/Currents 

1.6 
O.S 

±40 

Positive True Binary 
Positive True Offset 
Binary 

+lSV, ±S% @ 36mA max * 
-lSV, ±S% @ 6SmA max * 
+SV, ±S% @ 7SmA max 

I With son resistor from REF IN to REF OUT. Adjustable to zero. 
2 Adjustable to zero. 
312/8 line must be hard wired to VLOGIC or digital common. 
• Specifications same as AD364J. 
• • Specifications same as AD364K . 
•• ·Specifications same as AD364S. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
(ALL MODELS) 

+V, Digital Supply 

+V, Analog Supply 

-V, Analog Supply 

VIN, Signal 

VIN, Digital 

!\eND to DGND 

+5.5V 

+16V 

-16V 

iV, Analog Supply 

o to +V, Digital Supply 

±IV 

DATA MODE SELECT 

12/8 

CHIP SELECT 

cs 
BYTE ADDRESSI 

SHORT CYCLE ,. 
Ao 

READ/CONVERT 

hie 

CHIP ENABLE 
CE 

.15VSUPPLY 

Vee 

.lOV REFERENCE 
REF OUT 

ANALOG COMMON 

REFERENCE INPUT 
REF IN 

HOLD 
CAPACITOR 

i 
'LOW"ANALOG INPUTS 

rnA min 
rnA min 

J.l.Amax 

INPUT 
CHANNEL 
SELECT 

CHANNel 
SElECT 
LATCH 

Figure 1. AD364 Analog Input Section Functional Block 
Diagram and Pinout 

STATUS 
STS 

Figure 2. ADC Section Functional Block Diagram and Pinout 
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PIN FUNCTION DESCRIPTION 

ANALOG INPUT SECTION ANALOG TO DIGITAL CONVERTER SECTION 

Pin Pin 
Number Function Number Function 

1 Single-EndlDifferential Mode Select 1 Logic Power Supply, +5V 
"0": Single-Ended Mode 2 Data Mode Select (12iB) 
"1 ": Differential Mode "0": 8 Upper Bits or 

2 Digital Common 4 Lower Bits as Selected by Byte 
3 Positive Digital ,Power Supply, +5V Select (AD) 
4 "High" Analog Input, Channel 7 3 Chip Select (Cs) 
5 "High" Analog Input, Channel 6 "0": Device Selected 
6 "High" Analog Input, ChannelS "1": Device Inhibited 
7 "High" Analog Input, Channel 4 4 Byte Address/Short Cycle (AD) 
8 "High" Analog Input, Channel 3 "0": Upper 8 Bits Enabled (12/8 "0")/ 
9 "High" Analog Input, Channel 2 12 Bit Cycle 

10 "High" Analog Input, Channel 1 "1 ": Lower 4 Bits Enabled (12/8"1 ")/ 
11 "High" Analog Input, Channel 0 8 Bit Cycle 

Hold Capacitor (Provided, See Figure 3) 
I _ 

12 5 Read Convert (RIC) 
13 Sample-Hold Command "0": Convert Start 

"0": Sample Mode "1 ": Read Enable 
"1 ": Hold Mode 6 Chip Enabl,-(CE) -Normally Connected to ADC Pin 28 J: R/C "0", CS "0" Initiates Conversion 

14 Offset Adjust (See Figure 7) J: RIC "1", CS "0" Initiates Read 
15 Offset Adjust (See Figure 7) "0": Device Disabled 
16 Analog Output "1 ": Device Enabled 

Normally Connected to ADC 7 Analog Power Supply, +15V (Vee) 
"Analog In" (See Figure 3) 8 Reference Out, +10V 

17 Analog Common 9 Analog Common (AC) 
18 "High" ("Low") Analog Input, Channel 15 (7) 10 Reference In 
19 "High" ("Low") Analog Input, ~hannel 14 (6) 11 Analog Power Supply, -15V (VEE) 
20 Negative Analog Power Supply, -15V 12 Bipolar Offset 

21 Positive Analog Power Supply, +15V 13 10 Volt Span Input 

22 "High" ("Low") Analog Input, Channel 13 (5) 14 20 Volt Span Input 

23 "High" ("Low") Analog Input, Channel 12 (4) 15 Digital Common (DC) 

24 "High" ("Low") Analog Input, Channel 11 (3) 16 Data Bit 0 

25 "High" ("Low") Analog Input, Channel 10 (2) 17 Data Bit 1 

26 "High" ("Low") Analog Input, Channel 9 (1) 18 Data Bit 2 

27 "High" ("Low") Analog Input, Channel 8 (0) 19 Data Bit 3 

28 Input Channel Select, Address ~it AE 20 Data Bit 4 

29 Input Channel Select, Address Bit AO 21 Data Bit 5 

30 Input Channel Select, Address Bit Al 22 Data Bit 6 

31 Input Channel Select, Address Bit A2 23 Data Bit 7 

32 IIlput Channel Select Latch 24 Data Bit 8 

"0": Latched 25 Data Bit 9 

"1 ": Latch "Transparent" 26 Data Bit 10 
27 Data Bit 11 
28 Status Out 
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AD364 DESIGN 

Concept 
The AD364 consists of two separate functional blocks as 
shown in Figure 3; each is packaged in a hermetically-sealed 
DIP. 

.. J 
,"M'{' 

cow 

Figure 3. AD364 Functional Block Diagram 

The Analog Inpu t Section contains multiplexers, a differential 
amplifier, a sample-and-hold, a channel address latch and 
control logic. Analog-to-digital conversion is provided by a 
12 bit, 35 microsecond "ADC" which is also available 
separately as the. AD574. 

By dividing the data acquisition task into two sections, several 
important advantages are realized. Performance of each design. 
is optimized for its specific function. Production yields are 
increased thus decreasing costs. Furthermore, the standard 
configuration 28 and 32 pin packages plug into standard 
sockets and are easier to handle than larger packages with 
higher pin counts. 

Analog Input Section Design 

The AIS consists of two 8-channel multiplexers, a differential 
amplifier, a sample-and-hold, channel address latches and con
trollogic. The multiplexers can be connected to the differen
tial amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A unique feature of the AD364 is 
an internal analog switch controlled by a digital input that 
perfurm~ switching between single-<!nded and differential 
modes. This feature allows a single product to perform in 
either mode without external hard-wire interconnections. Of 
more significance is the ability to serve a mixture of both 
single-ended and differential sources with a single AD364 by 
dynamically switching the input mode control. 

Multiplexer channel address inputs are interfaced through a 
level-triggered ("transparent") input register. With a Logic "1" 
at the Channel Select Latch input, the address signals feed 
through the register to directly select the appropriate input 
channel. This address information can be held in the register 
by placing a Logic "0" on the Channel Select Latch input. In
ternallogic monitors the status of the Single-Ended/Differential 
Mode input and addresses the multiplexers accordingly. 

A differential amplifier buffers the multiplexer outputs while 
providing high input impedance in both differential and· single
ended modes. Amplifier gain and common mode rejection are 
actively laser-trimmed. 

The sample-and-hold is a high speed monolithic device that can 
also function as a gated operational amplifier. Its uncommitted 

AD364 Description 
differential inputs allow it to serve a second role as the output 
subtractor in the differential amplifier. This eliminates one 
amplifier and decreases drift, settling time and power consump
tion. A Logic "1" on the Sample-and-Hold Command input 
will cause the sample-and-hold to "freeze" the analog signal 
while the ADC performs the conversion. Normally the Sample
and-Hold Command is connected to the ADC Status output 
which is at Logic "1" during conversion and Logic "0" be
tween conversions. For slowly-changing inputs, throughput 
speed may be increased by grounding the Sample-and-Hold 
Command input instead of connecting it to the ADC status. 

A Polystyrene hold capacitor is provided with each commer
cial temperature range system (AD364J, K) while a Teflon 
capacitor is provided with units intended for operation at tem
peratures up to 125°C (AP364S, T). Use of an external capac
itor allows the user to make his own speed/accuracy tradeoff; a 
smaller capacitor will allow faster sample-and-hold response 
but will decrease accuracy while a larger capacitor will in
crease accuracy at slower conversion rates. 

The Analog Input Section is constructed on a substrate that 
includes thick-film resistors for non-critical applications such 
as input protection and biasing. A separately-mounted laser
trimmed thin-film resistor network is used to establish accurate 
gain and high common-mode rejection. The metal package 
affords electromagnetic and electrostatic shielding and is 
hermetically welded at low temperatures. Welding eliminates 
the possibility of contamination from solder particles or flux 
while low temperature sealing maintains the accuracy of the 
laser-trimmed thin-film resistors. 

"ADC" Section 

The ADC Section is a complete 12-bit AID converter which 
requires no external components to provide the complete suc
cessive-approximation analog-to-digital conversion function. A 
block diagram of the ADC is shown in Figure 2. The device 
consists of two chips, one containing the precision 12-bit DAC 
with voltage reference, the other containing the comparator, 
successive-approximation register, clock, output buffers and, 
control circuitry. 

When the control section is commanded to initiate a conver
sion (as described later), it then enable~ the clock and resets 
the successive-approximation register (SAR) to all zeros. (Once 
a conversion cycle has begun, it cannot be stopped or re-started 
and data is not available from the output buffers). The SAR, 
timed by the clock, will then sequence through the conversion 
cycle and return an end-of-convert flag to the control section. 
The control section will then disable the clock, bring the out
put status flag low, and enable control functions to allow data 
read functions by external command. 

During the conversion cycle, the internal 12-bit current output 
DAC is sequenced by the SAR from the most-significant-bit 
(MSB) to least-significant-bit (LSB) to provide an output cur
rent which accurately balances the input signal current through 
the 5kn (or lOkn) input resistor. The comparator determines 
whether the addition of each successively-weighted bit current 
causes the DAC current sum to be greater or less than the in
put current; if the sum is less, the bit is left on; if more, the 
bjt is turned off. After testing all the bits, the SAR contains a 
12-bit binary code which accurately represents the input 
signal to within ±1/2LSB. 
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The temperature-compensated buried Zener reference pro
vides the primary voltage reference to the DAC and guaran
tees excellent stability with both time and temperature. The 
reference is trimmed to 10.00 volts ±1%; it is buffered and 
can supply up to 1.5mA to an external load in addition to 
that required to drive the reference input resistor (0.5mA) and 
bipolar offset resistor (lmA). The thin film application re
sistors are trimmed to match the full scale output current of 
the DAC. There are two 5kn input scaling resistors to allow 
either a 10 volt or 20 volt span. The 10kn bipolar offset re
sistor is grounded for unipolar operation or connected to the 
10 volt reference for bipolar operation. 

THEORY OF OPERATION 

System Timing 

Figure 4 is a timing diagram for the AD364 connected as 
shown in Figure 3 and operating at maximum conversion rate. 

~CE 
~,"'k~---- cs 

I 
_~-,,--''"-+-' : '----i'" ___ .,C 

''''E'",,3 

Figure 4. AD364 Timing Diagram 

The normal sequence of events is as follows: 
1. The appropriate Channel Select Address is latched into the 

address register. Time is allowed forthe multiplexers to 
settle. 

2. A Convert Start Control sequence is issued to the ADC 
which indicates that it is "busy" by placing a i..ogic "1" on 
its Status Line. 

3. The ADC Status controls the sample-and-hold. When the 
. ADC is "busy" the sample-and-hold is in th~ hold mode. 

4. The ADC goes into its 35 microsecond conversion routine. 
Since the sample-and-hold is holding the proper analog . 
value, the address may be updated during conversion. Thus 
multiplexer settling time can coincide with conversion and 
need not effect throughput rate. 

5. The ADC indicates completion of its conversion by return
ing Status to Logic "0". The sample-and-hold returns to 
the sample mode. 

6. If the input signal has changed full-scale (different channels 
may have widely-varying data) the sample-and-hold will 
typically require 10 microseconds to "acquire" the next in
put to sufficient accuracy for 12-bit conversion. 

After allowing a suitable interval for the sample-and-hold to 
stabilize at its new value, another Convert Start control 
sequence may be issued to the ADC. 

ADC Operation 
There are two sets of control pins on the ADC: the general 
control inputs (CE, CS, and RiC); and the internal register con
trol inputs (1218 and Ao). The general control pins function 
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similarly to those on most AID converters, performing device 
timing, addressing, cycle initiation and read enable functions. 
The internal register control inputs, which are not found on 
most AID converters, select output data format and conver
sion cycle length. 

The two major control functions, convert start and read en
able, are controlled by CE, CS, RIC. Although all three 
inputs must be in the correct state to perform the function 
(for convert start, CE = I, CS = 0, RIC = 0; for read enable, 
CE = I, CS = 0, RIC = I), the sequence does not matter. For 
large systems, typically microprocessor controlled, standard 
operation for convert start would be to first set RIC = 0 (from 
R/W line); address the chip with CS = 0, then apply a positive 
start pulse to CEo A read would be done similarly but with 
RIC = 1. 

The Ao (byte select) and 1218 (data format) inputs work to
gether to control the output data and conversion cycle. In al
most all situations 12/S is hard-wired "high" (to VLOGIC> or 
"low" (to Digital Common). If it is wired high, all 12 data lines 
will be enabled when the read function is call~ by the general 
control inputs. For an 8-bit bus interface, 1218 will be wired 
low. In this mode, only the 8 upper bits or the 4 lower bits can 
be enabled at once, as addressed by AO' For these applications, 
the 4LSB's (pins 16-19) should be hard-wired to the 4MSB's 
(pins 24-27). Thus, during a read, when Ao is low, the upper 
8 bits are enabled and present data on pins 20 through 27. 
When Ao goes high, the upper 8 data bits are disabled, the 
4LSB's then present data to pins 24 to 27, and the 4 middle 
bits are overridden so that zeros are presented to pins 20 
and 23. 

The Ao input performs an additional function of controlling 
conversion length. If Ao is held low prior to cycle initiation, 
a fuU12-bit, 2511s cycle will result; if Ao is held high prior to 
cycle initiation a shortened 8-bit, 1611S cycle will result. The 
Ao line must be set prior to cycle initiation and held in the 
desired position at least until STS goes high. Thus, for micro
processor interface applications, the Ao line must be properly 
controlled during both the convert start and read functions. 

STANDARD FULL CONTROL INTERFACE 
The timing for the standard full control interface is shown in 
Figure 4. In this operating mode, CS is used as the address in
put which selects the particular device, RIC selects between 
the read data and start conversion functions, and CE is used to 
time the actual functions. 

The left side of the figure shows the conversion start control. 
CS and RIC are brought low (their sequence does not matter), 
then the start pulse is applied to CEo The timing diagram 
shows a time delay for CS and RIC prior to the start pulse at 
CEo If less time than this is allowed, the conversion will still be 
started, but an appropriately longer pulse will be needed at CEo 
However, if the hold times for CS and RIC after the rising edge 
of the start pulse at CE are not followed, the conversion may 
not be initiated. 

The Ao line determines the conversion cycle length, and must 
be selected prior to conversion i~itiation. If AO is low, ;t 12-bit 
cycle results; if Ao is high, an 8-bit short cycle results. Mini
mum set-up and hold times are shown. The status line goes high 
to indicate conversion in progress. The analog input signal is 
allowed to vary until the STS goes high. It must then be held 
steady until STATUS again goes low at the end of conversion. 

The data read function operates in a similar fashion except 
that RIC is now held high. The data is stored in the output 



register and can be recalled at will until a new conversion cycle 
is commanded. In addition, if the converter is arranged in the 
8-bit data mode, the Ao line now functions as the byte select 
address, with set-up and hold times as shown. With Ao low, 
pins 20 to 27 (DB4-11) come out of three-state and present 
data. With Ao high, pins 16-19 (DBO-3) come out of three
state. with data and pins 20-23 present active trailing zeros. 
In the .8~bit mode pins 16-19 will be hard-wired directly to 
pins 24-27 for direct two-byte loading onto an 8-bit bus. 
There are two delay times for the data lines after CE is brought 
low: tHO is the delay until data is no longer valid; tHL is the 
delay until the outputs are fully into the high impedance state. 

TIMING SPECIFICATIONS - FULL CONTROL MODE 

tosc 300ns max too 400ns max 

tHEC 300ns min tHO lOOns min 

tssc 300ns min tSSR 350ns min 

tHSC 200ns min tSRR Omin 

tSRC 200ns min tSAR 200ns min 

tHRC 200ns min tHSR lOOns min 

tSAC Omin tHRR o min 

tHAC 300ns min tBAR lOOns min 

tc lS-32ps (12 bit) tHL 600n5 max 
10-20ps (8 bit) tSAL 20ns min 

tSHA 1O-18ps tSA Omin 

STAND ALONE OPERATION, 

For simpler control functions, the AD364 can be controlled 
with just RIC. In this case, CE is wired high, CS low, 12iB 
high, and Ao low. There are two ways of cycling the device 
with this simple hook-up. If a negative pulse is used to initiate 
conversion as in Figure 5, the converter will automatically 
bring the 12 data lines out of three-state at the end of conver
sion. The data will remain valid on the output lines until 
another pulse is applied. 

If the conversion is initiated by a high pulse as shown in Fig
ure 6, the data lines are held in three-state at the end of conver
sion until RIC is brought high. The next conversion cycle is initi
ated when RIC goes low, the data from the previous cycle will 
remain valid for the time tHOR' An alternative to the above is 
to toggle RIC as needed to initiate a new cycle on read data. 
Data will appear when RIC is brought high, a new cycle is 
initiated when RIC goes low. 

TIMING SPECIFICATIONS - STAND ALONE MODE 
400ns min 
500ns max 
300ns max 
-lOOns min 

tHRH 150ns min 
tOOR 3 SOns max 

tc (12 bit convert) 15-351ls 
tc (8 bit convert) ·1O-20lls 

+200ns max 

SHORT LOW PULSE: OUTPUTS COME ON AFTER CONVERSION 

RIC 

STS ---+-----....... 1 

DATA VALID-

Figure 5. 

SHORT HIGH PULSE: OUTPUTS SYNCHRONIZEO TO RISING EDGE 

RIC 

STS--4-----r------J1 

61·612 -------(1-0..
H---+--~ 

Figure 6. 

AIS OPERATION 

Single-Ended/Differential Mode Control 

The AD.364 features an internal analog switch that configures 
the Analog Input Section in either a 16-channel single-ended 
or 8-channel differential mode. This switch is controlled by a 
TTL logic input applied topin 1 of the Analog Input Section: 

"0": Single-Ended (16 channels) 
"1": Differential (8 channels) 

When in the differential mode, a differential source may be 
applied between corresponding "High" and "Low" analog 
input channels. 

It is possible to mix SE and ·DlFF inputs by usinRthe mode 
control to command the appropriate mode. Figure 10 illus
trates an example of a "mixed" application. In this case, four 
microseconds must be allowed for the output of the Analog 
Input Section to settle to within ±0.01% of its final value, but 
if the mode is switched concurrent with changing the channel 
address, no significant additional delay is introduced. The 
effect of this delay may be eliminated by changing modes 
while a conversion is in progress (with the sample-and-hold in 
the "hold mode"). When SE and DIFF signals are being 
processed concurrently, the DIFF signals must be applied 
between corresponding "High" and "Low" analog input chan
nels. Another application of this feature is the capability of 
measuring 16 sources individually andlor measuring differences 
between pairs of those sources. 

Input Channel Addressing 

Table 1 is the truth table for input channel addressing in both 111 
the single-ended and differential modes. The 16 single-ended 
channels may be addressed by applying the corresponding 

ADDRESS 

AE A2 Al AO 

000 
000 
o 0 1 0 
o 0 
000 

o 0 1 
o 0 
o 
1 000 

o 0 1 

o I 0 
o 1 

1 0 
o 1 
1 

ON CHANNEL (Pin NumbCT) 

Differen rial 
Single Ended "Hi" "Lo" 

0 (11 ) None 
1 (lO) None 
2 (9) None 

(8) None 
(7) None 
(6) None 
(5) None 
(4) None 
(27) 0(11) o (27) 

9 (26) 1 (10) 1 (26) 

10· (25) 2 (9) 2 (25) 

11 (24) 3 (8) 3 (24) 

12 (23) 4 (7) 5 (23) 

13 (22) 5 (6) 5 (22) 
14 (19) 6 (5) 6 (19) 

15 (18) 7 (4) 7 (18) 

Table 1. Input Channel Addressing Truth Table 
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digital number to the four Input Chanuel Select address bits, 
AE, AO, AI, A2 (Analog Input Section, pins 28-31). In the 
differential mode, the eight channels are addressed by applying 
the appropriate digital code to AO, Al and A2; AE must be 
enabled with a Logic "1". Internal logic monitors the status 
of the SEIDIFF Mode input and addresses the multiplexes 
singly or in pairs as required. 

When the channel address is changed, six microseconds must 
be allowed for the Analog Input Section to settle to within 
±0.01 % of its final output (including settling times of all 
elements in the signal path). The effect of this delay may be 
eliminated by performing the address change while a conver
sion is in progress (with the sample-and-hold in the "hold" 
mode). 

Input Channel Address Latch 

The AD364 is equipped with a latch for the Input Channel 
Select address bits. If the Latch Control pin (pin 32 of the 
Analog Input Section) is at Logic "1", input channel select 
address information is passed through to the multiplexers. A 
Logic "0" "freezes" the input channel address present at the 
inputs at the time of the "1" to "0" transition. 

This feature is useful when input channel address information 
is provided from an address, data or control bus that may be 
required to service many devices. 'The ability to latch an 
address is helpful whenever the user has no control of when 
address information may change. 

Sample-and-Hold Mode Control 

The Sample-and-Hold Mode Control input (Analog Input 
Section, pin 13) is normally connected to the Status output 
(pin 28) from the ADC section. When a conversion is initiated 
by applying a Convert Start control sequence, Statu~ goes to 
Logic "1", putting the sample-and-hold into the "hold" mode. 
This "freezes" the information to be digitized for the period 
of conversion. When the conversion is complete, Status returns 
to Logic "0" and the sample-and-hold returns to the sample 
mode. Eighteen microseconds must be allowed for the sample
and-hold to acquire ("catch up" to) the analog input to within 
±0.01 % of the final value before a new Convert Start command 
is issued. 

The purpose of a sample-and-hold is to "stop" fast changing 
input signals long enough to be converted. In this application, 
it also allows the user to change channels and/or SEt DIFF 
mode while a conversion is in progress thus eliminating the 
effects of multiplexer, analog switch and differential amplifier 
settling times. If maximum throughput rate is required for 
slowly changing signals, the Sample-and-Hold Mode Control 
may be wired to ground (Logic "0") rather than to ADC 
Status thus leaving the sample-and-hold in a continuous 
sample mode: 

Hold Capacitor 

A 2000pF capacitor is provided with each AD364. One side 
of this capacitor is wired to the Analog Input Section pin 12, 
the other to analog ground as close to pin 17 as possible. The 
capacitor provided with the AD364J, K is Polystyrene while 
the wider operating temperature range of the AD364S, T 
den:tands a Teflon Capacitor (supplied). 

Larger capacitors may be substituted to minimize noise, but 
acquisition time of the sample-and-hold will be extended. If 
less than 12 bits of accuracy is required, a smaller capacitor 
may be used. This will shorten the 5/H acquisition time. In all 
cases, the proper capacitor dielectric must be used; i.e., Poly
styrene (AD364J, K only) or Teflon (any grade). Other types 
of capacitors may have higher dielectric absorption (memory) 
and will cause errors. CAUTION: Polystyrene capacitors will 
be destroyed if subjected to temperatures above +85 0 C. No 
capacitor is required if the sample-and-hold is not used. 

Analog Input Voltage Range Format 

The AD364 may be configured for any of 2 bipolar or uni
polar input voltage ranges as shown in Table 2. 

Connect Connect 
Analog Input Bipolar ADC 

Range To ADC Pin: Pin 12 To: 

o to +10V 13 

-5V to +5V 13 8 

-lOY to +lOV 14 8 

Table 2. Analog Input Voltage Range Pin Connections 

Analog Input - Volts Input Normalized Digital Output Code 
(Binary for Unipolar Ranges; (Center of Quantization Interval) to FSR 
Offset Binary for Bipolar Ranges) 

o to +10V -5V to +5V -10V to +IOV Unipolar Bipolar Bl B12 
Range Range Range Ranges Ranges (MSB) (LSB) 

+9.9976 +4.9976 +9.9951 +FSR-l LSB +lhFSR-l LSB 1 1 1 1 1 1 1 1 1 1 1 
+9.9952 +4.9952 +9.9902 +FSR-2 LSB +'hFSR-2 LSB 111111111 1 1 0 

+5.0024 +0.0024 +0.0049 +1/zFSR+l LSB +1 LSB 100000000001 
+5.0000 +0.0000 +0.0000 +YzFSR ZERO 100000000000 

+0.0024 -4.9976 -9.9951 +1 LSB -'hFSR+l LSB 000000"000001 
+0.0000 -5.0000 -to.OOOO ZERO -lhFSR 000000000000 

Table 3. Digital Output Codes vs. Analog Input for Un;polar and Bipolar Ranges 
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Analog Input Section Offset Adjust Circuit 

The offset voltage of the AD364 may be adjusted at either the 
Analog Input Section or the ADC Section. Norma1\y the ad
justment is performed at the ADC but in some special appli
cations, it may be helpful to adjust the offset of the Analog 
Input Section. An example of such a case would be if the in
put signals were small «lOmV) relative to Analog Input Section 
voltage offset and gain was inserted between the Analog Input 
Section and the ADC. To adjust the offset of the Analog Input 
Section, the circuit shown in Figure 7 is recommended. Under 
normal conditions, all calibration is performed at the ADC 
Section. 

16 
OUTPUT--+--< 

15 

OFFSET VOLTAGE 
ADJUST 

AD364 
ANALOG 

INPUT 
SECTION 

Figure 7. Analog Input Section Offset Voltage Adjustment 

RANGE CONNECTIONS FOR THE ADC SECTION 

The ADC contains all the active components required to 
perform a complete 12-bit AID conversion. Thus, for most 
situations, all that is necessary'is connection of the power sup
plies (+5, +15, and -15 volts), the analog input, and the con
version initiation command. Analog input connections and 
calibration are easily accomplished; the unipolar operating 
mode is shown in Figure B. 

All of the thin film application resistors of the ADC are trim
med for absolute calibration. Therefore, in many applications, 
no calibration trimming will be required. The absolute ac
curacy for each grade is given in the specification tables. For 
example, if no trims are used, the AD364K guarantees 4LSB 
max zero offset error and ±0.3% (BLSB) max full scale error 
(typical full scale error is ±2LSB). If the offset trim is not re
quired, pin 12 can be connected directly to pin 9; the two 
resistors and trimmer for pin 12 are then not needed. If the 
full scale trim is not needed, a son ±1 % resistor should be 
connected between pin B and pin 10. 

The analog input is connected between pin 13 and pin 9 for a 
o to +10V input range, between 14 and pin 9 for an input 
range of 20V. For the 10 volt span inpu t, the LSB has a nomi
nal value of 2.44mV, for the 20 volt span, 4.BBmV.1f a 1O.24V 
range is desired (nominal 2.smV/bit), gain trimmer R2 should 
be replaced by a son resistor, and a 200n trimmer inserted 
in series with the analog input to pin 13. For a fun scale 
range of 20.4BV (smV/bit), use a soon trimmer into pin 14. 
The gain trim described below is now done with these trim
mers. The nominal input impedance is skn into pin 13, and 
10kn into pin 14. ' 

2 12/8 STS 28 

3 cs HIGH BITS 

4 Ao 
24-27 

R1 
5 RIC MIDDLE BITS 

100k 20-23 
-15V +15V 

6 CE 
LOW BITS 

16-19 
100k 10 REF IN 

8 REF OUT AD364 
1000 

12 BIPOFF 
+5V 1 

ANALOG 1310VIN +15V 7 

INPUTS 14 20VIN -15V 11 

; 9 ANA COM DIG COM 15 

Figure 8. Unipolar Input Connections 

2 12J8 STS 28 

3 cs HIGH BITS 

4 Ao 
24-27 

5 RIC MIDDLE BITS 
20-23 

6 CE 
LOW BITS 

16-19 
10 REF IN 

8 REF OUT AD364 
12 BIPOFF 

+5V 1 
±5V 

ANALOG 13 10VIN +15V 7 
INPUTS 

14 20VIN -15V 11 
±10V 

; 9 ANA COM DIG COM 15 

Figure 9. Bipolar Input Connections 

Calibration 

Calibration of the AD364 consists of adjusting offset and gain. 
Relative accuracy (linearity) is not affected by these adjust
ments, so if absolute zero and gain error is not important in a 
given application, or if system intelligence can correct for such 
errors, calibration may be unnecessary. 

External ZERO AD) and GAIN AD) potentiometers, con
nected as shown in Figures Band 9, are used for device cali
bration. To prevent interaction of these two adjustments, Zero 
is always adjusted first, then Gain. Zero is adjusted with the 
analog input near the most negative end of the analog range 
(0 for unipolar and -FS for bipolar input ranges). Gain is 
adjusted with the analog input near the most positive end of 
the analog range. 
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o to +10V Range: Set analog input to +lLSB = +0.0024V. 
Adjust Zero for digital output = 000000000001; Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. Ad
just Gain for 111111111110 digital output code; full-scale 
(Gain) is now calibrated. Half-scale calibration check: set ana
log input to +5 .OOOOV; digital output code should be 
100000000000. 
-10V to +10V Range: Set analog input to -9.9951 V; adjust 
Zero for 000000000001 digital output (offset binary) code. 
Set analog input to +9.9902V; adjust Gain for 111111111110 
digital output (offset binary) code. Half-scale calibration check: 
set analog input to O.OOOOV; digital output (offset binary) 
code should be 100000000000. 

Other Ranges: Representative digital coding for 0 to +10V, 
-5V to +5V, and -10V to +10V ranges is shown in Table 3. 

Zero and full·scale calibration can be accomplished to a preci
sion of approximately ±\4LSB using the static adjustment pro
cedure described above. By summing a small sine or triangular
wave voltage with the signal applied to the analog input, the 
output can be cycled through each of the calibration codes 
of interest to more accurately determine the center (or end 
points) of each discrete quantization level. A detailed descrip
tion of this dynamic calibration technique is presented in 
"AID Conversion Notes", D. Sheingold, Analog Devices, Inc., 
1977, Part II, Chapter 11-4.* 

Other Considerations 

Grounding: The analog common at pin 9 is the ground refer
ence point for the internal reference and is thus the "high 
quality" ground for the ADC; it should be connected directly 
to the analog reference point of the system. In order to achieve 
all of the high accuracy performance available from the 
AD364 in an environment of high digital noise content, it is 
recommended that the analog and digital commons be con
nected together at the package. The digital common at pin 15 
can be connected to the most convenient ground reference 
point; analog power return is preferred. If digital common 
contains high frequency noise beyond 200mV this noise may 
feed through the converter, so that some caution will be re
quired in applying these grounds. 

Power Supply Bypassing: The ±15V and +5V power leads 
should be capacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. 1pF 
tantalum types are recommended; these capacitors should be 
located close to the system. High frequency power supply' 
decoupling is required for the ADC section only. The AIS has 
power lead bypassed internally with a 0.039pF ceramic 
capacitor. 

Applications 

Transducer Interfacing 
The precision + lOV reference, buffer amplifier and mode 
switch can simplify transducer interfacing. Figure 10 illus
trates how these features may be used to advantage. The 
AD590 is a temperature transducer that can be considered' 
an ideal two-terminal current source with an output of one 
microamp per degree Kelvin (lpA/oK). With an offsetting cur
rent of 273pA sourced from the +5.46 volt buffered reference 
through 20Hl resistors (R1-R12) each of the 12 AD590 cir
cuits develop -20mV/C. The outputs are monitored with the 
AD364 front-end in the single-ended mode (Logic "0" on the 
Mode Control input). 

• Available from any Analog Devices sales office. Price is $5.95. 
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Figure 10. AD364 Transducer Interface Application 

The +5.46 volt reference is derived from the ADC +10 volt 
precision reference ana voltage divider R13, R14. Low output 
impedance for this +5.46 volt reference is provided by the 
buffer amplifier. (The 3pV t C offset voltage drift of the buf
fer amplifier contribu tes negligible errors.) At 0° C, each tem
perature transducer circuit delivers a 0 volt output. At 125°C, 
the output is -2.5V; at -55°C, the output is +1.10V. By using 
a two's complement ADC output (complementing MSB for a 
sign bit), the negative voltage versus temperature function is 
inverted and digital reading proportional to temperature in 
degrees centigrade is provided. Resolution is 0.061°C per 
least significant bit. 

The precision + 10 vol t reference is also used to power several 
bridge circuits that require differential read-out. When address
ing these bridge transducers, a Logic "I" at the mode control 
input will switch the AD364 to the differential mode. In many 
cases, this feature will eliminate the requirement for a differen
tial amplifier for each bridge transducer. 

Microprocessor Interfacing 

The ADC section of the AD364 has a versatile set of control 
functions which will allow interface to a wide variety of micro-
processor types as well as stand alone applications. ' 

Table 4 is a summary of the most popular microprocessor 
types and their interface requirements. Figures 11 & 12 are 
examples of the simplicity of the microprocessor interface, 
as it can be seen no additional parts are required to interface 
to a 6800 IlP, only one gate for an 8080. 

AD574 CONTROL INPUTS 

pP CE RIC ~ 

MEMORY MAPPED (MEMwe MEMR) (MEMR) 
110 DECODED 

-8080 -
(lfoWeIlOR) (l/OR) 

ADDRESS 
PROGRAMMED 

110 

6800 ¢2 R/'I'i DECODED 
ADDRESS 

6502 ¢2 R/'I'i DECODED 

ADDRESS 

MEMORY MAPPED DECOQUU>.DDRESS 
110 

(AD e Wil) - Z80-
WITH MREQ 

(AD) 
PROGRAMMED DECOQfQ ADDRESS 

1/0 WITH lOR 

8048 (AbeWil) (RO) PORT 20 :,. 

·Port 2, Lines 0- 3 Can be Used as a 4 Bit Address Bus. System Address Decoding 
Requirements Vary from No Hardware to a Fully Latched 12·8it Address, 
Depending on System Comple)(ity. 

AO 

AO 

AO 

AO 

AO 

PORT2o _,· 

Table 4. Recommended Control Signals for the ADC Section 



DATA AND 
CONTROL 

BUSES 

8080A 
J-IP 

STS 
NYB.A 

NYB. B 

NYB. C 
ADC 

SECTION 

RIW RIC 

~2 CE 

A15 CS 

AO AO 

Figure ". 6800 ~ ADC Interface 

NYB.A 

NYB.B 

NYB.C 

CE 

ADC 
SECTION 

The single-chip microcomputers now available such as the 
8048,6801 and 3870 include fully decoded liD ports on the 
chip, as well as CPU, clock, RAM and ROM. This sidesteps the 
need for address decoding for liD devices in many systems. 
The 8048 contains 64 bytes of RAM, lk bytes of ROM; and 
2 programmable 8-bit liD ports which can be used either as 
inputs or outputs. A third 8-bit port, designated BUS, is a 
bidirectional port which can be used for expanded liD or 
memory. 

The AD364 interfaces easily to an 8048 single-chip micro
computer to provide a complete data-acquisition system with 
minimal package count. In this system,S of the 8 bits of Port 
1 drive the SE/DIFF MODE and channel select address inputs. 
Since the outputs of Port 1 are already latched, it is nbt neces
sary to use the latch built into the AD364. The LATCH input 
is tied to Logic "1" which causes the latch to be transparent. 
The set-up byte at Port 1 for the conversion takes the follow
ing format: 

")O------~ RIC 

A15 ....... ------------...-. cs I MODE kXJX[XJ AE I A, I A, I An I 
AO AO 

12/8 I~' 
0: SINGLE-ENDED ----1 "DON'T CARES" INPUT 
1: DIFFERENTIAL CHANNEL 

Figure 12. 8080 ~ ADC Interface ADDRESS 

"HIGH" 

ANALOG 
INPUTS 

"LOW" 

15 

DC POWER 
(±15V. +5V) 

r-----------------------~ 

LATCHES 
AND 

CONTROL 
LOGIC 

AD364 
ANALOG INPUT 

SECTION 

+5V 

HOLD 
CAPACITOR 

AD364 
ADC 

SECTION 

ANALOG 

>--+-....;O....;U....;T_~ ANALOG IN 

S/H 
~---I--_I---i STS 

RIC '------. 

CE 

DATA 
BUS 

8048 

~------------------------~PORT1 
~-------------------------~ (5 BITS USED) 

Figure 13. AD364/80481nterface 
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OUTLINE DIMENSIONS 
PACKAGE SPECIFICATIONS 

Dimensions shown in inches and (mm). 

HOLD CAPACITOR 

"THIS DIMENSION IS FOR POLYSTYRENE CAPACITOR 
SUPPLIED WITH J ANO K GRADES. 

MAX BODY LENGTH OF TEFLON CAPACITOR SUPPLIED 
WITH SAND T GRADES IS 1.00· 

AD364 ORDERING GUIDE 

Package Stylel 

Analog Input Analog to Digital 
Model Linearity Temp. Range Section Converter 

AD364JD ±O.O24% o to +70°C HY32D D28A 
AD364KD ±O.O12% o to +70

o
C HY32D D28A 

AD364SD ±O.O24% -SSoC to +12SoC HY32D D28A 
AD364TD ±O.O12% -SSoC to +12SoC HY32D D28A 
AD364SD/883B ±O.O24% -SSoC to +12SoC HY32D D28A 
AD364TD/883B ±O.O12% -SSoC to +12SoC HY32D D28A 

1 See Section 20 for package outline information. 
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r.ANALOG 
WDEVICES 

FEATURES 
Complete Data Acquisition System 
12-Bit Digital Output 
16 Single or 8 Differential Analog Inputs 
High Throughput Rate 

MUX EN LO 
MUX ENHI 

Low-Cost, High Speed 
Data Acquisition Module 

DAS1128 I 
DAS1l28 FUNCTIONAL BLOCK DIAGRAM 

~§ 
~Io 
I- OFFSET 
:::: ADJUST 

Selectable Analog Input Ranges 
Versatile Input/Output/Control Format 
Low 3 Watt Power Dissipation 
Small 3" x 4.6" x 0.375" Module 

i~i f~ A...-r--'---'---, 

.----..~286 

19T 
196 
30T 
306 
31T 
316 
32T 
326 
33T 
336 
34T 

III 

~'"" 

I~H~~ '! '--._--'--Y 346 

.. 
6" 
6" 
B12!LSB) 

eLK TRIM 268O-------==--+++------i 
TRIGt 26T 

=~CYCLE ;!~ LOADfNABLE 24B~====~itt-----L------~Ir-~ 

GENERAL DESCRIPTION 

CLRENABlE ZSB 

ADORESS .. 208 
MUX { 8 19B 

IN ~ :i: 
~"24T 
~'25T 

The DAS 1128 is a complete self-contained miniature high 
speed data acquisition system. The compact 3" x 4.6" x 0.375" 
module provides the designer with an easily implemented solu
tion to the data acquisition problem. It contains an analog in
put signal multiplexer, a sample-and-hold amplifier, a 12-bit 
AID converter, and all of the programming, timing and control 
circuitry needed to perform the complete data acquisition 
function . 

. TYPICAL APPLICATIONS 

DAS1l28 WITH MOTOROLA 6800 

6800 

NOTE: 

1.8255 USED IN MODE 1 (STROBED I/O) 
2. PC6 INDEXES MUX TO DESIRED CHANNEL 
3. CS TO A, (WHERE. A, IS AN ADDRESS BIT OTHER THAN Ao OR A,) , 
4. PC7 INITIATES CONVERSION 
5. EOC STROBES IN DATA AND MUX INFO 
6.8255 SHOWN, HOWEVER 6820 CAN ALSO BE USED 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 15-17. 

The DAS1128 is a high performance device which can digitize 
an analog signal to an accuracy of ±Y2LSB out of 12 bits, rela
tive to full scale. It has ±8ppm/oC gain temperature coefficient, 
and the maximum throughput rate can be varied from 50,000 
conversions/second for a 12 bit conversion from different 
analog input channels, to 200,000 conversions/second for a 
successive 4-bit conversion made on a single channel. 

DAS1128 WITH INTEL 8080 

8080 

NOTE: 

1. 8255 USED IN MODE 1 (STROBED 110) 
2. CS TO A; (WHERE, A, is AN ADDRESS BIT OTHER THAN Ao OR A,) 
3. PC6 INDEXES MUX TO DESiRED CHANNEL 
4. PC7 INiTIATES CONVERSiON 
5. EOC SlROBES IN DATA AND MUX INFO 
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SPECIFICATIONS (typical @ +25°C and ±15V unless otherwise noted) 
ANALOG INPUTS 

Number of Inputs to Multiplexer 

Input VoltagC<Full Scale Range) 

Maximum Input Voltage 
Input Current (per channel) 
Input Impedance 
Input Capacitance 

Input Fault Current (power off or 
MUX failure) 

Direct ADC Input Impedance 

ACCURACY' 
Resolution 
Error Relative to F.S. 
Quantization Error 
Differential Nonlinearity Error 

@ 33kHz throughput rate 
@ SOkl--iz throughput rate 

Noise Error 
-FS to +FS Error Between Succes

sive Channel Transitions 

TEMP. COEFFICIENTS 
Gain 
Offset 
Differential Nonlinearity 

SIGNAL DYNAMICS 
Throughput Rate (12 Bits) 

MUX Crosstalk ("OFF" channels 
to "ON" channell 

Differential Amplifier CMRR 
SHA Acquisition Time to 0.01% 
SHA Aperture Uncertainty 
SHA Feedthrough 

DIGITAL INPUT SIGNALS 
Compatibility 

MUX Address Inputs (S, 4, 2, I; 
Pins 19B through 22B) 

MUX ENABLE HI (Pin 1ST) 

MUX ENABLE LO (Pin 17B) 

S'i'ROiiE (Pin 24T or 2ST) 

LOAD ENABLE (~in 24B) 

CLEAR ENABLE (Pin 2SB) 

,TRIGGER (Pin 26T) 

I Warmup time to rated accuracy is 5 minutes. 

16 Single Ended, S True-Differential, 
16 Pseudo-Differential 
-IOV to +IOV, OV to +IOV, -SV to 
+SV,OV to +SV, -10.24V to 
+10.24V, OV to +10.24V, -S.12V 
to +S.12V, or OV to +S.12V. 
±ISV 
SnA max 
>10 10 ohms 
10pF for "OFF" channel 
100pF for "ON" channel 

Internally limited to 20mA 
10kn for each input line 

12 Bits 
±YzLSB 
±'/,LSB 

±YzLSB; ILSB max 
±ILSB 
±'4LSB 

±ILSB 

Sppm/OC, 20ppm/C max 
Sppm/C, ISppm/C max 
2.Sppm/C, 6ppm/oC max 

SOkHz (max) 
(includes S/-IS for MUX and SHA 
settling time plus IS/-Is for ADC) 

>SOdB down @ 1kHz 
70dB to 1kHz 
4.S/-Is max 
IOns 
70dB down @ 1kHz 

Standard DTLlTTL logic levels, 
1 unit loadlline 
Positive true natural binaty coding 
selects channel for random address
ing mode. Must be stable for 
lOOns after STROBE. 
High (Logic "I") input enables MUX 
"HI" output (for inputs 0 through 7) 
High (Logic "I") input enables MUX 
"LO" output (for inputs S through 
IS) 
Negative going transition (Logic "I" 
to Logic '~O") updates MUX address 
regis'ter. S'fl«TIffi 1 must be a Logic 
"1"toenable~2.~ 
2 must be at Logic "I" to enable 
ST'RU'Irn 1. 
High (Logic "I") input allows next 
SfROlm command to sequentially 
advance MUX address register. 
Low (Logic "0") input allows next 
ST'RU'Irn command to update MUX 
address register according to exter
nal address inputs. 
Low (Logic "0") input allows next 
~ command to reset MUX 
address to channel "0" overriding 
LOAD ENABLE. 
Positive going trans;tion (Logic "0" 
to Logic "I") initiates A/D conver
sion (even during conversion); 
~ (Pin 27T) must be at 
Logic "0" to allow TRIGGER 
function. 
Negative going transition (Logic "I" 
to Logic "0") initiates A/D conver
sion; Pin 26T (TRIGGER) must be 
at Logic "I" to allow TRIGGER 
function. 

1 Specification applies only when tracking +15V and -15V supplies are used, and for 
slowly occuring variations in power supply voltages. 

Specifications subjrct to change witholJt notice. 
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DIGITAL OUTPUT SIGNALS 
Compatibility 

Parallel Outputs 
Coding . 

MUX Address Outputs 
(If; 8, 4, 2, 1; pins 18B, 
19T through 22T) 

DELAY OUT (Pin 23T) 

Em: (Pin 27B) 

ADJUSTMENTS & TRIMS 
Offset Adjust 

Internal Adjustment (Externally 

Standard DTL/TTL logic levels; S 
unit loads/line. 
lIT, Bl through B12 
Natural binaty, two's complement, 
offset binary, or one's complement. 
Pin selectable. 
Positive true natural binary coding 
indicates channel selected. 

Negative going transition (Logic "I" 
to Logic "0") occurring normally 
S/-Is (adjustable from 3.0/-ls to 
20/-ls) after STROBE command 
initiates AID conversion automati
cally when connected to the 
~ 
High (Logic "I") output during A/D 
con\'Crsion. 

Accessible) ±10LSBs (min) 
Remote External Adjustment 

(Pin 16T) '±10LSBs (min) 
Range Adjust 

Internal Adjustment (Externally 
Accessible) ±10LSBs (min) 

Remote External Adjustment 
(Pin 16B) ±10LSBs (min) 

Clock Trim (Pin 26B) 
Factory Setting (Pin 26B "OPEN") 1.2S/-ls/Bit 
External Adjustment Range 1.2S/-ls/Bit to 2.0S/-Is/Bit 

Delay Trim (Pin 23B) 
Factory Setting (Pin 23B 

"OPEN") 3.0/-ls 
External Adjustment Range 3.0/-ls to 20/-ls 

CONTROLS 
SHORT CYCLE (Pin 2ST) 

Channel Selection Mode 
(MUX Address Loading Mode) 

A-D Conversion/Channel-Select 
Sequences 

Range Sel~ct (Pin 12T) 

BINARY SCALE (Pin ISB) 

OUTPUT CODING (Pin 17T) 

POWER REQUIREMENTS 
dSV ±3% 
-ISV ±3% 
+SV ±S% 

Power Supply Sensitivity2 : 

Gain 
Offset 
Ref 

ENVIRONMENT & PHYSICAL 
Operating Temperature 
Storage Temperature 
Relative Humidity 
Electrical Shielding 

Packaging 

Connect to ground for full 12 bit 
resolution. Connect to Bn output 
for resoluticn to Bn-I bits. 
Random, sequential continuous, 
and sequential triggered. Pin 
selectable. 
Normal (input channel remains 
selected during its AID conversion) 
and overlap (next channel selected 
during A/D conversion). Pin select
able. 
Differential Amplifier gain control: 
connect to ANA RTN (Pin 2T) for 
Xl gain; connect to AMP OUT (Pin 
13B) for X2 gain. This control is 
used in FSR selection procedure. 
Connect to REF AD} (Pin 16B) to 
set reference to 10.24V. This con
trol is used in FSR selection pro
cedure. 
Ground for l's complement output 
code; connect to -ISV dc for other 
available codes. 

40mA, SOmA max 
70mA. 100mA max 
2S0mA, SOOmA max 

±2.0mV/V 
±4.0mV/V 
±O.SmV/V· 

Oto +70°C 
-2SoC to +SSoC 
Up to 9S% noncondensing 
RFI & EMI 6 sides (except connec
tor area) 
Insulated steel cased module 3.00" x 4.60" x 
0.375" 
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FEATURES 
Complete with High Accuracy SamplelHold and 

AID Converter 
Differential Nonlinearity: ± 0.002% FSR max 

(DAS1153) 
Nonlinearity: DAS1152: ±0.005% FSR max 

DAS1153: ±0.003% FSR max 
Low Differential Nonlinearity T.C.: ±2ppm/oC max 
High Throughput Rate: 25kHz max (DAS1152) 
High Feedthrough Rejection: -100dB 
Byte-Selectable Tri-State Buffered Outputs 
Internal Gain & Offset Potentiometers 
Improved Second Source to AIDIAIM 824 and 

AIDIAIM 825 Modules 
Low Cost 

APPLICATIONS 
Process Control Data Acquisition 
Automated Test Equipment 
Seismic Data Acquisition 
Nuclear Instrumentation 
Medical Instrumentation 
Robotics 

GENERAL DESCRIPTION 
The DAS11S2IDAS11S3 are 14-/IS-bit sampling analog-to-digital 

. converters having a maximum throughput rate of 2SkHz/20kHz. 
They provide high accuracy, high stability, and functional 
completeness all in a 2" x 4" x 0.44" metal case. 

Guaranteed high accuracy system performance such as nonlinearity 
of ±O.OOS% FSR (DASllS2)/±0.003% FSR (DASllS3) and 
differential nonlinearity of ± 0.003% FSR (DAS l1S2)/ ± 0.002% 
FSR (DASIIS3) are provided. Guaranteed stability such as . 
differential nonlinearity T.C. of ± 2ppm;oC (DASIIS3) maximum, 
zero T.C. of ±80f.lV/oC maximum, gain T. C. of ±8ppm;oC 
maximum and power supply sensitivity of ±O.OOl% FSRI% Vs 
are also provided by the DASllS2IDASllS3. 

The DAS11S2/DAS11S3 make extensive use of both integrated 
circuit and thin film components to obtain their excellent 
performance, small size, and low cost. The devices contain a 
precision sample/hold amplifier, high accuracy 14-/1S-bit analog
to-digital converter, tri-state output buffers, internal gain and 
offset trim potentiometers, and power supply bypass capacitors 
(as show~ in Figure I). 

Four analog input voltage ranges are selectable via user pin 
programming: 0 to + SV, 0 to + lOV, ± SV, and ± IOV. Uni
polar coding is provided in true binary format with bipolar 
coding displayed in offset binary and two's complement. 
Tri-state buffers provide easy interface to bus structured 
applications. 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 15-25. 

14-Bit & 15-Bit Sampling 
Analog To Digital Converter 

ANALOG{' 
INPUT 2 

3 

DAS1152/DASl153 I 
DAS11521DAS1153 

FUNCTIONAL BLOCK DIAGRAM 

HI ENABLE 

MSB 
MSB 
BIT 2 

BIT 3 
BIT 4 

SIH OUTPUT9------.., BIT 6 

BIT 7 

"SiH INPUT 

SiH CONTROL 

EDC 

TRIGGER 

-'5V 

·5fH INPUT IS THE ANALOG SIGNAL INPUT IF THE 
INTERNAL SAMPLE/HOLD AMPLIFIER IS USED 

OPERATION 

TRI· 
STATE 

BUFFERS 

LO ENABLE 

BIT 12 
BIT 13 

BIT '4 (LSB FOR DAS11521 . 

BIT 15 (lSB FOR DAS11531 

DIGITAL GNO 

The DASllS2IDASllS3 are functionally complete data acquisition 
subsystems being fully characterized as such. All the necessary 
data acquisition and microprocessor interface elements are 
provided internal to these devices. Accuracy and performance 
criteria are tested and specified for the entire system. Thus, 
design time and associated high accuracy problems are minimized 
because layout and component optimization have already been 
performed. , 

For operation, the only connections necessary to the DASllS2/ 
DAS11S3 are the ± lSV and + SV power supplies, analog input 
signal, trigger pulse, and the HI-ENABLE/LO-ENABLE tri
state controls. Analog input and digital output programming are 
user selectable via external jumper connections. 
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SPECIFICATIONS 
MODEL 

RESOLUTION 

DYNAMIC PERFORMANCE 
Throughput Rate 
Conversion Time 
S/H Acquisition Time 
S/H Aperture Delay 
S/H Aperture Uncertainty 
Feedthrough Rejection I 
Droop Rate 
Dielectric Absorption Error 

ACCURACY 
Integral Nonlinearity2 

Differential Nonlinearity 
No Missing Codes 
:!: 3cr Noise(S/Hplus AID) 
:!: 3cr Noise (AID) 

STABILITY 
Differential Nonlinearity T .C. 
GainT.C. 
ZeroT.C. 

Power Supply Sensitivity 

ANALOG INPUT 
Voltage Range 

Bipolar 
Unipolar 

ADC Input Impedance 0 to + 5V 

S/H Input Impedance 

DIGITAL INPUTS' 
Convert Command4 

S/HControl 

Oto + 10V, :!:5V 
:!:IOV 

Low Enable, High Enable 

DIGITAL OUTPUTS 
Parallel Data Outputs 

Unipolar 
Bipolar 
Output Drive 

Status 
Output Drive 

INTERNAL REFERENCE VOLTAGE 
External Load Current (Rated Performance) 
Temperature Stability 

POWER REQUIREMENTS 
Rated Voltages 
Operating Voltages5 

Supply Current Drain :!: 15V 
+SV 

TEMPERATURE RANGE 
Specified 
Operating 
Storage 
Relative Humidity 
Shielding 

SIZE 

NOTES 
*Specifications same as DASllS2 
'Measured in hold mode, inpul 20V pk.pk @ 10kHz. 
ZWorst-casc summation of SIH and AID nonlinearity errors. 
3FSR means Full Scale Range. 

(typical @ + 25°C unless otherwise specified) 
DASllS2 

14Bits 

25kHz max 
3sIlsmax 
41lsmax 
SOns 
Ins 
-IOOdB 
0.051lV/IlS (0. IIlV/IlS max) 
:!: 0.005% oflnput Voltage Change 

:!: 0.005% FSR3 max 
:!:0.003%FSR3 max 
(+ 10°C to + 40°C) 
7SIlVrms 
50llVrms 

:!:2ppmrCmax 
:!: 8ppm/°C max 
:!:30llvrCtyp, :!: 80IlV/oCmax 
:!:0.001%FSR3/%V, 

:!:5V,:!: 10V 
Oto+5V,Oto+IOV 
2.5k!! 
5k!! 
10.Ok!! 
lOOM!l;5pF 

I TTL Load, Positive Pulse 
Negative Edge Triggered 
HOLD = LogicO 
SAMPLE = Logic I 
ENABLE = LogicO 

Binary 
Offset Binary, 2's Complement 
2TTLLoads 
Logic" I " During Conversion 
2TTLLoads 

+lOV, :!:0.3% 
2mAmax 
:!:5ppmrCmax 

DASllS3 

IsBits 

20kHz max 
44llsmax 
Sllsmax 

:!:0.003% FSR3 max 
:!: 0.002% FSR3 max 

.. 

:!:15V(:!:3%), +5V(:!:5%) 
:!:12Vto+17V,+4.75Vto+5.25V • 
:!:37mA 
80mA 

Oto + 70°C 
Oto + 70°C 
- 25°C to + 85°C 
MeelS MIL-STD-202E, Method 103B • 
Electrostatic (RFI) 6 Sides, 
Electromagnetic (EMI) 5 Sides 

2" x 4" x 0.44" Metal Package 

"When connecting the Convert Command and the SIH control tenninals together. the pulse width must be long enough for the 51H 
amplifier to acquire the input signal to the required accuracy 4 .... s (max, DASllS2)1SjJ.S (max, DASllS3). If the AJD converter 
is only used, Ihe Convert Command pulse width should be lOOns min. 

51f only the ADC ponion is used, the operating power supply voltage can be maintained at :!: 12V to :!: 17V. But if the SIH section is 
required, the operating voltage must be maintained a( :t ISV (:!: 3%) or the SIH input voltage must be limited to -7V 
to + IOV for a '" 12V supply voltage. 

foRecommended Power Supply: Analog Devices Model 923. 

Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

-. 
044111.21 

~--------------~------~~ 

"FOR MODEL DAS"S) - 81T 15 ILSB) 
··FOR MODEL 0"'$1152 _ BIT 14 !lS8) 

CASE IS NOT HERMETICAllY SEALED 

--I \--0.1 125" GRID 



r.ANALOG 
WDEVICES 

FEATURES 
Functionally Complete: 

Includes Instrumentation Amplifier, Sample/Hold 
Amplifier, and Analog to Digital Converter 

Differential Nonlinearity: ±O.002% FSR max (DAS1156) 
Guaranteed Nonlinearity: ±O.005% FSR (DAS1155) 

±O.003% FSR (DAS1156) 
High Common Mode Rejection: -SOdB (up to 500Hz) 
High Feedthrough Rejection: -96dB 
Resistor Programmable Gain: 1V/v to 1000V/v 
Byte Selectable Tri-State Buffer Outputs 
Internal Gain and Offset Potentiometers 

APPLICATIONS 
Low Level High Accuracy Data Acquisition Systems 
Process Control 
Nuclear Instrumentation 
Automated Test Equipment 
Medical Instrumentation 

GENERAL DESCRIPTION 
The DAS1l55IDAS1l56 are l4-/l5-bit low level data acquisition 
systems having a maximum throughput rate of 25kHz/20kHz. 
These data acquisition systems provide high accuracy, high 
stability, and functional completeness all in a 2" x 4" X 0.44" 
metal case. 

Guaranteed high accuracy system performance such as nonlinearity 
of ±0.005% FSR (DAS1l55)/±0.003% FSR (DAS1l56) and 
differential nonlinearity of ± 0.003% FSR (DAS 1155)/ ± 0.002% 
FSR (DASl156) are provided. Guaranteed stability such as 
differential nonlinearity T.C. of ± 2pprn/°C.maximum, offset 
T.C. of ± (1 + 50/G) fL vr (RTI) and gain T.C. (RTI) of ± l6pprn/ 
°C are also provided by the DAS1l551DAS1l56. 

Each DAS1l55IDAS1l56 makes extensive use of both integrated 
circuit and thin-film components to obtain its excellent perfor
mance and small size. Incorporated in these devices are a gain 
programmable instrumentation amplifier, precision sample/hold 
amplifier, high accuracy l4-1l5-bit analog to digital converter, 
tri-state output buffers, gain and offset trim potentiometers, and 
power supply bypass capacitors (as shown in Figure 1). 

Unipolar coding is provided for true binary format with bipolar 
coding displayed in offset binary or two's complement. Tri-state 
buffers are available for easy interface to bus structured applica
tions. 

This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor
mation on this product can be found in Volume II, page 15-29. 

14-Bit & 15-Bit Low Level 
Data Acquisition' Systems 

DAS1155/DAS1156 I 
DAS1155/DAS1156 

FUNCTIONAL BLOCK DIAGRAM 

REF QUTr

BIPOlAAOFFsnL_ 

MSB 
MS. 
BI12 

BIT 3 
BIT 4 
BITS 

L.......r----",.--J'>SIT 8 

OPERATION 

(ANALOG" DIGITAL GROUNDS 
ARE CONNECTED INTERNAlL'I'1 -----------------

BIT 9 

81112 
81T13 

en lot (lSB fOR OA51155) 
BIT lS (lSB FOR DAS1156) 

The DASllSSIDASllS6 are designed, built, and tested to meet 
system data acquisition requirements. These units can significantly 
reduce design and debug time by providing, in one package, all 
of the circuitry necessary for low level data acquisition and 
microprocessor bus interface. 

For operation, the only connections necessary to the DAS1l55/ 
DASllS6 are the:±: lSV and + SV power supplies, analog input 
signal, trigger pulse, and the HI-ENABLE/LO-ENABLE tri-state 
controls. Digital output programming is user selectable via 
external jumper connections. 
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S PE elF I CAT ION S (typical @ + 25°C and rated supplies unless otherwise noted) 

MODEL DAS1l55 DAS1l56 OUTLINE DIMENSIONS 
RESOLUTION 

DYNAMIC CHARACTERISTICS 
ADC Conversion Time 
IASettlingTime,(IOVOutputStep) 

toO.oo3%FSR0
'
G= I 

toO.oo3%FSR0
'
G= 10 

toO.OI%FSR(trlG= 1000 
Throughput Rate (lll G = I, 10 

SAMPLE HOLD 
Acquisition Time 
Aperature Delay Time 
Aperture Uncertainty Time 
Feedthrough Rejection I 
Droop Rate 

ACCURACY 
Differential Nonlinearity (FSR)2 
Integral Nonlinearity (FSR)3 
No Missing Codes 
Offset Error 
Gain Error 

·TEMPERATURE COEFFICIENTS 
Offset (RTI) 

Gain (RTI) 
Differential Nonlinearity 

ANALOG INPUTS 

Voltage Input Range (A~~SR) 
Instrumentation Amplifier 

Gain 
Gain Range 

Gain Equation 

Input Impedance 
Bias Current 
Offset Current 
CMR (up to 500Hz) 
CMV 

DIGITAL INPUTS 
ADC Convert Command4 

SHAControl 

Low Enable, High Enable 

DIGITAL OUTPUTS 
Parallel Data Outputs 

Unipolar 
Bipolar 
Output Drive 

Status 
Output Drive 

INTERNAL REFERENCE VOLTAGE 
External Load Current (Rated Performance) 
Temperature Stability 

POWER REQUIREMENTS 
Rated Voltages 
Operating Voltages5 

Supply Current Drain :!: ISV 
+SV 

TEMPERATURE RANGE 
Specified 
Storage 

14 Bits 

ISl1smax 
ISl1smax 
SOILS max 
25kHz max 

411smax 
SOns 
Ins 
-96dB 
O.OSI1V/l1s 

:!:0.oo3%max 
:!:O.ooS%max 
Guaranteed 
Adjustable to Zero 
Adjustable to Zero 

:!:(I + ?g) I1V/oC 

:!: 16ppm/"C 
:!: 2ppm/°C max 

+ IOmVto + IOV(Unipolar) 
:!: SmV to:!: SV (Bipolar) 

Resistor Programmable 
Ito 1000 

G= I + (2~~) 
1080 
SOnA 
2nA 
-80dB 
:!:IOV 

I TTL Load, Positive Pulse 
Negative Edge Triggered 
HOLD = Logic 0 
SAMPLE = Logic I 
ENABLE = LogicO 

Tri-State 
Binary 
Offset Binary, 2's Complement 
2TTLLoads 
Logic" I" During Conversion 
2TTLLoads 

+ IOV, :!:0.3% 
2mA(max) 
± 8.Sppm/"C(max) 

± ISV ±S%, +SV ±S% 
± 12Vto ± 17V, +4.7SVto +S.2SV 
:!:4SmA 
80mA 

Oto + 70°C 
-2S0Cto + 85°C 

ISBits 

4411smax 

20kHz max 

:!:0.oo2%max 
. :!:0.oo3%max 

Dimensions shown in inches and (mm). 

~------~~------------~-. 

~==============r====-_"..~'1.21 
0.02501A PIN 

~~t~Ht~~E-:'R~~l MIN 
1----------3.800 1 .... 1-1 -----<-I 

r 
... ------0.021102.11-------..-1 

METAL CASE 

~I~~ GRD 
MSii 

rf 
i! 
B. 
Bl. 

:U 
B13 

-For Model DA51156 - Bit 1S (LSB) 
··For Model DAS115S - Bit '4!lSBI 

~ 1--0.112"'1 GRID 

INTERCONNECTION AND SHIELDING 
TECHNIQUES 
To preserve the high CMR characteristics of 
the DASllSSIDASllS6, care must be taken 
to minimize. noise wherever possible. For best 
performance use twisted shielded cable, for 
the sensitive input signal, to reduce inductive 
and capacitive pickup. The cable should be 
connected as close as possible to the input 
common mode signal source. Place the gain 
setting resistor as close as possible to its re
spective terminal connections to avoid pick
up. 

Relative Humidity (Meets MIL-STD-202E, Method 103B) 

SHIELDING 

SIZE 

NOTES 
IMeasured in hold mode, inpul 20V pk-pk «L 10kHz. 
'FSR means Full Scale Range. 

Elect~ostatic (RFI) 6 sides, 
Electromagnet (EMI) S sides 

2" x 4" x O.44"metalpackage 

3Worst-case summation of lA, S/H and AID nonlinearity errors. 
"When connecting the Convert Command the SIH control terminals together, the pulse 
width must be long enough for the SIH amplifier to acquire the input signal ~o the required accuracy 
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4ILs (min, DASI\SS) SILS (min, DASI\56). 
. 'If a ± 12V operating power supply is used, the analog input must be limited to ± 7V. 

'Recommended Power Supply: Analog Devices Model 923. 
·Same specifications as for DAS1I55. 
Specifications subject to change without notice. 
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Selection Guide 

General Information and Definitions of Specifications 

AD7501 8-Channel Multiplexer, High Enables 

AD7502 4-Channel Differential Multiplexer 

AD7503 8-Channel Multiplexer, Low Enables 

AD7506 16-Channel Multiplexer 

AD7507 8-Channel Differential Multiplexer 

AD7510DI Dielectrically Isolated Quad SPSTj Address High Closes Switch 

AD7511DI Dielectrically Isolated Quad SPSTj Address Low Closes Switch 

AD7512DI Dielectrically Isolated Quad SPDT 

eAD7590DI Dielectrically Isolated Quad SPSTj Data Latches 

eAD7591DI Dielectrically Isolated Quad SPSTj Data Latches 

eAD7592DI Dielectrically Isolated Dual SPDTj Data Latches 

ADG200 Dielectrically Isolated Dual SPST, Replaces DG200 

ADG201 Dielectrically Isolated Quad SPST, Replaces DG201 . 

eNew product since the 1980 Data-Acquisition Components and Subsystems Catalog 
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Selection Guide 
CMOS Switches & Multiplexers 

The devices catalogued in this section are grouped into two classes: Switches and Multiplexers. Descriptions, 
specifications, and application information can be found in the data sheets; definitions of the terminology can 
be found in the following pages. 

CMOS IC SWITCHES 

Type 

AD7510DI 
AD7511DI 
ADG201 
ADG200 
AD7512DI 
eAD7590DI 
eAD7591DI 
eAD7592DI 

Characteristics 

Dielectrically isolated Quad SPST; Address High closes switch 
, Dielectrically isolated Quad SPST; Address Low closes switch 
Dielectrically isolated Quad SPST, replace DG201 
Dielectrically isolated Dual SPST, replace DG200 
Dielectrically isolated Quad SPDT 
Dielectrically Isolated Quad SPST; Data Latches 
Dielectrically Isolated Quad SPST; Data Latches 
Dielectrically Isolated Dual SPST; Data Latches 

CMOS IC MULTIPLEXERS 

Type 

AD7501 
AD7503 
AD7502 
AD7506 
AD7507 

Characteristics 

8-channel multiplexer, High enables 
8-channel multiplexer, Low enables 
4-channel differential multiplexer 
16-channel multiplexer 
8-channcl differential multiplexer 

eNew product since the 1980 Data-Acquisitioll Components and Subsystems Catalog. 
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Orientation 
CMOS Switches & Multiplexers 
Analog Devices offers a complete line of monolithic CMOS 
analog multiplexers and switches, which utilize a high-break
down CMOS process, in conjunction with a double-layer inter
connect for high density. Both 8- and 16-channel multiplexers 
are available, in one-line and two-line (4- and 8-channel differ
ential) versions. The switches are dielectric ally isolated duals 
and quads, available in a variety of contact fonns. Both direct 
and inverted logic options are available for the most-popular 
types. The popular AD7510/U/12Dl (quad SPST/dual SPDT), 
which utilize dielectric isolation, are latchup-proof and can 
withstand overrange to ±25V beyond the supplies. 

CMOS switches have extremely low quiescent power dissipa
tion, require little drive or supply current while switching, and 
are low in cost. Their RoN is low and is, to a first-order, inde
pendent of applied voltage; in the off condition, leakage is quite 
small, both across the gate and to the drive and supply circuits. 
Most types respond to TTLlDTL, as well as CMOS, logi<;. 

Definitions for tenninal nomenclature used in the data sheets 
are given below, and a summary of device functions appears 
on the preceding page. General infonnation on the nature of 
CMOS, its advantages, its applications, and its protection, is to 
be found in the Guide to CMOS Switches and Multiplexers, 
available from Analog Devices upon request. 

MULTIPIJEXER TERMINOLOGY 

RON: 

RON vs. Temperature: 

~RON between 
Switches: 

RON vs. Temperature 
between Switches: 

IS: 

lOUT - IS: 

CS: 

Cs - OUP 

CSS: 

ttransition: 

Ohmic resistance between the output 
and an addressed input. 

RON drift over the temperature range. 

Difference between the RON's of any 
two switches. 
Difference between the RON drifts of 
any two switches. 
Current at any switch input, S1 ~hrough 
SN. This is a leakage current when the 
switch is open. 
Current at the output. This is a leak
age current when all switches are open. 
Difference between the current going 
into terminal "s" and the current go
ing out of terminal "out" when termi
nal "s" is addressed. 

Digital threshold voltage for the low 
state. 

Digital threshold voltage for the high 
state. 

Capacitance between any open termi
nal "s" and ground. 

Capacitance between the output termi
nal and ground with all switches open. 

Capacitance between any open termi
nal "s" and the output terminal. 

Capacitance between any two "s" 
terminals. 

Delay time when switching from 
one address state to another. 

VOL. I, 16-4 CMOS SWITCHES & MUL TIPLEXERS 

topen: 

ton (En): 

toff (En): 

VDD: 

VSS: 

IDD: 

ISS: 

"OFF" time of both switches when 
switching from one address state 
to another. 

Delay time between the 50% points 
of the enable input and the switch 
"ON" condition. 

Delay time between the 50% points 
of the enable input and the switch 
"OFF" condition. 

Most positive voltage supply. 

Most negative voltage supply. 

Positive supply current. 

Negative supply current. 

SWITCH TERMINOLOGY 

RDS: 

ID (IS): 

IDS: 

ID - IS: 

VD (VS): 

Cs (CD): 

CDS: 

CDD (CSS): 

tON: 

tOFF: 

VINL= 
VINH: 

IINL (IINH): 
CIN: 

VDD: 

VSS: 

IDD: 

ISS: 

Ohmic resistance between terminals 
D and S. 

Current at terminals D or S. This is 
a leakage current when the switch is 
OFF. 

Current flowing through the closed 
switch. 
Leakage current that flows from the 
closed switch into the body. (This leak
age will show up as the difference 
between the current ID going into the 
switch and the outgoing current IS.) 
Analog voltage on terminal D (S). 

Capacitance between terminal S (D) 
and ground. (This capacitance is speci
fied for the switch open and closed.) 

Capacitance between terminals D and 
S. (This will determine the switch iso
lation over frequency.) 

Capacitance betwe.en terminals D (S) 
of any 2 switches. (This will determine 
the cross coupling between switches 
vs. frequency.) 

Delay time between the 50% points of 
the digital input and switch "ON" 
condition. 

Delay time between the 50% points of 
the digital input and switch "OFF" 
condition. 

Threshold voltage for the low state. 

Threshold voltage for the high state. 

Input current of the digital input. 
Input capacitance to ground of the 
digital input: 

Most positive voltage supply. 

Most negative voltage supply. 

Positive supply current. 

Negative supply current. 



r.ANALOG 
WDEVICES 

CMOS 
4/8 Channel Analog Multiplexers 

FEATURES 
DTL/TTL/CMOS Direct Interface 
Power Dissipation: 30/1W 
RON: 170n 
Output "Enable" Control 
AD7503 Replaces HI-1818 

GENERAL DESCRIPTION 
The AD7S01 and AD7S03 are monolithic CMOS, 8-channel 
analog multiplexers which switches one of 8 inputs to a 
common outpu t depending on the state of three binary ad
dress lines and an "enable" input. The AD7S03 is identical 
to the AD7S01 except its "enable" logic is inverted. All 
digital inputs are TTL/DTL and CMOS logic compatible. 

The AD7S02 is a monolithic CMOS dual 4-channel analog 
multiplexer. Depending on the state of 2 binary address in
puts and an "enable", it switches two output buses to two 
of 8 inputs. 

All 3 devices are excellent examples of a high breakdown 
CMOS process combined with a double layer interconnect for 
high density. Silicon nitride passivation ensures long term 
stability and reliability. 

PACKAGE IDENTIFICATION l 

Suffix D: Ceramic DIP - (D16B) 
Suffix N: Plastic DIP - (N16B) 
1 See Section 20 for package outline infonnation. 

ABSOLUTE MAXIMUM RATINGS 
(TA = +2SoC unless otherwise noted) 

Voo ·- GND .............. . 
Vss - GND .............. . 
V Between Any Switch Terminals. 
Switch Current (Is, Continuous) .. 
Switch Current (Is, Surge) 

1ms duration, 10% duty cycle .. 
Digital Input Voltage Range 

Power Dissipation (package) 
16 pin Ceramic DIP 

Up to +7S°C. ....... . 
Derates above +7SoC by .. 

16 pin Plastic DIP 
Up to +70

o
C ......... . 

Derates above +70
o
C by .. 

Operating Temperature 
Plastic ON, KN versions) . 
Ceramic OD, KD versions) 
Ceramic (SD versions) 

Storage Temperature ..... . 

CAUTION: 

. . +17V 

. . -17V 
. .2SV 
3SmA 

SOmA 
..... VDO to GND 

. 4S0mW 
,6mWtC 

. .... 670mW 
,8,3mWtC 

....... 0 to +70oC 

.... -2SoC to +8SoC 

.. -SSoC to +125°C 

.. -65°C to +150oC 

1. Do not apply voltages higher than Voo and Vss to any other terminal, especially 
when Vss = Voo = OV all other pins should be at OV. 

2. The digital control inputs are zener protected; however, pennanent damage may 
occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 

AD7501, AD7502, AD7503 I 
AD7501, AD7503 FUNCTIONAL BLOCK DIAGRAM 

--, 
voo. o-J TTlIon TO CMOS LEVEL TRANSLATOR 'I 

{'15VI I 
GND ~ .----O-E-CO-O-'EA'-IO-A-,V-EA----. I 

{.~~~I<>-i ~ oX I I ~ xt 4! I 

L -1-=-==---=---=---=r __ J 
OUT 51 58 

AD7502 FUNCTIONAL BLOCK DIAGRAM 

~-- ---.. 
Voo ~ OlL/TTl TO CMOS LEVEl TRANSLATOR I 

1+15\11 I I 
GNOo-l OFCODEAIOAIVEA I 

{.~~~I~~ ~: 
L t- -E--:r -E--:r- -1J 
OUT 51 54 55 58 OUT 
1-4 5-8 

AD7502 AD7501, AD7503 
PIN CONFIGURATION PIN CONFIGURATION 

(NOT TO SCALE) 

16-PIN DIP 
TOP VIEW 

CMOS SWITCHES & MUL TlPLEXERS VOL. I, 16-5 
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SPECIFICATIONS (Voo = +15V, VSS = -15V unle~ otherwise noted) 

OVER SPECIFIED 
TEMP. RANGE 

PARAMETER VERSION
I 

SWITCH @2SoC AD7S01, 

CONDITION AD7S01, AD7S03 AD7S02 AD7S03 AD7S02 TEST CONDITIONS 

ANALOG SWITCH 

RON All ON l70n typ, 300n max -lOY ,,;;;; Vs .;; +IOV 

RON vs. Vs' All ON 20% typ Is = I.OmA 

RON vs. T~mp~rature All ON O.S%/C typ Vs - OV, Is = l.OmA 

lIRON Between Switch~s All ON 4% typ 
RON vs. T~mp~rature Between 

±O.OI%/oC Switches All ON 

Is J,K OFF O.2nA typ, 2nA max SOnA max Vs = -lOY, VOUT = +IOV and 
S OFF O.SnA max SOnA max Vs = +IOV, VOUT = -IOV 

loUT J,K OFF InA typo IOnA max 0.6nA typ, SnA max 2S0nA max 12SnA max Vs = -IOV, VOUT = +IOV and 
Vs = +IOV, VOUT = -IOV 

S OFF SnA max 3nA max 2S0nA max 12SnA max AD7S01/02: Enable LOW 
AD7 S03: Enable HIGH 

IlouT - 151 J, K ON 12nA max 7nA max 300nA max l7SnA max Vs = 0 
S ON S.SnA max 3.SnA max 300nA max 17SnA max 

DIGITAL CONTROL 
VINL All 0.8V max 

VINH J 3.0V min Note 2 
K, S 2.4V min 

IINL or IINII All 10nA typ 

em All 3pF typ 

DYNAMIC CHARACTERISTICS 

tON All 0.81ls typ VIN = 0 to +S.OV 

tOFF All 0.81ls typ (See Test Circuit 2) 

Cs All OFF Spl' typ 
COUT All OFF 30pF typ ISpF typ 

CS'()UT All OFF O.SpF typ 
Css Between Any Two Switches All OFF O.SpF typ 

POWER SUPPLY 
IDO All SOOIlA max SOOIlA max All Digital Inputs Low 

Iss All SOOIlA max SOOIlA max 

100 All 800ilA max 800llA max All Digital Inputs High 

Iss All 800ilA max . , 800llA max 

NOTES 
·Same specifications as AD7S01 and AD7503. 
I IN, KN versions specified for 0 to +70°C; 10, KD versions for -25°C to +8So C; and SD versions for -55°C to +12Soc. 
2 A pullup resistor, typically 1-2kn is required to make the A07501), A07502J compatible with TTL/OTL levels. The maximum value is 

determined by the output leakage current of the driv~r gate when in the high state. f 

Specifi~ations subject to change without notice. 

TRUTH TABLES 

AD7501 A07502 

A2 Al AO EN ':ON" Al Ao EN "ON" 

0 0 0 I I 0 0 I 1 & 5 
0 0 I 1 2 0 1 1 2 & 6 
0 I 0 I 3 I 0 1 3 & 7 
0 1 1 I 4 1 I 1 4~8 
I 0 0 1 5 X X 0 None 
1 0 1 1 6 

I I 0 1 7 
1 1 1 1 8 
X X X 0 None 

A07503 

A2 AI Ao EN "ON" 

0 0 0 0 I 
0 0 1 0 2 
0 1 0 0 3 
0 1 1 0 4 
1 0 0 0 5 
1 0 I 0 6 
I 1 0 0 7 
I 1 1 0 8 

X X X 1 None 

VOL. I, 16-6 CMOS SWITCHES & MUL TlPLEXERS 

ORDERING INFORMATION 

Plastic Ceramic Operating 
(Suffix N) (Suffix D) Temperature Range 

AD7501jN 
AD7501KN 

o to +70°C AD7503jN 
AD7503KN 

AD7501jD 
AD7501KD 

-25°C to +85°C AD7503jD 
AD7503KD 

AD7501SD 
-55°C to +125°C AD7503SD 

AD7502jN o to +70
o
C 

AD7502KN 

AD7502jD 
-25°C to +85°C AD7502KD 

AD7502SD -55°C to +125°C 

Note: Ceramic versions are available 100% screened to MIL-STD-883, 
method 5004 for a class B device. To order, add "/883B" to 
model number. 



1. RoN As A Function Of Switch Voltage (V S) 

RoNlnt 

TA - ~25°C 
300 

P 
V "-~ 200 

V r---- 1-0.. tl2V 

l.,...-~ 
~ ~ t15V-= 

~ -100 

-10 ~ ~ -4 -2 

At Different Power Supplies 

2. Digital Threshold Voltage (VINH. VINL) 

I IV 

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

Vlln.VINH 

". 
.... 

vJ 
TA - +25°C 

V ",. l"ool-IVssl 

% ~ 

A07501K/A07501S 
A07502K/A07502S 

10 12 14 16 

10 
VslVI 

Voo. Vss IVI 

3. TON. TOFF 

I I;'. 

1.0 

0.8 

0.6 

0.4 

0.2 

'oN. !oFF 

vs. Power Supply 

TA • +25°C 

12' Voo • +15V 

"'" 
Vss - -15V 

.......... 

~ ~ -tOFF -I--.. 

vs. Digital Input Voltage 

Typical Performance Characteristics 

I 
300 

f--I- Voo - +15V 
VII - -15V 

200 

-100 

-
-10 ~ ~ -2 

RaHlnt 

L.---I--

~ j......-

~ ~ 

TA • +1.ZSOC 

~ 
I ~ I 

TA • +25°C 

~I -
TA': -66°C 

~ 

r--

-

10 
v. IVI 

At Different Temperatures 

2.6 

2.4 

- r--;: 
----r-- 2.0 

~8 
1.6 

1.4 

1.2 

1.0 

-60 ..4Q -20 

4. Power Dissipation 

Po(mWI 

10 

1.0 

0.1 
10 100 

VINH • VINL IVI 

Voo - +15V 
VII' -15V -

f--... VINH 
~ t---i--r---~~ 

~ 

I"-- r--_ 

A07501 K1A07501S 
A07502K/A07502S -

vs. Temperature 

i/ 
Po (VOD I V ~ 

lI;olVssl 

II 
/ 

lk 

I 
I 

10k lOOk 1M 

IIHII 

vs. Logic Frequency (50% Duty Cycle) 
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TYPICAL SWITCHING CHARACTERISTICS 

TEST CIRCUIT I 

+5Vo---.--...... ~-t--....., 

AD7501 r- - - - -, 
Voo <>-1 TTL/DTL·TD·CMOS LEVEL TRANSLATOR I 

(+15V) I I 
GNDo-J DECODER/DRIVER I 

,vn".i, (tl1~9q~q,J 
"M\'i~:;~ ~ 

Ills/DIV 

VIN •••••••• 

(5V/DIV) •••••••• 
VIN 

(5V/DIV) •••••••• 
VOUT •••••••• ,. 

(IOV/DIV) •• 11 ••••• ......... •••••••• v, - -IOV, V2 = +IOV 

Your 
(IOV/DIV) 

TEST CIRCUIT 2 

V, : +IOV, V2 • -lOY 

AD7501 r-
Voo o-J .--...1-._---1 __ ...1-._---1--, 

1+15V) I 

VIN 
(5V/DIV) 

VOUT 
(5V/DIV) 

GND~ 

,~f~v)o--1 
L 

Your 

Ills/DIV 

Vs = +IOV 

VIN 
(5V/DIV) 

VOUT 
(O.5V/DIV) 

VOL. I, 16-8 CMOS SWITCHES & MUL TIPLEXERS 

Vs 

VIN 
(5V/DIV) 

VOUT 
15V/DIV) 

Vs = -IOV 

IIlS/DIV 

Vs - OPEN 



r.ANALOG 
WDEVICES 

CMOS 
8- and 16-Channel Analog Multiplexers 

FEATURES 
RoN: 300n 
Power Dissipation: 1.5mW 
TTL/DTL/CMOS Direct Interface 
Break·Before·Make Switching 
Replaces DG506/DG507 

GENERAL DESCRIPTION 
The AD7506 is a monolithic CMOS 16-channel analog multi
plexer packaged in a 28-pin DIP. It switches a common out
put to one of 16 inputs, depending on the state of four ad
dress lines and an "enable". The AD7507 is identical to the 
AD7506 except it has two outputs switched to two of 16 
inputs depending on three binary address states and an "enable". 

ABSOLUTE MAXIMUM RATINGS 
(TA = +25°C unless otherwis,e noted) 
Voo - GND .............................. +17V 
VSS-GND ....................... ' ....... -17V 
V Between Any Switch Terminals ................. 25V 
Digital Input Voltage Range .............. Voo to GND 
Switch Current (Is, Continuous) ................ 20mA 
Switch Current (Is, Surge) 

1ms duration, 10% duty cycle ............... 35mA 
Power Dissipation (Package) 
28 pin Ceramic DIP 

Up to +50
0
C .......................... 1000mW 

Derates above +50°C by ................. 10mW/C 
28 pin Plastic DIP 

Up to +50
0
C .......................... 1200mW 

Derates above +50
0
C by . . . . . . . . . . . ... 12mW/C 

Operating Temperature 
Plastic (J, K versions) .................. 0 to + 70° C 
Ceramic (J, K versions) ........ : ..... -25°C to +8S

o
C 

Ceramic (S, T versions) ............. -55°C to +12S
o
C 

Storage Temperature ............. " .. -65°C to +150°C 

CAUTION: 
1. Do not apply voltages higher than Voo and Vss to any other terminal. especially 

when VSS = Voo = OV all other pins should be a~ OV. 

2. The digital control inputs are zener protected; however. permanent damage may 
occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam ~t all times. 

AD7506, AD7507 I 
AD7506 FUNCTIONAL BLOCK DIAGRAM 

EN A3 A2 Al AO 

--l 
Voo ~ TTL/DTL TO CMOS LEVEL TRANSLATOR I 

(+15VI I 
GNDo--1 ' DECODER/DRIVER I 

4 ~ '~ I ,-~\~,<>-1 _ E -=-_~ -: =-_ -f--J 
OUT SI S16 

AD7507 FUNCTIONAL BLOCK DIAGRAM 

Voo 

EN A2 Al 

r,-
(~~~II~ DTL/TTL TO CMOS LEVEL TRANSLATOR I 

_ I DECODER/DRIVER I 
~D~ I Ir-um Vss I I I I 

(-15VI0j I I I I 

NC NC 

58 

L -r:--:!-t-~-f- J 
OUT 51 S8 S9 S16 OUT 
1·8 9·16 

AD7506 PIN CONFIGURATION 
TOP VIEW 

S16 515 S14 S13 S12 SII 510 S9 

(NOT TO SCALEI 

AD7507 PIN CONFIGURATION 
TOP VIEW 

S7 S6 S5 54 S3 S2 SI EN AO 

Voo OUT NC 516 515 514 513 S12 511 510 
9·16 

(NOT TO SCALEI 

NC A3 

Al A2 

CMOS SWITCHES & MUL TlPLEXERS VOL. I, 16-9 
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SPECIFICATIONS (Voo = +15V, VSS = -15V unless otherwise noted) 

PARAMETER VERSION I SWITCH @+2S·C ·OVER SPECIFIED TEST CONDITIONS 
CONDITION TEMP. RANGE 

ANALOG SWITCH 

RoN J. K ON 300n typo 4S0n max sson max Vs = -10V to +10V. Is = 1mA 
S. T ON 400n max Soon max 

RoN vs. Vs All ON 15% typ 

RoN vs. Temperature All ON 0.5%1 C typ 
t1RoN Between Switches All ON 4% typ Vs = OV. Is = 1mA 
RoN vs. Temperature Between Switches All ON O.OS%I·C typ 

IS (OFF) J. K OFF O.OSnA typo SnA max SOnA max 
S. T OFF O.OSnA typo InA max SOnA max Vs = -10V. VOUT = +lOV 

lour (OFF) AD7S06 J. K OFF 0.3nA typo 20nA max SOOnA max and 
S. T OFF O.3nA typo 10nA max SOOnA max Vs = +10V. VOUT = -10V 

AD7S07 J. K OFF 0.3nA typo 10nA max 2S0nA max "Enable" Low 

S. T OFF 0.3nA typo SnA max 2S0nA max 

lour -IS AD7S06 J. K ON 0.3nA typo 20nA max SOOnA max 
(Any Switch ON) S. T ON O.3nA typo 10nA max SOOnA max 

AD7S07 J. K ON O.3nA typo 10nA max 2S0nA max 
Vs = 0 

S. T ON 0.3nA typo SnA max 2S0nA max 

DIGITAL CONTROL 
VINL 0.8V max 

J. S 3.0V min Note 2 
VINH K. T 2.4V min 

IINL or IINH All 10ilA max 30llA max 

em All 3pF typ 

DYNAMIC CHARACTERISTICS3 

trRANSITION J,S 700ns typ 
K. T 70005 typo 1000ns max VIN : 0 to 3.0V 

top EN All lOOns typ 

tON (En) J. S 0.81ls typ 
K. T 1.5lls max 

"EN: 0 to 3.0V 
tOFF (En) J. S 0.81ls typ 

K.T Ills max 

"OFF" Isolation All 70dB typ VEN = O. RL = 200n. G. = 3.OpF. 
Vs = 3.0V rms. f = 50kHz 

Cs All OFF SpF typ 

COUT AD7S06 All OFF 40pF typ 
AD7S07 All OFF 20pF typ 

Cs OUT All OFF O.SpF typ 

CSS Between Any Two Switches All OFF O.SpF typ 

POWER SUPPLY 

100 J,K OFF O.OSmA typo 1mA max 
S. T OFF O.OSmA typo ImA max 2mA max 

ISS J. K OFF O.OSmA typo 1mA max 
All Digital Inputs Low 

S.T OFF O.OSmA typo 1mA max 2mA max 

100 J.K ON 0.3mA typo 1mA max 
S. T ON O.3mA typo 1mA max 2mA max 

Iss J. K ON O.OSmA typo 1mA max 
All Digital Inputs High 

S. T ON O.OSmA typo 1mA max 2mA max 

NOTES: 
I IN. KN versions specified for 0 to +70°C;JD. KD versions for -2S"C to +RSoC; and SD. TD versions for -55"<..: \0 +125"C. 
2 A pullup resistor. typically 1-2kn is required to make the J and S versions compatible with TTL/DTL. The maximum value i~ determined hy 

the output leakage current of the driver gue when in the high state. 
, AC parameters arc sample tested to ensure conformance to specifications. 
Specifications subject to change without notice. 

TRUTH TABLES 

AD7S06 AD7S07 

A3 A2 AI Ao ~ "ON" A2 AI Ao ~ 
0 0 0 0 1 1 0 0 0 1 
0 0 0 1 1 2 0 0 1 1 
0 0 1 0 1 3 0 1 0 1· 
0 0 1 1 1 4 0 1 1 1 
0 1 0 0 1 5 1 0 0 1 
0 1 0 1 1 6 1 0 1 1 
0 1 1 0 1 7 1 1 0 1 
0 1 1 1 1 8 1 1 1 1 
1 0 0 0 1 9 X X X 0 
1 0 0 1 1 10 
1 0 1 0 1 11 
1 0 1 1 1 12 
1 1 0 0 1 13 
1 1 0 1 1 14 
1 1 1 0 1 15 
1 1 1 1 1 16 
X X X X 0 None 

VOL. i; 16-10 CMOS SWITCHES & MUL TIPLEXERS 

"ON" 

1&9 
2 & 10 
3 & 11 
4 & 12 
S & 13 
6& 14 
7 & 15 
8& 16 
None 

ORDERING INFORMATION 

AD7S06}N 

AD7S06KN 

AD7S07}N 

AD7S07KN 

AD7S06}D 

AD7S06KD 

AD7S07}D 

AD7S07KD 

AD7S06SD 

AD7S06TD 

AD7S07SD 

AD7S07fD 

Operating 
Temperature Range 

PACKAGE 
IDENTIFICATION! 

Suffix D: Ceramic DIP - (D28A) 
Suffix N: Plastic DIP - (N28A) 

I Sec Section 20 for package 
oudine information. 



1. RON vs. Vs 

RoN (II) 

I 1\ 
I If , 
I / 1\ 

640 

600 

560 

520 

480 

440 

400 

360 

32 

280 

240 

200 

'7.5V~" \ 
-~ V I 

./ !lOV 

0 
~ 

~ - ~v 
::;;;..- !15V 

I 
I 

-10 -8 -6 -4 -2 

IA 
/" 

./ 
./ .....-_ .... 

"\. 
.>-
./ 

8 10 
Vs (V) 

A t Different Power Supplies 

RoN (n) 
500 

I I vJ = -1~V 
~ I I 

voo = +15V 
Is a: lmA 

450 

.......... r---.. ~ TA = +125'C' 

400 

350 

300 I I 
r---.. l- TA • +25'C 

250 

L=1,c r-.... 200 

150 

I I 
-10 -8 -6 -4 -2 

_h 

f'.. 

....... 

-
10 

Vs (V) 

At Different Temperatures 

2. lOUT vs. VOUT 

+250 

+200 

+150 

+100 

+50 

-50 

-100 

-150 

-200 

-250 

loUT (pA) 

"-
~ 
~ -....... 

-10 -8 -6 -4 -2 

VSS' -15V 
Veo • +15V 
Y,N ·OV 
-10V" VJO .. +10V-
TA • +25 C 

r""-~ 
~ 
~ 

8 10 
VOUT (V) 

Typical Performance Characteristics 
3. lOUT vs. TA 

loUT (nA) 
1000.0 

100.0 
,/ 

/ 

10.0 
/ 

1/ 

1.0 / 

./ 

0.1 
~ 

-0.01 
-60 -40 -20 20 40 60 80 100 120 140 

TA (OC) 

4. tTRANSlTION vs. VIN 

Vss' -15V 
I-:--t-----t-------+--- Veo = +15V -

TA = +25'C 

SI to S16 

~ 1~2~.4~~3.~0----~4.~0----~5.~0----~6.0~-

5. Pn vs. Logic Frequency 

Po (mW) 
100.0 

10.0 

1.0 

0.1 
100 lK 

V,N,V) 

Vss = -15V -
Veo = +15V -
f· 50% DUTY CYCLE 
TA = +25'C -

../ 

-"" 
. Po (Voe ) ./ 

L 
./ 

10K 

/ 
/ 

/ 
Po (Vss) 

lOOK 
f (Hz) 

•• 
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TYPICAL SWITCHING CHARACTERISTICS 

TEST CIRCUIT 1 

V1N 

(5V/DIV) 

VOUT 
(10V/DIV) 

O.Sps/DlV 

S1 = -10V, S16 = +10V, 
S2 - S15= OV, RL = 1K 

V 1N 
(5V/DIV) 

VOUT 
(10V/DIV) 

O.5ps/DlV 

S1 = +10V, S2 = -10V, 
S2 - S15 = OV, RL = 00 

VOL. I, 16-12 CMOS SWITCHES & MULTIPLEXERS 

TEST CIRCUIT 2 

AD7506 EN 
,--

Voo I ~~--~--~--~--~~ 
(+'5V)~ 

VOUT 
(5V/DIV) 

GND~ 
I 

(-~~t)~ 
L 

O.Sps/DlV 

V 1N 
(5V/DIV) 

VOUT 
(5V/DIV) 

O.Sps/DIV 

S1 through S16 = +10V S1 through S16 = -10V 

V1N 
(5V/DIV) 

VOUT 
(O.5V/DIV) 

O.Sps/DIV 

S1 through S16 = OV 



r.ANALOG 
WDEVICES 

01 CMOS 
Protected Analog Switches 

AD751ODI, AD7511DI, AD7512D1' I 
FEATURES 
Latch·Proof 
Overvoltage·Proof: ±25V 
Low RON: 75n 
Low Dissipation: 3mW 
TTL/CMOS Direct Interface 
Silicon·Nitride Passivated 
Monolithic Dielectrically·lsolated CMOS 

GENERAL DESCRIPTION 
The AD7510DI, AD7511DI and AD7512DI are a family of 
latch proof dielectrically isolated CMOS switches featuring 
overvoltage protection up to ±25V above the power supplies. 
These benefits are obtained without sacrificing the low "ON" 
resistance (75n) or low leakage current (400pA), the main 
features of an analog switch. 

The AD7510DI and AD75UDI consist of four independent 
SPST analog switches packaged in a 16-pin DIP. They differ 
only in that the digital control logic is inverted. The AD7512DI 
has two independent SPDT switches packaged in a 14-pin DIP. 

Very low power dissipation, overvoltage protection and TTL! 
CMOS direct interfacing are achieved by combining a unique' 
circuit design and a dielectrically isolated CMOS process., 
Silicon nitride passivation ensures long term stability while 
monolithic' coristruction provides reliability. 

PACKAGE IDENTIFICATION 1 

Suffix D: Ceramic DIP 
AD7510DI, AD7511DI - (D16B) 
AD7512DI - (D14B) 

Suffix N: Plastic DIP 
AD7510DI, AD7511DI - (N16B) 
AD7512DI - (N14B) 

1 See Section 20 for package outline information. 

AD7S10DI, AD7511DI, AD7512DI 
FUNCTIONAL BLOCK DIAGRAMS 

AD7510DI 
AD7511D1 

16-PIN DIP 
TOP VIEW 

ORDERING INFORMATION 

Plastic 

AD7510DlJN 
AD7510DlKN 
AD7511D1JN 
AD7511D1KN 
AD7512D1JN 
AD7512D1KN 

CONTROL LOGIC 

Ceramic 

AD7510DlJD 
AD7510DlKD 
AD7511DI]D 
AD751IDIKD 
AD7512D1JD 
AD7512DIKD 

AD7510DISD 
AD751IDISD 
AD751IDITD 
AD7512DISD 
AD7512DITD 

AD7512DI 

14-PIN DIP 
TOP VIEW 

Operating 
Temperature 

Range 

AD7510DI: Switch "ON" for'Address "HIGH" 

AD7511DI: Switch "ON" for Address ,"LOW" 

AD7512DI: Address "HIGH" makes Sl to Out 1 and S3 to 
Out 2 
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SPECIFICATIONS (Voo =+15V, Vss = -15V unless otherwise noted) 

COMMERCIAL VERSIONS 0, K) 

PARAMETER MODEL VERSION +2SoC o to +70
o

C (N) TEST CONDITIONS 
-2SoC to +8SoC (D) 

ANALOG SWITCH 

RON 
I All J. K 75n typo lOon max l75n max -lOV ~ Vn ~ +lOV 

RON vs Vo (Vs ) All J,K 20% typ Ins = 1.OmA 

RON Drift All J,K +O.5%/
o
C typ 

RON Match All J,K 1% typ Vn = O. Ins = 1.0mA 
.RoN Drift 

All J. K O.Ol%/C typ Match 

In (Is) OFF 1 All J. K 0.5nA typo 5nA max 500nA max Vn = -lOV.Vs = +lOV and 
Vn = +lOV. Vs = -lOV 

10 (Is)ON l All J,K 10nA max Vs=Vn=+lOV 

Vs = Vn = -lOV 

'oUT 
I AD75l2D1 J. K l5nA max l500nA max VS1 = VOUT = ±lOV. VS2 = +10V 

and VS2 = VOUT = ±lOV. VS1 = +10V 

DIGITAL CONTROL 

VINL
1 All J. K 0.8V max 

VINH
1 All J 3.0V min 

All K 2.4V min 

GN All J. K 3pF typ 

IINHI All J. K 10nA max VIN = Voo 
IINL I All J. K 10nA max VIN = 0 

DYNAMIC 
CHARACTERISTICS 

tON AD7510DI J. K 180ns typ 
AD7511DI J,K 350ns typ VIN = 0 to +3.0V 

tOFF AD7510Dl J. K 350ns typ 
AD751IDI J. K 180ns typ 

trRANSITION AD7512DI J. K 300ns typ 

Cs (Co)OFF All J. K 8pF typ 
Cs (Co)ON All J. K 17pF typ 

COS (CS- OUT ) All J,K 1pF typ Vo (Vs ) = OV 

Cno (Css ) All J,K 0.5pF typ 
COUT AD7512DI J. K 17pF typ 

~J All J. K 30pC typ Measured at S or D terminal. 
~ = lOOOpF. VIN = 0 to 3V. 
Vn (VS) = +lOV to -lOV 

POWER SUPPLY 

Ion 
1 All J,K 800pA max 800pA max All digital inputs = VINH 

Iss) All J. K 800pA max 800pAmax 

loq 
) All J,K 500pA max 500pA max All digital inputs = VINL 

Iss All J. K 500pA max 500pA max 

Inn 
) All J. K 800pA max 

IsS 
1 All J. K 800pAmax 

All digital inputs = VINH 

100 
1 All J. K 500pA max All digital inputs = VINL 

Iss 
1 All J. K 500pA max 

NOTES: 
'100% tested. 

Specifications subject to change without notice. 
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MILITARY VERSIONS (S, T) 

PARAMETER MODEL 

ANALOG SWITCH 

RON 
I All 

10 (IS)OFF 
i All 

10 (Is)ON I All 

lOUT 
I AD75l2DI 

DIGITAL CONTROL 
VINL 

I All 

VINH I ,2 AD75l0DI 
AD751lDI 
AD75l2DI 
AD751lDI 
AD75l2DI 

IINH: All 

IINL All 

DYNAMIC 
CHARACTERISTICS 

tON 
3 AD75l0DI 

AD75llDi 

toFF 
3 AD75l0DI 

AD751lDI 
tTRANSITION

3 
. AD75l2DI 

POWER SUPPLY 

100 
I All 

Iss I All 

IDOl All 

Iss All 

NOTES: 
1 100% tested. 

VERSION +2S
o
C 

S, T lOon max 

S,T 3nA max 

S,T 10 

S, T 9nA max 

S, T 

S 
T 
T 
S 

• S 
S, T lanA max 
S, T lanA max 

S, T l.O/ls max 
S, T 1.0/ls max 
S, T 1.0/ls max 
S, T 1.0/ls max 
S, T 1.0/ls max 

S, T . 
S, T 

S, T 
S, T 

l75n max 

200nA max 

600nA max 

O.BV max 

2.4V min 
2.4V min 
2.4V min 
3.0V min 
3.0V min 

BOO/lA max 
BOO/lA max 

500/lA max 
500/lA max 

TEST CONDITIONS 

-lOV";; VD ..;; +lOV 
los = lmA 

Vo = -lOY, Vs = +lOV and 
Vo = +lOV, Vs = -lOY 

Vs = Vo = +lOV and 
. Vs = Vo = -lOY 

VS1 = VOUT = ±lOV 
VS2 = HOV and 
VS2 = VOUT = ±lOV 
VS1 = HOV 

VIN = 0 to +3V 

All digital inputs = VINH 

All digital inputs oc V INL 

2 A pullup resistor, typically 1-2kn is required to make A0751l0lS0 and A07S12D1S0 TTL compatible. 
I Guaranteed, not produ,tion tested. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
VDO to GND ............................. +17V 
VSS to GND .............................. -17V 
Overvoltage at Vo (VS) 

(1 second surge) ..................... VDD +2SV 

or VSS -2SV 
(Continuous) ....................... VOD +20V 

or VSS -20V 
Switch Current (Ios' Continuous) .............. SOmA 
Switch Current (IDS' Surge) 

1ms Duration, l()O;6 Duty Cycle ............. . lS0mA 

Digital Input Voltage Range ............... OV to Voo 
Power Dissipation (Package) 

14 & 16 pin Ceramic Dip 
Up to +7SoC . ......................... 4S0mW 
Derates above +75°C by .................. 6mW/C 

14 & 16 pin Plastic Dip 
Up to +70oC .......................... 670mW _ 
Deratesabove +75°C by ................. 8.3mW/C _ 

Storage Temperature ................ -6SoC to +lS0oC 

Operating Temperature 
Plastic (J, K Versions) ................. 0 to +70

o
C 

Ceramic (J, K Versions) ............. -2SoC to +8SoC 
Ceramic (S, T Versions) ............ -SSoC to +12SoC 

CAUTION: The digital control inputs are zener protected; 
however, permanent damage may occur on unconnected units 
under high electrostatic fields. Keep unused units in conductive 
foam at all times. Prior to pulling the devices from the conduc
tive foam, ground the foam to deplete any accumulated charge. 

CMOS SWITCHES & MULTIPLEXERS VOL. I, 16-15 



CIRCUIT DESCRIPTION 

r--------.------------__ovoo +15V 

r--............ (in-) 

~~~--~~---------, 

CONT~~t A 
INPUT 

LEVEL 
SHIFTER! 
DRIVER 

(in+) 

~-----------__oD 

L-----~~-----------__oVSS-15V 
NOTE: CIRCLED DEVICES IN SEPARATE ISOLATED POCKETS. 

Figure 1. Typical Output Switch Circuitry of AD7510DI Series 

CMOS devices make excellent analog switches; however, 
problems with overvoltage and latch-up phenomenum neces
sitated protection circuitry. These protection circuits, 
however, either caused degradation of important switch 
parameters such as RON or leakage, or provided only limited 
protection in the event of overvoltage. 

The AD75100I series switches utilize a dielectrically-isolated 
CMOS fabrication process to eliminate the four-layer substrate 
found in junction-isolated CMOS, thus providing latch-free 
operation. 

A typical switch channel is shown in Figure 1. The output 
switching element is comprised of device numbers 4 and 5. 
Operation is as follows: for an "ON" switch, (in+) is VDD 
and (in-) is VSS from the driver circuits. Device numbers 
1 and 2 are "OFF" and number 3 is "ON." Hence, the back
gates of the P- and N-channel output devices (numbers 4 and 
5) are tied together and floating. (The circled devices are 
located in separate dielectrically isolated pockets.) Floating. 
the output switch back-gates with the signal input increases 
the effective threshold voltage for an applied analog signal, 
thus providing a flatter RON versus V S response. 

For an "OFF" switch, device number 3 is "OFF," and the' 
back-gates of devices 4 and 5 are tied through 1kn resistors 
(R1 and R2) to the respective supply voltages through the 
"ON" devices 1 and 2. 

If a voltage is applied to the S or D terminal which exceeds 
VDD or VSS, the S- or D-to-back-gate diode is forward biased; 
however, R1 and R2 provide current limiting action. 

Consequently, without external current limiting resistance 
(or increased RON), the AD751001 series switches provide: 

1. Latc~-proof operation 

2. Overvoltage protection 25V beyond the VSS and VDD 
supply voltage 
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An equivalent circuit of the outpu't switch element in Figure 2 
shows that. indeed, the 1kn limiting resistors are in series 
with the back-gates of the P- and N-channel output devices
not in series with the signal path between the Sand D 
terminals. 

In some applications it is possible to 'turn on a parasitic NPN 
(drain to back-gate to source of the N-channel) transistor, 
causing device destruction under certain conditions. This 
case will only manifest itself when a negative overvoltage 
(and not a positive overvoltage) exists with another voltage 
source on the other side of the switch. Current limitation 
through external resistors (200n) or current limiting devices. 
(ou~put of op amps). will prevent damage to the device. 

Voo 
+15V 

lk 

,---- ---l 

S ~o---tl--":": -i.~~+-__ -+P.+_II--""'--<) 0 
I N- I -L _______ .J 

P CHANNEL 

N- CHANNEL 
r- - -- ---, 
I p-.. I 

I N+ ~+: L ______ ...J 

lk 

Figure 2. AD7510DI Series Output Switch 
Diode Equivalent Circuit 



TYPICAL PERFORMANCE CHARACTERISTICS 

300 
AD7510DI 

250 AD7511DI _ 
AD7512DI 

~ - TA z +25°C -- " 
±5V k- 150 -

±7.5V -......-- --±12V 
100 

-~ 
I -

±15V 50 

-12 -10 -8 -6 -4 -2 10 12 

AT DIFFERENT SUPPLIES Vo (Vsl (VI 

RON as a Function of Vo (VS) 

RoN (n! 

300 
AD7510DI 

250 :~;~g~: -
200 

Voo • +15V 
Vss = -15V-

150 

i--t-- TA • +12SoC 
100 

l- TA • +25°C 
l-

SO 
TA = r55°C 

-12 -10 -8 -6 -4 -2 10 12 

AT DIFFERENT TEMPERATURES Vo (Vsl (VI 

RON as a Function of Vo (VS) 

500 

400 

300 

200 

100 

-100 

-200 

-300 

-400 

-SOO 

IS (pAl 

.....-
~ 

-I--r-

------
-12 -10 -8 -6 -4 -2 

Is, (lO)OFF VS Vs 

AD7510DI. AD7511D1 
VOO • +15V -VSS -15V -
TA • +25°C-:- -

- f--~ 

10 12 

Vs (VI 

tTRANSITION (nsl 

600 r---t 
AD7512DI 

~~:_~~~V_ 
\ TA • +25°C 

\. 

soo 

400 

300 

"'" 
OUT 1 TO S2 

"""--- OUT 1 TO Sl 
200 

100 

o 
o 5 

V1N (VI 

tTRANSITlON as a Function of Oigital Input Voltage 

( I tON. 'oFF ns 

600 
AD7510DI 

500 I-~IN = 0 to 3.0V 
Voo • +15V 

400 

300 

200 

100 

o 
-60 

Vss • -15V 

.--

-40 -20 

----~ .-~ -
'oN 

20 40 60 80 100 120 
TA (OCI 

tON, tOFF as a Function of Temperature 

tTRANSITION (nsl 

600 
A07512DI 

I-VOO • +15V 
Vss' -15V 

500 

400 
V1N • 0 to +3.0V 

300 f--r- OUT 1 to Sl 

200 

100 

o 
-60 

OUT 1 to S2 

-40 -20 

_f------
~ 

20 40 60 80 100 120 
TA rCI 

tTRANSITlON as a Function of Temperature 
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TYPICAL SWITCHING CHARACTERISTICS AD7510DI, AD7511DI 

V 1N 
(5V/DIV) 

Vs 
(5V/DIV) 

V1N 

(5V/DIV) 

Vs 
(W/DIV) 

O.5Ils/DlV ., ............... . 
1111111 •• 1 

••• 11111 
I •••• 
lilt ••• 
1.11111111 
I •••• -----

Switching Waveforms for Vo = -1DV 

O.5Ils/DlV 

Switching Waveforms for Vo = Open 

V1N 
(5V/DIV) 

Vs 
(5V/DIV) 

V 1N 
(5V/DIVI 

Vs 
(O.5/DIV) 

Switching Waveforms for Vo = +1DV 

O.5Ils/DlV 

•• ' ••••• 1111 ....... 
•• 1 

••••• 11111 
1 •••••••• 1 
III. 1111111 II Il' II I 

•• 1 
•• 1 -_. 

Switching Waveforms for Vo = DV 

AD7510Dl, AD7511D1 TEST CIRCUIT 

r----- --, 
_. i _r-\_~ ~VD 
VIN~- 0-"":"---"""--, , ,vs 

I 
1k 

SCOPE 
10MnnpF 
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TYPICAL SWITCHING CHARACTERISTICS AD7512DI 

V 1N 
(5V/DIV) 

Vs 
(10V/DIV) 

V1N 
(5V/DIV) 

Vs 
(O.5V/DIV) 

O.5I1s/DIV '.!!!!.I_'_---•• 1 

Switching Waveforms for 

11111 
•• 1 
11111 
11.1 

VS1 = -10V, VS2 = +10V, RL = 1k 

O.5I1s/DIV 

.. -•• 1 
11111 
.1 .1 

I 
I ---_. 

Switching Waveforms for 
VS1 and VS2 = OV, RL = 00 

V1N 
(5V/DIV) 

Vs 

(10V/DIV) 

V1N 
(5V/DIV) 

Vs 
(O.5/DIV) 

AD7512DI TEST CIRCUIT 

r-----' 
I VS1 
~ I VOUT 
VIN~ - --.......:r--t----..... -...., 

I y I OV I S2 

rt;~ 
Vss GND voo 

(-15V) (+15V) 

O.5I1s/DIV 

-- ---I. 1111. 
11I' ••••• lll 
1 •• 1111111111 •• 1 
1.1 • 1.1 
1111 • 1111 
I • . -

Switching Waveforms for 
VS1 = +10V, VS2 = -10V, RL = 00 

O.5I1s/DIV 

Switching Waveforms for 
VS1 and VS2 = Open, RL = 1k 

SCOPE 
10MnnpF 

• I 
I 
I 
I 
I 
I • 
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TERMINOLOGY 

RON' 
RON Drift 
Match: 

RON Match: 

ID (IS)OFF: 

ID (IS)ON: 

VD (VS): 

Cs (CD): 

CDS: 

Ohmic resistance between terminals D and S. 

Difference between the RON drift of any 
two switches. 

Difference between the RON of any two 
switches. 
Current at terminals D or S. This is a leakage 
current when the switch is "OFF." 

Leakage current that flows from the closed 
switch into the. body. (This leakage will 
'show up as the difference between the 
current ID going into the switch and the 
outgoing current IS.) 
Analog voltage on terminal D (S). 
Capacitance between terminal S(D) and 
ground. (This capacitance is specified 
for the switch open and closed.) 

Capacitance between terminals D and S. 
(This will determine the switch isolation 
over frequency.) 

VOL. I, 16-20 CMOS SWITCHES & MULTipLEXERS 

CDD (CSS): 

tON: 

tOFF: 

ttransition: 

VINL= 
VINH: 

IINL (IINH): 

CIN: 

VDn: 

VSS: 

IDD: 

ISS: 

capacitance between terminals D (S) of any 
two switches. (This will determine the cross 
cou piing between. switches vs. frequency.) 

Delay time between the 50% points of the 
digital input and switch "ON" condition. 

Delay time between the 50% points of the 
digital input and switch "OFF" condition. 

Delay time when switching from one address 
state to another. 

Threshold voltage for the low state. 

Threshold voltage for the high state. 

Input current of the digital input. 

Input capacitance to ground of the digital 
input. 

Most positive voltage supply. 

Most negative voltage supply. 

Positive supply current. 

Negative supply current. 



~ANALOG 
WDEVICES 

01 CMOS 
Analog Switches with Data Latches 

AD7590DI, AD7591D1, AD7592DI I 

FEATURES 
SCR latch-Proof 
Overvoltage-Proof: ±25V 
low RON: 75n 
Buffered Switch logic ' 
IlP, TTL, CMOS Compatible 
Silicon-Nitride Passivated 
Monolithic Dielectrically-Isolated CMOS 
Pin Compatible with AD7510DI Series 

GENERAL DESCRIPTION 
The AD7590Dl, AD7591D1 and AD7592D1 are a family of 
protected (latch proof) dielectric ally isolated CMOS switches 
featuring overvoltage protection up to ±25V above the power 
supplies. Microprocessor interfacing is facilitated by the pro
vision of on-chip data latches. 

The AD7590Dl and AD7591D1 consist of four independent 
SPST analog switches packaged in a 16-pin DIP. They differ 
only in that the switch control logic is inverted. The AD7592D1 
has two independent SPDT' switches packaged in a 14-pin DIP. 

ORDERING INFORMATION 

Model 
Sufftx 

KN 

SD 

Operating 
Temperature Range 

Military temperature versions will be available at a later date. 

AD7590DI, AD7591DI, AD7592DI 
FUNCTIONAL BLOCK DIAGRAMS 

16-PIN DIP 
TOP VIEW. 

CONTROL LOGIC (WR HELD LOW) 

14-PIN DIP 
TOP VIEW 

AD7590DI: Switch "ON" for Address "HIGH" 

AD7591DI: Switch "ON" for Address "LOW" 

AD7592DI: Address "HIGH" makes S1 to Out 1 
and S3 to Out 2 

PACKAGE IDENTIFICATION l 

Suffix D: Ceramic DIP Package 
AD7590, AD7591 - (D16B) 
AD7592 - (D14B) 

Suffix N: Plastic DIP Package 
AD7590, AD7591 - (N16B) 
AD7592 - (N14B) 

I See Section 20 for package infonnation. 
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SPECIFICATIONS (VOO=+15V, VSS=-15V unless otherwise noted) 

PARAMETER 

ANALOG SWITCH 
RaNI 

RON Match 2 

RON Match Drift1 

10 (IS) OFF I 

10 (IS) ON I 

Cs (Co) OFF3 

Cs (Co)ON3 

COS (CS _OUT)3 
Coo (~SS)3 
COUT 

DIGITAL CONTROL 

VINL
I 

VINH
I 

CIN
3
14 

IINH ' 
IINL 1,4 

DYNAMIC CHARACTERISTICS 

tON
2 

tTRANS [TIO N 2 

Write Pulse-Width (tWR)2 
AddressSet Up Time (tAS)2 
Address Hold Time (tAH)2 

OFF Isolation3 

MODEL 

All 

All 
All 
All 

All 

AD7592D1 

All 
All 
All 
All 
AD7592DI 

All 
All 
All 
All 
All 

AD7590DI 
AD7591D1 

AD7590DI 
AD7591D1 

AD7592DI 

All 
All 
All 

TA = +2S
o

C 

60U typ, 90U max 

1% typ 
O.Ol%/oC typ 
O.5nA typ, 5nA max 

0.5nA typ, 5nA max 

l.OnA typ, lOnA max 

lOpF typ 
30pF typ 
lpF typ 
0.5pF typ 
40pF typ 

0.8V max 
2.4V min 
5pF typ 
lilA max 
lilA max 

l70ns typ, 340ns max 
300ns typ, 600ns max 

300ns typ, 600ns max 
l70ns typ, 340ns max 

300ns typ, 600ns max 

300ns typ, 400ns min 
Ons min 
l50ns typ, 250ns min 

TA = OPERATING 
. TEMPERATURE RANGE TEST CONDITIONS/COMMENTS 

120Umax -lOV~Vo~+IOV 

los = 1.0mA 

Vo = 0, los = 1.0mA 

lOOnA max Vo = -lOY, Vs = +lOV and 
Vo = +lOV, Vs =.-lOV 

100nA max Vs = Vo = +lOV and 
VS=VO=-lOV 

200nA max VSl = VOUT = ±lOV, VS2 = +lOV 

0.8V max 
2.4V min 
5pF typ 

and VS2· = VO UT = ±lOV, VSl = +lOV 

Vo (Vs)= ov 

lilA max VIN = 0 or Voo 
lilA max 

190ns typ, 380ns max 
380ns typ, 760ns max 

380ns typ, 760ns max 
190ns typ, 380ns max 

380ns typ, 760ns max 

400ns typ, 500ns min 
Ons min 
250ns typ, 3 SOns min 

See Figure 1 

(Analog Input to Analog Output) All Better than -85dB at 1kHz. Feedthrough primarily dependent upon printed 

Crosstalk3 
circuit board layout. . 

(Digital Input to Analog Output) All 

Q[NJ (Charge Injection)3 

POWER SUPPLY 

100
1 

ISSI 

NOTES 
1100% tested. 
2 Guaranteed, not production tested. 

All 

All 
All 

5mV peak, typ 

40pC typ 

lmAmax 
lmAmax 

3 Typical values for information only, not subject to test or guarantee. 
4 Inputs are MOS gates typical current less than 10nA. 

Specifications subject to change without notice. 
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lmAmax 
lmAmax 

RL = lMU, CL = l5pF 
VINH = 3.0V, VINL = OV 
trise = tfall = 20ns 
WR held HIGH 
Measured at S or D 
terminal, CL = 1000pF 
VIN = 0 t~OV, Vo (VS) = +lOV 
to -lOY, WR held LOW 

All digital inputs 
VIN = VINH or V1NL 



ABSOLUTE MAXIMUM RATINGS· 

Voo to GND ...... . 
Vss to GND ....... . 
Overvoltage at Vo (Vs ) 

(1 second surge) . 

(Continuous) ... 

. +17V 

. -17V 

Voo +25V 
or Vss -25V 

. . Voo +20V 
or Vss -20V 

. SOmA Switch Current (los' Continuous) ........ . 
Switch Current (los, Surge) 

lms Duration, 10% Duty Cycle. . .......... IS0mA 

Digital Input Voltage Range ......... -0.3V to Voo +0.3V 

Absolute Maximum RatiliS] 

Power Dissipation (Package) 
14- & 16-pin Ceramic Dip 

Up to +7S°C. ........ . 
Derates above +7SoC.by .. 

14- & 16-pin Plastic Dip 

Up to +70°C. ....... . 
Derates abovc +7SoC by . 

Storage Temperature ... 
Operating Temperature 

Plastic (KN Versions) . 
Ceramic (BD Versions) ..... . 

. . 4S0mW 

. .6mW/C 

........ 670mW 

. ...... 8.3mW/C 

. -6SoC to +lSO°C 

.... 0 to +70°C 

. -2SoC to +8SoC 

·COMMENT: 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. 

CAUTION:------------------------------------------------------
ESD (Electro-Statie-Discharge) sensitive device. The digital control inputs are zener protected; 
however, permanent damage may occur on unconnected devices subject to high energy elec
trostatie fields. Unused devices must be stored in conductive foam or shunts. The protective 

WARNING! 0 
~~DEvln foam should be discharged to the destination socket before devices are removed. 

TIMING AND CONTROL SEQUENCE 

-::;::y V-
~ ~ 1 ---:1----..,..-- I 

I I I 
----~I--tA-S~UI ~A ~I _~_H~I ______ _ 

WR 

tAH ADDRESS HOLD TIME 
tAS ADDRESS SET UP TIME 
twA CLOCK PULSE WIDTH 

Figure 1. Timing and Control Sequence 

Figure 1 shows the timing sequence for latching the switch 
address. The minimum data set up time is zero so that the data 
may change coincident with the falli!!&..,edge of WR. The ad
dress is latched on the risirig edge of WR and address must be 
held f~.!:...IAH minimum to guarantee that it will be latched. 
While WR is held low the latch is transparent and the switches 
respond to changes in the input address. 

• 
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CIRCUIT DESCRIPTION 

,-------e--------------O Vee +15V 

A 

TTL 
CONTROL 

INPUTS WR 

,...----'1--......, (in-) 

LATCH 
AND 

LEVEL 
SHIFTER/ 
DRIVER 

(in+) 

~----------__<>D 

L---------4I~-----------__<> Vss -15V 
NOTE: CIRCLED DEVICES IN SEPARATE ISOLATED POCKETS. 

Figure 2. Typical Output Switch Circuitry of AD7590DI Series 

CMOS devices make excellent analog switches; however, 
problems with overvoltage and latch-up phenomenum neces
sitated protection circuitry. These protection circuits, 
however, either caused degradation of important switch 
parameters such as RON or leakage, or provided only limited 
protection !n the event of overvoltage. 

The AD7590Dl series switches utilize a dielectrically-isolated 
CMOS fabrication process to eliminate the four-layer substrate 
found in junction-isolated CMOS, thus providing latch-free 
operation. 

A typical switch channel is shown in Figure 2. The output 
switching element is comprised of device numbers 4 and 5. 
Operation is as follows: for an "ON" switch, (in+) is VDD 
and (in-) is VSS from the driver circuits. Device numbers 
1 and 2 are "OFF" and number 3 is "ON." Hence, the back
gates of the P- and N-channel output devices (numbersA and 
5) are tied together and floating. (The circled devices are 
located in separate dielectrically isolated pockets.) Floating 
the output switch back-gates with the signal input increases 
the effective threshold voltage for an applied analog signal, 
thus providing a flatter RON versus Vs response. 

For an "OFF" switch, device number 3 is "OFF," and the 
back-gates 'of devices 4 and 5 are tied through lkn resistors 

. (Rl and R2) to the respective supply voltages through the 
"ON" devices 1 and 2. 

If a voltage is applied to the S or D terminal which exceeds 
VDD or VSS, the S- or D-to-back-gate diode is forward biased; 
however, Rl and R2 provide current limiting action. 

Consequently, without external current limiting resistance 
(or increased RON), the AD7590DI series switches provide: 

1. Latch-proof operation 

2. Overvoltage protection 25V beyond the VSS and VDD 
supply voltage 
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An equivalent circuit of the output switch element in Figure 3 
shows that, indeed the lkn limiting resistors are in series 
with the back-gates of the P- and N-channel output devices-
1lOt in series with the signal path between the Sand D 
terminals. 

In some applications it is possible to turn on a parasitic NPN 
(drain to back-gate to source of the N-channel) transistor, 
causing device destruction under certain conditions. This 
case will only manifest itself when a negative overvoltage 
(and not a positive overvoltage) exists with another voltage 
source on the other side of the switch. Current limitation 
through external resistors (200n) or current limiting devices 
(output of op amps) will prevent damage to the device. 

VDO 
+15V 

lk 

,---- ---l 
: ~+ p+ I 

S o---4"-...!.I---'M--N-4I_~4111I--+I-e--O~ 0 
L _______ .J 

P CHANNEL 

N- CHANNEL r-------, 
I P- I 

lk 

) 

-15V 
Vss 

Figure 3. AD7590DI Series Output Switch 
Diode-Equivalent-Circuit ' 



Typical Performance Characteristics 

RON -n 

160 

140 

120 

100 

80 

60 

40 

20 

TA = +25"C 

-
",,--f--

-
r---

o 
-15 -10 -5 

Aci1590DI_ 
AD1591DI 
AD1592DI_ 

V"-±1.5V 

~ /' !10V 

---- ....... --~ 
Vo (Vs) -v 

10 15 

RON as a Function of VD (VS) for Different Supply Voltages 

2.0 ..... -------.---------,...--------, 
AD1590DI 
TA = 25"C 

1.0...--------+--:7"'''''----::; ...... '''''''''''=---11--------1 

~----------~!~5------------~!1~0------------_~.,~:~SUWLY 

Threshold Voltage as a Function of Supply Voltage 

VTH -v 
2.5 

1 1 

......... AD1590DI 

.......... Voo =+15V_ 

i'- Vss = -15V 

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

I'----- VINH 
r-----I'----- VINL 
r----. r---

2.0 

1.5 

1.0 

0.5 
TA -"C 

-80 -60 -40 -20 20 40 60 80 100 120 140 160 

Threshold Voltage as a Function of Temperature 

GLITCH MAGNITUDE '- mV p.p 

1.0 
AD1590DI 
VOO K +15V 

0.8 Vss' -15V 
VIN = 0 - 3V. 500kHz. to ·20n. 

0.6 
Wii=+15V CL"10pF _ 

----- CL = 40pF 

~ CL'lOOpF 

:.---
RL 

0.4 

0.2 

o -n 
. 100 lK 10K lOOK 

Digital Crosstalk as a Function of Load Impedance 

RON - n 
110 

I I 
100 r- AD1590DI 

Voo = +15V 

90 

80 

.10 

60 

Vss = -15V h 

.........: -? 
Vo(Vs)=+/ ~ '/ 

./ 
,/" Vvo (Vs) = -10V 

./ 

1/ /'" TA 
50 

-80 -60 -40 -20 20 40 60 80 100 120 140 160 

RON as a Function of Temperature 

tON. tOFF - ns 
~ ..... --------r--------------,...-------------~ 

AD1590DI (AD1592DI) 
VOO = +15V 
VSS=-15V ______ 

3oo!-~_=_25_"C_~~==~~~~~~_:~~~-----1 
tOFF (DUTl to 52) 

2oo...--------r------~-------~ 

- "C 

VIN -v 
lOO~0------------~------------~10~--------~15~ 

tON, tOFF (tTRANSITION) as a Function of Digital Input 
Voltage 

tON. tOFF. tTRANSl'TlON - ns 
400 

AD1590DI (AD1592DII ~-r VIN = 0 to 3.0V 
VOO = +15V / tOFF (DUT1 to 52) 
Vss = -15V ./ I I 

350 

300 

V 
/V I I 

toN (DUT1 to 511 

/V -------~ 
~ ....- TA 

250 

200 

150 

100 
-80 -60 -40 -20 20 40 60 80 100 120 140 160 

tON, tOFF (tTRANSIT/ON) as a Function of Temperature 

tON. tOFF. tTRANSITION - n. 
1200 

AD1590DI (AD1592DII 
VIN = 0 to 3.0V 

\ TA = 25"C 

~FF (OUT1 to 52) 

~ ~ 
tON (D~Tl to 5~ --- -

--. 

1000 

800 

600 

400 

200 

Vo 

15 '10 115 

-"C 

tON, tOFF (tTRANSIT/OM as a Function of Supply Voltage 

CMOS SWITCHES & MULTIPLEXERS VOL. I, 16-25 

.. 



TYPICAL SWITCHING CHARACTERISTICS 

AD7590DI, AD7591DI 

VIN 
(5V!DIV) 

Vs 
(5V!DIV) 

O.5J.Ls/DIV 

Switching Waveform for Vo = -TOY 

O.5J.LS/DIV 

Switching Waveform for Vo = 0 

VIN 
(5V!DIV) 

Vs 
(5V!DIV) 

O.5J.LS/DIV 

Switching Waveform for Vo = +tOV 

O.5Jls/DIV 

Switching Waveform for Vo = OV 

AD7590DI, AD7591DI TEST CIRCUIT 

Vss GND Voo 
-15V +15V 
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SCOPE 
10Mn17pF 



TYPICAL SWITCHING CHARACTERISTICS 

O.5JlsIDIV 

Switching Waveforms for VSl = -10V, VS2 = + 10V, 
RL = lkD 

O.5Jls/DiV 

Switching Waveforms for VSl and VS2 = OV, RL =00 

AD7592D1 

O.5Jls/DIV 

Switching Waveforms for VSl = + 10V, VS2 = -10V, 
RL =00 

O.5JlSIDIV 

Switching Waveforms for VSl and VS2=Open, 
RL = lkD. 

AD7592D1 TEST CIRCUIT 

Vss GND Voo 
(-15V) (+15V) 

SCOPE 
10MnnpF 
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r.ANALOG 
WDEVICES 

DI CMOS 
Protected Dual SPST Analog Switch 

FEATURES 
Latch-Proof 01 CMOS 
Overvoltage-Proof: VSUPPL V ±25V 
Superior DG-200 Replacement 
Break-Before-Make Switching Action 
RON: 100n max over Full Temperature Range 
Direct TTL/CMOS Interface 

GENERAL DESCRIPTION 
The ADG200 is a dual single-pole-single-throw analog switch. 
In the ON condition, the switch conducts current in either 
direction, maintaining nearly constant ON resistance over the 
entire analog signal range. In the OFF condition, the switch 
blocks voltages of peak values equal to the switch V + and V
supplies. Switch action is break-before-make. The digital in
puts interface directly to TTL or CMOS logic over the full 
operating temperatu,re range. 

Fabricated using an advanced monolithic dielectrically-isolated 
CMOS process, the ADG200 is a superior plug-in replacement 
for the DG200. The ADG200 provides additional advantages 
(over the DG200) of: overvoltage protection to ±25V beyond 
the power supplies, total latch-free operation, much lower 
power dissipation (30mW max) and faster switching time. 

ADG200 I 
ADG200 FUNCTIONAL BLOCK DIAGRAMS 

V1 

02 

(NOT TO SCALE) (NOT TO SCALE) 

SWITCH STATES ARE FOR LOGIC ","INPUT (POSITIVE LOGIC) 

IN, 

NC 

V1 

TO-IOO 
TOP VIEW 

14-PIN DIP 
DUAL-IN-LINE PACKAGE 

TOP VIEW 

ORDERING INFORMATION 

Commercial 
o to +70°C 

Industrial 
-2SoC to +SSoC 

Military 
-SSoC to +12SoC 

Plastic (NI4B)1 Ceramic (DI4B)1 TO-IOO Ceramic (DI4B)1 TO-IOO 

ADG200CJ ADG200BP ADG200BA ADG200AP ADG200AA 
ADG200AA/883 

Note: "/883" version is 100% screened to MIL-STD-883, class B 
as per note 3 on Specifications Table, next page. 

I See Section 20 for package outline infonnation_ 
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SPECIFICATIONS 
CHARACTERISTIC' 

SWITCH 

rOS(ON) Drain-Source 
ON Resistance 

IS(OFF) Source OFF 
Leakage Current 

IO(OFF) Drain OFF 
Leakage Curren t 

IO(ON) 
, 

Channel ON 
Leakage Current 

INPUT 

IINH Input Current 
Input Voltage High 

IIN(PEAK) " Peak Inpu t Current 
Required for 
Transition 

IINL Input Current 
Input Voltage Low 

DYNAMIC 

toN Turn-ON Time 7 

toFF Turn-DFF Time 7 

CS(OFF) Source OFF 
Capacitance 

CO(OFf) Drain OFF 
Capacitance 

COlON) + CS(ON) Channel ON 
Capacitance 

OFF hol.tion8 

SUPPLY 
I, Positive Supply Current 

12 Negative Supply Current 

11 Po,itive Supply Current 

!2 Negative Supply Current 

NOTES, 

TYP' 
+2S

o
C 

60 
40 

0.2 
-0.2 

0.3 
-0.3 
0.1 

-0.1 

300 

120 

11 

11 

2B 

64 

0.02 

-0.02 

0.1 

-0.02 

I Typical values for i"fonnatlo" only. not guarllntccd or pro
duction tested. 

'Guaranteed, not subject to 100% production test. 
• AOG200AP is available 100% .cr<ened to MIL-STO-883, 

method 5004, para. 3.1.1 through 3.1.12 for a cia .. B 
device. Final electrical tests are, rOS(Otl),IS(OFF)' 
IO(OFF), IINH.IINL, II and 12 at +25 C and +12S°C 
(AA/883 version). 

MAX LIMITS 

AA, AP Suff",3 BA, BP/Cj Suffix 

+2S0C +12SoC -2SlOoC' +2S°C +8S170oC' 

70 70 100 BO BO 100 
70 70 100 BO BO 100 

500 2 SOO 500 S()() 
-sao -2 -500 -sao ·-5 -sao 

sao 2 sao sao sao 
-sao -2 -sao -sao -3 -sao 
sao 2 SOO SOO SOO 

-SOO -2 -SOO -500 -2 -500 

-10 -1 -10 -10 -1 -10 
10 10 10 10 

NOT APPLICABLE" 

-10 -1 -10 -10 -I clO 

1000' 1000' 

sao' 500' 

-2 -I -2 -2 -I -2 

-2 -I -2 -2 -I -2 

.. Functional operation is possible for supply voltages less than ± 15V. 
but the input logic switchin~ threshold will shift . 

UNITS 

n 

nA 

IlA 

IlA 

pF 

pF 

pF 

dB 

rnA 

rnA 

rnA 

rnA 

5'ln(ON) is Inkage from driv('r gate into ON switch . 
6 Digital inputs are MOS gates. Typical leakage ("'2S o C) is less than 1 nanoamp. 

This is in contrast to other designs which require typically 1 SO,u.A to switch. 
,. Switch action is guaranteed bruk-before-make. 
• OFF isolation (dB) = 20 log VS/VO where Vs = input to OFF switch and 

VD = output. 

Specifications subject to change without notice. 

TEST CONDITIONS4 

Unless Noted V, = + I SV 
V, = -ISV, GND = OV 

Vo = IOV 
Vo = -IOV 

Vs = 10V, Vo = -IOV 
Vs = -IOV, Vo = lOY 

VIN = O.BV 
Is = +lmA 

Vo = 10V, Vs = -IOV VIN = 2.4V 

Vo = -IOV, Vs = IOV t--------
Vu = Vs = 10V VIN = O.BV 
Vo = Vs = -IOV 

Vl'l = 2.4V 
VIN = ISV 

VIN = OV 

VIN = 3.SV to OV 

VIN = OV to 3.SV 

Vs = OV, VIN = SV 

RL = Ikf!, CL = 3SpF 

Vs = ±SV 

Vo = OV, VIN = SV f = 140kIlz 

Vo = Vs = OV 
VIN = OV 

VII, = SV, RL = Ikf!. CL = ISpF 
Vs = 7Vrms , f = 500kHz 

Both Channels ON; VIN = OV 

Both Channels OFF; VIN = SV 

CAUTION:--------------------------------------------------------
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected; 
however, pennanent damage may occur on unconnected devices subject to high energy elec
trostatic 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. 

W~RNING! 0 
~~DEVICE 

ABSOLUTE MAXIMUM RATINGS 

VIN(Digitallnput) to Ground. . . . . . . . .-0.3V, VI 
VSorVD toV I 

(1 second surge) . . . . . . . . . . . . . . . . . .. +2SV, -40V 
(continuous) . . . . . . . . . . . . . . . . . . . .. +20V, -3SV 

Vs or VD to V2 
(1 second surge) . . . ........... -2SV, +40V 
(continuous) . . . . . ... . ........... -20V, +3SV 

VI to Ground ........................ -0.3V, +17V 
V 2 to Ground ..... : .................. +0.3V, -17V 
Current, Any Terminal Except S or D ...... , . . . . . 30mA 
Current,'S or D .......... , ................ SOmA 
Current, S or D Pulsed 

(1ms, 10% duty cycle max) ................. IS0mA 

VOL. I, 16-30 CMOS SWITCHES & MUL TlPLEXERS 

Operating Temperature 
AA, AP Suffix .................. -SSoC to +12SoC 
BA, BP Suffix .................... -2SoC to +8SoC 
CJ Suffix ....... , ................ OOC to +70

o
C 

Storage Temperature 
CJ Suffix" ......... , .......... -6S0Cto+12SoC 
All Others ..................... -6SoC to +IS0oC 

Power Dissipation (Package)· 
Metal Can··.· ................. . 450mW 
14 Pin Ceramic DIP"· . . . . . . . . . . . 82SmW 
14 Pin Plastic DIp· .. • ................... 470mW 

Devices with all leads welded or soldered to printed circuit board 
Derate 6mW/oC above +75°C 
Derate 11 mW/oC above + 75°C 
Dernte 6.5mW/oC above +25°C 



CIRCUIT DESCRIPTION 

1 

~2 
IN 

Rl 

3 

NOTE: LOGIC "0" ON IN TERMINAL CLOSES SWITCH BETWEEN SANa D. 

Figure 1. Schematic Diagram (1 of 2 channels) 

CMOS devices make excellent analog switches; however, prob
lems with overvoltage and latch-up phenomenon necessitate 
protection circuitry. However, these protection circuits either 
cause degradation of important switch parameters such as 
RON or leakage, or provide only limited protection in the 
event of overvoltage. 

The ADG200 switch utilizes a dielectric ally-isolated CMOS 
fabrication process to eliminate the four-layer structure found 
in junction-isolated CMOS, thus providing latch-free operation. 

A typical switch channel is shown in Figure 1. The output 
switching element consists of device numbers 17 and 20. 
Operation is as follows: for an "ON" switch, the gate of 
device 20 is V1 and the gate of device 17 is V2 from the driver 
circuits. Device numbers 14, 15, and 16 are "OFF" and 
numbers 18 and 19 are "ON". Hence, the back-gates of the 
P- and N-channel output devices (numbers 17 and 20) are tied 
together and floating. Floating the output switch back-gates 
with the signal input provides a flatter RoN versus Vs 
response. 

For an "OFF" switch, device numbers' 18 and 19 are "OFF", 
and the back-gates of devices 17 and 20 are tied through 1Hl 
resistors R3 and R4 to the respective supply voltages through 
the "ON" devices 14, 15, and 16. 

V1 
+15V 

1k 

p+ N- p+ 
0 

P CHANNFL 

N-CHANNEL 

N+ P- N+ 

1k 

-15V 
V2 

Figure 2. ADG200 Output Switch Diode Equivalent Circuit 

If a voltage is applied to the S or D terminals which exceeds 
VI or V2, the S- or D-to-back-gate diode is forward biased; 
however, R3 and R4 provide current limiting action (Fig. 2). 

Consequently, without external current limiting resistance 
(or increased RON)' the ADG200 series switches provide: 

1. Latch-proof operation. 
2. Overvoltage protection 25V beyond the VI or V2 

supply voltage. 

An equivalent circuit of the output switch element in Figure 
2 shows that, indeed, the 1 kn limiting resistors are in series 
with the back-gates of the P- and N-channel output devices -
not in series with the signal path between the S & D terminals. 

In some applications it is possible to tum on a parasitic NPN 
(drain to back-gate to source o~ the N-channel) transistor 
which causes device destruction under certain conditions. This 
case will only manifest itself when a negative overvoltage 
(and not a positive overvoltage) exists with another voltage 
source on the other side of the switch. Current limitation 
through external resistors (200n) or the output of op amps 
will prevent damage to the device. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

500 

400 

w 
::E 300 
~ 
t!l 
Z 
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V, =+15V 
V2 =-15V 

VIN =OV TO 5V 
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tON ~ 
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-........ ,...,... 

I--
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Figure 3. Switching Time vs. Temperature 
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Figure 4. Input Logic Threshold vs. Power Supply Voltage 
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r.ANALOG 
WDEVICES 

01 CMOS 
Protected Quad SPST Analog Switch 

FEATURES 
Latch-Proof 01 CMOS 
Overvoltage Proof to 25V Beyond Supplies 
Superior DG201 Replacement 
Break-Before-Make Switching Action 
Low RON: 80n 
Low Power Dissipation: 30mW max 
Direct TTL or CMOS Interfacing 

GENERAL DESCRIPTION 
The ADG20! is a quad SPST analog switch. In the ON state, 
the switch conducts current in either direction, maintaining 
nearly constant ON resistance over its signal handling range. In 
the OFF state, it blocks voltages equal to the switch V+ and 
V- supplies. Switch action is break - before - make. 

The digital inputs interface directly to TTL or CMOS logic 
over the full operating temperature range. 

Fabricated with an advanced monolithic dielectrically - iso
lated CMOS process, the ADG20l is a superior plug - in 
replacement for the DG201. ADG20l advantages over other 
designs include: lower RON, lower power dissipation, faster 
switching time, overvoltage protection (2SV beyond power 
supplies), and latch - free operation. 

ADG201 I 

ADG201 FUNCTIONAL BLOCK DIAGRAM 

IN, 

0, 

V, (SUBSTRATE) 

NC 

SWITCH IS OPEN FOR LOGIC "l"(POSITIVE TRUE) INPUT 

16-PIN DIP 
TOP VIEW 

ORDERING INFORMATION 

Commercial 
o to +70

o c 
Industrial 

-2SoC to +8SoC 

Plastic (N16B)1 Ceramic (TO-116)1 

ADG201Cj ADG20lBP 

NOTES: 

Military 
_SSoC to +12SoC 

Ceramic (TO-116)1 

ADG201AP 
ADG201AP/883 2 

1 See Section 20 for package outline information. 
2 "/883" version is 100% screened to MIL-STD-883, class B 

as per note 3 on Specifications Table, next page. 
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SPECIFICATIONS 
MAX LIMITS 

TEST CONDITlONS4 

Typl APSUFFIX3 BP, CJ SUFFIX Unit" Noud VI -.+ISV 
CHARACTERISTIC +2S'C _55'C2 +2S'C +125'C -2S/O

o
C2 +25°C +8SnOOC2 UNITS V2 • -ISV, GND· OV 

SWITCH 

rOS(ON) Drain-Source 60 SO SO 12S 100 100 12S n Vo = 10V VIN = O.SV 
ON Resistance 40 SO SO 12S 100 100 12S Vo = -IOV Is = +lmA 

IS(OFF) Source OFF 0.2 SOO 1 SOO 2S0 S 2S0 Vs - 10V, Vo = -10V 
Leakage Current 0.2 -SOO -1 -SOO -2S0 -S -2S0 Vs = -10V, Vo = 10V 

IO(OFF) Drain OFF 0.3 SOO 1 SOO 2S0 S 2S0 Vo = 10V, Vs c -10V 
VIN = 2.4V 

nA 
Leakage Curren t 0.3 -SOO -1 -~OO -2S0 -S -2S0 Vo = -IOV, Vs c 10V 

IO(ON) 
5 Drain ON 0.1 SOO 1 SOO 2S0 S 2S0 Vo = Vs = 10V VIN = O.SV 

Leakage Current 0.1 -SOO -1 -SOO -2S0 -S -2S0 Vo = Vs = -10V 

INPUT 

lIN" Input Current -10 -1 -10 -10 -I -10 IlA VIN = 2.4V 
Input Voltage High 10 1 10 10 1 10 ViN = ISV 

IIN(PEAK) 
6 Peak Input Current 

Required for NOT APrLlCABLE6 

Transition 

IINL Input Current -10 -1 -10 -10 -1 -10 IlA VIN = OV 
Input Voltage Low 

DYNAMIC 

toN Turn-{)N Time'·' 260 1000 1000 ns VIN = 3.SV to OV RL = 1kn. CL = 3SpF 

toFF Turn-{)FF Time'·' 130 SOO SOO VIN = OV to 3.SV Vs = tSV 

CS(OFF) Source OFF pF Vs = OV. VIN = SV 
Capacitance 9 

CO(OFF) Drain OFF pF Vo = OV. VJN = SV 
Capacitance 9 

COlON) + CS(ON) Channel ON 
pF 

Vo = Vs = OV 
Capacitance 21 VIN = OV 

OFF Isolation" 6S dB VIN = SV. RL = Ikn, CL = lSpF 
Vs = 7Vrm •• f = SOOkHz 

SUPPLY 

II. positive Supply Current' O.OlS 2 1 2 2 1 2 mA 
One Channel ON, VIN = OV 

12 Negative Supply Current· -O.OlS -2 -1 -2 -2 -I -2 mA 

II positive Supply Current 0.2 2 1 2 2 1 2 mA 

12 Negative Supply Current -O.OlS -2 -1 -2 -2 -1 -2 mA 
All Channtls OFF, VIN = SV 

NOTES. 
'Typical values for information only, not guaranteed or pro
duction tested. 

5 IO(ON) is leakage from driver gate' into ON switch . 
• Digital inputs IrC MOS gates. Typicallukagt: (+2SoC) is las than 1 nanoamp. 

'Guaranteed, not subject to 100% production test. 
• AOG20IAP is available 100% screened to MIL·STO·883. 

method S004, para. 3.1.1 through 3.1.12 for a class B 
dC'vicc. Final electrical tests are: fOS(ON). 1S(OFF). 
IOCOFF).IO(ON).IINH,IINl. II and 12 at +2S"C and 
+12S'C (AP1883 version). 

This is in contrast to other designs which require typically 1 SO~A to switch . 
, Switch action is guaranteed break·before·make. 
• OFF isolation (dB) = 20 log VSIVO where Vs • input to OFF switch and 

Vo = output. 

" Functional operation is possible for supply voltages less than 
±lSV, but the input switching threshold will shift. 

Specifications subjr.ct to change without notice. 

ABSOLUTE MAXIMUM RATINGS 

VIN (Digital Input) to Ground. . . . ....... -0.3V, VI 
Vs or VD to VI 

(1 second surge) .................... +25V, -40V 
(continuous). __ . . .. _. ____ ... +20V,-35V 

Vs or VD to V2 
(1 second surge) .................... -25V, +40V 
(continuous) ....................... -20V, +35V 

VI to Ground ........................ -0.3V, +17V 
V 2 to Ground ........................ +0.3V, -17V 
Current, any tenninal except S or D . . . . . . . . . . . .. 30mA 
Continuous Current, S or D. . . . . . . . . . . . . . . . . . . 50mA 
Peak Current, S or D 

(pulsed at Ims, 10% duty cycle max) .......... 150mA 

VOL. I, 16-34 CMOS SWITCHES & MUL TIPLEXERS 

Operating Temperature 
(AP Suffix) .................... - 55°C to +125°C 
(BP Suffix) ...................... -25°C,to +85°C 
(CJ Suffix) ....................... OoC to +70

0
C 

Storage Temperature 
(AP, BP Suffix) .................. -65°C to +1500 C 
(CJ Suffix) ..................... -65°C to +125°C 

Power Dissipation (Package)· 
16 Pin Ceramic DIP~· .................... 900mW 
16 Pin Plastic DIP~·.· .................... 470mW 

Device mounted with all leads soldered or welded to PC board 
Derate 12mW/"C above+7SoC 
Derate 6_SmW/oC above +2SoC 



CAUTION:--------------------------------------------------------
ESD (Electro - Static - Discharge) sensitive device. The digital inputs are zener protected; 
however, permanent damage may occur on unconnected devices subjected to high energy elec
trostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removcd for insertion. 

WARNING! eJ 
~~DEVICE 

CIRCUIT DESCRIPTION 

1 

~2 
IN 

Rl 

3 

NOTE: LOGIC "0" ON IN TERMINAL CLOSES SWITCH BETWEEN SAND D. 

Figure 1. Schematic Diagram, 1 of 4 Channels 

CMOS devices make excellent analog switches; however, prob
lems with overvoltage and latch - up phenomenon necessitate 
protection circuitry. However, these protection circuits either 
cause degradation of important switch parameters such as 
RON or leakage, or provide only limii:ed protection in the 
event of overvoltage. 

The ADG201 switch utilises a dielectrically - isolated CMOS 
fabrication process to eliminate the four -layer structure found 
in junction-isolated CMOS, thus providing latch -free operation. 

A typical switch channel is shown in Figure 1. the output 
switching element consists of device numbers 17 and 20. 
Operation is as follows: for an "ON" switch, the gate of 
device 20 is V 1 and the gate of device 17 is V 2 from the driver 
circuits. Device numbers 14, 15 and 16 are "OFF" and 
numbers 18 and 19 are "ON". Hence, the back-gates of the 
p- and N -channel output devices (numbers 17 and 20) are tied 
together and floating. Floating the output switch back - gates 
with the signal input provides a flatter RON versus 
V S response. 

For an "OFF" switch, device numbers 18 and 19 are "OFF", 
and the back - gates of devices 17 'and 20 are tied through 
IH2 resistors R3 and R4 to the respective supply voltages 
through the "ON" devices 14,15 and 16. 

Vl 
+15V 

lk 

p+ N- p+ 
D 

P CHANNEL 

N-CHANNEL 

N+ P- N+ 

lk 

-15V 
V2 

Figure 2. ADG201 Output Switch Diode Equivalent Circuit 

If a voltage is applied to the S or D terminals which exceeds 
V 1 or V 2' the S - or D - to - back - gate diode is forward biased; 
however, R3 and R4 provide current limiting action (Fig. 2). 

Consequently, without external current limiting resistance 
(or increased RON)' the ADG201 series switches provide: 

1. Latch - proof operation. 
2. Overvoltage protection 25V beyond the VI or V 2 

supply voltage. 

An equivalent circuit of the outputswitch element in Figure 
2 shows that, indeed, the lkn limiting resistors are in series 
with the back -gates of the P- and N -channel output devices
not in series with the signal path between the S & D terminals. 

In some applications it is possible to turn on a parasitic N~N 
(drain to back -gate to source of the N - channel) transistor ~ 
which causes device destruction under certain conditions. This ... 
case will only manifest itself when a negative overvoltage 
(and not a positive overvoltage) exists with another voltage 
source on the other side of the switch. Current limitation 
through external resistors (200n) or the output of op amps 
will prevent damage to the device. 

CMOS SWITCHES & MUL TlPLEXERS VOL. I, 16-35 



TYPICAL PERFORMANCE CHARACTERISTICS 
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Figure 3. Switching Time VS. Temperature 
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Monolithic Chips 

,Contents 

BIPOLAR INTEGRATED CIRCUIT CHIPS 

General Infonnation 

AD517 Chips Low Cost, Laser Trimmed Precision IC Op Amp 

AD518 Chips Low Cost, High Speed, IC Op Amp 

AD521 Chips Precision Instrumentation Amplifier 

AD532 Chips Trimmed IC Multiplier 

ADS 34 Chips Trimmed Precision IC Multiplier 

AD536A Chips IC True nns-to-dc Converter 

AD537 Chips Low Cost IC V-to-F Converter 

AD540 Chips High Accuracy Low Cost FET-Input Op Amp 

AD542 Chips Precision Low Cost BIFET Op Amp 

AD544 Chips Precision High Speed BIFET Op Amp 

eAD547 Chips Ultra Low Drift BIFET Operational Amplifier 

ADS 58 Chips DACPORTTM Low Cost Complete pP-Compatible 8-Bit DAC 

AD561 Chips Low Cost, High Speed lO-Bit D-to-A Converter with Reference 

eAD565A/AD566A Chips Complete High Speed 12-Bit D/A Converter 

eAD567 Chips Microprocessor-Compatible 12-Bit D/A Converter 

AD570/AD571 Chips Low Cost'Complete 8- and 10-Bit A-to-D Converter 

eAD573 Chips Fast, Complete 1o-Bit A-to-D Converter with Microprocessor Interface 

AD580 Chips Precision 2.5 Volt Reference 

AD5811AD584 Chips Programmable Precision Low-Drift Reference 

AD582 Chips Low Cost Precision Sample-and-Hold 

AD589 Chips Two-Tenninal IC 1.2 Volt Reference 

AD590 Chips Two-TenninalIC Temperature Transducer 

AD642 Chips Precision Low Cost Dual BIFET Op Amp 

eAD644 Chips Dual High Speed Implanted FET-Input Op Amp 

AD DAC-08 Chips High Speed 8-Bit D-to-A Converter 

AD OP-07 Chips Ultra-Low Offset Voltage Op Amp 

CMOS INTEGRATED CIRCUIT CHIPS 

General Infonnation 

Bonding Diagrams: 
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eNew product since .the 1980 Data-Acquisition Components and Subsystems Catalog. 

DACPORT is a trademark of Analog Devices, Inc. 
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Bipolar Integrated Circuit Chips 

PHYSICAL CHARACTERISTICS 
Die Thickness: The standard thickness of Analog Devices Bi: 
polar dice is 20 mils ±2 mils .. 

Die Dimensions: The dimensions given on the specific device 
data sheets have a tolerance of ±2 mils. 

Backing: The standard backside surface is silicon (not plated). 
Analog Devices does not recommend gold-backed dice for 
most applications. 

Edges: A diamond saw is used to separate wafers into dice 
thus providing perpendicular edges half-way through the die. 

In contrast to scribed dice, this technique provides a more 
uniform die shape and size. The perpendicular edges facili
tate handling (such as tweezer pick-up) while the uniform 
shape and size simplifies substrate design and die attach. 

Top Surface: The standard top surface of the die is covered 
by a layer of glassivation. All areas are covered except bonding 
pads and scribe lines. 

Surface Metalization: The metalization on Analog Devices 
Bipolar dice is aluminum. Minimum thickness is 10,000A. 

Bonding Pads: All bonding pads have a minimum size of 4 mils 
by 4 mils. The passivation windows are 3.5 mils by 3.5 mils 
minimum. 

PACKAGING 
All dice are packaged in plastic waffle packs. The quantity of 
dice per package depends on die size. 

A sheet of anti-static paper and a sheet of anti-static plastic 
is included in each pack. 

Waffle packs are secured and shipped in cardboard shipping 
containers. 

ASSEMBLY INFORMATION 
Cleaning: Each die is cleaned prior to packaging in waffle 
packs. No additional cleaning is recommended. 

Dice Inspection: Standard dice are 100% inspected to MIL
STD-883, Method 2010, Class B. 

Die Attach: The proper method of die attach is determined 
by the requirements of the particular application. 

General Information 
If an adhesive die attach technique is required by the con
straints of the application, tben package moisture content 
must be monitored. To insure reliability the internal moisture 
content of the package has to remain below 5000ppm (from 
o to 1000 hrs. minimum). 

When eutectic die attach is used, Analog Devices recommends 
using either a 99.99% gold or a 98% gold, 2% silicon preform. 

Recommended eutectic die attach temperature is 410°C 
±lOoC as measured at the die-substrate interface surface. 
Time at 410°C shall not exceed 30 seconds. 

Lead Bonding: Analog Devices recommends bonding one mil 
99.99% gold for gold ball bonding. 

Analog Devices recommends ultra-sonic bonding for users 
requiring aluminum wire. One mil 99% aluminum 1% silicon 
wire is recommended. 

Unless otherwise specified on the device data sheet, there is 
no required bonding sequence for bipolar chips. 

Electrostatic Discharge (ESD): Bipolar integrated circuits are 
subject to catastrophic damage due to electrostatic charges 
generated by careless handling. 

Furthermore, subtle shifts in transistor characteristics can 
occur after being subjected to lower amounts of ESD. Pre
cision devices, triIJ1med to accuracies in the order of ±25 
microvolts, can be shifted out of spec due to improper 
handling. 

To preserve the accuracy of precision bipolar integrated cir
cuits, Analog Devices recommends the following: 

a. 'Verify proper grounding of all manufacturing equipment. 

b. All workers who handle the chips shouid be wearing a 
grounded conductive wrist-strap. 

c. All work-in-process, especially any work with incomplete 
wire-bonding, should be placed on a conductive surface. 

d. Dice not in use should be stored in the original waffle pack 
with anti-static paper. 

MONOLITHIC CHIPS VOL. I, 17-3 
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PACKAGE SEALING RECOMMENDATIONS 
Analog Devices recommends hermetic packaging. The initial 
precision of trimmed thin-film integrated circuits is retained 
indefinitely when not subjected to high humidity or corrosive 
environments. 

A maximum sealing temperature of 320°C for a maximum 
time of 3 minutes is recommended. 

The sealing technique must insure that the internal moisture 
content remain below SOOOppm under all conditions for the 
life time of the product. 

ORDERING INFORMATION 
Analog Devices bipolar integrated circuit chips are specified in 
the same manner as packaged devices, except the package code 
letter is replaced by the word "CHIPS". 

Prefix (all 
products) 

Product 
Number 

Grade 
(single letter) 

Designates 
Chips 

Minimum order quantity is 2S pieces per line item. Analog 
Devices dice are supplied only in multiples of 2S pieces. 

USING DATA SHEETS 
Specification's: Electrical tests are performed at wafer probe, 
before the wafer is separated into individual dice. Maintaining 
chip performance to specification requires great care in hand
ling and assembly. The specific recommendations in this Gen
eral Information Section are intended to assist the user in 
achieving specified performance of Analog Devices chips in 
assembled circuits. Electrical specifications are given for each 
product. NOTE: Although the specifications generally con
form to those of equivalent grades of packaged product, some 
differences exist. 

VOL. I, 17-4 MONOLITHIC CHIPS 

AC testing at the chip level is also not practical; therefore, ac 
specifications are also given as typical. 

Applications Information: General applications information is 
not included on the chip data sheets; this information is pro
vided on the data sheet for the packaged version of each 
product. 

Specific application information that applies to the chip ver
sion of each product is given on the chip data sheet. 

Metalization Photograph: Metalization photographs are pro
vided for each product. Chip dimensions and pad functions 
are included. . 

ADDITIONAL PRODUCT AVAILABILITY INFORMATION 
Older Products: The data sheets published in this catalog are 
intended to assist the user in the design of new hybrid cir
cuits using the highest performance, most cost-effective prod
ucts available from Analog Devices. There are, however, 
older IC products that may have been designed into circuits 
in the past but which are no longer the optimum choice for 
new designs. These products continue to be available as in 
the past. 

If you are using one of these older Analog Devices IC chips 
and require technical assistance, please contact the factory. 
Sales-related information may be obtained from thenearest 
Analog Devices sales office listed on the back cover. 

New Products: Analog Devices is continuously introducing new 
integrated circuit products. Most of these are monolithic and 
thus may be supplied in chip form. Although it is our policy to 
obtain first-hand assembly, testing and application experience 
with new products before introducing the chip version, we 
encourage potential users to contact the factory for avail
ability information on new Ie products not listed in this 
catalog. 
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PRODUCT DESCRIPTION 
The Analog Devices AD517 operational amplifier is laser
trimmed for ultra-low offset voltages, thus eliminating the 
need to trim in most applications. Other features include very 
low offset voltage drift and high gain. Advanced super-beta 
techniques provide ultra-low input currents. The AD517 is 
ideal for precision instrumentation applications. Protected in
put and output circuitry along with internal compensation for 
gains of one or greater minimize hybrid component count. 
AD517 chips are available in two grades specified for oper
ation between 0 and +70

0
C and one grade specified for oper

ation between -55° C and + 125° C. 

APPLICATION INFORMATION 
AD517 chips are functionally identical to packaged AD517 
devices. For general application information, see the AD517 
packaged product catalog data sheet. 

Low Cost, Laser Trimmed 
Precision IC Op Amp 

AD517 CHIPS I 
The following additional application information applies to 
AD517 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD517 chip must be 
connected to -Vs, device pad number 4. 

4. Pads 7 A and 7B must both be connected to + Vs. 

5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.071 
( 1.803) 

3 
+INPUT 

NULL 
1 

NULL 
8 

0.093 
(2.362) 

4 
-VS 

7A +Vs 

78 +VS 

6 OUTPUT 

NOTE: THERE IS NO PAD #5 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8 PIN METAL PACKAGE. 

MONOLITHIC CHIPS VOL. I, 17-5 

• 



SPECIFICATIONS 1 (typical @+25°C and ±15V dc unless otherwise noted) 

MODEL 

OPEN LOOP GAIN 
Vo = ±lOY, RL;;;' 2kU 
TA = +2S

o
C to Tmax 

TA = Tmin to +2Soc 

OUTPUT CHARACTERISTICS 
Voltage @ RL ;;;. 2kU. Tmin to Tmax 
Load Capacitance 
Output Current 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain. Small Signal 
Full Power Response 
Slew Rate. Unity Gain 

INPUT OFFSET VOLTAGE 
Initial Offset, Rs ,.;; 10kU 

vs. Temp, TA = +2SoC to T!lJax 
TA = Tmin to +2S C 

vs. Supply 
TA = +2SoC to Tmax 
TA = Tmin to +2SoC 

INPUT OFFSET CURRENT 
Initial 
TA = +2SoC to Tmax 
TA = Tmin to +2SoC 

INPUT BIAS CURRENT 
Initial 
TA = +2SoC to Tmax 
TA = Tmin to +2SoC 

vs. Temp, Tmin to Tmax 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT NOISE 
Voltage. O.lHz to 10Hz 

f = 10Hz 
f = 100Hz 
f = 1kHz 

Current. f = 10Hz 
f = 100Hz 
f = 1kHz 

INPUT VOLTAGE RANGE 
Differential or Common Mode. max safe 
Commvn Mode Rejection, VIN = ± 10V 

Common Mode Rejection, TA ;, +2SoC to Tlnax 

POWER SUPPLY 
Rated Performance 
Operating 
Current. Quiescent 

TEMPERATURE RANGE 
Operating 

TA = Tmin to +2SoC 

Tested (TA = +2S°C to Tmax) 
Guaranteed, Not Tested 

(TA = Tmin to +2SoC) 
Storage 

NOTES 

ADS17J 

106 

SOO,OOO min 
SOO,OOO 

±10V min 
1000pF 
lOrnA min 
2SmA 

2S0kHz 
l.SkHz 
O.10Y/lls 

lSOIlV max 
3.01lV/oC max 
3.01lV/oC 
2SIlVIV max 
401lV/Vm~ 

40llV/V 

InA max 
l.SnA max 
l.SnA 

SnA max 
SnA max 
SnA 
±20pA/oC 

ISMnll1.5pF 
2.0xlOll n 

21l Y pop 
3S nY 1yii7. 
25nY/yTh 
20nY/yTh 
O.OSpA/y'iTz 
O.03pA/yTiZ 
O.03pA/y'ITZ 

±VS 
94dB min 

94dB min 

94dB 

±lSV 
±(S to IS)V 
4mA max 

o to +2SoC 
-6SoC to +lS0°C 

·Specifications same as ADS 17J. 
··Specifications same as ADS 17K. 
1 Electrical tests are performed at wafer probe. before the wafer is separated into 

individual dice. Maintaining chip performance to specification requires great 
care in handling and assembly. 

Specifications subject to change without notice. 
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AD517K 

7SIlV max 
l.SIlV/oC max 
l.SIlV/C 
10llVIV max 
lSIlV/V max 
lSIlVIV 

0.7SnA max 
1.2SnA max 
1.2SnA 

2nA max 
3.SnA max 
3.SnA 

±10pA/C 

zoMnlll.SpF . 

1l0dB 

100dB min 

100dB 

3mAmax 

ADS17S 

2S0,000 
2S0,000 

20llV/V max 
20llVIV 

2nA max 
2nA 

10nA max 
10nA 

±(S to 22)V 



r.ANALOG 
WDEVICES Low Cost, High Speed, IC Op Amp 

PRODUCT DESCRIPTION 
The AD518 is a low cost, high speed operational am plifier 
designed as an improved functional replacement for U8-type 
devices. It is internally compensated for unity gain, but has the 
capability of accepting feed-forward compensation for increased' 
slew rate and bandwidth. AD518 chips are available in two 
grades specified for operation between 0 and +70°C and 
one grade for operation between -55° C and + 125° C. 

APPLICATION INFORMATION 
AD 518 chips are functionally identical to packaged AD 518 
devices. For general application information, see the AD518 
packaged product catalog data sheet. 

AD518 CHIPS I 
The following additional application information applies to 
AD518 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD518 chip must be 
connected to -Vs, device pad number 4. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZA TION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

8 
CaMP 

0.061 
(1.549 ) 

2 
-INPUT 

3 
+INPUT 

0.078 
(1.981) OUTPUT 

6 

NULL 
5 AND 

COMP' 

4 -VS 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8 PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @+25°C and Vs = ±15V dc unless otherwise specified) 
PARAMETER 

OPEN LOOP GAIN 

RL ;;;'2kn., Vo = ±lOV 
TA = +2S

o
C to Tmax 

TA = Tmin to +2S oC 

OUTPUT CHARACTERISTICS 
Voltage @ RL;;;' 2kn., T A = min to max 
Current@Vo = ±lOV 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Slew Rate, Unity Gain 
Settling Time to 0.1% 

(Single Capacitor Compensation) 
Phase Margin, Uncompensated at Unity 

Gain Crossover Frequency 

INPUT OFFSET VOLTAGE 
Initial, RS':;;; 10kU 
TA = +2S

o
C to Tmax 

TA = Tmin to +2S
o
C ° 

Avg vs. Temp, TA = 25 C to Tmax 
TA = Tmin to +25°C 

Avg vs. Supply, TA = +2S
o
C to Tmax 

TA = Tmin to +2SoC 

INPUT BIAS CURRENT 
Initial 
TA = +2SoC to Tmax 
TA = Tmin to +2S

o
C 

INPUT OFFSET CURRENT 
Initial 
TA = +2S

o
C to Tmax 

TA = Tmin to +2S c C 

INPUT IMPEDANCE 
Differential 

INPUT VOLTAGE RANGE+ 
Common Mode, max safe 
Operating, Vs = ±15V 
Common Mode Rejection Ratio 

POWER SUPPLY 
Rated Performance 
Operating . 
Current, Quiescent 

TEMPERATURE RANGE 
Operating 

Tested (TA = +2S
o
C to Tmax) 

Guaranteed, Not Tested 
(TA = Tmin to +2S

o
C) 

Storage 

NOTES 
+rhe inputs ar< shunted with back-to-back diodes: if the 

differential input may exceed :tl volt, a resistor should 
be used to limit the input current to IOmA. 

• Specific ations same asADSI8J, 
• ·Specifications same as ADS 18K. 

Specifications subject to change without notice. 
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AD51SJ 

25,000 min (l00,000 typ) 
20,000 min 
20,000 

±12V min (±13V typ) 
±lOmA 
2SmA 

l2Mllz' 

SOV/p.s 

800ns 

lOmV max (4mV typ) 
lSmV max 
lSmV 
JOp.V/oC 
lOp.V/oC 
6SdB min (80dB typ) 
SOdB 

SOOnA max (120nA typ) 
7S0nA max 
7S0nA 

200nA max (30nA typ) 
300nA max 
300nA 

O.SMU min (3.0MU typ) 

±VS 
±l1.5V 
70dB min (lOOdB typ) 

±lSV 
±(S to 20)V 
lOrnA max (SmA typ) 

o to +2S
o
C 

_65°C to +lSO°C 

AD518K 

50,000 min (l00,000 typ) 
25,000 min 
25,000 

4mV max (2mV typ) 
6mV max 
6mV 
ISp.V/oC max (5p.V/C typ) 
5P.V/oC 
80dB min (90dB typ) 
90dB 

250nA max (I20nA typ) 
400nA max 
400nA 

SOnA max (6nA typ) 
100nA max 
100nA 

80dB min (lOOdB typ) 

7mA max (SmA typ) 

I Electrical tests are performed at wafer probe. before the wafer is separat,,1 
into individual die<. Maintaining chip performance to sp<cification re'luir~' 
great care in handling and assembly . 

AD518S 

20p.V/oC max (lOp.V/C typ) . 



r.ANALOG 
W DEVICES Precision Instrumentation Amplifier 
·I~ __________________ A_D5_21_C_HI_ps~1 
PRODUCT DESCRIPTION 
The ADS21 is a second generation, low cost monolithic instru
mentation amplifier. As a true lA, it exhibits high input im
pedance, balanced differential inputs, low bias currents and 
high CMR. Gain is programmed for values between 0.1 and 
1000 by two external resistors. The ADS21 is internally com
pensated and input and output protected. Two ADS21 chip 
grades are specified for operation between 0 and +70° C while 
one grade is specified over the -SSoC to +12SoC range. 

APPLICATION INFORMATION 
ADS21 chips are functionally identical to packaged ADS21 
devices. For general application information, see the ADS 21 
packaged product catalog data sheet. 

The following additional application information applies to 
ADS21 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Infonnation Section. 

3. For perfonnance to device specifications, the metal sub
strate pad or header beneath the ADS21 chip must be 
con~ected to -Vs, device pad number S. 

4. Do not connect to any bonding pads or metalization 
not indicated as a functional bonding pad on the 
metalization photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.110 
(2.794) 

COMP 9 

Rs 10 

REF 11 

SENSE 12 

Rs 13 

14 
RG 

6 NULL 

-VS 

4 NULL 

3 -INPUT 

2 RG 

+INPUT 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-116 14 PIN CERAMIC PACKAGE. 
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••• SPECIRCATIONS (typical @ Vs = ±15V, RL =2kn and TA = 25°C unless otherwise specified) 

MODEL 

GAIN 
Range (For Specified Operation, Note I) 
Equation 
Error from Equation 
Nonlineariry (Note 2) 

I<:G<:IOOO 
Gain Temperature Coefficient 

OUTPlTf CHARACTERISTICS 
Rated Output 
Output at Maximum Operating Temperature 
Impedance 

DYNAMIC RESPONSE 
Small Signal Bandwidth (±3dB) 

G=I 
G = 10 
l. = 100 
G-I000 

Small Signal, ±1.0% Flatness 
G-I 
G = 10 
l. = 100 
G·1000 

ADS21J 

I to 1000 
G = Rs/RGV/V 
(±ll.2S-0.004G)% 

O.2'X, max 
!(3 ±O.05G)ppl11tc 

±IOV, !lOrnA min 
±IOV @ SmA min 
0.111 

>2Mllz 
300kllz 
200kHz 
40kHz 

7SkHz 
26kllz 
24kHz 
6kHz 

Full Peak Response (Note 3) 100kHz 
SlewRate,I<:G<:IOOO 10V/lJs 
Settling Time (any 10V step to within 10mV of Final Value) 

G· I 7IJs 
G·IO SIJS 
l. - 100 10IJs 
G·1000 3SIJs 

Differential Overload Recovery (±30V Input to within 
10mV of Final Value) (Note 4) 

G - 1000 SOIJS 
Common Mode Step Recovery (30V Input to within 
10mV of Final Value) (Note S) 

G = 1000 10IJs 

VOLTAGE OFFSET (may be nulled) 

Input Offset Voltage (Vos,) ° 
vs. Temperature, TA = +25 C to Tmu 

TA = Tmin to +2SoC 
VS. Supply 

Output Offset Voltage (Voso)o 
vs. Temperature, TA = +25 C to T!1l ax 

TA = Tmin to +2S C 
YS. Supply (note 6) 

INPUT CURRENTS 
Input Bias Current (either inp~t) 

vs. Temperature, TA = +2S C to T!1lax 
TA =.Tmin to +2S C 

vs. Supply 
Input Offset Current ° 

vs. Temperature. TA = +25 C to T~ax 
TA = TmUl to +2S C 

INPUT 
Differential Input Impedance (Note 7) 

Common Mode Input Impedance (Note B) 

Input Voltage Range for Specified Performance 
(with respect to ground) 

Maximum Vo1tage without Damage to Unit, Power ON 
,'r OFF Differential Mode (Note 9) 

Voltage at either input (Note 9) 

Common Mode Rejection Ratio, DC to 60Hz \\lIh Ikl1 
source unbalance 

G = I 
G = 10 
G = 100 
G = 1000 

NOISE 
Voltage RTO (p-p)@D.IHz to 10Hz (Note 10) 

RMS RTO, 10Hz to 10kHz 
Input Current, rms, 10llz to 10kHz 

REFERENCE TER,\IINAL 
Bias Current 
Input Resistance 
Voltage Range 
Gain to Ou tpu t 

POWER SUPPLY 
Operating Voltage Range 
Quiescent Supply Current 

TEMPERATURE RANGE 
Operating 

Tested (TA = +2SoC to Tmax) 
Guaranteed, Not Tested 

(TA = Tmin to +2SoC) 
Storage 

NOTES, 

3mV max (2mV typ) 
ISIJV/C max (7IJV/C typ) 
7IJV/C 
3IJV/% 

400mV max (200mV typ) 
400IJV /C max (ISOIJV/oC typ) 
ISblJv/c 
O.OOSVoso/% 

BOnA max 
InA/oC max 
InA/oC 
2%/V 

20nA max 
2S0pA/oC max 
2S0pA/oC 

3 x 10'I1lll.BpF 
6 x lO,o11113.0pF 

±IOV 

30V 
Vs ±ISV 

70dB mtn (HdB tvp) 
90dB mtn (94dll t~ p) 
100dB mtn (I0~dB typ) 
100dB min (llOdB typ) 

)(0.5(;)' + (225)'IJ\' 
,J02C;)' + (SO)'IJV 
ISpA(rm,) 

llJA 
10.\111 
±\Ov 
I 

:t5 to ±IS 
SmA max 

o to +2S oC 
-6SoC to +ISOoC 

All Numbered Notes Rder to AD521 Packaged Product eaulog Data,Sheet in Section 5. 
·Specifications same as A0521J. 

··Spccifications same as ADS21 K. 
···Electrical tests Irc pcrfonncd at wafer probe. before the wafer is Kparatcd into 

individual dice. Maintaining chip pcrfonnancc to specification requires great care 
in handling and as5tmbly. 

Specifications subject to change without notice. 
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ADS21K 

Urn;:' max (O.SmV 'lP) 
SIJV/ Cmax(1.SIJV/ Ctyp) 
l.SIJV/oC 

200mV max (lOmV typ) 
ISOIJV/oC max (SOIJV/oC typ) 
SOIJV/C 

40nA max 
SOOpA/C mol)( 
~OOpA/C 

10nA max 
12SpA/C max 
12SpA/C 

HdB mtn (BOd I! t~·p) 
94dB mtn (IOOdB tvp) 
104dB min (114dB typ) 
II0dB mtn (l20dB typ) 

AD52IS 

±(lS ±U.4G)ppm/oC 

" 
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PRODUCT DESCRIPTION 
The ADS32 is a complete laser-trimmed analog multiplier/ 
divider that performs to specification without any external 
trims or additional components. In hybrid applications, 
ADS32 chips can eliminate the need to design and operate 
complicated trim and test equipment while conserving 
valuable substrate area. As a multiplier, the ADS 32 op
erates as a full four-quadrant device; division is performed 
in two quadrants. ADS32 chips are available in two grades 
specified for 0 to +70oC operation and one grade for -SSoC 
to +12SoC. 

APPLICATION INFORMATION 
ADS32 chips are functionally identical to packaged ADS32 
devices. For general application information, see the ADS 32 

Trimmed Ie Multiplier 
AD532 CHIPS I 

packaged product catalog data sheet and the Analog Devices 
"Multiplier Application Gufde". 

The following additional application information applies to 
ADS32 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated 
Circuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD S 3 2 chip must be 
connected to -Vs,device pad number S. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.107 

ou;utl (2.718) 
-VS 
5 

~ 
Z 

X, 

0.062 
(1.575) 

2 +VS 

Y, 

L • 
7 9 

X2 GND VOS Y2 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-100 10 PIN METAL PACKAGE. 

. I 
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SPECIFICATIONS 1 (typical @+25°Cwith Vs = ±15V dc, Vas grounded, unless otherwise specified) 
PARAMETER 

ABSOLUTE MAX RATINGS 
Supply Voltage: 
Internal Powtr Dissipation 
Input Voltage2 

X, Y, Vos,Z 
Output Short Circuit 

MULTIPLIER SPECIFICATIONS 
Transfer Function 
Total Error (% F.S.) 

vs. Temperature 

Nonlinearity 
X Input 
Y Input 

Fc:c:dthrough 
X Input 

Y Input 

vs. Temp,erature 

DIVIDER SPECIFICATIONS 
Transfer Function 
Total Error3 

SQUARER SPECIFICATIONS 
Transfer Function 
Total Error 

SQUARE ROOTER SPECIFICATIONS 
Transfer Function 
Total Error3 

INPUT SPECIFICATIONS 
Input Resistance 

X, Y Inputs 
Z Input 

Input Bias Current 
X, Y Inputs 
Z Input 
X, Y Inputs 
Z Input 

Input Offset Current 
X, Y Inputs 

Input Voltage Diff/CM 
X, Y, Z Inputs 

CMRR (X or Y Inputs) 

DYNAMIC SPECIFICATIONS 
Small Signal, Unity Gain 
Full Power Bandwidth 
Slew Rate 
Small Signal Amplitude Error 
Small Signal 1 % Vector Error 
Settling Time 
Overload Recovery 

OUTPUT AMPLIFIER SPECIFICATIONS 
Output Impedance 
Output Voltage Swing 

Output Noise 

Output Offset Voltage. 
Initial Offset 
vs. Temperature 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Supply Current 
Power Supply Variation 

Multipli<r Accuracy 
Output Offset 
Scale Factor 
Feedthrough 

TEMPERATURE 
Operating. 

Storage 

NOTES, 

CONDITIONS 

To Ground 

ADS32J 

il8V 
SOOmW 

iVS 
Indefinite' 

(_+X2 '.0-:'oXm2 la(xYl_:IY .. s2o~/tlyOp) Vx = O/±IOV, Vy = O/±IOV" ro 

TA = +2S
o
C to Tmax ±2.S% 

TA = Tmin to +2S
o
C ±2.S% 

TA = +25°C to Tmax ±0.04%/oC 

Vx = 20V(p-pl, Vy = ±IOV 
Vy = 20V(p-p), Vx = ±IOV 

Vx = 20V(p-p), Vy = 0, 
f= 50Hz 

Vy = 20V(p-pl, Vx = 0, 
f = SOlIz 

TA = min to max 

Vx = -IOV, Vz = ±IOV 
Vx = -IV, Vz = ±IOV 

Vz = O/+IDV 

T A = min to max 
T A = min to max 

TA = min to max 
For Rated Accuracy 
X or Y = ±IOV 

0.5° phase shift 
±IOV step 

Closed Loop 
TA = min to max 
RL;;' 2kn. CL';; 1000pF 
f = 5Hz to 10kHz 
f = 511z to 5MHz 

Trimmable To Zero 

TA = +2S
o
C to Tm';' 

TA = Tmin to +2S
o
C 

Rated Performance 
Operating 
Quiescent 

±0.8% 
±0.3% 

200mV(p-pl max 
[50mV(p-pl typ) 
ISOmV(p-pl max 
[30mV(p-pl typ) 
2.0mV(p-pltC 

IDZ/(X,-X
2

) 

±2% 
±4% 

(X,-X
2

)2/10 
±0.8% 

-0"0z 
±1.5% 

10Mn 
36kn 

31lA 
±IOIlA 
10ilA 
±3 01lA 

±0.3IlA 

±IDV 
40dB min 

1.0Mllz 
750kHz 
45V/IlS to 2% 
1% at 75kHz 
Skllz 
IllS to 2% 
21ls to 2% 

±IOV min [±t3V typl 
0.6mV(rms) 
3.0mV(rms) 

±40mV 
0.7mV/oC 
0.7mV/C 

±ISV 
±IOV to ±18V 
±6mA max [±4mA typ) 

±O.OS%/% 
±2.5mV/% 
-0.03%/% 
±0.25mV/% 

tested (TA = +2S Q C to Tmax) +2S Q C to +70°C 
guaranteed, not tested 

(TA = Tmin to +2SoC) 0 to +2S
o
C 

-65°C to +ISO°C 

I Electrical tests arc performed at wafer probe, before the wafer is separatcd into 
individual dice. Maintaining chip perfonnance to spccification requires great 
care in handling and assembly. 

VOL. I, 17-12 MONOLITHIC CHIPS 

ADS32K 

±1.0% max [±0.7% typ) 
±1.S% 
±1.S% 
±0.03%/C 

±O.Oj%/C 

iO.S% 
iO.2% 

100mV(p-p) max 
[30mV(p-p) typl 
80mV(p-p) max 
[25mV(p-p) typ) 
1.0mV(p-p)/oC 

±I% 
±3% 

±O.4% 

±1.0% 

41lA max [1.5IlA typ) 
±ISIlA max [±SIlA typ) 
81lA 
±2SIlA 

±O.IIlA 

SOdB min 

±30mV max 

ADS32S 

i22V 

±I.O% max [±O.S% typl 
±4.0% max 
±4.0% 
±0.04%/C max 

[±O.OI%/oC typ) , 
±O.OI%/C 

•• 

2.0mVtCmax 

±IOV toi22V 

+2SoC to +12S
o
C 

-55°C to +2S
o
C 

1 Max input voltag~ is z~ro when suppli~s are turned"off. 
3With recommended external trim (see packag~d ADS32 data sh~et). 
·Specifications same as ADS 32J. 
• ·Specifications same as ADS32K. 
Specifications subject to change without notice. 
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AD535 NOTE: 
The ADS 34 is a functional equivalent to the ADS 35 divider. Since 
the ADS3S is not available in chip foml, ADS34 chips are recom
mended for divider as well as multiplier applications; see the ADS 35 
packaged product data sheet for application recommendations. 

PRODUCT DESCRIPTION 
The AD5 34 is a precision laser-trimmed four-quadrant multi
plier/two-quadrant divider that requires no external compo
nents to achieve accuracies usually found in expensive as
semblies. As a hybrid building-block, AD5 34 chips can 
guarantee errors as small as ±O.50%. Differential inputs, 
internal calibrated reference, output amplifier and a versa
tile configuration are all features of the AD534. AD534 
chips are available in two grades specified for operation 
between 0 and +70

o
C and one grade specified for -55°C 

to+125°C. 

AD534 CHIPS 1 
APPLICATION INFORMATION 
ADS 34 chips are functionally identical to packaged ADS 34 
and AD535 devices. For general application information, 
see the AD534 and AD535 packaged product catalog data 
sheets and the Analog Devices "Multiplier Application 
Guide." 

The following additional application information applies to 
AD534 chips: ' 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications. tpe metal sub
strate pad or header beneath the AD 534 chip must be 
connected to -Vs. device pad number 5. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metaliza
tion photograph. 

MET ALIZA nON PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.076 
(1.930) 

SF 2--+-__ -

+Vs 
9 

5 
-VS 

OUTPUT 
8 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-100 10 PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical at +25°C, with ±VS = 15V, RL;;;' 2k, unless otherwise stated) 

PARAMETER 

MULTIPLIER PERFORMANCE 
Transfer Function 

Total Error' 

vs. Temperature 

Scale Factor Error 
Temperature-Coefficient of 

Scaling-Vohage 
Supply Related Error 
Nonlinearity, X 

Nonlinearity, Y 

Feedthrough4 , X 

Feed~rough4, Y 

Output Offset 
Voltage Drift 

DYNAMICS 
Small-Signal BW 
I % Amplitude Error 
Slew Rate 
Settling Time to ±I% 

NOISE 
Noise Spectral-Density 

Wideband Noise 

OUTPUT 
Output Voltage Swing 
Output Impedance 
Amplifier Open-Loop Gain 
Maximum Output Current 

INPUT AMPLIFIERS (X, Y and Z)6 
Signal Voltag< Range 

Offset Voltage. X, Y 
Drift 

Offset Voltage. Z 
Drift 

CMRR (X, Y, Z) 
Bias Current 
Offset Current 
Differential Resistance 

DIVIDER PERFORMANCE 

Transfer Function 

Total Error' 

SQUARER PERFORMAN~E 
Transfer Function 

Total Error2 

SQUARE-ROOTER PERFORMANCE 
Transfer Function 
Total Error l 

POWER SUPPLY SPECIFICATIONS 
Suppl}' Voltage 

Supply Current 

TEMPERATURE 
Operating, tested 

guaranteed, not tested 
Storage 

ABSOLUTE MAXIMUM RATINGS 
Internal Power Dissipation 
Supply Voltage 
Output Short<ircuit to Ground 
InputVoltages,X t ,X" Y" Y" Z" Z, 

NOTES' 

CONDITIOSS 

-IOV",X, Y",+IOV 
Vs K ±l4V to ±l6V 
TA = +2S

o
C to Tmax 

Vs = ±l4V to ±l6V 
TA = Tm;" to +2SoC 

TA = +2S·C to T!'JIX 
TA = Tmin to +25 C 
SF = 10.00 nominal' 

TA .: min to max 
iVs =(lSV)iIV 
X = lOV pk-pk 
Y = tlOV 
Y = 20V pk-pk 
X = ilOV 
Y nulled 
X = lOV pk-pk 50111 
X nulled 
Y = lOV pk-pk SOli, 

TA = +2SoC to Tmin 

VOUT = D.IV rms 
CU)AD = 1000pF 
VOUT lOV pk-pk 
nVOUT = lOV 

SF = 10 
SF = 3 (Note S) 
f= 10llz to SMllz 
f = 10llz to'lOkllz 
f = 10llz to 10kHz, 
SF = ; (Nor, 5) 

TA = min to max 
Unity-Cain. f';; Ikllz 
f = SOlIz 
RL = 0, TA = min to max 

Rated Accuracy 
(Diff. or CMR) 
ODeratin. (D,ff.) 

TA = Tmin to +2S·C 

SOlll, 20V pk·pk 
Diff. Input = 0 
DiH Input = n 

X = lOY 
-IOV~Z~+IUV 

X= IV 
-lV"'Z~+I\, 

O.IV<X< lOY 
-IllV<Z<+IOV 

-IOV<X<+IOV 

ZI ';;Zz 
IV';;Z';;IOV 

Rated Performance 
Operating 
Quiescent 

(TA = +2S·C to T!'Jax) 
(TA = Tmin to +2S C) 

AD534J 

±I.O% max 

11.5% 

11.5% 

10.022%i"C 
10.022%/

o
C 

~0.2S% 

±o.Ol%'·C 
W.OI% 

to.4% 

iOOI% 

to.3% 

W.OI% 

HmV (±30mV max) 
200/lV'·C 
tSmV 
lOO/lV'·C 

IMlll 
SOklll 
lOV'/ls 
2/ls 

O.B/lV'.jii7' 
04/lV'Jj'i'i'"" 
ImVrms 
90/lVrms 

6QuV rm§ 

:tIl\, min 
O.ln 
70dB 
30rnA 

±IOV 
±12V 
±SmV (±lOmV max) 
I OO/lV,·C 

±SmV (±30mV max) 
200/lV'oC 
±SmV 
200/lV'·C 
BOdS (60dS min) 
O.B/lA (l/lA max) 
OI/lA 
1O~ln 

. ±U.75%, 

±2.S% 

0-~i'(1.!2 +Zz 

±0.6% 

v'1O(ZZ - ZI) + Xz 
±1.0% 

±ISV 
±BV to ±IBV 
4mA (6mA max) 

+2S
0
C t~ +70°C 

o to +2S C 
-6S·C to +IS0oC 

SOOmW 
±ISV 
Indefinite 
±Vs 

AD534K 

to.5% 

11.0% 

±I.O% 

to.OIS%'oC 
to.015%'oC 
to.l% 

to.OI%i"C 

to.2% (0.3% max) 

AD534S 

12.0% max 

12.0% 

to.02%'·C max 
10.02%'oC 

!O.Ol%(:tO.I% max) •. 

to.IS% (0.3% max) 

±0.01% (to.l% max) • 

±2mV (±ISmV max) • 
IOO/lVi"C SOO/lV,·C max 
12mV 
lOO/lV'·C SOO/lV,·C 

:t2mV (±IOmV max) • 
SO/lV'oC 

±2mV (tlSmV max) • 
100/lV/C SOO/lV/C max 
±2mV 
lOO/lV/C SOO/lVt"C 
90dB (70dB m,n) 

±1.0% 

±I.O% 

±U.3% 

±U.S% 

±8V to ±22\' 

+2S·C to +12SoC 
_SSoC to +2S·C 

±l2V 

·Same as AD53-4J specs. 
I Electrical tests are perfonned at wafer probe, before the 

wafer is separated into individual dice. Maintaining chip 
perfonnance to specification requires great care in handling 
and assmtbly. 

·lrreducible component due to nonli~carity: 
excludes effect of off~u. 

2 Figures Jiven arc percent of full-Kale, :t10V (i.e., 0.01%· 1mV). 
• May be reduced to 3V using external resistor between -VS 

and SF. 

VOL. I, 17-14 MONOl.!THIC CHIPS 

S Usma: external resistor adjusted to give SF '" 3. 
'Sec Functional Block Diagram, FilUre 1 of packaged 

AD534 data sheet for definition of sections. 
'With external Z-offset adjustment. Z " iX. 

Specifications subject fa change without notice. 
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PRODUCT DESCRIPTION 
The AD536A is a complete true rms-to-dc converter. As a 
single-chip IC, it is ideally suited to hybrid circuits as it re
quires only one external capacitor for operation. Features 
include factory calibration by laser trimming, dB ou tpu t 
with 60dB range, low power (lmA) single or dual supply 
operation, wide bandwidth and 1 % errors at crest factors 
of 7. One grade of the AD536A chip is specified for operation 
between 0 and +70oC, one grade for -55°C to +125°C. 

APPLICATION INFORMATION 
The AD536A chips are functionally identical to packaged 
AD536A devices. For general application information,.see 
the AD5 36A packaged product catalog data sheet. 

Ie True rms-to-dc Converter 
AD536A CHIPS I 

The following additional application information applies 
to AD536A chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. Forperformance to device specifications, the metal sub
strate pad or header beneath the AD5 36A chip must be 
connected to -Vs, device pad number 3. 

4. Pads lA and IB must both be connected to VIN. 

5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. . 

MET ALIZA nON PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.131 I ..... f----+
V
-
s
--------(3.327) ----C-OO-M----R9-L----l·~ 

.14 

0.080 
(2.032) 

VIN 1A *--....-H-I. 
VIN 1B*--+ ...... 

3 
-Vs 

4 5 
CAV dB 

~ 

6 
BUF OUT 

8 lOUT 

7 BUF IN 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-116 14 PIN CERAMIC DIP PACKAGE. 

NOTE: 
*BOTH PADS SHOWN MUST BE CONNECTED TO VIN. 
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SPECIFICATIONS 1 (typical @ +25°C and ±15~ dc unless otherwise noted) 
MODEL 

TRANSFER EQUATION 

CONVERSION ACCURACY 
Total Error, Internal Trim 2 (F~g. l)t ° 

vs. Temperature, TA = +2S C to +70 C 
TA = +70

o
C to +12SoC 

TA=Tminto+2SoC 

vs. Supply Voltage 
de Reversal Error 

Total Error, External Trim 2 (Fig.2)t 

ERROR vs CREST FACTOR3 

Crest Factor 1 to 2 
Crest Factor = 3 
Crest Factor = 7 

FREQUENCY RESPONSE' 
Bandwidth for 1% additional error (O.ldB) 

10mV <VIN <;; 100mV 
100mV<VIN<;;IV 
IV<VIN<;;7V 

±3dB Band\\idth 
IOmV<VIN<;;100mV 
100mV<VIN<;;IV 
IV<VIN<;;7V 

AVERAGING TIME CONSTANT (Fig. S)t 

INPUT CHARACTERISTICS 
Signal Range, ± 1 SV Supply 
Signal Range, +SV Supply (Fig. 17)t 
Safe Input, All Supply Voltages 
Input Resistance 
Input Offset Voltage 

OUTPUT CHARACTERISTICS 

Offset Voltage ° 
vs. Temperature, TA = +25 C to T~ax 

TA = Tmin to +25 C 

vs. Supply Voltage 
Voltage Swing, ± 15V Supplies 

±SV Suppl~' 
Output Current 
Short. Circuit Current 
Resistance 

dB OUTPUT (Fig. 13)t 

AD536AJ 

VOUT =,j avg. (VIN )3 

iSmV iO.S% of Reading, max 
±(O.lmV iO.OI% Reading)I"C, max 

±(O.lmV ±0.01% Reading)/oC, 

±(O.lmV ±O.Ul% Rcading)/V 
±O.05% of Reading 
±3mV ±0.3% of Reading 

Specified Accuracy 
-0.1 % of Reading 
-I % uf Reading 

6kHl 
40kHz 
100kHl 

50kHl 
300kHl 
2M Hz 

±20V Peak 
±5V Peak 
±2SV max 
16.7kn ±25% 
±2m'! max 

±2mV max 
±O.lmV/oC 

±O.lmV/C 
±O.lmVIV 
o to +IOV min 
o to +2V min 
(+S~A. -\30pA) min 
+20mA 
O.Sn max 

Error. VIN 7mV to 7V rms. OdB = I\, rms ±O.SdB 
·Scale Factor -3mV/dB 
Scale Factor TC (Uncompensated. see Fig. 13t -0.3% Rcading/C (-O.o3dB/oO 

for Temperature Compensation) 
IREF for OdB = I V rrns 
IREF Range 

loUT TERMINAL 
loUT Scale Factor 
loUT Scale Factor Tolerance 
Output Resistance 
Voltage Compliance 

BUFFER AMPLIFIER 
Input and Output Voltage Range 
Input Offset Voltage. Rs ~ 2Sk 
Input Current 
Input Resistance 
Output Current 
Short Circuit Current 
Small Signal Bandwidth 
Slew RateS 

POWER SUPPLY 
Voltage. Rated Performance 

Dual Supply 
Single Supply 

Quiescent Current 
Total Vs. 5V to 36V, Tmin to Tm.,. 

TEMPERATURE RANGE 
Operating 

Tested (TA = +2SoC to Tmaxl 
Guaranteed, Not Tested 

(TA = Tmin to +2S
o
C) 

Storage 

NOTES, 

20pA (SpA min. 80pA maxi 
IpA to IOOpA 

40pA/Voit rms 
±25% 
108 n 
-Vs to (+Vs -2.SV) 

-Vs to (+Vs -2.5V)min 
±4mV max 
100nA typ'- 300nA max 
lo"n 
(SmA. -\30pA) min 
+20mA 
IMHl 
5VI/ls 

±3.0V to ±18V 
+5V to +36V 

2mA max ClmA typ) 

o to +2SoC 
-55°C to +ISOoC 

AD536AS 

±(O.lmV iO.005% Reading)fC, max 
±(0.3mV ±0.005% Reading)fC, max 
i(O.lmV ±O.OOS% Reading)fC 

±0.2mV/C, max 
±0.2mV/C 
±O.2mV/V max 

I Electrical tests arc pcrfonncd at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip pcrfonnancc to specification requires great 
care in handling and assembly. 

.. Input voltages are expressed in vol[s fms. 
s With 2 K external p1J.ildown resistor. 

2 Accuracy is specified for 0 to 7V rms, dc or 1kHz sinewave input with the 
ADS36A 'connected as in I'igun: 1. 

I Error vs. crest factor is specified for 1 V nns rectangular pulse input, pulse 
width - 200"s. 

VOL. I, 17-16 ,MONOLITHIC CHIPS 

tl'igure n:ferences ",fer to figun:s on ADSl6A packaged product catalog 
data sheet in Section 7. 

·Specifications same as AD5 36AJ. 
Specifications subject to change" without notice. 
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PRODUCT DESCRIPTION 
The ADS 3 7 is a V to F converter consisting of an input ampli
fier, precision oscillator, accurate voltage reference and a high 
current output stage. Only a single external RC network is 
required to set up any full scale frequency up to 100kHz and 
any full scale input voltage up to ±30V. ADS37 chips feature 
a precision reference output, low quiescent current (1.2mA), 
high linearity and excellent stability. The device operates from 
single or dual supplies from 4.S to 36 volts. The ADS37 chip is 
specified for 0 to + 70° C operation. 

APPLICATION INFORMATION 
ADS37 chips are functionally identical to dual-in-line packaged 
ADS37 devices. For general application information, see the 
ADS37 packaged product catalog data sheet. 

Low Cost 
Ie V-to-F Converter 

AD537 CHIPS I 
The following additional application information applies to 
ADS37 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the ADS 37 chip must be 
connected to -VS, device pad number 8. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

VTEMP 
6 

1.00V 7 --.+-I

0.074 
(1.880) 

REF 

-Vs 8-----1 

9 10 11 12 
~~ 

NULL CAP 

13 
+Vs 

-1--1 LOGIC 
GND 

--..!1--14 OUTPUT 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 14 PIN CERAMIC PACKAGE. 

MONOLITHIC CHIPS VOL. I, 17-17 
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SPECIFICATIONS 1 (typical @ +25°C with Vs (total) = 5 to 36V, unless otherwise noted) 

MODEL 

ANALOG INPUT AMPLIFIER 
(Voltage:-to-Current Converter) 
Voltage Input Range 

Single: Supply 
Dual Supply 

Input Bias Current 
(Either Input) 

Input Resistance (Non-Inverting) 
Input Offset Voltage 

(Trimm able to Zero) 
vs. Supply 
vs. Temp. TA = Tm¥, to Tmax 
Safe Input Voltage 

CURRENT~O~REQUENCYCONVERTER 

Frequency Range 
Nonlinearity 3 

finax = 10kHz 
fmax = 100kHz 

Full Scale Calibration Error 
C = O.OIOOpF, lIN = 1.000mA 
vs. Supply. (fmax < 100kHz) 
vs. Temp. TA = Tmin to Tmax 

REFERENCE OUTPUTS 
Voltage Reference 

Absolute Value 
vs. Temp. TA = Tmin to Tmax 
vs. Supply 
Output Resistance4 

Absolu te Temperature Reference 
Nominal Output Level 
Initial Calibration @ +25°C 
Slope Error from 1.00mV/oK, 
Slope Nonlinearity 
Output Resistance4 

OUTPUT INTERFACE (Open Collector Output) 
(Symmetrical Square Wave) 

Output Sink Current in Logic "0" 
(VOUT = OAV max, Tmin to Tmax) 

Output Leakage Current in Logic "I" 
(Tmin to Tmax) 

Logic Common Level Range 
Rise/Fall Times (CT = O.OlpF) 

lIN = ImA 
lIN = I/lA 

POWER SUPPLY 
Voltage, Rated Performance 

Single Supply 
Dual Supply 

Quiescent Current· 

TEMPERATVRE RANGE 
Operating 

Tested (TA = +2SoC to Tmax) 
Guaranteed. Not Tested 

(TA = Tmin to +2SoC) 
Storage 

NOTES: 

AD537J 

o to (+Vs - 4) Volts (min) 
-Vs to (+Vs - 4) Volts (min) 

100nA 
2S0Mn 

SmV max 
100J.JV IV max 
SpV/oC 

±VS 

010 ISOkHz 

0.1% 
O.IS% 

±7% max 
±O.I%/V max (0.01% typ) 
SOppm typ 

1.00 Volt ±S% max 
SOppm/C 
±0.03%/V max 
380n 

1.00mV/OK 

298mV ±SmV typ 
±0.02mV/oK 
±O.loK 
cOon 

20mA min 

200nA max 
-Vs to (+Vs - 4) Volts 

0.2ps 

Ips 

4.5 to 36V 
±Sto±18V 
1.2mA 

o to +2SoC 
-6S'C to +ISO°C 

1 Electrical tests are performed at wafe' probe. before the wafer is separated into 
individual dice. Maintaining chip pe'rformancc to specification requires great 
care in handling and assembly. 

'Maximum voltage input levd is equal to the supply on either input terminal. 
However. large negative voltage levds can be sensed at the negative terminal 
if the input is scaled to a nominal ImA full scale through an appropriate 
value resistor. 

'Nonlinearity is specified for a current input level (lIN) to the converter from 
0.1 to 10001lA. Converter has 100% overrange capability up to liN = 2000IlA 
with slightly reduced linearity. Nonlinearity is defined as deviation from a 
straight line from z~ro to full scale, expressed as a percentage of full scale. 

• Loading the 1.0 volt or ImV/o K outputs can cause a significant change in 
overall circuit performance, as indicated in the applications section of the 
packaged ADS37 catalog data sheet. To maintain normal operation, 
these outputs should be operated into the internal buffer or an 
external amplifier. 

Specifications subject to change without notice. 

VOL. I, 17-18 MONOLITHIC CHIPS 
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High Accuracy 
Low Cost FET -Input Op Amp 

PRODUCT DESCRIPTION 
The AD540 is a low cost, high accuracy FET input operational 
amplifier. The low maximum bias current of 25pA (K-grade) 
is specified warmed up. The device is latch-up proof and short 
circuit protected. It is internally compensated for gains of one 
or greater. Two grades of AD540 chips are specified for opera
tion over the 0 to +700 C temperature range and one grade is -
specified for operation between -55° C and + 125 ° C. 

APPLICATION INFORMATION 
AD540 chips are functionally identical to packaged AD540 
devices. For general application information, see the AD540 
packaged product catalog data sheet. 

AD540 CHIPS I 
The following additional application information applies to 
AD540 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD540 chip must be 
connected to -Vs, device pad number 4. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.060 
(1.524) 

3 
+ INPUT 

0.088 
(2.235 ) 

NOTE: THERE IS NO PAD NO.8. 

4 
-Vs 

5 
SAL 

7 +Vs 

~-- 6 OUTPUT 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8 PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @+25°C and Vs = ±15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GAIN 2 

VOUT = ±10V, RL >2kn 
TA = +25°C to Tmax 
Tmin to +25°C 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kn, T A = min to max 
Voltage @ RL = 10kn, T A = min to max 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 

INPUT OFFSET VOL TAGE 3 

vs. Temp, TA = +25°C to Tmax 
TA = Tmin to +25°C 

vs. Supply, TA = +25°'c to Tmax 
TA = Tmax to +25°C 

INPUT BIAS CURRENT I 
Either Input4 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differentials 
Common Mode 
Common Mode Rejection, Yin = ±IOV 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

TEMPERATURE RANGE 
Operating 

Tested (TA = +2S
o
C to Tmax) 

Guaranteed, Not Tested 
(TA = Tmin to +2S

o
C) 

Storage 

NOTES: 
1 Electrical tests are performed at wafer probe, before the wafer is 

separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

20pen Loop Gain is specified with VOS both nulled and unnulled. 
3 Input Offset Voltage specifications are guaranteed after 5 minutes 

of operation atTA = +25°C. 
4 Bias Current specifications are guaranteed after 5 minutes of opera

tion at T ~ = +25°C. For higher temperatures, the cunent doubles 
every 10 C. 

VOL. I, 17-20 MONOLITHIC CHIPS 

AD540J 

20,000 min 
15,000 min 
15,000 

±10V min (±13V typ) 
±12V min (±14V typ) 
25mA 

1.0MHz 
100kHz 
6.0V/ps 

50mV max 
7SpV/oC max 
7SpV/oC 
400pVIV max 
400pVIV 

SOpA max 

IO Io nll2pF 
10 1 

I nll2pF 

±20V 
±IOV min (±12V typ) 
iOdB min 

±ISV 
±(S to 18)V 
7mA max OmA typ) 

o to +25°C 
-65°C to +lS0°C 

AD540K 

50,000 
25,000 min 
25,000 

20mV max 
2SpV/oC max 
2SpV/oC 
300pVIV max 
300pVIV 

2SpA max 

AD540S 

.. 

SOpV/C max 
SOpv/oc 

5 Defined as voltage between inputs, such that neither exceeds:!: 10V 
from ground. 

·Specifications same as AD540J 
"Specifications same as AD540K. 

Specifications subject to change without notice. 
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PRODUCT DESCRIPTION 
The ADS42 is a precision FET-input operational amplifier fab
ricated with the most advanced BIFET and laser-trimming 
technologies. Bias currents as low as 2SpA max, warmed-up. 
and offset voltages as low as 1.0mV max and offset voltage 
drifts as low as 10J..LV/oC max make the ADS42 ideal for 
precision instrumentation applications. This precision is 
gained without sacrificing the low cost, high-speed features 
of other BIFET amplifiers. Two grades of ADS42 chips are 
specified for operation between 0 and + 70° C and one grade 
is specified for the -55°C to +12S

o
C temperature range. 

APPLICATION INFORMATION 
ADS42 chips are functionally identical to packaged ADS42 
devices. For general application information, see the ADS42 
packaged product catalog data sheet. 

Precision 
Low Cost BIFET Op Amp 

AD542 CHIPS I 
The following additional application information applies to 
ADS42 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the ADS42 chip must be 
connected to -Vs, device pad numbers 4A and 4B. 

4. Pads 4A and 4B must both be connected to -Vs. 

5. Do not connect to any bonding pads or metalization 
not indicated as a functional bonding pad on the 
metalization photograph. 

MET ALIZA TION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.062 
(1.575) 

-INPUT 

NULL 
1 

4A 
-VS 

0.089 
(2.2606) 

NOTE: THERE IS NO PAD NO.8. 

4B 
-VS 

+Vs 
7 

OUTPUT 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8 PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @ +25°C and Vs = ±15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GAIN2 

Vout = ±lOV, RL > 2kn 

TA = +2S
o

C to Tmax 
TA = Tmin to +2S

o
C 

OUTPUT CHARACTERISTICS 

Voltage @ RL = 2kn, TA =Tmin to Tmax 
Voltage @ RL = 10kn, TA = Tmin to Tmax 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 

INPUT OFFSET VOLTAGE3 

vs. Temp, TA = +2S
o

C to Tmax 
TA = Tm~ to +2S

o
C 

vs. Supply, TA = +25 C to Tmax 
TA = Tmin to +2SoC 

INPUT BIAS CURRENT 
Either Input4 

Input Offset Current 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differentials 
Common Mode 
Common Mode Rejection, Yin = ±lOV 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

VOLTAGE NOISE 
O.l-lOHz 
10Hz 
100Hz 
1kHz 
10kHz 

TEMPERATURE RANGE 
Operating 

Tested (TA = +2S
o
C to Tmax) 

Guaranteed, Not Tested 
(TA = Tmin to +2SoC) 

Storage 

NOTES: 

AD542J 

100,000 min 
100,000 min 
100,000 

±10V min (±12V typ) 
±12V min (±13V typ) 
2SmA 

1.0MHz 
50kHz 
3 .OV Ills 

2.0mV max 
201lV/C max 
20IlV/oC . 

200llV IV max 
200llVIV 

SOpA max 
SpA 

101o nll2pF 
101I nll2pF 

±20V 
±lOV min (±12V typ) 
76dB min 

±15V 
±(5 to IB)V 
l.SmA max 

21lV p-p 
70nV/$z 
45nV/y'H; 
30nV/v'Hz 
2 S n V 1v'Hz'" 

o to +2S
o

C 
-65°C to +lS0°C 

ADS42K 

300,000 min 
300,000 min 
300,000 

1.0mV.max 
101lV/oC max 
IOIlV/oC 
1 OOIlV IV max 
100llVIV 

2SpA max 
2pA 

BOdB min 

.. 

AD542S 

.. 

lSIlV/C max 
lSIlV/C 

.. 

I Electrical tests are performed at wafer probe, before the wafer is 
·separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

5, Defined as voltage between inputs, such that neither exceeds 
±IOV from ground. 

20pen Loop Gain is specified with Vas both nulled and unnulled. 
'Input Offset Voltage specifications are guaranteed after 5 minutes 

of operation at TA = +2Soc. 
4 Bias Current specifications are guaranteed maximum at either 

input after S minutes of operation at TA = +2SoC. For higher 
temperatures, the current doubles every 10°C. 

VOL. I, 17-22 MONOLITHIC CHIPS 

• Specifications same as ADS42J. 
• ·Specifications same as ADS42K. 
Specifications subject to change without notice. 
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PRODUCT DESCRIPTION 
The AD544 is a precision, high speed, FET-input operational 
amplifier fabricated with the most advanced BIFET and 
laser-trimming technologies. Bias currents_ as low as 25pA max, 
warmed-up, offset voltages as low as 1.0mV max and offset 
voltage drifts as low as lOJ..LVtC max and fast settling time 
of 3J..Ls to ±O.Ol % make the AD544 ideal for use as a precision 
output amplifier for digital to analog converters. Two grades 
of AD544 chips are specified for operation between 0 and 
+70o C and one grade is specified for the -55°C to +125°C 
temperature range. 

APPLICATION INFORMATION 
AD544 chips are functionally identical to packaged AD544 
devices. For general application information, see the AD544 
packaged product catalog data sheet. 

Precision 
High Speed BIFEl Op Amp 

AD544 CHIPS I 
The following additional application information applies to 
AD544chlps: -

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD544 chip must be 
connected to -Vs. device pad numbers 4A and 4B. 

4. Pads 4A and 4B must both be connected to -Vs. 

5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.062 
(1.575) 

-INPUT 

+INPUT 3 

NULL 
1 

4A 
-Vs 

0.089 
(2.2606) 

,: 
" 

NOTE: THERE IS NO PAD NO.8. 

48 
-Vs 

+Vs 
7 

5 
NULL 

6 OUTPUT 
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SPECIFICATIONS' (typical @ +25°C and Vs = ±15V de unless otherwise specified) 

MODEL 

OPEN LOOP GAIN2 

Vout = ±10V,RL ~ Zkn 

TA = +ZsoC to Tmax 
TA = Tmin to +Zsoc 

OUTPUT CHARACTERISTICS 
Voltage @ RL = Zkn, TA = Tmin to Tmax 
Voltage @ RL = 10kn, TA = Tmin to Tmax 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 

INPUT OFFSET VOL TAGE3 

vs. Temp, TA = +ZSoC to Tmax 
TA = Tmin to +ZSoC 

vs. Supply, TA = +ZSOC to Tmax 
TA = Tmin to +ZSoC 

INPUT BIAS CURRENT 
Either Input4 

Input Offset Current 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
DifferentialS 

Common Mode 
Common Mode Rejection, Yin = ±lOV 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

VOLTAGE NOISE 
O.1-10Hz 
10Hz 
100Hz 
1kHz 
10kHz 

TEMPERATURE RANGE 
Operating 

Tested (TA = +ZSoC to Tmax) 
Guaranteed, Not Tested 

(TA = Tmin to +ZSoC) 
Storage 

NOTES: 

ADS44} 

30,000 min 
20,000 min 
20,000 

±10V min (±IZV typ) 
±lZV min (±i3V typ) 
ZSmA 

2.0MHz 
200kHz 
13.0Vlps 

Z.OmV max 
ZO/1V/C max 
ZO/1V/C 
200/1VIV max 
ZOO/1VIV 

SOpA max 
SpA 

IO lo n\\ZpF 
101 I nl\ZpF 

±20V 
±lOV min (±12V typ) 
74dB min 

-'I 

±lSV 
±(S to 18)V 
2.SmA max (I.8mA typ) 

2pVp-p 
3SnV/Vfu 
22nV/VRz 
18nV/y'Hi 
16nV/Vfu 

o to +ZSOC 
-6SoC to +lS0oC 

I Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

20pen Loop Gain is specified with Vas both nulled and unnulled. 
'Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at TA = +25°C. 

4 Bias Current specifications are guaranteed maximum at either 
input after 5 minutes of operation at TA = +25°C. For higher 
temperatures, the current doubles every 10°C. 

5 Defined as voltage between inputs, such that neither exceeds 
±lOV from ground. 

·Specifications same as ADS44}. 
• • Specifications same as ADS44K. 
Specifications subject to change without notice. 

VOL. I, 17-24 MONOLITHIC CHIPS 

ADS44K 

50,000 min 
40,000 min 
40,000 

1.0mV max 
IO/1V/oC max' 
10PV/oC 
lOO/1VIV max 
lOO/1VIV 

ZSpA max 
ZpA 

BOdB min 

ADS44S 

** 
** 
** 

lS/1V/C max 
lS/1V/C 
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PRODUCT DESCRIPTION 
The ADS47 is a monolithic, FET input operational amplifier 
combining the very low input bias current advantages of a 
BIFET op amp with offset and drift performance previous-
ly available only in high quality bipolar amplifiers. 

The exclusive Analog Devices laser wafer trim process trims 
both the input offset voltage and offset voltage drift to levels 
far lower than any competing BIFET amplifier (lmV, S/J.V/ 
°C). 

In addition to superior low drift performance, the ADS47 
offers the lowest guaranteed input bias currents of any BIFET 
amplifier (SOpA max 'farmed-up). 

APPLICATION INFORMATION 
ADS47 chips are functionally identical to packaged ADS47 
devices. For general application information, see the ADS47 
packaged product catalog data sheet. 

Ultra Low Drift 
BIFET Operational Amplifier 

AD547 CHIPS I 
The following addition~l application information applies to 
ADS47 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit ChipsGeneral Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the ADS47 chip must be 
connected to -Vs, device pad numbers 4A and 4B. 

4. Pads 4A and 4B must both be connected to -Vs. 

S. Do not connect to any bonding pads or metalization 
not indicated as a functional bonding pad on the 
metalization photograph. 

MET ALIZA T10N PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.062 
(1.575) 

-INPUT 

+INPUT 3 

NULL 
1 

4A 
-Vs 

0.089 
(2.2606) 

NOTE: THERE IS NO PAD NO.8. 

48 
-VS 

+Vs 
7 

5 
NULL 

6 OUTPUT 
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SPECIFICATIONS 1 (typical @ +25° C and Vs = ± 15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GAIN 2 

VOUT = ±10V, RL ~ 2k.Q 
TA = +2SoC to Tmax 
TA = Tmin to +2SoC 

OUTPUT CHARACTERISTICS 
Voltage@ RL = 2kn, TA = min to max 
Voltage@ RL = lOkn, TA = min to max 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slc\\' Rate, Unity Gain 

INPUT OFFSET VOLTAGE3 

vs. Temperature, TA = +2SoC to Tmax 
TA = Tmin to +2SoC 

vs. Supply, TA = +2SoC to Tmax 
TA = Tmin to +2S

o
C 

INPUT BIAS CURRENT 
Either Input4 

Input Offset Current 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differentials 
Common Mode 
Common Mode Rejection, Yin =±lOV 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

VOLTAGE NOISE· 
O.1-10Hz 
10Hz 
100Hz 
1kHz 
10kHz 

TEMPERATURE RANGE 
Tested (TA = +2SoC to Tmax) 
Guaranteed, Not Tested 

(TA = Tmin to +2SoC) 
Storage 

NOTES: 

AD547J 

100,000 min 
100,000 min 
100,000 

±lOV min (±12V typ) 
±12Vmin (±13V typ) 
2SmA 

1.0MHz 
50kHz 
3.0V/Jis 

1.0mV max 
SJiV/C max 
SJ1V/C 
200JiVN max 
200JiVN 

10pA (SOpA max) 
SpA 

1012nll6pF 
1012nll6pF 

±20V 
±lOV min (±12V typ) 
76dB min 

±ISV 
±(S to 18)V 
1.SmA max (1.1mA typ) 

2JiV p-p typ 

70nV/Vlli" 
4SnV/$z 
30nV/$z 
2SnV/$z 

o to +2SoC 
-6SoC to +IS00 C 

1 Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice. MaiI;taining chip performance to 
specification requires great care in handling and assembly. 

20pen Loop Gain is specified with VOS both nulled and unnulled. 
3Input Offset Voltage specifications are guaranteed after 5 minutes 

of operation at TA = +2SoC. 
4 Bias Current specifications are guaranteed maximum at either 

input after 5 minutes of operation at TA = +2SoC. For higher 
temperatures, the current doubles every 10° C. 

sDefined as the maximum safe voltage between inputs, such that 
neither exceeds ± IOV from around. 

Specifications subject to change without notice. 

VOL. I, 17-26 MONOLITHIC CHIPS 
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DACPORT ™ Low Cost 
Complete tLP-Compatible 8-Bit OAC 

PRODUCT DESCRIPTION 
The ADSS8 DACPORT is a complete voltage-output 8-bit 
digital-to-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to 
an analog system. . 

The performance and versatility of the DACPORT is a result of 
several recently-developed monolithic bipolar technologies. 
The complete microprocessor interface and control logic is 
implemented with integrorted injection logic (12 L), an extreme
ly dense and low-power logic structure that is process-compat
ible with linear bipolar fabrication. The internal precision 
voltage reference is the patented low-voltage band-gap circuit 
which permits full-accuracy performance on a single +SV to 
+ 15V power supply. Thin-film silicon-chromium resistors 
provide the stability required for guaranteed monotonic 
operation over the entire operating temperature range, 
while recent advances in laser-wafer-trimming of these thin
film resistors permit absolu te calibration at the factory to 
within ±lLSB; thus no user-trims for gain or offset are re
quired. A new circuit design provides voltage settling to 
±1/2LSB for a full-scale step in 800ns. 

AD558 CHIPS I 
The AD558J is specified for use over the 0 to +70oC tempera
ture range and the AD558T is specified for the -55°C to 
+125°C range. 

APPLiCATION INFORMATION 
AD558 chips are functionally identical to packaged AD558 
devices. For general application information, see the ADS 58 
packaged product catalog data sheet. 

The following additional application information applies to 
AD558 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD558 chip must be 
connected to analog ground, device pad number 13. 

4. Do not connect to any bonding pads or metaiization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALlZA TlON PHOTOGRAPH 
Dimensions shown"in inches and (mm) . 
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SPECIFICATIONS 1 (typical @+25°e, Vee = +5V to +15V unless otherwise specified) 

MODEL 

RESOLUTION 

RELATIVE ACCURACy2 

_ TA = Tmin to Trnax 

OUTPUT 
Ranges 

Current. Source 
Sink 

OUTPUT SETTLING TIMEs 
o to 2.56 volt range 
o to 10 volt range 3 

FULL SCALE ACCURACY 
@ 25

c
C 

TA = +25°C to Tmax 
TA = Tmin to +25°C 

ZERO ERROR 
@25°C 

TA = +25°C to T"6ax 
TA = Tmin to +25 C 

MONOTONICITy6 

DIGITAL INPUTS 

Tmin toTmax 
Input Current 
Data Inputs, Voltage 

Bit On - Logic" I .. 
Bit Off - Logic "0" 

Control Inputs. Voltage 
On - Logic "I" 
Off - Logic "0" 

Input Capacitance 

TIMING 

Tmin to Tmax 
tw (Strobe Pulse Width) 
tDH (Bata Hold Time) 
tDS (Data Set-Up Time) 

POWER SUPPLY 
Operating Voltage Range (Vee) 

2.S6 Volt Range 
10 Volt Range 
Current (Icc) 
Rejection Ratio 

POWER DISSIPATION, Vcc = 5V 
Vee = ISV 

TEMPERATURE RANGE 
Operating 

Tested (TA = +25°C to Tmax) 
Guaranteed, Not Tested 

(TA = Tmin to +2SoC) 
Storage 

NOTES 

AD558J 

8 Bits 

±1/2LSB max 

(}V to +2.56V 
OV to +lOV 3 

+5mA 
Internal Passive 
Pull-Down to Ground4 

0.8ps 
2.0ps 

±1:5LSB (±0.6%) max 
±2.5LSB (±1.0%) max 
±2.5LSB (±1.0%) 

±lLSB max 
±2LSB max 
±2LSB 

Guaranteed, TA = +2S"C to Tmax 
Typical, TA = Tm~ to +2SoC 

±lOOpA max 

2.0V min 
O.8V max 

2.0V min 
0.8V max 
4pF 

lOOns min 
IOns max 
lOOns min 

+4.SV to +16.SV 
+11.4V to +16.5V 
15mA typo 25mA max 
0.03%/% max 

7SmW (125mW max) 
225mW (3 75mW max) 

o to +25°C 
-6SoC to +lS0oC 

I Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

AD558T 

±3/8LSB max 

+5mA min 

2 Relative Accuracy is defined as the deviation of the code transition points from the ideal 
transfer point on a straight line from the zero to·the full scale of the device. 

'Operation of the 0 to 10 volt output range re'luires a minimum supply voltage of + 11.4 volts. 
4 Passive pull-down resistance is 2kn for 2.56 volt range, 10kn for 10 volt range. 
• Settling time is specified for a positive-gOing tull·scale step to ± 1/2LSB. Negative-going steps to zero 
are slower. but can be improved with an external pull-down. 

,6 A monotonic converter has a maximum differential linearity error of ± lLSB. 
• Specifications same as AD558J. 

Specifications subject to change without notice. 
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Low Cost, High Speed 10-Bit 
D-to-A Converter with· Reference 

PRODUCT DESCRIPTION 
The AD561 is a low-cost, high-speed complete current output 
D to A converter. An on-chip buried zener reference, laser
wafer-trimmed resistors, high-speed switches and control am
plifier make the AD561 chip ideal for adjustment-free 10-bit 
hybrid applications. Monotonicity to 10 bits (guaranteed 
+25°C to Tmax) along with a 250ns settling time are among 
the performance features of the AD561. Ope grade of the 
AD561 chip is specified for 0 to +70vC operation and one is 
specified I for -55°C to +125°C. 

APPLICATION INFORMATION 
The AD561 chip has several features not accessible to users 
of packaged AD561 devices. 

1. On AD 5 61 chips, the internal reference is not permanently 
connected. This allows the use of an external reference and 
also makes the internal reference available for external use. 

2. The control amplifier summing point is accessible on the 
AD561 chip. Thus the User may connect an external ref
erence voltage-to-current conversion resistor that may be 
specified to match an ~xternal feedback (range-setting) 

AD561 CHIPS I 
resistor. This enables the user to set his own output range 
without degrading the gain temperature coefficient. 

3. An additional output span resistor is accessible. This per
mits the user to connect the AD561 chip for ±5, ±1O or ±20 
volt spans. 

All other general application information on the AD 561 pack
aged product catalog data sheet applies to AD561 chips. 

The following additional application information applies to 
AD561 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifiCations, the metal sub
strate pad or header beneath the AD561 chip must be 
connected to -Vs, device pad number 5. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.099 
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ADJUST 
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BIT 10 BIT 9 
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BIT6 

7 BIT 7 

6 BITS 
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1 . 
SPECIFICATIONS (T A = +25°e, Vee = +5V, VEE = -15V, unless otherwise specified) 

AD561J 

MODEL MIN TYP MAX 

RESOLUTION 10 Bits 

ACCURACY (Error Relative ±1I4 ±112 
to Full Scale) (0.025) (0.05) 

DIFFERENTIAL NONLINEARITY ±112 

DATA INPUTS 
TTL, Vee = .. 5V \ 

Bit ON Logic "I" +2.U 
Bit OFF Logic "0" +O.B 

CMOS, 10V';;;Vee ';;; 16.5V 
(See Figure I) 

Bit ON Logic "I" 70% Vee 
Bit OFF Logic "0" 30% Vee 

Logic Current (Each Bit) (Tmin to Tmax) 
Bit ON Logic "I" +5 +100 
Bit OFF Logic "0" -5 -25 

OUTPUT 
Current 

Unipolar 1.5 2.U 2.4 
Bipolar ±U.75 ±I.U ±1.2 

Resistance (Exclusive of 
Application Resistors) 40M 

Unipolar Zero (All Bits OFF) 0.01 0.05 
Capacitance 25 
Compliance Voltage -2 -3 +\0 

SETTLING TIME TO 1/2LSB 
All Bits ON-to-oFF or OFF-to-oN 250 

POWER REQUIREMENTS 
Vee' +4.5V dc to +16.5V dc B \0 
VEE' -IO.BV dc to -16.5V de 12 16 

POWER SUPPLY GAIN SENSITIVITY 
Vee' +4.5V de to +16.5V de 2 10 
VEE' -IO.BV de to -16.5V dc 4 25 

TEMPERATURE RANGE 
Operating 

Tested (TA = +25°C to Tmax) +25 to +70 
Guaranteed, I"ot Tested 

(TA = Tmin to +25°C) o to +25 

Storage -65to+I5U 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero, TA = +25°C to Tmax I 10 
TA = Tmin to +25°C I 

Bipolar Zero, TA = +25°C to Tmax 2 25 
TA = Tmin to +25°C 2 

Full Scale, TA = +25°C to Tmax 15 BO 
TA = Tmin to +25°C 15 

Oi ffer~ntial TA = +25°C to Tmax 2.5 
Nonlinearity, TA = Tmin to +25°C 2.5 

MONOTONICITY Guaranteed, TA = +25 C to Tmax 
Typical, TA = Tmin to +25°C 

PROGRAMMABLE OUTPUT o to +5, 0 to +10, 0 to +20 
RANGES -2.5 to +2.5, -5 to +5, -10 to +10 

CALIBRATION ACCURACY 
Full Scale Error with Fixed 2Sn 

Resistor ±O.I 
Bipolar Zero Error with Fixed IOn 

Resistor ±O.I 

CALIBRATION ADJUSTMENT 
RANGE 
Full S,a1e (With Son Trimmer) ±O.S 
Bipolar Zero (With 50n Trimmer) ±0.5 

REFERENCE 
Output Voltage, IL = 0 to ImAt 2.490 2.5UO 
Maximum Current Out t 5.U 
Temperature Coefficient 

TA = +2S·C to Tmax 10 

TA = Tmin to +2SoC 10 

NOTES, 
I Electrical tests are performed at wafer probe, before the wafer is ""puated 
into individual dice. Maintaining chip performance to specification requires 
great cue in handling and ....,mbly. 

tRcfcrcnt current out is in addition to refncnce cu'rrent required by D-to-A 
REF IN and BIPOLAR OFFSET. 
Specifications subject to change without notice. 
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2.S10 

BO 

AD561T 

MIN TYP MAX UNITS 

IU Bits 

±I/B ±1I4 LSB 
(0.012) (0.025) %of F.S. 

±1/2 I.SB 

+2.U V 
+(>.11 V 

7U% Vee V 
3U% Vee V 

+20 +100 nA 
-25 -IUU pA 

1.5 2.U 2.4 rnA 
±U.75 ±I.U il.2 rnA 

4UM n 
U.OI 0.U5 % of F.S. 
25 pF 

-2 -3 +10 V 

25U ns 

6 10 rnA 
II 16 . rnA 

2 10 ppm of F.S.I% 
4 25 ppm of I'.S.I% 

+25to+125 Cc 

-55 to +25 °c 

-65to+150 °c 

I 5 ppm of F sfc 
I ppm of F.sfc 
2 10 ppm of F.sfc 
2 ppm of I'.sfc 

15 30 ppm of F.sfc 
15 ppm of F.sfc 
2.5 ppm of F.sfc 
2.5 ppm of F.sfc 

Guaranteed, TA = +25 C to Tmax 
Typical, TA = Tmin to +25°C 

o to 15,0 to +10, 0 to +20 V 
-2.5 to +2.5, -5 to +S, -10 to +10 \' 

±O.I % of F.S. 

±O.I % of F.S. 

±O.S % of F.S. 
±0.5 % of F.S. 

2.490 2.500 2.505 \' 

5.0 rnA 

10 60 ppm of F.sfc 
10 ppm of F.sfc 
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PRODUCT DESCRIPTION 
The AD565A/AD566A is a 12-bit digital-to-analog converter 
that incorporates 12 precision, high speed bipolar current 
steering switches, control amplifier, laser-trimmed thin film 
resistor network, and buried zener voltage reference to pro
duce a very fast, high accuracy analog output current. The 
10-90% full scale transition time is less than 35ns. The 
AD565AJ/AD566AJ is specified for use over the 0 to +70

o
C 

temperature range and the AD565AS/AD566AS is specified 
for the -55°C to +125°C range. 

APPLICATION INFORMATION 
The AD565A/AD566A chip has several features not acces
sible to users of either the AD565A or AD566A packaged 
devices. 

1. The AD565A chip can be wired to perform as either a 
AD565A or as a AD566A at the discretion of the user. 

2. The control amplifier summing point is accessible on 
AD565A/AD566A chips. Thus the user may connect an 
external reference voltage-to-current conversion resistor 
that may be specified to match an external feedback 
(range-setting) resistor. This enables the user to $et his 
own output range without degrading the gain tempera-
ture coefficient. . 

Complete High Speed 
12-Bit D/A Converter 

AD565A/ AD566A CHIPS I 
All other general application information on the AD565A or 
AD566A packaged product catalog data sheets applies to 
AD565A/AD566A chips. 

The following additional application information applies to 
AD565A/AD566A chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD565A/AD566A chip 
must be connected to -VEE, device pad number 7. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

5. Pads 12A, 12B, 12C must all be connected to ground. 

6. To reduce settling time, minimize the effects of stray ca
pacitance on the reference amplifier summing junction. 
Do not connect to this pad unless necessary. If needed, 
keep the lid as far from the pad as possible. Ground the 
lid or tie toa reference point if the summing junction 
is used. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
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1 ' 
SPECIFICATIONS (T A = +25°C, VEE = -15V, unless otherwise specified) 

AD565AJ/AD5b6AJ AD565AS/AD566AS 

MODEL MIN TYP MAX MIN TYP MAX 

DATA INPUTS' (Pads Il to 24) 
TIL or 5 Volt CMOS 

Input Voltage 

Bu ON LOf!:i ... ·"I .. +2.0 +.5.5 +2.U +5.5 

Bit OFF Logic "0" 0 +0.8 0 +O.H 

Logic Currc.'nt (nL'h bit) 
Bit ON L()gil'''l'' +120 +300 +120 +300 

Bit OFF Logk "u" +35 +100 +35 +10U 

RESOLUTION 12 12 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 

Bipolar (all bits on or of 0 ±O,H !I.O ±I.l ±O.K 1"1.0 il.l 

P.eslstan~:C' (exclusiv( of span 
resistors) 6k 8k 10k 6k 8k 10k 

Offset 
Unipolar 0.01 0.05 0.01 0,05 
Bipolar 0.05 0,15 0,05 0,1 

Capacitance 25 25 
Compliance: Voltage -1.5 +10 -1.5 +10 

ACCURACY (error relative to 
full scale) TA = +25'C ±1/4 ±11l ::tItS ±1/4 

(0006) (0.012) (0003) (0.006) 

TA = +2SoC to T~ax ±1I2 ±3/4 ±1I2 ±3/4 

TA = Tmlll to +25 C ±1/2 ±1I2 

DIFFERENTIAL NONLINEARITY 
+2S

o
C :!:1I2 i3/4 :tt/4- !:1I1 

+2S
0
CtoTmax Mono[oniciry Guaranteed Monotonicity Guaranteed 

Tmin to +2SDC Monoronicity Typical Monotonicity Typical 

TEMPERATURE RANGE 
Operating +70 -55 +125 

Storage -65 +150 -6; +150 

TEMPERATURE COEFFICIENTS 
Unipolar Zero 

TA = +2SoC to T~a.x 
TA = Tmln to +25 C I-

Bipolar Zero 
TA :r. +25°C to Tmax 10 10 
TA = Tmin to +2SoC 

Gain (Full Scale) 
TA = +2SoC to Tmax 1517 50/10 10/2 20/3 
TA = Tmin to +2SoC 1517 10/2 

Differential Nonhnearity 
TA= +25"C toTmax 
TA = Tmin to +2SoC 

SETTLING TIME TO 1I2LSB 
All Bit ON·to.(JFF or OFF-to.(JN 150/250 150/350 150/250 250/350 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time IS 30 15 30 
90% to 10% Delay plus Fall Time 30 50 30 50 

POWER REQUIREMENTS 
Vee_ +11.4 to +16.5V dc' 3 
VEE_ -11.4 to -16,5V de -12 -18 -12 -18 

POWER SUPPLY CAIN SE~SITIVITy4 
Vee. + 11.4 to +16.SV dc l 3 10 10 
VEE_ -11.4 to -16.5V de 15 25 15 25 

PROGRAMMABLE OUTPUT 
RANGE o to +5 o to +S 

-2.5 to +2.5 -2.5 to +2.5 

o to +10 o to +10 

-Sro+5 -S to +S 

-10 to +10 -10 to +10 

EXTERNAL ADJt:STMEi'o:TS 
Gain Er,ror with Fixed son 

Resistor for R2 ±O.l 10,25 :±O.l 10.25 
Bipola.r Zero Error with Fixed 

son Resistorfor R 1 ±O.05 ±0.15 ±o.os ±O.l 

Gain Adjusonen[ Range ±0.25 ±0.25 

Bipolar Zero AdJusonent Range 1±0.15 fO.15 

REFERENCE INPUT 
Input Impedance 15k 20k 25k 15k 20k 25k 

REFERENCE OUTPUT' 
Voltage 9.90 10.00 10.10 9.90 10.00 10.10 
Current (available for external 

loads)5 1.5 2.5 1.5 2.5 

POWER DISSIPATION 225/180 345/300 225/180 345/300 

MULTIPLYING MODE PERFORMANCE" 
Quadrants Two (2): Bipolar Operation at Digital (npu t Only 
Reference Voltage +JV to +lOV, Unipolar 
Accuracy 10 Bits (±0.0,5% of Reduced F.S') for IV dc Ref('reocc Voltage 
Reference Feed[hrough (unipolar mode, 

all bits OFF, and 1 to +JOV (p-pl, sinewave 
frequency for 1I2LSB Ip·pl leedthrough) 40klil typ 

Ou tpu t Slew R~te 10%-90% 5mA/I's 
90%-10% I mAil's 

Output Settling Time (all bits on and a 0-10V 
step change in reference voltage) 1.51's to 0.01% F.S. 

CONTROL AMPLIFIER" 
Full Power Bandwidth 300kHz 
SmaIl,Slgnal Closed· Loop Bandwidth 1.8MHz 

VOL. I, 17-32 MONOLITHIC CHIPS 

UNITS 
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NOTI::S: 
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VI::Eof-J5Vdc. 
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• This spetific.tion applies for the AD565A/AD566A chip 
configuredulAD566A. 

Specifications subject to chan,e without notice. 
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PRODUCT DESCRIPTION 
The ADS67 is a complete high speed 12-bit digital-to-analog 
converter including a high stability buried zener voltage 
reference and double-buffered input latch on a single chip. 
The converter uses 12 precision high speed bipolar current 
steering switches and a laser trimmed thin film resistor 
network to provide fast settling time and high accuracy. 

Microprocessor compatibility is achieved by the on-chip 
double-buffered latch. The design of the input latch allows 
direct interface to 4-, 8-, 12-, or 16-bit buses. The 12 bits of 
data from the first rank of latches can then be transferred to 
the second rank, avoiding generation of spurious analog out
put values. The latch responds to strobe pulses as short as 
lOOns, allowing use with the fastest available microprocessors. 

The ADS67J is specified for use over the 0 to +70
o
C tempera

ture range and the ADS67S is specified for the -SSoC to 
+12SoC range. 

APPLICATION INFORMATION 
1. On ADS67 chips, the internal reference is not perma

nently connected. This allows the use of an external 
reference and also makes the internal reference available 
for external use. 

Microprocessor-Compatible 
12-Bit D/A Converter 

AD567 CHIPS I 
2. An additional output span resistor is accessible. This 

permits the user to connect the ADS67 chip for 10 or 20 
volt spans. 

All other general application infonnation on the ADS67 pack
aged product catalog data sheet applies to ADS67 chips. 

The following additional application information applies to 
ADS67 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the ADS67 chip must be 
connected to -VEE, device pad number 9. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

S. Pads SA and SB must both be connected to reference 
ground. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
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SPECIFICATIONS 1 (T A = +25°e, Vee = +12V or +15V, VEE = -12V or -15V, unless otherwise specified) 

AD567J AD567S 

MODEL MIN TYI' MAX MIN TYP MAX UNITS 

DATA INPUTS2 (Pins 10-15 and 17-28) 
TTL or 5 Volt CMOS 

Input Voltage 

Bit ON Logic "I" . +2.0 +5.S +2.0 +5.S V 
Bit OFF Logic "O~· +O.!! .O.!! V 

Logic Current (each bit) 
Bit ON Logic "I" +120 +300 + 170 +300 /1 A 
Bit OFF Logic "0" +3S +100 +3 S +100 /1 A 

RESOLUTION 12 12 Bits 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 rnA 
Bipolar (all bits on or off) ±O.·S ±l.0 ±l.2 ±O.!! ±l.O ±l.2 rnA 

Resistance (excluSIve of span 
resistors) 6k 8k 10k 6k 8k 10k n 

Offset 
Unipolar lUll 0.05 001 0.05 % of F.S. 
Bipolar 0.05 O.IS O·.OS O.IS % of F.S. 

Capacitance 2S 2S pI' 
Compliance Voltage 

Tmin to T max -1.5 + 10 -1.5 +10 V 

ACCURACY (error relative to 
full scale) +2S oC ±1/4 ±1/2 ±1/4 ±1/2 LSI! 

(0.006) (lUJI2) (0.006) (0.012) % of F.S 

TA = +2SoC to T~"" ±1/2 ±3/4 ±l/l ±3/4 LSB 
TA = Tmin to +lS C ±l/l ±l/l LSB 

DIFFERENTIAL NONLINEARITY 
TA = +lSoC ± 1/2 ±3/4 ±1I1 ±3/4 I.SB 
TA = +lSoC to Tmax Monotonicity Guaranteed Monotonicity Guaranteed 
TA = Tmin to +15°C Monotonicity Typical Monotonicity Typical 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero 
TA = +25°C to Tmax ppm/~C 
TA = Tmin to +25°C ppmt"C 

Bipolar Zero 
ppmt"C TA = +25°C to Tmax 10 10 

TA = Tmin to +15°C ppmfC 
Gain (Full Scale) 

TA = +25°C to T~ax IS 50 -IS 30 ppmt"C 
TA = Tmin to +15 C IS IS ppmt"C 

Differential Nonlinearity 
TA = +25°C to Tmax ppmt"C 
TA ': Tmin to +15°C ppmt"C 

TEMPERATURE RANGE 
OperatIng 0 +70 -55 +125 °c 
Storage -65 +ISO -65 +150 °c 

POWER REQUIREMENTS 
Vee. +11.4 to d6.SV de 5 rnA 
VEE. -11.4 to -16.5V de -17 -15 -17 -15 rnA 

POWER SUPPLY GAIN SENSITIVITy3 
Vee = +11.4 to +16.5V dc 10 10 ppm of 1'.5.1% 
VEE = -11.4 to -16.5V dc IS 25 15 25 ppm of F.S.I% 

PROGRAMMABLE OUTPUT 
RANGE o to +5 o to +5 V 

-1.5 to +1.5 -1.5 to +1.5 V 
o to +10 Oto+1O V 
-5 to + 5 -5 to + 5 V 
-10 to +10 -10 to +10 V 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed Son 

Resistor for Rl ±O.I ±O.lS ±O.I to.25 % of F.S. 
Bipolar Zero Error with Fixed 

son 'Resistor for R 1 ±O.OS ±0.15 ±O.OS ±O.IS % of F.S 
Gain Adjustment Range ±02S ±O.2S 0'0 of F.S. 
Bipolar Zero Adjustment Range to.IS ±0.15 % of F.S 

REFERENCE INPUT 
Input Impedance 15k 10k lSk I Sk 20k 2Sk n 

REFERENCE OUTPUT 
Voltage 9.90 \0.00 10.10 9.90 1000 10.10 V 
Current (available for external 

loads) 0.1 1.0 0.1 1.0 rnA 

POWER DISSIPATION 300 49S 300 49S mW 

NOTES, 
I Electrical tests are performed at wafer probe.,bcforc the wafer is !The power supply gain sensitivity is tested in reference to a Vee. VEE 

separated into individual dice. Maintaining chip perfonnance to of ± ISV de ± 10%. 
specification requires great care in handling and assembly. Specification subject to change without notice. 

2The digital input specifications are guaranteed but not tested over 
the operating temperature range. 
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Low Cost, Complete 
8- and 10-BitA-to-O Converters 

PRODUCT DESCRIPTION 
The ADS70 is a low-cost 8-bit successive approximation A-to
D converter consistirig of a DAC, reference, clock, comparator, 
successive approximation register and output buffers on a sin
gle chip. The ADS 71 is the lO-bit version of the same chip. 
Since no additional components or trimming is required to ' 
perform a full-accuracy 8-bit conversion in 2SJ1s, ADS701 
ADS71 chips are ideal for hybrid applications. AD570JI 
AD571J chips are specified for operation between 0 and 
+70oC, ADS70S/ADS71S chips for -SSoC to +12S°C. 

APPLICATION INFORMATION 
ADS70 and AD571 chips have one bonding pad accessible to 
the user that is not pinned out on packaged ADS70 andADS71 
devices. That pad provides two additional input ranges thus: 

1. If pad 13A or 13B is used alone as the analog input,the 
input voltage span is 20 volts (for OV to +20V, or -JOV to 
+ 10V ranges). 

2. If pads 13A and 13B are tied together and used as the 
analog input, the input voltage span is 10 volts (for OV to 
+10V or -SV to +SV ranges) as in packaged AD570/ADS71 
devices. 

AD570/AD571 CHIPS I 
Otherwise, AD570 and ADS71 chips are functionally identical 
to packaged ADS70 and ADS71 devices. For general applica
tion information, see the ADS70 or AD571 packaged product 
catalog data sheets. 

The following additional application information applies to 
ADS70 and ADS71 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the ADS70 and AD571 chip 
must be connected to -Vs, device pad number 12 .. 

4. Pads lOA and lOB must both be connected to +Vs. Pads 16A 
and 16B must both be connected to Digital Common. 

S. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dim'ensions shown in inches and (mm). 

BIT 1. MSB 9 

0.120 
. (3.048) 

{
10A 

+Vs 10B 

B& C 11 

-Vs 12 

• (3.835) 0.151 ---------1 
BIT 2 BIT 3 BIT 4 BIT 5 BIT 6 BIT 7 BIT 8 
8765432 

13A 13B , 
ANALOG 
INPUTS. 

SEE APPLICATION 
INFORMATION 

14 
ACOM 

1 BIT 9 

18 BIT 10. LSB 

15 BIP OFFSET 
CONTROL 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 18-PIN CERAMIC PACKAGE. 
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SPECIFICATIONS 1 
(typical @ +250 C with V+ = +5V, V- = -15V, all voltages measured with respect to digital common, unless otherwise indicated) 

MODEL 

RESOLUTION 

REL.ATlVE ~CCURACY @ 25'C' 

TA = +zs C loT!'j" 
TA = Tmin to +.25 C 

fULL SCALE CALIBRATION' 
(With lSr! Resistor In Snu.:s With 

UI\iIPOLAR OFFSI'T (nldxl 

BIPOLAR OFFSET (maxI 

DI~TFRF~TIAL NONLlNI' .. \HITY 
(Resolution for Whit.:h no MIS\ln~ 

Codes are c,uarJnu,'l'd) 
TA = +ZS'C 
TA = +25'C 10 T!'j" 
TA :: Tmin to +25 C 

TEMPERATURE RANGE 
Operating· 

Tested (TA = -+2S
o
C to Tmax> 

GUlHanteed, Not Tested 
(TA :: Tmin to +2S

o
C) 

]f,\\PI Ic\TL'IU COl' I, I, IClI· N IS 
Guar,lnteeJ onux Ch.l.n~c: 

AD570J AD571J AD570S AD571S 

8 Bits 10 BilS 

±IIZLSB max ±ILSB max 
±IIZLSB max ±ILSB max 

±IIZLSB ±ILSB 

±ZLSB (rypl f2LSB (typl 

±IIZLSB ±ILSB 

±IIZLSB ±ILSB 

8 Bits 10 Hits 
8 Bits 9 Bits 10 Bits 
8 Bits 9 Bits, ryp 10 Bits, Iyp 

+2SoC to +70°C +25°<..: to +7UoC 

o to +2S
o
C 0[0 +25°C 

TA '"' +25 CtoTmax 
Unipolar Offset 
Bipolar Offsel 
Full Scalt Calibution" 

±ILSB (88ppmi'C) 
±ILSB (88ppmi'CI 
±2LSB (176ppmi'C) 

±ZLSB (44ppml'C) 
±ZLSB (44ppmi'C) 
:t4LSB (88pPIll/C) 

±ILSB (44ppml'C) 
± ILSB (4Oppml'C) 
±2LSB (BOppm/'C) 

±ZLSB (20ppmt'q 
±ZLSB (ZOppmt'C) 
>SLSB (50ppmt'C) 

(With lSn Fixed Resistor or 
son Trimmer) 

Typical Change 
TA = Tmin to +2S

o
C 

Unipolar Offsel 
Bipolar Offset 
Full Scale Calibrati0n4 

(With 1 Sn Fixed Resistor or 
SOSlTrimmer) 

POWtR SL'PPLY KljlCTlO' 
.\lax Chan!!c: In Full S(J.k CalIbratIOn 

rTL Pll~ltl\l' Surrl~ 
-4 S\'';;\'-';;-SS\' 

'e!!JtlH' Surpl~ 
-16 S\'';;\'.';;-I.' S\' 

ANALOG INPUT RESISTANCE 
10 Volt Span 

20 Volt Span 

ANALOC INPUT RANGES 

±ILSB ±ZLSB 
±ILSB ±2LSB 
±2LSB ±4LSB 

::!:2LSB ma.x ::!:2LSB max 

±2LSB max >ZLSB 

3krt min lk~mlO 

Skrtmln Sk~ ryp 
7kf! min 7k~ max 
6kn mm 6kflmin 

10k~ typ 10k~ typ 
I4k~ max 14k~ max 

(;\nJ.lug Input to ;\nJ.log Common) 
L'C11pO]Jr o to +10V, 0 [0 +20V 0 to +10\', 0 to +lO\' 

Hlpl.ll.lT -5V to +5V. -10V to +10V -5V to +5\', -10\' to +10\' 

OUTPUT CODING 
Unlp('Ilar 

BIpolar 
PosltivC' True Binary 
PosItive True Offset Binary 

Positive True Binal) 
Positive True Offset Binary 

LOGIC OUTPUT' 

BIt Outputs and Data. Read~ 
Output SInk Current 

(\'OL'T = U 4\' max. Tmlfl to Tmu' 
Output Source Current (Bit Outputs)s 

(\'Ol'T = 2 4\' mIn. lmlfl [0 Tmul 
Output Leakage When Blanked 

LOGIC INPUT" 
Blank and Com ert Input 

O:<Vin<V+ 
Blank - LogIC "I" 

Com crt - LO~!l~ "0" 

CO,\'E((SIO:-; TI.\lf 

POWER SUPPLY 
Absolute Maximum 

V+ 
V-

SpeCified Operating - Rated Performance 
V+ 
V-

3.2mAmin 3,2mA min 

(2TTL Loads) (2TTL Loads) 

O.5mAmin O.SmA min 
::!:40pA max ::!:40pA max 

±40J.LA max !40J.LA fTlax 
2.0Vrnin 2.0Vmin 
O,BVmax O.8VrnlX 

ISpsrnin 1 !Ips man 

lS).Is typ lS).Is ryp 
40fJSmax 40ps max 

+7V +7V 

-16,5V -16,SV 

+SV .SV 

-ISV -ISV 

Operating Range 
V+ +4,SV to +S.SV +4.SV to +S.5V 

V- -12V to-16,SV 

Operating Current 
Blank Mode 

V+= +5V 

V- = -15V 

Convert Mode 
V+= +5V 
V-= -ISV 

ZmA typ (lOrnA max) ZmA typ (lOrnA max) 

9mA ryp (ISmA max) 9mA typ 15mA max) 

5mA 
lOrnA 

NOTES, 
1 EI~cuical tests arc performed at waf~r prob~. before th~ wafer is 
separated into individual dic~. Maintainina chip p~rfonnance to 
specification requires greu care in handlina and u.scmbly. 

3 Relative accuracy is defined as the deviation of the code transition 
points from the ideal transfer point on a strai&:hl line from Ihe 
zero to the full scale of the device. 

J Full scale calibration is guaranteed trimmable to zero with an 
external 'on poccotiometer in place of the 1'0 ("'xed resistor. 
Full scale is defined u 10 volts minus 1LS8, or 9.990 volts. 

VOL. I, 17-36 MONOLITHIC CHIPS 

SmA 
lOrnA 

4}o'ull-$CalecalibrationtemperaturecoefficientincJudC'sthedfec:ts 
of unipolar offsct drift as well as ,&in drift. 

'The dat~t lines hav~ active pull-ups to source O.'mA. The 
DATA READY line is open collector with a nominal6kn intemal 
pull-up resistor. 

.. Logic Input and Output Thresholds and Levels are tested 
TA. +2.5°C to Tmax. not testrd bur guaranteed TA ... Tmin to 
+2.5°C. 

HLSR 
±2LSB 
±SLSB 

'Specifications same as AD!Ii70}. 
• 'Specifications same as AD 571}. 

SpecificationssubjecttochangC" 
withoutnotic:e. 

ABSOLUTE MAXIMUM RATINGS 
V+ to Digital Common. 
V- to Digital Common .. 

. .. 0 [0 +7V 
, , , ,0 to-16,SV 

Analog Common to Digital Common.. . .. ::!: 1 V 

Analog Input to Analog Common.. . .... ::!:15V 

Control Inputs. . 0 to V+ 

Digital Outputs (Blank Model ' , ,0 to V+ 
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Fast, Complete lO-Bit A-to-O Converter 
With Microprocessor Interface 

PRODUCT DESCRIPTION 
The ADS73 is a 10-bit successive approximation A-to-D con
verter consisting of a DAC, reference, clock, comparator, suc
cessive approximation register and 3 state output buffers on 
a single chip. Since no additional components or trimming 
is required to perform a full-accuracy 10-bit conversion in 
1.SJ..Ls, ADS73 chips are ideal for precision hybrid applica
tions. ADS73 chips are available in one grade specified for 
o to +70° C operation, and another grade for -S SO C to 
+,125.

o
C operation. 

APPLICATION INFORMATION 
ADS73 chips have one bonding pad accessible to the user 
that is not pinned out on packaged ADS73 devices. That 
pad provides two additional input ranges thus: 

1. If pad 14A or 14B is used alone as the analog input, the 
input voltage span is 20 volts (for OV to +20V or -10V 
to + 10V ranges). 

2. If pads 14A and 14B are tied together and used as the 
analog input, the input voltage span is 10 volts (for OV 

AD573 CHIPS I 
to +10V or -sv to +sv ranges) as in packaged ADS73 
devices. 

Otherwise, ADS73 chips are functionally identical to packaged 
ADS73 devices. For general application information, see the 
ADS73 packaged product catalog data sheet. 

The following additional application information applies to 
ADS73 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the ADS73 chip must be 
connected to -Vs, device pad number 13. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZA TION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.120 
(3.048) 

HIGH BYTE EN 19 

LOW BYTE EN 20 

DBO, LSB 

DB1 2 

DR 
18 

D.COM 
17 

DB2 3 -I-W.~~iiiiiiiii 

0.151 
(5.334) 

BIPOLAR 
OFFSET 

16 
A COM 

15 

ANALOG IN 

14B 14A 

4 5 6 7 8 
DB3 DB4 DB5 DB6 DB7 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 20-PIN PACKAGE. 

13 -Vs 

12 CONVERT 

11 +Vs 

10 DB9, MSB 

9 DB8 
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SPECIFICATIONS 1 
(typical @ +25°C with V+ = +5V, V- = -15V, all voltages measured with respect to digital common, unless otherwise indicated) 

MODEL 
RESOLUTION 

RELATIVE !,CCURACY@ 2S·Cl 

T ... = +2S C toT!'91X 
T ... = Tmin to +25 C 

FULL SCALE CALIBRATION) 
(With 15n Resistor In Series With 

Analog Input 

UNIPOLAR OFFSET (max) 

BIPOLAR OFFSET (max) 

DIFFERENTIAL NONlINEAKITY 
(Resolution for Which no Missing 

Codes are Guaranteed) 
T ... = +ZS·C 

T ... = +ZS·C toT!'a"" 
T ... = Tmin to +2S C 

TEMPERATURE RANGE 
Operating 

Tested (T ... = +2S·C to Tmax) 
Guaranteed. Not Tested 

(T ... = Tmi1 to +2SoC) 

TEMPERATURE COEFFICIENTS 
Guaranterd max Change 

TA = +2S·C to Tmax 
Unipolar Offset 
Bipolar Offset 
Full Scale Calibration' 

(With 1 Sn Fixed Resistor or 
SOn Trimmer) 

Typical Change 
TA = Tmin to +2SoC 

Unipolar Offset 
Bipolar Offset 
Full Scale Calibration' 

(With ISn Fixed Resistor or 
son Trimmer) 

POWER SUPPLY REJECTION 
Max Change In Full Scale Calibration 

TTL Positive Supply 

ADS73J 
10 Bits 

±ILSB max 
±ILSB max 
±ILSB 

±2lSB (typ) 

±JlSB 

±llSR 

10 Bits 
10 nits 
10 Bits. typ 

±2lSB (4olppml°C) 
±2l.5B (ol4ppml°C) 
±oll.SB (8Bppml°C) 

±2lSB 
±2lSB 
±4lSB 

+4.SV<V+<;+S.SV ±lI.SIl max 
Negative Supply 

-IS.7SV';;V-';;-14.2SV ±2lSB max 
-12.6V';;V-';;-1l.4V ±2lfB max 

ANALOG INPUT RESISTANCE 
10 Volt Sp.n 

20 Volt Span 

ANALOG INPUT RANGES 
(Analog Input to 'Analog Common) 

Unipolar 

3kn min 
Skn typ 
7kn max 
6kn min 
10kn typ 
14kn max 

o to +IOV, 0 to +20V 

ADS73S 

±ILSB max 
±ILSB max 
±ILSB 

10 Bits 
10 Bits. typ 

±2lSB (20ppm/oC) 

±2lSB (20ppm/C) 
±SlSB (SOppm/°C) 

±2lSB 
±2lSB 
±SlSB 

Bipolar -SV to +SV, -IOV to +IOV • 

OUTPUT CODING 
Unipolar 
Bipolar 

LOGIC OUTPUT' 
Bit Outputs and Data Ready 

Output Sink Current 
(V OUT = O.4V max, Tmin to Tmax) 

Output Source Current (Bit Outputs)s 
(VOUT =.2.4V min, Tmin to Tmax) 

Output Leakage When Blanked 

LOGIC INPUT (Convert, HBE, lBE) 
O';;;VIN';;;V+ 
Logic "I" 
logic "0" 

CONVERSION TIME 

POWER SUPPLY 
Absolute Maximum 

Positive True Binary 
Positive True Offset Binary • 

3.2mA min 
(lTTlloads) 

O.SmA min 
±40"A max 

±IOO"Amax 
2.0V min 
O.BV max 

IO"smin 
IS"s typ 
20"s max 

V+ +7V 
V- -16.SV 

Specified Operating - Rated Performance 
V+ +SV 
V- -ISV 

Operating Range 
V+ +4.SV to +S.SV 
V- -11.4V to -IS.7SV 

Operating Current 
V+ = +SV 7mA typ (ZSmA max) 
V- = -ISV 9mA typ (I SmA max) 

VOL. I, 17~8 MONOLITHIC CHips 

NOTES, 
I Electrical tests .re performed at wafer probe, bdore the wafer is separ.ted into 
individu.1 dice. Maintaininl chip performance to specifie.tion requires .... t care 
in handlin, and .... mbly. 

• Rel.tive accuracy is defined u the deviation of the code transition points from the 
ideal transfer point on • straiJht line from the zero to the fuJI seale of the device. 

• FuJI scale ealibr.tion is JU.ranteed trimmable to zero with an external SOO potentio
meter in place of the 150 f",ed resiltor. Full seale is defmed u 10voln minus lLSD, 
or 9.990 volts. . 

• Full1Cale calibration temperature coefficient includes the dfecu of unipolar offset drift 
u well u lain drift, 

'The Data output lines have active pulJ ... ps to source O.SmA. The15ATA READY line is 
open collector with a nominal 6kO internal pulJ",p resistor. 

·Specifications same as ADS73J. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
V+ to Digital Common ..................... 0 to +7V 

V- to Digital Common ................... 0 to -16.SV 

Analog Common to Digital Common ............... ±IV 

Analog Input to Analog Common .................. ±lSV 

Control Inputs .......................... 0 to V+ 

Digital Outputs (High Impedance State) .......... 0 to V+ 
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PRODUCT DESCRIPTION 
The AD580 is a three-terminal, low-cost voltage reference that 
provides a fixed 2.5V output for inputs between 4.5V and 30V. 
Based on tpe bandgap principle and implemented with thin 
film resistors, temperature coefficients as low as lOppm/C can 
be guaranteed. One version of the AD580 chip is specified for 
o to +70

o
C operation, one grade for -55°C to +125°C. 

APPLICATION INFORMATION 
AD580 chips are functionally identical to packaged AD580 
devices. For general application information, see the AD580 
packaged product catalog data sheet. 

Precision 2.5 Volt Reference 
AD580 CHIPS I 

The following additional application information applies to 
AD580 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD580 chip must be 
connected to -E. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

METALlZATlON PHOTOGRAPH 
Dimensions shown in inches and (mm). 

+E 

0.037 
(0.940) 

EOUT -E 

-----~ I 
PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-52, 3 PIN, METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @ EIN = +15V and 25°C unless otherwise specified) 

MODEL ADS80j ADS80S 

ABSOLUTE MAX RATINGS 
Input Voltage 40V 
Operating Junction Temp Range -55°C to+1SO°C 
Storage Temperature Range -65°C to +17S

o
C 

Operating Temperature Range 
Teste(TA = +2S

o
C to Tmax) +2S

o
C to +70°C +2S

o
C to +12S

o
C 

Guaranteed, Not Tested 
(TA = Tmin to +2S

o
C) o to +25°C -55°C to +2S

o
C 

OUTPUT VOLTAGE 2.42SV min 2.490V min 
(2.57SV max) 2.5l0V max 

OUTPUT VOLTAGE CHANGE 
TA = +2SoC to Tmax l5mV max lImV max 

(85ppm/°C) (25ppm/°C) 
TA = Tmin to +2S

o
C l5mV lImV 

LINE REGULATION 
7V~VIN ~ 30V 6mV max 2mV max 

(O.6mV typ) 
4.SV~VIN ~7V 3mV max lmV max 

(O.3mV typ) 

LOAD REGULATION 
b. I = lOrnA IOmV max 

QUIESCENT CURRENT 1.5mA max 
(1.0mA typ) 

NOISE (0.1 to 10Hz) 60J.LV(p-p) 

STABILITY 
Long Term 2S0J.LV 
Per Month 25J.LV 

NOTES: 
I Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specification requires great 
care in handling and assembly. 

·Specifi~ation same as AD580J. 
Specifications subject to change without notice. 
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Programmable 
Precision low-Drift Reference 

AD581 NOTE: An ADS84 is an ADS81 with additional specified 
versatility. When connected in the 10.0 volt configuration, the 
ADS84 is functionally identical to the ADS81. In hybrid circuits, 
ADS84 chips may be substituted direcdy for AD581 chips without 
any electrical or mechanical design modifications. 

AD581 chips will not be offered as a standard product. 

PRODUCT DESCRIPTION 
The AD584 is a precision voltage reference, "pin" program
mable to any of four output voltages: IO.OOOV, 7.500V, 
5.000V and 2.500V. Other voltages, above 1O.OOOV or below 
2.500V, can be programmed with an external resistor pair. 
The initial tolerances and temperature coefficients are laser
trimmed at the factory to provide precise and stable adjust
ment-free operation. One grade of the AD584 chip is speci
fied for 0 to +70oC operation, one for -55°C to +125°C. 

AD581 / AD584 CHIPS I 
APPLICATION INFORMATION 
AD584 chips are functionally identical to packaged AD584 
devices. For general application information, see the AD584 
packaged product catalog data sheet. 

The following additional application information applies to 
AD584 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD584 chip must be 
connected to V- and substrate, pads number 4 and 9. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad 'on the metalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

V+ 8 

SUBSTRATE 9** 

0.061 
(1.549) 

10V* 1 

0.080 
.-.------(2.032) 

CAP 
7 

2 3 5 4 
5V* 2.5V* STROBE COMMON 

OR 
V-

6 VSG 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99, 8 PIN METAL PACKAGE. 

*CAUTION: INTERCONNECTIONS REQUIRED; SEE PACKAGED 
AD584 CATALOG DATA SHEET FOR INFORMATION. 

**NOT BROUGHT OUT ON PACKAGED DEVICE. 
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SPECIFICATIONS 1 (typical @ VIN = +15V and +25°C unless otherwise noted) 

MODEL AD584J AD584T 

ABSOLUTE MAX RATINGS 
Input Voltage VIN to Ground 
Operating Junction Temp. Range 
Storage Temperature Range 
Operating Temperature Range 

Tested (TA = +25°C to Tmax) 
Guaranteed, Not Tested 

(TA = Tmin to +25°C 

OUTPUT VOLTAGE TOLERANCE 
Maximum Error2 for Nominal 

Outputs of: 
1O.000V 
7.S00V 
S.OOOV 
2.S00V 

OUTPUT VOLTAGE CHANGE 
Maximum Deviation from +2S

o
C 

Value, TA = +2S
o
C to Tmax 3 

10.000,7.500,5 .OOOV Outputs 
2.S00V Output 

Typical Deviation from +2S
o
C 

Value, TA = Tmin to +2S
0
C3 

10.000,7.500,5 .OOOV Outputs 
2.S00V Output 

Differential Temperature 
Coefficients Between Outputs 

QUIESCENT CURRENT 

Temperature Variation 

TURN-DN SETTLING TIME TO 0.1 % 

NOISE 
(0.1 to 10Hz) 

LONG-TERM STABILITY 

SHORT CIRCUIT CURRENT 

LINE REGULATION (No Load) 
lSV ~ VIN·~ 30V 

(VOUT +2.5V)~VIN~15V 

LOAD REGULATION 
O~IoUT~SmA, All Outputs 

OUtPUT CURRENT4 

VIN ~VOUT +2.SV 
Source @ +2S

o
C 

Source Tmin to Tmax 

Sink Tmin to Tmax 
Sink -55°C to +8S

o
C 

NOTES: 

40V 
-55"C to +150°C 
-65°C to + 175°C 

±30mV ±lOmV 
±22mV ±8mV 
±lSmV ±6mV 
±7.SmV ±3.SmV 

30ppm/C lSppm/C 
30ppm/oC 20ppm/C 

30ppmtC lSppm/C 
30ppm/C 20ppm/oC 

SppmtC typ 3ppm/C typ 

1.0mA max 
7S0pA typ 

l.SpA/C typ 

200ps 

SOpV pop 

25ppm/1000 Hrs. 
(Non-Cumulative) 

30mA 

0.002%/V 

0.005%/V 

SOppm/mA max 
(20ppm/mA typ) 

lOrnA min 
SmA min 

SmA min 200pA min 
SmA min 

I Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specification requires great 
care in handling and assembly. 

2 At Pad 1. 
3 Calculated as average over the specified operating temperature range. 
4Tested TA = +2SoC to Tmax. Not tested but guaranteed T min to +2SoC. 
• Specifications same as ADS84]. 
Specifications subject to change without notice. 
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PRODUCT DESCRIPTION 
The AD582 is a low-cost precision sample-and-hold amplifier 
consisting of an operational amplifier, low-leakage analog 
switch and a JFET integrating amplifier. The only external 
component required is a holding capacitor. The AD582 may 
be connected in any popular op amp configuration giving the 
user control of gain and frequency response. The sample/hold 
mode control may be operated from any popular logic family. 
AD582 chips are available in one grade specified for 0 to +70

o
C 

operation and one for -55°C to +125°C. 

APPLICATION INFORMATION 
AD582 chips are functionally identical to packaged AD582 
devices. For general application information, see the AD5 82 
packaged product catalog data sheet. 

Low Cost 
Precision Sample-and-Hold 

AD582 CHIPS I 
The following additional application information applies to 
AD582 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD582 chip must be 
connected to -Vs, device pad number 5. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

+INPUT 2 

0.056 
(1.422) 

NULL 3 

0.060 
(1.524)---------~ 

+LOGIC 
1 

4 
NULL 

-LOGIC 
10 

5 
-VS 

9 +Vs 

8 -INPUT 

7 OUTPUT 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-100 10 PIN METAL PACKAGE. 

MONOLITHIC CHIPS VOL. I, 17-43 

• 



SPECIFICATIONS 1 (typical @+25°C', Vs = ±15Vand CH =1000pF, A = +1 unless otherwise specified) 

MODEL 

SAMPLEIHOLD CHARACTERISTICS 
Acquisition Time, IOV Step to 0.1%, 

CII = lOOpF 
Acquisition Time, 10V Step to 0.01%, 

CII = lOOOpF 
Aperture Time, 20V pop Input, 

Hold OV 
Aperture Jitter, 20V pop Input, 

Hold OV 
Settling Time, 20V pop Input, 

Hold OV, to 0.01% 
Droop Current, Steady Stlte, ±IOVOUT 
Droop Current, TA = +25 C to T!'Jax 

TA = Tmin to +25 C 
Charge Transfer 
Sample to Hold Offset 
Feedthrough Capacitance 

20V pop, 10kHz Input 

TRANSFER CHARACTERISTICS 
Open Loop Gain 

VOUT = 20V pop, RL = 2k 
Common Mode Rejection 

VCM = 20V pop, F = 50Hz 
Small Signal Gain Bandwidth 

VOUT = 100mV pop, CII = 200pF 
Full Power Bandwidth 

VOUT = 20V pop, CII = 200pF 
Slew Rate 

VOUT = lOV pop, CII '; 2(lOpF 
Output Resistance 

Hold Mode, lOUT = ±SmA 
Linearity 

VOUT = 20V pop, RL = 2k 
Output Short Circuit Current 

ANALOG INPUT CHARACTERISTICS 
Offset Voltage 
Offset Voltage, TA = +2S

o
C to TIlJax 

TA = Tmin to +25 C 
Bias Current 
Offset Current 
Offset Current, TA = +2S

o
C to TIlJax 

TA = Tmin to +25 C 
Input Capacitance, f = IMHz 
Input Resistance, Sample or Hold 

20V pop Input', A = + I 
Absolute Max Diff Input Voltage 
Absolute Max Input Voltage, Either Input 

DIGITAL INPUT CHARACTERISTICS 
+Logic Input Voltage 

Hold Mode, Tmin to Tmax , -Logic @ OV 
Sample Mode, Tmin to Tmax , -Logic @ UV 

+Logic Input Current ' 
Hold Mode, +Logic@ +SV, -Logic @ OV 
Sample Mode, +Logic @ OV, -Logic @ OV 

-Logic Input Current 
Hold Mode, +Logic @ +SV, -Logic @ OV 
Sample Mode, +Logic@ OV, -Logic@ OV 

Absolute Max Diff Input Voltage, +L to -L 
Absolute Max Input Voltage, Either Input 

POWER SUPPL Y CHARACTERISTICS 
Operating Voltage Range 
Supply Current, RL = 00 

Power Supply Rejection, 
t:.VS = 5V, Sample Mode 

TEMPERATURE RANGE 
Operating 

Tested (TA = +2S
o

C to Tmax) 
Guaranteed, Not Tested 

Operating 
Storage 

NOTES: 

(TA = Tmin to +2S
o
C) 

AD51l2K 

6/-1s 

25/-1s 

150ns 

15ns 

0.5/-1s 
100pA max 
InA 
InA 
5pC max (l.SpC typ) 
0.5mV 

O.OSpF 

SOk (2Sk min) 

70dB (60dB min) 

l.SMHz 

70kHz 

3 V 1/-1 s 

12S1 

±0.01% 
±2SmA 

2mV (6mV max) 
4mV 
4mV 
3/-1A max (l.S/-IA typ) 
300nA max (7SnA typ) 
100nA 
100nA 
2pF 

30MS1 
30V 
±VS 

+2V min 
+O.8V max 

1.5/-1 A 
InA 

24/-1A 
4/-1A 
+ISV/-6V 

±VS 

±9V to ±18V 
3mA (4,5mA max) 

7SdB (60dB min) 

o to +2S
o
C 

_25°C to +8S
o
C 

-65°C to +15UoC 

I Electrical tests arc perfonncd at wafer probe. before the wafer is separated into 
individual dice. Maintaining chip pcrfonnancc to specification requires great 
care in handling and assembly. 

·Specifications same as ADS82K. 
Specifications subject to change without notice. 

VOL. I, 17-44 MONOLITHIC CHIPS 

AD582S 

ISOnA max 
100nA 

SmV (8mV max) 
SmV 

100nA (400nA max) 
100nA 

±9V to ±22V 

-55°C to +2S
o

C 
-55°C to +12S

o
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Two-TerminallC 
1.2 Volt Reference 

I 
PRODUCT DESCRIPTION 
The ADS89 is a two-tenninal, low cost, temperature com
pensated bandgap voltage reference which provides a fixed 
1.23V output voltage for input currents between SOpA and 
S.OmA. 

The high stability of thc ADS89 is primarily dependent upon 
the matching and thermal tracking of the on-chip components. 
Analog Devices' precision bipolar processing and thin-film 
technology combine to provide excellent performance at 
low cost. 

Additionally, the active circuit produces an output impedance 
ten times lower than typicallow-TC zener diodes. This fea
ture allows operation with no external components required 
to maintain full accuracy under changing load conditions. 

The ADS89J is specified for use over the 0 to +70
o
C temper

ature range and the ADS89T is specified for -SSoC to 
+12SoC range. 

AD589 CHIPS I 
APPLICATION INFORMATION 
ADS89 chips are functionally identical to packaged ADS89 
devices. For general application infonnation, see the ADS 89 
packaged product catalog data sheet. 

The following additional application information applies to 
ADS89 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly infonnation, see the Bipolar Integrated Cir
cuit Chips General Infonnation Section. 

3. For performance to device specifications, the metal sub
strate pad or headcr beneath the ADS89 chip must be con
nected to the minus pad. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

MINUS 2 

0.040 
(1.016) 

PLUS 1 
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~----------(1.524) 
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SPECIFICATIONS 1 (typical @ liN = 500I-LA and TA = 25° C unless otherwise n.oted) 

Model 

ABSOLUTE MAXIMUM RATINGS 
Current 
Reverse Current 
Power Dissipation2 

Storage Temperature Range 

AD589J 

lOrnA 
lOrnA 
125mW 
-6SoC to +17S

o
C 

-SSoC to +lS0°C 
300°C 

AD589T 

Operating Junction Temperature Range 
Lead Temperature (Soldering, 10sec) 
Operating Temperature Range o to +70oC -5SoC to +12SoC 

OUTPUT VOLTAGE 

OUTPUT VOLTAGE CHANGE VS. CURRENT 
(SOJ,lA - SmA) 

DYNAMIC OUTPUT IMPEDANCE 

RMS NOISE VOLTAGE 
10Hz <f < 10kHz 

TEMPERATURE COEFFICIENT - ppm/C 

TURN-ON SE fTLlNG TIME TO 0.1 % 

OPERATING CURRENT3 

NOTES 

1.200V min 
1.23SV typ 
1.2S0V max 

SmV max 

0.6n 
2n max 

100 max 

2SJ,ls 

SOJ,lA min 
SmA max 

I Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specification requires great 
care in handling and assembly. 

2 Absolute maximum power qissipation is limited by maximum current through the 
device. Maximum rating at elevated temperatures must be computed assuming 
TJ oe;; 150°C, and OJA = 400°C/W. 

3 Optimum performance is obtained at currents below 500/JA. 
Stray shunt capacitances should be minimized. If strays cannot be 
avoided, a shunt capacitor of at least 1000pF is recommended. 

·Specifications same as AD589J. 
Specifications subject to change without notice. 
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PRODUCT DESCRIPTION 
The ADS90 is a two-terminal temperature transducer which 
produces an output current proportional to absolute tempera
ture. For supply voltages between +4V and +30V, the ADS90 
acts as a high impedance, constant current regulator passing 
IJlAlK from -SSoC to +lSO°C. Laser-trimming of on-chip 
thin-film resistors calibrates the ADS90 to provide a 298.2JlA 
output at 298.2°K (+2SoC). Low cost, linearity and ease of 
application make ADS 90 chips ideal for monitoring temper
atures at critical locations in hybrid assemblies. 

APPLICATION INFORMATION 
ADS90 chips are functionally identical to packaged ADS90 
devices. For general application information, see the ADS 90 
packaged product catalog data sheet. 

Two-Terminal 
Ie Temperature Transducer 

AD590 CHIPS I 
The following additional application information applies to 
ADS90 chips: 

1. IMPORTANT! Unlike other bipolar integrated circuit chips, 
the ADS90 substrate must be electrically isolated (floating). 
The mounting pad or header should be nonconductive, 
insulated or isolated. 

2. No particular wire-bonding sequence must be followed. 

3. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

METALIZATION PHOTOGRAPH 

v+ 

0.037 
(0.940) 

v-

__ L: 

Dimensions shown in inches and (mm). 
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SPECIFICATION'S 1 (typical @ +25°C and Vs = 5V unless otherwise noted) 

MODEL 

ABSOLUTE MAXIMUM RATINGS 
Forward Voltage (E+ to E-) 
Reverse Voltage (E+ to E-) 
Rated Performance Temperature Range 2 

Storage Temperature Range2 

POWER SUPPLY 
Operating Voltage Range 

OUTPUT 
Nominal Current Output @ +ZSOC (Z98.ZoK) 
Nominal Temperature Coefficient 
Calibration Error @ +ZSoC 
Absolute Error3 (over rated performance 

temperature range) 
Without External Calibration Adjustment 
With +ZSoC Calibration Error Set to Zero 
Nonlinearity 
Repeatability4 
Long Term DriftS 

Current Noise 
Power Supply Rejection 
+4V~Vs~+SV 
+SV ~ Vs ~ +lSV 
+lSV ~ Vs ~ +30V 

Case Isolation to Either Lead 
Effective Shunt Capacitance 
Electrical Turn-On Time6 

Reverse Bias Leakage Current 7 

(Reverse Voltage = lOV) 

NOTES: 

AD590J 

+44V 
-ZOV 
-SSoC to +ISO°C 
-6SoC to +! 7SoC 

+4Vto +30V 

Z98.ZpA 
IpA/C 
±S.O°C max 

±IO.OoC max 
±3.0oC max 
±1.SoC max 
±O.loC max 
±O.loC max 
40pA/y'lli 

O.SpAIV 
O.ZpA/V 
O.lpAIV 
1OIon 

IOOpF 
ZOps 

IOpA 

I Electrical tests are perfonned at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

2The ADS90 has been used at -IOOoe and +200°C for shon periods 
of measul'ement with no physical damage to the device. However, 
the absolute errors specified apply to only the rated performance 
temperature range. 

3 See page 9-8 for explanation of error components. Note that ± 1° e 
error is the equivalent of ± IIJA error. 

4 Maximum deviation between +2SoC readings after temperature 
cycling between -55°C and + 150°C; guaranteed not tested. 

5 Conditions: constant +SV, constant + 12Soe; guaranteed, not 
tested. 

6 Does not include self heating effects; see page 9-9 for explanation of 
these effects. 

7 Leakage current doubles every IOoe. 
Specifications subject to change without notice. 
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PRODUCT DESCRIPTION 
The AD642 is a pair of matched high speed monolithic FET
input operational amplifiers fabricated with the most advanced 
bipolar, JFET and laser trimming technologies. The AD642 
offers matched bias currents that are significantly lower than 
currently available ~onolithic dual FET input operational 
amplifiers: 75pA max, matched to 25pA. 

The tight matching and temperature tracking between the 
operational amplifiers is achieved by ion-implanted J FETs 
and laser-wafer trimming. lon-implantation permits the fab
brication of precision, matched JFETs on a monolithic bipolar 
chip. This optimizes the process to produce matched bias 
currents which have lower initial bias currents than other 
popular FET inpu t op amps. Laser-wafer trimming each am
plifier's input offset voltage assures a tight initial match, this 
combined with superior IC processing guarantees offset volt
age tracking over the temperature range. 

Precision Low Cost 
Dual BIFET Op Amp 

AD642 CHIPS I 
APPLICATION INFORMATION 
AD642 chips are functionally identical to packaged AD642 
devices. For general application information, see the AD642 
packaged product catalog data sheet. 

The following additional applications information applies to 
AD642 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD642 chip must be con
nected to -Vs, device pad number 4. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZA TION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

1

'""-..::------------ 0.176 -----------------~ 
(4.47) 

v+ 
8 

+INPUT 2 

1 4 7 
OUTPUT 1 V- OUTPUT 2 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8-PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @ +25°C and Vs = ±15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GAIN 
VOUT = ±lOV, RL ~ 2kr2 
TA = +2S

o
C to Tmax 

Tmin to +25°C 

OUTPUT CHARACTERISTICS 
Voltage@ RL = 2kn, TA = min to max 
Voltage@ RL = 10kr2, TA = min to max 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 

INPUT OFFSET VOLTAGE2 

vs. Supply, TA = +2S
o

C to Tmax 
Tmin to +2S

o
C 

INPUT BIAS CURRENT 
Either Input3 

Input Offset Current 

MATCHING CHARACTERISTlCS4 

Offset Voltage 
Offset Voltage 

Tmin-Tmax 
Input Bias Current 
Crosstalk-1kHz 20V pop 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
DifferentialS 
Common Mode 
Common Mode Rejection, VIN = ±lOV 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

VOLTAGE NOISE 
0.1-10Hz 
10Hz 
100Hz 
1kHz 
10kHz 

TEMPERATURE RANGE 
Operating, Rated Performance 
Storage 

NOTES 

AD642J 

100,000 min 
100,000 min 
100,000 

(±12V) ±lOV min 
(±13V) ±12V min 
2SmA 

1.0MHz 
50kHz 
3.0Vlf.1s 

2.0mV max 
200f.1VN max 
200J.N1V 

lOpA, 7 SpA max 
SpA 

1.0mV 
3.SmV max 

35pA max 
-124dB 

1012 r2116pF 
10 12 r2116pF 

±20V 
±12V (±lOV min) 
76dB min 

±lSV 
±(5 to l8)V 
2.8mA max 

2f.1V pop 
70nV/Vfu 
4SnV/y'Hz" 
30nV/y'H; 
2SnVlVi"h 

o to +70°C 
-65°C to +150°C 

I Electric~1 tests are performed at wafer probe, before the wafer is separated 
into individual dice. Maintaining chip performance to specification requires 
great care in handling and assembly. 

21nput Offset Voltage specifications are guaranteed after 5 minutes 
of operation at TA = +2S oC. 

3 Bias current specifications are guaranteed maximum at either 
input after S minutes of operation at TA = +2SoC. For higher 
temperatures, the current doubles every lO°C. 

4 Matching is defined as the difference between parameters of the two 
amplifiers. 

5 Defined as the maximum safe voltage between inputs, such that neither 
exceeds ± lOV from ground. 
Specifications subject to change without notice. 
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PRODUCT DESCRIPTION 
The AD644 is a pair of matched high speed monolithic FET
input operational amplifiers fabricated with the most ad
vanced bipolar, JFET and laser trimming technologies. The 
tight matching and temperature tracking between the opera
tional amplifiers is achieved by ion-implanted JFETs and 
laser-wafer trimming. The AD644 is recommended for appli
cations where both high speed and dc performance are 
required. 

APPLICATION INFORMATION 
AD644 chips are functionally identical to packaged AD644 
devices. For general application information, see the AD644 
packaged product catalog data sheet. 

Dual High Speed 
Implanted FET -Input Op Amp 

AD644 CHIPS I 
The following additional application information applies to 
AD644 chips: . 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated ~ir
cuit Chips General Information Section. 

3. For performance to device specifications. the metal sub
strate pad or header beneath the AD644 chip must be con
nected to -Vs. device pad number 4. 

4. Do not connect to any bonding pads or metalization not
indicated as a functional bonding pad on the metalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

I
_ 0.176 -I 

(4.471 v+ 
8 

+INPUT 2 

-INPUT 2 

1 4 7 
OUTPUT 1 V- OUTPUT 2 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8-PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @ +25°C and Vs = ±15V dc unless oth!!rwise specified) 

MODEL 

OPEN LOOP GAIN 
VOUT = ±lOV, RJ. ~ 2kn 
TA = +2SoC to Tmax , RL = 2kn 
TA = Tmin to +2SoC, RL = 2kn 

OUTPUT CHARACTERISTICS 
Voltage@ RL = 2kn, TA' = min to max 
Voltage@ RL = 10kn, TA .= min to max 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 
Total Harmonic Distortion, f = 1kHz 

INPUT OFFSET VOLTAGE 2 

vs. Supply, TA = +2SoC to Tmax 
TA = Tmin to +2SoC 

INPUT BIAS CURRENT 
Either Input3 

Input Offset Current 

MATCHING CHARACTERISTlCS4 

Input Offset Voltage 
Input Offset Voltage Tmin -Tmax 
Input Bias Current 
Crosstalk 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
DifferentialS 
Common Mode 
Common Mode Rejection, VIN = ±lOV 

POWER SUPPLY 
Rated' Performance 
Operating 
Quiescent Current 

VOLTAGE NOISE 
O.1-10Hz 
10Hz 
100Hz 
1kHz 
10kHz 

TEMPERATURE RANGE 
Operating, Rated Performance 
Storage 

NOTES 

AD(i44J 

30,000 min 
20,000 min 
20,000 

±12V (±10V min) 
±13V (±12V min) 
2SmA 

2.0MHz 
200kHz 
13.0V Ills 
O.OOlS% 

2.0mV max 
200llV IV max 
200llVIV 

lOpA (7SpA max) 
lOpA 

1.0mV max 
3.5mV max 
3SpA max 
-124dB 

l012nl16pF 
J012nl13pF 

±20V 
±12V (±lOV min) 
76dB min 

±lSV 
±(S to l8)V 
3.SmA (4.SmA max) 

21lV p~p 
3SnV Iy'i'h 
22nVly'i'h 
18nV I...,JH-; 
16nV/y'Hi 

o to +70°C
-6SoC to +1S0°C 

1 Electrical tests are performed at wafer probe, before the wafer is 
separated inte individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

2 Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at TA = +2Soc. 

3 Bias Current specifications are guaranteed maximum at either input 
after 5 minutes of operation at TA = +2SoC. For higher temperatures, 
the current doubles every IOcc. 

4 Matching is defined as the difference between parameters of the two amplifiers. 
5 Defined as voltage between inputs, such that neither exceeds ± 10V from ground. 

Specifications subject to change without notice. 
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PRODUCT DESCRIPTION 
The AD DAC-08 is a high-speed 8-bit two-quadrant multi
plying D-to-A converter, consisting of matched bipolar 
switches, a control amplifier and a precision resistor network. 
Advanced design and manufacturing techniques result in 85 
nanosecond settling time, and compatibility with older in
dustry standard DAC-08 devices. One accuracy grade is speci
fied for 0 to +70

o
C, one for -55°C to + 125°C. 

APPLICATION INFORMATION 
1. 10 and 10 are provided at two alternate locations. 

a.) Do not use both 10 (or both 10) locations for different 
functions. They are merely the same ou tpu t wired to 

two different locations. 

High Speed 
8-Bit 0-to-A Converter 

AD DAC-08 CHIPS I 
b.)lf 10 (or 10) is to be unused in both locations, it should 

be grounded at one of the two locations. 

2. No particular wire-bonding sequence must be followed. 

3. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

4. For performance to device specifications, the metal sub
strate pad or header beneath the AD DAC-08 chip must 
be connected fo -Vs, device pad number 5. 

5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. On AD DAC-08 chips, specifically do not con
nect to bonding pad area marked number 1 on metalization 
photograph. 

MET ALIZA TION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.074 
(1.880) 

+Vs 14 

+VREF 15 

-VREF 16 

0.091 
(2.311) 
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r; ••• ~ • -'- • 

17 2 3A 
COMP . NC* VLC iO 

4A 
10 

*NOTE: DO NOT CONNECT TO PAD NUMBER 1. 

6 BIT 1, MSB 

3B iO 

4BIO 

5 -VS 

PAD NUMBERS DO NOT CORRESPOND TO PACKAGED DEVICE PIN NUMBERS. 

MONOLITHIC CHIPS VOL. I, 17-53 
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SPECIFI CATIONS (Vs = ± 15V and I REF == 2.0mA unless otherwise noted) 

TA = 25°C to TMAX TA = TMIN to +25°C 

CHARACTERISTIC SYMBOL CONDITIONS MIN TYP MAX MIN 

NONLINEARITY 
AD DAC-OSA ±O.I 
AD DAC-OSC :!:u.39 

SETTLING TIME ts Full-Scale Step to 1/2 LSB B5 

PROPAGATION DELAY tpUb tPUL All Bits Switched 35 

FULL SCALE TEMPCO TC IFS 
AD DAC-oSA tlO ±SO 
AD DAC-oSC tlO ±BO 

OUTPUT VOLTAGE COMPLIANCE Voc 61FS < 112LSB -10 +IB -10 

ROUT>20Mf! 

FULL SCALE CURRENT IFS4 VREF = 1O.000V 
R 14= R15= 5.000kf! 
TA = 25°C 

AD DAC-OSC 1.94 1.99 2.04 
AD DAC-OSA 1.9B4 1.992 2.000 

FULL SCALE SYMMETRY IFSS (lFS4 -IFS2) 
AD DAC-OBA ±0.5 ±4.0 
AD DAC-OBC ±2.0 ±16.0 

ZERO SCALE CURRENT Izs 
AD DAC-oBA 0.1 1.0 
AD DAC-oBC 0.2 4.0 

OUTPUT CURRENT RANGE IFSR V- = -5.0V 0 2.0 2.1 
V- = -7.0 to -IBV 0 2.0 4.2 

LOGIC INPUT LEVELS 
Logic "0" VIL VLC = OV O.B 
Logic "I" Vm VLC = OV 2.0 

LOGIC INPUT CURRENTS 
Logic "0" IlL -IOV<VIN<+O.BV -2.0 -10 
Logic "I" 1111 2.0V<VIN<IBV 0.002 10 

LOGIC INPUT SWING VIS V- = -].5V -10 +IB -10 

LOGIC THR~SHOLD RANGE VmL Vs=±15V -10 +13.5 -10 

REFERENCE BIAS CURRENT IREF +0.1 -1.0 -3.0 

REFERENCE INPUT SLEW RATE dlldt 4.0 B.O 

POWER SUPPLY SENSITIVITY PSSIFS+ V+ = 4.5V to IBV ±0.003 ±0.01 

PSSIFS- V- = -4.SV to -IBV to.002 ±0.01 
IREF = l.OrnA 

POWER SUPPLY CURRENT 1+ From +VS 0.4 2.3 3.B 
1- From -Vs -O.B -6,4 -7.B 

POWER DISSIPATION PD ±SV. IREI' = 1.0rnA 33 4B 
+SV. -ISV. IREI' = 2.0rnA lOB 136 
±15V. IREI' = 2.0rnA 135 174 

NOTES: 
I AD DAC.()8A specifications apply for the -55° C to + 12 5° C 
range. The AD DAC'()8C specifications apply for TA = 0 to +70°C. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 

Operating Temperature 
AD DAC-08A .................•... -55°C to +125°C 
AD DAC-08C ..................... '0' 0 to +70

0

0
C 

Storage Temperature ................ -65 C to +150 C 
Power Dissipation ...................... 500mW 

Above 100°C Derate by ............... lOmW/C 
-Vs Supply to +Vs Supply ..................... 36V 
Logic Inputs ..................... -Vs to (-Vs +36V) 

VLC ..... : ....................... -Vs to +VS 
Reference Inputs (VI4. VIS)' .............. -VS to +VS 
Reference Input Differential 

Voltage (V14 to VIS)' ............... . 
Reference Input Current (114) ............ . 

. .±18V 

.5.0mA 
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TYP MAX 

±O.I 
±O.39 

B5 

35 

±IO 
±IO 

+IB 

1.99 
1.992 

±O.S 
t2.0 

0.1 
U.2 

2.0 . 
2.0 

O.B 
2.0 

-2.0 
0.002 

+IB 

~13.5 

-1.0 

B.O 

to.0003 
±0.002 

2.3 
-6.4 

33 
lOB 
135 

AD DAC-08 
CHIPS 

UNITS 

%FS 
%FS 

ns 

ns 

pprnlc 
pprnlc 

V 

rnA 
rnA 

IJA 
IJA 

IJA 
IJA 

rnA 
rnA 

V de 
V de 

'IJA 
IJA 

V 

V 

IJA 

rnA/p.s 

%1% 
%1% 

rnA 
rnA 

rnW 
rnW 
rnW 
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PRODUCT DESCRIPTION 
The AD OP-07 is an improved version of the industry-standard. 
OP-07 precision operational amplifier. A guaranteed minimum 
open-loop voltage gain of 1,200,000 affords increased accura
cy in high closed loop gain applications. Input offset voltages 
of 60J,tV, bias currents of 1.8nA, internal compensation and 
device protection eliminate the need for external components 
and adjustments. An input offset voltage temperature coeffi
cient ofO.4J,tV/oC and long-term stability ofO.4J,tV/month 
eliminate recalibration or loss of initial accuracy. Two grades 
of AD OP-07 chips are specified for 0 to +70°C operation. 

APPLICATION INFORMATION 
AD OP-07 chips are functionally identical to packaged AD 
OP-07 devices. For general application information, see the 
AD OP-07 packaged product catalog data sheet. 

Ultra-Low Offset 
Voltage Op Amp 

AD OP-07 CHIPS I 
The following additional application information applies to 
AD OP-07 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information'Section. 

3. For performance to dev'ice specifications, the metal sub
strate pad or header beneath the AD OP-07 chip must be 
connected to -Vs, device pad number 4. 

4. Pads 7 A and 7B must both be connected to + Vs. 

5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZA TION PHOTOGRAPH 

NULL 1 

0.072 
(1.83) 

Dimensions shown in inches and (mm). 

NULL 
8 

2 
-INPUT 

0.130 
(3.30) 

+Vs 
7B 

+Vs 
7A 

3 
+INPUT 

~ __ t--- 6 OUTPUT 

NOTE: 
THERE IS 
NO PAD 
NO.5 . 

4 -VS 

PAD NUMBER CORRESPOND TO PIN NUMBERS FOR THE TO-99 8-PIN METAL PACKAGES. 
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SPECIFICATIONS 1 (TA = +25°C, Vs = ±15V, unless otherwise specified) 
Model 
Parameter Symbol Test Conditions Min 

OPEN LOOP GAIN Ava RL;;:'2kn, Va = ±10V 1,200 
RL;;:'2kn, V~ = ±10V 

TA = +25 C to Tmax 
TA = Tmin to +25°C 

1,000 

RL;;:'500n, Va = ±0.5V, Vs = ±3V 300 

OUTPUT CHARACTERISTICS 
Maximum Output Swing YOM RL;;:'lOkn 

RL;;:'2kn 
RL;;:'lkn 

Open Loop Output Resistance Ro Va = 0,10 = 0 

FREQUENCY RESPONSE 
Closed Loop Bandwidth BW AVCL = +1.0 
Slew Rate SR RL;;:'2k 

INPUT OFFSET VOLTAGE 
Initial Vas Note 2 

Note 2, TA = +25°C to Tmax 
TA = Tmin to +25°C 

Adjustment Range Rp = 20kn 

INPUT OFFSET CURRENT 
Initial los 

INPUT BIAS CURRENT 
Initial Is 

INPUT RESISTANCE 
Differential RIN 
Common Mode RIN CM 

INPUT VOLTAGE RANGE 
Common Mode CMVR 
Common Mode Rejection Ratio CMRR VCM = ±CMVR 

VCM = ±CMVR, Tmin to Tmax 

POWER SUPPLY 
Current, Quiescent IQ Vs = ±15V 
Power Consumption PD VS=±15V 

Vs = ±3V 
Rejection Ratio PSRR Vs = ±3V to ±18V 

OPERATING TEMPERATURE 
RANGE Tmin' Tmax 

NOTE. 
I Electrical tests are performed at wafer prove, before the wafer is separated into individual dice. 
Maintaining chip performance to specification requires great care in handling and assembly. 

• Input offset voltage measurements are performed by automated test equipment approximately 
0.5 seconds after application of power. 

Specifications subject to change without notice. 
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±12.0 
±11.5 

8 

±13.0 
100 
97 

90 

0 

AD OP-07C 
Typ Max 

4,000 
I 

4,000 
1,000 
1,000 

±13.0 
±12.8 
±12.0 
60 

0.6 
0.17 

60 150 
85 250 
85 
±4 

0.8 6.0 

±1.8 ±7.0 

33 
120 

±14.0 
120 
120 

3.5 5.0 
105 150 
6.0 8.4 
104 

+70 

ADOP-07D 
Min Typ Max Units 

1,200 4,000 V/mV 

1,000 4,000 VIm V 
1,000 V/mV 

300 1,000 V/mV 

±12.0 ±13.0 V 
±11.5 ±12.8 V 

V 
60 n 

0.6 MHz 
0.17 Vlp.s 

60 150 p.V 
85 250 p.V 
85 p.V 
±4 mV 

0.8 6.0 nA 

±2.0 ±12 nA 

7 31 Mn 
120 Gn 

±13.0 ±14.0 V 
94 110 dB 
94 106 dB 

3.5 5.0 rnA 
105 150 mW 
6.0 8.4 mW 

90 104 dB 

0 +70 °c 



,CMOS Integrated Circuit Chips 

PHYSICAL CHARACTERISTICS 
Die Thickness: The thickness of Analog Devices CMOS dice 
is 20 mils ±1 mil except dielectric ally isolated CMOS, whi'ch 
is 20 mils ±3 mils. 

Die Dimensions: The dimensions given on the specific device 
data sheets have a tolerance of ±3 mils. 

Backing: The backside surface of Analog Devices CMOS dice 
is silicon (not plated). Analog Devices has determined that an 
unplated backing allows thinner dice, better controlled thick
ness, better thermal transfer and more reliable die attach. Gold 
backing is not available for CMOS die. 

Edges: A diamond saw is used to separate wafers into dice thus 
providing perpendicular edges half-way through the die. 

In contrast to scribed dice, this technique provides a more 
uniform die shape and size. The perpendicular edges facilitate 
handling (such as tweezer pick-up) while the uniform shape 
and size simplifies substrate design and die attach. 

Top Surface: The top surface of the dice is covered by a layer 
of Phosphorous-doped-Vapox glassivation. All areas are cover
ed except bonding pads and scribe lines. 

Surface Metalization: The metalization on Analog Devices 
CMOS dice is aluminum. Minimum metalization thickness 
is 10,000A. 

Bonding Pads: All bonding pads have a minimum size of 4 mils 
, by 4 mils. The passivation windows are 3.5 mils minimum. 

VISUAL INSPECTION 
All Analog Devices CMOS dice are 100% inspected to MIL
STD-883, Method 2010, Condition B. In addition, Quality 
Assurance performs a sample audit to the same visual criteria 
to an AQL of 0.65%. . 

PROCESS FLOW 
The process flow chart for Analog Devices CMOS dice is 
shown on page 17-58. All CMOS dice are 100% probed to 
+25°C functional and dc parametic limits as per the data 
sheet limits for the equivalent packaged version. (See page 
17-59 for the packaged product equivalent of CMOS dice). 
Reject die are inked. 

Additionally, all CMOS dice are 100% inspected to MIL-STD-
883, method'2010, condition B. Quality assurance audits to 
the same visual criteria to an AQL of 0.65%. 

Following visual inspection, a sample of the die lot is assem
bled in ceramic packages and submitted to opens/shorts 
testing to cull out any assembled-related failures. 

Following open/short testing, the remaining packaged sample 
is submitted to 100% temperature testing of dc parameters. 
The limits used are the upper temperature limits of the similar 
grade packaged product (see page 17-59). The lot is rejected 
if the temperature test PDA (percent defective allowable) 
is greater than 15%. 

Special electrical sorts or sample plans can sometimes be ac
commodated at extra cost if volume warrants. 

General Information 
ELECTRICAL TESTS 
Allchips are 100% tested at wafer sort per published +25°C dc 
paramete~s for the equivalent grade packaged product (see . 
page 17-59) before the wafer is separated into individual dice.' 

Additionally, a packaged sample of each die lot is submitted 
to hot temperature testing. A maximum PDA of 15% is 
required for lot acceptance by Q.A. 

Maintaining chip performance to specifications requires great 
care in handling and assembly. The specific recommendations 
in this general information section are intended to assist the 
user in achieving specified per'formance of Analog Devices 
CMOS chips in assembled circuits. 

ELECTRICAL GUARANTEES 
Analog Devices CMOS chips are guaranteed to provide an 85% 
yield to standard packaged product data sheet performance 
specifications over the operating temperature range indicated 
on the data sheet for the equivalent packaged grade. 

PACKAGING 
All dice are packaged in plastic waffle packs. The quantity of 
dice per package depends on die size. 

A sheet of anti-static paper is included in each pack. 

The waffle pack is sealed in a plastic vacuum-sealed package. 
The package is back-filled with nitrogen. 

ASSEMBLY INFORMATION 
Cleaning: Each die is cleaned prior to packaging in waffle 
packs. No additional cleaning is recommended. 

Die Inspection: All Analog Devices CMOS dice are 100% 
inspected to MIL-STD-883, Method 2010, Condition B. 

No further inspection is required. 

Die Attach: The proper method of die attach is determined 
, by the requirements of the particular application. 

When eutectic die attach is indicated, Analog Devices rec
ommends using either a 99.99% gold or a 98% gold 2% 
silicon preform. 

When conductive epoxy die attach is indicated, Analog 
Devices recommends the use of Able Bond 36-2 or equivalent. 

Die attach temperature should be as low as possible and should • 
never exceed 400°C as measured at the die-substrate interface 
surface. Time at 400°C shall not exceed 120 seconds. 

Lead Bonding: Analog Devices recommends using thermosonic 
or thermo-compression bonding for users requiring gold wire. 
One mil 99.99% gold wire is recommended. 

Analog Devices recommends using ultra-sonic bonding for 
users requiring aluminum wire. One mil 99% aluminum 1% 
silicon wire is recommended. 

To prevent damage from electrostatic discharge, bond the 
GND pin first. If a device has both an analog and a digital 
ground, bond DGND first. 
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Electrostatic Discharge (ESD): CMOS integrated circuits may 
be catastrophically damaged by ESD if not handled properly. 

F~rthermore, subtle shifts in transistor characteristics can be 
caused by a more limited exposure to ESD, causing the per
formance of a precision device to become d.egraded. 

To prevent damage caused by ESD, Analog Devices recom
mends the following: 

a. Verify proper grounding of all manufacturing equipment. 

b. All workers who handle the chips should be wearing a 
grounded conductive wrist-strap. 

c. All work-in-process, especially any work with incomplete 
wire-bonding, should be placed on a conductive surface. 

d. Dice not in use should be stored in the original waffle pack 
with anti-static paper. 

Specific data sheets in this catalog describe the recommended 
bonding sequence for each CMOS device. 

ORDERING INFORMATION 
. Analog Devices CMOS integrated circuit chips are specified in 
the same manner as packaged devices, except the package code 

letter is replaced by the word "CHIPS". 

AD 

prefi~ 
(All IC Products) 

xxxx 

T 
Product 
Number 

X CHIPS 

~.~ 
Grade Designates 
(Single Letter) Chips 

Minimum order quantity for CMOS chips is 50 pieces per line 
item. Additionally, Analog Devices CMOS dice are supplied in 
multiples of 25 pieces. 

Not all packaged product generics, grades or temperature. 
ranges can be supplied in chip form. See page 17-59 for 
available CMOS chips. 

Bonding Diagrams: Bonding diagrams are provided for each 
product. Dimensions are given in inches and millimeters. See 
pages 17-60 through 17-65. 

APPLICATIONS INFORMATION 
Product descriptions, features and applications information is 
available for CMOS chips in the packaged product data sheets 
of this catalog. 

{

TESTED TO +25°C de LIMITS 
FOR EOUIVALENT GRADE 
PACKAGED PRODUCT. ELEC· '-----r---... TRICAL REJECTS ARE INKED. 
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LEGEND 

D = ~~:A\~g~CTION 
V a 100% PROTECTION 

INSPECTION c::>. OA AUDIT 

~
MIL'STD-883 
METHOD 2010, CONDITION B 
REJECT LOT IF FAIL 
0.65%AQL 

'-----,r---~ 

L-----r----' 

{

PER ESTABLISHED 
CERAMIC ASSEMBLY 
PROCEDURES 

{

REJECT 
ASSEMBLY 
FAILURES 

{

TEST TO EQUIVALENT 
PACKAGED GRADE de 
LIMITS AT UPPER LIMIT 
OF OPERATING TEMPER· 

'----..,;..;.;....,r='''--~ ATURE RANGE 

{

REJECT LOT.IF 
ASSEMBLED SAMPLE 
FAILS 15% PDA 

ANALOG DEVICES CMOS INTEGRATED CIRCUIT 
CHIP PROCESS FLOW DIAGRAM 

"COM" PROCESS 



CMOS CHIP AVAILABLE 
Due to limitations imposed on testing and grading devices in 
chip form, not all packaged product grades or temperature 
ranges are available at this time as standard product. 

provide the exhaustive testing required to guarantee chips to 
the equivalent grade packaged-product performance over the 
MILITARY temperature range. 

Following is a list of CMOS chip standard product offerings 
which are presently available. Refer to the packaged-product 
data sheet shown to determine the chip's dc performance 
characteristics. 

LEADLESS CHIP CARRIERS FOR FULLY TESTED AND 
GUARANTEED PERFORMANCE 

Consequently, Analog Devices offers many CMOS devices 
packaged in leadless chip carriers. Chip carriers offer the ad
vantage of fully specified, 100% tested, guaranteed perform
ance in a package not much larger than the chip itself. Con
tact Analog Devices for further information on products 
available in chip carriers. 

Due to test limitations, it is often difficult (or impossible) to 

Otip Model Number 

CMOS MULTIPLEXERS 

AD7S01 J CHIP 
AD7S02 J CHIP 
AD7 S03 J CHIP 
AD7S06 J CHIP 
AD7 S07 J CHIP 

CMOS SWITCHES 

AD7S10DI J CHIP 
AD7S11DI J CHIP 
AD7S12DI J CHIP 
AD7S90DI B CHIP 
AD7S91DI B CHIP 
AD7S92DI B CHIP 

CMOS DI A CONVERTERS 

AD7S20 J CHIP 
AD7S20 K CHIP 
AD7S20 L CHIP 
AD7S21 J CHIP 
AD7S21 K CHIP: 
AD7S21 L CHIP 

AD7 S22 J CHIP 
AD7S22 L CHIP 
AD7S23 J CHIP 
AD7S24 A CHIP 
AD7S23 A CHIP 
AD7S33 B CHIP 

AD7 S41 A CHIP 
AD7 S41 B CHIP 
AD7S42 A CHIP 
AD7 S42 B CHIP 
AD7S43 A CHIP 
AD7S43 B CHIP 

CMOS AID CONVERTERS 

AD7SS0 B CHIP 
AD7S74 A CHIP 

Equivalent Packaged 
Product to Determine 
dc Performance (Vol. I) 

AD7S01JD ; page 16-S 
AD7S02JD ; page 16-S 
AD7S03JD ; page 16-S 
AD7S06JD ; page 16-9 
AD7S07JD ;. page 16-9 

AD7S10DIJD ; p'age 16-13 
AD7S11DIJD ; page 16-13 
AD7S12DIJD ; page 16-13 
AD7S90DIBD ; page 16-21 
AD7S91DIBD ; page 16-21 
AD7S92DIBD ; page 16-21 

AD7S20JD ; page 10-97 
AD7S20KD ; page 10-97 
AD7S20LD ; page 10-97 
AD7S21JD j page 10-97 
AD7S21KD; page 10-97 
AD7S21LD ; page 10-97 

AD7S22JD page 10-lOS 
AD7S22LD page 10-1OS 
AD7S23JN page 10-111 
AD7S24AD page 10-11S 
AD7S33AD page 10-1S1 
AD7S33BD page 10-1S1 

AD7S41AD 
AD7S41BD 
AD7S42AD 
AD7S42BD 
AD7S43AD 
AD7S43BD 

page 10-lS7 
page 10-lS7 
page 10-16S 
page 10-16S 
page 10-173 
page 10-173 

AD7SS0BD ; page 11-81 
AD7S74AD ; page 11-113 

Operating Temperature 
Range for Rated dc 
Performance 

-2S0C to +8SoC 
-2SoC to +8SoC 
- 2SoC to +8SoC 
-2SoC to +8SoC 
-2SoC to +8SoC 

-2SoC to +8SoC 
-2SoC to +8SoC 
-2SoC to +8SoC 
-2So C to +8So C 
-2SoC to +8SoC 
-2SoC to +8SoC 

-2SoC to +8SoC 
-2SoC to +8SoC 
- 2SoC to +8SoC 
-2SoC to +8SoC 
.,..2SoC to +8SoC 
-2SoC to +8SoC 

-2SoC to +8SoC 
-2SoC to +8SoC 
o to +70

0
C 

-2SoC to +8SoC 
-2SoC to +8SoC 
-2SoC to +8SoC 

-2SoC to +8SoC 
-2SoC to +8SoC 
-2SoC to +8SoC 
-2SoC to +8SoC 
-2SoC to +8SoC 
-2SoC to +8SoC 

_2$oC to +8SoC 
-2SoC to +8SoC 
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OUT 52 53 
12 II 10 

14 15 
VOD Vss 

I OUT S2 S3 
12 II 10 

r 
0.062 

(1.5751 

51 13 

14 15 
VDD Vss 

BONDING DIAGRAMS 

0.OB5 0.OB5 
(2.1591 (2.1591 

54 55 S6 S7 5B OUT 1"" S2 53 54 55 56 57 sa 
9 8 7 6 5 12 II 10 9 8 7 6 5 

r 
0.062 

(1.5751 

1 
16 I 2 3 4 14 15 16 I 2 3 4 
AO Al GNO EN A2 VDD VSS AO Al GNO EN OUT 5·8 

AD7501 AD7502 

0.085 
(2.1591 0.1" 

"' 

54 S5 S6 57 sa (2.8191 

9 8 7 6 5 

0.082 
(2.0831 

A314 

A2 15 

Al 16 

AO 11 

EN 18 

23 24 25 26 19 20 21 22 
16 I 2 3 4 SI S2 S3 S4 S5 S6 S7 sa 
AO Al GND EN A2 

. PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 28 PIN DIP PACKAGE. 

AD7503 AD7506 

LINES FROM BONDING PADS IN ALL DIAGRAMS 
DO NOT INDICATE BOND WIRES 
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I Vee 

28 OUT 

27 Vss 



NC 14 

A2 15 

A116 

AO 17 

EN 18 

r 
0.068 
(1.73) 

1 

BONDING DIAGRAMS 

t+---------(~:~:~) --------1.;1 
S9 S10 SII S12 S13 S14 SIS S16 
11 10 9 8 7 6 5 4 

19 20 21 22 23 24 25 26 
SI S2 S3 54 S5 S6 S7 sa 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 28 PIN DIP PACKAGE. 

AD7507 

2 3 4 
GND AI A2 

NOTE: AD7512DI: ADDRESS "HIGH" MAKES 
Sl TO OUll AND S3 TO OUT2 

5 6 
NC NC 

. 

2 OUT 9-16 

1 Veo 

28 OUT 1-8 

27 Vss 

NC 

9 S3 

r 
0.068 
(1.73) , 

Vss Sl 01 S2 02 
1 16 15 14 13 

2 
GND 

3 
Al 

4 
A2 

5 
A3 

NOTE: AD7510DI: SWITCH "ON" FOR ADDRESS "HIGH" 
AD7511DI: SWITCH "ON" FOR ADDRESS "LOW" 

6 
A4 

10 S4 

9 04 

8 Vee 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 16 PIN DIP PACKAGE. 

VREO 15 

RFEEDBACK 16 

louT1 1 

loun 2 

GND 3 

AD7510,11 

~-----~:~--BI-T-l0-B-IT-9---B-IT-8-BI-T-7-~ 
NC NC 13 12 11 10 

4 5 6 
BIT 1 (MSB) BIT2 BIT 3 

9 BIT6 

8 BIT 5 

7 BIT 4 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 16 PIN DIP PACKAGE. 

AD7512 AD7520 

LINES FROM BONDING PADS IN ALL DIAGRAMS 
DO NOT INDICATE BOND WIRES 

MONOLITHIC CHIPS VOL. I, 17-61 

II 



GND 3 

(MSB) BIT 1 4 

0.057 
(1.45) 

BIT2 5 

BONDING DIAGRAMS 

~--------------~~~----------------~ 
BIT 12 BIT 11 BIT 10 BIT 9 BIT8 BIT7 

15 14 13 12 11 10 

4 ' 5 6 
BIT 1, MSS BIT2 BIT3 

AD7S21 

1------------- ~;~7~ -------------i 
OUT2 oun RFB VREF 

2 1 1S 15 

14 VDD 

a 
10 11 12 13 14 15 16 17 18 19 

DB9 088 DB7 DBB DB5 DB4 DB3 DB2 OBl 090 
(MSS) (lSB) 

DBO 11 
(lSB) 

0.070 
(1.78) 

CS 12 

AD7S22 

~--------~~~----------~ 
DBl DB2 DB3 DB4 
10 9 8 7 

a 

6DB5 

5DB6 

24 lBS 

23 NC 

22 lDAC 

21 SPC 

20 sea 

WR 13 
4 OB7 (MSB) 

BIT36 

7 8 
BIT4 BIT5 

9 10 

c c 
C D 

BITS BIT7 

11 BIT 8 (lSB) 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 16 PIN DIP PACKAGE, 

VDD 14 

15 16 
VREF RFB 

1 2 
OUTl OUT2 

AD7S23 AD7S24 

LINES FROM BONDING PADS IN ALL DIAGRAMS 
DO NOT INDICATE BOND WIRES 
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BONDING DIAGRAMS 

I' 
0.067 
(1.70) 

BIT3 BIT 2 BIT 1 (MSB) GNO 
6 5 4 3 

F VOO 16 

2 IOUT2 

VREF 17 11 BIT8 
0.068 

1 loun 10 BIT7 0.73) !lFEEOBACK 18 

BITS 8 
0.082 
(2.0B) 

BIT69 
16 RFB 

15 VREF IoUT1 1 9 BIT6 

louT2 2 
8 BIT 5 

BIT7 10 
GNO 3- -0 

4 5 6 7 
11 12 13 14 BIT 1 (MSB) BIT2 BIT 3 BIT4 

BIT8 BIT9 BIT 10 VOO 
(LSB) 

AD7533 AD7541 

0.096 

'I (2.438) 

," 
0.096 OUT2 OUTl RFB 

(2.438) 2 1 16 

OUT2 DUn 
2 1 

AGNO 3 D 

AGNO 3 
15 VREF 

15 VREF 

14 Voo 
14 Voo 

STBI 4 
03 4 

13 CLR 
13 CLR 

(MSB) 

02 5 12 OGNO LDi 5 12 OGNO 

0.134 
0.134 (3.404) 

(3.404) 

L 11 Al • 11 STB4 

NC 6 

7 ~ lL 10 
DO CS WR AO 

(LSB) 
7 B ~- 10 

SRI STB2 LD2 srB3 

AD7542 AD7543 

LINES FROM BONDING PADS IN ALL DIAGRAMS 
DO NOT INDICATE BOND WIRES 
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CaUl 16 

~N 17 

0.125 
13,1S) 

08223 

OB4 25 

0.078 
(1.9811 

AGND S 

DB7 6 
(MSBI 

BONDING DIAGRAMS 

1----------- ~3'~~ -----::--------1 

27 
DBG 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 40 PIN DIP PACKAGE. 

AD7550 

1--------- (~:~~~I -------_"'i 

7 
DB6 

VREF 
2 

8 
DBS 

VOD 
1 

DGND elK 
18 17 

9 10 
DB4 DB3 

11 
DB2 

AD7574 

12 
DB1 

3 VAEF1 

TP1 
TPG 

TP5 
TP4 
TP3 
TP2 

39 Vee 

1S RD 

14 BUSY 

13 DBO (lSBI 

LINES FROM BONDING PADS IN ALL DIAGRAMS 
DO NOT INDICATE BOND WIRES 
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0.087 
(2.209) 

A3 5 

A4 6 

NC 

A2 4 

BONDING DIAGRAMS 

8 
• Voo 

7 
Voo 

AD7590,91 

AD7592 

9 
D4 

9 
53 

1651 

15 D1 

1452 

13 D2 

12 53 

11 D3 

10 54 

1451 

NC 

13 oun 

1252 

·11 54 

100UT2 

NC 

LINES FROM BONDING PADS IN ALL DIAGRAMS 
DO NOT INDICATE BOND WIRES 
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Linear Ie Test Systems 

The LTS System Concept 

LTS-2000 

LTS-2010 

LTS Specifications 
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Linear Ie Test Systems 

TEST OP AMPS, DACs & ADCs WITH 16-BIT ACCURACY 

Large easy-to-read programmable 
display for pass/fail information, 
messages, binning, grading, etc. 

Uni-directional RS-232 port for 
optional printer. Integral printer for permanent 

record of test results. 

LTS-2010 
Function switches can be 
programmed to select category 
from prompt on display. 

Go button-operator il}stalls 
device in the socket and ----
merely pushes the button. 
The LTS-2010 does the rest. 

Plug-in socket assembly. 

Sockets for specific device 
moun ted on plug-in 
P.C. socket board. 

Bi-directional RS-232 port 
.. _./ for communicating with any 
~ RS-232 device. 

~ Handler interface for handler 
control signals. 

Double sided floppy disk for 
operating system, mass storage 
of data, user programs, and 
ADI supplied programs.-

specific device. 
Plug-in Family Board Module (i.e., 
AID, Op Amp, D/A). 

Keyboard for entering data to fill
in-the-blanks on ADI su pplied de
vice programs. 

THE LTS SYSTEM CONCEPT 
The LTS systems are easy-to-use, flexible component test 
systems that allow you to test any component to the manu
facturer's own specifications, ADCs, DACs, op amps, regula
tors, comparators and other linear devices. The system also 
offers such features as datalogging, statistical analysis, yield 
analysis and two RS-232 interfaces, IEEE interface and a 
handler interface. 

The computing power of the LTS-systems lies in their 16-bit 
central processing unit. The microprocessor incorporates a 
minicomputer instruction set which includes hardware multi
ply and divide as well as 15 prioritized interrupts for the sys
tem keypad, function switches, floppy disk drive, and the 
IEEE 488 interface. 

A real time, 3MHz, four-phase crystal stabilized system clock 
generates system timing, allowing the implementation of a real 
time clock. The system memory includes 60K bytes of dy
namic RAM, of which 32K bytes are available for program 
generation by the user. 

The LTS-systems not only provide for several data output 
formats-data log, yield analysis or statistical analysis-they 
also provide a choice of data display. If desired, the data may be 
presented via the single line LED display, the integral 20-
column thermal printer, through either of the RS-232 ports or 
the IEEE port. (All data outputs are standard features on both 
the LTS-2000 and the LTS-2010.) 

LTS-2000 
The LTS-2000 is far more than a simple testerj it is an optimal 
low cost solution for incoming inspection. It can be used for 
basic GO/NO-GO testing, for component selection, for qualifi
cation testing, or as a diagnostic tool for component evaluation. 

The LTS-2000 can be set up in minutes by using either a pro
gram from the device library, or the complete test menu of 
"Fill-in-the-Blanks" software. Prompts ior each step of the 
"Fill-in-the-Blanks" test programs are conveniently displayed 
directly over the associated function switches. Standard test 
programs can be easily altered to suit your needs. Select your 
test, and arrange them in the order you prefer. The full edit 
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capability enables you to change test parameters quickly and 
simply. 

inspectioJ. It is the first system that can provide all the capa
bilities of today's large, centralized test systems at a cost that 
is approximately one-third the "big system" price. LTS-2010 

The LTS-20l0 is the first bench top tester that's programmable 
in BASIC, as well as "Fill-in-the-Blanks" programming, and its 
16-bit CPU and 64K bytes of memory offer a new level of 
programmable sophistication. 

The LTS-2010 not only provides the flexibility of distributed 
or decentralized testing, it allows for cost-effective multiple 
system purchases. And it increases overall test reliability, since 
the threat of a single big system failure is eliminated in a dis
tributed testing environment. Far more than just a comprehensive production tester, it can 

handle complex engineering analysis, and even incoming 

iTS SPECIFICATIONS 

MEASUREMENT ACCURACY 
High Accuracy ±(0.0015% of Reading +0.025% of Range +IOOIlV) 
Direct ±(0.025% of Reading +0.025% of Range +lOOIlV) 
Null and Difference ±(0.025% of Reading +0.025% of [Diff Range + Null Rangel +IOOIlV) 

Input Voltage Range ±lOV (64 Different Ranges) 

REFERENCE DAC 
Range Resolution 
o to 10V 2.5mV 
-5V to 5V 2.5mV 
-lOY to lOV 5mV 

SYSTEM REFERENCE 

Software Corrected Accuracy 
RDVO ± 150llV 
RDVO ± 150llV 
RDVO ± 300llV 

Short Term 
Long Term 

10V Adjustable in hardware or software 
10V ±50ppm/1000 hrs, noncumulative 

SOURCES 
Source Voltage Range Resolution Software Corrected Accuracy 
SA o to 20V ±O.IV SAVO ±0.05V 
SB o to 20V ±O.IV SBVO ± 0.05V 
SC o to -20V ±O.IV SCVO ± 0.05V 
SD o to -20V ±O.IV SDVO ± 0.05V, 
TH o to 10V ±0.05V THVO ± 0.025V 
SR -lOV to 10V ±O.OOIV SRVO ± 0.0005V 

Source Current Range Accuracy of Measurement 

SA -lOrnA to 150mA ±(2.5% of Reading + 10IlA/V+ 151lA) 
SB -lOrnA to 150mA ±(2.5% of Reading + 10ILA/V + lSIlA) 
SC lOrnA to -150mA ±(2.5% of Reading + lOllA/V + lSIlA) 
SD lOrnA to -150mA ±(2.5% of Reading + 10ILA/V + lSIlA) 
TH -lOrnA to +lOmA ±(0.5% of Reading + 101lA) 
SR -lOrnA to +IOmA ±(0.5% of Reading + lOIlA) 

OPERATING TEMPERATURE 
At Rated Accuracy after I hr warm-up 

o to 40°C 
32°F to 104°F-

OPERATING VOLTAGE 
105V ac to 125V ac @ 50Hz to 60Hz 
210V ac to 250V ac @ 50Hz to 60Hz 
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Quality Assurance Program 
MIL-STD-883 Class B 

Introduction 

MIL-STD-883, Method 5004, Class B Product Flow-Semiconductor Products 

MIL-STD-883, Method 5008 Product Flow-Hybrid Products 

Bipolar Integrated Circuits Processed to MIL-STD-883, Method 5004, Class B 

CMOS Integrated Circuits Processed to MIL-STD-883, Method 5004, Class B 

Hybrid Circuits, Manufactured at the Microelectronics Division, Processed 

to MIL-STD-88 3, Method 5008 

Hybrid Circuits, Manufactured at the Computer Labs Division, Processed 

to MIL-STD-883, Method 5008 
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INTRODUCTION 
This section establishes the requirements for screening integrated 
circuits at Analog Devices in accordance with MIL-STD-883, 
Class B. Our monolithic and hybrid ICs are subjected to the 
accelerated stress tests or Methods 5004 and 5008 respectively. 

The following specifications and test methods of the issue in 
effect provides the general requirements and test procedures for 
the manufacture, test and environmental standards of our 883B 
program. 

MIL-M-3851O: General Specification of Microcircuits. 

MIL-STD-883: Test Methods and Procedures for 
Microelectronics. 

Table 1 and Table 2 outline the screening tests for Analog Devices' 
MIL Program. The purpose of these tests is to assure the quality 
and reliability of the product to a particular process level com
mensurate with the product's intended application. 

Table 1 outlines the test sequence used in the reliability screening 
of our monolithic ICs. 

Test 

1) Internal Vi~ual 
(Pre-Cap) 

2) Stabilization Bake 

3) Temperature Cycling 

4) Constant Acceleration 

5) Seal Test: Fine Leak 

Gross Leak 

6) Burn-In Test 

7) Final Electrial Tests 

8) External Visual 

TABLE 1 

Method 

Method 2010, TestConditionB 

Method 1008, 24hrs. @ + 150°C, 
or equivalent 

Method 1010, Test Condition C, 
lOCycles, -65°Cto + 150°C 

Method 2001, TestConditionE, 
Yl plane, 30,000G 

Method 1014, Test Condition A 
orB 
Method 1014, Test Condition C 

Method 1015,perapplicable 
device specification 160 hrs. 
@ + 125°C min 

Per applicable device 
specification 

Method 2009 

Table 2 outlines the test sequence used in the reliability screening 
of our hybrid ICs to Method 5008. 

Process 

1) 100% Pre-Cap Visual 
Inspection 

2) Stabilization Bake 

3) TemperatureCyle 

4) C~nstant Acceleration 

5) Visual Inspection 

6) Seal Test: Fine Leak 

Gross Leak 

7) Operating Burn-In 

8) Final Electrical Test 

TABLE 2 

Method 

Method 2017 

Method 1008, 24hrs. @ + 150°C, 
ConditionC 

Method 1010, Test Condition C, 
10Cycles, -65°C to + 150°C 

Method 2001, Y 1 plane, per 
applicable device specification 

Visible Damage 

Method 1014, Test Condition A 
orB 
Method 1014, Condition C 

Method 1015, per applicable 
device specification, 160 hrs @ 
+ 125°C 

Per applicable device specification 

9) External Visual Inspection Method 2009 

QUALITY ASSURANCE PROGRAM VOL. 1,19-3 



Process 
Flow 

MIL-STD-883, METHOD 5004, CLASS B 
PRODUCT FLOW SEMICONDUCTOR PRODUCTS 

Operation 
Description 

Wafer Trim (Applicable Products) 

Monitor Wafer Trim 

Wafer Probe 

Monitor Wafer Probe 

Saw/Scribe and Break 

Monitor Saw/Scribe 

Dice Sort 

Dice Visual Inspection 

Dice Lot Acceptance, MIL-STD-883, 
Method 2010, Condition B 

Die Mount 

Monitor Die Molint 

Wire Bond 

Monitor Wire Bond (Visual) 

Monitor Wire Bond (Mechanical) 

Bipolar 
Integrated 

Circuits 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

CMOS 
Integrated 

Circuits 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Legend: Manufacturing Operation 6 Manufacturing Inspection ¢ Quality Control Inspection 
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Process 
Flow 

Operation 
Description 

'Pre-Trim Bake (Package Trimmed 
Products) 

Trim (Package Trimmed P~oducts) 

Monitor Laser Trim 

Visual Inspection 

Q.C. Precap Visual 1% AQL, 
MIL-STD-883, Method 2010, 
Test Condition B 

Stabilization Bake 

Cap/Seal 

Monitor Cap/Seal 

. Electric~ Testing, 
TA = 25 C, Tmin, Tmax 

Stabilization Bake 24 hrs. at +150
o
C, 

Method 1008 

Temperature Cycle, Method 1010, 
Test Condition C, 10 Cycles, 
-65°C to +150oC 

Constant Acceleration, Method 2001, 
Test Condition E, Y1 plane 30,OOOG 

Bipolar 
Integrated 

Circuits 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

CMOS 
Integrated 

Circuits 

N/A 

N/A 

N/A 

X 

X 

N/A 

X 

X 

X 

X 

X 

X 
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Bipolar CMOS 

Process Operation Integrated Integrated 

Flow Description Circuits Circuits 

Fine Leak Test, Method 1014, X X 

Test Condition A 

Gross Leak Test, Method 1014, X X 
Test Condition C 

Q. C. Data Review X X 

Pre-Burn-In Electrical Test (Optional) X X 

Bum-In Test, Method 1015, X X 
160 hrs. at 125°C 

Final Electrical Test, TA = 2SoC, X X 

Tmin and Tmax 

Brand and Cure X X 

Monitor Brand X X 

100% External Visual X X 

Q. C. Lot Acceptance, Method 2009 X X 

Transfer to Bonded Stock X X 

Ship to Customer X X 
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Process 
Flow 

MIL-STD-883, METHOD 5008 
PRODUCT FLOW HYBRID PRODUCTS 

Operation 
Description 

Direct Material, 100% Tested at 
Wafer Level 

Q. C. Sample Inspection 
of Incoming Material 

Kit Preparation and Issue 

Microelectronics 
Division 

Suffix "883" 
Components 

X 

N/A 

X 

Thick Film Substrate/Package Prepara- X 
tion for Al or Au Wire Bonding 

Kit Inspection X 

Remove Lead Frame X 

Adhesive Application X 

Die Attach X 

Q. C. Monitor X 

Adhesive Cure X 

Substrate Attach X 

Adhesive Cure X 

Q. C. Monitor X 

Computer Labs 
Division 

Suffix "B" or "883" 
Components 

X 

X 

X 

X 

X 

N/A 

X 

X 

N/A 

X 

X 

X 

N/A 
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Microelectronics Computer Labs 
Division Division 

Process Operation Suffix "883" Suffix "B" or "883" 
Flow Description Components Components 

Wire Bond X X 

Monitor Wire Bond X N/A 

Pre-Cap Visual N/A X 

Functional Test X X 

Burn-In X N/A 

Laser Trim X X 

Q. C. Monitor (T~immed Products) X X 

Pre-Seal Functional Test X N/A 

Pre-Seal Visual X N/A 

Q, C. Pre-Seal Visual, Method 2017 X X 

Pre-Seal Bake X X 

Seal X X 

Q. C. Monitor X N/A 

Stabilization Bake, Method 1008, X N/A 
24 hrs. at +lS0oC, Condition C 
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Microelectronics Computer Labs 
Division Division 

Process Operation Suffix "883" Suffix "B" or "883" 
Flow Description Components Components 

Temperature Cycle, Method 10lD, X X 
Test Condition C, 10 Cycles (-65°C to (-55°C to 

+lS0oC) +12S°C) 

Constant Acceleration, Method 2001, X X 
VI plane, per Applicable Device 
Specification 

Fine Leak, Method 1014, X X 
Test Condition A or B 

Gross Leak, Method 1014, X X 
Test Condition C 

Operating Bum-In, Method 1015, X X 
160 hrs. at +12SoC (At Max Operating 

Temperature) 

Final Electrical Tests X X 

Brand and Cure X X 

External Visual, Method 2009 X X 

Pack X X 

Outgoing Q. A. Lot Acceptance X N/A 

Transfer to Bonded Stock X X' 

Ship to Customer X X 

• 
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The products listed in the following tables meet ~he requirements 
of MIL-STD-883, Methods 5004 and 5008, Class B. The tabies 
only include products described in this catalog, other products 
are available. Please contact your local salesman for information. 

BIPOLAR INTEGRATED CIRCUITS PROCESSED TO 
MIL-STD-883, METHOD 5004, CLASS B 

ADS03SH/883B ADS66TD/883B 
ADS04SH/883B ADS70SD/883B 
ADS06SH/883B ADS71 SD/883B 
ADS07SH/883B ADS73SD/883B 
ADS09SH/883B ADS74ASD/883B 
ADSlOSH/883B ADS74ATD/883B 

ADS17SH/883B ADS74AUD/883B 
ADS18SH/883B ADS80SHl883B 
ADS21 SD/883B ADS80TH/883B 
ADS24SD/883B ADS80UH/883B 
ADS32SH/883B ADS81SH/883B 
ADS33SD/883B ADS81 THl883B 

ADS33SH/883B ADS81 UH/883B 
ADS34SD/883B ADS82SD/883B 
ADS34SH/883B ADS82SH/883B 
ADS34TD/883B ADS84SH/883B 
ADS34TH/883B ADS84TH/883B 
ADS36ASD/883B ADS89SH/883B 

ADS36ASH/883B ADS89TH/883B 
ADS37SD/883B ADS89UH/883B 
ADS37SH/883B ADS90JF/883B 
ADS39SD/883B ADS90JH/883B 
ADS42SH/883B ADS90KF/883B 
ADS44SH/883B ADS90KHl883B 

ADS47SH/883B ADS90LF/883B 
ADS58SD/883B ADS90LH/883B 
ADSS8TD/883B ADS90MF/883B 
ADS61SD/883B ADS90MH/883B 
ADS61 TD/883B AD642SH/883B 
ADS62SD/BCD/883B AD644SH/883B 

ADS62SD/BIN/883B AD647SH/883B 
ADS63SD/BCD/883B AD6S0SD/883B 
ADS63SD/BIN/883B AD673SD/883B 
ADS63TD/BCD/883B AD741SH/883B 
ADS63TD/BIN/883B ADlS08-8D/883B 
ADS6SASD/883B AD 1 S08-9D/883B 

ADS6SATD/883B AD DAC08AD/883B 
ADS6SSD/883B AD DAC08D/883B 
ADS6STD/883B AD OP-07 AH/883B 
ADS66ASD/883B AD OP-07H/883B 
ADS66ATD/883B ADVFC32SD/883B 
ADS66SD/883B ADVFC32SHl883B 
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CMOS INTEGRATED CIRCUITS PROCESSED 
TO MIL-STD-883, METHOD 5004, CLASS B 

AD7111 TD/883B 
AD7111 UD/883B 
AD7118TD/883B 
AD7118UD/883B 
AD7501 SD/883B 
AD7502SD/883B 

AD7503SD/883B 
AD7506SD/883B 
AD7506TD/883B 
AD7507SD/883B 
AD7507TD/883B 
AD7510DISD/883B 

AD7511DISD/883B 
AD7511 DITD/883B 
AD7512DISD/883B 
AD7512DITD/883B 
AD7520SD/883B 
AD7520TD/883B 

AD7520UD/883B 
AD7521SD/883B 
AD7521 TD/883B 
AD7521 UD/883B 
AD7522SD/883B 
AD7522TD/883B 

AD7522UD/883B 
AD7524SD/883B 
AD7524TD/883B 
AD7524UD/883B 
AD7525TD/883B 
AD7525UD/883B 

AD7527GUD/883B 
AD7527TD/883B 
AD7527UD/883B 
AD7528SD/883B 
AD7528TD/883B 
AD7528UD/883B 

AD7533SD/883B 
AD7533TD/883B 
AD7533UD/883B 
AD7541SD/883B 
AD7541 TD/883B 
AD7542SD/883B 

AD7542TD/883B 
AD7543SD/883B 
AD7543TD/883B 
AD7544GTD/883B 
AD7544SD/883B 
AD7544TD/883B 

AD7545GUD/883B 
AD7545SD/883B 
AD7545TD/883B 
AD7545UD/883B 
AD7574SD/883B 
AD7574TD/883B 

ADG200AA/883B 
ADG201AP/883B 
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HYBRID CIRCUITS, MANUFACTURED AT THE 
MICROELECTRONICS DIVISION, PROCESSED TO 
MIL-STD-883, METHOD 5008 

AD346SD/883B 
AD362SD/883B 
AD363SD/883B 
AD364SD/883B 
AD364TD/883B 
AD370SD/883B 

AD371SD/883B 
AD380SH/883B 
AD381SH/883B 
AD382SH/883B 
AD390SD/883B 
ADS22SD/883B 

ADS72SD/883B 
ADS79TD/883B 
ADS79ZTD/883B 
AD2700SD/883B 
AD2700UD/883B 
AD2701 SD/883B 

AD2701 UD/883B 
AD2702SD/883B 
AD2702UD/883B 
AD3SS4SH/883B 
AD3860SD/883B 
ADS20 1 TD/883B 

ADS'202TD/883B 
ADS204TD/883B 
ADS20STD/883B 
ADS211 TD/883B 
ADS212TD/883B 
ADS214 TD/883B 

ADS21STD/883B 
ADS240SD/883B 
ADS240ZSD/883B 
AD ADC8SS-10/883B 
AD ADC8SS-12/883B 
AD ADC8SSZ-10/883B 

AD ADC8SSZ-12/883B 
, AD DAC8SMIL-CBI-I/883B 
AD DAC8SMIL-CBI-V/883B 
AD DAC87-CBI-1/883B 
AD DAC87-CBI-V/883B 
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HYBRID CIRCUITS,MANUFACTURED AT THE 
COMPUTER LABS DIVISION, PROCESSED TO 
MIL-STD-883, METHOD 5008 

ADLH0032G/883 
ADLH0033G/883 
ADSHC-8SET/883 
HAS-0802MB 
HAS-1002MB 
HAS-1202MB 

HDD-08IOMB 
HDD-08IOCMB 
HDD-101SMB 
HDD-101SCMB 
HDD-1206SM/883 
HDG-040S/883 

HDG-060S/883 
HDG-080S/883 
HDH-0802MB 
HDH-1003MB 
HDH-120SMB 
HDS-08IOEMB 

HDS-0820MB 
HDS-101SEMB 
HDS-I02SMB 
HDS-1240EMB 
HDS-12S0AB 
HOS-OSOAB 

HOS-OSOB 
HOS-100SH/883 
HTC-0300MB 
HTS-002SMB 



Package Information 

Page Page 

2-pin Packages 20-Pin Packages 
H2A 20-2 D20A 20-8 
F2A 20-2 D20B 20-8 

3-Pin Packages N20A 20-9 

TO-5 20-2 N2QB 20-9 

TO-52 20-2 Q20B 20-9 
HY20A 20-9 

8-Pin Packages 
24-Pin Packages TO-99 20-3 

H08A (TO-99 Style) 20-3 D24A 20-10 

H08B (TO-99 Style) 20-3 N24A 20-10 

H08C (TO-3 Style) 20-3 HY24A 20-10 

N8A 20-3 HY24B 20-10 
HY24C 20-11 

lo-Pin Package HY24D 20-11 
TO-100 20-3 HY24E 20-11 

12-Pin Package HY24G 20-11 
H12A (TO-8 Style) 20,..3 28-Pin Packages 

14-Pin Packages D28A 20-12 
D14A 20-4 D28B 20-12 
D14B 20-4 N28A 20-12 
.N14A 20-4 HY28A 20-13 
N14B 20-4 HY28B 20-13 
Q14A 20-4 32-Pin Packages 
HY14A 20-5 ,HY32A 20-13 
HY14B 20-5 . HY32C 20-13 
HY14C 20-5 HY32D 20-14 
HY14D 20-5 HY32E 20-14 

16-Pin Packages HY32F 20-14 
D16A 20-6 HY32G 20-14 
D16B 20-6 HY32H 20-15 
N16A 20-6 4o-Pin Packages 
N16B 20-6 D40A 20-15 
Q16A 20-6 N40A 20-15 
Q16B 20-6 

18-Pin Packages 
D18A 20-7 
D18B 20-7 
N18A 20-7 
N18B 20-7 
Q18A 20-7 
HY18A 20-8 

III 
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2-PIN PACKAGES 
H2A 

2-Lead Metal Can Package 

I -, g.§gg I~·nl OIA 0.10 (2.54) 

fJo 0 ~O"TIII Iq~ 
45:-r~ y 2 
'Y~ g'8i: IH~I 
~ " " . 0.500 (12.7) 

,;-.. MIN 

8:mIUXIOIA I 
g:8iIIU}1 .....1 

BOTTOM VIEW 

TO-S Package 

BOTTOM VIEW 

t 0.017 (0.43) 
0.186 (4.72) 0.013 (0.33) "f- c:::;;::::;;::::;:;::;;~--t 
0.5 (12.7) 

MIN 

~ 
0.016 (0.41) 

3-PIN PACKAGES 

F2A 
2-Lead Flat Package 

TO-S 2 Package 

0.196 (4.98) 
0.178 (4.52) 

0.015 (0.38) 
0.019 (0.48) DIA 

0.5 (12.7) 
MIN 

~ 

BOTTOM VIEW 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 
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TO-99 Package 

HOS8 Package (TO-99 Style) 
OEDEC REF MO-006AH) 

REFa-tPNE 
016514201 050 MIN 
ii1s5'i47ol ii27'MiNi 

o 33J'8 501-r-[)§5 
037019401 I 

030517751 = 
035519001 = 

-L- = 
...1...--00-4 MAX 1\:1 

1102 MAXI 

--=u-- 0010 10251 
0"040"1i'02i 

SEATING PLANE 

t':0.39 19.911 MAXj 

CJt 0.25 
16.351 

0.31 

· J. 17r 

10-PIN PACKAGE 

TO-I00 Package 

8-PIN PACKAGES 
HOSA Package (10-99 Style) 

OEDEC REF MO-002A8) 

'-- 0.325 18.251-1 
I 0.30517.751 I 

-.--~ 0028107111 
~ 002010511 

02fl _ -tf 
05MIN~ ], 

'I~ _~~ ~ ~~ 0~~101 
o 360 19141 ......... 8 LEADS 
o 351 19 061 0 019 10481 

0iiiiT0"4ii D IA 

HOSC Package (TO-3 Style) 

0.10 

12.541. I l--r 
c~!a=:;::;::;:;::;::;;::;;::=::::r:0.40:b'l0.161 MAX '?' I''-l.. 00 OO~I~:~I 

I~:~I-II+-

NSA Package 

W
'0035~0.Q1 

0.18 to.03 10.89 .0251 
14.57 to.761 --.L' 
i-
d
U

l 
~ L ~IMIN 

0.033 10.841 H -11- 0.018 to.003 
NOM 0.10 12.541 10.46 to.081 

0.18,1.571 MAXR -L-_ 

1--03~i~621--l 
TYP 

o.on !O.003 
10.28 iO.081 

12-PIN PACKAGE 

H12A 
12-Lead Metal Can Package 

(TO-S Style) 

rciO~3ffif1--0'551141--1o.!s5 
..L . 14.21 

T t 
0.375 

19.51 LONG. MIN 
0.018 L 10.461DIA 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch • 

f 
0.8 

118.241 
±0.008 lor 

BOTTOM VIEW 

. PACKAGE INFORMATION VOL. 1,20-3 



14-PIN PACKAGES 
D14A 

14-uad ceramic Package 

r-= 0.700 to.010 =-1 
(17.78 to.25) L 

0.17 

D14B 
14-Lead .Ceramic DIP Package 

0.1213.05) 
D.OiiiiJj' 

-.L 0.08512.11') 
~oo:::g~?~-L 
.- r '0.180 ~0.030 

~4.57 to.78) 

~) ~ 

t 1NVVVVtJ ~ 0.175(4.45) 
~=r~~,~, 
~ . + 0.008 10.203) 

0.125 (3.1S) 

004HO.OO7 -H- --l I- 0.1 12.54) 
(1.19 to.1S) +0.003 

0.017 -0.002 

(043:88U 

-l~ ~ h' 
O.OB (1.53) 0.02 (0.50S) 0.105 (2.B7) 

Ci.045ii.i5i' 0.015 10.381) ~) 

I· ·1 
0.30B 17.78) 

~ 

N14A N14B 
14-Pin Plastic DIP Package 14-Pin Plastic Package f?w---r . 0.310 0.250 

L: -.:;' 
~ 0.770 119.561 MAX ~ f- r7~--i---.i. 
~ fill 0.180 

14.511 

.--- =-t ~ 
Q.l52Jll1J 0.125 
0.210, •. 331 I III . 13M'X~) 

:j~-H--lh' ~ . 
0.033 ~ 0.100 
(0.841 0.02110.5331 (2.541 

NOMINAL 

D~81) 
0.24IB.ll 

• ---...i 
~ 0.76 (19~) ~ 1 0.30B (7.71i) ~ !.M -/fX0.284 17.47) ~58) 

I~~ . =-t ~05) 

'----J III ~ 15' 

~ -H- -l h'3er5

) ~ 0-
0.085 (1.8B) 0.02 10.508) 0.105 12.B7) 0.00810.203) 

~ 'O':Oi5i'OTsii ii.095'iW) 

Q14A 
14-Pin CERDIP Package 

r---- 0.760 !0.006 ---1 I 119.3010,152) __ I 

~
0.''''00'5 I.J.. (3.7610.38) 

, 0.010 
(0.2541 

. VOL. 1,20-4 PACKAGE INFORMA TION 

~~3.~-l 
REF 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch • 



14-PIN PACKAGES 
(Continued) 

HY14A 
14-Pin Hybrid Package 

rr= !LZ8lllll.llil=l 0.800120.321 

~ 

0210 (5.334) P~~~ ~W---.i~ 

~ 

D
~~71 

, . \ Q.ll!ll!Jl!.ZZl 
., \ 0.01210.3051 

15"......,' \ 

8.WoIHHI 

HY14C 
14-Pin Hybrid Package 

rr=~=l !!.Zll..l!Mill 
0.785119.939) 

Er-Il 
0'~OL~J2'8271 

P~:~~\020 15081 ---.i 
003010782). gml~:l~ 

;SEATING ___ ~_ 

PLANEJ::::J - - - - - ~ 
01851'.689) 

GAUGE ~ 
PLANE 004511143) :..J L 

ILl!lUMl!!ll 
0.02010.508)~ 

0.10512.667) 

~ 

a
~64) 

, \ Q.ll!ll!Jl!.ZZl 
, . \ 0.01210.305) 

15"......,' \ 

~ 
0.31017.874) 

GAUGE 
PLANE 

HY14B 
14-Pin Hybrid Package 

~ 
0.118t9971 

,..----------

0,06011.5241 
0.080(2.032) 

R~ 0.00910.2291 
150 I \ 0.012(0.305) 

'-...{ I 0.29017.366,1 \ 
--1 0.310 (7.8741 r--

HY14D 
14-Pin Metal DIP Package 

I O.135±O,OO2 ~(3.431O.05). 

0.1951'.95) T-:::J l 0.02~ 10.64) 

0.1751'.45) -r E..'==='IR'W'fF'R'iiii'FF"'Ff1f~=:3~-----L-
~ ~·r~ ~.~ ~ ~.~~ 0.185(4.701 

i 
GLASS BEAD STAND.()FF H ----II--0.02010.51) 
(3 PLACES) OPTIONAL 0.105 (2.67) II 0,016 (0.41) 

0.095 (2.411 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 

t 
0,298/7.569) 
0.318(0.0171 

j 

PACKAGE INFORMATION VOL. 1,20-5 

II 



16-PIN PACKAGES 

D16A 
16-Pin Ceramic DIP Package 

~;uwmml ~'::":I1!.' 
'FI-;;;,'7+0.~~ 0.'2513.'75) ~'1~~ ~ S::J ----I ---- 0',43 +:OoOol MIN 

o. '00 1254) BSC 

0.7001'7.7B)BSC 

N16A 
16-Pin Plastic DIP Package 

1-::-=-;:0.87122.') MAX=-=-=lTf 

f::::::::I:c' :f' 
~~'l~ ~---Js i-..l ~~ 

0.'8 --.0'25 - --. 

1457) I II I --.l.!.3'8) MIN Ig:) 
~f- -11- -j f- _ ~706~:--l 

0.018 10.46) 0.033 10.64) 0.' 12.54) I ) 

Q16A 
16-Pin CERDIP Package 

O.025{O.635IR J 

,:::E:~::::::}~::~ 
0.760.0.006 t 

L r-- I10.30 '0.,S) ---j 
........ ~~-.:::l;1 H 
(3.76 iO.381 ---.i 15~ \ 

O.180.t 0.030 00 " \ 0.010 
".57.0.761 ~ ~ 10.251 

t ?2'~1-l ~~L· ~ 
BSC 0.018 (1.621 

(0.46) 

D16B 
16-Pin Ceramic DIP Package 

[[~~~~I I]~ 
I-:---~---I 

I--- 0.771'9.56) ----1 
0.'213.05) 

o:o8iiiii" 

L -.l 
o 17J::2) ~ r-1flNUWMJ U 0.17514.45) R~210305) ~ + 0.00810.203) 0.12513.'8) 

--H- -l h4 
0.08 1'.53) 0.02 10.508) 0.105 12.87) I :.308 17.':' I 
~~~ ~ 

N16B 
16-Pin Plastic DIP Package 

~::::::::[~,,: .. 

~~~ --1~~ 
L~ RO.294 17.47) 0.1413.56) 

0.17,!x32) ~ ~05) -r--u U 0.17514.45) T --- '5' 

-11- -l h'2Ii
05

) ~ 0-
0.085 11.66) 0.02 10.508) 0.105 12.67) 0.008 10.203) 

o.o45'ii.i5!~~) 

Q16B 
16-pin CERDIP Package 

CJ:I752) 
0.24 16.') 

. ~ 
II( LJ 1.I ~ 0.3218'281 I----0785 1'0941 0.29 17.366) 

~ -1-1r--.~~ 
'-~0'8145721 

o '5513i::J 0 '4_(3~5-16)TI'-----'-'----'1 II 

00,~~1~~~~1 U U 
.- --if-- --j i-

0.07 11.7781 0.023 105841 011 12.7941 
0.03 10.7621 o:oiSlO:J8iT 0.09 /2.28) 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 

VOL. 1,20-6 PACKAGE INFORMA TION 



18-PIN PACKAGES 

D18A D18B 
18-Pin Ceramic DIP Package 18-Pin Ceramic DIP Package 

r----0.9 '!O.01 (22.88 !O.2S) ---{ 0,085 12.061 

0.04 CUZ21 RI f-0.43 110.921-1 __ I --1 f-

"~5:[:]]!f, ~~, 
0'09512.4'1--l~ 

0.18 to.03 0.01 !o.ooz .. " . .,~. .,,, .. ., t---" ~O.035 to.01 
~ .10.S9 to.251 

0.032 t -1 f- ~ 0.0~7 :g:gg~ 
10.SlI 0.' 12.541 0.047 to.007 (0.43 :O.OS ) 

(1.19 to.,SI 0.05 

--O.S 120.321 

[I~~~I~ [~}~, I. . ~--- I 
0.89122.6'1 ----l 

0.'213.051 

o:oi"'i1.53i 

Ft~ 0.012 10.3051 

ii:'Oo8To:203l 

~ 
0.306 17.781 

~ 

L 
0.17MI.:;t21 =--.t.-. 
~ 0.17514.451 ~~" 

0.06 1'.531 0.02 10.5081 0.105 12.671 

~ o:o;s;o:3s1i o:Os5"iiAzl 

N18A N18B 
18-Pin Plastic DIP Package 18-Pin Plastic Package 

C-:0.920123.3681 MAX---j :EC::::::]} (::::::::I~~' 
~~~ 1~~ 

0.035±O,010 

L :1:0.2541 

O,180tO,DlD ~ ... ~,~-. .... 
~3.1151 

., --jf- --j f-
0.033 NOM 0.018 ±0.003 0.100 

10.8381 10.457 '0.0161 12.541 
TV. 

A
o.'BO 

'14.6121 
_ MAX 

0.01110.003 
(0.27910.016) 

f-I~.~~ 
REF 

Q18A 

L~ jfXO.294 17.47) 0.'413.561 

0"':i:x

5SI

. ~ ~51 
~J II 0.11514.451 

~ -I\- -l ~.'2Ii051 ~ f 
0.065 0.661 0.02 10.50SI 0.'05 12.671 O.OOS 10.2031 

o:o;;siiTsi ~ ~ 

18-Pin CERDIP Package 

r---- 0.950 124.13,) MAX ------1 
gl1!I!lr.:~T .... = -.l 1'4013.6561 

T UUT~ 1'2513.1151 

--1 I-- --II-- 001011.71BI 
~ ~ 0.03010.1621 
0.09012.2861 0.0'510.38'1' 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 

PACKAGE INFORMA TlON VOL. 1,20-7 

II 



IS-PIN PACKAGES 
(Continued) 

HYISA 
IS-Pin Hybrid Package 

r---. ~~ 
1r--°.950124.131 ~I 

gmr·2!JI 
.~: \_F-:---gg_~~r:g_'=_~Ji'm-~~_~ I, U~I~ 

. 

0.030 MAX ~ 
GAUGE ~ --""IO.!.!!.7.2.,.1 ___ ..... 

PLANE O.~511.143) JL. . n -r 
I ~ 

I \ 0.01210.3051 
15

0 

I \ 

"'JmggmIL' 

D20A 

~ &.rJIH9~1 
0.02010.ti081Q.~ 

0.11512.9211 

20-PIN PACKAGES 

20-Pin Ceramic DIP Package 

,°.430(,0.,611 

~ 
0.012 (0.30) 

0.095 
(2.411 

-A~ 
---I I-- 0.300 (7.621 

D20B 
20-Pin Ceramic DIP Package 

~ ~ I ~ ~ ~ ~ I ~ ]l:~ 
/

- 1.000 ~0.010 _I 
(25.40 ± 0.251 

~=-~~~::::::::::=:~~=-::~.....1.. 

Xs~. J l ¥~g:g~r 
(4451_~ ~ ~ ~. ~ ~ I~I ~ ~ ~ 
~ -If-0.01B ±0.002 '~0"00 ±0.005 

10.46
T
ipo.05) 0.50 11.271 TYP (2.54 ,,0.13) 

...... ---- ~0:6 ~OOO,0~ 
TOL NON ACCUM . 

0.300 ,,0.010 
1762 ±0.251 

____ 0010~ggg~ 

(0.25 ~ g:g~) 

Dimensions shown in inches IUld (mm)o 
Lead Noo 1 Identified by Dot or Notcho 

~OL. 1,20-8 PACKAGE INFORM~ TION 



20-PIN PACKAGES 
(Continued) 

N20A 
20-Pin Plastic DIP Package 

,[(:::::::::[! 
I. 1.070127.181 ·1 
wru_~ 

'$£ U U -n-- -..j I-
0.033 0.Q1510.3811 0.100 

10.8381 0.02110.5331 12.5(1 
TYP TYP 

Q20B 
20-Pin CERDIP Package 

~:::::::::JT 
I ~ I I 0.935 (23.75) • 

',."~~ 0.1'13.5~ 

0.1513.81 !J U If.l25TD8) 

-,- --11-- --l I--
00111.181 ~ 0.1112.791 
0.05 11.271 0.016 10.411 0.09 12.281 

~ 0.29 {1.366i ir°.32 18.1281i 

0.1' 13.561 
0.12513.171 

N20B 
20-Pin Plastic DIP Package 

(:::::::::I~ I. 1.07 127.181 I 
MAX • 

""'r~ 0.12513.1751 U U MIN 

.- -jl-- I--
0065 11.661 0021 105331 0.11 12.791 
0.045 {1.15! 0.01510.3811 0.09 (2.28! 

HY20A 
20-Pin Hybrid Package 

2.64 r" --I~::I~I ; I~~I I 

C :J}~;"' 
TOP VIEW 

t]m~,,~mr 
0.357 0.1 128,16) 0.021 
19.141 12.561 ~!~ 

II~:~:II 

'-R~;O;:' o 29L 21 ~ 

0200.- -r 
(5. 121L-- 1 

~~~1:.~ 

RECOMMENDED MATING SOCKET; AUG AT 
NO. 240·AG39D ITO PRESERVE THE HIGH 
CMV INTEGRITY OF THE AD29J,AD294 RE
MOVE ALL UNUSED SOCKET PINS.) 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 

PACKAGE INFORM A TION VOL. 1,20-9 

II 



24-PIN PACKAGES 

D24A 
24-Lead Ceramic DIP Package 

~~;~~~~fJ::: :]~ ~Jl 
~-1210t001_~ - -] 

~130.73tO.254'~--L 

DETAILA--1 ~ 0.0.9S ~T 
' ... " (241) 

...:j 1--0.112.S41 

0.085 

~ i~0"28 
To.ollto.o01TI 

(O.28tD.OJ) 

0.OS,I,.291--l:ttto.04SI,.,41 

3O.I'4o.0SI1.271 

SEATING -A 
PLANE~_ 

0.0812.01 

1--0.6 11S.241--1 
0.017(0.43) 

HY24A 
24-Pin Hybrid Package 

~I 1,212130.78SI 

t-gU~!lH81I----j 

I) ~ ]": , I 

ITJ 

~ 
7481 

0620r 

BASE g~gosm ~) 
PLANE, I~_ 0.030 I \...L T I~~~I %':~,I~S.;'8~1 
SEtLT~~~~ __________ g I ' 
u~J . -l 
PLANE II -I I- -I ~ --, t-- 0.18SI4.6991 

~0.01610.4061~~ 
0.04511.143) 0.020 (0.508) 0.105(2.667) 0.055(1.397) 

B
--.L 1!.l!M.iLillJ 
.0.080(2.0321 

I!J!l!!!..llill 
1S,;' \ 0.01210.30SI 

g~f,lIl:.PJI-l 

N24A 
24-Lead Plastic Package 

[::::::::]1~: 
1~~VVV\l1 L 1.24(31.51~ 

02~ IS,081 ... ~ 
MAX -L 

+JI~ " 
~ --H- -I ~ -:r.4S; 

0.06S 11,661 O,0210.S081 O,10S 17,671 ---
o:o45i1.iSi'~~0.12IJ.OSI 

HY24B 
24-Pin Hybrid Package 

I Lm..lllillJi 1.267132.1821 

~~----j r-o l I 0.605(15.367) 

~ 1 0,5851"4.8691 __ . T 
~~ &m%lliI] 
8ASE\I~0'030. PLANE \.L I~~~I ~ 

SEATING ~ ::::: JF --------I - - - I 

PLANE --H-- --1 f-- --l gmlUUI 
~ ~ ~ MftUillJ . 
0.04511.143) 0.020 (0.508) 0.105 (2.667)' 0.055(1.397) 

r====1
-L1!J!!!2..ll.lli iT 0.110(2.794) 

~ 
1S' I \ 0.01210.30SI 

'I \ !--S,if,l m,PJI-l 

Dimensions shown in inches and (mm). 
Lead No. 1 Identified by Dot or Notch, 

VOL. 1,20-10 PACKAGE INFORMA TION 



HY24c 
24-Pin Hybrid Package 

I
o-------~ 

I-l.mliHM: 

24-PIN PACKAGES 
(Continued) 

1:-0 
O~L~_' 

1 
MIill!.Wl 

J
O'691115'0~ 

.0,620(,5,748) 

HY24E 
24-Pin Hybrid Package 

f-----illQ.ill.illl------l 
1_,·310(33.2741 I 

T -~~ 0 0 0 0 0 0 0 0 0 0 n 
0.600'0.00~ Jl- ~ 
(1S.24!O.10) "f..+- 0.800(20.320) 

1. -~tt 0 0 0 0 0 0 0 0 0 0 u 
~ 
0.135t3.429) 

~ l '( --------,j 

~I r~~~~~~~~~n t 
-cr~ -l I- -J~ 

0.105(267) g.r!JI~.:JJ: 8.ml8.:O~ 

1J~( ~-=--=~j rr lL omt.lMill I 
0.02810.711) --l 

~ 
0.10012.640) 

I!J~ 
0185(4699) 

HY24D 
24-Pin Hybrid Package 

1--1----- ,3~:!a)------l1 

~0'01 150J~ ~10.25) 
"Il--ll~;41----1 \ 

HY24G 
24-Pin Hybrid Package 

r-Llli.milll---j 
1_,·275t32.385)_1 

r -0 0 0 0 0 0 0 0 0 0 0 0 I 
0600 ~ 

t16.24) 0.775t19.685) 

L -f 0 0 0 0 0 0 0 0 0 0 0 U 
-I I-

0.090 
t2.28) 

~ 0:r.1911 
Ur-( -------.J 

g~~J~~n~~~~~~~t 
I j l- -ll 

MllillUl ~ 
0.I05t2.687) 0.02010.608) 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 

PACKAGE INFORMATION VOL. 1,20-11 



28-PIN PACKAGES 

D28A D288 
28-Pin Ceramic DIP Package 28-Pin ceramic Package 

~~[:':]~~], 
I • 1.42 136071 • I 

1.40135.561 

~~~~~[~~~~]~~~~I~~' 
017 I ' I 14.32) • 1.414 135.921 • 

MAX 1.38 135.061 

1.. . ' 

1;;~ ~~~." 
~~~~ 

0.047 to.D07 0.00 !O.OD3 0.1(254) 0.045 ~.151 0.015 10.3811 0.095 12.421 
11.191 10.431 

~ , ....t 
'Iilii.20:~ F1o.145 ~0.02 
~ ~8~ 

005J T 
!'O.010 

11.271 _ILO.010~0.00~ 
--U--10.254 ~0.051 

1--06 ~5241 

0.05 ~.271 

0045 n'14~1 0.0812.01 

30'" =+ TI/- 0.125 MIN 
• 13.171 

S~;:"EG -.L 

N28A 
28-Lead Plastic DIP Package 

c::::::::::]]= I. . 1.45 138.831 I . L 1.44 136.581 

"~ ~ ~ 
~u -H- ~ ~ ~451 
~~~0':ii'jj':0s'i 
0.045 11.151 0.015 10.3811 0.095 12.421 

0.1814.071 

I-~~ 0.14.561 I r 0.594 115.091 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 

VOL. 1,20-12 PACKAGE INFORMATION 

0.0813.051 

~ 

.1======::1,;'-'-
~ i-r., ,,~, 
I- 0.808 ~5.41 I 0.008 10.2031 

0.58 114.~41 --J 



HY28A 
28-Pin Hybrid Package 

1 "35136mt==1l 

28-PIN PACKAGES 
(Continued) 

gg:g:~os~:l ~~J 
BASE\ 1~-1--0'030---r-, 

PLANE U (O.762~ 0:235 (5.9691 

"11:1:17 - - - - - - - - - - - - -~"" 
~~~~~ --H-- ~ f-- --i -1=--1i:-Hf.1 

O.035!O.B89IQ...O.l§.J.QAQ§j!LO~ 0.035(0889) 
0.045(1.143) 0.020(0.508) 0.105(2.6671 6~ 

A
i 0.075119.051 

To:ll95l2.ml 

0.009102291 
15" I \ 0.01210.3051 

"I I-Hig m:~:l --l \ 

HY32A 
32-Pin Hybrid Package 

1------ ~:~~b::~::~!: -------'I 

32-PIN PACKAGES 

or- -~ 0 0 0 0 0 0 0 n 
122.861 ..Lf+- 1.090127.6861 

L :-_-7t_~t_o_o_o_o_o_o_o_o_o_o_o_o_:_t'o ___ 08"91 

--ll-
0.110 
12.81 0.21015.331 

0.23015.841 

.------------------.) ~ 

HWf~~-J~ H H ~ ~ ~ ~ ~ H~ n f 
r -l l- --Jl--

0.09512."1 0.01810.'571 
0.10512.671 0.02210.5581 

US.",...--.::;oo----<::::>!T'""") 

0020cr l·L 
0.03010.7621 --i 

0.100(2.541 
0.110(2.79) 

0035108891 
0.045 (1.143) 

HY28B 
28-Pin Hybrid Package 

HY32C 
32-Pin Hybrid Package 

11 ~!?BO(14.732! 
0.600(15.24) 

0.600,,5.241 

J""T'"' 

1------ l:ml::m' -----11 . 
0000000000000000 I 

1.146129.081 
1.155(29.34) 

oooooooooU 

Jr=t 
0.120 13.051 
0.13013.301 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 

PACKAGE INFORMATION VOL. 1,20-13 
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32-PIN PACKAGES 
(Continued) 

I r 
0.590(14.986) 

'''[ 

HY32D 
32-Pin Metal DIP Package 

--L . 
02115.31J L-.l 

T r--------:u 0.2015.11 

T 
ci~~E'~' I-IU~I---l 

GLASST ~Ooooooooooooooo T 
06 G 1.14 

I 1129

.

01 

GLASS BEAD --:.G 
STANDOFFS" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

g·~.~vo~ -., ~O.'DO. TVP 

12.51 

I 

m 

0.025 

0018t0OO2~r-------'L 10,61 

1046 '0051 t:._,.,......-...---.o::n:?-...L. 
OIA TYP - --UT 

f-~~~-l 

HY32F 
32-Pin Hybrid Package 

1.584'40.2341 
1.616(41.046) 

H~ l~~~~: ------j 

I 
~80(22.3521 
0.900(22.86) 

B61 
~ J'~'. ill 

~::g:~:~~:: ~l 

BASE\l~003O • PLANE (016210235(5969) 
MAX 0255 (6 uli 

SEATING 

~:::: JF ---------------
PLANE --11-- --l f- --l &ig~ :: ~:.!i 
~ ~ ~!!J!§lL1llI 
0.045(1.143) 0.020(0.5081 0.105(2.661) 0.055(1.397) 

I --.i0.l0512.6671 
. J--.O.,25 13.1751 

IS· ,1 . . i\g,gw:g:Wsi 
"I 1 _. o BOO 1226061 . 1 \ 

r---O.910(23.1141-' 

HY32E 
32-Pin Hybrid Package 

I 
1.584\40.23(1 

I 1 .• '8 41.0461 1.248131.6991 -----l 
1.272132.3091 

1 
9·B80122·3Sn r 0.900122.861 

J' 
0.590114.9861 I 

m 
""[ 0900(2 

JJ] 
~ 

.3681 

0.13013.3021 
0.040(10161 0.15013.6111 

BASEO'06011~'52410'030 .• , PLANEU~IO.76210.23515:9691 

:~::JF ----__ ----- --- -~.m 
PLANE --11-- --l f- --l-1=-l~ih~~1 

M~ MlUM!l§J ~ ~'1J 
0.045(1.1431 0.020(0.5081 0.105(2.6671 0.05511.397) 

~-------~~0095124131 

t!--.-0"5129211 

,~ \~ 
15° '~ 
'i 1---06901226061 I \ 

0910123 "41----1 

HY32G 
32-Pin Hybrid Package 

I 
1.585140.2591 

~~:~:~:~~::-j 

r 
~[ 

m 

I 
0,880122.3521 J .. ' 
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r.ANALOG 
WDEVICES APPLICATION NOTE 

How to Select 

Operational Amplifiers 

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

To properly choose an operational amplifier for any giv~n 
set of requirements, the designer must have: 

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

2. Firm understanding of what the manufacturer means 
by the numbers published for the parameters. 
Frequently, any two manufacturers may have compar
able published specifications, which may have been ar
rived at using differing measurement techniques. This 
creates a pitfall in op amp selection. To avoid these dif
ficulties, the designer must know what the published 
specifications mean and how these parameters are meas
ured. He then must be able to translate these published 
specifications in terms meaningful to his design require
ments. In the following discussion, Analog Devices pro

vides the designer: 1) a checklist which he can apply to 
his application to assure that all significant factors are 
taken into account; 2) meaningful definitions for each 
of our published specifications; and 3) illustrations of 
how the requirements of his design are translated in 
terms of these specifications to help make an effective 
and economical choice. 

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 appli
cation (inverter, follower, differential amplifier, etc.) will 
often influence the choice of amplifier. Chopper sta-

bilized amplifiers, for example, are not generally appli

cable where differential inputs are required. 

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

Environmental conditions: What is the maximum range 
of temperature, 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 must, 
of course, be defined in terms meaningful to the applica
tion with regard to bandwidth, dc offset, 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 application. 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 generally 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 discussions below. The reader 
is then returned to an expanded discussion of gain-band
width 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: 

A) If dc information is not of interest, a suitable 
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blocking capacitor can usually be connected at the ampli
fier input and all of the "drift" specifications may be 
ignored, and 

B)' Where high frequency (>10MHz) characteristics 
are of primary importance, the choice will be limited 
to those amplifiers designated ''Wide Bandwidth/Fast 
Settling." 

Where dc information is required and where frequency 
requirements are relatively modest (full power response 
below 100kHz, unity gain of less than 1.5MHz) other cri
teria will probably influence the final choice. It is impor
tant, however, to choose an amplifier with which an ade
quate value of loop gain is assured (at the maximum fre
quency 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 fluctu
ations in the open loop gain due to time, temperature, etc. 
Typically, a loop gain of 100 will yield an error of no more 
than 1%,0,1% from loop gain of 1000, etc. Where undis
torted response is required, the specifications for full linear 
response and slewing rate should be chosen such that they 
are not exceeded at the highest frequency of operation. 

Offset and Drift Considerations 

In the majority of op-amp applications, final selection is 
determined 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 bandwidth requirements have been established 
at this point.) 

1. What input impedance must the circuit present to the 
signal source? This depends primarily on the source imped

ance, Rs, and the amount of loading error which is accept
able. Most amplifier circuits are designeq around either the 
inverting or noninverting circuit of Figure 1. The choice is, 
often made between the two to accommodate the imped
ance requirement. Input impedance for,the inverting circuit 
is approximately equal to the summing impedance, Ri and 
the upper limit on the magnitude of R i is determined by 
the allowable drift error because of input bias current as 

r----' .. H-----, 
I Cs I 

SOURCE 

r----i 
I I 
I I 
I I 
I es I L ____ ...J 

R; 

>--4.--0 eo 

Rc 

eo = Rt [+ {Rt+R;)+1 R'] ForRc=O - es eos -- b I 
R; Rt and Rs« R; 
~'----v---

Signal Input Drift Error = Vd 

Rf [+ Rf+ R; +'1 R'] For Rc = Ri RdRi + Rf eo = - - es eos -- d I 
R; Rt and Rs « R; 

Signal Input D;ift Error = Vd 

Input Impedance RIN '" R; 

% Drift Error = 100Vd 
es 

Figure TA. Inverting Configuration 
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discussed below. The noninverting 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 common mode impedance of 
the amplifier ReM' 

2. How much drift error can be tolerated? The question is 
related to the input signal level, es, and the required accu
racy. For example, to amplify or otherwise manipulate a dc 
input signal of one volt with an accuracy of 0.1%, the offset 
drift error, Vd, 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 1 volt signal and 
0.01% accuracy would be 100JlV. 

When this has been defined, the allowable limits of offset 
voltage (eos), bias current Ob), and difference current can 
be calculated by the equations of Figure 1. 

Figure 1 gives the equations which relate offset voltage 
(eos), bias current lib), difference current (id) and the exter
nal circuit impedances to the drift error, Vd, for both the 
inverting and the noninverting circuits. From these equa
tions it can be seen how the input impedance requirements 
of the foregoing paragraphs are related to the drift error. 

For example, in the case of the inverting circuit, an offset 
error voltage, ibRi, is generated by the bias current flowing 
through the summing impedance. This error increases for 

increasing Ri. Since Ri 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 Ri 
can be used with an amplifier which has lower bias current. 

Where it will otherwise function properly, the noninverting 

circuit generally makes a better choice for high input imped
ance circuits. Also, for the same source and input imped
ance requirement, a given amplifier will generate lower 
offset errors for the non inverting circuit than for the invert
ing circuit. This is so because the bias current flows only 
through Rs for the noninverter and this will always be less 
than the input impedance, Ri, of the inverter. Input imped-

SOURCE 
r----l 
I 
I 
I Rs 

I 
I 
I e, I 
t... ____ -' 

eo = R2 + R; [es + eas + ib Rs ] for RC = 0 
R; ~~ 

Signal Drift Error = Vd 

.. R2 + R; [ , R] R" eo .. -- es + eas + Id s for c" Rs 

R; S;;al~r = Vd 

Input Impedance RIN '" RCM 

% Drift Error = 100Vd 
es 

Figure 1 B. Noninverting Configuration 



ance of the noninverter (approximately RCM ) is typically 
107 ohms even for the least expensive bipolar amplifiers and 
up to 1011 ohms for FET types. 

Unfortunately, however, the noninverting configuration can 

not always be used since it will not perform many circuit 
functions such as integration or summation. A further 
limitation occurs in high accuracy applications, where com
mon mode errors may rule out this circuit configuration. 

Initial offsets can usually be zeroed at room temperature so 
that only the maximum temperature excursion (~T) from 
+2SoC need be considered. For example, over the range of 
-2SoC to +8SoC, the maximum temperature excursion (dT) 

from +2SoC would be 60°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 usu

ally 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, Rf , and to 

measure this potential with a high impedance amplifier as 

shown in Figure 2B. 

This approach has several disadvantages as compared to the 

circuit of Figure 2A. First the noninverting amplifier intro

duces common mode errors which do not occur for Figure 

SOURCE r-------..., 
I 
I 
I 
I Rs 

I I L __ _____ .-l 

- eo = -- Rf [is + eos (Rf + Rs ) + ibJ 
RsRf . 

Signal Drift error = IE 

Input Impedance RIN = ( Rf Rd ) (_1_) 
Rf + Rd 1 + A{3 

where 1/13 = 1 + Rf IRs + Rd) % Drift Error = 100 IE 
Rs Rd' is 

Figure 2A. Current Amplifier 

SOURCE 
r--------, 
I 
I 
I 
I Rs Rf 

I I 
I I L _______ .J 

eo = Rf is + eos + ib Rf for R, > Rf 
- '----v---' 
Signal Drift Error = Vd 

Input Impedance RIN ,., Rf 

% Drift Error = 100 Vd 
Rf is 

Figure 28. Voltage Amplifier With Sampling Resistor 

2A. Second, an ideal current meter would have zero imped
ance whereas, Rf in Figure 2B may become very large since 
this resistor determines the sensitivity of the measurement. 

Third, the changes of input impedance, RCM, for the non
inverting amplifier with temperature will cause variable 
loading on Rf and hence a change in sensitivity. 

The current amplifier of Figure 2A circumvents all of these 
difficulties 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 con
sideration is current noise, and bias current drift. Measuring 
accuracy is largely the ratio of current noise and drift to 

signal current, is. To obtain the drift- of error current Ie 
referred to the input, use the following expression. 

Now, to make a proper selection you must pick an amplifier 
with an error current, Ie, over the operating temperature 

which is small compared to the signal current, is. Do not 

overlook current noise which may be more important than 
current drift in many applications. 

Gain Bandwidth Considerations, Expanded Discussion 
From the previous discussion, it is apparent that most !Jen· 
eral purpose operational amplifiers will usually give adequate 

performance for the dc and audio frequency range applica· 

tions. However, to obtain unity gain bandwidth above 2MHz, 
full power response above 20kHz and slewing rate above 
6V/j1s, in general, requires special design techniques. All 

amplifiers 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 

impedance levels of the external feedback circuit can be 
the major limitation in high frequency applications. For 

example, in Figure lA, if Rf were one megohm and stray 

capacitance, Cs, were one picofarad then the closed loop 

bandwidth would be limited to 160kHz (1/(21TRFCS)) re
gardless of how fast the amplifier is. Moreover, output slew

ing rate will be limited by how fast Cs can be charged 

which in trun is related to signal level, es, and input imped

ance, Rj, by deo/dt = -es/RjCs. Forthese reasons it is usually 
not possible to obtain both fast response and high input 

impedance for an inverting circuit since both Ri and R f 

must be large to obtain high input impedance. 

Another advantage of the noninverting circuit (Figure 1 B) 

is that input impedance, being determined by potentiometric 
feedback, does not depend on the impedance levels for R 1 

and R2 . Therefore, a low impedance can be used for R2 so 
that stray. capacitance of Cs will not limit the circuit's band

width. In this case the minimum value for R2 Js constrained 
only by the output current rating of the amplifier. Again 

the trade-off between the frequency response and input • 
impedance of the inverting and non inverting circuits must 

be evaluated in light of the common mode rejection error 
introduced by the non inverter. 
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1 
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Figure 3. DC Feedback Minimizes Output Offset 
for A C Applications 

I n the past, many wideband amplifiers, especially chopper 
stabilized units, did not offer fast response on the positive 
input and therefore were restricted to use in inverting cir
cuits. However, new FET amplifiers from Anal~g Devices 
are available to meet the needs for high speed performance 
for either configuration. 

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

A. Steady State Applications 
Steady state applications involve amplifying or otherwise 
manipulating 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 of no 
consequence, then the 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 these cir
cuits can be small at dc but large at high frequencies. 

2. What closed loop gain and bandwidth are required? 
Closed loop gain, G, is dictated by the application. To a first 
approximation the intersection of the open and closed loop 
gain curves in Figure 4 gives the closed loop bandwidth, 
fel (-3dB). For high gain, wideband requirements, it may be 
necessary, or more economical, to use two amplifiers in 
cascade, each at lower gain. 

3. What loop gain is required or alternatively what gain 
stability, output impedance and/or linearity are necessary? 
The available loop gain at a particular frequency or over a 
range of frequencies is very often more important than 
closed loop bandwidth in selecting an amplifier. Loop gain 
as illustrated in Figure 4, is defined as the difference, in dB, 
or as the ratio, arith metically, of the open to closed loop 
gain (AI3 = A/G). You will find in most of the equations 
defining the closed loop characteristic of a feedback ampli-
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LOOP GAIN Af3 

CLOSED LOOP 
GAING 

f •• 
f-__ 

Figure 4. Closed Loop Bandwidth and Loop Gain 

fier that the loop gain (Am is the determining factor in 
performance. Some of the more notable examples of this 
point are as follows: 

a. Closed loop gain stability = fj,G/G 
fj,G/G = (MIA) [1/(1 + Am] where fj,A/A is the 
open loop gain stability, usually about 1%/

o
C. 

b. Closed loop output impedance = Zocl = Zo/( 1 + Aj3), 
where Zo is the open loop output impedance, usually 
200 to 5000 ohms. 

c. Closed loop nonlinearity = LcI = Lol/( 1 + Aj3), where 
Lol is the open loop linearity, usually less than 5%. 

Loop gain of 100, or 40dB, is adequate for most applica
tions and this is readily achievable at dc and low frequencies. 
But note that loop gain decreases with increasing frequency 
which makes it difficult to obtain large loop gains at high 
frequencies. For this reason it may be necessary to use a 
10MHz unity gain amplifier in order to obtain adequate 
feedback over a ,10kHz bandwidth. 

4. What full power response and/or slew rate are required? 
You should examine your expected output waveform and 
select an amplifier whose slewing rate exceeds the maximum 
rate of change of output signal. For a sinusoidal waveform 
with a peak voltage output equal to the rated amplifier 
output the frequency should not exceed fp, the full power 
response of the amplifier. As the output signal voltage is 
reduced below the rated output voltage, the usable maxi
mum frequency can be extended proportionately. If you do 
not observe these restrictions you will get distortion and 
unexpected dc offsets at the output of the amplifier. 

There are many monolithic amplifier designs available today 
whose frequency response is not a simple 6dB roll-off and 
which may be shaped with external RC components for 
improved pertormance. Using feed-forward or phase lag 
compensation networks, gain-bandwidth product andlor full 
power response may be shaped to meet varying design re
quirements. Most discrete op amps offer the stable 6dB 
roll-off with specified unity gain-bandwidth and slew rate 
thereby limiting maximum speed and response to those pub
lished specifications. 



B. Transient Applications 
In applications such as AID and DIA 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 re
covery and settling time are the specifications which deter
mine 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 
The time and frequency response of a linear, bilateral net
work or amplifier are related by well known mathematics. 
For example, the step response for a well behaved, linear, 
6dB/octave amplifier with a closed loop bandwidth of wei 

is shown in Figure 5. 

FINAL VALUE T = ....1.. 
wei 

2.3, 4.6, 6.9,-T 

Figure 5. Step Response for Linear 6dB/Octave Amplifier 

To a first approximation, the curve in Figure 5 can be used 
to relate settl ing time to closed loop bandwidth of Figure 4. 
Settling time is defined as the time elapsed from the appli
cation 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 61. Settling 
time therefore includes the time required for the amplifier 
to slew from the initial value, recover from slew rate limited 
overload, and settle to a given error in the linear range. 

ERROR l~~~~~~--~------~----~~--BAND 

SETTLING TIME TO ± AE-I 

OR ±~ x 100% 
Eo 

Figure 6. Typical Settling Time Characteristics 

However, the approximation soon breaks down since settling 
time is determined by a combination of amplifier character-

istics (both linear and nonlinear) and because it is a closed 
loop parameter. Therefore( it cannot be readily predicted 
from the open loop specifications such as slew rate, small 
signal bandwidth, etc. 

Analog Devices specifies settling time for the condition of 
unity gain, relatively low impedance levels, and no capaci
tive loading. 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 scale 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. The nonlinear dependence of settling time 
on these two parameters can be demonstrated by an exam
ination of experimental data from Analog Devices' wide 
bandwidth AD544 op amp. . 

Settling Time vs. Signal Swing 
The curves in Figure 7 illustrate the AD544 settling time 
error versus input signal level. These "V" curves are useful 
as a design aid for bracketing settling time versus step input 
level. 

Because of nonlinear factors, extrapolation of settling times 
from one set of conditions to another becomes very diffi
cult, if not impossible. This point becomes very apparent, 
in Figure 7, when reviewing settling time as a function of 
input signal swing. Using this measuremcnt tecllniquc, tile 
settling time error voltage, measured at point V, is I:quill to 
one-half of the null voltage between the input si~JnLIl JmJ 
the output signal. 

V~ 

SCOPE PROBE, 20pF OR lESS 

4.99k 

4.99k 

VOUT 

SCOPE VlIl1lCM 
lMV/DIV 

VERROR = _~~N~ VIlIlf 

Figure 7 A. Settling Time Test Circuit 
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Figure 7B. Output Settling Time vs. Output Swing and Error 
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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 limiting factor on system resolution. I n 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 summing junction. Whenever high source 
impedance is encountered, current noise flowing through 
the source impedance will appear as an additional voltage 
noise, combining with the amplifier voltage noise. The sum 

of these noise sources will then be amplified along with the 
desired signal. For this reason, selection of a particular 
amplifier must consider both the amplifier noise perfor
mance as well as the source impedance. 

Consideration must also be given to noise sources other 
than the amplifier whenever determining total system noise. 
RF noise may be fed into an amplifier through any con

necting wire, including power supply -and output leads. Ade
quate shielding and low-pass filters on all incoming leads 
w!11 usually prevent noise pick-up. 

Thermal noise is generated in any conductor or resistor as a 
result of thermal agitation of the electrons. This noise vol
tage source, sometimes referred to as "Johnson Noise", is 

generated in the resistive component of any impedance and 
has a value: 

en = vi 4KTBR 
where en = the rms value of the noise voltage 

K = Boltzman's Constant (1.38 x 1023 joules/oK) 
T = absolute temperature of the resistance, oK 

B = the bandwidth in which the noise is measured 

Since noise is related to the bandwidth over which the mea
surement is made, no noise specification is meaningful un
less the bandwidth for the specification is given. Although 
the Thermal Noise equation may appear unwieldly for prac

tical noise calculations! all that is ,required to enable rapid 
approximations is to apply a few simple rules of thumb. 
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Rules of Thumb 
(1) Remember that a 100kn resistor generates 40nV 

rms in a 1 Hz bandwidth. The noise voltages generated by 
other values of resistances in other bandwidths can be calcu
lated by remembering that the noise is proportional to the 
square root of the resistance and the bandwidth; i.e. 

en (rms) = (40nV/~) ( I~ (BW~ 
V100kn ') 

(2) To convert the rms noise to a POp value, a conver-
sion factor of 6.6pV p-p/pV rms is applied for 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: 

r-----~--~------~ 
et = .J ea 

2 + eb 2 + ec 
2 + ... en 2 

If any noise source is less than a third of another, it may be 

neglected. Theres~lting error will be approximately 5%. 

(4) Restricting the bandwidth of a system to the mini-
mum usable and using the lowest impedances possible are 
ways to reduce noise. 

DESIGN EXAMPLE 
Figure 8 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. 

e, 

COMPONENT CAUSE OUTPUT CONTRIBUTION 

R'N Johnson Noise y'4KTBR'N (RF/R'NI 
RS Johnson Noise y'4KTBRs (RF/R'N + II 
RF Johnson Noise y'4KTBRF 

in, Amp. Current Noise in,RF 

in2 Amp. Current Noise (in,RsI (RF/R'N + II 

en Amp. Voltage Noise en (RF/R'N + II 

TOTAL NOISE = ,,/(eR'N GI' +[eRs (G + 11)' + e' R, +[li n, RF I']+[(in, Rsl (G + lB' + [en (G + II)' 

Figure 8. Noise Components 
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How to Test Basic Operational Amplifier 
Parameters 

THEREALOPAMP 
Input Imperfections 
The characteristics of,op amps are, of course, consider
ably more complicated than can be shown in Figure 1. The 
real op amp has a number of sources of error which must 
be tested independently to determine the true quality of 
the device. The active errors at the input can be modeled 
as a dc current source (lB) and a series dc voltage source 
(Vos). An impedance (ZIN Diff) appears between the in
puts, and another (ZINCM) appears between the inputs and 
ground. These impedances' usually consist of a resistance 
and capacitance in parallel, and the finite ZCM will in
troduce errors due to common-mode input voltages. 

There are two additional input error sources. In addition 
to the dc voltage and current sources, small ac sources 
representing the noise components must be included in 
themodel. 

Output Obstacles 
The output side ofthe model is also non ideal. First, an out
put impedance, Ro, is added in series with the voltage 
source. The "A" term (infinite in the ideal model) is both 
finite and a function of frequency in a real amplifier A'(s). 
It is also obvious that the output voltage and current 
capabilities of a real op amp are bounded. 

The real amplifier, thus, can be modeled as shown below. 

+ 

Figure 1. Real Op Amp 

OPAMP SPECIFICATIONS 
Offset Voltage 
Each of these nonideal specifications should be examined 
in some detail. Consider first the dc errors. Offset voltage 
is the result of a mismatch in the base-emitter voltages of 
the differential input transistors (or gate-source voltage 
mismatch in FET-input amplifiers). This offset voltage is 
indistinguishable from an input signal as far as the 
amplifier is concerned. Usually this offset can be trimmed 
to zero by the user by means of an external potentiometer, 
which adjusts the balance of the operating currents in the 
input stage until the VBE,S (or VGS's) are equal. Of course, 
this trim will be effective only at one temperature, since 
offset voltage changes as a function oftemperature. 

Many circuits exist fortesting offset voltage. If Vas is rede
fined as the voltage at the op amp input which will drive 
the output to zero in an open-loop circuit, a servo loop can 
be built around the device under test to determine that 
voltage. In the circuit shown below, a second amplifier is 
used to provide feedback. This feedback amplifier must 
have very high gain and low offset. In operation, the con
trol voltage, V c, is set to zero. This forces the output of the 
device under test (D.U.T.) to also go to zero, because no 
dc current can flow through the amplifier's feedback 
capacitor. Since the output of the D.U.T. will only go to 
zero when a voltage equal to its input offset voltage is ap
pliea to its in'put, then VA must equal Vas. Thus, the output 
ofthe feedback amplifier is equal to Vas x (1 + RF/100n). 

Vc=OV 

RF ISELECT FOR EXPECTED RANGE OF Vos) 

Figure 2, Op Amp Offset Voltage Test Circuit 

An alternate method for offset voltage measurement can I!IIII 
also be used. This alternate circuit is simpler to build and II1II 
is only slightly less accurate. If it is assumed that Vas can 
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be modeled as a source connected in series with one 
input, configuring the amplifier for a fairly high closed
loop gain will allow reasonably accurate measurement of 
offset voltage with an inexpensive voltmeter. 

In order to maintain accuracy in this measurement, R'N 
should be low enough that los flowing through R'N is at 
least ten times lower than the expected value of Vos. Rc 
causes an equal voltage to be developed at each input due 
to Is. This common-mode voltage effect can be neglected 
due to the common mode rejection of the op amp. 
Reasonable values for R,N, Rc, and RFB are 100n, 100n, 
and 9.9kn, respectively. 

Another error arises in this circuit due to the finite open 
loop gain of the amplifier. Assuming a test circuit gain of 
100, the amplifier must have a dc open-loop gain of at 
le.ast 10,000 for a 1 % accurate Vas measurement. 

>-.... -Q+ 
Vo = 100Vos 

Figure 3. Simple Vas Test Circuit 

Input Bias Current 
Anotherdc error term is the input bias current. As a conse
quence ofthe practica! characteristics of transistors, base 
current must be supplied to the input transistors to bias 
them into their active operating region. This current must 

, also return to its originating point through some dc path. 
Thus operational amplifiers cannot be used with input 
signal sources which are not referred to the same power 
source as the amplifier. It is possible to reduce bias cur
rent-induced errors by providing a source (other than the 
signal path) which can leak this current. 

In many applications, the errors due to bias current are ac
tually less annoying than the errors caused by the mis
match ofthe bias circuits ofthe two inputs. This difference 

. between the bias currents is called the input offset cur
rent, and is u'sually specified along with the bias current. 

Input currents, like input offset voltage, vary as a function 
of temperature. In the case of a bipolar-input amplifier, 
bias current decreases at elevated temperature. This is 
because the transistors' f3 increases, and since the emitter 
current is constant, the base current decreases. In the case 
of a FET-input amplifier, the bias current is due to JFET 
gate leakage, which is in reality a reverse-biased junction 
leakage current. Such currents have the.characteristic of 
doubling forevery 10°C rise in junction temperature. 

It is important to consider the test conditions under which 
bias current is specified, particularly in the case of a FET
input op amp. Some manufacturers specify bias current 
at a junction temperature of 25°C. This corresponds 
roughly to the bias current immediately after power is ap
plied to the amplifier. Unfortunately most circuits are not 
operated in a pulsed mode, and the effects of component 
self-heating must be considered. This effect is, in many 
cases, not trivial. For example, an amplifier which draws 
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5mA of supply current from :!: 15V supplies dissipates 
150mW. The thermal resistance from junction to ambient 
for an 8-lead IC package is typically 150°CIW. This means 
that the junction temperature of the amplifier in question 
will be 22SC above ambient temperature, and the bias 
current will be over four times as high as a specification 
based on 25°C junction temperature. 

OJA = 150°C/W FOR TO·99 TYPE PACKAGES 
= 155°C/W FOR EPOXY MINI·DIP 
= 100°C/W FOR 14116 PIN CERAMIC DIP 

Figure 4. Thermal Circuit Model for IC Op Amp 

Consider an op amp specified for 50pA Is at TJ = 25°C. If 
the amplifier draws 5mA from:!: 15V, as in the previous 
example, 

Po = 30V x 5mA = 150mW 
TJ = TA + (150mW x 150°C/W) 

= 25°C + 22SC 

Therefore, Is will be four times higher than the 
specification. 

Bias current can be measured with essentially the same 
method used to measure offset voltage. The difference is 
that a large resistance is inserted in'series with the input 
under test, creating an additional offset voltage equal to 
Is x Rs. Assuming the actual Vas has been measured and 
recorded, the change in apparent Vas due to the change 
in Rs can be determined and Is easily computed. Offset 
current is tested by computing the difference between the 
bias current on the inverting input and the bias current on 
the non inverting input. 

RS »> loon 
S, IS CLOSED TO TEST IB+ 
S2 IS CLOSED TO TEST IB
BOTH CLOSED TO TEST Vos 
BOTH OPEN TO TEST los 

Vc =ov 

VO=(l+~) rVosl 

+(1 + ~) OB+Rs) 

- ( 1+,'lnm) Os- Rs) 

Figure 5. Bias/Offset Current Test Circuit 

Open Loop Voltage Gain 
Another op amp parameter which distinguishes a real 
amplifier from an ideal amplifier is open-loop gain. In the 
ideal op amp model, open loop gain is assumed to be infi
nite. The same assumption is also sometimes made when 
dealing with real amplifiers. 

Open-loop gain of an operational amplifier is an interest
ing parameter to attempt to measure. It is generally not 
practical to measure open loop gain directly by applying 
a signal at the input and observing the output change. 
However, by using the device under test inside a feedback 
loop, it is possible to measure the change in input voltage 
required to produce a known change in output voltage. 



Vc • -10V TO +10V 

Figure 6. Open Loop Gain Test Circuit 

In this circuit. the control voltage. Vc. is varied from -10V 
to + 1 OV. causing the D.U.T. output. VOl to vary from + 10V 
to -10V. The D.U.T. qutput is varied by a change in V1N 

produced by the second amplifier. Since V1N is attenuated 
from Eo by the RF/l00n voltage divider. Eo is easily mea
sured. and open-loop gain can readily be computed. 

Frequency Response 
Open-loop gain versus frequency is another difficult-to
test specification. Bandwidth is usually specified in terms 
of gain-bandwidth product or unity-gain small signal 
bandwidth. It is assumed that the amplifier under test has 
an open-loop gain versus frequency plot which decreases 
with a - 20dB/decade slope. It is therefore possible to 
measure the open-loop gain at some known frequency 
and predict the frequency at which the open-loop gain will 
be unity. 

In the circuit shown. the D.U.T. dc output is held to OV by 
Vc and the integrator amplifier. A low amplitude 10kHz ac 
input signal is applied to the D.U.T. Since the integrator 
has very low gain at 10kHz. the D.U.T. is effectively run
ning open-loop for the ac signal. The ac output from the 
D.U.T. can be measured and the gain at 10kHz can be com
puted. Forexample. a 741-type amplifier has an open loop 
gain of approximately lOOk at 10kHz. Thus. an easily gen
erated 100mV input at the D.U.T. input will produce an 
easily measured 10V output. This corresponds to a 1 MHz 
gain-bandwidth product. 

Vo Vc =ov 

GBW • G 110kHz X 10kHz 

• ~ X 10kHz 

Figure 7. Gain-Bandwidth Product Test Circuit 

Common-Mode Rejection Ratio 
The ideal operational amplifier is a pure differential 
amplifier and is insensitive to the absolute voltage on the 
inputs with respect to ground. The real amplifier has sev
eral nonideal characteristics associated with input levels. 
First. of course. is the allowable range of input voltage. 
Most IC op amps will only operate when the voltage on 
the inputterminal is within the range bounded by the sup
ply voltages. The second. and perhaps more subtle. char
acteristic is the common-mode rejection ratio (CMRR). 

CMRR is defined as the ratio of the change in .common 
mode to the resulting change in input offset voltage. It is 
often convenientto specify this parameter logarithmically 
in dB: CMR = 20 log (CMRR). 

Common-mode rejection can be measured several ways. 
One method uses four precision resistors to configure the 
op amp as a subtractor amplifier. The disadvantage inher-

I ent in this circuit is that the ratio match of the resistors 
also determines the subtractor's CMRR. A mismatch of 
0.1% between resistor pairs will result in a CMR of only 
60dB. Since most amplifiers exhibit CMR in excess of 
BOdB (some as high as 120dB). it is clear that this circuit 
is only marginally useful. 

R2 

+ 
VOUT =(1+~ )(~) 

~-

RESISTORS MUST MATCH WITHIN lppm (0.0001%) 
IN ORDER TO MEASURE CMR>100dB 

Figure 8. Simple CMR Test Circuit 

A better circuit uses the same technique used for measur
ing offset voltage with one exception. Rather than apply
ing a fixed zero volt input to the D.U.T. operating on ± 15V 
supplies. the same input .is applied to the D.U.T. with 
asymmetrical power supplies, such as + 5V and - 25V. 
The output of the amplifier is forced to remain centered 
between the supplies and the input voltage to the D.U.T. 
which forces this to occur is measured. 

EO 

6EO = (1 + ~ )6Vos 

Figure 9. Common-Mode Rejection Test Circuit 

The change in Vas can be readily translated into CMR. If 
this 10V change in CMV creates a 1 mV change in Vas, the 
CMRR is 10,000 and the CMR is 80dB. 
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WDEVICES APPLICATION NOTE 

An I.C. Amplifier Users' Guide 
To Oecoupling, Grounding, 

And Making Things 
Go Right For A Change 

by Paul Brokaw 

"There once was a breathy baboon 
Who always breathed down a bassoon, 

For he said "It appears 
that in billions of years 

I shall certainly hit on a tune" 
(Sir Arthur Eddington) 

This quotation seemed a proper note with which to begin 
on a subject which has made monkeys of most of us at one 
time or another. The struggle to find a suitable configura· 
tion for system power, ground, and signal returns too fre· 
quently degenerates into a frustrating glitch hunt. While a 
strictly experimental approach can be used to solve simple 
problems, a little forethought can often prevent serious 
problems and provide a plan of attack if some judicious 
tinkering is later required. 

The subject is so fragmented that a completely general 
treatment is too difficult for me to tackle. Therefore, I'd 
like to state one general principle and then look a bit more 
narrowly at the subject of decoupling and grounding as it 
relates to integrated circuit amplifiers. . 

... Principle: Think-where the currents will flow. 

I suppose this seems pretty obvious, but all of us tend to 
think of the currents we're interested in as flowing "out" of 
some place and "through" some other place but often ne· 
glect to worry how the current will find its way back to its 
source. One tends to act as if all "ground" or "supply volt· 
age" points are equivalent and neglect (for as long as possi· 
ble) the fact that they are parts of a network of conductors 
through which currents flow and develop finite voltages. 

In order to do some advance planning it's important to 

consider where the currents originate and to where they 
will return and to determine the effects of the resulting. 
voltage drops. This in turn requires some minimum amount 
of understanding of what goes on inside the circuits being 
decoupled and grounded. This information may be lacking 
or difficult to interpret when integrated circuits are part of 
the design. 

Operational amplifiers are one of the most widely used lin
ear I.C.'s, and fortunately most of them fall into a few 
classes, so far as the problems of power and grounding are 

concerned. Although the configuration of a system may 
pose formidable problems of decoupling and signal returns, 
some basic methods to handle many of these problems can 
be developed from a look at op-amps. 

OP AMPS HAVE FOUR TERMINA.lS: 
A casual look through almost any operational amplifier text 
might leave the reader with the impression that an ideal 
op·amp has three 'terminals: a pair of differential inputs and 

an output as shown in Figure 1. A quick review of funda· 

mentals, however, shows that this can't be the case. If the 
amplifier has an output voltage it must be measured with 
respect to some point ... a point to which the amplifier has 
a reference. Since the ideal op-amp has infinite common 
mode rejection, the inputs are ruled out as that reference so 
that there must be a fourth amplifier terminal. Another 
way of looking at it is that if the amplifier is to supply out
put current to a load, that current must get into the ampli
fier somewhere. Ideally, no input current flows, so again 
the conclusion is that a fourth terminal is required. 

Figure 1. Conventional 'Three Termina/" Op Amp 

A common practice is to say, or indicate In a diagram, that 
this fourth terminal is "ground." Well, without getting into 
a discussion of what "ground" may be we can observe that 
most integrated circuit op-amps (and a lot of the modular 
ones as well) don't nave a "ground" terminal. With these 
circuits the fourth terminal is one or both of the power 
supply terminals. There's a temptation here to lump to
gether both supply voltages with the ubiquitous ground. 
And, to the extent that the supply lines really do present a 
low impedance at all frequencies within the amplifier band-

width, this is probably reasonable. When the impedance II 
requirement isn't satisfied, however, the door is left open to 
a variety of problems including noise, poor transient 
response, and oscillation. 
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DIFFERENTIAL TO SINGLE-ENDED CONVERSION: 
One fundamental requirement of a simple op-amp is that an 
applied signal which is fully differential at the input must 
be converted to a single-ended output. Single ended, that is, 
with respect to the often neglected fourth terminal. To see 
how this can lead to difficulties, take a look at Figure 2. 

Vt 

-IN 

+IN --+--+----' 

V-

Figure 2. Simplified "Real" Op Amp 

The signal fiow illustrated by Figure 2 is used in several 
popular integrated circuit families. Details vary, but, the 
basic signal path is the same as the 101, 741, 748, 777, 
4136, 503,515, and other integrated circuit amplifiers. The 
circuit first transforms a differential input voltage into a 
differential current. This input stage function is represented 
by PNP transistors in Figure 2. The current is then con
verted from differential to single-ended form by a current 
mirror which is connected to the negative supply rail. The 
output from the current mirror drives a voltage amplifier 
and power output stage which is connectea as an integrator. 
The integrator controls the open-loop frequency response, 
and its capacitor may be added externally, as in the 101, or 
may be self-contained, as in the 741. Most descriptions of 
this simplified model don't emphasize that the integrator 
has, of course, a differential input. It's biased positive by a 
couple of base emitter voltages, but, the non-inverting 
integrator input is referred to the negative supply. 

It should be apparent that most of the voltage difference 
between the amplifier output and the negative supply 
appears across the compensation capacitor. If the negative 
supply voltage is changed abruptly the integrator amplifier 
will force the output to follow the change. When the entire 
amplifier is in a closed loop configuration the resulting 
error signal .at its input will tend to restore the output, but, 
the recovery will be limited by the slew rate of the ampli
fier. As a result, an amplifier of this type may have out
standing low frequency power supply rejection, but, the 
negative supply rejection is fundamentally limited at high 
frequencies. Since it is the feedback signal to the input that 
causes the output to be restored, the negative supply rejec
tion will approach zero for signals at frequencies above the 
closed loop bandwidth. This means that high-speed, high
level circuits can "talk to" low-level circuits through the 
common impedance of the negative supply line. 

Note that the problem with these amplifiers is associated 
with the negative supply terminal. Positive supply rejection 
may also deteriorate with increasing frequency, but, the 
effect is less severe. Typically, small transients on the posi-
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tive supply have only a minor effect on the signal output. 
The difference between these sensitivities can result in an 
apparent asymmetry in the amplifier transient response. If 
the amplifier is driven to produce a positive voltage swing 
across its rated load it will draw a current pulse from the 
positive supply. The pulse may result in a supply voltage 
transient, but, the positive supply rejection will minimize 
the effect on the amplifier output signal. In the opposite 
case, a negative output signal will extract a current from the 
negative supply. If this pulse results in a "glitch" on the 
buss, the poor negative supply rejection will result in a 
similar "glitch" at the amplifier output. While a positive 
pulse test may give the amplifier transient response, a nega
tive pulse test may actually give you a pretty good look at 
your negative supply line tr.ansient response, instead of the 
amplifier response! 

Remember that the impulse response of the power supply 
itself is not what is likely to appear at the amplifier. Thirty 
or forty centimeters of wire can act like a high Q inductor 
to add a high-frequency component to the normally over
damped supply response. A decoupling capacitor near the 
amplifier won't always cure the problem either, since the 
supply must be decoupled to somewhere. If the decoupled 
current flows through a long path, it can still produce an 
undesirable glitch. 

Figure 3 illustrates three possible configurations for nega
tive supply decoupling. In 3a the dotted line shows the 
negative signal current path through the decoupling and 
along the ground line. If the load "ground" and decoupled 
"ground" actually join at the power supply the "glitch" on 
the ground lines is similar to the "glitch" on the negative 
supply buss. Depending upon how the feedback and signal 
sources are "grounded" the effective disturbance caused by 
the decoupling capacitor may be larger than the disturbance 
which it was intended to prevent. Figure 3b shows how the 
decoupling capacitor can be used to minimize disturbance 
of V- and ground busses. The high·frequency component 
of the load current is confined to a loop which doesn't 
include any part of the ground path. If the capacitor is of 
sufficient size and quality, it will minimize the glitch on the 
negative supply without disturbing input or output signal 
paths. When the load situation is more complex, as in 3c, a 
little more thought is required. If the amplifier is driving a 
load that goes to a virtual ground, the actual load current 
does not return to ground. Rather, it must be supplied by 
the amplifier creating the virtual ground as shown in the 
figure. In this case, decoupling the negative supply of the 
first amplifier to the positive supply of the second amplifier 
closes the fast signal current loop without disturbing 
ground or signal paths. Of course, it's still important to 
provide a low impedance path from "ground" to V- for 
the second amplifier' to avoid disturbing the input 
reference. 

The key to understanding decouplingcircuits is to note 
where the actual load and signal currents will flow. The key 
to optimizing the circuit is to bypass these currents around 
ground and other signal paths. Note, that as in figure 3a, 
"single point grounding" may be an oversimplified solution 
to a complex problem. 



POWER 
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Figure 3a. Decoupling for Negative Supply Ineffective 

v-

Figure 3b. Decoupling Negative Supply Optimized for 
"Grounded" Load 

Figure 3c. Decoupling Negative Supply Optimized for 
"Virtual Ground" Load 

Figure 3band 3c have been simplified for illustrative pur
poses. When an entire circuit is considered conflicts fre
quently arise. For example, several amplifiers may be 
powered from the same supply, and an individual decou
piing capacitor is required for each. In a gross sense the 
decoupling capacitors are all paralleled. In fact, however, 
the inductance of the interconnecting power and ground 
lines convert this harmless-looking arrangement into a com
plex L-C network that often rings like the "Avon Lady". In 
circuits handling fast signal wavefronts, decoupling net

works paralleled by more than a few centimeters of wire 
generally mean trouble. Figure 4 shows how small resistors 
can be added to lower the Q of the undesired resonant 
circuits. The resistors can generally be tolerated since they 
convert a bad high-frequency jingle to a small damped sig
nal at the op amp supply terminal. The residual has larger 
low frequency components, but, these can be handled by 
the op-amp supply rejection. 

v-

Figure 4. Damping Parallel Deco up ling Resonances 

FREQUENCY STABI LlTY: 
There's a temptation to forget about decoupling the nega
tive supply when the system is intended to handle only 
low-frequency signals. Granted that decoupling may not be 
required to handle low-frequency signals, but it may still be 
required for frequency stability of the op-amps. 

Figure 5 is a more-detailed version of Figure 2 showing the 
output stage of the I.C. separated from the integrator (since 
this is the usual arrangement) and showing the negative 
power supply and wiring impedance lumped together as a 
single constant. The amplifier is connected as a unity gain 
follower. This makes a closed-loop path from the amplifier 
output through the differential input to the integrator in
put. There is a second feedback path from the collector of 
the output PNP. transistor back to the other integrator in
put. The net input to the integrator is the difference of the 
signals through these two paths. At low frequencies this is il 

net, negative feedback. The high·frequency feedback de· 
pends upon both the load reactance and the reactance of 

the V- supply. 

v+-------4~------------------_.----

+ -----+---+---' 

v-

Figure 5. Instability Can Result from Neglecting 
Decoupling 

When the supply lead reactance is inductive, it tends to 
destabilize the integrator. This situation is aggravated by a 
capacitive load on the amplifier. Although it's difficult to 
predict under exactly what circumstances the circuit will 
become unstable, it's generally wise to decouple the nega
tive supply if there is any substantial lead inductance in the 
V- lead or in the common return to the load and amplifier 
input signal source. If the decoupling is to be effective, of 
course, it must be with respect to the actual signal returns, 
rather than to some vague "ground" connection. 

POSITIVE SUPPLY DECOUPLlNG: 
Up to this point we haven't considered decoupling the posi
tive supply line, and with amplifiers typified by Figures 2 
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and 5 there may be no need to. On the other hand, there 
are a number of integrated circuit amplifiers which refer the 
compensating integrator to the positive supply. Among 
these are the 108, 504, and 510 families. When these cir
cuits are used, it's the positive supply which requires most 
attention. The considerations and techniques described for 
the class of circuits shown in Figure 2 apply equally to this 
second class, but, should be applied to the positive supply 
rather than the negative. 

FEED-FORWARD: 
A technique which is most frequently used to improve 
bandwidth is called feed-forward. Generally, feed-forward is 
used to bypass an amplifier or level translator stage which 
has poor high frequency response. Figure 6 illustrates how 
this may be done. Each of the amplifiers shown is really a 
subcircuit, usually a single stage, in the overall amplifier. In 
the illustration, the input stage converts the differential in
put to a single-ended signal. The signal drives an intermedi
ate stage (which in practice often includes level translator 
circuitry) which has low-frequency gain, but, limited band
width. The output of this stage drives an integrator-ampli
fier and output stage. The overall compensation capacitor 
feeds back to the input of the second stage and includes it 
in the integrator loop. The compromises necessary to ob
tain gain and level translation in the intermediate stage 
often limit its bandwidth and slow down the available inte
grator response. A feed-forward capacitor permits high
frequency signals to bypass this stage. As a result, the over
all amplifier combines the low-frequency gain available 
from 3 stages with the improved frequency response avail
able from a 2-stage amplifier. The feed-forward capacitor 
also feeds back to the non-inverting input of the intermedi
ate stage. Note that the second stage is not an integrator, as 
it may appear at first glance, but actually has a positive 
feedback connection. Fed-forward amplifiers must be care
fully designed to avoid internal oscillations resulting from 
this connection. Improper decoupling can upset this plan 
and permit this loop to oscillate. 

INPUT 
SECTION 

COMPENSATING 
CAPACITOR 

FEEOFORWARD 
CAPACITOR 

REF.2 

Figure 6. Fast Fed-Forward Amplifier 

Note that the. internal input stages are shown as being re
ferred to separated reference points. Ideally, these will be 
the same reference so far as signals are concerned, although 
they may differ in bias level. In practice this may not be the 
case. Examples of fed-forward amplifiers are the AD518, 
the AD118, and the OP-05. In these amplifiers, signal Refer
ence 1 is the positive supply, while signal Reference 2 is the 
negative supply. Signals appearing between the positive and 

VOL. /,21-16 APPLICA TlON NOTES 

negative supply terminals are effectively inserted inside the 
integrator loopl 

Obviously, while feed-forward is a valuable tool for the 
high-speed amplifier designer, it poses special problems in 
application. A thoughtful approach to decoupling is re
quired to maximize bandwidth and minimize noise, error, 
and the likelihood of oscillation. 

Some fed-forward amplifiers have other arrangements, 
which include the "ground" terminal in inverting only am
plifiers. Almost without exception, however, signals be
tween some combination of the supply terminals get "in
side" the amplifier. It is vital to proper operation that the 
involved supply terminals present a common low imped
ance at high frequencies. Many high-speed modular ampli
fiers include appropriate capacitive decoupling within -the 
amplifier, but, with I.C. op amps this is impossible. The 
user must take care to provide a cleanly decoupled supply 
for fed-forward amplifiers. Figure 7 shows a decoupling 
method which may be applied to the AD518 as we!! as to 
other fast fed-forward amplifiers such as the 118. One ca
pacitor is used to provide a low-impedance path between 
the supply terminals at high frequencies. The resistor in the 
V+ lead insures that noise on the supply lines will be re
jected and prevents the establishment of resonances with 
other decoupling circuits. The second capacitor decouples 
the low side of the integrator to the load. 

Figure 7. Decoupling for a Fed-Forward Amplifier 

Alternatives include a resistor in both supply leads and/or 
decoupling from V+ to the load. In principle, the positive 
and negative supply should be tied in a "tight knot" with 
the signal return. To the extent that this cannot be done, 
there is a slight advantage to favoring the negative supply 
due to the high frequency limitations of PNP transistors 
used in junction-isolated I.C.'s. 

OTHER COMPENSATION: 
While most integrated circuit amplifiers use one of the three 
compensation schemes already described, a significant frac
tion use some other plan. The 725 type amplifiers combine 
a V- referred integrator with a network which the manu
facturers recommend to be connected from signal ground 
to the integrator input. This makes the circuit extremely 
liable to pick up noise between V- and ground. In many 
circumstances it may be wiser to connect the external com
pensation to the negative supply, rather than to signal 
ground. 

One more class of amplifiers is typified by the Analog De
vices AD507 and AD509. In these circuits, a single capaci-



tor may be used to induce a dominant pole of response, 
without resorting to an integrator connection. The high
frequency response of the amplifier will appear with respect 
to the "ground" end of the compensation capacitor. In 
these amplifiers a small internal capacitance is connected 
between V+ and the compensation point. Unity gain com
pensation can be added in parallel and the pin-out is ar
ranged to make this simple. The free end of the compensa
tion capacitor can also be connected either to V- or signal 
common. It is extremely important that the signal common 
and the compensation connect directly or through a low
impedance decoupling. 

Although the main signal path of these amplifiers can be 
compensated in a variety of ways, some care is required to 
insure the stability of internal structures. It's always wise to 
use extra care in decoupling wideband amplifiers to avoid 
problems with the output stage and other subcircuits which 
are similar to the main integrator problem illustrated by 
Figure 5. An effective compensation and decoupling circuit 
for the AD509 is shown in Figure 8. This arrangement is 
similar to Figure 7, and one of these two circuits i~ likely to 
be suitable for many types of wideband amplifier. Depend
ing upon the power distribution, a small (lon to SOn) 
resistor may be appropriate in both of the supply leads to 
reduce power lead resonance and interference both to and 
from circuits sharing the power supply. 

V+ 

I 

V-

OUTPUT 

SIGNAL 
COMMON 

Figure 8. Decoupling a Wideband Amplifier 

GROUNDING ERRORS: 
Ground in most electronic equipment is not an actual con
nection to earth ground, but a common connection to 
which signals and power are referred. It is frequently imma
terial to the function of the equipment whether or not the 
point actually connects to earth ground. I myself prefer 
some distinguishing name or names for these common 
points to emphasize that they must be made common. The 
term "ground" too often seems to be associated with a sort 
of cure-all concept, like snake oil, money or motherhood. If 
you're one·of those who regards ground with the same sort 
of irrational reverence that you hold for your mother, re
member that while you can always trust your mother, you 
should never trust your "ground." Examine and think 
about it. 

It's important to have a look at the currents which flow in 
the ground circuit. Allowing these currents to share a path 
with a low-level signal may result in trouble. Figure 9 illus
trates how careless grounding can degrade the performance 
of a simple amplifier. The amplifier drives a load which is 

represented by the load resistor. The load current comes 
from the power supply and is controlled by the amplifier as 
it amplifies the input signal. This current must return to the 
supply by some path; suppose that points A and Bare 
alternative power supply "ground" connections. Assuming 
that the figure represents the proper topology or ordering 
of connections along the "ground" bus, connecting the sup
ply at A will cause the load current to share a segment of 
wire with the input signal connection. Fifteen centimeters 
of number 22 wire in this path will present about 8 mil
liohms of resistance to the load current. With a 2k load, a 
10-volt output signal will result in about 40 microvolts be
tween the points marked "AV." This signal acts in series 
with the non-inverting input and can result in significant 
errors. For example, the typical gain of an AD510 amplifier 
is 8 million so that only n~l1v of input signal is required 
to produce a 10 volt output. The 40l1V ground error signal 
will result in a 32 times increase in the circuit gain error! 
This degradation could easily be the most serious error in a 
high-gain precision application. Moreover, the error repre· 
sents positive feedback so that the circuit will latch up or 
oscillate for large closed-loop gains with Rf/Ri greater than 
about 25Qk. -

INPUT 
SIGNAL 

A 

OUTPUT SIGNAL 

Figure 9. Proper Choice of Power Connections Minimizes 
Problems 

Reconnecting the power supply to point B will correct the 
problem by eliminating the common impedance feedback 
connection. In a real system, the problem may be more 
complex. The input signal source, which is represented as 
floating in Figure 9, may also produce a current which must 
return to the power supply. With the supply at point B, any 
current which flows in additional loads (other than Ri) may 
interfere with the operation of the amplifier shown. Figure 
10 illustrates how amplifiers can be cascaded and still drive 
auxiliary loads without common impedance coupling.' The 

POWER COMMON 

Figure 10. Minimizing Common Impedence Coupling 

output currents flow through the auxiliary loads and back • 
to the power supply through power common. The currents . 
in the input and feedback resistors are supplied from_ 
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the power supply by way of the amplifiers as previously 
illustrated in Figure 3c. The only current flowing in signal 
common is the amplifier's input current; and its effect 
is generally negligibly small. 

Having given an example of a simple "grounding error" and 
its solution, I will now get back on my soap box and say 
that grounding errors result from neglect based on the as
sumption that a ground, is a ground, is a ground. Some 
impedance will be present in any interconnection path, and 
its effect should be considered in the overall design of a 
system. Quantitative approaches are quite useful in special
ized applications. In fast TTL and Eel logic circuitry the 
characteristic impedance of interconnections is controlled 
so that proper terminations can reduce problems. In R F 
circuitry the unavoidable impedances are taken into ac
count and incorporated into the design of the circuit. With 
op-amp circuitry, however, impedance levels do not lend 
themselves to transmission line theory, and the power and 
ground impedances are difficult to control or analyze. The 
most expedient procedure, short of difficult and restrictive 
quantitative analysis, seems to be to arrange the unavoid
able impedances so as to minimize their effects and arrange 
the circuitry to overcome the effects. Figures 9 and 10 
illustrate the sort of simple considerations which can sub
stantially reduce practical ground problems. Figure 11 illus
trates how circuitry can be used to reduce the effect of 
ground problems which can't be corrected by topological 
tricks. 

Ri Rt 

"GROUND NOISE" 

SIGNAL 
OUT 

OUTPUT SIGNAL 
COMMON 

Figure 11. Subtractor Amplifier Rejects Common Mode 
Noise 

GETTING AROUND THE PROBLEM: 
In Figure 11 a subtractor circuit is used to amplify a normal 
mode input signal and reject a ground noise signal which is 
common to both sides of the input signal. This scheme uses 
the common-mode rejection of the amplifier to reduce the 
noise component while amplifying the desired signal. An 
important aspect of this arrangement, which is often over
looked, is that the amplifier should be powered with re
spect to the output signal common. If its power pins are 
exposed to the high-frequency noise of the input common, 
the compensation capacitor will direct the noise right to the 
output and defeat the purpose of the subtractor. It's just 
this kind of effect which makes it important to use care in 
grounding and decoupling. A subtractor or dynamic bridge, 
like Figure 11, will be ineffective in correcting a grounding 
problem if the amplifier itself is carelessly decoupled. In 
general, an op-amp should be decoupled to the point which 
is the reference for measuring or using its output signal. In 
"single-ended" systems it should also be decoupled to the 
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input signal return as well. When it is impossible to satisfy 
both these requirements at once, there's a high probability 
of either a noise or oscillation problem or both. Frequently 
the difficulty can be resolved with a subtractor, like Figure 
11, where a network like the single-ended feedback net
work (which needn't be all resistive) joins the input and 
output signal refere'nce points and provides a "clean" ref
erence point for the non-inverting input of the amplifier. 

A problem with the subtractor is that it uses a balanced 
bridge to reject the common mode signal between the input 
and output reference points. The arms of the network must 
be carefully balanced, since to the extent they don't match, 
the unwanted signal will be amplified. Although even a 
poorly matched network will probably eliminate oscillation 
problems, noise rejection will suffer in direct proportion to 
any mismatches. An easier way to reject large "ground 
noise" signals is to use a true instrumentation amplifier. 

INSTRUMENTATION AMPLIFIERS: 
A true instrumentation amplifier has a very visible "fourth 
terminal." The output signal is developed with respect to a 
well ?efined reference point which is usually a "free" ter
minal that may be tied to the output signal common. The 
instrumentation amplifier also differs from an op amp in 
that the gain is fixed and well defined, but there is no 
feedback network coupling input and output cir.cuits. Fig
ure 12 shows how an instrumentation amplifier can be used 
to translate a signal from one "ground reference" to an
other. The normal mode input signal is developed with re
spect to one reference point which may be common to its 
generating circuits. The signal is to be used by a system 
which has an interfering signal between its own common 
and the signal source. The instrumentation amplifier has a 
high impedance differential input to which the desired sig
nal is applied. ,Its high common mode rejection eliminates 
the unwanted signal and translates the desired signal to the 
output reference point. Unlike the dynamic bridge circuit, 
the gain and common mode rejection don't depend on' a 
network connecting the input and output circuits. The gain 
is set, in Figure 12, by the ratio of a pair of resistors which 
are connected inside the amplifier. The amplifier has a very 
high'input impedance, so that gain and common mode re
jection are not greatly affected by variations or unbalance 
in source impedance. 

NORMAL 
MODE 
SIGNAL 

INPUT SIGNAL 
COMMON COMMON 

MODE 
SIGNAL 

RS 

OUTPUT 

OUTPUT COMMON 

Figure 12. Applying an In-Amp 

Since instrumentation amplifiers have a reference or 
"ground" terminal, they have the potential to be free of the 

, power supply sensitivities of op amps. In practice, however, 
most instrumentation amplifiers have internal frequency 



compensation which is referred to the power supply. In the 
case of the AD521, the compensation integrator is referred 
to the negative supply terminal. The decoupling of this ter
minal is particularly important, and it should be decoupled 
with respect to the output reference terminal, or actually to 
the point to which this terminal refers. The AD520 instru
mentation amplifier, on the other hand, has an internal 
integrator which is referred to the positive supply terminal. 
For best results both the V+ and V- terminals should be 
decoupled to the output reference point. 

THE "OTHER" INPUT: 
Most I.C. op-amps and in-amps include offset voltage 
nulling terminals. These terminals generally have a small 

.voltage on them and by loading the terminals with a poten
tiometer the amplifier offset voltage can be adjusted. While 
their impedance level is much lower than the normal input, 
the null terminals can act as another differential input to 
the amplifier. Although the null terminals aren't generally 
looked at as inputs, most amplifiers are quite sensitive to 
signals applied here. For example, in 741 family amplifiers 
the output voltage gain from the null terminals is greater 
than the gain from the normal input! 

An illustration of the type of problems that can arise with 
the "other" input is shown in Figure 13. The figure is an 
op-amp circuit with some of the offset null detail shown. 

Figure 13. Details of Vas Nulling - the "Other" Input 

As it's drawn, the Vas null pot wiper connects to a point 
along a V- "clothesline" which carries both the return cur
rent from the amplifier and currents from other circuits 
back to the power supply. These currents will develop a 
small voltage, flV, along the conductor between the ampli
fier V- terminal and the null pot wiper. If the null pot is 
set on center, the equal halves will form a balanced bridge 
with the resistors inside the amplifier. The effect of the 
voltage generated along the wire is balanced at the Vas' 
terminals and will have little effect on the amplifier output. 
On the other hand, if the null pot is unbalanced, to correct 
an amplifier offset, the bridge will no longer balance. In this 

case voltages developed along the "clothesline" will result 
in a difference voltage at the Vas terminals. For instance, 
suppose that a 10k null pot balances out the op amp offset 
when it is set with 3k and 7k branches as shown in the 
figure. I n a 741 the internal resistors are about 1 k so that 
the difference signal at the Vas terminals will be about 1/8 
fl V. The gain from these terminals is about twice the gain 
from the normal input, so that the disturbance acts as if it 
were an input signal of about 1/4 fl V. Using the same as
sumptions as in the discussion of Figure 9. the current 10-
will result in a 10 microvolt input error signal. I n this case, 
however, the error will appear only when the amplifier load 
current comes from the negative supply. When the load is 
driven positive the error will disappear. As a result, the Vas 
input signal will result in distortion rat~er than a simple. 
gain error! 

An additional problem is created by If, a current returning 
to the power supply from other circuits. The current from 
other circuits is not generally related to the op amp signal, 
and the voltage developed by it will manifest itself as noise. 
This signal at the null terminals can easily be the dominant 
noise in the system. A few milliamps of V- current through 
a few centimeters of wire can result in interference which is 
orders of magnitude larger than the inherent input noise of 
the amplifier. The remedy is to make the connection from 
the null pot wiper direct to the V- pin of the amplifier, as 
shown in Figure 14. Some amplifiers such as the AD504 and 
AD510 refer to the null offset terminals to V+. Obviously, 
the pot wiper should go to the V+ terminal of this type of 
amplifier. It's important to connect the line directly to the 
op amp terminal so as to minimize the common impedance 
shared by the op amp current and the null pot connection. 

Figure 14 .. Connecting the Null Pot for Trouble Free 
Operation 

The considerations for op-amp null pots also apply to the 
similar trimmers on almost all types of integrated circuits. 
For example, the AD521 In-Amp null terminals exhibit a 
gain of about 30 to the output. Although this is much less 
than in the case of most op-amps, it still warrants care in 
controlling the null pot wiper return. Table 1 lists the inte
grated circuits manufactured by Analog Devices, including 
some popular second-source families, and indicates how in
ternal conversions from differential to single ended are re
ferred. That is, the signals are made to appear with respect 
to the terminal(s) listed. 
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Internal Integrator 
Referred to: Comments 

ADS02 V-

. ADS03 v-

ADS04 v+ External Cap 

ADS06 V-

ADS07 External Cap to Signal Common or v+ 

ADS09 External Cap to Signal Common or V+ 

ADS10 v+ 

ADS11 v-

ADS12 V-

V-, -in External Caps, Optional Feedforward 
to -in 

ADS14 V-

ADS1S V-

ADS17 V+ 

ADS18 V+,V- Internal Feedforward Cap V+ to V-
and Integrator to Output 

ADS20 V+,V- Internal Integrator Refers to V+, 
Internal Input Stage Cap Refers to 
V-, External Output Caps Refer to 
V+ and Common 

ADS21 V- Output Amplifier Integrator Refers 
toV-

ADS22 V+, V- Input Amplifier Refers to V+ 
Output Amplifier Refers to V-

ADS23 V-

ADS28 V+,V- Internal Feedforward Cap V+ to V-
and Integrator to Output 

ADS30 V+ Multiplier Output Amplifier 
Integrator Refers to V+ 

ADS31 V+ Multiplier Output Amplifier 
Integrator Refers to V+ 

ADS32 V+ Multiplier Output Amplifier 
Integrator Refers to V+ 

ADS33 V+ Multiplier Output Amplifier 
Integrator Refers to V+ 

ADS34 V- Output Amplifier 

ADS3S V- Output Amplifier 

ADS36A V-, V+, External Integrator to V+, Internal 
Common Feedforward V- to Common 

ADS37 V- Internal Buffer Amp 

TABLE 1 
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Internal Integrator 
Referred To: 

ADS40 V-

AD542 V-

AD544 V-

AD54S V-

ADSS9 V-, 
Common 

ADS61 V-, 
Common 

ADS62 V-

ADS63 V-

ADS6S V-

ADS66 V-

ADS80 V-

ADS81 V-

ADS82 V-

ADS84 V-

AD101A V-

AD108 V+ 

AD741 V-

Comments 

DAC Control Loop Integrator 
Referred Between V- and 
Common 

DAC Control Loop Integrator 
and Ref. Amp Refer to Common
Ref. Bias Amp Refers to V-

DAC Control Loop Integrator 
Referred to V-. Reference Input 
Common to Control Loop 
Isolated from DAC Output Common· 

DAC Control Loop Integrator 
Referred to V-. Reference Input 
Common to Control Loop 
Isolated from DAC Output Common 

DAC Control Loop Integrator 
Referred to V-. Reference Input 
Common to Control Loop 
Isolated from DAC Output Common 

DAC Control Loop Integrator 
Referred to V-, Reference Input 
Common to Control Loop . 
Isolated from DAC Output Common 

External Cap (Includes AD201A, 
AD301 A, etc.) 

External Cap (Includes AD208, 
AD308, etc.! 

Internal Cap (Includes 741J, K, L, 
etc'! 

This collection of examples won't solve all your potential 
grounding problems. I hope that it will give you some good 
ideas about how to prevent some of them, and it should 
also give you some of the "inside story" on I.C.'s which 
you can put to work in very practical ways. There is no 
general grounding method which will prevent all possible 
problems. The only generally applicable rule is attention to 
detail, and remember that you can always trust your 
mother, but ... 
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INTRODUCTION 

It is traditional to begin a discussion of instrumentation am
plifiers by saying that an IA is not an operational amplifier. 
As obvious as this statement is to the informed user, and as 
awkward as a description by exclusion may be, such an ap
proach is inevitable and perhaps necessary. When an engineer 
needs a signal conditioning gain block, the first thought that 
springs to mind is the nearly ultimate flexibility provided 
by the currently available assortment of low-cost IC op amps. 
It may well be. that an op amp will. suffice as an element in 
a given gain block, but in demanding applications, op amp 
circuitry will often require extensive and expensive addi
tional circuit elements, specialized manufacturing and/or 
test instrumentation together with highly skilled personnel 
to make it all work. The purpose of this article is to explain 
when and where an instrumentation amplifier may best be 
employed and where its unique virtues give it an advantage 
over the more flexible op amp. 

WHAT IS AN INSTRUMENTATION AMPLIFIER? 

An instrumentation amplifier is a precision differential volt
age gain device that is optimized for operation in an environ
ment hostile to precision measurement. The real world is 
characterized by deviations from the ideal; temperature 
fluctuates, electrical noise exists, and voltage drops caused 
by current through the resistance of leads from remote lo
cations are dictated by the laws of physics. Furthermore, 
real transducers rarely exhibit zero output impedance and 
nice neat zero-to-ten-volt ranges. I nduced, leaked or coupled 
electrical interference (noise) is always present to some ex
tent. I n brief, even the best "cookbook" must be taken 
with a grain of salt . 

. Instrumentation amplifiers are intended to be used whenever 
acquisition of a useful signal is difficult. lA's must have ex
tremely high input impedances because source impedances 
may be high and/or unbalanced. Bias and offset currents are 
low and relatively stable so that the source impedance need 
not be constant. Balanced differential inputs are provided 
so that the signal source may be referenced to any reason
able level independent of the IA output load reference. 
Common mode rejection, a measure of input balance, is 
very high so that noise pickup and ground drops, character
istic of remote sensor applications, are minimized. 

Care is taken to provide high, well-characterized stability of 
critical parameters under varying conditions, such as chang
ing temperatures and supply voltages. Finally, all compo
nents that are critical to the performance of the IA are in
ternal to the device (with the exception of a single gain
determining resistor or resistor-pair). The manufacturer may 
then optimize, characterize and guarantee the specifications, 
while the user may in turn depend on a certain level of per
formance without having to provide his own precision appli
cation components or design expertise. 

The precision of an IA is provided at the expense of flexibil
ity. By committing to the one specific task of amplifying 
voltage, the IA manufacturer may optimize performance in 
this area. An IA is not intended to perform integration, dif
ferentiation, rectification, or any other non-voltage-gain 
function; although possible with an lA, these tasks are best 
left to operational amplifiers. 

To put an instrumentation amplifier to work, the potential 
user does not require an intimate knowledge of its internal 
construction. Figure 1, a functional diagram of a basic lA, 
provides sufficient information for many applications. 

OFFSET 
ADJUST 

VOUT :VIN .;URG1! 
OR 

VOUT = VIN : f{RG.Rsl\ 

Figure 1. Basic Instrumentation Amplifier 
Functional Diagram 

LOAD 

The two inputs shown permit direct interface to "floating" 
signal sources. The lA, being truly differential, detects only 
the difference in voltage between its inputs; any common
mode signals (signals present on both inputs), such as noise 
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and voltage drops in ground lines, are subtracted and can
celled at the inputs before amplification takes place. * 

A single resistor or resistor-pair is used to program the IA 
for the desired gain. The manufacturer will provide a trans
fer function or gain equation that allows the user to calcu
late the required values of resistance for a given gain. Special 
requirements for that resistor or resistors, if any, are also 
spelled out by the manufacturer. 

The output is single-ended and is designed to drive ground
referenced loads as normally found in measurement equip
ment. The load reference is common to the power supply 
return although careful consideration must be gillen to the 
overall grounding system (more on that later). 

Of course, power must be supplied to the IA; as with op 
amps, this is normally a differential balanced voltage that 
may be varied over a specified range. 

Most instrumentation amplifiers provide some means of ad
justing offset voltage (that dc error voltage present at the 
output when both inputs are grounded). This adjustment is 
usually made by varying the setting of an external potentio
meter. Sense and reference terminals allow remote sensing 
of output voltage so that effects of I R drops and ground 
drops may be minimized. For low current non-remote loads, 
the sense terminal may be tied directly to the output while 
the reference terminal may be tied to power supply common. 
There are other uses for sense and reference that will be 
discussed in the appl ications section of this article. 

INSIDE AN INSTRUMENTATION AMPLIFIER 

While there are many ways of designing an instrumentation 
amplifier, most such designs can be classified into one of 
two categories. The most common configuration consists of 
a number of interconnected operational amplifiers and a 
precision resistor network. This technique is popular in 
modular and hybrid instrumentation amplifiers where most 
practical designs utilize a minimum number of components. 
Examples are the modular Analog Devices model 605 and 
hybrid AD522 lA's. 

In the other category are designs that, instead of employing 
op amps, use fundamental active-circuit elements, such as 
differential circuits and controlled current sources and re
flectors; this eliminates all unnecessary or redundant fea
tures and tends to minimize active device (transistor) count 
and decrease the dependence upon accurate resistor match
ing. This technique is most often employed in the design of 
monolithic lA's where cost is inversely proportional to chip 
size. Examples are the monolithic Analog Devices AD520 
and AD521 IC lA's. Some older modular lA's (such as the 
Analog Devices models 602 & 603) also use this technique 
because suitably precise IC op amps have only recently 
become readily available. Newer modular lA's may also use 
this technique because nonlinearity tends to be lower at 
high gains, although some sacrifice of linearity may exist at 
lower gains. Examples are the Analog Devices models 606 
& 610. 

Op Amp Based lA's 
The most simple (and crude) method of implementing a dif
ferential gain block with op amps is shown in Figure 2. 

*For applications involving extremely high common-mode Voltages, 
or requiring complete galvanic isolation, isolation amplifiers should 
be used. Analog Devices manufactures a complete line of single and 
multi-<:hannel isolators. 
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Figure 2. Differential Input Voltage Gain Block 
(Simple Subtractor) 

In this circuit, an expressions for VOUT can be derived by 
superposition. 

The output for VIN + (VIN - grounded) is: 

Vo = VIN + ( __ R2_) (R3 + R4) 
I RI + R2 R3 

(1 ) 

The output for VIN - (VIN + grounded) is: 

Vo =, -VIN - (~) 
2 , R3 

(2) 

By superposition: 

Vo = VOl + V02 

= VIN + (RIR+2 R
2

) (R3 :3
R4

)_ VIN-(~:) (3) 

(4) 

Thus, we have created a simple differential voltage ampli
fier. The input impedances, however, are low and uneCjual. 
Furthermore, all 4 resistors have to be carefully ratio· 
matched to maintain good common mode rejection: 

VOUT eM = VOUT for VIN + = VIN -

. V,N [(R
I 
~2R,) (R' ;, R') _( ::)] (5) 

If we are looking for a gain of 1, all resistors will be equal. 
For a 0.1% mismatch in just one of the resistors: 

R2 =0.999R 

Va eM • V,N [~ ~:~~~~) c:) -( :)] 
= 0.0005VIN 

CMR = 66dB 

(Note that if the source resistance is not low and 
balanced, gain and CMR will be further degraded.) 

(6) 



Considering what is available in the way of reasonably priced 
standard resistors, one can hardly expect to improve upon 
this mediocre level of performance. Considering the several 
serious drawbacks, it is not surprising that this configuration 
is not used in true instrumentation amplifier designs. 

The two-amplifier approach shown in Figure 3 overcomes 
some of the weaknesses inherent in the simple subtractor 
of Figure 2. 

VIN - 0------.... 
VOUT 

VIN + o-------------~ 

IF' ~ = ~ VIN = V IN + - V IN -
R, R3' 

VOUT=1+~+~ 
VIN R, RG 

Figure 3. "Two-Amplifier" Instrumentation Amplifier 

Input resistance is high, thus permitting the signal sources 
to have unbalanced, non-zero output impedance. Further
more, gain may be changed by switching only one resistor 
thus allowing CMR to remain constant once initial trimming 
is accomplished. (CMR is still dependent upon the ratio
matching of four resistors.) The major disadvantage to this 
design is that the common mode voltage input range is a 
function of gain and can thus be very poor. By referring to 
Figure 3, it can be seen that A 1 is called upon to amplify a 
common mode signal by the ratio (R3 + R4 )/R4; this could 
lead to saturation of A 1 thus leaving no "headroom" to 
amplify the differential signal of interest. A few modules 
and hybrids use this configuration because of its simplicity, 
but it is not optimal. 

The most popular configuration for op-amp based instru
mentation amplifiers is shown in Figure 4: 

VOUT 

>--"NI'-'--"NIr--~ REFERENCE 

(EXTERNAL 
CONNECTION) 

Figure 4. "Classic" 3 Op Amp Instrumentation Amplifier 

The transfer function of this circuit can be calculated by 
superposition. 

For VIN + = 0 

(7) 

(8) 

For VIN - = 0 

(9) 

+ '(R I' + RG) 
Vb=VIN ~ ( 10) 

•• Va=VIN - (RI ;G
RG

) -VIN + (::) ( 11) 

+ (R I' + RG) _ (R I' ) 
and Vb = VIN ~ -VIN ~ ( 12) 

( 
R 3) (R 3' ) (R 3 + R 2) VOUT = - R;" Va + Vb R~' --R-

2
- (13) 

IfR3=R/,R~ =R 2 ',andR I =R I ' 

VOUT = (Vb - Va) (::) (14) 

substituting for. Vb and Va and simplifying 

(15) 

In this configuration, gain accuracy and CMR still depends 
upon the ratio-matching of R2 , Rz', R 3 and R /. I t can 
be shown, however, that CMR does not depend on the 
matching of RI and RI '. 

VCM OUT = (Va - Vb) = VIN + (RI R+GRG ) 

VIN - (;~)- VIN-(Rl':GR~+VIN+(::) (16) 

but VCM IN = V 1N += VIN -

[
RI + RG _£!.!. _ Rl'+RG+Rl](17) 

VCM OUT = VCM IN RG RG RG RG 

= VCM IN[RRGI - ~ + 1 -~ + ~ _11 (18) 
RG RG RG :J 

= VCM IN [ 0 ] 

= 0 

Therefore, in theory at least, the user may take as much gail! 
in the front end as he wishes (as determined by RG) without 
increasing the common mode error signal. Thus, CM R R will 
theoretically increase in direct proportion to gain, a very 
useful property. Furthermore, common-mode signals are 
only amplified by a factor of 1 regardless of gain because 
no common-mode voltage will appear across R G' hence, no 
common-mode current will flow in it (the input terminals 
of an op-amp operating normally will have no significant 
potential difference between them). This means that large 
common-mode signals may be handled independent of gain. 

Finally, because of the symmetry of this configuration, first 
order common-mode error sources in the input amplifiers, 
if they track, tend to be cancelled out by the output stage .
subtractor. These features explain the popularity of this IA .
design technique; examples include the Analog Devices 
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module model 60S and the hybrid ADS22. Both of these 
products are characterized by their extremely high precision. 

lA's of this type may use either FET or Bipolar input oper
ational amplifiers. FET input devices have very low bias 
currents and are well·~uited for use with very high source 
impedances. FET input op amps, however, generally have 
poorer CMR than bipolar amplifiers due to non-geometry 
related mis-matches. (In other words, matching of FET's is 
largely a function of process control; matching bipolar tran
sistors is less process dependent.) This will manifest itself in 
lower linearity and CMR for large input voltages. Further
more, these mis-matches usually cause larger input offset 
voltage drifts. For these reasons, Analog Devices instrumen
tation amplifiers use 'bipolar input stages thus sacrificing 
low bias currents to achieve high linearity and CMR along 
with low input offset voltage drift. As technology develops, 
FET input lA's may become more viable. 

Dedicated Design lA's 
The second category of IA design is based on minimum 
active device count; a virtue for monolithic IC circuits. The 
basic schematic for such a design is shown in Figure S. 

+~--~----~----~--------~~----~------

MAIN SIGNAL 
AMPLIFIER 

>---------+-----+-----. ...... - OUT 

....--4----.-+----- SENSE 

-vs ----4~-----4>_'_--------------~----4_--......... -

Figure 5. TypicaffC fA Basic Schematic 

Forward gain is provided by the input differential stage 
0 1 and O2 whose current gain (transconductance) is 1/RG 
(amps/volt) and the main signal amplifier Ai which senses 
differences in input stage collector currents. When the out
put is connected back to sense (with reference grounded) 
differential stage 0 3 and 0 4 acts as a feedback error
sensing amplifier with a transconductance of 1/Rs (amps/ 
volt). A2 senses the collector current imbalance in that stage. 

When a differential voltage is applied to the inputs, the col
lector currents of 0 1 and O2 tend to become unbalanced 
by (VIN + - VIN -)/RG. This' is se'nsed by Ai which develops 
an error voltage between the sense and reference points. 
This, in turn, tries to unbalance the collector currents in 0 3 

and 0 4 by (VSENSE -VREF)/Rs . That unbalance is sensed 
by A2 which then adjusts 13 and 14 to equalize the collector 
currents i~ 0 3 and 0 4 (14 - 13 = (Vs - VR)/Rs). A2 simul
taneously adjusts 11 and 12 such that 11 - 12 = 14 - 13 • 

Balance is reached when: 

(19) 
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if Vs - VR = VOUT = Gain 
V1 -V2 VIN 

andI 4 -1 3 =1 1 -1 2 

Gain = RSCALE 
RGAIN 

(20) 

(21) 

It is apparent from this analysis that the requirement for 
carefully matched resistors changes to a requirement for 
carefully matched active devices. In IC technology, this is 
possible by utilization of precision photographic techniques 
along with careful design layout and well-controlled pro
cessing. The result is a good trade-off between high per
formance and low cost. 

This design configuration describes the Analog Devices 
ADS20, the industry's first monolithic IC IA. The ADS21 
is a second-generation monolithic IA offering improved per
formance at a reduced cost. * 

INSTRUMENTATION AMPLIFIER SPECIFICATIONS 

To successfully apply any electronic component, a full 
understanding 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. In this section,' a typical instrumentation amplifier 
specification sheet will be reviewed. Each individual speci
fication will be discussed in terms of how it is measured 
and what error it might contribute to the overall perfor
mance of the circuit. In some cases, a given specification 
may not affect a particular application; the more common 
situations of this type will be discussed. 

Table 1 is the specification sheet for the Analog Devices 
ADS22 instrumentation amplifier, chosen for its rather 
complete characterization and its varity of available versions. 

At the top of the spec sheet is the statement that the listed 
specs are typical @ Vs = ±1SV, RL == 2kn and TA = +2SoC 
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 char
acterization process has shown this number to be average, 
but individual devices may vary. -

Specifications not discussed in detail are self-explanatory 
and require only a basic knowledge of electronic measure
ments. Those specs do not apply uniquely to instrumen-' 
tat ion amplifiers. 

Gain 
These specs relate to the transfer function of the device. 

_ 2(105 ) 
Gain Equation: G = 1 + --R-- (22) 

G 

To select an RG for a given gain, solve the equation for RG 

(' h ) R 200,000 
In 0 ms: G = G _ 1 (23) 

*The AD521 data sheet, available from Analog Devices, offers a 
complete circuit description along with specifications and appli
cations of this versatile device, 



TABLE 1 

AD522 SPECIFICATIONS 

(Typical@ +VS = ±15V, RL = 2kn & TA = +25°C unless otherwise specified) 

MODEL 

GAIN 
Gain Equation 

Gain Range 
Equation Error 

G=l 
G = 1000 

Nonlinearity, max 
G=l 
G = 10 
G = 100 

AD522A 

1+~) 
RG 

1 to 1000 

0.2% max 
1.0% max 

0.005% of F.S. (±10V) 
0.006% of F.S. (±10V) 
0.01% of F.S. (±10V) 

AD522B 

0.05% max 
0.2% max 

0.001% 
0.0025% 
0.005% 

Gain vs. Temp, max 
G=l 
G = 1000 

2ppmtC (lppmtC typ) 
50ppmtC (25ppmtC typ) • 

OUTPUT CHARACTERISTICS 
Output Rating 

DYNAMIC RESPONSE 
Small Signal (-3dS) 

G=l 
G = 100 

Full Power GBW 
Slew Rate 
Settling Time to 0.1%, G = 100 

to 0.01%, G = 100 
to 0.01%, G = 10 
to 0.01%, G = 1 

VOLTAGE OFFSET 
Offsets Referred to Input 

Initial Offset Voltage (adj. to 0) 
G=l 

vs. Temperature, max 
G = 1 
G = 1000 

1<G<1000 

vs. Supply, max 
G = 1 
G = 1000 

INPUT'CURRENTS 
Input Sias Current 

Initial max, +25°C 
vs. Temperature 

Input Offset Current 
Initial max, +25°C 
vs. Temperature 

INPUT 
I nput Impedance 

±10V@5mA min 

300kHz 
3kHz 
1.5kHz 
O.1V/J.1s 
0.5ms 
5ms 
2ms 
0.5ms 

±400J.1V max (±200J.1V typ) 

±50J.1V tC(± 1 0J.1V tc typ) 
±6J.1VtC 

±(~+6)J.1VtC 

±20J.1V/% 
±O.2J.1V/% 

±25nA 
±100pAtC 

±20nA 
±100pAtC 

Differential lOon 
Common Mode lOon 

Input Voltage Range 
Minimum Differential Input ±10V 
Maximum Differential Input ±20V 
Maximum Common Mode Linear ±10V 
Maximum Common Mode Input 

Common Mode Rejection 
Min @±10V, lkn Source 
Imbalance 

NOISE 

G = 1 (dc to 30Hz) 
G = 10 (dc to 10Hz) 
G = 100 (dc to 3Hz) 
G = 1000 (dc to 1Hz) 
G = 1 to 1000 (dc to 60Hz) 

Voltage Noise, RTI 
O.lHz to 100Hz (p-p) 

G=l 
G = 1000 

10Hz to 10kHz (rms) 
G=l 

TEMPERATURE RANGE 
Specified Performance 
Operating 
Storage 

POWER SUPPLY 
Power Supply Range 
Quiescent Current, max @ ±15V 

±15V 

75dS (gOdS typ) 
gOdS (100dB typ) 
100dS (llOdS typ) 
100dS (120dS typ) 
75dB (88dS typ). 

15J.1V 
1.5J.1V 

15J.1V 

_25°C to +85°C 
-55°C to +125°C 
-65°C to +150°C 

±(5 to 18)V 
±10mA 

±200J.1V max (±100J.1V tyP) 

±25J.1VtC(±5J.1VtC typ) 
±2J.1VtC 

±(~ + 2) J.1vtc 

±15nA 
±50pAtC 

±10nA 
±50pAtC 

BOdS (100dS typ) 
95dS (110dS typ) 
100dS (12OdS typ) 
110dS (>12OdS typ) 
BOdS (88dS typ) 

±8mA 

AD522S 

±200J.1V max (±100J.1V typ) 

± 1 OOJ.1vtC(± l0J.1V tc typ) 
±6J.1VtC 

± C~O + 6) J.1V/oC 

±25nA 
± 100pA/~C 

±20nA 
±100pA/oC 

75dS (gOdS typ) 
gOdS (11 OdS typ) 
100dS (120dB typ) 
100dS (> 120dB typ) 

±8mA 

·Specifications same as AD522A 111 "Specifications same as AD522B Specifications subject to change without notice. •• 
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For example: 

G=l 

G = 10 

: RG = 00 (open circuit) 

: RG = 22,222.Q 

G = 100 : RG = 2020.2.Q 

G = 1000: RG = 200.20.Q 

Of course the user must provide a very clean circuit board 
to realize an accurate gain of 1 since 200M.Q leakage resist
ance will cause a gain error or 0.1%. 

Gain Range 
Specified at 1 to 1000, this device may (and in fact will) 
work at higher gains, but the manufacturer will not promise 
any particular level of performance. In practice, noise and 
drift may make higher gains impractical for this device. 

Equation Error 
The number given by this specification describes maximum 
deviation from the gain equation. The user can trim the gain 
(above unity) or can compensate elsewhere in his design. If 
his data is eventually. digitized and fed to an "intelligent 
system" (such as a microprocessor), he might be able to 
correct for gain errors by measuring a reference and multi· 
plying by a constant. 

Nonlinearity 
Nonlinearity is defined as the deviation from a straight line 
on the plot of output versus input. Figure 6a shows the 
transfer function of a device with exaggerated nonlinearity. 
The magnitude of this error can be calculated thus: 

N. L. = [ 
Actual Output· Calculated Output 

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 measure· 
ment device. 

The "Best Straight Line" method of nonlinearity specifica
tion consists of measuring the peak positive and negative 
deviations and adjusting the· slope of the device transfer 
function (by adjusting the gain and offset) so that these 
maximum positive and negative errors are equal. This 
method yields the best specifications but is difficult to im
plement in that it requires that the user examine the entire 
output signal range to determine these maximum positive 
and negative deviations. The results of a best-straight-line 
calibration is shown by the transfer function of Figure 6b. 

The "End-Point" method otspecifying 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 these attained with best·straight-line techniques. This 
worst case will occur when the transfer function is "bowed" 
in one direction only. Figure 8c shows the results of end
point calibration. 

Most linear devices, such as instrumentation amplifiers, are 
specified for best·straight-line linearity. The user must take 
this into consideration when evaluating the error budget for 
his application. 
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Regardless of the method used to specify nonlinearity, the 
errors thus created are irreducible. That is to say that these 
errors are neither fixed nor proportional to input or output 
voltage and can,not be reduced by adjustment. 

Referring to the AD522 specifications, the larger number at 
G = 100 indicates that in the AD522, nonlinearity increases 
with gain. 

-V'N FULL,SCALE 

'bUT 
GAIN 

IDEAL (STRAIGHT LINE) 

ACTUAL RESPONSE 

--I-------iII'--.,--,.------+-- V'N 

VOUT 
GAIN 

+V'N FULL-SCALE 

IE+MAX I > IE-MAX I 

IE+MAXI+ IE-MAX I- K 

a.) Transfer Function Illustrating 
Exaggerated Nonlinearity 

+V'N FULL·SCALE 

IE+MAXI= IE-MAXI= ~ 
2 

IE+MAXI+ IE-MAXI· K 

b). Transfer Function a.) After 
Calibriition by Best-Straight
Line Method 

----+-----:-~'------_+_-_._ V'N 
+V'N FULL-SCALE 

IE+MAX I> IE-MAX I 

IE+MAXI+ IE-MAXI' K 

c). Transfer Function a.) After 
Calibration by End-Point Method 

Figure 6. Nonlinear Transfer Function 

Gain vs. Temperature 
These numbers give both maximum-and typical deviations 
from the gain equation as a function of temperature. An 
intelligent system can correct for this with an "auto·gain" 
cycle (measure a reference and re-normalize). 

·Settling Time 
Settling time is defined as that length of time required for 
the output voltage to approach and remain within a certain 
tolerance of its final value. It is usually specified for a fast 
full scale input step and includes output slewing time. Since 
several factors contribute to the overall settling time, fast 
settling to 0.1% doesn't necessarily mean proportionally 
fast-settling to 0.01%. In addition, settling time is not nec
essarily a function of gain. Some of the contributing factors 



include slew rate limiting, under-damping (ringing) and 
thermal gradients ("Iong tails")' 

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 could 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 dritt comPrISe tiNo- 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 independ
ent 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 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. 

Inp.ut Bias Currents 
I nput 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 
with temperature, 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 concern than the magnitude of the 
bias currents. Input offset current is the difference between 
the two input bias currents. 

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 dc path from each input 
to ground. 

Common-Mode Rejection 
Common-mode rejection is a measure of the change in out
put 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 rejection ratio" (CMRR) is a ratio expression while 
"common-mode rejection" (CMR) is the logarithm of that 
ratio. For example, a CMR R of 10,000 corresponds to a 

CMR of 80dB. 

In most lA's the CMRR increases with gain. This is because 
most designs have a front-end configuration that does not 
amplify common-mode signals. Since the standard for CMR R 
specifications is referred to the output (RTO), a gain for 
differential signals in the total absence of gain for common
mode output signals will yield a 1-10-1 improvement of 
CMRR with gain. This means that the common-mode out
put error signal will not increase with gain, it does not mean 
that it decreases with gain! At higher gains, however, ampli
fier bandwidth decreases. Since differences in phase-shift 
through the differential input stage will show up as a 

common-mode error, CMRR becomes more frequency de
pendent at high gains. 

Error Budget Analysis 
To illustrate how instrumentation amplifier specifications 
are applied, we will now examine a typical case where an 
AD522 is required to amplify the output of an unbalanced 
transducer. ' 

Figure 7. Typical AD5228 Application 

Figure 7 shows a differential transducer, unbalanced by 
1 kn, supplying a 0 to 1 volt signal to a remotely located 
AD522B. The output of the IA feeds a 12 bit A to Dean
verter with a 0 to 10 volt input voltage range. There is 1 
volt of peak·to-peak 0 to 10Hz noise on the ground return 
appearing as a common-mode signal at the inputs of the IA. 
The operating temperature range is -25°C to +85°C; cali

bration is performed at +25°C. 

The input signal must be amplified by a factor of 10 in 
order to utilize the full resolution of the A to D converter. 
Solving the gain equation for G = 10 gives a value of 22.22kn 

for RG . 

Table 2 lists all applicable error sources and their corres· 
ponding effects on accuracy. Initial errors are defined as 
those errors that can be reduced to a neg'i'lgible amount by 
performance of an initial calibration, 

Reducible errors include these initial errors along with other 
errors that occur during normal operation that may be 
corrected by an adaptive or "intelligent" system. Fo'r ex
ample, changes in gain or offset may be measured during an 
auto-zero/auto-gain cycle by measuring two known voltages 
(a precision reference and g'round, for example). This is a 
common practice in computer or processor-controlled 
equipment. 

I rreducible errors are errors which can not be readily cor
rected either at initial calibration or in use. It could be 
argued that an array of precision references would permit 
a software linearity correction, but in most applications 
that would be unrealistically cumbersome. 

The total error "as built" is approximately 5540ppm or 
0.55%. If an initial calibration is performed, this number is 
reduced by 2210ppm to 3330ppm = 0.33%. Note that 
3000ppm of this is gain drift. 

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 (57.8ppm = 0.006%) are significant. Furthermore, if 
a system has an intelligent processor monitoring the A to D 
output, the addition of a auto-gain/auto-zero cycle will 
remove all reducible errors and may eliminate the require
ment for initial calibration. This will also reduce errors 
to 0.006%. 

In the above example, the system can justifiably make use 
of a 13 bit A to D converter for its differential linearity and 
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TABLE 2 

AD522B ERRORS 

Reducible 
Effects on 

Initial Effects Accuracy 
on Accuracy (Correctable Irreducible 
(May be by "Intelligent" Effects on 

Error Source AD522B Specs Calculation Calibrated) System) Accuracy 

Gain Error ±0.2% ±0.2% = ±2000ppm ±2000ppm ±2000ppm 

Gain Instability ±50ppmtC (±50ppm)(85°C -25°C) ±3000ppm 
= ±3000ppm 

Gain Nonlinearity ±0.0025% ±0.0025% = ±25ppm ±25ppm 

Offset Voltage ±200JlV, RTI ±200JlV 11 V = ±200ppm ±200ppm ±200ppm 

Offset Voltage Drift ±4.5JlVtC (4.5JlVtC)(85°C -25°C) = ±270ppm 
270JlV/lV = 270ppm 

Offset Current ±10nA [±10nAJ[lkn] ±10ppm ±10ppm 
= ±10JlV = ±10ppm 

Offset Current Drift ±50pAtC [±50pAJ[85°C -25°CJ[lHl] ±3ppm 
= ±3JlV = ±3ppm 

Common Mode Rejection 95dB -95dB = 20 log € ±17.8ppm 
€ = 0.0000178 = 17.8ppm 

Noise - 151lV POp (O.lHz 151lV/1V = 15ppm ±15ppm 
to 100Hz) 

Totals 

resolution. DYIJamic range exceeds 84dB (14 bits). Absolute 
accuracy depends on calibration and system interaction 
capabilities; it might be as good as the resolution (0.006%) 
or as poor as the initial accuracy (0.55%). 

INSTRUMENTATION AMPLIFIER APPLICATIONS 

General Considerations 
Whenever a precision high-gain device-such as an instru
mentation amplifier~is used, certain precautions apply. 
Obviously, it is wise to have a clean layout, short wire 
runs where possible and a carefully considered grounding 
scheme. Figure 8 shows a well-thought out approach to IA 
interconnection. 

Figure 8. AD5221nterconnection 

A properly designed instrumentation amplifier exhibits low 
sensitivity to power supply variations; the AD522, for ex
ample, shows an RTI offset variation of only 0.2JlV per per
cent of power supply change at G = 1000. At increasing 
frequencies, however, this rejection factor will degrade as 
internal capacitances permit more power supply noise to 
find its way into the signal path. This effect can be mini
mized by bypassing the power supplies, as close to the IA 
as possible, with O.lJlF ceramic disc capacitors. Larger 
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2210ppm 5483ppm 57.8ppm 

tantalum capacitors would be effective against lower frequen
cy variations, but a competent IA is capable of rejecting 
most of these slower changes. 

The offset adjustment pot usually affects the bal,ance of the 
high gain differential input stage. Short wire runs to this pot 
will minimize injection of noise into a sensitive location. 

The gain-determining resistor, RG, is often remotely located 
for purposes of gain switching. A well-designed IA will tol
erate this to a certain extent, but stray capacitances and 
wiring inductance may disturb the frequency compensation 
of the device. Sometimes it becomes necessary to install a 
series RC right at the RG terminals of the IA to add a com
pensating zero to correct for LC resonances caused by stray 
inductances and capacitances. This lead compensation may 
improve stability at the cost of a peak in the frequency re
sponse curve at the high end. Unfortunately, this compen
sation, if required, depends on the individual application 
and is usually determined experimentally. 

Most lA's are provided with "sense" and "reference" out
puts. While there are several interesting uses for these fea
tures (to be discussed later), the most basic application is 
remote load sensing. This essentially puts the I R drops 
"inside the loop" of the IA and is most useful when driving 
remote and/or heavy loads or when the load ground is not 
firmly "anchored" to the power supply returns. 

Grounding is a topic worthy of its own application note (see 
"An IC Amplifier User's Guide to Decoupling, Grounds, 
etc." by A. P. Brokaw). In the case of instrumentation 
amplifiers, the main thing to remember is that all signal and 
power returns must eventually have a direct or indirect 
common point. Direct coupling of IA inputs make it neces
sary to provide signal ground returns for input amplifier 
bias currents. Figure 8 shows a direct connection. If a 
"floating" source or ac coupling is used, indirect returns 
similar to those shown in Figure 9 must be provided. 



-Vs GND +VS 

a). Transformer Coupled 

-Vs GND +VS 

b). Thermocouple 

-Vs GND +VS 

c). AC Coupled 

Figure 9. Indirect Ground Returns 
for "Floating" Transducers 

Signals from remote transducers are often transmitted to 
the IA through shielded' cables. While this may well serve 
to reduce noise pick-up, the distributed RC's in such cabling 
can cause differential phase shifts in those lines. When ac 
common-mode signals are present, these phase shifts will 
reduce common-mode rejection. The same effect will occur 
with remote RG's located at the end of shielded cables. 
If the shields could be driven by the common·mode signal, 
the cable capacitance could be "boot-strapped" thus making 
the capacitance effectively zero for common·mode signals. 
The data guard output of the AD522 provides the common· 
mode component of the input signals and can be used to 
drive the shields of coaxial input cables and increase ac 
CMR. Figure 8 illustrates this connection; if not used, the 
data guard should be left unconnected. 

-Vs GND +Vs 

Figure 10. Current-Booster Output 

Boosted Output 
I n the previous section, use of the sense terminal for remote 
load sensing was discussed. Another use of that terminal is 
illustrated in Figure 10. 

Typically, IC instrumentation amplifiers are rated for a full 
±10 volt output swing into 2kn. In some applications, 
however, the need exists to drive more current into heavier 
loads. Figure 10 shows how a high·current booster may be 
connected "inside the loop" of an instrumentation ampli
fier to provide the required current boost without signifi
cantly degrading overall performance. Nonlinearities, off
set and gain inaccuracies of the buffer are minimized by 
the loop gain of the IA output amplifier. Offset drift of the 
buffer is similarly reduced. 

Offset Load 
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. 

Two caveats apply to the use of the reference pin. When the 
IA is of the three·amplifier configuration shown in Figure 4 
(as is the AD522), it is necessary that nearly zero impedance 
be presented to the reference terminal. It can be shown that 
any significant resistance from the reference terminal to 
ground increases the gain of the non-inverting signal path 
thereby upsetting the common-mode rejection of the IA. 
An operational amplifier may be used to provide thnt low 
impedance reference point as shown in Figure 11. The ill' 
put offset voltage characteristics of th at ampl ifier wi II ndd 
directly to the offset voltage performance of the IA. 

-Vs GND +Vs 

VOFFSET 

Figure 11. Use of Reference Terminal to Provide 
Output Offset 

The other precaution is more obvious. The output voltage 
range of an IA is clearly specified; if that range is mostly 
used up by offset at the reference terminal not much range 
is left for the signal. In other words, the sum of the offset 
and signal may not exceed the specified output voltage range 
of the IA. 

CMR Trim 
The effect of resistance in the reference termination may 
be used to advantage. A short-term CMR improvement can 
be realized with the circuit shown in Figure 12. 

While applying a low-frequency 20 volt peak-to·peak input 
signal to both inputs, the pot should be adjusted for an out
put null. In many cases this adjustment will not improve 
matters on a long-term basis since the common-mode rejec
tion of the device is determined by the long·term stability 
of internal components (which will drift regardless of what 
happens externally). 
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5.1l! 

+IN 

-IN 

Figure 12. Common Mode Rejection Trim 

Controlled Currents 
An instrumentation amplifier can be'turned into a voltage
to-current converter by taking advantage of the sense and 
reference terminals as shown in Figure 13. 

Figure 13. Voltage-To-Current Converter 
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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 ofthat resistor. 
Since only a sma" current is demanded at the input of the 
buffer amplifier Az , the forced current I L wi" largely flow 
through the load. Offset and drift specifications of Az must 
be added to the output offset and drift specifications of 
the IA. 

CONCLUSIONS 

Thus characterized, the instrumentation amplifier stands 
ready to take its place in the Grand Order of Things. The 
preliminary contention that an IA is not a special sort of 
operational amplifier should now be obvious. Its versatility 
is limited in scope but its applications are limited only by 
the imagination of the potential user. As a precision linear 
device, an IA is qualified mainly by its specifications, a full 
understanding of which is necessary to successfully use it to 
advantage. Analog Devices, as a long time supplier of com
ponents for precision measurement applications, offers a 
full spectrum of instrumentation amplifiers in modular, 
hybrid and monolithic Ie form, each ideally suited to par· 
ticular applications. We hope that this article wi" help clarify 
the issues involved and wi" aid in the selection of a suitable 
device for a particular application, 
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Interfacing the AD558 DACPORT TM 

to Microprocessors 

by Doug Grant 

The AD558 represents a major breakthrough in monolithic 
DAC technology. It is a true complete 8-bit unit including 

reference, output amplifier, and data latch on a single chip 
designed to operate from a single positive power supply. 
Figure 1 shows the block diagram of the device. The in
ternal reference is a 1.2 volt bandgap type. The actual 
digital-to-analog conversion is accomplished by means of 
eight PNP current switches driving a precision thin-film 
R/2R ladder network to produce a direct unbuffered 0 to 
400 millivolt analog signal. The high-speed output amplifier 
provides pin-selectable output scales of 0 to 2.56 volts and 

o to 10.00 volts. Settling time of the voltage output is typi
cally 700 nanoseconds for a full-scale step, and the resistive 
pulldown output stage with a proprietary anti-saturation 
driver provides single-supply operation. 

CONTROL 
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Figure 1. AD558 Functional Block Diagram 

The PNP current switches are driven from the outputs of 

the octal data latch. This latch is fabricated using Analog 

D~~ices' Iinear-compatible-12 L technology. This process 

provides a dense, low-power logic family which can be pro

duced without compromising the linear components neces

sary for converter design. 

The latch is operated from two TTL-compatible control 

signals, CS and CEo Figure 2 shows the truth table for the 

latch. The CS and CE inputs are interchangeable, and the 

latch is transparent when both CS and CE are low. When 
either control input returns high, the eight-bit data word 

DACPORT is a trademark of Analog Devices, Inc. 

is latched and the analog output is unaffected by further 
activity on the data lines. This latch permits simple inter
face to many popular microprocessors, as will be shown in 
the remainder of this application note. 

Latch 
Input Data CE CS DAC Data Condition 

0 0 0 0 "transparent" 
1 0 0 1 "transparent" 

0 I- 0 0 latching 
$ 0 1 latching 

0 0 S 0 latching 

0 .$ latching 
X 1 X previous data latched 

X X previous data latched 

Notes: X = Does not matter 

$ = Logic Threshold at Positive-Going Transition 

Figure 2. AD558 Control Logic Truth Table 

GENERAL CONCEPTS 
While microprocessor control signals vary widely from one 

architecture to the next, two conditions must be signalled 

to the AD558. First, the processor must indicate which 
memory (or I/O) location is being operated upon. An ad
dress decoder is used to provide a unique signal for each dis
tinct address. This signal is normally applied to CS (Chip 
Select). Depending on system complexity, this decoding 

may range from direct connection to an address line to a 
complete decoding of all memory locations. The second 
signal necessary is an indication of whether the data on the 
bus is flowing from processor to memory (WR ITE) or from 
memory to processor (READ). In the case of a DAC, where 

data is flowing from the processor, a WR ITE signal is used. 

This signal is normally applied to the DACPORT CE 
(Chip Enable). 

aOaOA Interface 
The 8080A microprocessor provides two possi~le methods 
of sending data to an AD558 or other I/O port: memory

mapped or isolated I/O. Both types are useful and will be 

examined. In memory-mapped I/O, the I/O devices are 

treated as part of the memory array. This allows the full 
range of memory reference instructions and addressing 

modes to be used to manipulate the data. 
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The isolated I/O technique treats the I/O devices as separate 
system elements, accessed by READ and WRITE signals 
distinct from the memory READ and WRITE signals. In 
the 8080A, while there are 64K memory locations, there 
are only 256 dedicated I/O addresses. This permits simpler 
address decoding in some systems. The primary disadvantage 
of isolated I/O is that all data must pass through the ac· 
cumulator. Direct transfer of data from a register (or 
memory) to an I/O device is not possible. 

READ and WRITE signals for memory and I/O are available 
on the 8080A data bus at the beginning of each machine 
cycle and are latched externally. The latch function can be 
accomplished with dedicated chips such as the 8228 (see 
Figure 3) or a few packages of random logic (Figure 4). If 
an active low decoded address signal is applied to pin lOaf 
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the AD558 (CS) and the M'ElViW (or 0lJT) is applied to 

pin 9 (CE), the data will be latched and the analog output 
updated whenever the processor writes into the chosen 
address. 

If, for example, a previous subroutine has generated a byte 
of data to be sent to the DAC, and returned this byte in 
the B register, a simple routine such as: 

MOV A; B 
OUT Fl 

will send the data to an AD558 residing at I/O address Fl. 
If memory-mapped I/O is used instead, the move to the ac
cumulator is unnecessary, and the code becomes simply: 

LXI H, (16 BIT DAC ADDRESS) 
MOV M, B 
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Figure 3. Control Signal Generation with 8228 System Controller 
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Figure 4. Control Signal Generation with Standard Logic 

VOL. 1,21-32 APPLICA TlON NOTES 

FROM 
DECODED 
ADDRESS 

FROM 
OUT 
~ 
MEMW 

9 CE 

Vee -

16 ANALOG OUT 
o TO 2 !J~lV 

Figure 5. Control Signal Connections to AD558 

8085A Interface 
The 8085A is a somewhat improved version of the 8080A. 
It. includes an on-chip clock generator requiring only a 

crystal (or LC or RC tuned circuit) to establish the oscil
lator frequency. In addition to more flexible interrupt 

handling capability, higher speed, and on-chip serial I/O 
capability, the 8085A operates from a single 5 volt power 



supply. Since a complete family of 8085A compatible 
peripheral components and memory devices are also avail
able for single-supply operation, it is unnecessary and in
convenient to add a negative power supply to a system just 
to support a DAC. For this reason, the AD558 with its 
single power requirement is clearly the best choice for an 
analog output port. 

The 8085A uses a multiplexed Address/Data bus, which 
·contains the lower 8 bits of the desired address during the 
first clock cycle of a machine cycle. The ALE signal is used 
to latch the lower half of the address. For the second and 
third clock cycles, the bus contains the data word. 

As with the 8080A, there are two possible I/O techniques: 
isolated and memory-mapped. Since the upper and lower 

8 bits of the address are identical in I/O operations, it is not 
necessary to latch the lower 8 bits and decode all 16. The 
101M signal can be used in the address decoder to signify 
that the address on the bus is an 110 address, not a memory 
location. The active low decoded address can then be ap
plied to the AD558 CS. 

CLK 

A8-A15 =x:'--____ A_D_DR_ESS_VA_L_ID ____ .... 

ADO-AD7 =x: ADDRESS VALID X~ ___ D_A_TA_D_UT __ -'I 

ALE 

WR 

AD558 CE 
(SEE FIG. 71 

AD558 CS 

~ loOn·H 
\'--____ ...,Jr 

Figure 6_ 8085A - AD558 Timing Diagram 

The address decoding for memory-mapped 110 is slightly 
more complex since the total 16-bit address must be dealt 
with. System complexity will dictate exactly how many 
distinct addresses must be decoded, and in smaller systems 
it may be possible to locate an AD558 in a large block of 
otherwise vacant locations. Of course, memory-mapped 
I/O allows the full range of memory reference instructions 

to be used, while isolated I/O requires data to pass through 
the accumulator before being sent to the DAC. 

Data validity is a subtle point when considering memory
mapped I/O, where the DAC appears as a write-only-memory. 
When writing to a RAM, it is permissible to have bad data 
on the bus during the WRITE cycle ·(as long as it becomes 
valid by the end of the operation), since the outside world 
is not affected by this data. However, unstable data during 
writes to a DAC can cause observable (and usually unde

sirable) activity on the output. Thus, WRITE timing for a 
particular processor must be closely examined to determine 
data validity. 

The CE input of the AD558 can be driven directly from the 
WR of the 8085A, even though the data bus is not stable 

until 40 nanoseconds after the falling edge of WR. Since the 
AD558 internal circuitry does not respond to pulses less 
than 60 nanoseconds wide on the data inputs, any invalid 
data during this 40 nanosecond period does not produce an 
erroneous output. 

In the case of an 8085A with a heavily-loaded bus, tWDL 
may be extended long enough to cause bad data to reach 
the AD558 and produce an incorrect analog output. If 
this temporary anomaly can be tolerated, then WR can be 
used to provide the DACPORT's CE input. If the output 
glitch is undesirable, the circuits of Figure 7 will provide 
valid signals for CEo 

Systems using the 5MHz 8085A-2 can use WR directly for 
CE, since tWDL is only 20 nanoseconds maximum. Further
more, since two is only 60 nanoseconds, the one-shot 
method shown in Figure 7a does not apply. 

80SSA iNA ----i TO AD558 CE 
390~F 1 1I674~ . _ 
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Figure la_ AD558 CE Generated from 
8085A WR Rising Edge 
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CE 

Figure lb_ CE Generated from WR and CLK 
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Figure 8_ AD558 - 80S5A Interface 

8048/8748 Interface 

The 8048 series of single-chip microcomputers offers two 
methods of I/O interfacing. The first is a modified version 
of the isolated I/O described for the 8080A. It differs in 
that the 8048 contains two decoded and latched I/O ports 
on the chip. The instructions OUTL Pl,A and OUTL P2,A 
perform the functions of sending the accumulator contents 
to PORT 1 or POR.T 2, respectively. The AD558 can reside 
directly on either port if pins 9 and 10 are hard-wired to a 
logic 0*. In this mode, the internal latch appears trans
parent, and activity on the data inputs causes the DAC 
output to change. Figure 9 shows a typical connection 
scheme_ 

*The technique of hard-wiring CS and CE low can be used with 
other single-chip microcomputers (such as the 6801,3870,6500/1, II 
PIC1650) which feature built-in latched I/O ports. The 8048 is 
chosen as a representative example. The A0558 can also be used in 
this mode in non-IJP applications. 
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Figure 9. AD558 conne1e¥0 D~icated I/O Port of 
8048 Microcomputer _ .. 

A second method of interface is necessary in 8048-based 

systems with more than two I/O devices. The 8048 BUS 
port allows system memory and I/O expansion, with the 
RD and WR signals controlling data flow on this bus. 
During a WR ITE to external memory (or memory-mapped 
I/O devices) the falling edge of ALE latches the address 
from the bus. The decoded address (active low) is then 
applied to CS of the AD558. Since this control scheme is 
very similar to 8085 operation, many 8085 system compo
nents may be u~ed. However, as with the 8085, when the 

WR of the 8048 goes low, data is not yet valid on the bus. 
The falling edge of WR occurs at least 200 nanoseconds be
fore data is valid. The rising edge of WR should be used to 
trigger a one-shot whose low-going output drives the IT 
of the AD558. 

Figure 10.8048 Timing for External ~emory Write 

Figure 11. AD558 as External Data Memory 

In this external memory mode, data is sent from the ac
cumulator to the external memory using MOVX @ Rr, A 
instructions. These instructions use the RAM pointer 
registers RO and R 1 to point to one of 256 external mem
ory addresses. Figures 10 and 11 demonstrate this operating 
mode. 

6800/650X Series Interface* 

The 6800 microprocessor family has only one method of 
data exchange to peripheral devices: memory mapping. 
Thus it is possible to use any address in the full 64K mem
ory space for I/O devices. Since the address bus of the 6800 

is three-state, a signal called VMA is provided to indicate 
that the bus contains a valid memory address. This signal 
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normally used as a part of the address decoding logic to 
prevent inadvertent writes to memory at times when the 
address bus is being controlled by an external device (such 
as a DMA controller). 

¢2 

~ DATA NOT VALID 

Figure 12. 6800 System Write Timing 

ReadlWrite signaling is accomplished by use of two signals, 
RM and </>2. The state of RM during the up time of </>2 (E 
on 6802) determines whether a Read or Write is in progress. 
This requires validity of both IN and </>2 rather than simply a 
WR to operate the AD558 CE input. To further complicate 
matters, Figure 12 shows that there is a period of time 
when all control signals are valid, but data is,not. In systems 
where spurious outputs can be tolerated (such as de-glitched 
systems or systems unable to respond to sub-microsecond 
pulses) the control signal connection scheme of Figure 13a 
is sufficient. 

This scheme produces a CS signal for th~ AD558 when 
VM~ </>2 and A 15 are all high. The RIW signal is used 
for CEo 

The circuit of Figure 13b uses a 74LS221 dual one-shot 
triggered by ¢2 and IN validity to produce the delayed 
pulse necessary to operate the AD558 CE input. This 
delayed pulse allows only valid data into the AD558 
data latch. 

~2_""-""" 
VMA 
AI5-""",,-_-, 

Rffl -------~~~~~ 

Figure 13a. Simple 6800 Interface 

+5V ----...... ~="---' 

Figure 13b. Glitch-Free 6800 Interface 

* Although this discussion wi II refer to 6800 control signa.ls, the 
650X series bus architecture is similar (with the exception of 
VMA which is not available on the 650X). For example, tDDW 
(see Figure 12) is 200 nanoseconds max on the 650X. 



Z80 Interface 

The Z80 processor uses an instruction set which includes 
all the 8080A instructions as well as several other operations. 
It operates from a single +5 volt supply; therefore Z80-based 
systems do not generally have negative power supplies avail
able to power a OAC. The A0558 is thus well suited to 
serve as an analog output port for such a system. 

As with the 8080A, both isolated and memory-mapped I/O 
are possible. The isolated I/O instructions are more flexi
ble than the 8080A IN and OUT instructions. For example, 
there are a total of 12 output instructions including trans
fers of entire blocks of register indirect addressed data and 
transfers of data from any internal register to a register 
indirect addressed I/O port. 

Output signaling is accomplished with a WR signal, while 
10RO and MREO indicate whether the address on the bus 

is an I/O or memory address. (Note that during I/O oper
ations only the lower 8 address bits are valid). 

Timing on the Z80 is particularly convenient for A0558 
interfacing, since' the data bus is stable and contains valid 
information while WR is low. The low time of WR is 220 
nanoseconds minimum for memory writes. on the higher
speed Z80A, and 470 nanoseconds minimum during I/O 
writes. Therefore, WR can be applied directly to CEo 

Address decoding can be as simple or complex as the sys
tem requirements dictate. In the simplest case, shown in 
Figure 14, the inv~rse of A 15 is used for the A0558 CS 
signal. 

Complex systems might decode more address bits to further 
partition the memory space or use 10RO instead of MREO 
to accomplish accumulator I/O. 

Z80A 

Figure 14. Z80A - AD558 Interface 

1802 Interface 
The 1802 CMOS microprocessor is used extensively in 
applications where low power consumption is critical. Many 
of these systems use a single supply (usually 5 volts), which 
makes the A0558 an ideal analog output port. 

The 1802, like the 8080 series, features both accumulator 
and memory-mapped I/O formats. Accumulator I/O addres
ses appear on the NO, N1, and N2 lines with the MRO 
(memory read) signal indicating direction of data flow. This 
allows direct addressing of 14 I/O devices (device address 
o is not valid). In systems where more than 14 I/O dev.ices 
are used, or where decoding of the N lines is undesirable, 

memory-mapped I/O is also possible. Address information 
on the 1802 appears on the address bus in two parts: the 
high-order 8 bits appear first and are latched with the faIl
ing edge of the TPA clock; the low order byte of address in
formation then appears. The active low signal which indi
cates presence of the chosen address can be applied directly 
to the A0558 CS input. The DACPORT CE input is oper
ated by the 1802 MWR signal. Fortunately the data is 
stable on the bus during the low time of MWR. Figure 15 
shows a generalized configuration for locating a OACPORT 
in the 1802 memory space. 

Figure 15. 1802 - DACPORT Connection 

APPLICATIONS 

The A0558 OACPORT can be used in any system which 
requires an analog output from a microprocessor bus. Several 
applications follow which demonstrate the capabilities of 
the device. 

Ramp Generation 
Systems such as vector graphic displays and digitally
swept VCO's require digitally-controlled analog voltage 
ramps. Such ramps are easily generated by an A0558 driven 
by a relatively simple software routine. The 8080A sub
routine below accepts input arguments of initial and final 
ramp value in the Band C registers, and timing between steps 
in the 0 register. It is assumed that the HL register pair 
points to the OACPORT address when the subroutine is 
called. Ramp time is variable from 51 microseconds to 
3.87 milliseconds per point, corresponding to full-scale 
sweep times of 13 milliseconds to 0.992 seconds, respec
tively, when this program is executed at 1 MHz. 

RAMP: 

LOOP: 

MOV A, B 
MOV M,A 
INR B 
MOV E, 0 

OCR E 
JNZ LOOP 
CMPC 
JNZ RAMP 
RET, 
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Analog-To-Digital Conversion 
The process of A-to-D conversion often involves compar
ing the (unknown) analog input signal to the output of a 
DAC controlled by some algorithm. Examples include the 
staircase or single-ramp ADC which uses a counter-driven 
DAC and a comparator. When the comparator detects that 
the DAC output has exceeded the analog input, the counter 
is stopped and the digital value can be read. A similar 
example is the tracking ADC, where the counter used is 
an up/down type, with its direction controlled by the 
comparator. 

These ADC types are usually implemented in hardware 
using standard MSI logic, low-cost IC comparators, and 
DACs. The counting (or other) algorithm can just as easily 
be performed in software in a microprocessor system if the 
DAC is easily interfaced. The AD558 DACPORT offers 
convenient digital interfacing for such applications. Further
more, the internal output amplifier can be operated open
loop to perform the comparator function directly. 

Figure 16 shows the circuit diagram for the software
controlled ADC. The internal gain-setting resistors are used 
to attenuate the l'OV full-scale input signal to a 0 to 400 
millivolt scale and present approximately a 40kn load 
resistance to the analog input. The open-loop output ampli
fier slews in several tens of microseconds since it is not 
optimally compensated for comparator operation. The NPN 
buffer provides adequate current sink capability for the 
LSTTL tri·state buffer. It is also possible to substitute a 
CMOS tri·state driven directly from the DACPORT output. 
As shown, the DAC appears to the microprocessor as a 
memory location which accepts an 8·bit data word and 
when read back uses the LSB state to determine whether 
the processor's guess was higher or lower than the value of 
the analog input signal. 

The successive·approximation algorithm is a popular method 
for accomplishing A to D conversion. It has the advantages 
of fixed conversion time regardless of analog input signal 
magnitude and reasonably fast conversion times. The algo· 
rithm consists of testing the MSB (most·significant-bit) to 
determine whether the signal resides above or below, mid· 
s~ale. The result of this test determines whether the MSB 
should be kept or dropped. If it is kept, the next test is 

whether the signal is above or below 3/4 of full scale; if 
the MSB was dropped, the test is done at 1/4 full scale. This 
p~ocess repeats until all eight bits have been exercised. 

The following 22 line 8080·language subroutine performs 
the successive·approximation algorithm with the circuit 
shown in Figure 16. The routine assumes that the HL 
register pair points to the DAC location. the conversion 
result is returned in the accumulator, and the conversion 
cy.cle executes in approximately 2.5 milliseconds on a 
1MHz 8080A. 

START: PUSH B ; SAVE B + C 
LXI B, 8000H ; CLEAR C 

; SET MSB IN B 
MOV A, B ; AND ACC. 

TRY: ADDC ; ADD PARTIAL ANSWER 
MOV M,A ; SEND TO DACPORT 
MVI A, ODH ; SET UP DELAY FOR 

LOOP: DCR A ; COMPARATOR TO SETTLE. 
JNZ LOOP ; 200 MICROSECONDS USED 

;HERE 
MOVA, M ,; READ COMPARATOR 

; OUTPUT 
ANI01H ; MASK ALL BUT LSB 
JZ NEXTRY ; IF ZERO, GUESS IS TOO 

;HIGH 
MOV A, B ; SO DROP BIT, OTHERWISE, 
ADD C ; ADD THAT BIT TO OLD 

; PARTIAL 
MOV C, A ; ANSWER AND STORE IN C. 

NEXTRY: MOV A, B ; GET LAST BIT TRIED + 
; MOVE RIGHT 

RAR ; IF IT WAS LSB 
JC DONE ;THEN EXIT 
MOV B, A ; IF NOT, GO BACK 
JMP TRY ; AND TRY IT. 

DONE: MOV A, C ; WHEN DONE PUT 
'POP B ; ANSWER IN A 
RET ; RESTORE BC AND EXIT 

8080·Language successive-approximation subroutine. 

D7---------------4~---------------------------
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Figure 16. Software-Controlled ADC Using DACPORT Output Amplifier as Comparator 
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Gain Error and Gain Temperature 
Coefficient of CMOS Multiplying DACs 

by Phil Burton 

INTRODUCTION 
This note is intended to provide an insight into factors which 
affect the "gain" of CMOS multiplying D/A converters. The 
emphasis is on developing an understanding of the phenom
ena involved and in creating rules of thumb and criteria 
which are easy to apply. The mathematical relationships 
which are derived are approximate and usually give worst 
case values which are worse than those that one might rea
sonably expect to occur. Almost every circuit application 
has its own unique set of parameters and clearly it is not 
possible to cover every eventuality. But, hopefully, with the 
information contained in this note, engineers will be in a 
position to assess the importance of related parameters for 
themselves. 

GAIN ERROR AND GAIN TEMPERATURE 
COEFFICIENT 

An ideal 12-bit D/A converter has full scale output voltage 
of 

{ 
4095 } . 
4096 • VREF Volts 

In practice the full-scale output voltage can differJrom this 
and the transfer relationship VOUTNRE F, commonly called 
"gain", is specified as having a "gairi error" of ±x%. This 
means that the full scale output voltage can deviate by up 
to ±x% from the ideal outPl,lt voltage. . 

Gain is also specified as having a gain temperature coef
ficient. For most modern CMOS DACs the "gain tempco" 
is of the order of ±5ppmfC. This gives the worst case 

. variation in gain of the D/A converter with temperature 
due to differences of temperature coefficients between the 
feedback resistor and the R/2R converter. The gain tempco 
varies with temperature and the specified worst case value 
usually applies to a 1Q°C segment of the operating temper
ature range. For a temperature variation of 100°C (+25°C 
to +125°C) the average temperature coefficient is generally 
a good deal less (better than ±3ppmfC) than the specified 
worst case value. However, for the sake of simplicity and 
worst case analysis it is often convenient to assume that 
the specified worst case temperature coefficient applies 
over the whole temperature range. 

GAIN TRIM CIRCUIT-THEORETICAL 
CONS I DE RATIONS 
Imperfection in "gain" is due to inevitable .manufacturing 
tolerances in the process used to fabricate the resistors. The 
gain (or full scale value) may be restored to the ideal value 
by using a fixed resistor and a trim resistor as shown in the 
generalized circuit of Figure 1. Note that it is preferable to 
use a "select on test" fixed resistor in place of potentio
meter R 1 where possible-more about this later. 

R2 

Rl 

DATA 

Figure 1. Generalized Gain Trim Arrangement for CMOS 
Multiplying D/A Converters 

The maximum required value of R" and R2 may be deter
mined by using equations (1) and (2) given below where 
RoAC is the input resistance of the R-2R ladder (Le., the 
input resistance at the reference input of the D/A convert
er), ROAC max is the maximum specified value of ROAC 
and x is the gain error in %. 

R1 max = 
2 Ixl ROACmax 

(1) 
100 

R2 max = Ixl ROAC max R1 max 
·(2) 

100 2 

The full scale output (or gain) of a D/A converter varies with 
temperature because of the temperature coefficients of the 
D/A converter itself and the temperature coefficients of the 
additional components (R 1 and R2 and the op-amp) used 
to realize the circuit. The temperature coefficients of the 
R-2R ladder and the feedback resistor are around -300ppm/ II 
°c but they are carefully designed to track each otherto bet-
ter than ±5ppmfC, so that the overall gain temperature 
coefficient is better than ±5ppmf C. It may be shown that 
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the additional temperature coefficients (tempco) intro
duced into the circuit of Figure 1 by R 1 and R2 are approxi
mately given by;-

R . 
Additional Tempco due to R, = - --'- ('Y, - ,) (3) 

ROAC 

Additional Tempco due to R2 = + ~RR h2 - ,) (4) 
OAC 

, is the temperature coefficient of the D/A converter 
resistor material, expressed in ppmfC 'units_ 

'Y1 and 'Y2 are the temperature coefficients of R, and 
R2 respectively, expressed in ppmfC units. 

From equations (3) and (4) it will be observed that the 
additional temperature coefficients are at a maximum when 
RPAC is at a minimum, i.e., ROAC min. By substituting 
equations (1) and (2) into equations (3) and (4) we obtain 
equations (5) and (6) which give the worst case (j.e., maxi
mum) additional temperature coefficients due to R1 and 
R2. Note that these equations are expressed in terms of 
data which is directly available from the manufacturer's 
data sheet; in fact, the value -

IxlROAC max 

ROAC mil'! 

is a simple figure of merit for assessing potential D/A con
verter temperature coefficients. 

Worst case additional 
-2IxIROAC max 

tempco due to R, 
100R OAC min 

l'Y, - <;) (5) 

Worst case additional 
+ IxlROAC max 

tempco due to R2 
100ROAC min 

h2 -,I (6) 

IMPLICATIONS. OF COMPONENT TEMPERATURE CO- . 
EFFICIENTS ON THE DESIGN AND SPECIFICATION 
OF D/A CONVERTERS 
From equations (3) and (4) it can be seen that if R1 and R2 
have the same temperature coefficient, then the overall 
additional (circuit) temperature coefficient is given by 

R2 - R, . -_. h-,). 
ROAC 

If the D/A converter has no gain error then,R2 = R1 and 
there is no additional temperature coefficient due to R 1 
and R2. Clearly then R 1 and R2 should preferably be the 
same type of resistor with the same temperatu re coefficient. 
Hence, it is always best to use a "select on test" fixed re
sistor for R 1. The temperature coefficient of potentiometers 
usually varies with setting, so that it is difficult to match 
potentiometer temperature coefficients to that of fixed 
resistors. Figure 2 shows a distribution of gain error for a 
batch of AD7542 12-bit D/A converters. The average gain 
error is zero, so that the average temperature coefficient of 
applications ci"rcuits will be zero. This is of little comfort 
to the worst case applications circuit designer, but a neces
sary consideration of the IC designer. 
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GAIN ERROR 

-4 -3 -2 -1 +1 +2 +3 +4 +5 LSB. 

-.1 -.08 -.06 -.04 -.02 0.02 0.04 0.060.08 0.1 0.12 %F.S. 

Figure 2. Cumulative Distribution of Gain Error for One 
Batch of AD7542s (All Grades) 

An alternative strategy for the IC manufacturer would be 
to design and specify the D/A converter so that its gain 
error is always in one direction (as opposed to plus and 
minus) and the average gain e~ror is centered some distance 
from zero. Th is has the advantage that R2 (or R 1 depending 
on the direction of skew) could be omitted from circuit. 
However, R 1 will always have a finite value and there will 
always be an additional temperature coefficient due to the 
gain trim circuit. Since precision resistor temperature 
coefficients are usually positive and the D/A converter 
resistor temperature coefficient is negative, the two will add 
(se~ equation 5) to give a significant temperature coef
ficient overall. 

A better approach to minimizing additional temperature 
coefficients due to gain trim components is to Improve the 
figure of merit 

IxlRoAC max 

ROAC min 

and, if possible, to improve the temperature coefficient of 
the resistors used to manufacture the D/A converter. Un
fortunately, it is not possible to change, without changing 
other critical resistor parameters and the designer is left 
with the option of reducing the specified gain error spread 
x and minimizing the spread of ROAC values. Recognizing 
this requirement, Analog Devices has introduced a "G" 
selection on gain error (x) for some of its more recent D/A 
converter products. "G" selected products have a specified 
gain error at 25°C of not more than plus or minus 1 LSB 
(least significant bit). This represents more than a twelve 
fold improvement in the figure of merit. For many applica
tions such a tight gain-error specification will be sufficient 
to eliminate any requirement for gain trimming, but where 
gain trims are still used, the additional temperature coef
ficients introduced by the very small values of R 1 and R2 
required for "G" selected parts will be so small as to t?e 
negligible. This is considered in more detail in the next 
section. 

It is also possible to select ROAC to a narrower spread of 
values, and to improve the figure of merit even more. 
However, the net improvement in gain temperature coef
ficient which results from such a selection is difficult to 
justify on a commerical basis. 



PRACTICAL EFFECTS OF COMPONENT 
TEMPERATURE COEFFICIENTS 
Table 1 shown on next page summarizes the worst case com
ponent gain drifts over a 100°C range for the f.D7542TD, 

AD7542GTD, 12-bit D/A converters and the AD7527UD 
and AD7527GUD 10-bit D/A converters. In drawing up this 
table it has been assumed that precision wire-wound resisors 
with a temperature coefficient of +50ppmfC have been used 
for R 1 and R2. The actual values of R 1 and R2 are given in 
this table. RDAC temperature coefficient has been assumed 
to be -300ppmf C. 

It will be seen that for the "G H selected parts, the worst 
case additional temperature coefficient due to R 1 and R2 is 
so small as to be negligible compared with the worst case 
5ppmfC temperature coefficient of gain error for the D/A 
converter itself. 

LEAKAGE CURRENT EFFECTS ON GAIN 

This note is primarily intended to cover the effects of ex
ternal gain trim resistors on overall gain temperatu re coef
ficient. 

However, it is worth noting that apparent gain shifts with 
temperature can be caused by op amp offset and bias cur

rent drifts, changes in VREF and by D/A converter leakage 
currents at the lOUT terminal of Figure 1. 

The lOUT leakage current effect on gain is negligible at 
25°C, but at higher temperatures it can have some effect. 

Leakage current has two components:,-

1. Leakage from the VDD supply to the lOUT termi
nal. This is more or less independent of input code. 

2_ Leakage from the R-2R ladder th rough off-switches. 

This leakage is a maximum for all zeros at the 
input because all switches are off, and is a minimum 
with all ones at the input, i.e., all switches on. 

Usually the two components of leakage current are roughly 
equal, but this depends a great deal upon circuit design and 
layout, fabrication process, and temperature. Leakage from 

the VDD supply produces a constant shift on the D/A con
verter transfer function as depicted in Figure 3-the magni
tude of the shift is exaggerated in the diagram to make it 
clearer. Leakage from the R-2R ladder produces a rotation 

VOUT 

~ SHIFT 
~v." " INCREASES 
~ ",. WITH 

~0'?- '" TEMPERATURE 

~ '" 
.:;.~,<-<C ",'" 

'" '" 
" 

DIGITAL 
CODE 

Figure 3_ Graph Showing Shift of DAC Transfer Function 
Due to Leakage From VDD 

VOUT 

SHIFT t 
INC:I~~SES 1tLo-----_ 

TEMPERATURE~ 

Figure 4. Graph Showing Effect of Off-Switch Leakage 
on DAC Transfer Function 

of the D/A transfer function as shown in Figure 4. The 
magnitude and direction of rotation due to leakage across 
"Off Switches" is determined by VREF as shown. 

Leakage current effects on gain error are usually only of 
significance at operating temperatures above 100°C where 
the worst case error voltages due to leakage current begins 
to become comparable to 1 LSB worth of current. The user 
should be aware of leakage current effects because they 
have often in the past, been erroneously interpreted as being 
due to gain trim components. 

Some electrical cleaning solvents, used to wash printed cir
cuit boards after soldering, leave a slightly conductive film 
on the components after drying. These films introduce leilk

age paths from VDD , VREF and other pins to lOUT of the 
D/A converter and the effect can be similar to that due to 
leakage effects in the converter chip itself. The user should 
ensure that such films do not occur during the manufactur
ing processes for any precision analog circuits. 

SPECIAL CASES OF LEAKAGE CURRENT EFFECTS 

(a) VREF = -10V 

With a negative reference voltage the two leakage 
effects shown in Figures 3 and 4 tend to cancel 
each other at zero output, and give a net decrease 
in gain at full scale. The gain trim resistors Rl and 
R2, on the other hand, introduce a positive tem
perature coefficient of gain (Le., increase in gain) 
so that the combined result of all these effects 
is to reduce the gain variation with temperature. 

(b) VREF = +10V 

For a positive reference voltage the two leakage 
effects add to each other and add to any positive 
gain temperature coefficient due to R 1 and R2. 
The combined result is a positive increase in the 
gain temperatue coefficient due to all three ef
fects. Positive reference applications, therefore, 
suffer more gain variation with temperature 
than negative reference applications. 

SUMMARY 
This text has been concerned with factors which cause the 
gain of CMOS multiplying D/A converters to vary with 
temperature. 
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The primary factors are:-

1. Gain temperature coefficient of the D/A con· 
verter itself. 

2. Gain temperature coefficient due to the gain trim 
resistors R 1 and R2. 

3. Gain shift due to leakage from Vee. 

4. Offset shift due to leakage across off switches. 

Specified Values 
Wont Case 

Worst Case Untrimmed 

ROAC max ROAC min Gain Tempco Gain Error 
Part Number kn kn (ppm/oC) at +2SoC 

AD7542TD 25 8 5 ±0.3% 
(±12LSB) 

AD7542GTD 25 8 5 ±0.0244% 
(±lLSB) 

AD7527UD 20 7 5 ±0.49% 
(±5LSB) 

AD7527GUD 20 7 5 ±0.098% 
(+lLSB) 

Note: A07542 is a 12·bit D/A converter. 
AD7527 is a 10-bit D/A converter. 

The additional gain temperature coefficient due to R 1 and 
R2 is minimized by using the same type of resistor for R 1 
and R2 and by minimizing the specified maximum gain 
error of the D/A converter. 

Leakage currents can produce gain em;>rs. Applications 
using negative reference voltages are less sensitive to tem· 
perature variations than positive reference applications. 

Trim Values Worst Case Wont Case Full Scale 
Additional Gain Shift Over 100°C 

Gain Tempco Due to R, arid R2 
Rl R2 Due to R, & R2 
n n ppmfC LSas % 

150 75 3.28 1.34 0.033 

12.4 6.2 0.27 0.11 '0.0027 

196 98 4.9 .0.5 0.049 

40 20 1.0 0.1 0.01 

Table 1. Worst Case Full Scale Gain Error Due to Gain Trim Components R 1 and R2 
for a Selection of D/A Converters 
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CMOS DACs in the Voltage-Switching Mode 
Can Work from a Single Supply, Including Output Op Amp, 

For Fast Response, No Offset-Induced Nonlinearity 

by Steve Stephenson 

The versatile R-2R ladder attenuator can be used as either 
a voltage or a current source, and it may be used in-either 
a current-steering or a voltage-switching mode.' Figure 
la shows the familiar connection of a CMOS d/a conver
ter, such as the 10-bit AD7520, in the current-steering 
mode; Figure 1b shows how the DAC can be connected 
for voltage switching by reversing the roles of the MSB 
node (REF/AIN) and the active switch bus (OUT1). 

EO::: _ D~IN RFB 

=-R(~)VREF 
D=~J+~+ .. ~ 

B, '" 0 or 1 

(a). Current-Steering Mode 

(b). Voltage-Switching Mode 
Figure 1. CMOS DAC Connected for Different Operating 
Modes 

'Examples of current steering and voltage switching may be seen in 
the Analog-Digital Conversion Notes (Analog Devices, 1977, ed by 
D. Sheingold, available at $5.95 postpaid), pages 116-117 and 
pp.133-138. 

Reprinted from Analog Dialogue 14-1, 1980. 

CURRENT STEERING 
In the current-steering mode, since the OUT2 terminal is 
at ground potential, the operational amplifier maintains 
OUT1 at the same voltage (virtual ground). and the bi
nary-weighted currents through the 2R switch legs are in
dependent of switch position. As commented upon in an 
earlier article/ the output capacitance and resistance (as 
seen by the amplifier's input) vary as functions of the 
input digital code. This makes the feedback-circuit's noise 
gain dependent on the code. The variation of resistance 
can cause the linearity to be affected if the amplifier has 
sufficient offset voltage. The variation of the output time
constant means that feedback compensation can, at best, 
only be a compromise. To ensure circuit stability for all 
codes, overcompensation (al')d consequent reduced 
bandwidth and increased settling time) is required. 

There is also some charge injection from the gate of the 
switch, via the inherent capacitance between the gate and 
channel of the FET switch. This charge must take the low
est-impedance path to ground, in this case through the 
virtual ground of the amplifier. At major code-changes, 
output glitches may be significant. 

VOLTAGE SWITCHING 
In the voltage-switching mode, the constant resistance at 
the amplifier input eliminates the problems caused by 
modulation of the amplifier's offset voltage. In addition, 
the switch capacitance is remote from the amplifier, and 
the charge is shunted to the input source or to ground. 
Furthermore, the output capacitance of the network is 
considerably lower. All of this results in cleaner and faster 
response of the circuitto code changes. 

As an additional important feature, the system's output 
voltage is of the same polarity as the reference voltage; 
as will be seen, this makes it possible to operate the DAC 
and its amplifier from a single-polarity supply. Finally, 
onlya single amplifier is required for bipolar digital opera
tion, using offset binary or (with the MSB complemented) 
2's complement coding. 

'''An. log S;gn.I-H.ndling to, H;gh Sp"d .nd A,,",,,y." by A. P."' • 
Brokaw, Analog Dialogue 11-2 (1977), pages 10-16. 
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The configuration has a few minor disadvantages. Since 
the ON resistance of the FET switch increases the applied 
drain-source voltage approaches the value of the gate
drive voltage, and significant values of RON cause the divi
sion of voltage to depart from the ideal, large values of re
ference voltage will produce nonlinear performance.3 

However, for values of reference voltage less than + 3.5V 
and Voo = + 15V, the 10-bit DACs in the AD7500 series 
will retain their linearity. The 12-bit DACs will maintain 11-
bit accuracy over temperature when employing a + 2.5V 
reference (eg., the AD580). 

While the current-steering mode permits input voltages 
of either polarity and allows the circuit to function· as 
a digitally controlled potentiometer (and as a four-quad
rant multiplier), the voltage-switching mode permits 
only a single polarity of input (positive with respect to 
common). 

CIRCUIT POSSIBILITIES 
Single Supply, Unbuffered. In Figure 2, the circuit of Fig
ure 1 b, without a buffer, is implemented with an AD584 
as an adjustable reference. Settling time of better than 
1 fLS was observed, with overall conversion linearity to 10 
bits, using a 3.5V (max) reference voltage. Although the 
network can be loaded resistively, buffering is preferred, 
since the different temperature sensitivities of an external 
load resistance and the ladder resistance will result in a 
temperature-sensitive scale factor. 

JL 
DIGITAL 

INPUT 

A01520 

EOUT 

Figure 2. Single-Supply DAC with AD584 Reference, 
Unbuffered Output 

Single Supply, Buffered. In Figure 3, the DAC and the 
CMOS op amp are both powered from a single + 15V sup
ply. With this circuit, 10-bit linearity and good gain-tem
perature coefficient (since there are no external resistors 
sharing current with the ladder) were achieved over am
bient temperatures up to 125°C. With a single-supply op
erational amplifier, offset is difficult to remove com
pletely; therefore, some offset may have to be tolerated, 
usually amounting to less than one-half LSB at 3.5V refer-

Figure 3. Single-Supply DAC, Buffered Output 

3 Application Guide' to CMOS MUltiplying OIA Converters, Analog 
Devices, 1978. 
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ence. The observed settling time under these conditions, 
governed by the amplifier's performance, was found to be 
be.tter than 2fLS to one-half LSB. 

Shorter Voltage-Settling Times. Figure 4 shows a circuit 
in which the voltage-switched mode is employed to ob
tain a current output, by connection of the ladder output 
directly to the summing point of the output amplifer. This 
connection provides the fastest response (settling time of 
the order of gOOns was observed): however, the gain 
tempco is poor, because the external feedback resistance 
cannot be expected to track the network's resistance vari
ation with temperature. 

AD584 

JL 
DIGITAL 

INPUT 

+1SV 

Figure 4. Increased Speed DA'C 

~7pF 

Simplified Bipolar Operation. Fig ure 5 shows how the vol
tage switched mode simplifies the conversion of bipolar 
digital signals.4 The output voltage from the ladder is ap
plied at the amplifier's positive input, as in Figure 1 b; the 
reference is connected to the inverting input via a resis
tance equal to the feedback resistance. Thus, the output 
of the ladder has a gain of 2, and the reference has a gain 
of -1; as the equation'and the table show, this provides 
conventional offset-binary response, but with a single 
amplifier, instead ofthe two called for in the current-steer
ing mode. 

201< 

Figure 5. Connection for Bipolar Operation. If VREF is 
Provided by the 2.5V AD580, Nominal Output Swing is 
:±2.5V 

SUMMARY 
Using the techniques described here, Analog Devices 
CMOS d/a converters in the series AD7520, AD7521, 
AD7522, AD7523, AD7524, AD7530, AD7531 and AD7533 
may all be made to operate in the voltage-switching mode 
with their published specified linearity. System benefits 
include the possibility of single-supply operation, in
creased speed, freedom from offset-voltage modulation, 
and more-economical digital bipolar operation~ 

4 "An Unusual Circuit Configuration Improves CMOS-MDAC Perfor
mance," by N. Sevastopoulos et al EON Magazine, March 5, 1979, 
pp.77-82. 
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Methods For Generating Complex Waveforms and Vectors 

Using Multiplying D/A Converters 
by Phil Burton 

Complex analog waveforms are used in a variety of equip
ment. They can define a process temperature profile, be 
used to generate high resolution graphics either on a CRT 
or x-Y plotter, or form the basis of a speech synthesizer. 
There are as many solutions to the problem of waveform 
generation as there are applications. This note describes 
some common methods for generating complex 
waveforms using CMOS multiplying D/A converters. The 
applications bias, is towards graphics displays because 
most engineers will understand the applications but de
signers of other equipment will immediately recognize 
the relevance of the various techniques to their own par
ticular problem. The treatment is mostly in block diagram 
form with the emphasis on a systems approach rather 
than detailed circuit design. The implications of the vari
ous methods of interfacing D/A converters to computer 
systems are also covered with regard to the hardware and 
software requirements of the system. 

STAIRCASE WAVEFORM SYNTHESIS 
Figure 1 shows a simplified waveform generator consist
ing of a DAC driven from a ROM look-up table, and a 
counter which provides seq~ential addresses for the 
ROM. The frequency of the generated waveform is deter
mined by the clock rate of the counter and the number of 
memory words used to define the waveform. 

AMPLITUDE 
INPUT 

CLOCK 

Figure 1. Simple ROM Waveform Generator 

V OUT 

If the waveform is symmetric as in a sinusoid, then the 
size ofthe ROM can be reduced by only coding one quad
rant and using digital arithmetic on the output and input 
of the ROM to generate the words for the other three 
quadrants. 

When a ROM contains the values of sin 0 for 0<8<90 then 
the values for the other three quadrants can be computed 
as follows: 

For90 <8< 180° sin 8 = sin (180-0) 
For 180 <0< 270° sin 0 = sin (0-180) 
For 270 <8< 360° sin 0 = sin (360-0) 

Suppose 8 is represented by a 10-bit binary number to 
cover the range 0 to 360°, then the two most significant di
gits of 8 will determine the quadrant of operation. Further
more the most significant digit will determine the sign of 
sin 8 and the second most significant digit will determine 
whether the remainder of the number is to be used as it 
stands, or substracted from the binary equivalent of 180°. 
Note that 180° in our chosen 10-bit notation is 
10,0000,0000 and 2's complement subtraction is achieved 
by complementing the number and adding 1. Com
plementation can be achieved by exclusive-OR gates. 
Figure 2 shows in block diagram for~ a high resolution 
sine-wave synthesizer using a one quadrant look-up 
table. 

Figure 2. Block Diagram of Sinusoid Generator 
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The 10-bit D/A converter is operated with sign plus mag
nitude coding, the most significant bit of the 10-bit word 
being fed to the sign switch. The second MSB of the 10-bit 
word, representing 0, determines whether the remaining 
bits are complemented or not using the exclusive OR 
gates, and it also provides the + 1 required for 2's com
plemented subtraction. The eight-bit word from the adder 
is fed to the ROM look-up table which provides the ap
propriate digital word to the D/A converter. 

If the addresses to the ROM are generated by a counter, 
the adder and exclusive OR circuits can be dispensed with 
by using a counter which alternately counts up to 
1111,1111 and then counts down to 0000,0000. An addi
tional flip-flop is required to generate the sign. This 
method is described on page 27 of "Application Guide to 
CMOS Multiplying D/A Converters" available from 
Analog Devices. 

Sinusoid generators such as the one described above 
have been used in radar displays (A Scopes) and Synchro 
to Digital Converters. In both of these applications the 
ease with which the reference voltage VREF can be varied, 
to change the magnitude of sinO is a distinct advantage. 
This results directly from the multiplying properties of 
CMOS multiplying D/A converters. Some of the disadvan
tages ofthe approach described above are the relatively 
low frequencies thatcan be generated with any precision, 
and the presence of quantisizing noise due to the output 
being defined in discrete steps. Also, the D/A converter 
has a relatively long settling time (2f..Ls approximately), so 
that the output waveform contains glitches at every 
change of digital input. 

BASIC INTERPOLATION METHOD FOR WAVEFORM 
GENERATION 

If the staircase method of waveform generation was used 
to draw a sawtooth on a X-V plotter then the drawn 
waveform would have a staircase appearance due to the 
discrete output steps available from the D/A converter. 
Clearly such an appearance is not desirable and con
sequently analog graphic output systems have adopted 
an interpolative method of generating waveforms. Not 
only does this method give a cleaner looking waveform, 
but it also allows a much higher frequency of operation, 
and reduces to a minimum the number of digital words 
necessary to define a waveform. 

An interpolative method uses two D/A converters to gen
erate a waveform-one to define the starting point and 

another to define the finishing point. A straight line is 
drawn between the start and finish. Figure 3 shows a 
sinusoid drawn by an interpolative waveform generator, 
and the associated waveforms forthe circuit of Figure 4. 

Figure 4 shows a simple interpolation scheme such as 
might be used to drive one axis of an X-V plotter or a CRT 
graphics display. The digital inputs to DAC P define the 
starting point and DAC Q inputs define the finishing point 
of the straight line to be drawn. The reference input to 
DAC P consists of a positive going ramp which goes from 
- VMAX to 0 in time T. The reference to DAC Q is an equal 
but opposite ramp which goes from 0 to - VMAX during 
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SINUSOID OUTPUT 

DAC P 
OUTPUT· WAVEFORM 

DAC Q 
OUTPUT WAVEFORM 

DAC P CONTENTS 

DAC Q CONTENTS 
~~~~~~~--~--~~~~~ 

Figure 3. Synthesis of Sinusoid Using Circuit of Figure 4 

DIGITAL INPUT P 

DIGITAL INPUT Q 

Figure 4. Elementary Interpolation Method 

the same period T. The sum of the outputs of DAC P and 
DAC Q is given by: 

VOUT = Np (VMAX - V.MAK t) + Nq (V~ t) 
T T 

= Np VMAX + (Nq - Np ) VM,AX.t 
T 



which is a straight line between the two points defined by 
the binary number Np in DAC P and the number Nq in DAC 
Q.Forthe next line to be drawn P is loaded with Q's value 
and Q is loaded with the new finishing point and the proc
ess is repeated. In drawing a number of points DAC P and 
DAC Q receive exactly the same binary input words ex
cept the DAC Q inputs are always one word in front of DAC 
P inputs. This suggests a FIFO (first-in, first-outl structure 
with DAC P being fed from the output end of the FIFO, and 
DAC Q being fed with the "next to the end" word of the 
FIFO. The FIFO has the additional advantage that a 
number of data points can be loaded into the FIFO by the 
main processor at one burst, and then the points can be 
clocked out of the FIFO at a rate determined by the repeti
tion frequency ofthe reference sawtooth waveforms. This 
leads to very efficient software and minimizes the time the 
processor is tied up in 1/0 operations. Figure 5 shows a 
simplified graphic display system using the method de
scribed above. The main portion of the system is based 
on four AD7544s which are 12-bit D/A converters with in
tegral 6-word FIFO registers. Each x coordinate is loaded 
by the computer to both x-axis DACs simultaneously, 
similarly for the y-axis DACs. This reduces the data trans
fer operation to one x and one y value per coordinate. 
DAC's Q and S are loaded from the next to the end word 
of the FIFO and DAC's P and R are loaded from the end 
word of the FIFO-this is shown in Figure 5 by the curved 
arrows. The DAC Register of the AD7544 can be loaded 
from either the top or next to top word of the FIFO. At the 
point when the data feeding the DACs is changed, the D/A 
outputs will exhibit some glitches, due to the settling time 
of the DAC and op amps, slew rate of the sawtooth, digital 
feedthrough, etc. During this update period, the CRT dis
play should be blanked off. In electromechanical displays 
the transients are usually absorbed by the mechanical in
ertia of the system. 

All DIA converters are AD7544. 
The following pin connections have been omitted from all OAes in the above drawing to 
preserve clarity: 

Pin 19 RESET Normally connected to the system reset. 

Pin 22 SFUL Stack Full- indicates stack full to processor. 

Pin 23 SAMT Stack Almost Empty- used to interrupt the processor to load another 
burst of data to the FIFOs. 

Pin25 ~ 
Pin26 LDAC 
Pin27 Wl,Wz 

Roll Enable- strapped low. 

Load OAe - strapped high. This makes the DAe register transparent. 

Selects top or next or top word of stack. OAC's P&R have this pin 
strapped high. DAC's Q&S have it strapped low. 

Figure 5. Simplified Graphic Display System 

IMPROVED INTERPOLATION METHOD FOR WAVEFORM 
GENERATION 
In the scheme of section "Basic Interpolation Method for 
Waveform Generation", converter P always holds the 
starting value of the vector and converter Q the finishing 
value. Unwanted transients occur each time the digital 
values to the D/A converters are updated. These trans
ients can be overcome by continuously alternating the 
roles of converters P and Q. In Figure 3 note that each digi
tal value is first subjected to a positive going ramp in DAC 
Q and then subjected to a negative going ramp in DAC P. 
Instead of feeding each digital word to DAC Q and then 
one sawtooth later to DAC P, each word can be input to 
a single DAC and a triangle wave is now applied to the re
ference ofthe DAC. Figure 6 shows a circuitto achieve this 
together with the two reference waveforms for converters 
P and Q and the successive data words applied to P and 
Q. Note in particular that the data words applied to the DIA 
converters are updated when the DIA reference input is 
zero. This avoids most of the slew rate and settling time 
problems of the circuit of. Figure 4, although there will still 
be a small glitch at the output ofthe D/A converter due to 
digital feedthrough. When using AD7544s, the effective 
memory capacity at the FIFO is doubled because there is 
no duplication of memory contents. 
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Figure 6. Improved Interpolation Method and Waveform 
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This improved method is particularly suitable for continu
ous waveform generation because there are no signifi
cant transients (or blanking periods) in the signal. 

TRIANGLE AND SAWTOOTH WAVEFORM GENERATION 
The triangle and sawtooth reference waveforms required 
forthe circuits of sections "Basic Interpolation Method for 
Waveform Generation" and "Improved Interpolation 
Method for Waveform Generation" can, in some applica
tions, be fixed frequency waveforms. However, in graphic 
display systems, this would allocate exactly the same 
time for each drawn vector. A short vector would take just 
as long a time to draw as a long vector, with the result that 
a CRT display would exhibit uneven brightness and an X
Y plotter wou Id have to be restricted to drawing each vec
tor at the time taken to traverse a full axis. Clearly a better 
solution for vectors drawn on a CRT would be to scale the 
waveform ramp rate in accordance with the length of the 
vector to be drawn. A long vector would be drawn using 
a slow ramp and a short one by a much faster ramp. For 
electromechanical X-V plotters, the ramp rate would be 
determined by whichever axis has the greatest distance 
to travel. Figure 7 shows a simple circuit for generating 
programmable sawtooth waveforms suitable for the in
terpolation method described in section "Basic Interpola
tion Method for Waveform Generation". The circuit con
sists of a resetable integrator (A 1), the ramp rate of which 
is determined by a D/A converter. A comparator deter
mines when the ramp has reached its maximum value, 
and the output of the comparator is used to reset the in
tegrator and to trigger a one-shot for blanking the screen 
during the reset period of the sawtooth and the settling 
time of the D/A converter. The output of the comparator 
is also used to clock the FIFOs associated with each D/A 
converter, so as to load the next vector coordinates to the 
DACs. Amplifier A2 provides the inverse sawtooth 
waveform which drives the reference input of DAC Q in 
Figure 4. 

Figure 7. Simplified Sawtooth Generator 

Figure 8 shows a programmable triangle waveform 
generator, which uses two D/A converters, one to deter
mine the upward ramp and another to determine the 
downward ramp. The integrator A 1 has two input resis
tors and switch S1 switches between the two D/A conver
ters to provide the up and down ramps. The digital inputs 
to the D/A converters are changed during the half cycle 
when the converter output is not being used to drive the 
integrator. This allows the D/A converters adequate time 
to settle before its output is switched to the integrator. 
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Switch S1 is a two pole, N-Channel changeover switch 
such as normally used for the switches in a CMOS D/A 
converter. This type of switch ensures that the two D/A 
converter outputs see a constant load impedance, 
thereby preventing load induced glitches; italso provides 
a fast changeover for the integrator inputs. The switches 
can be formed from CD4016s or alternatively an AD7201 

can be used which incorporates 5 cnangeover switches 
with resistors in one package. Amplifier A2 provides the 
inverse triangle waveform. Comparators A3 and A4 are 
used to detect the peak and the trough of the triangle 
waveform, and to generate the clock signals for the FIFOs 
feeding the D/A converters. 

Figure 8. Programmable Triangle Waveform Generator 

A COMPLETE GRAPHICS GENERATOR 
Figure 9 shows a complete simplified schematic of a 
graphics vector generator using triangle waveforms (i.e., 
the scheme of section "Triangle and Sawtooth Waveform 
Generation"). All the D/A converters are AD7544's. DAC 1 
is the odd-coordinate x-axis DAC and DAC 3 is the odd
coordinate y-axis DAC. Together DAC 1 and DAC 3 define 
the points (x"y,)(X3,y3) etc.; DAC 2 and DAC 4 are the x 
and y even-coordinate DACs respectively. DAC 5 defines 
the upward ramp of the triangle, from the integrator and 
DAC 6 defines the downward ramp. The 6-word on-chip 
FIFOs of the AD7544 enable 12 full vectors to be stored by 
the system. 

The vector generator is entirely self-clocking and its effec
tive "clock rate" is determined by the ramp-rates of the 
triangle wave generator (i.e., by the length of the vectors 
to be drawn). In operation the vector coordinates are 
loaded to the DAC's FIFOs by a burst of data words from 
the system's computer and the graphics generator clocks 
the data through the FIFOs to the DACs under its own con
trol. When only one word of data remains in a FIFO, the 
AD7544 generates an "almost empty" signal which is 
used to interrupt the main processor and initiate the trans
fer of another block of data coordinates to the graphics 
circuit. 

An undrawn line (Le., beam blanked) is encoded as a full
scale value to the inputs of DAC 5 or DAC 6. Comparators 



A5 and A6 detect a full-scale output and their outputs are 
used to provide the blanking pulse to the display. In CRT 
graphics an undrawn line will always be generated at 
maximum velocity, thus the blanking encoding informa
tion scheme is consistent with practice. The circuit is de
signed so that drawn lines are always drawn with a ramp 
rate much lower than defined by the full scale output of 
theDAC. 

For electromechanical plotters the situtation is not quite 
so simple and the problem of undrawn lines has to be sol
ved either by a separate FIFO to store pen lift signals, or 
by encoding an undrawn line as an ordinary line which is 
followed by a line of zero length drawn at maximum vel
ocity. Comparators A5 and A6 and DAC 5 and DAC 6 give 

ALL DACs-AD7544 

CS3 

CS4 

not only the ramp rate for the line to be plotted, but also 
the rate for the next line to be plotted (once the DAC has 
settled). If a comparator detects that the next line is to be 
plotted at maximum rate (a speed which is never used for 
a genuine drawn line), then the output of the comparator 
can be used to supply pen-lift signal for the current line. 
Once this undrawn line has been completed, the next line, 
which has the maximum ramp rate information in its DAC 
wil! simply cause the pen to remain in the same position
hence an undrawn line from one point to another could 
be created. This pen lift scheme is not shown in Figure 9, 
but it is a relatively simple matter to modify Figure 9 as 
discussed above. 
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Figure 9. Simplified Graphics Generator Using Triangle Waves 
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THE PROCESSOR INTERFACE 
As mentioned in the section "Triangle and Sawtooth 
Waveform Generation", the graphics system of Figure 8 
is an asynchronous, self-clocking scheme. The on-chip 

FIFOs of the AD7544 provide a perfect interface between 
the high speed synchronous processor and the asyn
chronous graphics circuit. The FIFOs are self-clocking and 

generate "almost empty" and "full" signals so that the 
processor can be interrupted when more coordinates are 
required, and can signal when a full set of coordinates 
have been received. The design of the full digital interface 
between processor and graphics circuit is beyond the 
scope of this article. It is no simple matter to connect six 
12-bit D/A converters to a high-speed microprocessor bus 
without incurring unwanted digital cross talk. It is prefera
ble that the 12-bit bus feeding the graphics circuit should 
have its own set of data bus buffers which are only ena
bled when data is being transferred to the FIFOs. At all 
other times the bus to the converters should be tied to a 
logic high or a logic low. If the graphics circuit is being fed 
from an 8-bit data bus, the 8-bit data latch necessary to 
reassemble·the 12-bit word for the FIFOs can also be used 
as part of the computer data bus to graphics data bus buf
fer suggested above. Very careful ground management 
should be' used, with the graphics circuit having its own 
digital and analog grounds tied back to the "quiet point". 

COMPUTING THE TRIANGLE RAMP DATA 
The ramp rate of the triangle (or sawtooth) waveform is 
variously related to the distance between the two points 
to be drawn. For electromechanical plotters it is only 
necessary to ascertain which axis has to move the fur
thest and then scale the distance moved according to the 
equation. 

Ramp DAC data 
1 

Constant x Distance Moved 

Calculating reciprocal of the distance moved is usually 
done in the microcomputer since electromechanical plot
ters are relatively slow and there is adequate time to make 
the calculation. Note, however, that if a DAC is connected 
as the feedback resistor of an inverting amplifier, the 
amplifier output voltage is proportional to the reciprocal 
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of the digital code at the DAC inputs (see page 26 of 

"CMOS D/A Converter Application Guide"). This could be 
used as an analog "reciprocal taker" and scaler to ease 
the software burden on the microcomputer. 

In CRT displays the ramp data is directly proportional to 
the distance along the vector, i.e., Y(IlX)2 + (lly)2 and it 
is difficult to solve such an equation at high speed. Fortu
nately it is not necessary to encode the CRT intensity in
formation to a high degree of resolution and a lookup 
table method can be used. Addresses for the lookup table 
are generated by combining say the top 4-bits of Ilx with 
the top 4-bits of Ily to create an 8-bit address for the inten
sity lookup table. 

An alternative high speed method for evaluating either 
1/x or Yx2 + y2 is to use a logarithmic number scheme 
such as the FOCUS number scheme in reference 1. The 
FOCUS scheme makes it possible to do multiplication,di
vision, addition and subtraction by the use of only addi
tion and subtraction and lookup tables. A D/A converter 
(AD7118) is now available which accepts numbers en
coded according to the FOCUS scheme and delivers a 
proportional linear output current. Such a converter could 
be used for DAC 5and DAC 6 in Figure 8, although the 
AD7118 does not have an integral FIFO. 

SUMMARY 
This paper have been deliberately brief. It is intended to 
stimulate ideas rather than give definitive circuit designs. 
As mentioned in the introduction, the treatment has cen
tered on the design of graphics displays. This was done 
because a graphics display is something with which most 
engineers are familiar. However, graphics has the added 
complication that two channels of waveforms (x and y) 
are required whereas many applications, e.g., speech 
synthesis, only requires one channel. Fortunately most 
designers are experts at simplifying circuits. Graphic out
put from computers is becoming increasingly important; 
it is hoped that this article stimulates more engineers to 
design their own circuits. 

REFERENCE 
A. D. Edgar and S. C. Lee, "FOCUS" Microcomputer 
Number System, ":Commun. Ass. Comput. Mach. Vol 22, 
No.3 p.p. 166-177. March 1979. 
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Behind the Switch Symbol: 
Use CMOS Analog Switches More Effectively 

When You Consider Them as Circuits 

by Jerry Whitmore 

CMOS analog switches are widely used to make or break 
circuits in such applications as multiplexing and function 
switching. Ideally. they have zero resistance when closed. 
infinite resistance when open. no leakage. instantaneous 
glitch-free response. and no parasitic capacitance. While 
these assumptions are reasonably valid for low-fre
quency applications at moderate impedance levels. the 
good designer will always challenge them. to establish 
what errors may be introduced and even to determine 
whetperthe circuit configuration is viable. 

SWITCH CIRCUITS 
Figure 1 is a reasonable approximation of the circuitry in 
a single-pole dielectrically isolated CMOS switch (e.g .• 
AD7510DI or AD7590DI series).The dielectric isolation 
makes possible protection against latchup and over
voltage to ±25V beyond the supplies. Note that. for one 
polarity. conduction is via an N-channel FET; forthe other 
polarity. it is via a P-channel FET. The two types are not 
perfectly symmetrical. 

TTL 'A 
CONTROL 

INPUT 

.,------_---------0 Voo .15V 

(In-) 

I 
I 

I EFFECTIVE 

(

SWITCH 
LOCATION 

, 
I 
I 

~----........ -------__oVss -15V 
NOTE. CIRCLED DEVICES IN SEPARATE ISOLATED POCKETS. 

Figure 1. Typical Output Switch Circuitry of the AD7590DI 
Series 

Figure 2 is an equivalent circuit of a pair of adjacent 
switches. The parameters are defined in Table 1. There 
are three principal categories of error one should be con
cerned about: low-frequency errors due to resistances 
and current leakage (switch open or closed). high-fre
quency and signal-transient errors due to stray capaci-

Reprinted from Analog Dialogue 15-2, 1981. 

tances (switch open or closed) and dynamic errors due to 
switching transients while the state ofthe switch is chang
ing. Because of the present limitations of space. we shall 
for now consider just the first category. since it answers 
the most urgent question. "How well does the switch ac
tually work for low-frequency signals?" 

Cos 
Cs.Co 
RON 

S.D 
Css.Coo 

Open-switch capacitance 
Source. drain capacitance 
Series on resistance 
Sou,ce. drain; electrically interchangeable 
Capacitance between any two 

corresponding switch terminals 
ILKG Leakage currentofback-gate diode 

Table 1. Nomenclature 

Although the leakage currents of the P- and N-channel 
transistors (devices 4 and 5 in Figure 1) might appear to 
tend to cancel. they don't. since the P channel is three 
times larger than the N channel. Because of the size mis
match of the reverse-biased source-or-drain-to-back-gate 
diodes. plus the differing lot-to-Iot variations in break
down voltage ofthe diodes. it is difficult to predict leakage 
or its tempco. However. maximum values at 25°C and 
overtemperature are specified and 100% tested. 

SI 01 

-ILKG~ 

Css Voo Voo 
COD 

-+ILKG ,+llKG 

52 02 

,-ILKG 

Vss Vss 

Figure 2. Equivalent Circuit of a Pair of Adjacent Switches 

Figure 3 shows the factors affecting dc performance for 
the on switch condition and how the various parameters ~ 
affect the output voltage. Figure 4 shows typical curves of U. 
RON. as they appear on the product data sheet. They indi-
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cate how RON, is affected, as a function of input voltage, 
by supply voltages and by temperature. RON is lower and 
less signal-dependent at the higher supply voltages and 
lower temperatures. 

SWITCH r----, 
I I 
I IL~G • 10 OR Is ON 

S I 0 
r--.Mr-<>+I .... RIVON~~~I --_~..-.o VOUT 

,- ___ ...J 

v v [ R, OAP J + I [_&.QAQ_!.~.Q!i.~.!!~ ] 
OUT'"' IN RG + RON + RLOAD lKG ~-+-RON-+ RLOAO 

If RG·-O. 

VOUT' V,N [~]+ ILKG[~ ] ~+RON RloAo-+ RON 

Figure 3. Effective Circuit of Switch in the ON Condition 
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1--+-+--+-+--1--1 200+--+-+- ~~~:_~~~V_ 

r-~-+-~---+--+-~150+---l---+--+--+--1 

100 

TA - +25"C 

50 
T. -1-55"C 

-12 -10 -8 -6 -2 10 12 

Vo (Vsl (VI 

b. RON VS. VO (Vs), as a Function of Temperature 

Figure 4. RON vs. Input Voltage as a Function of Supply 
Voltage and Temperature 

How to minimize the influence of variable RON on circuit 
accuracy: Figure 5 shows a problem circuit-an inverting 
amplifier with four switched inputs. RON, in series with the 
10-kilohm input resistor, affects the circuit gain. Even if it 
is compensated for at one level of supply voltage and 
analog input voltage, the input's variations will cause the 
gain to change and degrade the gain accuracy. 

VOUT 

Figure 5. Unity-Gain Inverter with Switched Input 

The most obvious solution-if the amplifier doesn't have 
to invert or act as a precision attenuator-is to use the 
amplifier in a non inverting mode, as shown in Figure 6. 
Since there are no resistors in series, there is no effect on 

gain. 

VOL. /,21-50 APPLICA TION NOTES 

10 110V VIN1 

±10V VIN2 

'10V V,N3 

,10V VIN4o..--1i--c1--NV<>-I--" 
RON ~ 
loon 

Figure 6. Noninverting Solution 

VOUT 

Another solution (Figure 7) is to connect the quad switch 
at the amplifier's summing point. Then the switch sees 
only millivolts-rather than volts-of signal variation, 
minimizing the variation of RON with signal. This solution 
can impair bandwidth, since capacitance Cs may require 
a capacitor in parallel with the feedback resistor for com
pensation. Also, ILKG, flowing through the feedback resis
tor, may cause significant error, depending on the accu
racyrequirements.(~VouT=ILKG x RF). 

QUAO 
SWITCH 

IlKG 
10k 

,10V 

'10V 
10k 

110V 

10k 
,10V 

Figure 7. Connecting Switch at the Summing Point 

Another possible solution is to use larger values of input 
and feedback resistance (Figure 8). Then the ~RON varia
tions will be small compared to the 1- megohm load. How
ever, bandwidth will be affected by the larger R-C time 
constants. 

VOUT 

Figure 8. Using Larger Values of Resistance 

Figures 7 and 8 do not compensate forthe effects of varia
tion of RON with temperature. A circuit that provides good 
compensation (Figure 9) uses one of the switches, wired 
on, in series with the feedback resistor. Its RON will tend 
to track that of the other switches on the same substrate 
with temperature; thus the feedback and input resis
tances will tend to track quite well, keeping the gain 
constant. 

RF 
10k 

R210k 

R310k SW4 VOUT 

I 

CMOS SWITCH :!: Cs OF 

.. \~:SWITCHES 

Figure 9. Switch in Series with Feedback Resistor to 
Compensate Gain 

The principal dc effect in the switch off condition is that 
of ILKG (lD OFF or Is OFF), which will bias the output of a cir
cuit by ILKG x RL. Polarity ofthe error is determined by the 
dominant leakage polarity of a given switch. 
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Selection Guides for Product Categories 
Not Included in This Volume 

SIGNAL CONDITIONERS 

/ CURRENT (4 TO 20mA) OUT 

ITO'; VTOI / TRANSMITTERS J 
~:: /1 /! /$~/i /1 /1 /1 / 

Input Sensor Thermocouple • • 
RTDI • • 
AD590/AC2626 Temperature Sensor • 
Resistance Bridge 

Input Signal Millivolts • • 
Volts • • 
4 to 20mA • 

·Output o to ±5V 
o to ±10V 
o to 20mA • 
4 to 20mA • • • • • • • • 
10 to 50mA • 
±15V Power 

Special Features Transducer Excitation • • • 
Open Input Detection • • • 
Cold Junction Compensation • • 
Input/Output Isolation • • • 
Channel to Channel Isolation 

Signal Filter • • • 
Linearization • 
Common Mode Rejection> 140dB • 

Power Required Loop Powered • .2 • • • • • 
+14V to +32V • • 
±15V 
115V 60Hz Line 

Mechanical Module • • • • 
Metal Case • • • • • 
Input Screw Terminals • • • • 
Output Screw Terminals • • • • 
#22 AWG Input/Output Leads • 

Volume II 
Page 9-25 9-9 9-13 9-35 9-35 9-47 9-51 9-53 

I Resistance Temperature Detector. 
2 Provides 4 to 20rnA ou t or may modulate Loop Power. 
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--
/ VOLTAGE OUT 

/ / MILLIVOLTS IN 7 
/ SINGLE- 7 MULTI- 7 CHANNEL CHANNEL 

Ili/I/;/!/!/!/;1 
Input Sensor Thermocouple • • 

RTDI • 
AD590/AC2626 Temperature Sensor 
Resistance Bridge • • 

Input Signal Millivolts • • • • • 
Volts • • 
Line Power • 

Output o to ±5V • • • • 
o to ±lOV • • • 
0.1 to lOrnA • 
4 to 20mA 
10 to 50mA 
±15V Power • 

Special Features Transducer Excitation • .1 • 
Open Input Detection • • • 
Cold Junction Compensation • • 
Input/Output Isolation • • • • 
Channel to Channel Isolation -. • 
Signal Filter • • • • • • 
Linearization 
Common Mode Reiection > 140dB • • • • • 

Power Required Loop Powered 
+14V to +32V 
±15V • • • • • • • 
115V 60Hz Line • 

Mechanical Module • • • • • • • • 
Metal Case 
Input Screw Terminals • 
Output Screw Terminals 
#22 AWG Input/Output Leads 

Volume II 
Page 9-19 9-19 9-31 9-25 9-37 9-37 9-43 9-29 

I R .. istance Temperature Detector. 
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DIGITAL PANEL INSTRUMENTS 

For the purpose of selection, the instruments in this section are divided into three classes, each having its own 
Selection Guide: 

1. 3- to 4 3/4-digit panel meters for general applications, powered by de voltage furnished by the 
user's instrumentation-system +5V logic supply 

2. 3- to 4 3/4-digit panel meters for general applications, powered by ac line voltage, and 
including multi-channel scanning and true-rms types 

3. Single- and scanning multi-channel digital temperature meters for measurements with thermo
couples, RTDs, thermistors, and AD590 semiconductor temperature sensors 

The Selection Guides permit all the devices in each class to be compared in terms of their salient features, to narrow the 
field of choice to one or two devices, for which page locations are given. The data sheets in this Volume have technical 

(continued on the next page) 

L LOGIC (+5V) POWERED DIGITAL PANEL METERS / 
~ ~ ~ ~ ~ ~ ~ ~1,j,~!!~/ . ~~ ~~ ~~ . ~~ ~~ ~~ ~~ 

Digits; F.S. Range 3; -99 to +999mV • 
3Vz; ±199.9mV • • 

±1.999V • • 
±19.99V • 

4 1h; ±1.9999V • • 
±19.999V • 

4%; ±3.9999V • 
±39.999V 

, • 
Input Type Ltd. Differential • • • • • 

Differential • 
Floating • 

Data Outputs N/A 
Character Serial • • • 
Parallel BCD • • • 
Parallel BCD Latched • • 

Display Type LED • • • • • • 
Beckman • 

Display Size 0.5/13 0.55/14 0.2717 0.5/13 0.2717 0.43/11 0.43/11 

Case Depth l in/mm 0.65/17 4.08/104 0.84/21 1.31133 2.52/64 4.08/104 4.08/104 

Volume 11 
Page 16-41 16-15 16-23 16-31 16-13 16-33 16-37 

I All logic powered DPMs use industry standard case with 3.175" X 1.810" (80.65 X 45.97mm) cutout. All ac-powered DPMs except 
AD2006 use industry standard case with 3.930" X 1.682" (99.82 X 42.72mm) cutout. AD2006 uses same case as logic powered DPMS. 
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descriptions, specifications, and in many cases, applications information. Complete data sheets for most of these instru
ments, with further inform,ation on application and use of the products, are available upon request. General information 
on digital panel instruments can be found in the pages that follow the Selection Guides. 

For temperature instrumentation, there are a number of other products dedicated to temperature measurement, includ
ed in this Databook, that may be of interest. They are to be found in these sections: Transducers & Signal Conditioners, 
pMAC-4OOO Intelligent Measurement-and-Control Subsystems, and MACSYM. Power supplies for excitation of system
powered panel instruments may be found in the Power Supply section. 

Finally, in the Synchro & Resolver Conversion section, there are the benchtop API1620 and API1718 Angle Position 
Indicators, which accept synchro or resolver input, convert to digital, and provide a 5-digit numerical LED display of 
the angle, and a 5-decade BCD or 16-bit binary data output. 

/ AC-POWERED DIGITAL PANEL METERS / 
~ ~~ ~~ ~..., ~ ~, ~ ~ I "I ~I ~/·I ~ ~! ~I ~/ ~'V ! ~'V , ! ! f ~'V ~"Y 

6-Channel Scanning • 
Digits; F,S. Range 3; -99 to +999rn V • 

3Y2; ±199.9mV • • .1 • 
±1.999V • • • .1 • 
±19.99V • • .1 
199.9V .1 
600V .1 

4Vz; ±1.9999V • 
±19.999V • 

4%; ±3.9999V • 
±39.999V • 

Input Type Single Ended • 
Ltd. Differential • • • 
Differential • • 
Floating • • • 
True RMS • 

Data Outputs N/A 
Character Serial • • • • 
Parallel BCD • • • • • • 
Parallel BCD Latched • 

Display Type LED • • • • • • 
Beckman • • 

Display Size 0.5/13 0.55/14 0.55/14 0.5/13 0.5/13 0.43/11 0.43/11 0.5/13 

Case Depth2 in/mm 2.44/63 4.08/104 4.15/105 4.15/112 4.48/114 4.48/114 4.48/114 5.80/147 

Volume II : 

Page 16-41 16-15 16-19 16-27 16-43 16-33 16-37 16-49 

J Full scale inputs when reading out in dB are sOOrnv, SV, SOV, SOOV and 62SV rms. 
2 All logic powered DPMs use industry standard case with 3.175" X 1.810" (80.65 X 45.97mm) cutout. All ac-powered DPMs except 
AD2006 use industry standard case with 3.930" X 1.682" (99.82 X 42.72mm) cutout. AD2006 uses same case as logic powered DPMs. 
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L DIGITAL TEMPERATURE METERS / 

/////l///l/// ~ (;;J"V (;;J"V (;;J"V (;;J"V (;;J"V 
~ ~ ~ ~ ~ ~ 

Input Number of 1 • • • 
Channels 6 • • • 

Sensor Thermocouple Switch Selected • 
(Determines Type User Specified • • 
Temperature J, K, T • • • 
Range) E, R,S • • 

AD590 (-55°C to +150o C) • • 
RTD • 
Thermistor • 

Features Self-Calibration • • 
Cold-Junction Compensation • • • 
Linearization • • • 
Isolation • • • .1 .1 

Readout Digits 3+,2- • 
3~ • • • • • 

LED 0.5",13mm • • • • 
Display Height 0.56", 14.3mm • • 

Digital Isolated Parallel BCD • • • 
Data Output 7-Bit Character-Serial ASCII • • 
Analog Voltage • • • • • 
Output 4-to-20mA Current Loop • • 
Power AC Line • • • • • 
Supply DC . +7V to +15V • • 

+5V • 
Volume II 

Page 16-47 16-49 16-49 16-51 16-55 16-55 

I AC line-operated versions. 
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MICROCOMPUTER ANALOG I/O SUBSYSTEMS 

Analog Devices Real-Time Interface (RTI) products provide a 
direct memory-mapped interface between popular microcom
puters and analog input and output signals. Each RTI board 
is electrically and mechanically compatible with the bus it is 
designed to interface with. No additional interface logic or 
power are required for the board, which plugs directly into 
the microcomputer card cage .. 

As the Selection Guide indicates, there are Input-only, Output-

/ 

only, and-in most cases-Input/Output cards available for 
each bus typ,e. Within each card family, there are optional 
features available to provide a close fit to the individual 
user's application. 

The Selection Guide provides selection information in capsule 
form, permitting card types to be/matched to desired features. 
Additional information and complete specifications are pro
vided on the individual card or family data sheets. 

MICROCOMPUTER BUS COMPATIBILITY / 
INTEL PRO-LOG 

NATIONAL MOSTEK I MULTIBUSTM I STD BUS / 
;/;:«~tiiii01 ~ ~ ~ ~ ~.... ~ ~ ~ ~ ~ 

~ ~ ~ ~ ~ ~ :: :: :: ~ 
$ $ $ $ $ $ $ $ $ $ 

Board Type Input • • • • • 
Input/Output • • • 
Output • • 

Channel Capacity Input 
(Single ended/ 

differential) 16/8 16/8 32/16 32116 16/8 16/8 16/8 32/16 
Output 2 2 4 2 4 

Input Resolution 10 Bits • • 
12 Bits • • • • • • 

Output Resolution 8 Bits • 
12 Bits • • • • 

Additional Features 
DC/DC Converter • • • • • • • • • • 
Software PGA 

Gains of 1,2,4, 8V/V • • • • 
Resistor PGA 

Gains of 1 to 1000V IV • • 
4-20mA Output • • • • 
Digital Output Drivers • • • • • 

Volume II 
Page 17-5 17-5 17-5 17-5 17-7 17-9 17-11 17-11 17-19 17-19 

MULTIBUS is a trademark of Intel Corporation. 

(continued on the next page) 
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Board Type Input 
Input/Output 
Output 

Channel Capacity Input 

Input Resolu tion 

(Single ended/ 
differential) 

Output 

10 Bits 
12 Bits 

Output Resolution 8 Bits 
12 Bits 

Additional Features 
DC/DC Converter 
Software PGA 

Gains of 1, 2,4, 8VIV 
Resistor PGA 

Gains of 1 to 1 OOOV IV 
4-20mA Output 
Digital Output Drivers 

Volume II 
Page 

/ 
MICROCOMPUTER BUS COMPATIBILITY / 

~------~~----------~--------~ 

!ICR::~::~~A/ INS~~~~ENT / DEC / 

BUS TM990 BUS LSI BUS 
~-+----r----r--~--,-----.f 

/;iii/;/;iii»1 
• 

• 

32116 32116 
2 

• • 

• 
• • 
• • 
• 

• 

4 

• 
• 

• 
• 

• 
• 

32116 32116 

• 

• 
• 
• 

2 

• 

• 
• 
• 
• 

• • 
• • • 

32116 16/8 
4 8 2 4 

• • 
• • • • 
• • • • • 

• 
• • 

• • • 
17-13 17-13 17-13 17-15 17-15 17-15 17-15 17-17 17-17 17-17 
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a 

AC/DC AND DC/DC POWER SUPPLIES 

MODULAR AC/DC POWER SUPPLIES 
SPECIFICATIONS (typical @ +25°C and 115V ac 60Hz unless otherwise noted) 

Output Output Line Reg. LoadReg. Output Ripple & 
Voltage Current Max Max Voltage Noise Dimensions 

Type Model Volts rnA % % Error Max mV rms Max Inches 

915 ::!:: IS ::!::25 0.2 0.2 ± 1% 1 3.5 x 2.5 x 0.875 
90-+ ::!:: IS ± SO 0.02 0.02 ±200mV 0.5 3.5 x 2.5 x 0.875 

-OmV 
902 ± IS ± 100 0.02 0.02 +300mV 0.5 3.5 x 2.5 x 1.25 

Dual 
-OmV 

902-2 ± IS ± 100 0.02 0.02 +300mV 0.5 3.5 x 2.5 x 0.875 
Output -OmV 

920 ± IS ±200 0.02 0.02 +300mV 0.5 3.5 x 2.5 x 1.25 
-OmV 

925 ::!:: IS ::!:: 350 0.02 0.02 ±1% 0.5 3.5 x 2.5 x 1.62 

'"0 921 ± 12 ±240 0.02 0.02 +300mV 0.5 3.5 x 2.5 x 1.25 
~ :""OmV 
§ 

906 250 0.04 3.5 x 2.5 x 0.875 0 0.02 ±1 
~ 903 500 0.02 0.04 ±1 3.5 x 2.5 x 1.25 
"E Single 
~ Output 90S 1000 0.02 0.05 ±1 1 3.5 x 2.5 x 1.25 
0 

922 2000 0.02 0.05 ±1 1 3.5 x 2.5 x 1.62 CI:l 
U e928 3000 0.05 0.10 ±2 5 (typ) 3.5 x 2.5 x 1.25 Q.. 

923 ± IS ± 100 0.02 0.02 ±1 0.5 3.5 x 2.5 x 1.25 
+5 500 0.02 0.05 ±1 0.5 

e926 ± IS ± ISO 0.02 0.02 ±2 0.5 (typ) 3.5 x 2.5 x 1.62 
+5 300 0.02 0.10 ±2 1.0 (typ) 

Triple e927 ::!:: IS ± ISO 0.02 0.02 ±2 0.5 (typ) 3.5 x 2.5 x 1.62 
Output +5 1000 0.02 0.10 ±2 1.0 (typ) 

2B35J ::!:: IS ± 65 0.08 0.1 (- 0, + 300mV) 0.5 3.5 x 2.5 x 1.25 
+ 1 to + 15* 125 0.08 0.1 0.25 

2B35K ± IS ±65 0.01 0.02 (-0, +300mV) 0.5 3.5 x 2.5 x 1.25 
+ 1 to + 15* 125 0.01 0.02 0.25, 

t 952 ± IS ± 100 0.05 0.05 ±2 4.4 x 2.7 x 1.44 
Dual 970 ± IS ±200 0.05 0.05 ±2 .1 4.4 x 2.7 x 1.44 

'"0 Output 973 ± IS 
IU 

± 350 0.05 0.05 ±2 4.4 x 2.7 x 2.00 
C 975 ± IS ± 500 0.05 0.05 ±2 4.4x2.7x2.00 
:::l 
0 Single 955 1000 0.05 0.15 ±2 2 4.4x2.7x 1.44 ~ 
<IJ Output e976 3000 0.05 0.10 ±2 5 (typ) 4.75 x 2.7 x 2.00 . iii 
<IJ e972 ::!:: IS ::!:: ISO 0.02 0.02 ±2 0.5 (typ) 4.75 x 2.7 x 1.45 ~ 

...c: 
U Triple +5 300 0.02 0.10 ±2 1.0 (typ) 

• 
Output e974 ::!:: IS ± ISO 0.02 0.02 ±2 0.5 (typ) 4.75x2.7xl.4S 

+5 1000 0.02 0.10 ±2 1.0 (typ) 

·!{l:,i,lor Programmable 
eNew product since 1980 Data-Acquisition Components and Subsystems Caialog 
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MODULAR DC/DC CONVERTERS 
SPECIFICATIONS (typical @ + 25°C over the full range of input voltages unless otherwise noted) 

Input 
Output Output Input Voltage Input Output Temperature Efficiency 
Voltage Current Voltage Range Current Voltage Coefficient Full Load Dimensions 

Model Volts rnA Volts Volts Full Load Error Max rCMax Min Inches 

943 5 1000 5 4.65/5.5 1.52A ±: 1% ±:0.02% 62% 2.0 x 2.0 x 0.375 
e957* 5 100 5 4.5/5.5 . 200mA ±:5% ±: 0.01% (typ) 50% 1.25 x 0.8 x OA 
e958 5 100 5 4.5/5.5 200mA ±:5% ±: O.OI%(typ) 50% 1.25xO.8xOA 

941 ±: 12 ±: 150 5 4.65/5.5 1.17A ±:0.5% ±:0.01% 58% 2.0 x 2.0 x 0.375 
e959* ±: 12 ±: 40 5 4.5/5.5 384mA ±:5% ±: O.OI%(typ) 50% 1.25 x 0.8 x OA 
e960 ±: 12 ±: 40 5 4.5/5.5 384mA ±:5% ±:O.OI%(typ) 50% 1.25 x 0.8 x OA 
e961* ±: 15 ±: 33 5 4.5/5.5 396mA ±:5% ±: 0.01% (typ) 50% 1.25 x 0.8 x OA 
e962 ±: 15 ±: 33 5 4.5/5.5 396mA ±:5% ±: 0.01% (typ) 50% 1.25 x 0.8 x OA 
e963* ±: 15 ±: 33 12V 10.8/13.2 165mA ±:5% ±: O.OI%,(typ) 50% 1.25 x 0.8 x OA 
e964 ±: 15 ±: 33 12V 10.8/13.2 165mA ±:5% ±: 0.01% (typ) 50% 1.25 x 0.8 x OA 
e965 ±: 15 ±: 190 5V 4.65/5.5 1.7A ±: 1% ±: 0.005% (typ) 62% (typ) 2.0 x 2.0 x 0.38 
e966 ±: 15 ±: 190 12V 11.2/13.2 7l0mA ±: 1% ±: 0.005% (typ) 62% (typ) 2.0 x 2.0 x 0.38 
e967 ±: 15 ±: 190 24V 22.3/26A ' 350mA ±: 1% ±: 0.005% (typ) 62% (typ) 2.0 x 2.0 x 0.38 
e968 ±: 15 ±: 190 28V 26/30.8 300mA ±: 1% ±:0.005%(typ) 62% (typ) 2.0 x 2.0 x 0.38 

949 ±: 15 ±: 60** 5 4.65/5.5 0.6A ±:2% ±:0.03% 58% 2.0 x 1.0 x 0.375 
940 ±: 15 ±: 150 5 4.65/5.5 1.35A ±:0.5% ±:0.01% 62% 2.0 x 2.0 x 0.375 
953 ±: IS ±: 150 12 11113 0.6A ±:0.5% ±:0.01% 62% 2.0 x 2.0 x 0.375 
945 ±: 15 ±: 150 28 23/31 250mA ±:O.5% ±:0.01% 61% 2.0 x 2.0 x 0.375 
951 ±: 15 ±:41O 5 4.65/5.5 3.7A ±:0.5% ±:0.01% 62% 3.5 x 2.5 x 0.88 

*Unfiltered Models 
**Singlc-ended or unbalanced operation is permissible such that total output current load does not exceed a total of l20mA. 
eNew product since 1980 Data-Acquisition Components and Subsystems Catalog 
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Product Families Not in this Databook. 
(But Still Available) 

The information published in this Databook 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 or in designs for which they are uniquely 
suitable. Data sheets on these products are available upon request. 

AD 108/208/308 ADC-lOZ RTI-1220 148 
AD 108A/208A/308A ADC-12QZ RTI-1221 165 
ADI11/211/311 ADC-14I117I SCDX1623 180 
AD351 ADC-16Q SCM 1677 183 
AD502 ADCll00 SDC1604 184 
AD511 ADCII02 SHA-IA 230 
AD512 ADCl103 SHA-2A 232 
AD514 ADCll05 SHA-3 233 
AD520 ADCll09 SHA-4 260 
AD523 ADCll 11 SHA-5 272 
AD528 ADCl133 SHA-l114 273 
AD530 BlOO SHA-l134 275 
AD531 BDM16151l6161l617 SMClO07 276 
AD559 DAC-M SMXlO04 285 
AD801 DAC-QG SMX2607 288 
AD2003 DAC-QM SRXlO05· 310 
AD2008 DAC-QS SRX2605 311 
AD2020 DAC-QZ STXlO03 424 
AD2022 DAC-lODF STX2603 426 
AD2023 DAC-lOZ 40 428 
AD3900 Series DAClO09 42 432 
AD7513 DACl118 43 434 
AD7519 DAC1125 44 435 
AD7570 DACl132 45 440 
AD7583 DACl137 46 441 
ADC-QM DAS1150 105 452 
ADC-QU DAS1151 118 605 
ADC-8S DGM1040 119 606 

MDA-F 141 610 
MDA-lOZ 146 751 

752 
756 
934 
942 
944 
946 
947 
956 
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Substitution Guide for Product Families 
No LO'nger 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, get in touch with Analog Devices. 

Closest Closest 
Recommended Recommended 

Model Equivalent Model Equivalent 

AD501 AD511 107 118 
AD 505 ADS09 108 52 
ADS08 AD517 110 48 
AD513 AD503 III AD308 
AD516 AD506 114 119 
AD550 None 115 43 
AD551 None 120 50 
AD553 None 142 48 
AD555 AD7519 143 52 
AD810-813 None 149 50 
AD814-816 None 153 AD517 
AD818 None 161 165 
AD820-822 None 163 165 
AD830-833 None 170 171 
AD835-839 None 220 234 
AD840-842 None 231 233 
AD7516 AD7510DI 274J 284J 
ADCll21 AD7S50 279 286J 
ADM501 ADM5011506 280 281 
ADP501 ADP511 282J 292A 
DAC-10H DAC-10Z 283J 292A 
DACll12 DAC12QS 301 (module) 52 
DAC 11 22 AD7541 302 310 (module) 
IDCl703 IRDC173011731 350 None 
MDA-LB None 427 424 
MDA-LD None 602JlO AD612 
MDA-UB None 602J100 AD612 
MDA-UD None 602KI00 AD612 
MDA-8H MDA-I0Z 603 AD612 
MDA-10H MDA-lOZ 901 904 
MDA-11MF AD7521 907 921 
SERDEX J.LMAC-4000 908 921 
SHA-6 SHAl144 909 921 
SSCTl621 None 931 None 
TSDC1608-1611 TSL1612 932 None 
2N3954 None 933 None 
2N5900 None 935 None 
41 AD515 948 947 
47 48 971 921 
101 (module) 45 
102 48 
106 118 
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Analog Devices provides a wide array of FREE technical publi
cations. These include data sheets for all products, catalogs, 
Application Notes and Guides, and two serial publications: 
Analog Productlog, a digest of new-product information, and 
Analog Dialogue, our technical journal, with in-depth discussions 
of products, technologies, and applications. 

In addition to the free publications, three technical handbooks, 
a set of Analog-Digital Conversion Notes, and Synchro and Resolver 
Conversion, published at the end of 1980, are available at reasonable 
cost. 

A brief description of this literature appears below. If you would 
like copies, or if you want to receive Analog Productlog and 
Analog Dialogue, please get in touch with Analog Devices or 
your nearby sales office. 

CATALOGS 
DATA ACQUISITION PRODUCTS DATABOOK (this book) 
Two volumes of data sheets for all Analog Devices ICs, hybrids, 
modules, and subsystems recommended for new designs .. 

1981-1982 SHORT-FORM GUIDE to Electronic Products for 
Precision Measurement & Control 
A 48-page catalog of all ADI Products. 

APPLICATION NOTES AND GUIDES 

ISOLATION AND INSTRUMENTATION AMPLIFIER 
DESIGNERS GUIDE 
This guide explains, in detail, the differences between isolation 
and instrumentation amplifiers, and the applications for which 
each type is optimized (24 pages). 

MULTIPLIER (Analog) APPLICATION GUIDE 
Over 30 workable applications for the ubiquitous, ~1Ultiplier. 
Circuits, specifications and theory (50 pages). 

APPLICATION GUIDE TO CMOS MULTIPLYING D TO 
A CONVERTERS 
This 44-page guide includes detailed information on the internal 
design and successful application of CMOS MDACs. Typical 
circuits discussed include measurement, function generation, 
programmable filters, and audio control. 

IC VOLTAGE TO FREQUENCY CONVERTER APPLI
CATION NOTES 
Twenty-four pages of V to F converter applications. 

A USER'S GUIDE TO IC INSTRUMENTATION 
AMPLIFIERS 
Application note tells how they work, explains their specifications 
and provides an example of error budget computation (12 
pages). 

AN IC AMPLIFIER USER'S GUIDE TO DECOUPLING, 
GROUNDING, AND MAKING THINGS GO RIGHT FOR 
A CHANGE (8 pages) 
A down-to-earth application note on the often ignored topic of 
ground management in combined analog and digital systems. 

Technical Publications II 

UNDERSTANDING HIGH SPEED (Video) AID CONVER
TER SPECIFICATIONS 
A sixteen-page profusely illustrated application note. 

DESIGNER'S GUIDE TO HIGH-RESOLUTION 
PRODUCTS 
20-page brochure describes how to use 14-, 16-, and 18-bit Data 
Converters and where to apply them. 

MACSYM SYSTEM NOTES: 
Multitasking, RS-232 Interface, and P-I-D Control Loops 

BOOKS 
SYNCHRO& RESOLVER CONVERSION (1980) 
Edited by Geoffrey Boyes 
Everything you need to know about interfacing synchros, resolvers, 
and Inductosyns ™ to digital and analog circuitry. $1l. 50 

TRANSDUCER INTERFACING HANDBOOK (1980) 
A Guide to Analog Signal Conditioning 
Edited by D.H. Sheingold 
A book for the electronic engineer who must interface temperature, 
pressure, force, level or flow transducers to electronics, these 
260 pages tell how transducers work-as circuit elements-and 
how to connect them to electronic circuits for effective processing 
of their signals. Hardcover $14.50 

MICROPROCESSOR SYSTEMS HANDBOOK (1977) 
by Dr. D. Philip Burton and Dr. A. L. Dexter 
Two hundred pages of concise explanation of microprocessor 
hardware and software, and how to interface to AID and D/A 
converters. Hardcover $9.50 

ANALOG-DIGITAL CONVERSION NOTES (1977) 
Edited by D.H. Sheingold 

. A 250-page guide to AID and 01 A converters and their applications, 
illustrated by more than 275 diagrams and tables. $5.95 

NONLINEAR CIRCUITS HANDBOOK (1974) 
Edited by D. H. Sheingold 
A 540-page guide to multiplying and dividing, squaring and 
rooting, rms-to-dc conversion, and multifunction modules with 
325 illustrations. Principles, circuitry, performance, specifications, 
testing, and applicatbn of these devices. $5.95 
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Worldwide Service Directory 

North America 
Alabama Kansas New Hampshire South Dakota 

(205) 536-1506 (8) *(3~ 2) 653-5000 (8) *(617) 329-4700 (8) *(312) 653-5000 (8) 

Alaska (913) 888-3330 (e) New Jersey (612) 835-2414 (e) 

*(617) 329-4700 (8) (913) 649-6996 (S) *(617) 329-4700 (8) 
Tennessee 

*(714) 842-1717 (8) Kentucky *(215) 643-7790 (8) 
(205) 536-1506 (8) 

*(312) 653-5000 (8) *(201)967-1126 (S) 
Arizona 

(317) 244-7867 (e) (516) 673-1900 (e) Texas 
*(714) 842-1717 (8) *(214) 231-5094 (8) 

(602) 949-0048 (e) (513)426-5551 (e) New Mexico *(713) 664-6704 (e) 
Louisiana (505) 262-1416 (8) 

*(713) 664-5866 (S) Arkansas 
*(214) 231-5094 (8) *(713) 664-6704 (e) New York Utah 
*(713) 664-6704 (e) *(713) 664-5866 (S) *(617) 329-4700 (8) *(714) 842-1717 (8) 
*(713) 664-5866 (S) Maine *(201) 967-1126 (S) (801) 268-8707 (e) 

*(617) 329-4700 (8) (516)673-1900 (e) 
(315) 454-9314 (e) Vermont 

California Maryland (800) 962-5701 (e) *(617) 329-4700 (8) 
*(714) 842-1717 (8) 
*(408) 947-0633 (8) 

*(215) 643-7790 (8) 
North Carolina Virginia 

(301) 799-7490 (e) 
(919) 273-3040 (e) (301) 799-7490 (e) 

Colorado (301) 788-2380 (S) 
*(714) 842-1717 (8) (919) 373-0380 (S) (804) 276-3979 (S) 

Massachusetts 
(303) 443-5337 (e) *(617) 329-4700 (8) North Dakota Washington 

Connecticut *(312) 653-5000 (8) *(206) 251-9550 (e) 

*(617) 329-4700 (8) 
Michigan (612)835-2414 (e) (206) 451-8223 (S) 
*(312) 653-5000 (8) 

(516) 673-1900 (e) *(313) 644-1866 (S) Ohio West Virginia 

Delaware (313) 882-1717 (e) *(614) 764-8795 (e) *(614) 764-8795 (e) 

*(215) 643-7790 (8) *(216) 531-9455 (S) (412) 487-3801 (e) 
Minnesota *(614) 764-8870 (S) (804) 276-3979 (S) 

Florida *(312) 653-5000 (8) (216) 321-3328 (e) Wisconsin 
(305) 855-0843 (8) (612) 835-2414 (e) (513) 426-5551 (e) *(312) 653-5000 (8) 

Georgia Mississippi Oklahoma (414) 784-7736 (e) 
(404) 476-3107 (8) (205) 536-1506 (8) *(214) 231-5094 (8) Wyoming 

Hawaii Missouri *(713) 664-6704 (e) *(714) 842-1717 (8) 
*(714) 842-1717 (8) *(312) 653-5000 (8) Oregon (303) 443-5337 (e) 

Idaho (314) 725-5361 (e) *(206) 251-9550 (e) Puerto Rico 
*(206) 251-9950 (e) (314) 878-5042 (S) (503) 641-4463 (S) *(617) 329-4700 (8) 

(303) 443-5337 (e) Montana Pennsylvania (305) 855-0843 (S) 
(206) 451-8223 (S) *(714) 842-1717 (8) *(215) 643-7790 (8) Canada 

Illinois (303) 443-5337 (e) .*(614) 764-8795 (e) (416) 625-7752 (8) 
*(312) 653-5000 (8) Nebraska *(216) 531-9455 (S) (613) 722-7667 (8) 

(312) 446-9085 (e) *(312) 653-5000 (8) (412) 487-3801 (e) (514) 694-5343 (8) 

Indiana (913) 888-3330 (e) Rhode Island (604) 984-4141 (8) 

*(312) 653-5000 (8) Nevada *(617) 329-4700 (8) Mexico 
(317) 244-7867 (e) *(408) 947-0633 (8) South Carolina *(617) 329-4700 (8) 

Iowa *(714) 842-1717 (8) (919) 273-3040 (e) 

*(312) 653-5000 (8) (505) 262-1416 (8) (803) 254-1971 (S) 

(312) 446-9085 (e) 
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International 
, 

Argentina Hong Kong NewZealand Switzerland 
37-9890 (e) *(617) 329-4700 (B) 595-525 (B) *022/315760 (B) 

Australia (U.S.A.) 598-202 (B) Taiwan 
02/4393288 (B) India 850-243 (B) 027710940 (e) 
5807444 (B) 664850 (B) 67-692 (B) 027016462 (S) 

Austria Ireland Norway United Kingdom 
235-5550 (B) *019410466 (B) (02)604697 (B) *019410466 (B) 

Belgium 
(United Kingdom) 

People's Republic Israel West Germany 
*031/374803 (B) *052-28995 (B) of China *089/514010 (B) 

Brazil 
*(617) 329-4700 (B) *04187381 (B) 

230-0277 (e) 
Italy (U.S.A.) *0721616075 (B) 
*02/6898045 (B) Romania 

CMEA COUNTRIES *6894924 (B) *030316441 (B) 
*022131 5760 (B) *0221686006 (B) 

*022/315760 (B) 02/9520551 (e) (Switzerland) 
(Switzerland) 051/555614 (e) Singapore Yugoslavia 

0222/859304 (e) 0491652909 (e) 2723023 (B) *022/31 5760 (B) 

(Austria) 06/316204 (e) 
South Africa 

(Switzerland) 

Denmark 55/894115 (e) 

*02/845800 (B) 011/6503271 (e) 786-5150 (B) 
37-9224 (B) 

Finland Japan 
Spain 

90-738265 (B) *032636826 (B) 
*063721814 (B) 93/3017851 (B) 

France 91/4563151 (B) 
*01-687-3411 (B) Korea 94/4150893 (B) 
*76222190 (B) 423-3101/5 (B) 

Sweden 
*61408562 (B) Malaysia *08-282740 (B) 
*33260761 (B) 2723023 (e) 

Holland (Singapore) 
*016/20-51080 (B) 

* ANALOG DEVICES, INC. DIRECT SALES OFFICES 
B-ALLPRODUCTLINES 
C- COMPONENT & COMPONENT TEST SYSTEMS 
S-SYSTEMS 

WORLDWIDE HEADQUARTERS 
ONE TECHNOLOGY WAY. P.O. BOX 280. NORWOOD, MASSACHUSETTS 02062 U.S.A. 
Tel: (617) 329-4700, FAX: (617) 326-8703, Twx: (710) 394-6577, Telex: 924491 
Cable: ANALOG NORWOODMASS 

r-IANALOG 
WOEVICES 
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