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formance.

This data book describes Harris Semiconductor’s complete
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Ordering Information

Harris proprietary Analog products are designated
by ‘‘Harris Product Code’’. These products will
always begin with the letter H and specific device
numbers are isolated by hyphens. “Industry
standards’’ are identified by their standardized

part numbers and product. Examples of both
product codes are shown below. When ordering,
please refer to products by the full code identi-
fication.

HARRIS PRODUCT CODE EXAMPLE

H A

PREFIX: -J
H (Harris)
FAMILY:
A — Analog
C — Communications
D — Digital
| — Interface
M — Memory
V — Analog, High Voltage
PACKAGE:——

1— Dual-In-Line « —
2—-TO-5 Type

3— Epoxy Package —
65— LCC Hybrid

4— Leadless Carriers
7— Mini DIP

0— Chip Form

I-

5135 - b
—

PART NUMBER

TEMPERATURE:
1 00C to +2000C*
2 -550C to +1250C
2A  -550C to +1250C (Temperature Range

Only — Does not Imply 883B Processing)

3 -2000C to +3000C*

4 -250C to +850C

5 00C to +750C

6 100% 250C Probe (Dice Only)

7 Dash-7 High Reliability Commercial
Product. 00C to +750C.

8 Dash-8 Program MIL-STD-883 Class B
HA2-2700-8 (Example Only)

9 -400C to +850C

Special high temperature testing available
on certain product types. Consult
factory for availability.

INDUSTRY STANDARDS PRODUCT CODE EXAMPLE

Ly s

H
PACKAGE

* The first digit in the device number signifies the operating temperature range.

DEVICE NUMBER

DEVICE FAMILY

PACKAGE

D — Side-brazed Ceramic

H — TO-5 (TO-99, TO-100, TO-8)
J — Mini Cerdip (8-pin)

N — Plastic Dual-In-Line Package

DEVICE NUMBER*

3, 4, or 5 Digit Number Suffix Indicators:
A — Improved Electrical Specification

C — Commercial Temperature Range

DEVICE FAMILY
LF — Linear FET
LM — Linear Monolithic

A 1" denotes a Military

temperature range device (~55°C to +1250C), A 3"’ denotes a Commercial temperature range device

(0°C to +70°C).
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HARRIS DASH 8 PROGRAM

As a service to users of High Rel products Harris
makes readily available via the high reliability
DASH 8 program many products from our product
lines.  Parts screened to MIL-STD-883 Method
5004 Class B are simply branded with the post-
script ‘-8’ to the appropriate Harris part numbers,
in effect, offering "“off the shelf’’ delivery. For
details concerning this special Harris program for
High Rel users, see Section 10-of this Data Book.

HARRIS DASH 7 PROGRAM

The Harris DASH 7 program extends the normal
processing to include an added burn-in step for
enhanced reliability. Details on DASH 7 are
included in Section 10 of this Data Book.

HARRIS ANALOG JAN PROGRAM

In March 1980, Harris received JAN certification
for the Analog Wafer Fabrication and Assembly
facilities.  All Harris Analog JAN products are
produced on the certified line in strict compliance
with all MIL-M-38510 program requirements.

Many Harris Analog high performance ICs are
now available for immediate delivery in JAN
Class B form. Consult your local Harris repre-
sentative for an up-to-date list of all Harris JAN-
qualified devices.

JAN from Harris offers the IC user high reliability,
quality, and performance at a lower price and with
faster delivery than similar products fabricated
in accordance with non-standard source control
drawings.

SPECIAL ORDERS

For best availability and price, it is urged that
standard “‘Product Code” devices be specified,
which are available worldwide from authorized
distributors. Where enhanced reliability is needed,
note standard ‘““Dash 8 screening described in
this Data Book. Harris application engineers may
be consulted for advice about suitability of a part
for a given application.

If additional electrical parameter guarantees or
reliability screening are absolutely required, a
Request for Quotation and Source Control Draw-
ing should be submitted through the local Harris
Sales Office or Sales Representative. Since many
electrical parameters may be economically assured
through design analysis, characterization, or cor-
relation with other parameters, additionally desired
parameters should be labeled, ‘Vendor will guar-
antee, but not necessarily test"’.

Harris reserves the right to decline to quote, or
to request modification to special screening re-
quirements.



I. C. Handling Procedures

Harris Analog 1.C. processes produce circuits more
rugged than similar ones. However, no semi-
conductor is immune from damage resulting from
the sudden application of many thousands of volts
of static electricity. While the phenomenon -of
catastrophic failure of devices containing MOS
transistors or capacitors is well known, even bi-
polar circuits can be damaged by static discharge,
with altered electrical properties and diminished
reliability. None of the common I1.C. internal
protection networks operate quickly enough to
positively prevent damage.

It is suggested that all semiconductors be handled,
tested, and installed using standard ’“MOS handling
techniques’’ of proper grounding of personnel and
equipment. Parts and subassemblies should not be
in contact with untreated plastic bags or wrapping
material. High impedance |.C. inputs wired to a
P.C. connector should have a path to ground
on the card.

HANDLING RULES

Since the introduction of integrated circuits with
MOS structures and high quality junctions, a safe
and effective means of handling these devices has
been of primary importance. One method em-
ployed to protect gate oxide structures is to in-
corporate input protection diodes directly on the
monolithic chip. However, there is no completely
foolproof system of chip input protection in exist-
ance in the industry. In addition most compensa-
tion networks in linear circuits are located at
high impedance nodes, where protection networks
would disturb normal circuit operation. If static
discharge occurs at sufficient magnitude (2kV or
more), some damage or degradation will usually
occur. It has been found that handling equipment
and personnel can generate static potentials in
excess of 10KV in a low humidity environment;
thus it becomes necessary for additional measures
to be implemented to eliminate or reduce static
charge. It is evident, therefore, that proper hand-
ling procedures or rules should be adopted.

Elimination or reduction of static charge can be
accomplished as follows:

Harris Analog

JUNCTION ISOLATION (J.1.)

This is the most common integrated circuit proc-
cess. Bipolar 1.C.’s generally begin with a p-type
wafer into which a buried layer pattern, if used, is
first diffused. Then the n-type epitaxial layer is

® Use conductive work stations. Conductive
plastic* mats on work benches and floor,
connected to ground through a 1-M ohm re-
sistor, help eliminate static build-up and dis-
charge. Do not use metallic surfaces.

® Ground all handling equipment.

e Ground all handling personnel with a conduc-
tive bracelet through 1-M ohm to ground (the
1-M ohm resistor will prevent electroshock
injury to personnel). Transient product per-
sonnel should wear grounding heel straps.

e Smocks, clothing, and especially shoes of
certain insulating materials (notably nylon)
should not be worn in areas where devices
are handled. These materials, highly dielec~
tric in nature, will hold, or aid, in the genera-
tion of a static change. Where they cannot
be eliminated natural materials such as cotton
etc. should be used to minimize charge genera-
tion capacity. Conductive smocks are also
available as an alternative.

@ Control relative humidity to as high a level
as practical. 50% is generally considered suf-
ficient (operations should cease if R. H. falls
below 25%).

e |onized airblowers reduce charge build-up in
areas where grounding is not possible or
practical.

® Devices should be in conductive carriers during
all phases of transport. Leads may be shorted
bytubular metallic carriers, conductive foam or
foil.

o |n automated handling equipment, the belts,
chutes, or other surfaces should be of conduc-
ting non-metal material. If this is not possible,
ionized air blowers or ionizing bars may be a
good alternative.

*Supplier 3M Company
*s Static Control Table Mat 8210/8210R""
“’Static Control Floor Mat 8200/8200R "

l. C. Technologies

grown, and p-type isolation walls are diffused
around each area which is to be electrically isolated
from the other circuitry. These isolation walls
must be diffused deeply into the wafer in order to
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contact the original p-substrate. In operation, the
p-substrate and isolation walls are connected to
the most negative circuit potential, so that each
active area is surrounded on the sides and bottom
by a reverse biased junction through which neg-
ligible current flows (Figure 1).

To complete the |.C., base and emitter diffusions
are performed, the wafer is coated with aluminum
and the conductor pattern is etched.

Representative Harris devices using this process
are HA-4741, HA-5082, and HA-5084.

DIELECTRIC ISOLATION (D.1.)

A somewhat different process has been proven
particularly advantageous for fabricating high per-
formance analog [.C.’s. This is dielectric isolation
(D.1.), where each active area is surrounded on the
sides and bottom by an insulating layer of silicon
dioxide;, and for mechanical strength imbedded
in polycrystalline silicon. This process for bipolar
1.C.’s begins with a wafer of n-type silicon. The
side of the wafer which will eventually be the
bottom is deeply etched to form the sidewall
pattern, then silicon dioxide and polycrystalline
silicon are grown to fill the etched "moats’””. The
opposite side of the wafer is then polished until
the insulating sidewalls appear at the wafer surface
(Figure 2). Conventional diffusion and metalliza-
tion processes follow to complete the |.C. D.I. for
analog I.C.'s has a number of advantages:

1. Almost all op amp designs require at least
one PNP transistor in the signal path. Typ-
ical J.I. op amps must use a lateral PNP
which inherently has very low frequency
response, limiting typical compensated band-
width to 1MHz. The D.l. process makes it
practical to build a vertical PNP with much
higher bandwidth making possible compen-
sated op amp bandwidths of 12MHz or

higher (Figure 3). Also, transistor collector
to substrate capacitance is 2/3 less using
D.l., further enhancing high frequency
performance.

2. Other devices such as optimally specified
MOS or JFET transistors may be fabricated
on the same chip. Isolated diffused and thin
film resistors are also practical.

3. The isolation removes the possibility of par-
asitic SCR’s which might create latchup
under certain sequences of power and signal
application.

4. Leakage currents to the substrate under high
temperature conditions are greatly reduced.
While the circuits in this data book were
not specifically designed for operating
temperatures greater than +1250C, many
have shown superior performance. For
I.C.'s requiring the ultimate in radiation
resistance, Harris Semiconductor Programs
Division should be consulted.

DIELECTRIC ISOLATED CMOS
J.l. processed CMOS Analog I.C.'s,

which are

- generally used in conjunction with several power

supplies, are particularly prone to parasitic SCR
latchup failures and failures due to input voltage
spikes. The D.l. CMOS process, which is compared
in detail in Harris Application Note 521, has
proved to be the best solution.

Since analog multiplexers are often used at the
input of a data acquisition system, particular
attention must be paid to the possibility of dam-
aging input overvoltage conditions. Harris has
provided an effective answer in the HI-506A
through HI-509A multiplexers with built-in
overvoltage protection.

Dark areas denote contact aperatures
for aluminum metallization
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-

BURIED LAYER ~f—a{
BASE -1—1] -
EMITTER - I E . [l]
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Figure 1 — Structures of various components formed in the junction-isolation process. (a) Topological view.

(b) Cross-sectional view.
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Figure 2- Process steps for dielectric isolation. (a) Surface preparation, (b) N-buried layer diffusion, (c) masking oxide, (d) isolation
pattern, (e) silicon etch, (f) dielectric oxide, (g) polycrystalline deposition, (h) backlap and polish, (i) finished slice.
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D. I. process.




COMPETITIVE CROSS-REFERENCE GUIDE TO LINEAR & DATA ACQUISITION PRODUCTS

MANU- - . HARRIS PIN-FOR-PIN HARRIS CLOSEST | SUGGESTED FOR
FACTURER PART NUMBER REPLACEMENT REPLACEMENT NEW DESIGN
AMD AM118/318 LM118/318 LM118A/318A LM118A/318A

AM715 HA-2520/25
AM1660 HA-2500/05
HA-2600/05
AMB012 HI-562A HI-562A
ANALOG AD505 HA-2530/35
DEVICES AD507JH* HA2-2625-5 -
AD507SH HA2-2620-2
ADS509JH* HA2-2525-5
AD509SH HA2-2520-2
AD518 LM318 HA-2510/15
AD562 HI-562A
AD565A HI-565A
AD566A HI-5660 H1-5660
AD574A HI-574A
AD582 o HA-2420/25
ADB83KS HA1-2425-3 )
AD7501 H1-1818A
AD7502 H1-1828A
AD7503 HI-1818A
AD7506TD* H!11-506-2
AD7507TD* HI1-507-2
AD7510 : H1-201
AD7511 HI-201
AD7512 H1-5043
AD7513TH* H12-200-2
AD7541 HI-7541
ADDACS0 H1-5680
BURR 3500/3510A HA-2605
BROWN 3500/3510R HA-2605
3503J HA2-2505-5
3506J HA2-2605-5
3507J HA2-2525-5
3508J HA2-2625-5
3527AM HA2-5170-5
3553AM HA-2630/35
MPC4D H11-509A-5
MPC8S H11-508A-5
MPC8D H11-507A-5
MPC16S H11-506A-5
DAC80 H1-5680
DATEL AM-450-2 HA2-2505-5
AM-452-2 HA2-2525-5
AM-460-2 HA2-2605-5
AM-462-1 HA1-2625-5
AM-462-2 HA2-2625-5
AM-464-2 HA2-2645-5
AM-490-2A HA2-2905-5
MX-808 H?-508A-5
MX-1606 HI-506A-5

K’ equivalent 1s either military or selected commercial




COMPETITIVE CROSS-REFERENCE GUIDE TO LINEAR & DATA ACQUISITION PRODUCTS

(continued)

MANU- HARRIS PIN-FOR-PIN HARRIS CLOSEST SUGGESTED FOR
FACTURER PART NUMBER REPLACEMENT REPLACEMENT NEW DESIGN
DATEL MXD-409 HI1-509A-5
(Continued) MXD-807 HI1-507A-5

SHM-1C-1 HA1-2425-5
DAC-681 HI1-562A
EXAR XR4212 HA-4741
FAIRCHILD HAT702 HA-2620/25
uA709 HA-2620/2625
uA714 HA-5130
uAT715 HA-2520/25
MAT27 HA-5130
HAT40 HA-5170
MAT41 HA-2620/2625
uA747 HA-2650/55
uAT48 HA-2620/25
uATT72 HA-2510/15
uAT76 HA-2720/25
MuAT791 HA-2630/35
SH3002
1558/1458 HA-2650/55
INTERSIL IH201 HI-201
IH200 HI-201
4250 HA-2720
4250C HA-2725
IH5040MDE H11-5040-2
|IH5040CDE H11-5040-5
IH6041MDE HI11-5041-2
IH5041CDE HI11-5041-5
IH5042MDE HI1-5042-2
IH5042CDE HI(1-5042-5
IH5043MDE HI11-5043-2
IH56043CDE H11-5043-5
IH5044MDE H11-5044-2
IH5044CDE H11-5044-5
IH6045MDE H11-5045-2
IH5045CDE H11-5045-5
IH5046MDE HI11-5046-2
IH5046CDE HI11-5046-5
IH5047MDE H11-5047-2
IH5047CDE H11-5047-5
IH5048MDE H11-5048-2
IH5048CDE H11-5048-5
IH5049MDE HI11-5049-2
IH6049CDE H11-5049-5
IH5050MDE H11-5050-2
IH5050CDE H11-5050-5
IH5051TMDE H11-5051-2
IH5051CDE H11-5051-5
8017 HA-2520/25
8021M HA-2720
8021C HA-2725
8023 HA-8023
IH5110/5111 HA-2420/25
AD7541 HI-7541




COMPETITIVE CROSS-REFERENCE GUIDE TO LINEAR & DATA ACQUISITION PRODUCTS

(continued)

MANU- HARRIS PIN-FOR-PIN HARRIS CLOSEST SUGGESTED FOR
FACTURER PART NUMBER REPLACEMENT REPLACEMENT NEW DESIGN
INTERSIL IH5060 HI-506A
(Continued) IH5070 HI-507A

HA-2500/02/05 HA-2500/02/05
HA-2510/12/15 HA-2510/12/15
HA-2520/22/25 HA-2520/22/25
HA-2600/02/05 HA-2600/02/05
HA-2620/22/25 HA-2620/22/25
INTRONICS A-560 HA2-2525-5
A-561 HA2-2625-5
A-570 HA2-2535-5
MOTOROLA MC1520/1420 HA-2600/05
MC1530/153V/
1430/31 HA-2600/05
MC1536/1436 HA-2640/45
MC1538/1438 HA-2620/2635
MC1539/1439 HA-2620/25
MC1545/1445 HA-2500/2505
MC1554/1454 HA-2620/2635
MC1556/1456 HA-2600/05
MC1558/1458 LM1558/1458A HA-2650/55
MC3301/3401 HA-4741
MC3302 HA-4900
MC3403/3505 HA-4741
MC3412 HI1-665A
MX4741 HA-4741 HA-2700/05
NATIONAL LF11508/13508 HI-508A
LF11509/13509 HI-509A
LF11201/12201/13201 HI1-201
LF155A/156A/157A LF155A/156A/157A HA-5100-2
LF355A/356A/357A LF355A/356A/357A HA-5105-5
LF198/398 HA-2420/25
LHO0002 HA-2630
LHO0003 HA-2520
LHO0004 HA-2640
LH0005 HA-2620
LH0022/42/52 LF342 HA-5180
LH0023/43 HA-2420/25
LH0024 HA-2530/35
LH0032 HA-2540
LH0033/63 HA-2540 HA-2630/35
LH0052 HA-5180A
LH0062 HA-5162
LM102/302 HA-2600/05
LM108/208/308 LM108/208/308 HA-2700/04/05
LM108A/208A/308A LM108A/208A/308A HA-2700/04/05
LM110/310 HA-2500/05




COMPETITIVE CROSS-REFERENCE GUIDE TO LINEAR & DATA ACQUISITION PRODUCTS

(continued)

MANU-
FACTURER

PART NUMBER

HARRIS PIN-FOR-PIN
REPLACEMENT

HARRIS CLOSEST
REPLACEMENT

SUGGESTED FOR
NEW DESIGN

NATIONAL
(Continued)

LM112/212/312
LM118/318
LM124/324
LM139/339
LM143/343
LM144/344
LM148/248/348
LM149/349
LM4250/4250C
DAC1280

LM118/318

LM143/343

LM148/248/348

LM4250/4250C
HI-5680

LM118A/318A
HA-4741

HA-2640/45
HA-4741

HA-2700/04/05
HA-2510/15

HA-4900/05
LM143A/343A

LM148A/348A

PRECISION
MONO.

MUX-08
MUX-09
OP-01

OP-07883AJ
OP-07AJ
0OP-07883J
0oP-07J
OP-07EP/CP/DP
SMP 10/11
MUX-88
OP-15A
OP-15E
OP-15F
OP-17A
OP-17E
OP-17F
REF-01A
REF-01E
S$551558/1458
DAC-12
5$SS562

HI1-508/508A
HI1-509/509A

HA2-5130-8
HA2-5130-2/0P-07AJ
HA2-5135-8
HA2-5135-2/0P-07J
HA3-5135-5
HA-2420/25

H1-508A

HI1-5662A-5

HA-5170-2
HA-5170-5
HA-5170-5
HA-5110-2
HA-5110-5
HA-5115-5
HA-1608-2
HA-1608-5
HA-2650/55

HA-2600/05
HA-2500/05

HI-562A

RCA

CA3020
CA3078
CA3100
CAB078
CD4016

HA-5144

HA-2630/35
HA-2720
HA-2520/25
HA-2720
H1-201

RAYTHEON

RM/RC1556A
RM/RC4131
RM/RC4136
RM4156
RC4156
HA1-4741-2
HA1-4741-5
RM/RC4531
RM/RC4558

HA1-4156-2
HA1-4156-5
HA1-4741-2
HA1-4741-5

HA-2650/55

HA-2600/05
HA-2600/05
HA-4741

LM348

HA-2500/05




COMPETITIVE CROSS-REFERENCE GUIDE TO LINEAR & DATA ACQUISITION PRODUCTS

: (continued)

MANU- HARRIS PIN-FOR-PIN HARRIS CLOSEST SUGGESTED FOR
FACTURER PART NUMBER REPLACEMENT REPLACEMENT NEW DESIGN
SIGNETICS 5537 HA-2420/25

531 HA-2510/15

5556 HA-2600/05

5539 HA-2539

5558 HA-2650/55
SILICON SG741S HA-2500
GENERAL SG741SG HA-2505
SILICONIX DG181 H1-381, HI-5048

DG182 HI-381, HI-5041

DG184 HI-384, HI1-5049

DG185 HI-384, H1-5045

DG187 H1-387, HI-5050

DG188 HI1-387, HI-5042

DG190 HI1-390, HI-5051

DG191 H1-390, HI-5043

DG200AA H12-0200-2

DG200BA H12-0200-4

DG200AP H11-0200-2

DG200BP HI1-0200-4

DG200C) H13-0200-5

DG201AP H11-0201-2

DG201BP H11-0201-4

DG201CJ H13-0201-5 HI3-0201HS-J

DG211CK HI3-0201-5

DG300AA H12-0300-2

DG300BA H12-0300-4

DG300AP H11-0300-2

DG300BP H11-0300-4

DG300CJ H13-0300-5

DG301AA H12-0301-2

DG301BA H12-0301-4

DG301AP H11-0301-2

DG301BP H11-0301-4

DG301CJ H13-0301-5

DG302AP H11-0302-2

DG3028P H11-0302-4

DG302CJ H13-0302-5

DG303AP HI11-0303-2

DG3038P H11-0303-4

DG303CJ H13-0303-5

DG304AA H12-0304-2

DG304BA H(2-0304-4

DG304AP HI1-0304-2

DG304BP HI1-0304-4

DG304CJ HI13-0304-5

DG305AA H12-0305-2

DG305BA H12-0305-4

DG305AP HI11-0305-2

DG3058P H11-0305-4

DG305CJ H13-0305-5

DG306AP H11-0306-2

DG306BP H11-0306-4

DG306CJ HI13-0306-5




COMPETITIVE CROSS-REFERENCE GUIDE TO LINEAR & DATA ACQUISITION PRODUCTS

(continued)

MANU- HARRIS PIN-FOR-PIN HARRIS CLOSEST SUGGESTED FOR
FACTURER PART NUMBER REPLACEMENT REPLACEMENT NEW DESIGN
SILICONIX DG307AP H11-0307-2
(Continued) DG3078BP H11-0307-4
DG307CJ H13-0307-5
DG381AA H12-0381-2 -
DG381BA H12-0381-4
DG381AP H11-0381-2
DG381BP HI11-0381-4
DG381CJ HI13-0381-5
DG384AP H11-0384-2
DG384BP H11-0384-4
DG384CJ H13-0384-5
DG387AA H12-0387-2
DG387BA H12-0387-4
DG387AP H11-0387-2
DG387BP H11-0387-4
DG387C) H13-0387-5
DG390AP H11-0390-2
DG390BP H11-0390-4
DG390CJ H13-0390-5
DGB06AR H11-0506-2 HI11-0506A-2
DG506BR H11-0506-4 H11-0506A-4
DG506CJ HI3-0506-5 H13-0506A-5
DG507AR HI11-0507-2 H11-0507A-2
DG507BR H11-0507-4 HI1-0507A-4
DG507CJ H13-0507-5 Hi13-0507A-5
DG508AP H11-0508-2 H11-0508A-2
DG508BP H11-0508-4 Hi1-0508A-4
DG508CJ HI3-0508-5 HI3-0508A-5
DG509AP H11-0509-2 H11-0509A-2
DG509BP H11-0509-4 HI11-0509A-4
DG509C) HI3-0509-5 H13-0509A-5
L140 HA-2720/25
SX  HA
§ A= -2
B =-4
c=-5

*SILICONIX

HARRIS

H12-0300-2

A = HI2

l J = HI3

4 P = HI
7 R

= HI1




COMPETITIVE CROSS-REFERENCE GUIDE TO LINEAR & DATA ACQUISITION PRODUCTS

(continued)

MANU- HARRIS PIN-FOR-PIN HARRIS CLOSEST SUGGESTED FOR
FACTURER PART NUMBER REPLACEMENT REPLACEMENT NEW DESIGN
SOLITRON CMV4016A HI1-201

1c4000/4001C/
4002C HA-2605
ucd250 LM4250 HA-2720
1c4250c LM4250C HA-2725
SPRAGUE ULS/ULN2139 HA-2600/05
ULS/ULN2151 HA-2600/05
ULS/ULN2156 HA-2600/05
ULS/ULN2157 HA-2650/55
ULS/ULN2158 HA-2650/55
ULS/ULN2171 HA-2600/05
ULS/ULN2172 HA-2620/25
ULS/ULN2173 HA-2600/05
ULS/ULN2174 HA-2620/25
ULS/ULN2175 HA-2600/05
ULS/ULN2176 HA-2600/05
TELEDYNE 1321 HA2-2625-5
PHILBRICK 1321-01 HA2-2620-2
1322 HA2-2525-5
1322-01 HA2-2520-2
1332 HA2-2645-5
1339 HA-2625
4551 HI11-507A-5
4552 H11-506A-5
4856 HA1-2425-5
1430 HA-5195
TI TLO44 HA-4741
TLO62 HA-5062
TLO64 HA-5064
TLO82 HA-5082
TLO84 HA-5084
MC1558/1458 HA-2650/55
TRANSITRON TOA7709 HA-2600
TOA8709 HA-2605




High Temperature Electronics

To serve the growing need for electronics that will
operate in severe high temperature environments,
Harris will offer integrated circuits that have been
characterized over elevated temperatures and that
have electrical characteristics guaranteed at 2000C.

Typical applications include:

® Well Logging

® |ndustrial Process Control

® Engine Control and Testing

® High Temperature Data Acquisition Systems

It is the intention of Harris Semiconductor to
make available in the high temperature series
(identified by the -1 suffix following the device
part number) all the basic elements required for
the designer to build a data acquisition system that
will function to specified limits at 2000C.

The devices to be offered:

Operational Amplifiers

Analog Switches

Analog Multiplexers

12 Bit Digital to Analog Converter
Sample & Hold Amplifiers

A/D Converters

All parts offered in the -1 series have had their
electrical performance parameters characterized up
to 2500C.

Production flow of -1 parts includes screening to
MIL~-STD-883B, 160 hours burn-in and final
electrical test at 2000C.

Devices available Now:

® HA-2420-1 Sample & Hold Amplifier
® HA-2600-1 Operational Amplifier

® HA-2620-1 Operational Amplifier

® Hi-200-1 Analog Switch

® HI-201-1 Analog Switch

Consult factory for price and availability infor-
mation.

Advanced Packaging Techniques

Harris Semiconductor is now offering Leadless Chip
Carriers (LCC) as a packaging option on various
Analog integrated circuits. An LCC is a square or
rectangular package for an Integrated Circuit (IC)
that is manufactured in the same manner as a con-
ventional side-braze dual-in-line package (DIP).
The LCC is essentially comprised of the cavity and
seal ring section of a standard DIP. It offers the
user a means of achieving high density system
configurations while retaining the reliability bene-
fits of hermetic IC packaging. Figure 1 provides a
comparison of the construction of an LCC and a
conventional side-braze DIP.

The LCC’s two principle advantages over conven-
tional side braze DIPs are packaging density and
electrical performance. Packaging density is the
number one advantage to an LCC over a side braze
DIP. The size of a DIP is governed primarily by

the number of leads required and not by the size
of the IC. As pin count increases, more and
more of the DIP package is used only to provide an
electrical trace path to the external leads. The size
of an LCC is dependant on the size of the die
not on the number of feads. As pin count increas-
es, overall size increases but at a much slower rate.
Table 1 provides a comparison between the areas
of 18, 28, and 48 lead LCCs to 18, 28, and 48 lead
side braze DIPs. The chart indicates a 270%
improvement in packaging area for the 18 lead
LCC, and 542% improvement for the 48 lead LCC.
Obviously, sizable savings in circuit board area can
be achieved with this packaging option. The
second major advantage of the LCC is in electrical
performance. The package size and geometry also
dictates trace length and uniformity. Figure 2
provides a comparison between the trace lengths
for various LCCs and side braze DIPs. As pin
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count goes up, trace lengths get longer, adding
resistance and capacitance unequally around the
package. As ICs get faster and more complex,
these factors start to become a limiting factor on
performance. LCCs minimize this effect by
maintaining, as close as possible, uniform trace
length so that the package is significantly smaller
determinant of system performance.

The LCC also offers environmental advantages over
“chip-and-wire’” manufacturing techniques used in
high density hybrid circuits. An IC can be fully
tested, burned-in and processed to MIL-STD-883B
in an LCC, thereby guaranteeing its performance.

CHIP CARRIER

0

SEAL RING

o

DIE CAVITY

\._ BONDING PA —%

EXTERNAL CONTACTS

R

TRACES -

DIE PAD

¢

EXTERNAL CONTACT PADS
ASSEMBLY o

METAL LEADS

v

FIGURE 1. Exploded view of Chip
Carrier and DIP,

The IC is further protected by small hermetic pack-
age in which internal water vapor content can be
carefully controlled during production.

In summary, Harris Semiconductor Leadless
Chip Carriers use a proven technology to provide
a reliable high density, high performance packaging
option for today’s systems.

A list of products available in LCC form is pro-
vided in the Packaging Section on page 11-6.
Consult the factory or your Harris sales represent-
ative for pricing and availability.

LEAD | LONGEST TRACE DIP | LONGEST TRACE
COUNT | LONGEST TRACE CC | SHORTEST TRACE

cc D
18 2:1 1.5:1 6:1
24 4:1 1.5:1 3:1
40 5:1 1.5:1 6:1
54 6:1 1.5:1 7:1

FIGURE 2. Electrical Performance
(Resistance and Speed)

LcC
18 Lead - 0.10
28 Lead 0.20
48 Lead 0.31

TABLE | , ,
DIP AREA
DIP LCC AREA
022 270
0.84 420
1.68 542

(All units in square inches)
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PAGE
Linear Products — Parametric Classification Reference 2-1A
Operational Amplifiers Glossary 2-2

HA-1608
HA-2400/04/05
HA-2500/02/05
HA-2510/12/15
HA-2520/22/25
HA-2530/2535
HA-2539
HA-2540
HA-2600/02/05
HA-2620/22/25
HA-2630/2635
HA-2640/2645
HA-2650/2655

HA-2720/25 Wide Range Programmable Operational Amplifier -
HA-2730/35 Wide Range Dual Programmable Operational Amplifiers -
HA-2740 Quad Programmable Operational Amplifier -
HA-4156 High Performance Quad Operational Amplifier -

HA-4600/02/05
HA-4620/22/25

+10V Adjustable Voltage Reference

PRAM Four Channel Programmable Amplifier
Precision High Slew Rate Operational Amplifiers

High Slew Rate Operational Amplifiers

Uncompensated High Slew Rate Operational Amplifiers
High Slew Rate, Wideband Inverting Amplifier

Very High Slew Rate Wideband Operational Amplifiers
Wideband, Fast Settling Operational Amplifiers
Wideband, High Impedance Operational Amplifiers
Very Wide Band Uncompensated Operational Amplifiers
High Performance Current Booster

High Voltage Operational Amplifier

Dual High Performance Operational Amplifier

High Performance Quad Operational Amplifier
Wideband, High Performance Quad Operational Amplifier

1
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HA-4741 Quad Operational Amplifier =
HA-4900/02/05 Precision Quad Comparator -
HA-5062 Low Power JFET Input Dual Operational Amplifiers -
HA-5064 Low Power, JFET Input Quad Operational Amplifiers -~
HA-5082 Series JFET Input Dual Operational Amplifiers 2-100
HA-5084 Series JFET Input Quad Operational Amplifiers 2-102
HA-5100/5105 Wideband JFET Input Operational Amplifier 2-105
HA-5110/5115 Wideband, JFET Input, Uncompensated, Operational Amplifier 2-111
HA-5130/5135 Precision Operational Amplifier 2-117
HA-5160/5162 Wideband, JFET Input, High Slew Rate, Uncompensated, Op Amp 2-124
HA-5170 Precision JFET Input Operational Amplifier 2-131
HA-5190/5195 Wideband, Fast Settling Operational Amplifier 2-133
HA-8023 Triple Low Power Programmable Operational Amplifier 2-140
LF155/355 Series Monolithic JFET Input Operational Amplifiers 2-143
LF156/356 Series Monolithic JFET Input Operational Amplifiers 2-156
LF157/357 Series Monolithic JFET Input Operational Amplifiers 2-169
LF347 Wide Bandwidth Quad JFET Input Operational Amplifiers 2-179
LF353 Wide Bandwidth Dual JFET Input Operational Amplifier 2-187
LM108/L.M308 Operational Amplifiers 2-196
LM108A/LM308A Operational Amplifiers 2-201
LM118/L.M318 Operational Amplifiers 2-206
LM118A/LM318A Operational Amplifiers 2-213
LM143/LM343 High Voltage Operational Amplifier 2-220
LM143A/LM343A High Voltage Operational Amplifier 2-227
LM146/LM346 Programmable Quad Operational 2-234
LM148/1.M348 Quad 741 Operational Amplifiers 2-246
LM148A/LM348A Quad 741 Type Operational Amplifiers 2-254
LM1558A/LM1458A Dual Operational Amplifier 2-262
LM2908 Quad Operational Operational Amplifiers 2-265
LM4250/LM4250C Programmable Operational Amplifier 2-267
OP-07 Ultra~Low Offset Voltage Operational Amplifiers 2-272
Advance

HA-5141/42/44 Ultra-Low Power Operational Amplifier 2-275
HA-5180/5180A Ultra-Low IBIAS JFET Input Precision Operational Amplifier 2-277

As with all semiconductors, stress listed under “Absolute Max1mum Rat/ngs may be applied to devices (one at a time) without resulting in

a permanent damage. This is a stress rating only. E; to ratmg condlt/ans for extended periods may affect device
reliability. The conditions listed under “Electrical Characteristics” are the only dit r d for satisf: Yy operation.
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LINEAR PRODUCTS — PARAMETRIC CLASSIFICATION REFERENCE
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HIGH SLEW RATE LHO0032 LM318 OoP-17 SE5538 HA2520 LH0032 3550K LM318 MA318
) LH0024C oP-37 NE5539 AD509 3507
] LHO062 AD518 3551
LM318 AD528 3554
WIDEBAND LF357 TL702 OP-17 NE5539 HA-2620 | MC1712 CA3100 AD528 3551 MA702
LH0024 oP-37 ADLHO0032| 3554
LH0032 AD507
LH0003
LHO0005
LOW NOISE 4 LM359 oP-07 ADOP-07 | 3510C
oP-27 AD504
oP-37 AD510
AD517
PRECISION LM11 oP-07 ADOP-07 | 3510C LM308A UHAT14
LHO0044 oP-27 AD504 3527 UAT25
LM725 OP-25 ADS10
LM308 $SS-725 AD517
OoP-10
LOW POWER LMm11 TLO61 0P-420 1CL4250 MC1776 CA3078 HAT76
LM4250 TLO62 OoP-421 1CL8021 MC3476 CA3094
TLO64 OP-220 1CL8023 CA3078A
OP-20 ICL76XX
OoP-21
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LINEAR PRODUCTS — PARAMETRIC CLASSIFICATION REFERENCE (Continued)
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PROGRAMMABLE | HA-2725 | LM4250 | TLO66 IcLa2s0C | Mc1776C | cA3078 LM346 UATT6
HA-2740 | Lm4250C ICL8022C | MC3476 | CA3080 UAT76C
HA-8023 | LH24250C ICL8021C | MC3575 | CA3094
Lm3de | Lm3de ICL7611C | TCA3003 | CA3060
L4250 - ICL7612C
_LM4250C
HIGH INPUT “HA-5062 | LF347 TLO81 PM355 LF355 LF355 CA3140 ADS515 3522 UAF355
IMPEDANCE HA-5064 | LF351 TLO62 PM356 LF356 LF356 CA3160 AD545 3523 UAF356
HA-5082 | LF353 TLOBA PM357 LF357 LF357 3527 UAF357
.HA-5084 | LF355 TLO82 oP-17 3528
HA-5100 | LF356 TLOS4 OP-16
“HA-5180 | LF357
"HA-5170" | LHo052
HA-5180 | LHO042
LF342° | LH0022
LF347 © | LF13741
LF353 -
LF365 ..
HIGH VOLTAGE LHO004 ICH8510M | MC1436 3581J
LM143 ICH8520M 3571A
LM144 1CH8530M 3572A
. LM1536 35804
HIGH POWER LH0061 ICH8510M CA3094 3571A HAT59
| LHoo41 3554A/8 MAT59C
LH0005 35804
LH0003 3583
RERTEIN 3581
GENERAL HA-4741. | Lm348 ICL7632C RC 4156
PURPOSE SHA-4156 . 1CL8023
LM348
HA-2655




Operational Amplifiers Glossary

AVERAGE INPUT OFFSET CURRENT DRIFT (AlOS/AT)
- The ratio of the change in the offset current to the change
in temperature producing it.

AVERAGE OFFSET VOLTAGE DRIFT ( AVgps/ AT)
- The ratio of the change in the offset voltage to the
change in temperature producing it.

BANDWIDTH (BW) - That frequency at which the gain
of the amplifier is 3dB below .its low frequency value.

CHANNEL SEPARATION - The ratio of the input of a
driven amplifier to the output of an adjacent undriven
amplifier.

COMMON MODE INPUT VOLTAGE (V|c) - The average

‘'of the two input voltages.

COMMON MODE INPUT VOLTAGE RANGE (VigR)
- The range of voltage that if exceeded at either input
terminal will cause the amplifer to cease operating
properly.

COMMON MODE REJECTION RATIO (CMRR) - The
ratio of the differential voltage gain to the common mode
voltage gain. S

Note: This is measured by determining the ratio of the
change in input common-mode voltage to the resulting
change in offset voltage.

COMMON MODE RESISTANCE (rjc) - The value of
resistance looking into both inputs tied together.

DIFFERENTIAL INPUT RESISTANCE (rig) - The value
of resistance between two ungrounded inputs.

FULL POWER BANDWIDTH (FPBW) - The maximum
frequency at which a full size undistorted sine wave can
be obtained at the output of the amplifier.

GAIN BANDWIDTH PRODUCT - The product of the
gain and bandwidth at some specified frequency._

INPUT BIAS CURRENT (IgjAs) - The average of the

currents flowing into the input terminals when the out-
put is at zero voltage.

INPUT CAPACITANCE (Cy) - The capacitance of either
input with the other grounded.

INPUT NOISE CURRENT (in) - The input noise current
that would reproduce the noise seen at the output if all
amplifier noise sources were set to zero and the source
impedances were large compared to the optimum source
impedance.

INPUT OFFSET CURRENT (lQs) - The difference in the
currents flowing into the two input terminals when the
output is at zero voltage.

INPUT OFFSET VOLTAGE (Vpg) - The differential
D.C. voltage required to zero the output voltage with no

input signal or load. Input offset voltage may also be
defined for the case where two equal resistances are in-
serted in series with the input leads.

INPUT NOISE VOLTAGE (en) - The input noise voltage
that would reproduce the noise seen at the output if all
the amplifier noise sources and source resistances were
set to zero.

INPUT RESISTANCE (Rjn) - The ratio of the change
in input voltage to the change in input current at either
terminal with the other grounded.

LARGE SIGNAL VOLTAGE GAIN (Ay) - The ratio of
the peak to peak output voltage swing (over a specified
range) to the change in input voltage required to drive the
output.

OUTPUT CURRENT (IQUT) - The output current avail-
able from the amplifier at some specified output voltage.

OUTPUT RESISTANCE (RO) - The ratio of the change in
output voltage to the change in output current.

OUTPUT SHORT CIRCUIT CURRENT (Isc) - The
maximum output current available from the amplifier
with the output shorted to ground (or other specified
potential),

OUTPUT VOLTAGE SWING (VOUT) - The peak to peak
output voltage swing, referred to ground, that can be ob-
tained without clipping under specified loading conditions.

OVERSHOOT - Peak excursion above final value of an
output step response.

POWER SUPPLY REJECTION RATIO (PSRR) - The ratio
of the change in input offset voltage to the change in power
supply voltage producing it.

RISE TIME (ty) - The time required for an output
voltage step to change from 10% to 90% of its final value,
when the input is subjected to a small voltage pulse.
SETTLING TIME - The time required, after application
of a step input signal, for the output voltage to settle and
remain within a specified error band around the final
value.

SLEW RATE (SR) - The rate of change of the output
under large signal conditions. Slew rate may be specified
separately for both positive and negative going changes.
SUPPLY CURRENT: (Ig) - The current required from the
power supply to operate the amplifier with no load and the
output at zero volts.

SUPPLY VOLTAGE RANGE - The range of power supply
voltage over which the amplifier may be safely operated.

UNITY GAIN BANDWIDTH - The frequency range from
D.C. to that frequency where the amplifiers open loop
gain is unity. :



FEATURES

HA-1608

+10V Adjustahle Voltage
Reference

DESCRIPTION

MONOLITHIC CONSTRUCTION

INITIAL ACCURACY +10V £0.010V
OUTPUT VOLTAGE ERROR, TOTAL £1/4 LSB
LOW NOISE 20uVpp
WIDE INPUT RANGE 12V T0 30V
LOW POWER DISSIPATION 30mw
OUTPUT SHORT CIRCUIT PROTECTION

ADJUSTABLE OUTPUT

APPLICATIONS

® AN ECONOMICAL EXTERNAL REFERENCE FOR:
HI-5608; DAC 08; AD1408; AD559

VOLTAGE REGULATOR REFERENCE
PORTABLE BATTERY OPERATED EQUIPMENT
NEGATIVE 10V REFERENCE

HA-1608 is a monolithic +10V adjustable voltage reference featuring
accuracy and temperature stability specifications detailed exclusively
for 8 bit data conversion systems. A stable +10V output is provided by
a reference zener and buffer amplifier coupled with laser trimmed feed-
back and zener bias resistors. Long term stability is ensured through
integration of all reference components into a monolithic design. Flex-
ibility of HA-1608 is provided through an external trim control which
allows the user to adjust the output voltage for binary or BCD applica-
tions without affecting overall performance.

These devices provide a total output voltage error of £ 1/4 LSB for 8
bit D/A or A/D converters. Low standby power (0.3mW) makes HA-
1608 a natural selection for portable battery operated equipment,
comparator references, and reference stacking circuits. These devices
can also be used on -10V references.

HA-1608 is packaged in 8 pin metal cans (T0-99) and the pinout
is arranged for convenient replacement of other less accurate
regulators in applications demanding minimal change with temperature
and time. HA-1608-2 is specified for -550C to +1259C operation
while the HA-1608-5 operates from 00C to +750C.

PINOUT

FUNCTIONAL SCHEMATIC

Section 11 for Packaging

TOP VIEW




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Input Voltage 40v Operating Temperature Range

Output Short Circuit Duration Indefinitely HA-1608-2 -550C to +1250C
Power Dissipation 500mW HA-1608-5 00C to +750C
Storage Temperature Range -650C to +1500C

ELECTRICAL CHARACTERISTICS (Note 2) (VN =+15V, I = OmA, unless otherwise specified)

HA-1608-2 HA-1608-5
-550C to +1250C 00C to +750C

PARAMETER MIN] TYP I MAX MIN l TYP l MAX

POWER INPUT CHARACTERISTICS

Input Voltage Range, VN

Quiescent Current, Ig

REGULATED OUTPUT CHARA.'S
Output Voltage, Vo

Output Load Current, I|_
Line Regulation (V) = 12V to 30V)

0.015

Load Regulation (I = Open to 10mA)
0.015

Output Voltage Error Total
IL =0mA

(Relative to 8-hit accuracy, x1/4L8B +1/4 LSB
see Definition # 3)

Output Noise Voltage, EN
0.1Hz to 10Hz

Dynamic Load Settling Time to £ 0.1%
t0£0.01%

Warm-up Time (to X 0.01%)

NOTES:

1. Absolute maximum ratings are limiting values beyond which
the serviceability of the circuit may be impaired. Functional
operation under any of these conditions is not necessarily
implied.

. The specified electrical characteristics apply to suggested
hook-up only.




DEFINITIONS

. Output Noise Voltage ~ the output noise voltage in a specified

frequency band.

. Quiescent Current, Ig - the current required from the supply

4.

to operate the device at no load condition after the device is
warmed-up,

. Output Voltage Error Total - Includes effects of Noise Voltage,

Line Regulation, and AVgTC relative to 8-bit (10V output)
resolution where: 1 LSB = one part in 256 or 39mV for a
+10V output.

Line Regulation (%/V) - the ratio of the change in output

voltage to the change in line voltage producing it; line reg-
ulation (%/V) = [(AVg/10V) x 100]/AV|y.

Load Regulation (%/mA) - the ratio of the change in output

* voltage to the change in foad current producing it; load reg-

ulation (%/mA) = [(AVg/10V) x 100] /AmA.

. Dynamic Load Settling Time - the time required for the output

to settle to within the specified error band for a change in
the load current of TmA.

PERFORMANCE CURVES

OUTPUT WIDEBAND NOISE VS. BANDWIDTH

T

T
(1Hz TO FREQUENCY INDICATED;

Ta=+250C)

>
LT
A

OUTPUT NOISE - 4Vp-p

00 1K 10K
FREQUENCY - Hz

OUTPUT WIDEBAND NOISE VS. BAN

00K

QUTPUT VOLTAGE TRIM VS, RS
R

OUTPUT VOLTAGE TRIM RANGE - VOLTS
(REFERRED TO 10.000V OUTPUT)

00K L s ™

QUTPUT VOLTAGE TRIM VS, Rg

Y FUUTE IVETI VAT

ITATEEVOTY IPETY IAT
HHHHHHHHH

OUTPUT NOISE (0.1Hz TO 10Hz)

APPLICATIONS

TYPICAL HOOK-UP WITH
OUTPUT TRIM

NEGATIVE 10 VOLT REFERENCE

T+15V
1 7

+15V
1T VIN

VIN

HA-1608
GND

O
HA-1608

+10V REFERENCE

1? +1 5V7

VIN

6

3

1KQ*

HA-1608

GND
3

-V(-156V TYP)

*NOTE: R1 potentiometer value can be
10K to 100K R2 can range from 10K
to 2M

*NOTE: The value of R may reduce the
output current available to less than that
specified on the data sheet.




@ HARRIS HA-2400/2404/2405
PRAM Four Channel
- Programmabhle Amplifier

FEATURES DESCRIPTION

PROGRAMMABILITY N HA-2400/2404/2405 comprise a series of four-channel
programmable amplifiers providing a level of versatility unsur-
HIGH SLEW RATE 30V/us passed by any other monolithic operational amplifier. Versa-
WIDE GAIN BANDWIDTH 40MHz tility is achieved by employing four input amplifier channels,
any one (or none) of which may be electronically selected and
HIGH GAIN 150,000 connected to a single output stage through DTL/TTL compatible
LOW OFFSET CURRENT 5nA address inputs. The device formed by the output and the
selected pair of inputs is an op amp which delivers excellent
HIGH INPUT IMPEDANCE 30MQ slew rate, gain bandwidth and power bandwidth performance.
Other advantageous features for these dielectrically isolated
SINGLE CAPACITOR COMPENSATION amplifiers include high voltage gain and input impedance cou-
DTL/TTL COMPATIBLE INPUTS . pled with low input offset voltage and offset current. External
compensation is not required on this device at closed loop
gains greater than 10.
APPLICATIONS Each channel of the HA-2400/2404/2405 can be con-
trolled and operated with suitable feedback networks in any of
the standard op amp configurations. This specialization makes
: . these amplifiers excellent components for multiplexing, signal
* THOUSANDS OF NEW APPLICATIONS; PROGRAM selection, and mathematical function designs. With 30V/ us
SIGNAL SELECTION/MULTIPLEXING slew rate, 40MHz gain bandwidth, and 30M chms input imped-
OP AMP GAIN . ance these devices are ideal building blocks for signal generators,
active filters, and data acquisition designs. Programmability
OSCILLATOR FREQUENCY coupled with 2mV typical offset voltage and 5nA offset current
makes these amplifiers outstanding components for signal
FILTER CHARACTERISTICS conditioning circuits.
~ HA-2400/2404/2405 are available in a 16 pin dual-in-line
ADD-SUBTRACT FUNCTIONS package. HA-2400 is specified from -550C to +1250C. HA-
INTEGRATOR CHARACTERISTICS 2404 is specified over the -250C to +850C range, while HA-
COMPARATOR LEVELS 2405 operates from 00C to +750C.

PINOUT SCHEMATIC

Section 11 for Packaging Condensed circuit diagram for a programmable amplifier
(PRAM HA-2400)

TOP VIEW
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F 5 FEEF E
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Diagram includes: ONE INPUT STAGE, DECODE CONTROL,
BIAS NETWORK AND OUTPUT STAGE




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V— Terminals 45.0V Internal Power Dissipation 300mW
(Note 13)
Differential Input Voltage +Vsupply Operating Temperature Range  —559C < T < +1259C (HA-2400)
Digital Input Voltage ~0.76V ta +10.0V —250C <Tp < +850C (HA-2404)
Output Current Short Circuit Protected 00C <Tp < +759C (HA-2405)
(Isc < £33mA) Storage Temperature Range —650C < Tp < +1500C
ELECTRICAL CHARACTERISTICS Test Conditions: Vsypply = +15.0V unless otherwise specified.
Digital inputs: V) =+0.5V, V|4 =+2.4V
Limits apply to each of the HA-2400/HA-2404 HA-2405
four channels, when addressed. LIMITS LIMITS
PARAMETER MIN. TYP. | MAX. . TYP.
INPUT CHARACTERISTICS
Offset Voltage
Bias Current (Note 12}
Offset Current (Note 12)
Input Resistance (Note 12)
Common Mode Range
TRANSFER CHARACTERISTICS
. . +250C 50K 150K 50K 150K ViV
Large Signal Voltage Gain (Note 1,5) Full 25K 25K VIV
Common Mode Réjection Ratio (Note 2) " Full 80 100 74 100 dB
Gain Bandwidth (Note 3) +250C 20 40 20 40 MHz
(Note 4) +250C 4 8 4 8 MHz
QUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1) Full +10.0 [ +12.0 +10.0 | +12.0 \
Output Current +250C 10 20 10 20 mA
Full Power Bandwidth (Notes 3, 5) +250C 200 500 200 500 kHz
(Notes 4,5) +250C 100 200 100 200 kHz
TRANSIENT RESPONSE
Rise Time (Notes 4,6) +250C 20 45 20 50 . ns
Overshoot (Notes 4,6) +250C 25 40 25 40 %
Slew Rate (Notes 3,7) +250C 20 30 20 30 Vius
(Notes 4,7) +250C 6 8 6 8 Vius
Settling Time (Notes 4, 7, 8) +250C 1.5 2.5 1.5 2.5 Us
CHANNEL SELECT CHARACTERISTICS
Digital Input Current (V) = QV) Full 1 1.5 1 1.5 mA
Digital Input Current (Vjy = +5.0V) Full 5 5 nA
Output Delay (Note 9) +250C 100 250 100 250 ns
Crosstalk (Note 10) +250C | -80 -110 -14 -110 dB
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 4.8 6.0 4.8 6.0 mA
Power Supply Rejection Ratio (Note 11) Full 74 90 74 90 dB
NOTES: 1. R =2KQ 8. To 0.1% of final value
2. Vem = *5v.D.C. 9. To 10% of final value; output then siews at normal
3. Ay =+10, Ccomp = 0. R = 2K, C_ = 50pF rate to final value.
4. Ay =+1,Ccomp = 15pF, R|_= 2KQ, C|_ = 50pF 10. Unselected input to output; Vyy = 10 V.D.C.
5. VouT = 20V peak-to-peak 1. Vsypp = +10V.D.C. to +20V.D.C.
6. VouT = 200mV peak-to-peak 12. Unselected channels have approximately the same
7. VOUT = 10.0V peak-to-peak input parameters.

13. Derate by 4.3mW/°C above 105°C



CHARACTERISTIC CURVES

V+=15VDC, V-=15VDC, Ta = 25°C UNLESS OTHERWISE STATED.

INPUT BIAS CURRENT AND OFFSET NORMALIZED A.C. PARAMETERS
CURRENT AS A FUNCTION OF TEMPERATURE VS. TEMPERATURE
140
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CHARACTERISTIC CURVES (continued)

OUTPUT VOLTAGE SWING VS. FREQUENCY EQUIVALENT INPUT NOISE VS. BANDWIDTH

L
Ccome = 0pF
Ccomp = 15 pF

RESISTANCE
RESISTAN

~

Input Noise (LV)

Output Swing Volts Peak-to-Peak

< q
|

100K ™ TkHz 10kH2 100kHz
Frequency (Hz) Upper 3dB Frequency
Lower 3dB Frequency - 10Hz
Broadband Noise Characteristics

TRANSIENT RESPONSE SLEW RATE AND SETTLING SLEW RATE AND TRANSIENT RESPONSE

+200mv comp __O/Oj_
= SELECTED 15pF
INPUT CHANNEL H ° s
ov —‘—-i-OfISW

O out

OVERSHOOT
. ERROR BAND

]
t
1
! +£10mV FROM
——= : FINAL VALUE
1
1
H

OUuTPUT ISLEW
10% | baT—Rate
il i | aviar o

SETTLING TIME 80082 I 0

|
I3
—=1  |~—RISE TIME

NOTE. Measured on both positive and
negative transitions. 20082

TYPICAL APPLICATIONS

AMPLIFIER, NON-INVERTING PROGRAMMABLE GAIN SAMPLE AND HOLD

D,

0 +
DECODE/ 3
CONTROL | D,

. DIGITAL

l ENABLE

CONTROL

%
DECODE/
conTROL | D,
ENABLE s
NABL
}—o H

p——O OUTPUT

= anD
-+ =
i comp =
15pF c
]———Lo 415V v 415V
oUTPOT
- E AMP v

———¢—ooureur
—o

) " 112150 x 108 A
Sample charging rz.ate = Vlsec. 12 2200 x 1072 A @ +25°C
Hold drift rate = "CZ V/sec. 22600 x 10" A @ -55°C

a 23100 x 1079 A @ +125°C
Switch pedistal error = < Volts a=2x10"12coul.

FOR MORE EXAMPLES, SEE HARRIS APPLICATION NOTE 514




o HARRIS HA-2500/02/05

Precision High Slew Rate
Operational Amplifiers

FEATURES DESCRIPTION

HIGH SLEW RATE S0V/us HA-2500/2502/2505 comprise a series of monolithic opera-
FAST SETTLING ) 330ns tional amplifiers whose designs are optimized to deliver excellent
WIDE POWER BANDWIDTH 500kHz slew rate, bandwidth, and settling time specifications. The
outstanding dynamic features of this internally compensated
HIGH GAIN BANDWIDTH 12MHz device are complemented with low offset voltage and offset

HIGH INPUT IMPEDANCE 50 MQ current.

LOW OFFSET CURRENT 10nA These dielectrically isolated amplifiers are ideally suited for
INTERNALLY COMPENSATED applications such as data acquisition, R.F., video, and pulse
conditioning circuits. Slew rate of 225V/ u's and 330ns (0.1%)
settling time make these devices excellent components in fast,

accurate data acquisition and pulse amplification designs. 12
APPLICATIONS MHz bandwidth and 500kHz power bandwidth make these
devices well suited to R.F. and video applications. With 2mV
typical offset voltage plus offset trim capability and 10nA
offset current, HA-2500/2502/2505 are particularly useful
components in signal conditioning designs.

® DATA ACQUISTION SYSTEMS

* R.F.AMPLIFIERS The gain and offset voltage figures of the HA-2500 series are

optimized by internal component value changes while the

* VIDEO AMPLIFIERS similar design of the HA-2510 series is maximized for slew rate.

SIGNAL GENERATORS : .
* sie G o HA-2500/2502/2505 are available in metal can (T0-99) pack-

ages. HA-2500 and HA-2502 are specified over the -550C to

PULSE AMPLIFICATION
+1250C range. HA-2505 is specified from 00C to +750C.

PINOUT SCHEMATIC

Section 11 for Packaging
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TOP VIEWS
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V* and V- Terminals 40.0V Operating Temperature Range — HA-2500/HA-2502 -550C <Tp <+125°C
Differential Input Voltage +15.0V HA-2505 00C <Tp <+750C
Peak Output Current 50mA Storage Temperature Range -650C < Tp < +150°C
Internal Power Dissipation 300mW

ELECTRICAL CHARACTERISTICS

V+=+15V D.C., V-=-15V D.C.
HA-2500 HA-2502 HA-2505
-559C to +125°C -559C to +125°C 00C to +75°C
LIMITS LIMITS LIMITS
PARAMETER. E MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX.

INPUT
CHARACTERISTICS

Offset Voltage

Offset Voltage Average Drift

Bias Current

Offset Current

Input Resistance (Note 10)

Common Mode Range

TRANSFER
CHARACTERISTICS
Large Signal Voltage Gain
(Note 1,4)

Common Mode Rejection
Ratio (Note 2)

Gain Bandwidth Product
(Note 3)

QUTPUT
CHARACTERISTICS
Output Voltage Swing
(Note 1)

Output Current (Note 4)

Full Power Bandwidth
(Note 4)

TRANSIENT RESPONSE
Rise Time (Notes 1,5,6 & 8)

Overshoot (Notes 1,5,7 & 8)
Slew Rate (Notes1,5,8&12)

Settling Tyme to 0.1%
(Notes,5,88&12)

POWER SUPPLY
CHARACTERISTICS

Supply Current +250C mA
Power Supply Rejection
i d
Ratio (Note 9) Full 80 90 74 90 B8
NOTES: 1. R = 2l§ 7. Vo + 200mv 10. This parameter value is based on
2. Vgpm ==10V 8. See transient response test design calculations.
3. Ay >+10 circuits and waveforms page four. 11. Full power bandwidth guaranteed based
4. Vo=I10.0v 9. Av=rts50v on slew rate measurement using
5. C|_=50pF - FPBW = S.R./2T Vpeak.
8 Vo =1200mv 12. VoyT =15V



PERFORMANCE CURVES
V+=15VDC, V- = 15VDC, Tp = 25°C UNLESS OTHERWISE STATED
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PERFORMANCE CURVES (continued)

POWER SUPPLY CURRENT
vs TEMPERATURE

VsuppLY = &
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N
VsuppLY = "
o
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Temperature °C

SLEW RATE AND TRANSIENT RESPONSE
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VOS ADJUSTMENT




@ HARRIS  YA.2510/2512/2515

High Slew Rate
Operational Amplifiers

FEATURES | DESCRIPTION

e HIGH SLEW RATE 60V/us

FAST SETTLING 250ns The HA-2510/2512/2515 are a series of high performance
WIDE POWER BANDWIDTH 1.000kHz operational amplifiers which set the standards for maximum
: ! slew rate, highest accuracy and widest bandwidth for internally
-HIGH GAIN BANDWIDTH 12MHz compensated monolithic devices. In addition to excellent
HIGH INPUT IMPEDANCE 100MQ dynamic characteristics, these dielectrically isolated amplifiers
also offer low offset current and high input impedance.
LOW OFFSET CURRENT 10nA
INTERNALLY COMPENSATED The *60V/ us slew rate and 250ns (0.1%) settling time of these
: amplifiers is ideally suited for high speed D/A, A/D, and pulse
amplification designs. HA-2510/2512/2515's superior 12MHz
gain bandwidth and 1000kHz power bandwidth is extremely
APPLICATIONS useful in R.F. and video applications. For accurate signal condi-
tioning these amplifiers also provide 10nA offset current, coup-
led with 100M$2 input impedance, and offset trim capability.

DATA ACQUISITION SYSTEMS The HA-2510/2512 are available in metal can (T0-99) and

R.F. AMPLIFIERS 14-pin flat packages. HA-2510 and HA-2512 are specified from
-550C to +1250C. HA-2515 is specified over the 00C to +750C

VIDED AMPLIFIERS range, and is available in the T0-99 package.

SIGNAL GENERATORS

PULSE AMPLIFICATION

pPiNOUT SCHEMATIC

Section 11 for Packaging

COMPENSATION

TOP VIEWS

BALANCE D COMPENSATION

i 0w
IN+ E :l ouT eyt -

v- E ] BALANCE faanes

IN-




SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Voltage Between V' and V™ Terminals 40.0V Peak Output Current 50mA
Differential Input Voltage +15.0V Internal Power Dissipation 300mW

Operating Temperature Range Storage Temperature Range -659C gTA<_+150°C
HA-2510/HA-2512 —55°C§TA§+125°C
HA-2515 OOCSTA§_+75°C

ELECTRICAL CHARACTERISTICS
V+=+15V D.C,, V-= 15V D.C.

HA-2510 HA-2512 HA-2515
-559C to +125°C -550C to +125°C 00C to +75°C

LIMITS LIMITS LIMITS
PARAMETER .| MIN. TYP. MAX. MIN. TYP. | MAX. . TYP.

INPUT CHARACTERISTICS
Offset Voltage :2

Offset Voltage Average Drift

Bias Current

Offset Current

Input Resistance (Note10)

Common Mode Range

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 1,4)

Common Mode Rejection Ratio
(Note 2)

Gain Bandwidth Product (Note 3)

QUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1)

Qutput Current (Note 4)

Full Power Bandwidth (Note 4, 11)

TRANSIENT RESPONSE
Rise Time (Notes 1,5, 6 & 8)

Overshoot (Notes 1,5, 7 & 8)
Slew Rate (Notes 1,5,8 & 12)

Settling Time (Notes 1,5,8 & 12)

POWER SUPPLY CHARACTERISTICS
Supply Current

Power Supply Rejection Ratio (Note 9) 74 74

NOTES: 1. 7. Vq = £ 200mv . This parameter value is based
8. See transient response test upon design calculations.
circuits and waveforms . Full power bandwidth guaranteed
9. Vv =1*50Vv based upon slew rate measurement
FPBW = S.R./2T Vpeak.

. VouTt=1tsv




PERFORMANCE CURVES

V+=15VDC, TA = 260C UNLESS OTHERWISE STATED.

INPUT BIAS AND OFFSET CURRENT

vs. TEMPERATURE EQUIVALENT INPUT NOISE
vs. BANDWIDTH
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PERFORMANCE CURVES (continued)

POWER SUPPLY CURRENT VOLTAGE FOLLOWER PULSE RESPONSE
vs
TEMPERATURE P
a2 i
< . :
I VSUPPLY = £20V %/ E
RSN oo T b
5w = ] /
N = / i s\
I
. N
32 5‘5-50 =5 e s im0 iz I T~
’ i
Temperature °C
RL=2KQ,Cy = 50pF Vertical = 5V/Div.
Upper Trace: Input Horizontal = 100n/Div.
Lower Trace: Output Tp =+250C, Vg = £15.0V
SLEW RATE AND TRANSIENT RESPONSE SLEW RATE AND
SETTLING TIME TRANSIENT RESPONSE SUGGESTED
VOS ADJUSTMENT
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NOTE  Measured on both positive and
negative transitions.




T HARRIS

FEATURES

HA-2520/22/25

Uncompensated High Slew

Rate Operational Amplifiers

DESCRIPTION

HIGH SLEW RATE

FAST SETTLING

WIDE POWER BANDWIDTH
HIGH GAIN BANDWIDTH
HIGH INPUT IMPEDANCE
LOW OFFSET CURRENT

120V/us
200ns
2,000kHz
20MHz
100M2
10nA

APPLICATIONS

DATA ACQUISITION SYSTEMS
e R.F. AMPLIFIERS

VIDEO AMPLIFIERS
e SIGNAL GENERATORS

PULSE AMPLIFICATION

HA-2520/2522/2525 comprise a series of monolithic opera-
tional amplifiers delivering an unsurpassed combination of
specifications for slew rate, bandwidth and settling time. These
dielectrically isolated amplifiers are controlled at closed loop
gains greater than 3 without external compensation. In additon,
these high performance components also provide low offset
current and high input impedance.

120V/ i s slew rate and 200ns (0.1%) settling time of these
amplifiers make them ideal components for pulse amplification
and data acquisition designs. These devices are valuable com-
ponents for R.F. and video circuitry requiring up to 20MHz
gain bandwidth and 2MHz power bandwidth. For accurate
signal conditioning designs the HA-2520/2522/2525's superior
dynamic specifications are complimented by 10nA offset cur-
rent, 100M  input impedance and offset trim capability.

The HA-2520/2522 are available in metal can (T0-99) and
14-pin flat packages. HA-2520 and HA-2522 are specified
over -550C to +1250C range. HA-2525 is specified from
00C to +750C, and is available in the TO-99 package.

PINOUT

SCHEMATIC

COMPENSATION

TOP VIEWS

Section 11 for Packaging

BALANCE
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IN- [
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

40.0v
+15.0V

Voltage Between V*and V- Terminals Peak Output Current

Differential Input Voltage

Operating Temperature Range
HA-2520/2522
HA-2525

-550C< Tp <+125°C
00C < Tp <+759C

Internal Power Dissipation

Storage Temperature Range

50mA
300mW

-59C < TA < +1500C

ELECTRICAL CHARACTERISTICS

V+=+15V D.C., V-=-15V D.C.

HA-2520
-550C to +125°C
LIMITS

HA-2522

LIMITS

-550C to +1259C

HA-2525
00C to +75°C

LIMITS

PARAMETER TEMP. | MIN. TYP. MAX. | MIN. TYP.

MAX. TYP. | MAX.

INPUT CHARACTERISTICS |
Offset Voltage

+250C
Full
Offset Voltage Average Drift Full
) +250C
Bias Current Full
0
Offset Current +259C
Full

Input Resistance (Note 9) +250C

Common Mode Range Full

10 10
14 14

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 1,4)

+250C
Full

Common Mode Rejection Ratio Full
(Note 2)

Gain Bandwidth Product (Note 3) +250C

OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1)

Full
Output Current (Nate 4) +250C

Full Power Bandwidth (Note 4, 10) +250C

TRANSIENT RESPONSE (Ay =+3)

Rise Time (Notes 1,5, 6 & 8) +259C

Overshoot (Notes 1,5, 6 & 8) +250C
Slew Rate (Notes 1,5,8 & 11) +250C

Settling Time (Notes 1,5,8 & 11) +250C

POWER SUPPLY CHARACTERISTICS

Supply Current +250C
Power Supply Rejection Ratio (Note 7) Full {0
NOTES: 1. R| = 2K 4. Vg =£10.0V 7. AV =15.0V
2. VCM =+10V 5. CL = 50pF 8. See transient response test
3. Ay > 10 6. VO = +200mV circuits and waveforms

74

9. This parameter value is based
upon design calculations.

10. Full power bandwidth guaranteed
based upon slew rate measurement
FPBW = S.R./2TVpeak,

1. VoyTt =£5v



PERFORMANCE CURVES
V+=15VDC, V- = 156VDC, Tp = 25°C UNLESS OTHERWISE STATED

Current - nA

+250C

Referred to Values at

»
2
3
]
@
£
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i
<
a
o
>
N
©
£
=
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=

Normalized Parameters
Referred to Values at

INPUT BIAS AND OFFSET CURRENT
vs TEMPERATURE

I T
\ VSUPPLY = 415V
AN |L
\ BIAS CURRENT

™

\

N

N

I~ OFFSET CURRENT

P

LI

M5 4100 4125

-551.50 -25 0 +25
Temperature °C

NORMALIZED AC PARAMETERS
vs TEMPERATURE

VSUPPLY = s

NDWIDT!

EW RAT \1\

BANDWIDTH

-25 25 W50+

Temperature °C

NORMALIZED AC PARAMETERS
vs SUPPLY VOLTAGE AT +259C

A

=

BANDWIDTH

SLEW RATE

115

Supply Voltage

OPEN LOOP VOLTAGE GAIN
vs TEMPERATURE

b vsuppey - 220V

™~

VSUPPLY /_\;‘V/ ~

e T

2-20

|
T |

VSUPPLY = 410V,

™
- N

L L1/

|
-55l-50 -25 W25 w50 15

Temperature °C

Open Loop
Voltage Gain dB

Open Loop
Voltage Gain dB

Peak-To-Peak

Equivalent Input

EQUIVALENT INPUT NOISE
vs BANDWIDTH

CE RESISTANCE
RESISTANCI

=
1

e

'l

1kHz 10kHz 100kHz
Upper 3dB Frequency
Lower 3dB Frequency - 10Hz

OPEN-LOOP FREQUENCY AND PHASE RESPONSE

] T

I}

Frequency Hz

K

OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS
VALUES OF CAPACITORS FROM BANDWIDTH CONTROL

PIN TO GROUND

i

Voltage Swing

10K 100K

Frequency Hz

OQUTPUT VOLTAGE SWING
vs FREQUENCY AT +25°C

AL
PLY =+ 20

-

P10k

100K 1MEG 10MEG

Frequency Hz

Phase Angle




PERFORMANCE CURVES (continued)

POWER SUPPLY CURRENT VOLTAGE FOLLOWER PULSE RESPONSE
vs TEMPERATURE

Current - mA

VSUPPLY = 220V
~
VSUPPLY = 218V —__|
[T vsuppLY = 210V —3

Ry = 2K, C = 50pF Horizontal = 100ns/Div.
Upper Trace: Input; 1.67V/Div. Tp =+250C, Vg = £15V
Lower Trace: Output; 5V/Div.

Temperature °C

POWER SUPPLY REJECTION RATIO
VS. FREQUENCY

i
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y,
/

-
2
=

)

2
e
£
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£
5
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z
z
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2
«
H
3
H
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100kHz 10kHz 100kHz
FREQUENCY - Hz

SLEW RATE AND TRANSIENT SLEW RATE AND SUGGESTED
SETTLING TIME RESPONSE TRANSIENT RESPONSE V0OS ADJUSTMENT

+167V L6Imv
| 133302
INPUT INPUT out
W I 50pF
rT I
1 ERROR BAND -
| £10mV FROM

0% —
eI e [FNAL VALUE i R
:.‘AT-! RATE | =
! = Av/aT

SETTLING TIME

OUTPUT =
) 66792 BALANCE™

()
e = RISE TIME

' NOTE M

TYPICAL APPLICATIONS

COMPENSATION CIRCUIT FOR INVERTING UNITY GAIN

10K
INO——WA -
HA-2520 L__O ouT Slew Rate ~ 120V/us
2K Bandwidth =&~ 10MHz
+
Settling Time = 500ns
500pF /J'\ 5K
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T HARRIS HA-2530/2535

High Slew Rate, Wideband
Inverting Amplifier

FEATURES DESCRIPTION

. 1
© HIGH SLEW RATE 320V/s HA-2530 and HA-2535 are monoljthic high speed inverting

FAST SETTLING TIME 550ns amplifiers which deliver supggs v rate, bandwidth, and
accuracy specification other amplifier in its
WIDE POWER BANDWIDTH SMHz class. i 3 pted amplifiers utilize

HIGH GAIN BANDWIDTH PRODUCT 70MHz > fegg produce excellent
R low power con-

LOW OFFSET VOLTAGE ompensation at

LOW POWER SUPPLY CURRENT

APPLICATIONS

PULSE AWPLIFI current levels make these amplifiers ideally suited for signal
SIGNAL CONDITIO conditioning, signal generation, and coaxial driver applications.

SIGNAL GENERATOR? The HA-2530 and HA-2535 are available in metal can (T0-99)
COAXIAL CABLE DRIV packages. HA-2530 is specified over the -550C to +1250C
range while HA-2535 is specified from 00C to +750C.

INTEGRATORS

PINOUT SCHEMATIC

Section 11 for Packaging

TOP VIEW ;:(‘zss( =
a

1

an

B comp




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 40V Internal Power Dissipation (Note 1) 550mW
Operating Temperature Range -550C<Tp<+125°C  (HA-2530)
Peak Output Current +100mA 09C<Tp<+75°C - (HA-2535)
Storage Temperature Range -659C <Tp<+1500C

ELECTRICAL CHARACTERISTICS

Test Conditions: Vgyppyy = +15.0V Unless Otherwise Specified.

HA-2530 HA-2535
-550C to +1250C 0°C to +75°C
LIMITS LIMITS

PARAMETER TEMP.[ MIN. TYP. | MAX. .| TYP. | MAX.
INPUT CHARACTERISTICS

Offset Voltage +250C 0.8 0.8
Full

Average Offset Voltage Drift Full

Bias Current +250C
Full

Offset Current +250C
Full

Input Resistance +250C

Input Capacitance +250C

TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Notes 2,5) +250C
Full

Common-Mode Rejection
Ratio (Note 3) Full

Gain Bandwidth Product (Note 4) +250C
OUTPUT CHARACTER!STICS
Output Voltage Swing (Note 2) Full

Output Current (Note 5) +250C
Full Power Bandwidth (Note 5) +250C
TRANSIENT RESPONSE (NOTES 6&7)
Rise Time +250C
Overshoot +250C
Slew Rate +250C
Settling Time +250C
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 3.5
Power Supply Rejection Ratio (Note 8) Full 100

NOTES: 1. Derate at 5.5mW/°C for Operation at . Vg =t10v
Ambient Temperature Above 75°C. . C__ =50pF
R =2K . See Transient Response Test Circuit

2.
3. Vem = #5.0v : and Wave Forms’
. Ay >10 . AV =45.0V
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PERFORMANCE CURVES

V+=15VDC, V- = 15VDC, TA =259C UNLESS OTHERWISE STATED

Normalized Parameters Referred

Normalized Parameters Referred

Current — nA

to Values at +250C

to Values at +15V

INPUT BIAS AND OFFSET CURRENT EQUIVALENT INPUT NOISE

vs. TEMPERATURE ) " vs. BANDWIDTH
\\ /4' 1]
P
s \ BIAS CURRENT E ;_ 10K SOURCE RESISTANCE B’y d
E K SOURCE —
N ™~ X :
OFFSET CURRENT I-Icl-l-Z A ok A
- T L LSS
\ g_ g. u*‘P L1 g!“‘
~{ ==l b \“q\t
\ - ‘%
P
LTl
-550C |-500C  -25°C 0°c 25°C 500 75°C 1009C 1259C “1‘0&4: kHz 10kHz 100KkHz IMHz
Temperature °C Upper 3dB Frequency
Lower 3dB Frequency - 10Hz
NORMALIZED AC PARAMETERS
0 vs. TEMPERATURE OPEN-LOOP FREQUENCY AND PHASE RESPONSE
4 — 160, T
— Cc:hF |
12 120 \\ :t.::ﬁ o
BANDWIDTH ~N
// ='-P§ N \\ o
) o.E GAIN
! %f SLEW RATE S8 w \ NS w0 2
é § S N \\ =
[ 4 2 ) <
V. ox PHASE \ \ 2
/] SLEWRATE g 20 \ P=] e 8
06 2 \_)\ \ -
~
0 180°
~559C |-500C 250 3 250 w500 w750 1000 w1250 BT 100 3 10K T00K ™ oM T00M
Temperature 9C Frequency Hz
NORMALIZED AC PARAMETERS POWER SUPPLY CURRENT
vs. SUPPLY VOLTAGE AT +25°C vs. TEMPERATURE

T T

. SLEW RV N

BANDWIDTH o /
VsuppLy =20V

N

BANOWIDTH 35u”w,ﬂ5v //
4 =+0V o
SLEW RATE <é sumv/‘ //

'
3

c C el

>

= < /

S e

5 +20 -550C=.5nac . =250 0° 259 500 759 100° 1259
Supply Voltage Temperature °C

OUTPUT VOLTAGE SWING
vs. FREQUENCY AT +259¢C
H—F

mng

o e
s
-
VsuppLy © #20V
LILL]
v, = 415V
suPPLY,

VsuppLy = #10V

Peak-to-Peak
Voltage Swing

01
100K 1M 100M

™
Frequency Hz



PERFORMANCE CURVES (continued)

UNITY GAIN PULSE RESPONSE

SETTLING TIME MEASUREMENT *1

N
\\
JAAN
\
VERTICAL =5mV/DIV. UPPER TRACE: INPUT VERTICAL =5V/DIV.
HORIZONTAL = 100ns/DIV. LOWER TRACE: OUTPUT HORIZONTAL =50ns/DIV.
Tp = +250C, Vg = +15V Tp = +250C, Vg = +15V
SLEW RATE/SETTLING TIME/TRANSIENT RESPONSE TEST CIRCUIT
*1Vg _.,l +Tg lq,_
2K K +5mV — — _\_/i.'____.__ ‘;A____.
s'§ 100 @ &s ? SV = = - = = e
' 3F o ! = —’I Ts I‘—
2K
IN .
Vg *1 Settling time (TS) is measured using a high speed high
recovery oscilloscope to display the error voltage VE.

<
620 Q . i -
i When Vg is within #5mV of final value the output Vg
will be within +10mV (0.1%).

250pF Ison
I *2 8, closed for settling time.

SLEW RATE SETTLING TIME
5MHz VIDEO AMPLIFIER (Ay = 10)

+4.5V. +5V
INPUT | | INPUT
-4.5V -5V | |
OUTPUT — ¢ — V- ~ *_- ERROR BAND 3pF
AV=SV¢_ ouTPUT ¥ s10mv FROM '(7
- | SLEW _Av: FINAL VALUE
45V || RaTETaT v J {
! VV VY [

—> le—

at TRANSIENT RESPONSE 5000 =

ﬂv—l l— O
N out
-400mV 50pF

2KQ

OVERSHOOT _ _ /™
90% # 455Q (
* MEASURED ON BOTH POSITIVE 10% 4! %F =
! =
1
1

)

AND NEGATIVE EXCURSIONS. 1
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@ HARRIS HA-2539
Very High Slew Rate

Wideband

Preliminary Operational Amplifiers

FEATURES GENERAL DESCRIPTION

VERY HIGH SLEW RATE 600V/us The Harris HA-2539 represents the ultimate in high slew rate
OPEN LOOP GAIN 30kV/V wideband, monolithic, operational amplifiers. It has been design-
WIDE GAIN-BANDWIDTH G00MHz ed and constructed with the Harris high frequency BIPDIP

(Bipolar dielectric isolation process), and features dynamic para-
POWER BANDWIDTH 9.5MHz meters never before available from a truly differential device.
LOW OFFSET VOLTAGE 3mvV

INPUT VOLTAGE NOISE 15nV// Hz With a 600V/ us slew rate and a 600MHz gain-bandwidth-
OUTPUT VOLTAGE SWING +10v praduct, the HA-2539 is ideally suited for use in video and RF
amplifier designs. Full £ 10V output swing coupled with out-
standing A.C. parameters and complemented by high open loop

APPLICATIONS gain makes these devices useful in high speed data acquisition
systems.

PULSE AND VIDEO AMPLIFIERS The HA-2539 is available in the 14 pin CERDIP. The HA-
WIDEBAND AMPLIFIERS 2539-2 denotes -550C to +1250C operation while the HA-
HIGH SPEED SAMPLE-HOLD CIRCUITS 2539-5 operates over the 00C to +750C range.

RF OSCILLATORS

PINOUT SCHEMATIC

Section 11 for Packaging

R23 R1, N2‘> @
TOP VIEW %\‘ i
A
)

Qp2z
U
+INPUT | 1 MI -INPUT s

N.C. |__; [13] ne [
-VsuppLY E 12] N.C. : '
ne. [ (1] e
ne. [s) [10] +VsuppLy

ne. [ E‘ NC.

ne. [7] g | ouTPUT

grs J

Qpzj|
0022 o,

2-26



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage between V+ and V- Terminals 35V
Differential Input Voltage 6V
Output Current : 50mA (Peak)
Internal Power Dissipation (Note 2) 870mW (Cerdip)
Operating Temperature Range: (HA-2539-2) -550C< T <+1250C

(HA-2539-5) 00C<TA <+750C
Storage Temperature Range -650C<Ta <+1500C

ELECTRICAL CHARACTERISTICS VsuppLY =*15 Volts; RL = 1K ohms, unless otherwise specified.

HA-2539-2 HA-2539-5
-550C to +1250C 00C to +750C

PARAMETER MIN TYP MAX MIN TYP MAX
INPUT CHARACTERISTICS
Offset Voltage 15

Average Offset Voltage Drift

Bias Current
Offset Current

Input Resistance

Input Capacitance

Common Made Range

Input Voltage Noise (f = 1kHz, Rg = 0§2)
TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Note 3)

Common-Made Rejection Ratio (Note 4)
Gain-Bandwidth-Product (Notes 5 & 6)
OUTPUT CHARACTERISTICS

Output Voltage Swing (Note 3)

Output Current (Note 3)

QOutput Resistance

Full Power Bandwidth (Note 3 & 7)
TRANSIENT RESPONSE (Note 8)

Rise Time

Overshoot
Slew Rate

Settling Time:
10V Step to 0.1%

POWER REQUIREMENTS

Supply Current

Power Supply Rejection Ratio (Note 9)
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NOTES:

1. Absolute maximum ratings are limiting values, applied . Vg=90mVv.
individually, beyond which the serviceability of the cir-
cuit may be impaired. Functional operability under any . Ay =10.
of these conditions is not necessarily implied.

. Derate at 8.7mW/OC for operation at ambient temper- . Full power bandwidth guaranteed based on slew rate
atures above +750C, Heat sinking required at temper- measurement using FPBW = Slew Rate
atures above +750C. Tya = 1150C/W; Tyc = 350C/W. 27 Vpeak

Thermalloy model 6007 heat sink recommended. . Refer to Test Circuits section of data sheet.

3. RL=1K&, VO =X 10V
4. Vom =10V . VSyPPLY =25VDCto+15VDC

TEST CIRCUITS

LARGE AND SMALL SIGNAL RESPONSE
TEST CIRCUIT *

Ay =10
*Cp <10pF

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE
Vertical Scale: (Volts: A = 1.0V/Div., B =2.0V/Div.) Vertical Scale: (Volts: 50mV/Div.)
Horizontal Scale: (Time: 20ns/Div.) Horizontal Scale: (Time: 10ns/Div.)

T T

HHH R

FERIETUTY ISUR - - NUVe IR TTIN

LAAAARARARRALSARAR" RARIRRES

SETTLING TIME TEST CIRCUIT

Load Capacitance should be less than 10pF.
INPUT . . iy
OUTPUT It is recommended that resistors be carbon composition and
that feedback and summing network ratios be matched.

* PROBE
I MONITOR * SETTLE POINT (Summing Node) capacitance should be less
5000 ex = than 10pF. For optimum settling time results, it is recom-
mended that the test circuit be constructed directly onto the
device pins. A Tektronix 568 Sampling Oscilloscope with S-3A
sampling heads isrecommended as a settle point monitor.

SETTLE
POINT

oO—
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@ HARRIS HA-2540

Wideband, Fast Settling
Operational Amplifiers

Preliminary

FEATURES GENERAL DESCRIPTION
e VERY HIGH SLEW RATE 400V/us
50 The Harris HA-2540 is a wideband, very high slew rate, mono-

e FAST SETTLING TIME 250ns lithic operational amplifier featuring superior speed and band-
e WIDE GAIN-BANDWIDTH 400MHz width characteristics. Bipolar construction coupled with dielectric
e POWER BANDWIDTH 6MHz isolation allows this truly differential device to deliver out-

OW OFFSET VOLTAGE standing performance. Additionally, the HA-2540 has a drive
oL VoL Smv capability of 10V into a 1K ohm load. Other desirable
e INPUT VOLTAGE NOISE 15nV/\/a_z characteristics include low input voltage noise, low offset voltage,
e OUTPUT VOLTAGE SWING +10V and fast settling time.
e MONOLITHIC BIPOLAR CONSTRUCTION

A 400V/ us slew rate ensures high performance in video and
pulse amplification circuits, while the 400MHz gain-bandwidth-

APPLICATIONS product is ideally suited for wideband signal amplification. A
settling time of 250ns also makes the HA-2540 an excellent
® PULSE AND VIDEO AMPLIFIERS selection for high speed Data Acquisition Systems.

WIDEBAND AMPLIFIERS
® HIGH SPEED SAMPLE-HOLD CIRCUITS
e FAST,PRECISE D/A CONVERTERS

The HA-2540-2 is specified over the -550C to +1250C range
while the HA-2540-5 is specified from 00C to +750C.

PINOUT SCHEMATIC

Section 11 for Packaging

RIS mMS mS I-_H:m 3 R4
s [
TOP VIEW ez 34— Kn,ﬁ
J LIS, ter $hs
g Y $en
K
v S A
L R22Z h " INZ
d @ P Tl
Ong
E E neut o N
IN'E EV* ﬂnﬁ- & R output
Z 3]
INHLD [10] outPuT | o i
v-1 6 E R21 v
I'T 7] Fr-Ng J -
R25 w —Vﬂmz
'—éuzn SR -

[ | ~
s N1 e
0o
an2g A RIS R1Z
0021 i3 w2
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* SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage between V+ and V- Terminals 35v
Differential Input Voltage 6V
Output Current 50mA (Peak)
Internal Power Dissipation (Note 2) 870mW (Cerdip)
Operating Temperature Range: (HA-2540-2) -550C< Ta <+1250C

(HA-2540-5) 00C<Tp <+750C
Storage Temperature Range . ) -650C<Tp <+1500C

ELECTRICAL CHARACTERISTICS VsuppLY =15 Volts; Ry = 1K chms, unless otherwise specified.

HA-2540-2 HA-2540-5
-550C to +1250C 00C to +750C

PARAMETER MIN TYP MAX MIN TYP [ MAX
INPUT CHARACTERISTICS

Offset Voltage 15
20

Average Offset Voltage Drift

Bias Current 20
25

Offset Current 6 6
8

Input Resistance

Input Capacitance

Common Mode Range

Input Noise Voltage (f = 1kHz, Rg=082)
TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Note 3)

Common~-Mode Rejection Ratio (Note 4)
Gain-Bandwidth-Product (Notes 5 & 6)
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3)

Output Current (Note 3)

Output Resistance

Full Power Bandwidth (Note 3 & 7)
TRANSIENT RESPONSE (Note 8)

Rise Time

Overshoot
Slew Rate

Settling Time:
10V Step to 0.1%

POWER REQUIREMENTS

Supply Current
Power Supply Rejection Ratio {Note 9)
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NOTES:

1. Absolute maximum ratings are limiting values, applied 5. Vg=90mV.
individually, beyond which the serviceability of the cir-
cuit may be impaired. Functional operability under any 6. Ay= 5.
of these conditions is not necessarily implied.
2. Derate at 8.7mW/OC for operation at ambient temper- 7. Full power bandwidth guaranteed based on slew rate
atures above +750c. Heat sinking required at temper- measurement using FPBW = Slew Rate‘
atures above +750c. Typ = 1150C/W; Tyg = 350C/W. 27 Vpeak
h | i
Thermalloy model 6007 heat sink recommended. 8. Refer to Test Circuits section of data sheet.
3. R =1KQ, VO=4£10V
4. Vgy =+10V 9. VsyppLY =45 VDC to+15VDC
TEST CIRCUITS
LARGE AND SMALL SIGNAL RESPONSE
TEST CIRCUIT*
IN
F—OOUT
380002
Ay =5
20082 ’CLS‘IOPF
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE
Vertical Scale: (Volts: A =4.0V/Div., B =8.0V/Div.) Vertical Scale: (Volts: A=50mV/Div., B=100mV/Div.)
Horizontal Scale: (Time: 100ns/Div.) Horizontal Scale: (Time: 100ns/Div.)
o r X
a +10V[ 5 £ .
90% AT PPN YV PO VY TR PPV
vouL[ % M HHHHHHHHHE T .n‘m..
10%
-10V N N E3 ]
A +2.0V E3
w [ i
-2.0V E3

SETTLING TIME TEST CIRCUIT

s0oQe
INPUT O ouTPUT -
» L prose
MONITOR

%

> L

2 wan =

A

SETTLE KO
POINT
eon
O VW ———
5KQ*"

Load Capacitance should be less than 10pF.

It is recommended that resistors be carbon composition and
that feedback and summing network ratios be matched.

SETTLE POINT (Summing Node) capacitance should be less
than 10pF. For optimum settling time results, it is recom-~
mended that the test circuit be constructed directly onto the
device pins. A Tektronix 568 Sampling Oscilloscope with S-3A
sampling heads is recommended as a settle point monitor,

2-31




HA-2600/2602/2605

WideBand, High Impedance
Operational Amplifiers

FEATURES

DESCRIPTION

o WIDE BANDWIDTH 12MHz
e HIGH INPUT IMPEDANCE 500M$2
® LOWINPUT BIAS CURRENT nA
e LOWINPUT OFFSET CURRENT 1nA
e LOWINPUT OFFSET VOLTAGE 0.5mV
® HIGH GAIN 150K V/V
e HIGH SLEW RATE V/us

e QUTPUT SHORT CIRCUIT PROTECTION

HA-2600/2602/2605 are internally compensated bipolar opera-
tional amplifiers that feature very high input impedance (500
ME2, HA-2600) coupled with wideband AC performance. The
high resistance of the input stage is complemented by low offset
voltage (0.5mV, HA-2600) and low bias and offset current
(1nA, HA-2600) to facilitate accurate signal processing. Input
offset can be reduced further by means of an external nulling
potentiometer. 12MHz unity gain-bandwidth product, 7V/u s
slew rate and 150,000V/V open-loop gain enables HA-2600/
2602/2605 to perform high-gain amplification of fast, wideband
signals.  These dynamic characterisitics, coupled with fast
settling times, make these amplifiers ideally suited to pulse

APPLICATIONS

amplification designs as well as high frequency (e.g. video)
applications. The frequency response of the amplifier can be

e VIDEO AMPLIFIER

® PULSE AMPLIFIER

e AUDIO AMPLIFIERS AND FILTERS
® HIGH-Q ACTIVE FILTERS

® HIGH-SPEED COMPARATORS
e LOWDISTORTION OSCILLATORS

tailored to exact design requirements by means of an external
bandwidth control capacitor.

In addition to its application in pulse and video amplifier de-
signs, HA-2600/2602/2605 is particularly suited to other high
performance designs such as high-gain low distortion audio
amplifiers, high-Q and wideband active filters and high-speed
comparators.

HA-2600 and HA-2602 are guaranteed over -550C to +1250C.
HA-2605 is specified from 00C to +750C. All devices are
available in TO-99 cans, and HA-2600/2602 are available in
10 lead flat packages.

PINOUT

SCHEMATIC

COMPENSATION Section 11 for Packaging

TOP VIEWS

Case Connected to V-
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V* and V— Terminals 45,0V
Differential Input Voltage +12.0V
Peak Output Current Full Short Circuit Protection
Internal Power Dissipation 300mwW
Operating Temperature Range — HA-2600/HA-2602 —550C < Tp<+1250C
HA-2605 00 <7p <+759¢C
Storage Temperature Range —659C < Tp <+1500C
ELECTRICAL CHARACTERISTICS V+=+15VDC, V-=-15VDC
HA-2600 HA-2602 HA-2605
—550C to +1259C —550C to +125°C 09C to +75°C
LIMITS LIMITS LIMITS
PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. § UNITS
INPUT CHARACTERISTICS 0
+259C 0.5 4 3 5 3 5 mV
Offset Voltage Full ) 6 7 7 mv
Offset Voltage Average Drift Full 5 MV/oC
. +259C 1 10 15 25 5 25 nA
Bias Current Full 10 30 60 a0 nA
+250C 1 10 5 25 5 25 nA
Offset Current Full 5 30 60 w0 |
Input Resistance (Note 10) +250C 100 500 40 300 40 300 ML
Common Mode Range Full +11.0 +11.0 +11.0 Y
TRANSFER CHARACTERISTICS
. . +250C 100K | 150K 80K 150K 80K 150K VIV
Large Signal Voltage Gain (Notes 1, 4) Full 70K 60K 70K VIV
c M i .
ammen Mods Rejection Ratio Ful 80 | 100 7| 100 7 | 100 a8
Unity Gain Bandwidth (Note 3) +250C 12 12 12 MHz
QUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1) Full +10.0 [ £12.0 +10.0 | +12.0 +10.0 | +£12.0 "
Output Current (Note 4) +250C +15 +22 +10 +18 +10 +18 mA
Full Power Bandwidth (Note 4 &11) +250C 50 75 50 75 50 75 kHz
TRANSIENT RESPONSE
Rise Time (Notes 1, 5, 6 & 8) +250C 30 60 30 60 30 60 ns
Overshoot (Notes 1, 5,7 & 8) +250C 25 40 25 40 25 40 %
Slew Rate (Notes 1,5,8& 12) +250C +4 +7 4 +7 *4 +7 Vius
Settling Time (Notes 1,5, 8 & 12) +250C 1.5 15 1.5 us
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 3.0 37 3.0 4.0 3.0 4.0 mA
Power Supply Rejection Ratio (Note 9)]  Full 80 90 74 90 74 90 dB
TEST CONDITIONS
NOTES: 1. RL = 2K 7. vo =+200mv 10. This parameter value guaranteed
2.V M= *10v 8. See Transient response test circuits by design calculations.
3. Vp<90mVv and waveforms 11. Full power bandwidth guaranteed
4. Vo =T10V 9. Avs = 15v by slew rate measurement.
5. C, = 100pF FPBW = S.R./2T Vpeak.
6. Vg =t200mv 12, VoyT=%5V
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PERFORMANCE CURVE

V+ = 16VDC, V- = 15VDC, TA = 25°C UNLESS OTHERWISE STATED.

100 120
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INPUT IMPEDANCE VS. TEMPERATURE, 100Hz OUTPUT VOLTAGE SWING VS. FREQUENCY ) CAPACITORS FROM COMPENSATION PIN TO GROUND

Note External Compensation Components are not Required

for Stability, But May be Added to Reduce Bandwidth if Desired
If External Compensation is Used, Also Connect 100pF Capacitor
From Output to Ground.
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TYPICAL APPLICATIONS

PHOTO-CURRENT TO VOLTAGE CONVERTER

SILICON  p=80uA
PHOTO DIODE

FEATURES
1 CONSTANT CELL VOLTAGE
2 MINIMUM BIAS CURRENT ERROR

—O V=11 "’%%) VREF

~ 50pF*

fo

FEATURES
1 MINIMUM BIAS CURRENT IN REFERENCE CELL
2 SHORT CIRCUIT PROTECTION"

SAMPLE — AND — HOLD

Y

MULTIPLEXER

DIGITAL CONTROL

1, IF C - 1000pF
DRIFTRATE B2 DRIET « 01V msMAX

VOLTAGE FOLLOWER

+15V

roour

;E SOpF*

1000 GAIN 09999 SLEW RATE = 4V/ Lis MIN
2,07 -10'2 MIN B W = 12MHz TYP
2oy 7 01 MAX OUTPUT SWING = + 10V MIN TO SOkHz

*A small load capacitance is recommended in all applications where
practical to prevent possible high frequency oscillations resulting
from external wiring parasitics. Capacitance up to 100pF has
negligible effect on the bandwidth or slew rate.
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@ HARRIS HA-2620/2622/2625

FEATURES

Uncompensated Operational Amplifiers

Very WideBand,

DESCRIPTION

GAIN BANDWIDTH PRODUCT(Ay = 5)

HIGH INPUT IMP

LOW INPUT BIAS CURRENT
LOW INPUT OFFSET CURRENT
LOW INPUT OFFSET VOLTAGE

HIGH GAIN
HIGH SLEW RAT
OUTPUT SHORT

100MHz
500M$2
1A
1nA
0.5mV
150K V/V
E 35V/us
CIRCUIT PROTECTION

EDANCE

APPLICATIONS

VIDED AND R.F.

AMPLIFIERS

PULSE AMPLIFIER )
AUDIO AMPLIFIERS AND FILTERS

HIGH-Q ACTIVE
HIGH-SPEED CO

FILTERS
MPARATORS

LOW DISTORTION OSCILLATORS

PINOUT

2-36

Case Connected to V-

BALANCE

NC 11—
NC 2 —

BALANCE 3 —

INVERTING INPUT 4—]
NON-INVERTING ¢
INPUT

V- 6—
NC 7 —

COMPENSATION Section 11 for Packaging

out

BALANCE
©
v-

[] compensaTion
v
] our

D BALANCE

TOP VIEWS

——14 COMPENSATION
—13 NC

b—12 NC

F—11 v+

——10 QUTPUT

——9 BALANCE
——8 NC

HA-2620/2622/2625 are bipolar operational amplifiers that
feature very high input impedance (500M$2, HA-2620) coupled
with wideband AC performance. The high resistance of the
input stage is complemented by low offset voltage (0.5mV,
HA-2620) and low bias and offset current (1nA, HA-2620) to
facilitate accurate signal processing. Input offset can be reduced
further by means of an external nulling potentiometer. 100MHz
gain-bandwidth product (HA-2620/2622/2625 are stable for
closed loop gains greater than 5), 35V/ u's slew rate and
150,000V/V open-loop gain enables HA-2620/2622/2625 to
perform high-gain amplification of very fast, wideband signals.
These dynamic characterisitcs, coupled with fast settling times,
make these amplifiers ideally suited to pulse amplification
designs as well as high frequency (e.g. video) applications. The
frequency response of the amplifier can be tailored to exact
design requirements by means of an external bandwidth control
capacitor.

In addition to its application in pulse and video amplifier de-
signs HA-2620/2622/2625 is particularly suited to other high
performance designs such as high-gain low distortion audio
amplifiers, high-Q and wideband active filters and high-speed
comparators.

HA-2620 and HA-2622 are guaranteed over -550C to +1250C.
HA-2625 is specified from 00C to +750C. All devices are
available in TO-99 cans, and 14 lead D.I.P. packages.

SCHEMATIC

COMPENSATION
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V* and V- Terminals 45.0V

Differential tnput Voltage +12.0V

Peak Qutput Current Full Short Circuit Protection
Internal Power Dissipation 300mwW

Storage Temperature Range —650C < Tp < +1500C

ELECTRICAL CHARACTERISTICS
V+=+15 VDG, V-=—15VDC HA-2620 HA-2622 HA-2625
-550C to +1259C —659C to +1250C  0C to +75°C

PARAMETER TEMPERATURE MIN.] TYP. | MAX{MIN.[TYP.|MAX ] MIN. |TYP. [MAX.
INPUT CHARACTERISTICS
Offset Voltage (Note 1)

+250C 0.5
Full

. +250C
Bias Current Full

+250C
Offset Current Full

Input Resistance (Note.11) +250C

Common Mode Range Full

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain +250C
(Notes 2 & 3) Full

Common Mode Rejection Ratio Full
(Note 4)

Gain Bandwidth Product 0
(Notes 2, 5, &6) +25°C

QUTPUT CHARACTERISTICS
Output Voltage Swing (Note 2) Full

Output Current (Note 3) +250C

Full Power Bandwidth 0
(Notes 2, 3,7 &12) +25°C

TRANSIENT RESPONSE
Rise Time (Notes 2,7 & 8) +250C

Slew Rate (Notes 2, 7, 8 & 10) +250C

POWER SUPPLY
CHARACTERISTICS

Supply Current +250C . . 3.0 | 4. 3.0
Power Supply Rejection Ratio Full 80 | 90 72 | 90 74 | 90 dB
(Note 9)
NOTES: 1. Offset may be externally adjusted to zero. 8. Ay =5 (The HA-2620 family is not stable
2. RL=2KQ, C| =50pF at unity gain without external compensation.)
3. Vg =+10.0V 9. AVgyp =15V
4. Vcm = 210V 10. VoyT =15V
5. Vo <90mV 11. This parameter value based upon
6. 40dB Gain design calculations.
7. See transient response test circuits and 12. Full power bandwidth guaranteed
waveforms based upon slew rate measurement

FPBW = S.R./2TVpeak,
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TYPICAL PERFORMANCE CURVES

V+ = 158VDC, V- = 156VDC, TA = 25°C UNLESS OTHERWISE STATED.

EQUIVALENT INPUT NOISE VS.
BANDWIDTH
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TYPICAL APPLICATIONS

HIGH IMPEDANCE COMPARATOR

HA 2620 9 O Vout
425V
x

+50V, OV

Y 50pF* l
¥ 18916 I

FUNCTION GENERATOR

HA 2600

VIDEO AMPLIFIER

p————O Vour

*A small load capacitance of at feast 30pF
BW = 1 MH, {including stray capacitance) 1s recommended
GAIN = 4048 to prevent possible high frequency oscillations
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@ HARRIS HA-2630/2635

High Performance Current Booster

FEATURES DESCRIPTION

OUTPUT CURRENT +400mA
SLEW RATE 500V/us

BANDWIDTH 8MHz HA-2630 and HA-2635 are monolithic, unity voltage gain

current amplifiers delivering extremely high slew rate, wide
FULL POWER BANDWIDTH 8MHz bandwidth, and full power bandwidth even under heavy output
INPUT RESISTANCE 2.0x 1069 loading conditions. This dielectrically isolated current booster
OUTPUT RESISTANCE 200 also offer's high ipput impedance and'low .outpl.n resistance.
These devices are intended to be used in series with an opera-
POWER SUPPLY RANGE 15V to £20V tional amplifier and inside the feedback loop whenever addi-

PACKAGE IS ELECTRICALLY ISOLATED tional output current is required. Output current levels are
‘ programmable by selecting two optional external resistars.

APP[ICA TIONS These current amplifiers offer an exceptional 500V/ u s slew
rate and 8MHz bandwidth which allows them to be used with
many high performance op amps in precision data recording
and high speed coaxial cable driver designs. 2.0M ohm input
COAXIAL CABLE DRIVERS resistance and 2 ohm output resistance coupled with 400mA
output current make HA-2630 and HA~2635 ideal components
AUDIO OUTPUT AMPLIFIERS in high fidelity audio output amplifier designs.

SERVO MOTOR DRIVERS HA-2630 and HA-2635 are available in an electrically isolated
T0-8 type can for ease of mounting with or without a heat
POWER SUPPLIES (BIPOLAR) sink. HA-2630 is specified over the -550C to +1250C range.
HA-2635 is specified from 00C to +750C.

PRECISION DATA RECORDING

PINOUT SCHEMATIC

Section 11 for Packaging

TOP VIEW

* Optional Current
Limiting Resistor
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 40V Operating Temperature Range:
Input Voltage Range +V Supply -55°C < TA< +125°C  (HA-2630)
00¢ < Tp < +75°C (HA-2635)

Output Current (Note 2) +700mA

Internal Power Dissipation (Note 6) Free Air: 1w
In Heat Sink: 4w

Storage Temperature Range:
-650C < Ta < +150°C

ELECTRICAL CHARACTERISTICS

VSupply = £15 Volts R =50 Ohms R1=R2=00hms Unless otherwise specified.
HA-2630 HA-2635
-550C to +125°C 0°C to +759C
PARAMETER TEMP. | MIN. | TYP. | MAX. MIN. | TYP. MAX. | UNITS
INPUT CHARACTERISTICS
Bias Current +250C 30 150 30 150 LA
Full 200 200 uA
Input Resistance +250C 2.0 2.0 M2
Input Capacitance +250C 5.0 5.0 pF
TRANSFER CHARACTERISTICS
Voitage Gain (Note 1) Full .85 .95 .85 .95 VIV
Offset Voltage (VouT - VIN) +250C 70 +200 70 +200 mV
Full -+300 +300 mV
Bandwidth (-3dB) +250C 8.0 8.0 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing Full +10 12 “+10 *12 v
Qutput Current (Note 1) Full +300 +400 +300 | +400 mA
Output Resistance +250C 2.0 2.0 Q
Full Power Bandwidth (Note 1) +250C 8.0 8.0 MHz
TRANSIENT RESPONSE
Rise Time (Note 3) +250C 30 30 ) ns
Slew Rate (Note 4) +250C 200 500 200 500 V/ius
POWER SUPPLY CHARACTERISTICS
Supply Current Full 15 20 15 23 mA
Supply Voltage Range Full +5 +20 15 +20 \
Power Supply Rejection Ratio (Note 5) Full 66 : 66 dB
NOTES: 1. Vg= +10V 5. AVgyuppLy = 5V.
2. Heat sink is required for continuous short circuit 6. Without heat sink, derate by 14mW/°C ambient
protection, regardless of current limit setting. temperature above 100°C ambient, with heat
3. Vo =0.4V p-p. sink, derate by 67mW/°C case temperature above
4. Vo =10V p-p. 115°C case.
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PERFORMANCE CURVES

V+=15VDC, V-=15VDC, Tp = 259C UNLESS OTHERWISE STATED

OUTPUT SWING OPEN LOOP FREQUENCY AND
(RLimit = o) . PHASE RESPONSE (R =502, C| ~10pf)
175
s N

/ ™ q %

f\
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..
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8
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10 15 20 ' 100K ] oM T00M
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o 2 4 6 8 10 1z 1 16 18 2 % 100 10 20 30 g
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TYPICAL APPLICATION

20dB, 5MHz VIDEO COAXIAL LINE DRIVER

HA-2530 HA-2630

5082 COAX

NOTE: R1 and R2 lead length should be minimal.

LINE DRIVER PULSE RESPONSE

FERWE FEUT

HHHHHHH

Horizontal Scale = 200ns/Div.
Upper Trace:  Input, 200mV/Div.
Lower Trace: Output, 2V/Div.

SOME OTHER APPLICATIONS

@ BIPOLAR POWER SUPPLY
® FUNCTION GENERATOR OUTPUT
©® DEFLECTION COIL DRIVE

® AUDIO OUTPUT AMPLIFIER
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o HARRIS

FEATURES

HA-2640/2645

High Voltage
Operational Amplifier

DESCRIPTION

e QUTPUT VOLTAGE SWING
* SUPPLY VOLTAGE

® OFFSET CURRENT

¢ BANDWIDTH

® SLEWRATE

135V
£10V TO 40V
5nA
4MHz
5V/us

e COMMON MODE INPUT VOLTAGE SWING 135V
e OQUTPUT OVERLOAD PROTECTION

APPLICATIONS

e POWER SUPPLIES

INDUSTRIAL CONTROL SYSTEMS

e HIGH VOLTAGE REGULATORS

e RESOLVER EXCITATION

e SIGNAL CONDITIONING

HA-2640 and HA-2645 are monolithic operational amplifiers
which are designed to deliver unprecedented dynamic specifica-
tions for a high voltage internally compensated device. These
dielectrically isolated devices offer very low values for offset
voltage and offset current coupled with large output voltage
swing and common mode input voltage.

For maximum reliability, these amplifiers offer unconditional
output overload protection through current limiting and a chip
temperature sensing circuit.  This sensing device turns the
amplifier "off"”, when the chip reaches a certain temperature
level.

These amplifers deliver £35V common mode input voltage
swing, 235V output voltage swing, and up to 40V supply range
for use in such designs as regulators, power supplies, and indus-
trial control systems. 4MHz gain bandwidth and 5V/us slew
rate make these devices excellent components for high perfor-
mance signal conditioning applications. Outstanding input and
output voltage swings coupled with a low 5nA offset current
make these amplifiers excellent components for resolver excit-
ation designs.

HA-2640 and HA-2645 are available in metal can (T0-99)
packages and can be used as high performance pin-to-pin
replacements for many general purpose op amps. HA-2640 is
specified from -550C to +1250C and HA-2645 is specified over
the 00C to +7590C range.

PINOUT

SCHEMATIC
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 100V Operating Temperature Range
Input Voltage Range +37V -550C < Tp <+1250C (HA-2640)
Output Current/Full Short Circuit Protection 00C < Tp <+75°C  (HA-2645)
Internal Power Dissipation 680mwW* Storage Temperature Range
-650C < Tp < +1500C
*Derate by 4.6mW/9C above +25°C

ELECTRICAL CHARACTERISTICS
VSuppIy =+40V, R =5K, Unless Otherwise Specified.

HA-2640 HA-2645
-550C to +1250C 00C to +75°C

PARAMETER TEMP. MIN. | TYP. | MAX. .| TYP. | MAX.
INPUT CHARACTERISTICS

Offset Voltage

+250C 2 4 6
Full 6 7

Offset Voltage Average Drift Full

Bias Current +250C
Full

+250C

Offset Current Full

Input Resistance (Note 10) +250C

Common Mode Range Full

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 8)

+250C
Full

Common Mode Rejection Ratio (Note 1) Full

Unity Gain Bandwidth (Note 2) +250C

OUTPUT CHARACTERISTICS
Output Voltage Swing Full

Output Current (Note 9) +250C
Output Resistance +250C
Full Power Bandwidth (Notes 3 &11) +250C
TRANSIENT RESPONSE  (Note 7)

Rise Time (Notes 4, 6) +250C
Overshoot (Notes 4, 6) +250C
Slew Rate (Note 6) +250C
POWER SUPPLY CHARACTERISTICS
Supply Current +250C . . . . mA
Supply Voltage Range Full + + Y
Power Supply Rejection Ratio (Note 5) Full 80 90 74 90 dB
NOTES: 1. Vi =t 20V 5. Vg = +10V to +40V 10. This parameter based upon 7
2. Vo =90mV 6. Ay =1 design calculations.
3. Vg = 35V 7. C| =50pF 11. Full power bandwidth
4. Vg = EQOOmV 8. Vg =130v guaranteed based upon
9. R = 1K slew rate measurement.

FPBW = S.R./2TVpeak.
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PERFORMANCE CURVES

V+=V-=40VDC, Tp =+25°C UNLESS OTHERWISE STATED

INPUT BIAS AND OFFSET CURRENT INPUT NOISE CHARACTERISTICS
. vs TEMPERATURE log — 10-1
2 ; N
; N _ VOLTAGE
20\ . \ NOISE

T~C\
4 N\
AN

Current, nA
/)

Input Current Noise, (A/ VHz)

Input Voltage Noise, (nV/JHz)

NN
\\BIA CURRENT 3 N
5 ~— I T
OFFSET CURRENT \ conmEnT
2 NOISE
0
-50 -25 0 +25 +50 415 4100 4125

Temperature, °C \

10 10-13
10 100 1K 10K 100K
Frequency Hz
NORMALIZED AC PARAMETERS OPEN LOOP FREQUENCY AND
vs TEMPERATURE PHASE RESPONSE

~\\

N PHASE 00

AN

o 0

Aot NN T

10 &

EANDWID% 2

8 i =
50 E 0 ¥ 450 W5 4100 +125

Normalized Value Referred to +25°C

0 \ﬁmm

Temperature, °C " 2250

Open Loop Voltage Gain, dB

2100

10 100 1K 10K 100K 1 10M
Frequency Hz

OPEN LOOP FREQUENCY RESPONSE FOR
VARIOQUS VALUES OF CAPACITORS FROM
~ COMPENSATION PIN TO GROUND

b

Ccomp €y = 100pF
SN T3
S

NORMALIZED AC PARAMETERS
vs SUPPLY VOLTAGE AT +25°C

SLEW RATE 80

—

40

/ N

_L,//

e

1,0000F =7

Normalized Value Referred to +30V
Open Loop Gain, dB

10 20 30 40

Supply Voltage, Volts

10 100 1K 10K 100K ™ 10M
Frequency Hz

NOTE: External Compensation Components are not Required for
Stability. But May be Added to Reduce Bandwidth if Desided.
C, = 100pF is Also Required for Stability Only if External
Compensation Capacitor is Used.
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PERFORMANCE CURVES (continued)

OUTPUT VOLTAGE SWING

OUTPUT CURRENT CHARACTERISTIC
vs FREQUENCY AT +250C

40

T T
AV =1, Vgypppy = #40V
—— VsuppLy * 140V Vi =435V
[ 1)

+1250C zs°c/
= 1. VsyppLy

w1

T 1
J L I AV = 1, Vgppyy = +20V

[ Vi = -15V
.20

-550C [+250C /0|25°C

-30
I AV = 1, VgppLy = 40V
Vi = -3V

.40 1

Output Load Current, mA

[ VsuepLy = 120V

VsuppLy = ¢10V

Output Voltage, Volts

Peak-to-Peak Voltage Swing

10K 100K

Frequency, Hz

SWITCHING WAVEFORM AND TEST CIRCUIT

VOLTAGE FOLLOWER SLEW RATE AND TRANSIENT
PULSE RESPONSE RESPONSE TEST CIRCUIT

RL = 5K, C| = 50pF
Vertical = 10V/Div. Tp =+25°C
Horizontal = 5us/Div. Vg = +40V

SUGGESTED VOS
ADJUSTMENT
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& HARRIS

FEATURES

HA-2650/2655

Dual High Performance
Operational Amplifier

DESCRIPTION

SLEW RATE
BANDWIDTH
BIAS CURRENT

AV.OFFSET VOLTAGE DRIFT
POWER CONSUMPTION
SUPPLY VOLTAGE RANGE

5V/us

8MHz

35nA
8uv/oC
75mW

2V TO *20v

APPLICATIONS

VIDEO AMPLIFIERS

HIGH IMPEDANCE, WIDEBAND BUFFERS

INTEGRATORS

AUDIO AMPLIFIERS

ACTIVE FILTERS

HA-2650/2655 contains two internally compensated opera-
tional amplifiers offering high slew rate and high frequency
performance combined with exceptional DC characteristics.
5V/u sec slew rate and 8MHz bandwidth make these amplifiers
suitable for processing fast, wideband signals extending into the
video frequency spectrum. Signal processing accuracy is en-
hanced by front-end performance that includes 1.5mV offset
voltage, 8 u V/OC offset voltage drift and low offset and bias
current (1nA and 35nA respectively). Offset voltage can he
trimmed to zero on the devices offered in dual-in-line packages.
Signal conditioning is further enhanced by 500MS2 input imp-
edance.

Applications for HA-2650/2655 include video circuit designs
such as high impedance buffers, integrators, tone generators
and filters. These amplifiers are also ideal components for
active filtering of audio and voice signals.

HA-2650/2655 are offered in 14 pin D.I.P. and metal TO-99
packages and are also available in dice form. HA-2650 is spec-
ified from -550C to +1250C. HA-2655 operates from 00C
to +750C.

PINOUT

SCHEMATIC
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NC 1 —o
ouT 2 —o

3 —
BALANCE {
4

TOP VIEW
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TOP VIEW
————

Section 11 for Packaging
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—12 0UT

P11
} BALANCE
—10

),
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NOTE: Bottom of package 1s connected to V-

ONE-HALF HA-2650/HA-2655




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Tp =+259C Unless Otherwise Stated Power Dissipation (Note 2)  T0-99 300 mW
TO-116 300 mw

Voltage Between V+ and V- Terminals 40.0v

Differential Input Voltage *30.0V Operating Temperature Range:

Input Voltage (Note 1) 15.0V HA-2650 -550C <Tp < +1250C

Output Short Circuit Duration Indefinite HA-2655 0°C <Tp < +75°C
Storage Temperature Range  -65°C <Tp < +1500C

ELECTRICAL CHARACTERISTICS HA-2650 HA-2655
V+ =15V V-=-15V -550C to +1250C 09C to +75°C
PARAMETER Temp. | min. [ TYe. | max. | mine ] Tve. | max.

INPUT CHARACTERISTICS
Offset Voltage +250C 15
Full

Av. Offset Voltage Drift Full

Bias Current +250C
Full

Offset Current +250C
Full

Common Mode Range Full

Differential Input Resistance (Note 9) +250C
Common Mode Input Resistance +250C
Input Capacitance +250C
TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Note 3ab) +250C
Full

Common Mode Rejection Ratio (Note 4) +250C
Full

OQUTPUT CHARACTERISTICS

*Qutput Voltage Swing (Note 3c) +250C
Full

Full Power Bandwidth (Notes 5 &10) +250C
Output Current (Note 3a) +250C
Output Resistance +250C
TRANSIENT RESPONSE (Note 6)
Rise Time (Note 7) +250C 40
Overshoot (Note 7) +250C 15
Slew Rate +250C b ]

POWER SUPPLY CHARACTERISTICS
Supply Current +250C i 3 mA

Power Supply Rejection Ratio (Note 8) +250C 80 100 dB
Full 80 dB

NOTES: 1. For supply voltages less than 215V, 4. Vo = ¥5.0v . This parameter value based upon
the absolute maximum input voltage ~ 5. Ay =1,R =2K, V5 =20Vpp design calculations.
is equal to the supply voltage. 6. See transient response/slew rate . Full power bandwidth guaranteed
. Derate at 4.7mW/°C at ambient tem- circuit. based upon slew rate measurement
peratures above +110°C. 7. Vin =200mV FPBW = S.R./2TVpeak.
. (@ vg=*¥10v (b) R =2K 8. Av=is0v
le) R_=10K
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PERFORMANCE CURVES

V+=+15V, V- = -15V, Tp = +250C unless otherwise stated.

OUTPUT VOLTAGE SWING VS. FREQUENCY

OPEN LOOP FREQUENCY RESPONSE m ! l ( Hr

Vo =23V I
0T LT |
lll\= IIIII\I!HIIIIIII I Il

iili N nmn m cam 11 R
TR |
fil Illliitﬁllllllllllll““
il IIIlIIHIIﬂIlIMI mnu

Vg=2v
HIII
1A

=)
S

©
S

>

o
S

!
l
L

=

~
=]

o

OPEN LOOP VOLTAGE GAIN (dB}
S
=

(VOLTAGE FOLLOWER)
RL =2k
Cy = 50pF

|

o

.
~
c

OUTPUT VOLTAGE SWING (VOLTS p-p)

'Il] 100 1k |0k 100k 10M  100M
FREQUENCY (Hz)

01
100 1k 10k 100k
FREQUENCY (Hz)

NORMALIZED AC PARAMETERS VS, TEMPERATURE

=

NORMALIZED AC PARAMETERS VS. SUPPLY VOLTAGE
1.1

IN)

=)

/1
&4

BANDWIDTH

o

[l
o

w

NI

+10
SUPPLY VOLTAGE

LA N
AN

S )
SLEW RATE BANDWIDTH
L

NORMALIZED AC PARAMETERS
REFERRED TO VALUE AT +15V
o
o

e
S

o

-25 4 +25 +50 +15  +125
TEMPERATURE (oC)

NORMALIZED VALUED REFERRED TO +250C

INPUT NOISE VOLTAGE VS. FREQUENCY

POWER SUPPLY CURRENT VS TEMPERATURE

w
o

~

&

T
|

V=20V | ]
ot
Vg=+15V

1"

10kS7SOURCE RESISTANCE

|t
L1
—

b

CURRENT - mA
~
=]

[
|
-

0S2SOURCE RESISTANCE

n

100 ik 10k . ’ 25 0 ' 5
FREQUENCY (H2) TEMPERATURE (oC)

COMMON MODE REJECTION RATIO
VS. FREQUENCY

=]
S

o
S

@
1=

o
o

COMMON MODE REJECTION RATIO - dB

~
=)

10kHz 100kHz
FREQUENCY - Hz
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PERFORMANCE CHARACTERISTICS
TRANSIENT RESPONSE/SLEW RATE CIRCUIT SLEWING WAVEFORM

[ET1ERETANNENI (BN
- T T

Vin

[SESINEENIN]

Note: Numbers in parentheses refer to the second half of VERTICAL 5V/DIV. HORIZONTAL 1us/DIV.
TO-116 package.

TYPICAL APPLICATIONS

LOW COST HIGH FREQUENCY GENERATOR
Ry

v VA
C

Rq AMPLITUDE ADJUST

L
V+ ‘ v f= 4———ch3 (E{)

2

FREQUENCY (Eolop = ZVZ(S_])

ADJUST

———O Eo = 1Eil

H IMPEDANCE

mgu GAIN . BW = 100KH2
HIGH FREQUENCY INVERTING AMP Ay =100
Z,=2x 1090
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FEATURES

HA-2720/25

Wide Range Programmabhle
Operational Amplifier

DESCRIPTION

e WIDE PROGRAMMING RANGE

SLEW RATE
BANDWIDTH

BIAS CURRENT
SUPPLY CURRENT

0.06 TO 6V/us
5kHz TO 10MHz
0.4 7O 50nA
1A TO 1.5mA
e WIDE POWER SUPPLY RANGE $1.270 £18v

® CONSTANT AC PERFORMANCE OVER SUPPLY
RANGE

APPLICATIONS

ACTIVE FILTERS

CURRENT CONTROLLED OSCILLATORS
VARIABLE ACTIVE FILTERS
MODULATORS

BATTERY-POWERED EQUIPMENT

HA-2720/2725 programmable amplifiers are internally compen-
sated monolithic devices offering a wide range of performance,
that can be controlled by adjusting the circuits" “set” current
(ISET). By means of adjusting an external resistor or current
source, power dissipation, slew rate, bandwidth, output current
and input noise can be programmed to desired levels. This
versatile adjustment capability enables HA-2720/2725 to pro-
vide optimum design solutions by delivering the required level
of performance with minimum possible power dissipation.
HA-2720 and HA-2725 can, therefore, be utilized as the stand-
ard amplifier for a variety of designs simply by adjusting their
programming current.

A major advantage of HA-2720/2725 is that operating charac-
teristics remain virtually constant over a wide supply range
(£1.2V to 15V), allowing the amplifiers to offer maximum
performance in almost any system including battery-operated
equipment. A primary application for HA-2720/2725 is in
active filters for a wide variety of signals that differ in frequency
and amplitude. Also, by modulating the “set” current, HA-
2720/2725 can be used for designs such as current controlled
oscillators modulators, sample and hold circuits and variable
active filters.

HA-2720 is guaranteed over -550C to +1250C. HA-2725 is
specified from 00C to +750C. Both parts are available in T0-99
cans or dice form.

PINOUT

SCHEMATIC

TOP VIEWS
BALANCE

INVERTING INPUT

NON-INVERTING :l OUTPUT
INPUT

v- D BALANCE
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 45.0V Power Dissipation (Note 2) 300mW

Differential Input Voltage +30.0V Operating Temperature Range:
+15.0V HA-2720  -550C < Tp < +125°C
HA-2725 00C < Tp <+750C
Storage Temperature Range -650C < Tp < +1500C

Input Voltage (Note 1)
ISET (Current at ISgT) 500UA
VSET (Voltage to Gnd. at ISET) V+-2.0V < VgeT S V+

ELECTRICAL CHARACTERISTICS
V+=43.0V, V-=-3.0V

HA-2720 HA-2725
-550C to +1259C 0°C to +75°C
ISET = 1.51A ISET = 15UA ISET = 1.5ULA ISET = 15UA
PARAMETER .| MIN.JTYP.JMAX.} MIN.]TYP. IMAX.] MINJTYP.|MAX. ] MIN.|TYP.|MAX.

INPUT CHARACTERISTICS

Offset Voltage 20| 3.0 2.0 . 2.0 . 20| 5.0
5.0 . . 1.0

Offset Current 05| 3.0 1.0 0.5 . 1.0 10
1.5 . 20

Bias Current 20| 5.0 i 2.0 .01 30
10 40

Input Resistance (Note 10) 50 50

Input Capacitance 3.0 . 3.0

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 9)

‘Common Mode Rejection Ratio (Note 4)

OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3)
Output Current (Note 5)
Output Resistance

QOutput Short-Circuit Current

TRANSIENT RESPONSE
Rise Time (Note 6)

Overshoot (Note 6)

Slew Rate (Note 7)

POWER SUPPLY CHARACTERISTICS
Supply Current

Power Supply Rejection Ratio(Note 8)
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SPECIFICATIONS

ELECTRICAL CHARACTERISTICS
V+=+15.0V, V-= 715.DV

HA-2720 HA-2725
-550C to +1250C 0°C to +75°C
. ISET = 1.54A ISET = 15UA ISET = 1.5UA ISET = 15UA
PARAMETER TEMP. | MIN.JTYP.IMAX.] MIN.JTYP.JMAX.| MINITYP.IMAX.J MIN.|TYP.
INPUT CHARACTERISTICS ’

Offset Voltage 250C 20| 3.0 2.0 . 201 5.0 2.0
Full 5.0 . 1.0

Offset Current 250C 05| 3.0 1.0 05| 5.0 1.0
Full 75 7.5

- Bias Current 250¢C 20| 5.0 i 20| 10
B Full 10 10

Input Resistance {Note 10) | 250¢ 50 | 50

Input Capacitance 250C 3.0 ' 0 | 30

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Notes 3 & 9) | 25°C
Full

. . 250C
Common Mode Rejection Ratio (Note 4) Full

OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3) 250C

Full
Output Current (Note 5) 250C
Output Resistance 259C

Output Short-Circuit Current 250C

TRANSIENT RESPONSE
Rise Time (Note 6) 250C

Overshoot (Note 6) 250C

Slew Rate (Note 7) 250¢C

~ POWER SUPPLY CHARACTERISTICS

Supply Current 250C
Full

Power Supply Rejection Ratio(Note 8) Full 100 100 150 150

NOTES: 1. For supply voltages less than $15.0V, the absolute maximum input voltage is equal to supply voltage.
. 2. Derate at 6.8mW/°C for operation ambient temperatures above 75°C.

VsuppLy = 3.0V . VsuppLy = 150V 'seT = 1.54A 'seT = 15HA
3. T = +25°C and Full T =+25°C R_=75KQ R, =5k
— : T = Full RL=75KQ R = 75K
4. Ve = $1.5V Vem = £5.0v :
5. Vg =12.0v Vg = $10.0V .
6 : Ay =41,V =400mV, R, =5K,C  =100pF
7. Vg = 2.0V Vg = $10.0V R, = 20K Ry =5K
8. AV =115V Av = 15.0v
9. Vg =11.0v Vg = $10.0V
10. This parameter based upon design calculations.
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PERFORMANCE CURVES

UNLESS OTHERWISE NOTED: Tp =+25°C, Vg =+15VDC

INPUT BIAS CURRENT INPUT BIAS CURRENT INPUT OFFSET CURRENT
vs. SET CURRENT vs. TEMPERATURE vs. TEMPERATURE

=S RERNT

\
it N

N

T T
£IVE Vg HIBY

N ' sy
N

1nput Bias Current - nA

tnput Bias Current - nA
Input Oftser Current - nA

IsET*
~—

IgET=15 1A
P—

0
C +259C +50°C +75°C +10( -750C -500C  -259C  0°C #2509V 4500  +750C +100°C +125°C
Temperature Temperature

|

Set Current (4A)

1

CHANGE IN OFFSET VOLTAGE INPUT NOISE CURRENT INPUT NOISE VOLTAGE
vs. IggT (UNNULLED) vs. IgET vs. IgET

13V S Vg < 18V
T = 1kHz
+18V3vg

I

°
-
-~
R
3

1

o

Change in OHsat Voltage - mV

Mean Square Nowse Currant-A2/Hz
Mean Square Noise Voltage- V2/Hz

0 10 10
Set Cument - JA Set Current (UA) Set Current (LA)

INPUT NOISE VOLTAGE AND CURRENT OPTIMUM SET CURRENT FOR MINIMUM
vs. FREQUENCY ' NOISE vs. SOURCE RESISTOR

+VSVg<eay

€420ger1.5uA) TN

€ 21ET=15 LAY

Optimum Set Current - LA

Mean Square Noise Voltage -V2/Hz

2liggy = 15 UA)

Metn Squars Nowss Currant - AZ/Hz

wlllggr =154 H

L.l Ll L1l
10K ™ [

03
Frequency (H2) Source Resptor
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PERFORMANCE CURVES

UNLESS OTHERWISE NOTED: Tp =+259C, Vg =+15VDC

MAXIMUM OUTPUT VOLTAGE SWING
vs. LOAD RESISTANCE

I5£7=15 DA L

GAIN BANDWIDTH PRODUCT
vs. IgeT

» P

Vi Isg7=15 1A

/ LI

Vg 15V

Output Vohage - P P

Gain Bandwidth Product - Hz

10K 100K
Load Resistance

OPEN LOOP VOLTAGE GAIN
vs. IgeT

10 100
Set Current - DA

POWER SUPPLY REJECTION

vs. ISET

Open Loop Gain

Power Supply Rejection - dB

Set Current (LA)

SUPPLY CURRENT vs.
TEMPERATURE

T
IseT= 151A

Vg =15V

Supply Current - LA

151A Vg =415V

A Vg =3V

1=

1
C 25°C 5 C 100°C 12!
Temperature
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10
Set Current - 4 A

Open Loop Gan

Supply Current - LA

OPEN LOOP VOLTAGE GAIN
vs. TEMPERATURE

=

=

2

5UA

/ - | tser=15uA
s

e L N

-500C  -25°C  0°C  250C  50°C 75°C  100°C 125°C
Temperature

STANDBY SUPPLY CURRENT
vs. ISET

+IVEVg=118

= =

e

10
Set Current- WA

NORMALIZED BANDWIDTH
vs. TEMPERATURE

|

%t‘s LA

~

- iggr= 1504

Normalized Bandwidth Referred to +25°C

N

-50°C  -25°C

0°C

+25°C
Temperature

+500C  +750C +100°C +12!




PERFORMANCE CURVES

SLEW RATE vs. Iget

—HHH

PHASE MARGIN vs. SET CURRENT

o 1 10

100

SET CURRENT VS.

SET RESISTOR

SUGGESTED
OFFSET NULL

100M

'SET
Vs 15uA | 150A
F15V [ TIM 120K3

100K|

W30v_|320me | 320K

10K’

¥60V_| 70M Q | 700KSl]

+15V_| 19 @ | 19M 3]

01 1
Set Cur

10
rent (AT

100

TRANSIENT RESPONSE/SLEW RATE CIRCUIT

SLEWING WAVEFORM

/

VERTICAL
HORIZONTAL
Iget = 1004A

SV/DIV
1uS/0IV
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& HARRIS HA-2730/35

Wide Range Dual Programmable
Operational Amplifier

FEATURES ‘ DESCRIPTION

o WIDE PROGRAMMING RANGE HA-2730/2735 Dual Programmable Amplifiers are internally
SET CURRENT 0.170 100A compensated monolithic devices offering a wide range of perfor-
SLEW RATE 0.06 TO 6V/us mance, that can be controlled by adjusting the circuits’ “set”
BANDWIDTH 5kHz TO 10MHz current (ISET). By means of adjusting an external resistor or
BIAS CURRENT 0.4 TOS50nA current snt:jrcg, power.dissipat'ilon, slew rate,dband\'/ivid'thanlutplut

current and input noise can be programmed to desired levels.
SUPPLY CURRENT 1HATO 1.5mA Each amplifier on the chip can be adjusted independently. This

o WIDE POWER SUPPLY RANGE £1.2T0 218V versatile adjustment capability enables HA-2730/2735 to pro-
- - vide optimum design solutions by delivering the required level

of performance with minimum possible power dissipation.
* CONRiTN‘}SNETAC PERFORMANCE OVER SUPPLY HA-2730/2735 can, therefore, be utilized as the standard

amplifier for a variety of designs simply by adjusting their
APPLICATIONS

programming current.

A major advantage of HA-2730/2735 is that operating charac-
teristics remain virtually constant over a wide supply range
(£1.2V to %15V), allowing the amplifiers to offer maximum
performance in almost any system including battery-operated
ACTIVE FILTERS equipement. A primary application for HA-2730/2735 is in
CURRENT CONTROLLED OSCILLATORS active filters for a wide variety of signals that differ in frequency
and amplitude. Also, by modulating the “set” current, HA-
VARIABLE ACTIVE FILTERS 2730/2735 can be used for designs such as current controlled
oscillators, modulators, sample and hold circuits and variable
‘MODULATORS active filters.

HA-2730 is guaranteed over -550C to +1250C. HA-2735 is
specified from 00C to +750C. Both parts are available in 14
lead D.1.P. package or dice form.

BATTERY-POWERED EQUIPMENT

PINOUT SCHEMATIC

Section 11 for Packaging

TOP VIEW

./
IseT [1 14] v+

out [2}— 3] Iger

BALANCE {E ? ouT
%} BALANCE

+7
a1z} {ay {ant 1
an

181 1
x

NOTE: Bottom of package is connected to V-,
(ONE HALF)
ONLY
HA-2730/35
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 45.0V Power Dissipation (Note 2) 500mW
Differential Input Voltage +30.0V Operating Temperature Range:
Input Voltage (Note 1) +15.0V HA-2730  -559C < Tp < +1250C

- 0 0
ISET (Current at ISgT) 500UA HA-2735 0°C <TA < +7‘2 C( < o
VSET (Voltage to Gnd. at ISET) V+ - 2.0V < VggT < V+ Storage Temperature Range -659C < Tp < +1500C

ELECTRICAL CHARACTERISTICS  (Each Side)
V+=+3.0V, V-=-3.0V

HA-2730 HA-2735
-550C to +1250C 0°C to +759C
ISET = 1.5UA ISET = 15U4A ISET = 1.5UA ISET = 15UA
PARAMETER TEMP. | MIN.JTYP.[MAX.] MIN.|TYP.IMAX.| MIN.[TYP.[MAX.] MIN.]TYP.|MAX.] UNITS
INPUT CHARACTERISTICS
Offset Voltage 250C 201 3.0 201 3.0 20| 5.0 20| 5.0 ) mVv
Full 5.0 5.0 7.0 7.0 ] mv
Offset Current 250C 05| 3.0 .01 10 05| 5.0 1.0 10 nA
Full 1.5 20 1.5 20 nA
Bias Current 250C 20| 5.0 80| 20 20| 10 8.0 30 nA
Full 10 40 10 40 nA
Input Resistance (Note 10) 250C 50 5 50 5 me
Input Capacitance 250¢ 3.0 3.0 3.0 3.0 pF
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Notes 3 & 9) | 259C 15K | 40K 15K | 40K 15K | 40K 15K | 40K A%
| Full 10K 10K 10K 10K VIV
Common Mode Rejection Ratio (Note 4)| Full 80 80 74 74 dB
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3) 250C | +2.0 £2.2 +2.0( +2.2 +2.0( +2.2 +2.0| +2.2 Vv
Full | +2.0 +1.9 +2.0 +2.0 v
Output Current (Note 5) 250C +0.2 +2.0 +0.2 +2.0 mA
Output Resistance 250C 2K 500 2K 500 2
Qutput Short-Circuit Current 250C 2.8 14 2.8 14 ‘mA
TRANSIENT RESPONSE
Rise Time (Note 6) 259C 25 0.25 2.5 0.25 s
Overshoot (Note 6) 250C 5 10 5 10 %
Slew Rate (Note 7) 250C 0.07 0.70 0.07 0.70 Vius
POWER SUPPLY CHARACTERISTICS
Supply Current (Each Amp) 250C 15 170 15 170 UA
Full 25 250 25 250 | UA
Power Supply Rejection Ratio(Note 8) Full 100 100 150 150 uVvIv
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SPECIFICATIONS

ELECTRICAL CHARACTERISTICS  (Each Side)
V+=+15.0V, V-=-15.0V

HA-2730 HA-2735
-550C to +125°C 09C to +75°C
ISET = 1.5UA ISET = 15A ISET = 1.5UA ISET = 154A
PARAMETER TEMP. | MIN.|TYP.[MAX.] MIN.| TYP.|MAX.| MIN.|TYP.|MAX.] MIN.|TYP.|MAX.] UNITS
INPUT CHARACTERISTICS
Offset Voltage 250C 20| 3.0 20| 3.0 20| 5.0 20| 5.0 mV
Full 5.0 5.0 7.0 ’ 7.0 mV
Offset Current 250C 05| 3.0 1.0 10 05| 5.0 1.0 10 nA
Full 1.5 20 15 20 nA
Bias Current 259C 20| 5.0 8.0 ( 20 20| 10 8.0 30 nA
Full 10 40 10 40 nA
Input Resistance (Note 10) 250C 50 5 50 5 M
Input Capacitance 250¢C 3.0 |- 3.0 3.0 3.0 pF
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain(Notes 3 & 9) | 259C 30K |100K 30K [120K 25K | 100K 25K |120K VIV
Full 20K 20K 20K 20K VIV
- . 250C 90 90 90 90 dB
Common Mode Rejection Ratio (Note 4) Full 80 80 7 74 dB
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3) 250C +12 [+13.5 +12 |+13.5 +12|+13.5 +12 |+13.5 \
) Full +10 +10 +10 +10 v
Output Current (Note 5) 250¢C | 405 +5.0 +05 5.0 mA
Output Resistance 250¢C 2K 500 2K 500 2
Output Short-Circuit Current 250C 3.7 19 3.7 19 mA
TRANSIENT RESPONSE
Rise Time (Note 6) 250C 2.0 0.2 2.0 0.2 Us
Overshoot (Note 6) 250C 5 15 5 15 %
Slew Rate (Note 7) _ 250¢ 0.1 0.8 0.1 0.8 Vius
POWER SUPPLY CHARACTERISTICS
Supply Current (Each Amp) 250C 20 210 20 210 UA
Full 50 450 50 450 | UA
Power Supply Rejection Ratio(Note 8) Full 100 100 150 150 uVvIv

NOTES: 1. For supply voltages less than £15.0V, the absolute maximum input voltage is equal to supply voltage.
2. Derate at 4.7mW/°C at ambient temperatures above 68°C.

VsuppLy = 3.0V VsuppLy = ¥15.0V IseT = 1-5HA IsgT = 15UA
3. T=+25°C and Full T=+25° R, =75KQ L= 5K
— T =Full R_=75K§2 R| = 75KQ2
4. Vopy =£1.5v Vem = £5.0V
5. Vg =12.0Vv Vg = $10.0V
6. Ay = +1, V| =400mV, R|_=5K, C; = 100pF
7. Vg =12.0v Vg = £10.0V R, =20K Ry =5K
8. AV =115V Av = 15.0v
9. Vg =110V Vg = $10.0V

10. This parameter value based upon design calculations.
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PERFORMANCE CURVES

UNLESS OTHERWISE NOTED: Tp =25°C, Vg=+15VDC

INPUT BIAS CURRENT
vs. SET CURRENT

INPUT BIAS CURRENT
vs. TEMPERATURE

INPUT OFFSET CURRENT
vs. TEMPERATURE

+3VSVgSt 1BV

T T
$3VEVg <218V

18V

3

SN

Input Bias Current - nA

Input Buas Current - nA

Input Offset Current - nA

N

JSET*

ISE7=19 LA

Sat Current (LA)

CHANGE IN OFFSET VOLTAGE
vs. IggT (UNNULLED

S

+259C +500C +750C +10(
Temperature

0
-150C -50°C  -25°C  0°C  +25°V  +50°
Temperature

+750C +100°C +125°C

INPUT NOISE CURRENT
vs. ISET

INPUT NOISE VOLTAGE
vs. IgeT

43V S Vg < +18V
1= 1kHz

+3V < Vg S £18V
1= 1kHz

Change in Offset Voltage - mV.
o

Mean Square Notse Current-AZ/Hz

Mean Square Noise Voltage-V2/Hz

10
Set Current - JA

INPUT NOISE VOLTAGE AND CURRENT
vs. FREQUENCY

+V<Vg<HIgY

€n2geT=15YA)

g
=

€ 2M1sgT=15 LA)

Mean Square Noise Valtage -V2/Hz

wllisgr = 15uA)

2llggT = 1.5 KA

I3
Frequency (Hz)

Set Current (LA) Set Current (LZA)

OPTIMUM SET CURRENT FOR MINIMUM
NOISE vs. SOURCE RESISTOR

T
11

+3VSVg<118V

Optimum Set Current - LA

Maan Squars Noisa Current - A2/Hz

o
Source Resstor
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PERFORMANCE CURVES

UNLESS OTHERWISE NOTED: Tp =25°C, Vg = £+15VDC

MAXIMUM OUTPUT VOLTAGE SWING GAIN BANDWIDTH PRODUCT

OPEN LOOP VOLTAGE GAIN
vs. LOAD RESISTANCE vs. ISET

vs. TEMPERATURE

I5£7=15 A

P PTTT
V] ISET=15 UA|

A

/

Vges

=

Qutput Voltage - P-P

Gain Bandwidth Product - Hz

S
=

Open Loop Gain

ISET= 151A
s

4

20K
10K 10 -500C  -25°C  0°C 50C  509C  75°C  100°C 1
Load Resistance Set Current - A Temperature

OPEN LOOP VOLTAGE GAIN POWER SUPPLY REJECTION

STANDBY SUPPLY CURRENT
vs. ST

vs. IgeT

2

Open Loop Gain

Power Supply Rejection - dB.

Supply Current - WA

Il I
10 1
Set Current- B A

0 10
Set Current (LA) Set Current - 1A

SUPPLY CURRENT vs.

NORMALIZED BANDWIDTH
TEMPERATURE

vs. TEMPERATURE

lsn-]mu 1 ]

WISUA
-~

|- Iser=150A

3

Supply Current - LA

Normalized Bandwidth Referred ta +25°C

Vg =215V

N~

o

A Vg =3V

i ——
C 25°C 5 C 100 12

-50°C  -250C 09C  +25°C  +500C +75°C +1009C +12
Temperature

Temperature
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PERFORMANCE CURVES

CHANNEL SEPARATION vs.
FREQUENCY

T

Vg =21
1SET = ISET,= 100MA

T~

SLEW RATE vs. IgeT PHASE MARGIN vs. SET CURRENT

Vg =15V

N

Phase Margin

Slew Rate- V/ s

o
2

100kHz
Frequency

i
il

0 1 0
SetCurrent- A Set Current ( A}

TYPICAL BIASING CIRCUITS SET CURRENT VS. SET RESISTOR

SUGGESTED
OFFSET NULL

=]
=

Set Resistor -
H

IseT
15pA [ 15uA
170 T20KST|
320M | 320K 2],
70M Q | 700KQ
1M Q | 1M Q]
1

10 100
Set Current { HA)

NOTE Numbers in parenthsis refer to the second half

TRANSIENT RESPONSE/SLEW RATE CIRCUIT SLEWING WAVEFORM

/

VERTICAL: 5V/DIV
NOTE Numbers in parenthsis refer to the second half. HORIZONTAL: 1uS/0IV
IseT = 1004A
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FEATURES

HA-2740

Quad Programmabhle
Operational Amplifier

DESCRIPTION

® WIDEPROGRAMMING RANGE

> SLEW RATE 0.8V/us
» BANDWIDTH 1MHz
» BIAS CURRENT 8nA
» SUPPLY CURRENT 250uA

e WIDEPOWER SUPPLY RANGE

® CONSTANT AC PERFORMANCE OVER
SUPPLY RANGE

APPLICATIONS

ACTIVE FILTERS

CURRENT CONTROLLED OSCILLATORS
VARIABLE ACTIVE FILTERS
MODULATORS

BATTERY-POWERED EQUIPMENT

The Harris HA-2740 programmable amplifier is an internally compensated
monolithic device offering a wide range of performance, that can be con-
trolled by adjusting the circuit “‘set” current (ISET). By means of adjust-
ing an external resistor or current source, power dissipation, slew rate,
bandwidth, output current and input noise can be programmed to desired
levels. This versatile adjustment capability enables the HA-2740 to provide
optimum design solutions by delivering the required level of performance
with minimum possible power dissipation. The HA-2740 can, therefore,
be utilized as the standard amplifier for a variety of designs simply by
adjusting programming current.

A major advantage of the HA-2740 is that operating characteristics remain
virtually constant over a wide supply range (£1.2V to £18V), allowing
the amplifier to offer maximum performance in almost any system includ-
ing battery-operated equipment. A primary application for the HA-2740
is in active filters for a wide variety of signals that differ in frequency
and amplitude. Also, by modulating the “set” current, the HA-2740
can be used for designs such as current controlled oscillators, modulators,
sample and hold circuits and variable active filters.

The HA-2740-2 is guaranteed over -550C to +1250C. The HA-2740-5
is specified from 00C to +750C. Both parts are available in a 16 pin
dual-in-line package. :

PINOUT

SCHEMATIC
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Section 11 for Packaging

TOP VIEW

A

+V

+INB

-INB

ouTB

SETA,B,D

SGPA
A

O iseT (A,B& D) a3s

asa Jaaza) aa3g)
Ga3o|

1SET (C)




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note1)

Voltage Between V+ and V- Terminals 45,0V Power Dissipation 300mW
Differential Input Voltage 1300V
Input Voltage (Note 2) 1150V
ISET (Current at ISET) 5004A
VSET (Voltage to Gnd. at ISET) V+-20S VgeT S V+

Operating Temperature Range:
HA-2740-2 -550¢ < Ta < +1250C
HA-2740-5 00C <Tp <+750C

Storage Temperature Range -650C < Tp < +1500C

ELECTRICAL CHARACTERISTICS  v+=+15.0V, V-=-15.0V

HA-2740-2 HA-2740-5
-550C to +1250C 00C to +750C

ISET = 1.5uA ISET = 15uA ISET = 1.5uA ISET = 154A
PARAMETER MIN|TYP|MAX MIN|TYP|MAX MM TYPiMAx MII\ﬂTYPlMAX

INPUT CHARACTERISTICS
Offset Voltage

Offset Current

Bias Current

Input Resistance (Note 3)

Input Capacitance

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 4)

Common Mode Rejection Ratio (Note 5)

OUTPUT CHARACTERISTICS
Qutput Voltage Swing (Note 6)

Channel Separation (Note 7)
Output Current (Note 8)
Output Resistance

Output Short Circuit Current

TRANSIENT RESPONSE
Rise Time (Note 9)
Overshoot (Note 9)

Slew Rate (Note 10)

POWER SUPPLY CHARACTERISTICS
Supply Current (each amp)

Power Supply Rejection Ratio (Note 11)

NOTES:
1. Absolute maximum ratings are limiting values, . VCM =15V
applied individually, beyond which the service-

ability of the circuit may be impaired. Functional . R =5k$) @ISET = 15uA, R = 75K @ ISET = 1.5uA
operability under any of these conditions is not . RS= 1k, f= 100H.

necessarily implied.
=+
. For supply voltages less than X 15V, the absolute - Vo=iov
maximum input voltage is equal to the supply . AV =1, VIN =200 V, RL =5k, CL = 100pF.
voltage. . Vg =110V, RL = 5K @ IgET = 15KA,
3. This parameter based upon design calculations. Ry = 20K @ ISET = 1.5uA
4. Vg=x10V,RL =5K @ IggT = 15uA

. AV =15V,
Ry = 75K @ ISET = 1.5uA
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TEST CIRCUITS

LARGE AND SMALL
SIGNAL RESPONSE CIRCUIT

V+

RSET

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE
VOLTS: InpuiA: 5V/Div., VOLTS: Input A: 100mV/Div.,
Output B: 5V/Div. Output B: 100mV/Div.
TIME: 50us/Div. TIME: 14s/Div.

HHH

ARTRENERUENET IUNE-.SURISRRTRARETY FRUT]

LR RERENEARRRS LEAR="RAIARARERARAS LA

INETERERNRENETY (NN - NURIINUVSINRT
Tt LARASANE LAAS" "RARISRSRELERE]

VERTICAL: 5V/Div.v VERTICAL: 100mV/Div.
HORIZONTAL: 50us/Div. HORIZONTAL: 1us/Div.

SET CURRENT vs. SET RESISTOR

SET RESISTOR ( §2 )

1 10
SET CURRENT ( MA)
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FEATURES

HA-4156

High Performance Quad
Operational Amplifier

DESCRIPTION

SLEW RATE

BANDWIDTH

INPUT VOLTAGE NOISE (f = 1KHz)
INPUT OFFSET VOLTAGE

INPUT BIAS CURRENT

SUPPLY RANGE

NO CROSSOVER DISTORTION

STANDARD QUAD PIN-OUT

16 Vg (TYP)
3.5 MHz (TYP)
9INVA/jy; (TYP)
05 mV (TYP)
60 nA (TYP.)

vt taov

The HA-4156 contains four general purpose operational
amplifiers on a monolithic chip. The performance of each
amplifier is equal to or better than the 741 type amplifier
in all respects. Its superior bandwidth, slew rate and noise
characteristics make it an excellent choice for active filter
or audio amplifier applications.

The HA-4156-5 is guaranteed over 00C to +750C,

PINOUT

SCHEMATIC

PIN OUT Section 11 for Packaging

v [
5
lnputsE

Out

A1
X

-y o pr o
ar 13N

(%) HA-4156
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Ta =+250C Unless Otherwise Stated
Voltage Between V+ and V- Terminals
Differential Input Voltage

Input Voltage (Note 1)

Output Short Circuit Duration (Note 2)

40.0v
+30.0v
15.0v
Indefinite

Power Dissipation (Note 3) 880mwW
Operating Temperature Range

HA-4156-5 00C<TA<+750C

Storage Temperature Range -650C<Tp<+1500C

2-68

ELECTRICAL CHARACTERISTICS

V+=15V, V- =15V
PARAMETER

HA-4156-5
00C to +750C

TYP. MAX.

INPUT CHARACTERISTICS
Offset Voltage

Av. Offset Voltage Drift
Bias Current

Offset Current

Common Mode Range
Differential Input Resistance

Input Noise Voltage (f = 1KHz)
(f = 20Hz to 20kH2)

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 4)

Common Mode Rejection Ratio (Note 8)

Channel Separation (Note 5)
Small Signal Bandwidth

OUTPUT CHARACTERISTICS

Output Voltage Swing (R = 10K)
(RL=2K)

Full Power Bandwidth (Note 4)

Output Current (Note 6)

Qutput Resistance

TRANSIENT RESPONSE (Note 7)
Rise Time
Overshoot
Slew Rate

ns
%
V/us

POWER SUPPLY CHARACTERISTICS
Supply Current (I* or 19
Power Supply Rejection Ratio (Note 8)

+250C
Full

mA
80 dB

NOTES: 1. For.supply voltages less than 215V, the absolute . Vout =30, R =2K

maximum input voltage is equal to the supply

voltage.

. Referred to input; f = 10KHz, Rg = 1K
=+
. VOUT x10

2. One amplifier may be shorted to ground indefinitely. . See pulse response characteristics
3. Derate 5.8mW/OC above T = +25°C.

. Av==*s50v




PERFORMANCE CURVES

V+=+15V, V- = =15V, Tp = +250C
Unless Otherwise Stated.

OUTPUT VOLTAGE SWING
VS. FREQUENCY

OPEN LOOP FREQUENCY RESPONSE - ”””

=15V

QUTPUT VOLTAGE SWING - (VOLTS p-p)

(VOLTAGE FO|
R = OPEN

Cp = 50pF
it

H

I3 10K
FREQUENCY - Hz FREQUENCY - Hz

OPEN LOOP VOLTAGE GAIN-dB

NORMALIZED AC PARAMETERS NORMALIZED AC PARAMETERS
VS. SUPPLY VOLTAGE VS. TEMPERATURE

BANDWIDTH/

NORMALIZED A C PARAMETERS
REFERRED TO VALUE AT + 15V

NORMALIZED VALUE REFERRED TO *25°C

o * * - - 25
SUPPLY VOLTAGE TEMPERATURE - °C

INPUT NOISE VS. FREQUENCY SMALL SIGNAL BANDWIDTH AND PHASE
MARGIN VS. LOAD CAPACITANCE

Hz)

3

VOLTAGE

EH
UNITY BANDWIDTH ~Hz

PHASE MARGIN

NOISE VOLTAGE (aV/,

INPUT NOISE CURRENT (PA/, /jy}

AN

N— NOISE CURRENT

0 = 0
1K 10K 1000 X 100,000
FREQUENCY - Hz LOAD CAPACITANCE -pF
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PERFORMANCE CURVES (contd.)

MAXIMUM QUTPUT VOLTAGE
CHANNEL SEPARATION VS. FREQUENCY SWING VS. LOAD RESISTANCE

w
=

~
[

~n
S

>

=

o

PEAK-TO-PEAK OUTPUT VOLTAGE SWING -V
&

THTITITS

FREQUENCY —Hz

1K 10K
LOAD RESISTANCE - OHMS

INPUT BIAS AND OFFSET CURRENT POWER CONSUMPTION
VS. TEMPERATURE " VS.TEMPERATURE

V=15V

Vs=t10v

POWER CONSUMPTION-mW
8

5 +50 - +25 +50
TEMPERATURE - °C TEMPERATURE-°C

PULSE RESPONSE

TRANSIENT RESPONSE/SLEW SLEW RESPONSE TRANSIENT RESPONSE
RATE CIRCUIT (Volts: 5Y/Div, Time: 5 1S/Div) (Volts: 10MV/Div , Time: 100MS/Div )

A\

i
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D HARRIS HA-4600/02 /05

High Performance
Quad Operational Amplifier

FEATURES | DESCRIPTION

e LOWOFFSET VOLTAGE 0.3mV The HA-4600 series are high performance dielectrically isolated
monolithic quad operational amplifiers with superior specifica-

° HIGH SLEW RATE AV/ps tions not previously available in a quad amplifier. These amp-
° WIDE BANDWIDTH 8MHz lifiers offer excellent dynamic performance coupled with low
o LOWDRIFT 2uVv/oC values for offset voltage and drift, input noise voltage and
° FASTSETTLING (0.01%, 10V STEP) 4.2us power consumption.

e LOWPOWER CONSUMPTION 35mW/AMP A wide range of applications can be achieved by using the
o SUPPLY RANGE +5V TO £20V features made available by the HA-4600 series. With wide

bandwidth (8MHz), low power (35mW/amp), and internal
compensation, these devices are ideally suited for precision
APPLICATIONS active filter .designs. For audio applications these amplifiers
offer low noise (8nV/,/Hz) and excellent full power bandwidth
(60kHz). The HA-4602/4605 is particularly useful in designs
requiring low offset voltage (0.3mV) and drift (2uV/0C), such as
© HIGH 0, WIDE BAND FILTERS instrumentation and signal conditioning circuits. The high slew
°o [NSTRUMENTATION AMPLIFIERS rate (4V/us) and fast settling time (4.2us to 0.01%, 10V step)
s AUDIO AMPLIFIERS makes these amplifiers useful compoinents in fast, accurate data
acquisition systems.

o DATA ACQUISITION SYSTEMS

® |INTEGRATORS The HA-4600 series are available in 14 pin CERDIP packages
e ABSOLUTE VALUE CIRCUITS which are interchangeable .with most other quad op amps.
HA—4G>00/4602—2 is specified from -550C to +1250C and
° TONEDETECTORS , HA-4600/4605-5 is specified over 00C to +750C range.
PINOUT SCHEMATIC
Section 11 for Pack
TOP VIEW
Out 14  Out
1 4
2 : 113
Inputs Inputs
T3] ‘ 12
vi = UL
5 110
Inputs Inputs
2 8] l9 3
Out 7 8 Out
2 3
ONE FOURTH ONLY (HA-4600)
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

T =+250C Unless Otherwise Stated Power Dissipation (Note 4) 880mW
Voltage Between V+ and V- Terminals 40.0vV Operating Temperature Range

Differential Input Voltage . +7v HA-4600/4602-2 -550C <Tp <+1250C
Input Voltage (Note 2) +15.0V  HA-4600/4605-5 00C<Tp <+750C
Output Short Circuit Duration (Note 3) Indefinite Storage Temperature Range -650C <Tp <+1500C

ELECTRICAL CHARACTERISTICS V+=+15V,V-=-15V

HA-4600-2 HA-4602-2
HA-4600-5 HA-4605-5

PARAMETER MIN TYP MIN TYP MAX
INPUT CHARACTERISTICS
Offset Voltage 0.3 . 3.0

Av, Offset Voltage Drift
Bias Current

Offset Current

Common Mode Range

Input Noise Voltage (f = 1kHz2)

Input Resistance

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 5)
Common Mode Rejection Ratio (Note 9)

Channel Separation (Note 6)
Small Signal Bandwidth
OUTPUT CHARACTERISTICS

Output Voltage Swing (R = 10K)
(RL = 2K)

Full Power Bandwidth (Note 5)
Output Current (Note 7)

QOutput Resistance
TRANSIENT RESPONSE (Note 8)
Rise Time

Overshoot

Slew Rate -

Settling Time (Note 10) -

POWER SUPPLY CHARACTERISTICS
Supply Current -

Power Supply Rejection Ratio (Note 9)
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NOTES:
1. Absolute maximum ratings are limiting values, applied
individually, beyond which the serviceability of the circuit
may be impaired. Functional operability under any of

these conditions is not necessarily implied.

2. For supply voltages less than £15V, the absolute maximum
input voltage is equal to the supply voltage.

3. Any one amplifier may be shorted to ground indefinitely.
4. Derate 5.8mW/0C above Tp = +250C.
5. Vout=*10V; RL = 2K ohms.

6. Channel separation value is referred to the input of the

amplifier. Input test conditions are: f= 10kHz; Vg =
200mV peak-to-peak; Rg = 1K ohms. (Refer ta Channel
Separation vs. Frequency Curve for test circuits.)

7. Output current is measured with VoyuT = 25 volts.

8. For transient response test circuits and measurement
conditions refer to Test Circuits section of the data sheet.

9. AV =150volts.

10. Settling time is measured to 0.1% of final value for a 10
volt input step, Ay = -1.

TEST CIRCUITS

——MA——
K
MO :::>~__
Toour
+
. 50pF
® I
LARGE SIGNAL = =
RESPONSE
CIRCUIT

(Volts: 5V/Div.,

Time: 5us/Div.) ov

[ERSEITARAIRINI
HHHH

VERT. 5V/DIV.
HORZ.5 us/DIV.

INO—————+
out

SMALL SIGNAL ouTeuT i
RESPONSE ~N 3
CIRCUIT NG T

(Volts: 10mV/Div., | por
Time: 50ns/Div.) ks N O S0 A i

—
r——

\\

ov

HORIZONTAL: 50 NSEC/DIV.
VERTICAL. 10mV/DIV

SETTLING TIME CIRCUIT

+15V

2N4416

5K(2

Vin

s

pF

TO
OSCILLOSCOPE

50 o Ay=-1.

® Feedback and summing
resistors should be 0,1%.

o Clipping diodes are optional.
HP5082-2810 recommended.
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PERFORMANCE CURVES

Vi = +15V, V-=-15V, Tp =+250C Unless Otherwise Stated.

OFFSET VOLTAGE INPUT BIAS AND OF#SET " OPEN LOOP FREQUENCY RESPONSE
CURRENT VS. TEMPERATURE

BIAS CURREN’

—

INPUT BIAS
CURRENT - nA

OPEN LOOP VOLTAGE
GAIN - d8

OFFSET CURR

M~ /
——

|t

< (TYPICAL)
|vos| HA-4600
sl i

[vosl ABSOLUTE OFFSET VOLTAGE ~mV

INPUT OFFSET
CURRENT - nA

TNk 100K
| I l FREQUENCY —Hz

o +40 +80
TEMPERATURE - °C

SMALL SIGNAL BANDWIDTH AND PHASE OUTPUT VOLTAGE SWING
MARGIN VS. LOAD CAPACITANCE VS. FREQUENCY AND SUPPLY VOLTAGE

PH‘SEIMAIR| II

o

UNITY BANDWIDTH - MHz

:
i
i
VOLTAGE FOL!
RL=
CL=

PHASE MARGIN
w
2
@

IS

OUTPUT VOLTAGE SWING - (VOLTS p-p)

100 1000 10K
LOAD CAPACITANCE - pF FREQUENCY - Hz

CHANNEL SEPARATION VS. FREQUENCY

INPUT NOISE VS. FREQUENCY

i

CHANNEL SEPARATION - dB

N

—= VOLTAGE NOISE

NN

N

INPUT NOISE VOLTAGE Y/

INPUT NOISE CURRENT pA(/ﬂ?

1K 1K
FREQUENCY - Hz FREQUENCY —Hz
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PERFORMANCE CURVES (Continued)

NORMALIZED AC PARAMETERS NORMALIZED AC PARAMETERS
VS. SUPPLY VOLTAGE VS. TEMPERATURE

BANDWID

NORMALIZED VALUE
REFERRED TO +25°C

SLEW RATE

b !
/ S BANDWIDTH

NORMALIZED AC PARAMETERS
REFERRED TO VALUE AT 15V

ts8 2 R4l + - - 0 +40 +80
SUPPLY VOLTAGE - VOLTS TEMPERATURE - °C

MAXIMUM OUTPUT VOLTAGE SWING VS. LOAD POWER SUPPLY CURRENT VS. TEMPERATURE
RESISTANCE AND SUPPLY VOLTAGE AND SUPPLY VOLTAGE

»~
k3

[ TTIIT]

Vg =215V

v
2

9
S

3

=

SUPPLY CURRENT - mA

o

PEAK-TO-PEAK OUTPUT VOLTAGE SWING -

-

>

1K 10K - 0 +40
LOAD RESISTANCE - OHMs TEMPERATURE - °C

SETTLING TIME VS. OUTPUT SETTLING TIME VS. OUTPUT AMPLITUDE HA-4602 - COMMON MODE REJECTION
AMPLITUDE (Ay =-1) AND SIGNAL GAIN (Ay =-5 AND Ay = -10) RATIO VS. FREQUENCY

Vour =10V
= Ay =-5-H
Sy

Vout =10V
Ay =-10

Vour =5V

e Ay=-10

»
&

-
Vour = 5V
Ay =-5

9
8

COMMON MODE REJECTION RATIO - dB

SETTLING TIME, us
SETTLING TIME, us

vour =V )
Ay=-5 100Hz 1kHz 10kHz 100kHz 1MHz
FREQUENCY - Hz

10 . e
OUTPUT ERROR VOLTAGE mV OUTPUT ERROR VOLTAGE, mV
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APPLYING THE HA-4602/4605 QUAD OPERATIONAL AMPLIFIERS

POWER SUPPLY DECOUPLING: Although not absolutely
necessary, it is recommended that all power supply lines
be decoupled with .01 u F ceramic capacitors to ground.
Decoupling capacitors should be located as near to the
amplifier terminals as possible.

UNUSED OP AMPS: Unused op amp sections should be
connected in a non-inverting follower configuration with

the (+) input tied to ground in order to insure optimum
performance of devices being used.

In high frequency applications where large value feed-
back resistors are used, a small capacitor (3pF) may be
needed in parallel with the feedback resistor to neutralize
the pole introduced by input capacitance.

APPLICATIONS
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2ND ORDER STATE VARIABLE FILTER (1kHz, Q= 10)

_.__|(.__._

p—O HI PASS

O BAND PASS

The state variable filter is relatively insensitive to component
changes (changes can be adjusted out with potentiometers)
and also has low sensitivity to amplifier bandwidths. (Amplifier
gain bandwidth product should be >>Q x fg). The bandwidth
criteria will determine whether a general purpose op amp like
Harris HA-4741 or the wide band HA-4602/4605 should
be used.

This filter finds wide application because multiple filtering
functions are available simultaneously (High pass, Lo pass,
Band pass, Band reject). In this circuit the various RC products
are matched with pot adjustments allowing for non-interactive

NOTES: 1. MAKE R1C1 = R2C2

—1

2. fc= 2”R‘|C1

R
3.0=%(1+88)

BAND

+

|

|

|

|
ol
REJECT I
I

I

|

(OPTIONAL)
—_d

adjustment of Q and fg. This allows capacitors (Cq, C2) with
loose tolerances to be used. To tune for fg, apply a sine wave
at fg to the input, adjust R1 for equal amplitudes at the Hi pass
and Band pass terminals (they will be phased 900 apart) then
adjust R for equal amplitudes at the Band pass and Lo pass
terminals.

The state variable filter is often used as building blocks in
multiple pole Butterworth of Chebyshev filters. Many references
contain normalized tables indicating settings for Q and fg of
each pole- pair section.




APPLICATIONS (Continued)

SALLEN AND KEY 2ND ORDER LO PASS FILTER

NOTES:

1. Make R1=R2
1

2. fe=5n ~Fr—
ouT 27TR1,/C1C2
—0O

Ca
=1
3. Q=% /_01

The advantage of using the Sallen and Key filter is simplicity,
but in any application this must be weighed against the state-
variable type filter for accuracy, practicality, and cost. Amp-
lifier bandwidth limitations are much more apparent at moderate
frequencies and Q values with this filter design. (For accuracy,
amplifier gain-bandwidth product should be>>fg x 02). The
wide bandwidth of the HA-4602/4605 is particularly advan-
tageous in this design even at audio frequencies.

In this filter all component values affect both Q and fg. Pre-
cision, temperature stable resistors and capacitors must be used.

For economy, this filter could be used in the low Q stages
of multiple-pole filter design, while the state variable type is
used in the more critical stages.

INSTRUMENTATION AMPLIFIER

(OPTIONAL)

Instrumentation amplifiers (differential amplifiers) are specif-
ically designed to extract and amplify small differential signals
from much larger common mode voltages.

To serve as building blocks in instrumentation amplifiers, op
amps must have very low offset voltage drift, high gain and wide
bandwidth. The HA-4602/4605 is ideally suited for this appli-

Gain=(1+81) (R4
R2 R3,

cation, delivering superior input and speed characteristics.

The optional circuitry makes use of the fourth amplifier section
as a shield driver which enhances the AC common mode re-
jection by nullifying the effects of capacitance-to-ground
mismatch between input conductors.
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HA-4620/22/25

Wideband, High Performance
Quad Operational Amplifier

FEATURES DESCRIPTION

Wide Sain Bandwidth Product 7O0MHz The HA-4620 series are wide band quad operational amplifiers fea-

High Slew Rate +20V/us turing high slew rate, wide bandwidth and fast settling time specifica-
Low Offset Voltage 0.3mV tions complemented by low input offset voltage, low drift and input
i Itage.
Fast Settling (0.01%, 10V Step) 2.5us noise voltage
Total Harmonic Distortion  <.01% to 30kHz These dielectrically isolated devices are optimized to offer excellent
Low Drift 2uVv/oc features suitable for applications where a gain of 10 or greater is to be
. used. The 35mW/amp and a 70MHz gain-bandwidth-product make
these monolithic amplifiers valuable components for many active filter
Supply Range 15V to 220V circuits.  HA-4620 series offers 0.3mW offset voltages and 2uV/0C
offset voltage drift for very accurate signal conditioning designs. In
high performance audio applications, these amplifiers deliver 260kHz
APPLICATIONS full power bandwidth and 8nV,/ Hz noise voltage. For fast accurate
data acquisition systems HA-4620 series offer 20V us slew rate and
High Q Wide Band Filters settling time of 2.5usecs to 0.1% 10V step.

Low Power Consumption 35mW/Amp

e © 6 © o0 ° o o

e
© Pulse Amplifiers ,
o Audio Amplifiers HA-4620 series are available in 14 pin CERDIP packages and are
interchangeable with most other quad op amps. HA-4625 is also
© Data Acquisition Systems available in chip form. HA-4620/4622-2 is specified from -550C to
@ Absolute Value Circuits +1250C and HA-4620/4625-5 is specified over 00C to +750C range.
°

Video and R.F. Amplifiers

PINOUT SCHEMATIC

Section 11 for Packaging
TOP VIEW

ﬂvl.‘—{ﬂ 0:(
5
Out [’7'}9‘ l@:lli

2

ONE FOURTH ONLY (HA-4620)
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

TA =+250C Unless otherwise stated. Power Dissipation (Note 4) 880mwW
Valtage between V+ and V- Terminals 40.0V Operating Temperature Range

Differential Input Voltage 7V HA-4620/4622-2 -5500. < Tp <+1250C
Input Voltage (Note 2) +15.0v HA-4620/4625-5 00C < Tp'<+750C
Output Short Circuit Duration (Note 3) Indefinite Storage Temperature Range -650C < Tpa <+1500C

ELECTRICAL CHARACTERISTICS

HA-4620-2 HA-4622-2
HA-4620-5 HA-4625-5
PARAMETER TEMP MIN TYP | MAX MIN TYP | MAX | UNITS

INPUT CHARACTERISTICS
Offset Voltage +250C 0.3 2.5 3.0 9 mV

Full 3.0 10 mV
Av. Offset Voltage Drift Full 2 5 uv/oc
Bias Current ) +250C 130 200 200 400 nA

Full 325 500 nA
Offset Current +250C 30 75 70 150 nA

Full 125 175 nA
Common Mode Range Full 112 12 v
Input Noise Voltage (f = 1kHz) +250C 8 8 nv//Hz
Input Resistance +250C 500 500 k2
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 5) » | Full 100K | 250K 75K | 250K Y
Common Mode Rejection Ratio (Note B) Full 86 80 dB
Channel Separation (Note 7) +250C -108 -108 dB
Gain Bandwidth Products (Note 8) +250C 70 70 ) MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (R = 10K) Full £12 13 +12 13 \"

(RL = 2K) Full %10 £12 10 112 )

Full Power Bandwidth (Note 8) _ .| +250C 260 260 kHz
QOutput Current (Note 7) Full +10 +15 18 +15 mA
Output Resistance +250C 200 200 Q
TRANSIENT RESPONSE (Note 11)
Rise Time +250C 38 60 38 ns
Overshoot +250C 45 60 45 %
Slew Rate +250C | *12 | *20 2 | %20 Vius
Settling Time (Note 10) 25 25 Ms
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 4.6 5.5 5.0 15 mA
Power Supply Rejection Ratio (Note 9) Full 86 74 dB
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NOTES: fier. Input test conditions are: f = 10kHz; V)y = 200mV
1. Absolute maximum ratings are limiting values, applied individ- peak to peak; Rg = 1k . (Refer to Channel Separation vs.
ually, beyond which the serviceability of the circuit may be Frequency Curve for test circuits.)
impaired. Functional operability under any of these condi-

tions is not necessarily implied. . Ay =10; Ry =2K; C <10pF.

. For supply voltages < * 15V, the absolute maximum input . Full power bandwidth is guaranteed by equation:

voltage is equal to the supply voltage. Full power bandwidth = Slew Rate
- ' 27TV Peak
. Any one amplifier may be shorted to ground indefinitely.

: . Output nti d with V =15V,
. Derate 5.8mW/OC above T = +250C. utput current is measured with YouT

VouT =10V, Ry = 2KQ . Refer to Test Circuits section of the data sheet,
. Setting time is measured to 0.1% of final value for a 1 volt

. AV=150V. input step, and Ay = -10,

7. Channel separation value is referred to the input of the ampli-

TEST CIRCUITS

LARGE AND SMALL
SIGNAL RESPONSE CIRCUIT

OUTPUT B

.HI

INPUT A

OUTPUT B

FETY ERRTE FREvY fUT
LRSS RARRSRRAIEANAR ‘RRRIRRRRRRRRE! RERAS

T g T

ISETINERRISEUTIINEN: ;NRRISURTD [ANCURREN

VOLTS: Input A: .5V/Div., Output B: 5V/Div. VOLTS: Input A: .01V/Div., Output B: 50mV/Div.
TIME: 500ns/Div. TIME: 50ns/Div.

SETTLING TIME CIRCUIT

+15V

T0
OSCILLOSCOPE

Ay = -1

Feedback and summing
resistors should be 0.1%

Clipping diodes are optional
HP5082-2810 recommended
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TYPICAL PERFORMANCE CURVES

V+=+15V, Tp =+250C Unless otherwise stated.

OFFSET VOLTAGE INPUT BIAS AND
OFFSET CURRENT VS. TEMPERATURE OPEN LOOP FREQUENCY RESPONSE

11
BIAS CURRENT

N

I

N

I
]
T s

INPUT BIAS
CURRENT - nA

5 2
g o

PHASE (DEGREES)

b

[lggoc

N OFFSET CURRENT
] L1

—
_’-\’"—’1

o

1350C

OPEN LOOP VOLTAGE GAIN -dB

INPUT OFFSET
CURRENT - nA

[Vos| (TypICAL)

A : T LT
L 1]

y a Y - H
[ +40 +80 +120 +160 FREQUENC 13
TEMPERATURE 9C

IVos| ABSOLUTE OFFSET VOLTAGE - mV

. .
bk A
g B

8 8 8

I
I
g

&
8

SMALL SIGNAL BANDWIDTH AND PHASE OUTPUT VOLTAGE SWING VS.
MARGIN VS. LOAD CAPACITANCE FREQUENCY AND SUPPLY VOLTAGE

] m

RL=2K 18V
il
T
10V

il

Ay =10
RL=c
CL =50pF

|

1K 10K 100K

\ FREQUENCY - Hz
100

LOAD CAPACITANCE - pF

2
3

g

NDWIDTH

v

>

>

OUTPUT VOLTAGE SWING -
VOLTS PEAK-TO-PEAK

@
@
w
o
a
w
a
T
2z
a
o«
<
=
w
9
<
T
4

=3
]
~ @
GAIN BANDWIDTH - MHz

-

©

H
8

INPUT NOISE VS. FREQUENCY CHANNEL SEPARATION VS. FREQUENCY

2

2
&

2

w
S

% NOISE

N

~
]

Vo1

N
S

&
e

Y

N
[~ NOISE VOLTAGE
R

@

100K2

INPUT VOLTAGE NOISE nV/,/ Hz
w
G

C.S.=20LOG [ Vp;
10

3
2

INPUT CURRENT NOISE pA/,/ Hz |

o o

Voz

'y
S

CHANNEL SEPARATION - dB

100 K
FREQUENCY - Hz

8

o

1K
FREQUENCY - Hz
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TYPICAL PERFORMANCE CURVES (Continued)

TOTAL HARMONIC DISTORTION NORMALIZED AC PARAMETERS
VS. FREQUENCY VS. SUPPLY VOLTAGE

nnwnnvy4
L~

]
/ SLEWRATE
;

tg 12
SUPPLY VOLTAGE - VOLTS

NORMALIZED AC PARAMETERS
REFERRED TO VALUES AT 215V

TOTAL HARMONIC DISTORTION (THD) - %

1K 10K
FREQUENCY - Hz

NORMALIZED AC PARAMETERS MAXIMUM OUTPUT VOLTAGE SWING VS.
VS. TEMPERATURE LOAD RESISTANCE AND SUPPLY VOLTAGE

\

SLEW RATE

BANDWIDTH

%
28
aFr
2

NGO
B
g:
&§
T

PEAK-TO-PEAK OUTPUT VOLTAGE SWING - VOLTS

+40 +80
TEMPERATURE °C

1K 10K
LOAD RESISTANCE - OHMS

POWER SUPPLY CURRENT VS. SETTLING TIME VS.
TEMPERATURE AND SUPPLY VOLTAGE OUTPUT AMPLITUDE (Ay = -10)

=+15v

Vs =10V
Vg =15V

SETTLING TIME - HS

SUPPLY CURRENT - mA

1.0
OUTPUT ERROR VOLTAGE - mV

+40 +80
TEMPERATURE °C
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APPLYING THE HA-4622/4625

. POWER SUPPLY DECOUPLING: Although not absolutely
necessary, it is recommended that all power supply lines be
decoupled with .011LF ceramic capacitors to ground. Decoup-
ling capacitors should be located as near to the amplifier term-

vices being used.

. In high frequency applications where large value feedback

resistors are used, a small capacitor (3pF) may be needed in

indls as possible. If several amplifier sections are connected in
series, it is recommended that every third or fourth section be
decoupled.

parallel with the feedback resistor to neutralize the pole intro-
duced by input capacitance.

. When driving heavy capacitive loads ( >100pF), a small value
resistor should be connected in series with the output and
inside the feedback loop.

. UNUSED 0P AMPS: Unused op amp sections should be conn-
ected in a non-inverting Ay = 10 configuration with the (+)
input tied to ground in order to optimize performance of de-

APPLICATIONS

) SUGGESTED METHODS FOR OFFSET NULLING
NON-INVERTING AMPLIFIER INVERTING AMPLIFIER

R1

OUTPUT
NON-INVERTING AND V+O nPUT R2
INVERTING AMPLIFIERS = OUTPUT
—0

RANGE OF ADJUSTMENT L oo
DETERMINED BY PRODUCT RS R4 200KSY
OF VSUPPLY AND R3/R4 RATIO 250K

= R1
Ay=1+
v R2 +R3

SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY
INVERTING NON-INVERTING
5pF**

IL
N
10KQ

OoUTPUT

QUTPUT

"%
[HA-462.
+

* VALUES WERE DETERMINED
EXPERIMENTALLY FOR
OPTIMUM SPEED AND
SETTLING TIME

** OPTIONAL

LARGE SIGNAL RESPONSE

INPUT A

INPUT A

[ERUTRSTIETI
t

OUTPUT B

[EE..NUCIFRETUSURTINEN|
IBE " SaatRaaRERRRRERnE

OUTPUT B

[SRTISERNISTATIIN N = N U T

VOLTS: Input A: 5V/Div., Output B: 2V/Div.
TIME: 1us/Div.
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HA-4741

Quad Operational Amplifier

FEATURES DESCRIPTION

The HA-4741, which contains four amplifiers on a monalithic
SLEW RATE 1.6V/us (TYP.) chip, provides a new measure of performance for general purpose
BANDWIDTH 3.5MHz (TYP.) operational amplifiers. Each amplifier in the HA-4741 has

INPUT VOLTAGE NOISE 9nV\Hiz (TYP.) operating specifications that equal or exceed those of the 741-
INPUT OFFSET VOLTAGE 0.5mV (TYP.) type amplifier in all categories of performance.

INPUT BIAS CURRENT B0nA (TYP.) HA-4741 is well suited to applications requiring accurate signal
SUPPLY RANGE +2v 70 £20v . processing by virtue of its low values of input offset voltage
NO CROSSOVER DISTORTION (0.5mV), input bias current (60nA) and input voltage noise
STANDARD QUAD PIN-OUT (9nV/ Hz at 1kHz). 3.5MHz bandwidth, coupled with high
open-loop gain, allow the HA-4741 to be used in designs requir-
ing amplification of wide band signals, such as audio amplifiers.
Audio application is further enhanced by the HA-4741's neg-
APPLICATIONS ligible output crossover distortion. These excellent dynamic
characteristics also make the HA-4741 ideal for a wide range of
active filter designs. Performance integrity of multi-channel
o UNIVERSAL ACTIVE FILTERS designs is assured by a high level of amplifier-to-amplifier
isolation (108dB at 1kHz).

D3 COMMUNICATIONS FILTERS A wide range of supply voltages (£2V to £20V) can be used to

power the HA-4741, making it compatible with almost any

AUDIO AMPLIFIERS system including battery-powered equipment.

BATTERY-POWERED EQUIPMENT The HA-4741 has guaranteed operation gver -550C to +1250C
and can be furnished to meet MIL-STD-883 (HA-4741-8).
The HA-4741-5 is guaranteed over 00C to +750C and is avail-
able in ceramic and plastic dual-in-line packages and in dice
form.

PINOUT SCHEMATIC

Section 11 for Packaging

TOP VIEW

ﬁn{{%‘%ﬂ
E q El!n:uts
-
5 }@‘ @{%In;uts

T]O;l

QUAD OP AMP

(%) HA-4741
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Tpa =+250C Unless O therwise Stated
Voltage Between V+ and V- Terminals
Differential Input Voltage

Input Voltage (Note 1)

Output Short Circuit Duration (Note 2)

40.0V
+30.0v
£15.0v
Indefinite

Power Dissipation For
Epoxy Package. (Note 3)
Operating Temperature Range

HA-4741-2
HA-4741-5
Storage Temperature Range

880mW

-550C< Tp<+1250C
00C<TAL +750C
~-650C<Tp <+1500C

ELECTRICAL CHARACTERISTICS

V+=15V, V- =-16V
PARAMETER

HA-4741-2
-550C to +1250C

HA-4741-5
09C to +750C

MIN. TYP. | MAX.

TYP.

MAX.

INPUT CHARACTERISTICS
Offset Voltage

Av. Offset Voltage Drift
Bias Current

Offset Current
Common Mode Range

Differential Input Resistance
Input Noise Voltage (f = 1KHz)

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 4)

Common Mode Rejection Ratio (Note 8)

Channel Separation (Note 5)
Small Signal Bandwidth

OUTPUT CHARACTERISTICS

Output Voltage Swing (R = 10K)
(R = 2K)

Full Power Bandwidth (Notes 4 & 9)

Output Current (Note 6)

Output Resistance

TRANSIENT RESPONSE (Notes 7 &10)
Rise Time (Note 11)
Overshoot (Note 11)
Slew Rate (Note 12)

POWER SUPPLY CHARACTERISTICS
Supply Current
Power Supply Rejection Ratio (Note 8)

NOTES: 1. For supply voltages less than 115V, the absolute

+260C
Full

5.0
80 80

maximum input voltage is equal to the supply 8. Av =150v
9. Full power bandwidth guaranteed based upon

. One amplifier may be shorted to ground indefinitely.

voltage.
2
3. Derate 5.8mW/OC above T p = +25°C.
4. VouT =10, R =2K
5. Referred to input; f = 10KHz, Rg = 1K
6. Voyr=%10

_10.R_ = 2K, C = 50pf.
11.VouT = #200mV
12. Vouyt = t5v

1.0

7. See pulse response characteristics

mA
dB

slew rate measurement FPBW = S.R./2TT Vpeak
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PERFORMANCE CURVES

V+=+15V, V- = =15V, Ta = +250C
Unless Otherwise Stated.

OUTPUT VOLTAGE SWING
VS. FREQUENCY

OPEN LOOP FREQUENCY RESPONSE vo_Tm fﬂ![l

TV
Vo=V | | [ve=tsv

OUTPUT VOLTAGE SWING - (VOLTS p-p)

(VOLTAGE FOI
Ry = OPEN

Cy = S0pF

OPEN LOOP VOLTAGE GAIN-dB

I

K 10K 100K 10K
FREQUENCY - Hz FREQUENCY - Hz

NORMALIZED AC PARAMETERS NORMALIZED AC PARAMETERS
VS. SUPPLY VOLTAGE VS. TEMPERATURE

1
BA MDWIETH/

—
| sanDWIDTI

SLEW RATE

NORMALIZED A C.PARAMETERS
REFERRED TO VALUE AT * 15V
NORMALIZED VALUE REFERRED T0 *25°C

10 + - E +25 450
SUPPLY VOLTAGE . TEMPERATURE - °C

INPUT NOISE VS. FREQUENCY SMALL SIGNAL BANDWIDTH AND PHASE
MARGIN VS. LOAD CAPACITANCE

)

VOLTAGE

H
UNITY BANDWIDTH —Hz

PHASE MARGIN

NOISE VOLTAGE (nV/,/H2)

)
=
2

INPUT NOISE CURRENT (PA/, /iy,

=
~

N
N
<

™~ ™
NOISE CURREN g

0 o
K 10K 1000 ] 100,000
FREQUENCY - Hz LOAD CAPACITANCE -pF
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PERFORMANCE CURVES (Continued)

MAXIMUM OUTPUT VOLTAGE
CHANNEL SEPARATION VS. FREQUENCY SWING VS. LOAD RESISTANCE

w
S

~
o

~
S

CHANNEL SEPARATION - d8

[

PEAK-TO-PEAK OUTPUT VOLTAGE SWING -V
&>

FREQUENCY —Hz

1K 10K
LOAD RESISTANCE - OHMS

INPUT BIAS AND OFFSET CURRENT . POWER CONSUMPTION
VS. TEMPERATURE VS. TEMPERATURE

\L\ Vs =215V
\

T—— at

=
3
5

3

I
w
z
g
2
H
3
3

3
=
g

POWER CONSUMPTION-mW

+25 +50 ! +25 +50
TEMPERATURE - °C TEMPERATURE-OC

PULSE RESPONSE

TRANSIENT RESPONSE/SLEW SLEW RESPONSE TRANSIENT RESPONSE
RATE CIRCUIT (Volts: 5Y/Div, Time: 5 H5/Div) (Valts: 40mV/Div., Time: 100ns/Div.)

NEER

200mV
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“HA-4900/02/05

Precision Quad Comparator

FEATURES DESCRIPTION

FAST RESPONSE TIME
The HA-4900 series are monolithic, quad, precision compar-

LOW OFFSET VOLTAGE ators offering fast response time, low offset voltage, low
LOW OFFSET CURRENT offset current, and virtually no channel-to-channel crosstalk
for applications requiring accurate, high speed, signal level
SINGLE OR DUAL-VOLTAGE SUPPLY detection. These comparators can sense signals at ground

OPERATION level while being operated from either a single +5 volt supply
SELECTABLE QUTPUT LOGIC LEVELS (digital systems) or from dual supplies (analog networks) up
to +15 volts. The HA-4900 series contains a unique current
ACTIVE PULL-UP/PULL-DOWN OUTPUT driven output stage which can be connected to logic system

CIRCUIT - NO EXTERNAL RESISTORS supplies (V[ ggict and V| ggic-) to make the output levels

REQUIRED directly compatible (no external components needed) with
any standard logic or special system logic levels. In com-
APPLICATIONS bination analog/digital systems, the design employed in the
. HA-4900 series input and output stages prevents trouble-
some ground coupling of signals between analog and digital
portions of the system.

THRESHOLD DETECTOR These comparators’ combination of features makes them
ZERO-CROSSING DETECTOR ideal components for signal detection and processing in data
WINDOW DETECTOR acquisition systems, test equipment, and microprocessor/
) analog signal interface networks.

ANALOG INTERFACES FOR MICROPROCESSORS
HIGH STABILITY OSCILLATORS All devices are available in 16 pin dual-in-line ceramic pack-
ages. The HA-4900/4902-2 operates from -550C to +1250C
LOGIC SYSTEM INTERFACES and the HA-4905-5 operates over a 09C to +750C temp-
erature range.

PINOUT SCHEMATIC

Section 11 for Packaging

Top View

ViogicH

_ Viogict)

"~ Viosich

10
— w | |
9 Tl

Vioagicl-)

ONE FOURTH ONLY (HA-4900 SERIES)

2-88



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage Between V+and V- 33v
Voltage Between V| ogic(+) and V[ ggic(-) 18V
Differential Input Voltage *15V
Peak Qutput Current 50mA
Internal Power Dissipation (Note 7, 8) 880mwW
Storage Temperature Range -650C < Tp <1500¢C

ELECTRICAL CHARACTERISTICS V+=+15.0V, V- =-15.0V, V| ggic(+) = 5.0V, V| ggic(-) = GND.

HA-4300-2 HA-4902-2 HA-4905-5
-550C to +1250C -550C to +1250C 00C to +750C

PARAMETER MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX
' INPUT CHARACTERISTICS

Offset Voltage (Note 2) 1.5
10

Offset Current 50
70

Bias Current (Note 3)
Input Sensitivity (Note 4)

Common Mode Range
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain

Response Time (Tpg0) (Note 5)
Response Time (Tpg1) (Note 5)
QUTPUT CHARACTERISITICS
Output Voltage Level

Logic “Low State” (Vg ) (Note 6)

Logic “High State” (VgH) (Note 6)
Qutput Current

ISink

ISource
POWER SUPPLY CHARACTERISTICS
Supply Current, Ipg (+)
Supply Current, Ipg (-}
Supply Current, Ipg (Logic)

Supply Voltage Range
VLogic (+) (Note 7)
VLogic (-) (Note 7)
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NOTES:

1.

Absolute maximum ratings are limiting values, applied
individually, beyond which the serviceability of the
circuit may' be impaired. Functional operability under
any of these conditions is not necessarily implied.

Minimum differential input voltage required to ensure
a defined output state.

Input bias currents are essentially constant with differ-
ential input voltages up to *9 volts. With differential
input voltages from 9 to *15 volts, bias current on
the more negative input can rise to approximately
500 uA.

7 Rg < 200 ohms; Viy < Common Mode Range. Input

sensitivity is the worst case minimum differential input
voltage required to guarantee a given output logic state.
This parameter inludes the effects of offset voltage,
offset current, common mode rejection, and voltage
gain. .

For Tpg(1); 100mV input step, -5mV overdrive. For
Tpd(0); -100mV input step, 5mV overdrive. Freq-

ency _2 100Hz; Duty Cycle R 50%; Inverting input
driven. See Test Circuit below.

For Vgy and VgL: ISink = !Source = 3.0mA. For
other values of Vi ggic; VOH (min.) = V| ggic +-1.5V.

Total Power Dissipation (T.P.D.) is the sum of individ-
ual dissipation contributions of V+, V- and Vi ggic
shown in curves of Power Dissipation vs. Supply Volt-
ages (see Performance Curves). The calculated T.P.D.
is then located on the graph of Maximum Allowable
Package Dissipation vs. Ambient Temperature to deter-
mine ambient temperature operating limits imposed by
the calculated T.P.D. (See Performance Curves). For
instance, the combination of +15V, -15V, +5V, OV
(V+, V-, VL ggic*, VLogic-) gives a T.P.D. of 350mW
which allows operation to +1250C; the combination
+15V, -15V, OV gives a T.P.D. of 450mW and an
operating limit of T = +950C.

Derate by 5.8mW/0C above Tp = +750C.

RESPONSE TIME TEST CIRCUITS

2-90

OVERDRIVE I
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OVERDRIVE
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For input and output voltage waveforms for various input overdrives see Performance Curves.



PERFORMANCE CURVES

V+ =15V, V-=-16V, V| ggic+) = 5.0V, V| ggjc(-) = OV, T = +250C, Unless Otherwise Stated.

INPUT BIAS CURRENT vs. TEMPERATURE INPUT OFFSET CURRENT vs. TEMPERATURE

&

INPUT BIAS CURRENT, (nA}
3

INPUT OFFSET CURRENT, (nA)

o

0 25 50 - 0 25 50
TEMPERATURE, (°C) TEMPERATURE, (°C)

INPUT BIAS CURRENT vs. COMMON MODE INPUT VOLTAGE
(VpiFfF. =0V)

INPUT BIAS CURRENT, (nA)

-3
COMMON MODE INPUT VOLTAGE

SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE
FOR *15V SUPPLIES AND +5V LOGIC SUPPLY FOR SINGLE +5V OPERATION

T
V=50V
Viogict) = 5.0v
V-=VLggicl-) = GND

lpsL
| VouT =H]

- T
Ipgt . \<
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PERFORMANCE CURVES (continued)

RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES

ERDRIVE = 20mv

L= smv

L] -2mv

200
TIME ns

MAXIMUM PACKAGE DISSIPATION
vs. TAMBIENT

— 11— 111
[ MAXIMUM ALLOWABLE PACKAGE
DISSIPATION (SEE NOTE 7)

]
E
z
2
=
£
@
2
=
w
8
<
<
2
=

50 75
AMBIENT TEMPERATURE, 0C

"RBRIV’E =20n V\
-5:nV\

S
(7
[/

MAXIMUM POWER DISSIPATION vs. SUPPLY VOLTAGE
(NO LOAD CONDITION)

POWER DISSIPATION, (mW)

|1
| —1

10
SUPPLY VOLTAGE, (VOLTS)

APPLYING THE HA-4900 SERIES COMPARATORS

1.

2-92

SUPPLY CONNECTIONS: This device is exceptionally
versatile in working with most available power supplies.
The voltage applied to the V+ and V- terminals determines
the allowable input signal range; while the voltage applied
to the Vi + and V|- determines the output swing. In
systems where dual analog supplies are available, these
would be connected to V+ and V-, while the logic supply
and return would be connected to V| ggict and V| ggic—
The analog and logic supply commons can be connected
together at one point in the system, since the comparator
is immune to noise on the logic supply ground. A negative
output swing may be obtained by connecting V| + to
ground and V. to a negative supply. Bipolar output
swings (15V P-P, max.) may be obtained using dual sup-
plies. In systems where only a single logic supply is avail-
able (+5V to +15V), V+ and V| ggict may be connected
together to the positive supply while V- and VLogic-
are grounded. [f an input signal could swing negative with
respect the V- terminal, a resistor should be connected in
series with the input to limit input current to < 5mA
since the C-B junction of the input transistor would be
forward biased.

2

UNUSED INPUTS: Inputs of unused comparator sections
should be tied to a differential voltage source to prevent
output “chatter".

CROSSTALK: Simultaneous high frequency operation of
all other channels in the package will not affect the output
logic state of a given channel, provided that its differential
input voltage is sufficient to define a given logic state
(AVIN > 1Vgg). Low level or high impedance input lines
should be shielded from other signal sources to reduce
crosstalk and interference.

POWER SUPPLY DECOUPLING: Decouple all power
supply lines with .01 u F ceramic capacitors to a ground
line located near the package to reduce coupling between
channnels or from external sources.

RESPONSE TIME: Fast rise time { < 200ns) input pulses
of several volts amplitude may result in delay times some-
what longer than those illustrated for 100mV steps. Oper-
ating speed is optimized by limiting the maximum differ-
ential input voltage applied, with resistor-diode clamping
networks.




APPLICATIONS

r
|
. l
! |
I |
! INTERFACE MEMORY |
1
| |
|
{ // J '
o 4 — — ( L |
ANALOG : )) l |
INPUTS 1
: COMPARATORS |
o 1 T |
: | MICROPROCESSOR |
) | ]
—i i |
| INTERFACE
L____________LT b1

ANALOG INPUT MODULE PROCESSOR

DATA ACQUISITION SYSTEM
In this circuit the HA~4900 series is used in conjunction with a D to A converter to form a simple, versatile, multi-channel anal og
input for a data acquisition system. In operation the processor first sends an address to the D to A, then the processor reads
the digital word generated by the comparator outputs.

To perform a simple comparison, the processor sets the D to A to a given reference level, then examines one or more comparator
outputs to determine if their inputs are above or below the reference. A window comparison consists of two such cycles with
2 reference levels set by the D to A. One way to digitize the inputs would be for the processor to increment the D to A in steps.
The D to A address, as each comparator switches, is the digitized level of the input. While stairstepping the D to A is slower than
successive approximation, all channels are digitized during one staircase ramp.

5.0V +5V to +15V
10KQ
o o,
o 1/4
HA-4900 1% 1
HA-4900
TTL TO CMOS CMOS TO TTL

LOGIC LEVEL TRANSLATORS
The HA-4900 series comparators can be used as versatile logic interface devices as shown in the circuits
above. Negative logic devices may also be interfaced with appropriate supply connections.

If separate supplies are used for V- and V| ggjc-, these logic level translators will tolerate several volts of
ground line differential noise.
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APPLICATIONS (continued)

IN 4001's

RS-232 TO CMOS LINE RECEIVER
This RS-232 type line receiver to drive CMOS logic uses a
Schmitt trigger feedback network to give about 1 volt input
hysteresis for added noise immunity. A possible problem in
an interface which connects two equipments, each plugged
into a different AC receptacle, is that the power line voltage
may appear at the receiver input when the interface connect-
ion is made or broken. The two diodes and a 3 watt input
resistor will protect the inputs under these conditions.

%HA-4300,

50K

CI:__I;

OSCILLATOR/CLOCK GENERATOR

This self-starting fixed -frequency oscillator circuit gives
excellent frequency stability. Rq and Cq comprise the
frequency determining network while Ry provides the
regenerative feedback. Diode D1{ enhances the stability by
compensating for the difference between Vgy and Vgupply.
In applications where a precision clock generator up to
100kHz is required, such as in automatic test equipment,
C1 may be replaced by a crystal.

+15V
Vee

iy e

+

HI REF O—

% HA-4300

LO REF O-

WINDOW DETECTOR
The high switching speed, low offset current and low offset
voltage of the HA-4900 series makes this window detector
circuit extremely well suited to applications requiring fast,
accurate, decision-making. The circuit above is ideal for
industrial process system feedback controllers, or “out-
of-limit” alarm indicators.

R3
13K

-15V

SCHMITT TRIGGER (ZERO CROSSING

DETECTOR WITH HYSTERESIS)
This circuit has a 100mV hysteresis which can be used in
applications where very fast transition times aré required
at the output even though the signal input is very slow.
The hysteresis loop also reduces false triggering due to noise
on the input. The waveforms below show the trip points
developed by the hysteresis loop.

VTRIP(+H

VTRipl-)

Input to Output Waveform
Showing Hysteresis Trip Points




& HARRIS HA-5062 Series

Low Power JFET input

Preliminary Dual Operational Amplifiers

FEATURES DESCRIPTION

® HIGH INPUT IMPEDANCE 1012Q

e LOWINPUT BIAS CURRENT 200pA The HARRIS HA-5062 operational amplifiers are a series

e LOWINPUT OFFSET CURRENT 100pA Pf dual} monglithic JFET-input ?mp.hflers.featunng low
input bias and offset currents, high input impedence and

¢ VERY LOWPOWER CONSUMPTION very low power operation. In addition to being a direct

TYPICAL SUPPLY CURRENT 200pA replacement for the TLO62 series, the HA-5062 series

e INTERNAL FREQUENCY COMPENSATION offers improved performance with a minimum open loop

o HIGHSLEW RATE 4Vv/us gain 20K V/V and a slew rate of 4v/us.

e PIN COMPATIBLE WITH LM1458

© DIRECT REPLACEMENT FOR TL062 This improved performance is a result of the HARRIS
FET/Bipolar technology and makes the HA-5062 series
of amplifiers ideally suited for applications in industrial
control, communication, and battery powered instru-

APPLICATIONS mentation equipment,

The HA-5062-2 is characterized for operation over the
ACTIVE FILTERS full military temperature range of -550C to +1250C.

°

o INSTRUMENTATION AMPLIFIERS The HA—50'62A-5, HA-5062B-5 ?nd HA-5062-5 are
all characterized over the commercial temperature range

e AUDIO AMPLIFIERS of 00C to +750C.

e BATTERY OPERATED EQUIPMENT

© SIGNAL CONDITIONING

PINOUT v SIMPLIFIED SCHEMATIC

Section 11 for Packaging

p—O ouT

TOP VIEWS

ol
l g

v E EI} " ‘ ‘ (5 V-

(ONE HALF ONLY)
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1) Power Disipation -

Voltage Between V+ and V- Terminals +20v Operating Temperature' Range:
Differential Input Voltage +40v HA-5062-2 —55°CSTAS+12500
Input Voltage (Note 2) +15.0v HA-5062-5 00C<TA<+750C
Output Short Circuit Duration Indefinite Storage Temperature Range -650C<Tp <+1500C
* T0-99 Derate by 6.75mW/0C above +850C
Dip Derate by 5.57mW/0C above +650C

ELECTRICAL CHARACTERISTICS
V+=15V V-=15V

Parameters are guaranteed at indicated HA-5062-2 HA-5062A-5 HA-5062B-5 HA-5062-5
ambient temperature after warm-up. _550C to +1250C 00C to 750C 00C to 750C 00C to +750C

PARAMETER MIN.| TYP. { MAX. | MIN. | TYP.IMAX.IMIN.| TYP. ] MAX.{ MIN. | TYP. | MAX.

INPUT CHARACTERISTICS
Offset Voltage (Note 3)

Av. Offset Voltage Drift
Bias Current

Offset Current

Common Mode Range
Input Resistance

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 4)

Common Mode Rejection Ratio (Note 5)

QUTPUT CHARACTERISTICS
Output Voltage Swing (Note 6)

Unity Gain Bandwidth (Note 6)
Full Power Bandwidth (Note 7)

TRANSIENT RESPONSE
Rise Time (Note 8)
Overshoot (Note 8)

Slew Rate (Note 9)
Settling Time (Note 10)

POWER SUPPLY CHARACTERISTICS
Supply Current (Note 11)
Power Supply Rejection Ratio (Note 12)

NOTES:

1. Absolute maximum ratings are limiting values, applied 7. RL =10K; Full power bandwidth guaranteed based on
individually, beyond which the serviceability of the slew rate measurement using FPBW = SLEW RATE
circuit may be impaired. Functional operability 27T VPEAK

under any of these conditions is not necessarily implied.
. 8. VN =50mV,CL= 50pF, Ry =10KQ.
2. For supply voltages less than 15V, the absolute max-

imum input voltage is equal to the supply voltage. 9. V|N=10V,CL= 50pF, R_ = 10KQ.
3. Rs=509. 10. Settling time is measured to 0.1% of final value for a
4, RL 210KQ, VO = £10V. ' 10 volt output step and Ay = -1.
5. AVy=Xov. 11. No load, No signal.
6. Ry =10KQ. 12. Vsypp=215V.D.C.to ¥15V.D.C.
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& HARRIS

Preliminary

FEATURES

HA-5064 Series

Low Power, JFET Input
Quad Operational Amplifiers

DESCRIPTION

® LOW INPUT BIAS CURRENT 100pA

® LOW POWER DISSIPATION 24mW/Pkg.
® FAST SLEWING aV/us
® LOW VI0 DRIFT 10uV/0C
® HIGH INPUT IMPEDANCE 10122
® GOOD CHANNEL SEPARATION 120dB

® POWER SUPPLY RANGE 15V TO 20V

APPLICATIONS

WHERE DENSITY AND POWER REQUIREMENTS
ARE DEMANDING:

® ACTIVEFILTERS
® SIGNAL CONDITIONING
@® SIGNAL GENERATION

©® |NSTRUMENTATION AMPLIFIERS

The HARRIS HA-5064 series JFET input monolithic, quad
operational amplifiers feature very low power requirements
coupled with excellent AC and DC characteristics. Maximum
power dissipation of 24 mW/package is achieved by using com-
plementary design, process, and layout techniques.

A 4V/us slew rate coupled with 1MHz gain-bandwidth makes
these devices most suitable for active filter and signal conditioning
designs. The HA-5064 series is ideally suited for those applica-
tions demanding low power and high density without comprom-
ising other performance characteristics.  High input impedance
and low drift also makes the HA-5064 series useful as instru-
mentation amplifiers.

The HA-5064 is packaged in a 14-pin DIP and is pin compatible
with most other quad operational amplifiers. The HA-5064-2
is specified for -550C to +1259C operation while the HA-5064
A-5/HA-5064B-5/HA-5064-5 are specified over the 0OC to
+750C range.

PINOQUT

SIMPLIFIED SCHEMATIC

Section 11 for Packaging

TOP VIEW
ouT 1 \__ 14 0UT
4
' 2| 13
PUTS
INPliITS 2 1 |N4
2 12
V+ _i ﬂ V-

5 10
INPUTS | [ INPUTS
2 6 9 3
— I
ouT 7 8 ouT
2 3

?Vdv

—O ouT

Ov-

ONE-FOURTH ONLY
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+and V- 40v
Differential Input Voltage (Note 2) 30v
Output Current (Note 3) Continuous

Internal Power Dissipation (Note 4) : ) 500mW

Storage Temperature Range -659C to +1500C

ELECTRICAL CHARACTERISTICS

V+=15VDC; V-=-15VDC

HA-5064-2 HA-5064A-5 HA-50648-5 HA-5064-5
-550C to +1250C 00C to +750C 00C to +750C 09C to +75°C

PARAMETER MIN | TYP | MAX | MIN [ TYP | MAX | MIN | TYP | MAX| MIN | TYP | MAX

INPUT CHARACTERISTICS

Offset Voltage

Offset Voltage Average Drift
Bias Current

Offset Current

Input Resistance
Common Mode Range

TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Note 5)

Common Mode Rejection Ratio (Note 6)
Gain Bandwidth
Channel Separation (Nate 7)

OUTPUT CHARACTERISTICS

Output Voltage Swing (Note 8)

Output Current (Note 9)
Full Power Bandwidth (Note 10)
Output Resistance (Note 11)

TRANSIENT RESPONSE (Note 12)

Rise Time (10% TO 90%)
Slew Rate
Settling Time (Note 13)

POWER SUPPLY CHARACTERISTICS

Supply Current
P.S.R.R. (Note 14)
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NOTES
1. Absolute maximum ratings are limiting values, applied
individually, beyond which the serviceability of the circuit

200mV peak-to-peak; Rg = 10K 2

may be impaired. Functional operability under any of 8. RL=2K ohms.
these conditions is not necessarily implied.
9. Output current is measured with VouT = 10 volts.
2. For supply voltages less than 15V, the absolute maximum
input voltage is equal to the supply voltage. 10. Rp = 10K; Full power bandwidth guaranteed, based on slew
rate measurement using FPBW = SLEW RATE
3. Any one amplifier may be shorted to ground indefinitely. 2wV PEAK
4, Derate 5.8mW/0C above Tp = +250C. 11.  Output resistance measured under open loop conditions.
5. VguTr=%10V; RL = 10K2 12.  Refer to Test Circuits section of the data sheet.
6. AViy=X10V 13.  Settling Time is measured to 0.1% of final value for a 10
volt output step and Ay = -1.
7. Channel separation value is referred to the input of the
amplifier. Input test conditions are: f = 10kHz; V| = 14.  Vgypp =*5VDC to t15VDC.
TEST CIRCUITS
10K
VAA
INO——————+
ouT
10K -
IN
. TO out 1&( 50pF
K IIDDDF )
INPUT ;E ov DU!I'PUT ;:
LARGE SIGNAL i SMALL SIGNAL TN T
RESPONSE E: RESPONSE —INPUT e
CIRCUIT P HHHTHHTH CIRCUIT ll Heret
(Volts: 5V/Div., (Volts: 10mV/Div., [/ :
Time: 5us/Div.) QuTRUT / E Time: 50ns/Div.) ’ / 4
E: ov / ov

SETTLING TIME CIRCUIT

+15V

T0
OSCILLOSCOPE

® Ay =-1,

® Feedback and summing
resistors should be 0.1%.

« Clipping diodes are optional.
HP5082-2810 recommended.
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o HARRIS

Preliminary

FEATURES

HA-5082 Series

JFET Input
Dual Operational Amplifiers

DESCRIPTION

® HIGH INPUT IMPEDANCE
® LOW INPUT BIAS CURRENT 200pA
® LOWINPUT OFFSET CURRENT 100pA
® LOWPOWER CONSUMPTION

TYPICAL SUPPLY CURRENT 3.5mA
® HIGH SLEW RATE 15V/ s

o PIN COMPATIBLE WITH LM1458
® DIRECT REPLACEMENT FOR TL082

APPLICATIONS

o ACTIVE FILTERS
o INSTRUMENTATION AMPLIFIERS
e AUDIO AMPLIFIERS

® SIGNAL CONDITIONING

The HARRIS HA-5082 operational amplifiers are a series
of dual monolithic JFET-input amplifiers featuring low
input bias and offset currents, high input impedance

and, high slew rate. In addition to being a direct replace-
ment for the TLO82 series, the HA-5082 series offers im-
proved performance with an input offset voltage of 2mV,
a slew rate of 15V/us, and bandwidths of 4MHz.

This improved performance is a result of the HARRIS
FET/Bipolar technology and makes the HA-5082 series
of amplifiers ideally suited for applications in industrial
control, communication, and computer peripheral equip-
ment,

The HA-5082-2 is characterized for operation over the
full military temperature range of -550C to +1250C.
The HA-5082A-5, HA-5082B-5 and HA-5082-5 are all
characterized over the commercial temperature range of
09C to +750C.

PINOUT

SIMPLIFIED SCHEMATIC

2-100

Section 11 for Packaging

NOTE: Case Connected to V- V-
TOP VIEWS
Ny
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E 7| out
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B 3]}
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V- E 5
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage Between V+ and V- Terminals
Differential Input Veltage

Input Voltage (Note 2)

Qutput Short Circuit Duration

+20V
+40V
*15.0V

Indefinite

Power Dissipation 600mW™
Operating Temperature Range:
HA-5082-2 —EBUCSTA <+1250C
HA-5082-5 00C<TA<+750C
Storage Temperature Range -650C <Tp <+1500C

* To-99 Derate by 6.75mW/0C ahove +850C

Dip Derate by 5.57mW/0C above +650C

ELECTRICAL CHARACTERISTICS

V+ =16V V-=-15V
Parameters are guaranteed at indicated
ambient temperature after warm-up.

HA-5082-2
-550C to +1250C

HA-5082A-5 - HA-5082B-5 HA-5082-5
09C te 750C 00C to 750C 00C to +750C

PARAMETER

MIN.JTYP. [ MAX.

MIN. | TYP.IMAX.|MIN.[TYP. | MAX. | MIN. | TYP. [MAX.

INPUT CHARACTERISTICS
Offset Voltage (Note 3)

Av. Offset Voltage Drift
Bias Current

Offset Current

Common Mode Range
Input Resistance

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 4)

Common Mode Rejection Ratio (Note 5)
Unity Gain Bandwidth

OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 6)

Output Current (Note 7)
Full Power Bandwidth (Note 8)

TRANSIENT RESPONSE
Rise Time (Note 9)
Overshoot (Note 9)

Slew Rate (Note 10)
Settling Time (Note 11)

POWER SUPPLY CHARACTERISTICS
Supply Current (Note 12)
Power Supply Rejection Ratio (Note 13)

+250C
+250C

35
80 | 86

35

86 80

NOTES:

1. Absolute maximum ratings are limiting values, applied
individually, beyand which the serviceability of the
circuit may be impaired. Functional operability
under any of these conditions is not necessarily implied.

2. For supply voltages less than 15V, the absolute max-
imum input voltage is equal to the supply voltage.

3. Rg=50Q.
4. RL210KS, V0 =%10V.

5. Aviy=*iov.
6. RL= 2KQ.

7. Vgyr=*1ov

8. RL =2K; Full power bandwidth guaranteed based on
SLEW RATE

slew rate measurement using FPBW = 27T VPEAK ©

9. Vyn=50mV,Cy=100pF, RL = 2K 2.
10. Vin =10V, CL =100pF, R = 2K 2.

11. Settling time is measured to 0.1% of final value for a
10 volt output step and Ay = -1,

12. No load, No signal.
13. Vsupp=15V.D.C.to*15V.D.C.
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HA-5084 Series
JFET Input
Quad Operational Amplifiers

T HARRIS

Preliminary

FEATURES - DESCRIPTION

LOW INPUT BIAS CURRENT 200pA

HIGH SLEW RATE 15V/us
WIDE BANDWIDTH AMHz The Harris !-I'A—5084 l.s a JFET‘mput, monohthlc, quad opera-
tional amplifier featuring low input bias and offset currents,
LOWDRIFT 10uv/oC high input impedance, and high slew rate. Manufactured us-
HIGH INPUT IMPEDANCE 10129 ing .FET/.BlpoIar technolc.ngy coupled with advanced .layout
considerations, these devices also feature excellent channel
LOWSUPPLY CURRENT 72mA separation and offset voltage drift specifications.
+ + . :
SUPPLY RANGE ) '?V To20v High slew rate (15V/ us) coupled with excellent input bias
(30pA) and offset current (3pA) make the HA-5084 ideally

APPLICATIONS ’ suited for high speed analog designs such as integratars, fast
D/A converters, and sample-and-hold circuits.

HIGH Q, WIDEBAND FILTERS The HA-5084 is available in ceramic and plastic 14 pin DIP's
INTEGRATORS } and is pin compatible with the LM324, LM348, and MC3403
quad operational amplifier pinout.

TONE DETECTORS .
SAMPLE/HOLD CIRCUITS The HA-5084-2 is specified from -550C to +1250C while

the HA-5084-5 operates from 00C to +750C.
DATA ACQUISITION SYSTEMS

ABSOLUTE VALUE CIRCUITS

PINOUT SIMPLIFIED SCHEMATIC

Section 11 for Packaging )
v ? v+
TOPVIEW '

ouT 1 14 ouT

/. .
4
' 2 13
INPUTS-E_‘ 1_Z-INF:‘UTS

1.
LARRVA

10

j% ,<l{“‘mpms
9 3

8 out

3

Sv-

(ONE FOURTH ONLY)
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V-~ 4 40v
Differential Input Voltage (Note 2) *aov
Output Current (Note 3) Full Short Circuit Protection
Internal Power Dissipation (Note 4) 500mW

Storage Temperature Range -650C to +1500C

ELECTRICAL CHARACTERISTICS

V+=15VDC: V-=-15VDC

HA-5084-2 HA-5084A-5 HA-5084B-5 HA-5084-5
-550C to +1250C 00C to +750C 00C to +750C 00C to +750C

PARAMETER MIN | TYP | MAX | MIN | TYP | MAX [ MIN [TYP | MAX | MIN | TYP | MAX

INPUT CHARACTERISTICS
Offset Voltage

Offset Voltage Average Drift
Bias Current

Offset Current

Input Resistance
Common Mode Range

TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Note 5)

Common Mode Rejection Ration (Note 6)
Unity Gain Bandwidth
Channel Separation (Note 7)

OUTPUT CHARACTERISTICS

Output Voltage Swing (Note8)

Output Current (Note 9)
Full Power Bandwidth (Note 10)
Output Resistance (Note 11)

TRANSIENT RESPONSE (Note 12)

Rise Time
Slew Rate
Settling Time (Note 13)

POWER SUPPLY CHARACTERISTICS

Supply Current
P.S.R.R.(Note 14)
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NOTES

1. Absolute maximum ratings are limiting values, applied
individually, beyond which the serviceability of the circuit
may be impaired. Functional operability under any of
these conditions is not necessarily implied.

For supply voltages less than 15V, the absolute maximum
input voltage is equal to the supply voltage.

Any one amplifier may be shorted to ground indefinitely.
Derate 5.8mW/0C above Tp = +250C.

Vour = *10V; R =10KS2.

AVy =10V

Channel separation value is referred to the input of the
amplifier. Input test conditions are: f = 10kHz; V| =

200mV peak-to-peak; Rg = 1K ohms.
Ry = 2K chms.
Output current is measured with VgyT = 10 volts.
R = 2K; Full power bandwidth guaranteed, based on slew
rate measurement using FPBW = SLEW RATE
2wV PEAK
Output resistance measured under open loop conditions.

Refer to Test Circuits section of the data sheet.

Settling Time is measured to 0.1% of final value for a 10
volt output step and Ay = -1,

Vsupp = ¥5V.D.C. to £15V.D.C.

TEST CIRCUITS

LARGE SIGNAL
RESPONSE
CIRCUIT

(Volts: 5V/Div.,

Time: 5us/Div.)

IERIRRRIITET]
e

1

VERT. 5V/DIV.
HORZ. 5 us/DIV.

S

ZKQI 100pF

T
oUTPUT

SMALL SIGNAL
RESPONSE
CIRCUIT

(Volts: 10mV/Div.,

Time: 50ns/Div.)

4
/
/

HORIZONTAL: 50 NSEC/DIV.
VERTICAL: 10mV/DIV

SETTLING TIME CIRCUIT

By
Tor
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OSCILLOSCOPE

2N4416

VoUT o aAy=-1.

® Feedback and summing
resistors should be 0.1%.

® Clipping diodes are optional,
HP5082-2810 recommended.




T HARRIS HA-5100/ 5105

Wideband, JFET Input
Operational Amplifier

FEATURES GENERAL DESCRIPTION
The HA-5100/5105 are monolithic wideband operational amplifiers
® LOWINPUT OFFSET VOLTAGE . .. ... 0.5mv manufactured with FET/Bipolar technologies and dielectric isolation.
© LOWOFFSETDRIFT . . ... ... .. .. 5uV/oC Premswn laser tnmmAu.!g! of t.he input staqe complement§ tpe amplifier
high frequency capabilities with excellent input characteristics.
® LOWINPUTBIASCURRENT ......... 50pA The HA-5100/5105 offer a number of important advantages over
© LARGE VOLTAGEGAIN . ....... 150K V/V simila‘r FET inpyt op amps frop\ other man\{fa.r:turers. In a(.:lditiun. to
superior bandwidth and settling characteristics the Harris devices
@ WIDEBANDWIDTH. ............. 18MHz have quite constant slew rate, bandwidth, and settling characteristics
o HIGHSLEWRATE ... .. ... . .. 8V/jusec over the operating range. This provides the user predictable perform-

ance in applications where settling time, full power bandwidth, closed
© FAST LARGE SIGNAL SETTLING TIME: 1.7usec loep bandwidth, or phase shift is critical. The slewing waveform is
symmetrical to provide reduced distortion. Note also that Harris spe-
cifies all parameters at ambient (rather than junction) temperature to
provide the designer meaningful data to predict actual operating per-

formance.
APPLICATIONS Complementing HA-5100/5105's predictable and excellent dynamic
characteristics are very low input offset voltage, very low input bias
e PRECISION, HIGH SPEED, DATA ACQUISITION current, and extremely high input impedance. This ideal combination
SYSTEMS of features make these amplifiers most suitable for precision, high
speed, data acquisition system designs and for a wide variety of signal
o PRECISION SIGNAL GENERATION conditioning applications.*
© PULSE AMPLIFICATION * -2 denotes a range of -550C to +1250C and -5 denotes a 00C to
+750C range.
PINOUT SCHEMATIC DIAGRAM
Section 11 for Packaging
TOP VIEW ) i 7 o~
20 3 R1a
COMPENSATION b MR e L[] “

18 o aras
1001 R24 036
et 72 8 x N onasy
T VI A
Das
R23 8
RI1 30
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6K 43 ouTPUT
QP26 ar30 0
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32 | 10pt
C Das
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage Between V+and V- 40v

Differential Input Voltage +HQV

Peak Output Current Full Short Circuit Protection
Internal Power Dissipation (Note 2) 510mW

Storage Temperature Bange ) ' ) -650C to +1500C

ELECTRICAL CHARACTERISTICS

HA-5100-2 HA-5100-5 HA-5105-5
-550C to +1250C 00C to +750C 00C to +750C

PARAMETER MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX
INPUT CHARACTERISTICS

Offset Voltage 0.5 1.0 05 1.0 0.5 15
050 | 20 0.50 | 2.0 075 | 35

Offset Voltage Average Drift i 5 10 15

Bias Current 20 50 20 50 50
‘ 5 10 10 10
Offset Current 2 10 10 5
' : 2 5 5 5

Input Resistance
Common Mode Range 11
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 3)

Common Mode Rejection Ratio (Note 4)
Gain Bandwidth Product at Ay = 10
OUTPUT CHARACTERISTICS

Output Voltage Swing (Note 5)

Short Circuit Qutput Current (Note 6)
Full Power Bandwidth (Note 7)
Output Resistance (Note 8)
TRANSIENT RESPONSE (Note 9)
Rise Time

Slew Rate

Settling Time (Note 10}

POWER SUPPLY CHARACTERISTICS
Supply Current

P.S.R.R. (Note 11)
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NOTES:

1.

Absolute maximum ratings are limiting values, applied
individually, beyond which the serviceability of the
circuit may be impaired. Functional operability under
any of these conditions is not necessarily implied.
Derate at 6.8 mW/OC for operation at ambient temp-
eratures above +750C.

VouTt=%10V; RL=2K.

Vem =10V D.C.

Ry = 10K.

VouT=0V.
RL = 2K; Full power bandwidth guaranteed based on

slew rate . measurement using FPBW =

Output resistance measured under open foop conditions.
Refer to test circuits section of the data sheet.

. Settling time is measured to 0.1% of final value for a

10 volt output step and Ay = -1,

. Vsupp =%10V D.C. to ¥20V D.C.

SLEW RATE
27T VPEAK *

TEST CIRCUITS

SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT

IN

LARGE SIGNAL RESPONSE

Vertical Scale: (Volts: 5V/Div.)
Horizonal Scale: (Time: 500ns/Div.)

1

OUTPUT B

T

ov

INPUT A ov

ITERUITRTRATONN [RRTCSRTRR (NET)
LLLENLARENEIARE (ARENLRLRS

OUTPUTB

ouTt

50pF

1

SMALL SIGNAL RESPONSE

Vertical Scale: (Volts: 100mV/Div.)
Horizonal Scale: (Time: 100ns/Div.)

INPUT A

SETTLING TIME CIRCUIT

+15Vv

2N4416

TO
OSCILLOSCOPE

Ay = -1,

Feedback and summing
resistors should be 0,1%.

Clipping diodes are optional.
HP5082-2810 recommended.
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PERFORMANCE CURVES

V+ =415V, V- = -15V, Tp = +250C UNLESS OTHERWISE STATED.

[ w
= =

BIAS CURRENT -pA
=

X
<
w
a
o
5
X
<
w
a
2
o]
(<}
>
1

INPUT OFFSET VOLTAGE AND BIAS
CURRENT VS TEMPERATURE

/

N

A

7 BIAS CURRENT
[ ]
[ [

-

1

[
] +40  +80  +
TEMPERATURE °C

OUTPUT VOLTAGE SWING
VS FREQUENCY

20
16
1.2
08
04
0

04

120 +160

VsuppLy =X 20V

SN D
T Tt

TTIT
Tt

t
VsuppLY =X 15V \

N

N

10K 100K
FREQUENCY - Hz

INPUT VOLTAGE AND CURRENT
NOISE VS FREQUENCY

INPUT VOLTAGE NOISE, nVI\/ Hz

RESISTANCE = 20K(2
IR
SOURCE RESISTANCE =

1L

INPUT CURREN

‘\C: J.-w\

1K 10K
FREQUENCY - Hz

OFFSET VOLTAGE -mV

d
°

-
°
INPUT CURRENT NOISE - pA/V Hz

OPEN LOOP
VOLTAGE GAIN -dB

OPEN LOOP
VOLTAGE GAIN -dB

-
N

OPEN LOOP FREQUENCY
RESPONSE

AN

+70

+50
+40
+30
+20

0

10 100 1K 10K 100K 1M
FREQUENCY - Hz

OPEN LOOP FREQUENCY RESPONSE FOR
VARIOUS COMPENSATION CAPACITORS
110
100
920
80
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NORMALIZED AC PARAMETERS
VS TEMPERATURE
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Y
SLEWRATE

NORMALIZED PARAMETERS

1

REFERRED TO VALUES AT +25°C
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-40 0 +40 +80 +120 +160
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PERFORMANCE CURVES (Continued)

OUTPUT VOLTAGE SWING
VS LOAD RESISTANCE

T T T T T T

[ NEGATIVE SWING
\
-

\
),
/

400 600 800
LOAD RESISTANCE - OHMS

COMMON MODE REJECTION
RATIO VS FREQUENCY
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o
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1
=]
E
<
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2
Q
=
Q
w
=
w
-4
w
Q
o
3
2
o
3
H
=]
o

10K
FREQUENCY-Hz

POWER SUPPLY CURRENT
VS TEMPERATURE

ot
-—
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|

I

VsuppLy = 20V
VsyppLy =115V
VsuppLyﬂi‘lDV ]
VsyuppLy =15V
BT T T I I I
) +40 +80 +120 +160

TEMPERATURE oC

SUPPLY CURRENT -mA

OUTPUT VOLTAGE STEP -

VOLTS FROM 0 VOLTS

]
-
(=]

SETTLING TIME FOR VARIOUS
OUTPUT STEP VOLTAGES

A1
F=—10mV

=
= 5mV

T~ 1mv

| -

L
o
P>

P,
N

[

1

o

05 1.0
SETTLING TIME - uS

POWER SUPPLY REJECTION
RATIO VS FREQUENCY

10K
FREQUENCY - Hz
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POWER SUPPLY DECOUPLING: Ailthough not absol-
utely necessary, it is recommended that all power sup-
ply lines be decoupled with .01 F ceramic capacitors
to ground. Decoupling capacitors should be located as
near to the amplifier terminals as possible.

STABILITY CONSIDERATIONS: In applications
where large value feedback resistors are used, a small
capacitor (R 3pF) may be needed in parallel with the
feedback resistor to neutralize the pole introduced by
the input capacitance.

APPLYING THE HA-5100/5105 WIDE BAND OP AMP

HEAVY CAPACITIVE LOADS: When driving heavy
capacitive loads ( > 100pF) a small resistor (R 100S2)
should be connected in series with the output and inside
the feedback loop.

OFFSET VOLTAGE NULLING: Offset nulling, if
required, is accomplished with a 100K§2 pot between
pins 1 and 5; wiper to V+, Alteration of initial offset
voltage may affect the temperature coefficient of the
offset voltage.

APPLICATIONS

2-110

PRECISION INSTRUMENTATION AMPLIFIER (Ay = 100)

—o

Experimental Results
Yielded 80dB CMRR.

Vo drift<20uV/°C.

PRECISION/FAST SAMPLE/HOLD CIRCUIT

# 2 5100
+15Vv

3 +

1K

15V "T’F—_L m

ZENER

SAMPLE/HOLD _ =
CONTROL 18ve

5v
ov g

-15v Experimental Results:
VIN = 10 volt step
ANALOG IN CH = 1000pF
Acquisition Time = 0.4/4s (0.1%)
Charge Injection = 30pC
Drift Current = 320pA
-5V Switching Spikes R 200mV

#1 5100

1kHz SALLEN AND KEY FILTER

.254 uF£10%

IN 1K

10% .1 pF

1L

H Experimental Results:
Fc = 1KHz

Q=20

-3dB R? 1.1KHz
-20dB ~Z 3.4KHz




HA-5110/5115

Wideband, JFET Input,
Uncompensated,
Operational Amplifier

FEATURES DESCRIPTION

WIDE GAIN BANDWIDTH HA-5110/5115 are wideband, uncompensated, operational ampli-

fiers manufactured with FET/Bipolar technologies and dielectric
HIGH SLEW RATE isolation. These monolithic amplifiers feature superior high fre-
quency capabilities further enhanced by precision laser trimming of
the input stage to provide excellent input characteristics. These
devices are controlled at closed loop gains greater than 10 without
compensation.

With excellent dynamic and input characteristics, HA-5110/5115
are well suited for many wideband, pulse, and video applications.
These amplifiers are ideal components for video and RF circuitry
requiring up to 60MHz gain-bandwidth-product and 800KHz power
APPLICATIONS bandwidth. 50V/u s slew rate and 850ns settling time make these
devices useful in pulse amplification and data acquisition designs.
HA-5110/5115's 0.5mV offset voltage, 10pA offset current, and
VIDEO AND RF AMPLIFIERS extremely high impedance coupled with excellent AC parameters
make these amplifiers ideal selections for accurate signal condition-
DATA ACQUISITION ing designs. For applications requiring less critical input character-
PULSE AMPLIFIERS istics, HA~-5115 is available in untrimmed form.

PRECISION SIGNAL GENERATION

HA-5110/5115 are available in metal can (T0-99) packages. Suffix
-2 denotes a range to -550C to +1250C and -5 denotes a 00C to
+750C range.

PINOUT SCHEMATIC

Section 11 for Packaging

TOP VIEW

COMPENSATION

CASE CONNECTED TO V-




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- a0v Internal Power Dissipation (Note 2) 510mW
Differential Input Voltage tagv Storage Temperature Range -659C to +1500C
Peak Output Current Full Short Circuit Protection

ELECTRICAL CHARACTERISTICS

V+=15VDC; V-=-15VDC
Parameters are guaranteed at indicated

. HA-5110-2 HA-5110-5 HA-5115-5
ambient temperature after warm-up. -550C 10 +1250C 09C to +750C 00C to +750C

PARAMETER TEMP | MIN | TYP | MAX | MIN | TYP | MAX | MIN MAX
INPUT CHARACTERISTICS

‘Offset Voltage +250C 0.5 i 0.5
Full 0.50 . 0.50

Offset Voltage Average Drift Full 10

Bias Current +250C ' 20
Full

Offset Current +250C 2
Full 2

Input Resistance +250C
Common Mode Range Full
TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Note 3) +250C
Full

Common Mode Rejection Ratio (Note 4) | Full
Gain Bandwidth Product (Ay = 10) Full
OUTPUT CHARACTERISTICS

Output Voltage Swing (Note 5) +250C
Full

Output Current (Note 6) +250C
Full Power Bandwidth (Note 7) +250C
Output Resistance (Note 8) +250C
TRANSIENT RESPONSE (Note 9)
Rise Time (Ay = 10) +250C
Slew Rate (Ay = 10) +250C
Settling Time (Note 10) +250C
POWER SUPPLY CHARACTERISTICS
Supply Current Full

Power Supply Rejection Ratio (Note 11) | +250C

NOTES:

1. Absolute maximum ratings are limiting values, applied individ- 6. Vour =0V
ually, beyond which the serviceability of the circuit may be 7. RL = 2K; Full power bandwidth guaranteed, based on slew
impaired. Functional operability under any of these conditions . _ SLEW RATE.
is not necessarily implied. rate measurement using FPBW = 2TTVPEAK

2. Derate at 6.8mW/0C for operation at ambient temperatures 8. Output resistance measured under open loop conditions.
above +750C,
=+ =
3. Vour=*10V. R =2K 10. Settling Time is measured to 0.1% of final value for a 10 volt
4, Vvem =10Vv.D.C. output step and Ay = -10.
5. RL=10K 11. Vgypp=+10V.D.C. to+20 V.D.C.

9. Refer to Test Circuits section of the data sheet.
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NOTES:

1.

Absolute maximum ratings are limiting values, applied individ-
ually, beyond which the serviceability of the circuit may be
impaired. Functional operability under any of these conditions
is not necessarily implied.

. Derate at 6.8mW/0C for operation at ambient temperatures

above +750C.

. VQuT =110V, R = 2K
. Vem=%10V.D.C.
. RL=10K

. Vout=0V
7. RL = 2K; Full power bandwidth guaranteed, based on slew

SLEW RATE.

rate measurement using FPBW = m

. Output resistance measured under open loop conditions.
. Refer to Test Circuits section of the data sheet.
. Settling Time is measured to 0.1% of final value for a 10 volt

output step and Ay = -10.

. Vgypp =%10 V.D.C. to+20 V.D.C.

TEST CIRCUITS

LARGE AND SMALL SIGNAL RESPONSE CIRCUIT

LARGE SIGNAL RESPONSE
Vertical Scale: (Volts: A=.5V/Div,B=5V/Div.)
Horizonal Scale: (Time: 500ns/Div.)

LLERS LARRELIRES

OUTPUT B

INPUT A

OUTPUT B pH+

INPUT A

SMALL SIGNAL RESPONSE

Vertical Scale: (Volts: A=10mV/Div., B=100mV/Div.)
Horizonal Scale: (Time: 100ns/Div.)

SETTLING TIME CIRCUIT

2N4416

TOo
OSCILLOSCOPE

o Ay=-1.

® Feedback and summing
resistors should be 0.1%.

e Clipping diodes are optional.
HP5082-2810 recommended.
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PERFORMANCE CURVES

V+=+15V, V- = -15V, Tp = +250C Unless Otherwise Stated.

INPUT OFFSET VOLTAGE AND BIAS
CURRENT VS TEMPERATURE

BIAS CURRENT -pA

OFFSET VOLTAGE - mV

OPEN LOOP FREQUENCY RESPONSE

]

I

OPEN LOOP VOLTAGE GAIN - dB

|t

+40 +80
TEMPERATURE, °C

OUTPUT VOLTAGE SWING
VS FREQUENCY

V SUPPLY = 220V

v SUP!:I.V h 1'1|5V

L1

V SUPPLY = 10V

V SUPPLY = 5V

H
g
:
g
:
2
§
o

L]

10K 100K
FREQUENCY - Hz

INPUT NOISE VOLTAGE AND
NOISE CURRENT VS FREQUENCY

INPUT NOISE VOLTAGE , nV/ VHz

INPUT NOISE CURRENT — pA/,/Hiz

1K
FREQUENCY - Hz
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NORMALIZED PARAMETERS REFERRED TO VALUES AT +25°C

OPEN LOOP VOLTAGE GAIN - dB

I3 100K 1MEG 10MEG
FREQUENCY - Hz

100MEG

OPEN LOOP FREQUENCY RESPONSE FOR
VARIOUS COMPENSATION CAPACITORS

|

300pF

N

N
100K 1MEG 10MEG  100MEG

FREQUENCY - Hz

External compensation components are not
required for closed loop gains > 10, but may
be added to reduce bandwidth if desired.

NORMALIZED AC PARAMETERS
VS TEMPERATURE

e

SLEWRAT!

—L

BANDWIDTH

+40
TEMPERATURE - °C




PERFORMANCE CURVES (Continued)

OUTPUT VOLTAGE SWING SETTLING TIME FOR VARIOUS
VS LOAD RESISTANCE OUTPUT STEP VOLTAGES

10mv, /

/ /
\

WMV\

00 600 05 1.0
LOAD RESISTANCE - OHMS SETTLING TIME -uS

P~
POSITIVE NEGATIVE
SWING

T "

/
/

>

OUTPUT VOLTAGE SWING - VOLTS
OUTPUT VOLTAGE STEP (VOLTS)

COMMON MODE REJECTION POWER SUPPLY REJECTION
RATIO VS FREQUENCY RATIO VS FREQUENCY

i g
£ :
g 3
g g
g g
g g
g %

g
: 2

H
| ;

10K K
FREQUENCY - Hz FREQUENCY - Hz

POWER SUPPLY CURRENT
VS TEMPERATURE

L~
L~

I
V SUPPLY = 220V 1
=
V SUPPLY = $15V
F—r—
V. SUPPLY = £10V ol
V. SUPPLY =35V

SUPPLY CURRENT - mA

L/
/

+H40 +80
TEMPERATURE - C°
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APPLYING THE HA-5110/5115

1.

. STABILITY CONSIDERATIONS:

POWER SUPPLY DECOUPLING: Although not absolutely
necessary, it is recommended that all power supply lines be de-
coupled with .01 uF ceramic capacitors to ground. Decoupl-
ing capacitors should be located as near to the amplifier ter-
minals as possible.

In applications where large
value feedback resistors are used, a small compacitor { R2 3pF)
may be needed in parallel with the feedback resistor to neutra-
lize the pole introduced by the input capacitance.

. HEAVY CAPACITIVE LOADS: When driving heavy capacitive

loads ( > 100pF) a small capacitor ( R 10pF) should be con-
nected in parallel with the feedback resistor.

. OFFSET VOLTAGE NULLING: Offset nulling, if required,

is accomplished with a 100K$2  pot between pins 1 and 5;
wiper to V+. Alteration of initial offset voltage may affect the
temperature coefficient of the offset voltage.

APPLICATIONS

SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY

INVERTING

2K
WA

>

2K
O— AV

2.35*KE

1100pF* =
.

NON-INVERTING

* Values were determined experimentally

for optimum speed and settling time.

*#* Optional

OUTPUT

u ol
X

TTE FIATI TSR PRV = TEVE ITANE FTUTE PN

R R

OUTPUT

iy
LLLLE LLLLE LELA

TR ITENLINTT]
LARARIARRRLRIA]

Vertical Scale: (Volts: 2V/Div.)
Horizonal Scale: (Time: 500ns/Div.)
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40dB, 1TMHz BANDWIDTH AMPLIFIER

5002

CLOSED LOOP GAIN -dB

CLOSED LOOP FREQUENCY RESPONSE (Ay = 100)

100K
FREQUENCY - Hz

TMEG 10MEG



HA-5130/5135

Precision
Operational Amplifier

ALL BIPOLAR CONSTRUCTION

APPLICATIONS

HIGH GAIN INSTRUMENTATION
PRECISION DATA ACQUISITION
PRECISION INTEGRATORS
BIOMEDICAL AMPLIFIERS

PRECISION THRESHOLD DETECTORS

FEATURES DESCRIPTION
® LOWOFFSET VOLTAGE 25uv HA-5130/5135 are precision operational amplifiers manufactured using a
® LOW OFFSET VOLTAGE DRIFT 0.4uV/oC combination of key technological advancements to provide outstanding
e LOWNOISE anv/./Hz input characteristics.
© QOPEN LOOP GAIN 107 A Super Beta input stage is combined with laser trimming, dielectric isola-
o BANDWIDTH (UNITY GAIN) 2.56MHz tion, and matching technigues to produce 25uV (Max.) input offset volt-
°

age and 0.4 u V/OC input offset voltage average drift. Other features en-
hanced by this process include 9nV (Typ.) Input Noise Voltage, 1nA
Input Bias Current, and 140dB Open Loop Gain.

These features coupled with 120dB CMRR and PSRR make HA-5130/
5135 an ideal device for precision DC instrumentation amplifiers. Excel-
lent input characteristics in conjunction with 2.5MHz bandwidth and 0.8V jus
slew rate, makes this amplifier extremely useful for precision integrator
and biomedical amplifier designs. These amplifiers are also well suited for
precision data acquisition and for accurate threshold detector applications.

HA-5130/35 is packaged in an 8 pin (T0-89) can and an 8 lead Cerdip
and is pin compatible with many existing op amp configurations.

HA-5130/5135-2 is specified for -550C to +1250C operation while
HA-5130/5135-5 operate from 00C to +759C.

PINOUT

SCHEMATIC

Section 11 for Packaging
TOP VIEW
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=
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS  (Note 1)

Ta =+259C Unless otherwise stated 300mW
Voltage Between V+and V- Terminals

Differential Input Voltage

Power Dissipation (Note 2)

Operating Temperature Range
HA-5130/5135-2
HA-5130/5135-5

Storage Temperature Range

40,0V
£15.0¥. -550¢ <TAS +1250C
00C< TAS +750C
-650C < TA < +1500C

Output Short Circuit Duration Indefinite
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ELECTRICAL CHARACTERISTICS

V4= 15V, V-

=-15V

HA-5130-2/-5

HA-5135-2/-5

PARAMETER

min. | 1Y [ max.

min. | TYP. | max.

INPUT CHARACTERISTICS

Offset Voltage

Average Offset Voltage Drift
Bias Current

Bias Current Average Drift
Offset Current

Offset Current Average Drift
Common Mode Range
Differential Input Resistance
Input Noise Voltage
0.1Hz to 10Hz (Nate 3)
Input Noise Voltage Density (Note 3)
fo = 10Hz
fo = 100Hz
fo = 1000H2
Input Noise Current (Note 3)
0.1Hz to 10Hz
Input Noise Current Density (Note 3)
fo = 10Hz
fo = 100Hz
fg = 1000Hz

10
50
0.4
1

0.02

0.02
30

75
130

1.3
*4
*6
0.04

4

5.5
0.04

25
60

0.6
*2
*a
0.04

2
It

0.04

10
50

04
b |

0.02

0.02

30

nV/\/IE

PAp-p

pA/ \/ﬁ;

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 4)

Common Mode Rejection Ratio (Note 5)
Closed Loop Bandwidth (Aycy = +1)

OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 6)

Full Power Bandwidth (Note 7)
Output Current (Note 8)
Output Resistance (Note 9)

TRANSIENT RESPONSE (Note 10)

Rise Time
Slew Rate
Settling Time (Note 11)

340
0.8
"

POWER SUPPLY CHARACTERISTICS

Supply Current
Power Supply Rejection Ratio (Note 12)

1.0
130

NOTES:

1.

Absolute maximum ratings are limiting values, applied individually

. RL = 2k; Full power bandwidth guaranteed based on slew rate

beyond which the serviceability of the circuit may be impaired. . _ SLEW RATE
Functional operability under any of these conditions is not measurement using FPBW = 2 VPEAK
necessarily implied. . 8. VouT =10V .
2. Derate at 6.8mW/0C for operation atambient temp.sabove +750C. 5 -
) . 9. Output resistance measured under open loop conditions
3. th tested. 90% of units meet or exceed these specifications. (f = 100H2)
4. VoyuT=210V; RL =2k, G‘ai?Z.:)z; 201:]':,901\9//\‘(/9’399 10. Refer to test circuits section of the data sheet,
= m Lo "
14048 = 10,000V/mV 11. Settling tlme‘ls measured to 0.1% of final value for a 10V output
5. Vem =110V DC step and Ay =-1.
6. RL =600 12. Vgypp =215V DC to* 20V DC.



TEST CIRCUITS

SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT

ZKQ%

SMALL SIGNAL RESPONSE LARGE SIGNAL RESPONSE
Vertical Scale: (Volts: 50mV/Div. Output) Vertical Scale: (Volts: 5V/Div.)
(Volts: 100mV/Div. Input) Horizontal Scale: (Time: 5us/Div.)
Horizontal Scale: (Time: 1us/Div.)

ISTONET

OUTPUT - OUTPUT

IARRERARRERRALI LARR  RERIRRAR RARIERRRES

JESTI VAT ENETY [UUN. . NTNISUT]

SETTLING TIME CIRCUIT

2N4416

TO
OSCILLOSCOPE

Ay =-1.

Feedback and summing
resistors should be 0,1%.

Clipping diodes are optional.
HP5082-2810 recommended.
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PERFORMANCE CURVES

INPUT OFFSET VOLTAGE, INPUT BIAS INPUT BIAS CURRENT VS.
AND OFFSET CURRENT VS. TEMPERATURE DIFFERENTIAL INPUT VOLTAGE

~

PUT BIAS CURRENT

INPUT BIAS
CURRENT -nA

OFFSET CURRENT

INPUT OFFSET VOLTAGE uV
BIAS CURRENT -mA

-

< TYPIC
|vos|

~

T
N

INPUT OFFSET
CURRENT -nA

4
0 +40 + -6 4 -
TEMPERATURE ©oC DIFFERENTIAL INPUT VOLTAGE-VOLTS

HA-5130 OFFSET VOLTAGE » :
STABILITY VS. TIME INPUT - NOISE VS. FREQUENCY

TI T TTTT
CONDITIONS:

VSUPPLY = +15V
Tc=floc

AV = 1000

LR
NOTE: MEASUREMENT AND
ENVIRONMENTAL SYSTEMS
ALLOWED 12 HOUR STABILI-
ZATION PERIOD.

NOISE VOLTAGE

——

INPUT CURRENT NOISE pA /VHz

5
E3
w
£
=
T
e
=
=
H
=
a
2
5
"

INPUT NOISE VOLTAGE nV//Hz

L
2‘.‘.TIME—DAYSM ® 1ok
FREQUENCY - HZ

OPEN LOOP FREQUENCY RESPONSE

@ 160
3 10
120
100
80 — ANGLE
60
40
20
0

-d|

OPEN LOOP VOLTAGE GAll

1K 10K
FREQUENCY -Hz
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PERFORMANCE CURVES (Continued)

CLOSED LOOP FREQUENCY RESPONSE SMALL SIGNAL BANDWIDTH AND
FOR VARIOUS CLOSED LOOP GAINS PHASE MARGIN VS. LOAD CAPACITANCE

g PHASE MARG ':E:

% BANDWIDTH é
1K 10K
FREQUENCY Hz

1 100 1000 10,000
LOAD CAPACITANCE-pF
OUTPUT VOLTAGE SWING VS. MAXIMUM OUTPUT VOLTAGE SWING VS.
FREQUENCY AND SUPPLY VOLTAGE LOAD RESISTANCE AND SUPPLY VOLTAGE

35

VSUPPLY = I;20V

VSUPPLY 7 15V
25 -

N\

[ VsuppLy = *15V

15 /’ 7

A
VSUPPLY =210V

20 |- VSUPPLY = +10V

15 \
10 5V

[~ VsuppLY =

L A\
AN

100 1K 10K 100K ™ 1 10 100 1K 10K
FREQUENCY, Hz LOAD RESISTANCE-OHMS

4
: / .

7
Vsuplpl.v =15V

OUTPUT VOLTAGE SWING VOLTS P-P

OUTPUT VOLTAGE SWING-VOLTS P-P

NORMALIZED AC PARAMETERS
VS. SUPPLY VOLTAGE

“

BANDWIDTH

L SLEWRATE

/

1
©

e 2
S

=4
=3

NORMALIZED AC PARAMETERS
REFERRED TO VALUE AT 15V

12 #4 15 #g +10 #12 114 #16 118 20
SUPPLY VOLTAGE - VOLTS
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PERFORMANCE CURVES (Continued)

CMRR VS. FREQUENCY

N

CMRR, dB

1 10 100 K 10K 100K
FREQUENCY-Hz

SETTLING TIME FOR VARIOUS
OUTPUT STEP VOLTAGES
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o

PSRR VS. FREQUENCY

N
100 \
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8 8

]

01 10 100 1K 10K 100K
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POWER SUPPLY CURRENT VS.
TEMPERATURE AND SUPPLY VOLTAGE

.4
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s 16
-
£ 44
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80 40 0 +40 180 120 +160
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APPLYING THE HA-5130/5135 OPERATIONAL AMPLIFIERS

2-122

POWER SUPPLY DECOUPLING: Aithough not absolutely
necessary, it is recommended that all power supply lines
be decoupled with .01u F ceramic capacitors to ground.
Decoupling capacitors should be located as near to the
amplifier terminals as possible.

CONSIDERATIONS FOR PROTOTYPING: The following -

list of recommendations are suggested for prototyping.

® Resolving low level signals requires minimizing leakage
currents caused by external circuitry. Use of quality
insulating materials, thorough cleaning of insulating
surfaces, and implementation of moisture barriers
when required is suggested.

® Error voltages generated by theromocouples formed
between dissimilar metals in the presence of temp-
erature gradients should be minimized. Isolation of
low level circuitry from heat generating components
is recommended.

@ Shielded cable input leads, guard rings, and shield
drivers are recommended for the most critical ap-
plications.

When driving large capacitive loads ( > 500pF), as small
value resistor (R250%2) should be connected in series with
the output and inside the feedback loop.

OFFSET VOLTAGE ADJUSTMENT: A 20 K2 balance

potentiometer is recommended if offset nulling is required.

However, other potentiometer values such as 10Ks2, 50KS,
and 100KS2 may be used. The minimum adjustment
range for given values is £2mV.

SATURATION RECOVERY: Input and output satura-
tion recovery time is negligible in most applications. How-
ever, care should be exercised to avoid exceeding the
absolute maximum ratings of the device.

DIFFERENTIAL INPUT VOLTAGES: Inputs are shunted
with back-to-back diodes for overvoltage protection.
In applications where differential input voltages in excess
of IV are applied between the inputs, the use of limiting
resistors at the inputs is recommended.




APPLICATIONS

OFFSET NULLING CONNECTIONS

| OPTIONAL
CONNECTION

* Although Rp is shown equal to 20k, other values such
as 50k, 100k, and 1M may be used. Range of adjust-
ment is approximately 225mV. Vg TC of the
amplifier is optimized at minimal Vs,

PRECISION INTEGRATOR

The excellent input and gain characteristics of HA-
5130 are well suited for precision integrator appli
tions. Accurate integration over seven decades of
frequency using HA-5130, virtually nullifies the need
for more expensive chopper-type amplifiers.

ZERO CROSSING DETECTOR

OUTPUT
*13v
200us/DIV.

'Y FETTITTI AT

INPUT
*5mv
200 us/DIV.

X
e

T T
HH R

HHH

Low V(g coupled with high open loop Gain, high
CMRR, and high PSRR make HA-5130 ideally
suited for precision d licati

* OPTIONAL FOR
OUTPUT SWING
LIMITING
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HA-5160/5162
Wideband, JFET Input,

High Slew Rate, Uncompensated,
Operational Amplifier

o HARRIS

FEATURES , DESCRIPTION

The HA-5160/5162 is a wideband, uncompensated, operational amplifier

WIDE GAIN BANDWIDTH 100MHz manufactured with FET/Bipolar technologies and dielectric isolation. This

HIGH SLEW RATE 120V/us monolithic amplifier features superior high frequency capabilities further

. enhanced by precision laser trimming of the input stage to provide excel-

SETTLING TIME (0.2%) . 280ns ent input characteristics. This device has excellent phase margin at a closed
POWER BANDWIDTH 1000kHz loop gain of 10 without external compensation,

OFFSET VOLTAGE 1.0mV The I-_lA—5160/5182 offers a number of important advant.ag;es over simi]ar
FET input op amps from other manufacturers. In addition to superior
BIAS CURRENT 20pA bandwidth and settling characteristics, the HARRIS devices have nearly
constant slew rate, bandwidth, and settling characteristics over the operating
temperature range. This provides the user predictable performance in
applications where settling time, full power bandwidth, closed loop band-

i width, or phase shift is critical. Note also that HARRIS specified all para-
APP[ICA TIONS meters at ambient (rather than junction) temperature to provide the designer
meaningful data to predict actual operating performance,

VIDEO AND RF AMPLIFIERS Complementing the HA-5160/5162's predictable and excellent dynamic
DATA ACQUISITION characteristics are very low input offset voltage, very low input bias current,
and extremely high input impedance. This ideal combination of features make
PULSE AMPLIFIERS these amplifiers most suitable for precision, high speed, data acquisition

system designs and for a wide variety of signal conditioning applications.*
PRECISION SIGNAL GENERATION The HA-5160 provides excellent performance for applications which require
both precision and high speed perfornance. The HA-5162 meets or exceeds
the performance specifications of National’s hybrid op amp, the LH0062.

* -2 denotes a range of -559C to +1250C and -5 denotes a 00C to +750C
range.

PINOUT SCHEMATIC

Section 11 for Packaging

R24

COMPENSATION

TOP VIEW

Case connected to V-
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+and V- 40V
Differential Input Voltage 40V
Peak Output Current Full Short Circuit Protection
Internal Power Dissipation (Note 2) 675mwW
Storage Temperature Range -650C to +1500C

ELECTRICAL CHARACTERISTICS  V+=+15V,V-=-15V

HA-5160-2 HA-5160-5 HA-5162-5
-550C to +1250C 00C to +759C 00C to 750C

PARAMETER TEMP MIN TYP | MAX MIN | TYP l MAX MIN } MAX LTYP UNITS

INPUT CHARACTERISTICS

Offset Voltage +250C 1.0 3.0 1.0 30 3 15 mV
Full 3.0 5.0 3.0 5.0 5 20 mV

Offset Voltage Average Drift Full 10 20 20 35 uv/oc

Bias Current +250C 20 50 20 50 20 65 pA
Fult 5 10 10 10 nA

Offset Current +250C 2 10 2 10 2 10 pA
Full 2 5 2 5 2 5 nA

Input Resistance +250C 1012 1012 1012

Common Mode Range Full 10 £11 10 11 10 £ v

TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Note 3) +250C 75K | 150K 75K | 150K 25K | 100K VIV

Full 60K | 100K 60K | 100K 25K | 75K VIV
Common Mode Rejection Ratio (Note 4) Full 74 80 74 80 70 80 dB
Gain Bandwidth Product (Ay = 10) Full 100 100 100 MHz

OUTPUT CHARACTERISTICS

Output Voltage Swing (Note 5) +250C | X10 | 11 210 £11 210 11 v
Full 10 n X0 An 10 h | v
Output Current (Note 6) +250C X15 | *20 15| *20 15 | +20 mA
Full Power Bandwidth (Note 7) +250C 1000 1000 1000 kHz
Output Resistance (Note 8) +250C 50 50 50 Q

TRANSIENT RESPONSE (Note 9)

Rise Time (Ay = 10) +250C 20 20 20 ns
Slew Rate (Ay = 10) +250C 100 120 100 120 50 70 Vius
Settling Time (Note 10) +250C 280 280 400 ns

POWER SUPPLY CHARACTERISTICS
Supply Current Full 8.0 10 8.0 10 8.0 12 mA
Power Supply Rejection Ratio (Note 11) +250C 74 86 74 86 70 86 dB
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NOTES:

1. Absolute maximum ratings are limiting values, applied individ-

ually, beyond which the serviceability of the circuit may be
impaired. Functional operability under any of these conditions
is not necessarily implied.

. Derate at 6.8mW/0C for operation at ambient temperatures

above +750C,
3. VQUT =310V. Rp =2k
. Vgm = *10v DC.

. Voutr =0V
. Rp = 2k;

Full power bandwidth guaranteed, based on slew
SLEW RATE.

rate measurement using FPBW = ITTVPEAK

8. Output resistance measured under open loop conditions.
. Refer to Test Circuits section of the data sheet.

. Settling Time is measured to 0.2% of final value for a 10 volt
output step and Ay = 10.

5. RL= 2k

. Vgypp=+10V.D.C. to #20V nc..

TEST CIRCUITS

LARGE AND SMALL SIGNAL RESPONSE CIRCUIT

LARGE SIGNAL RESPONSE
Vertical Scale: (Volts: A =0.5V/Div., B=5V/Div.)
Horizontal Scale: (Time: 500ns/Div.)

SMALL SIGNAL RESPONSE
Vertical Scale: (Volts: A =10mV/Div., B=100mV/Div.)
Horizontal Scale: (Time: 100ns/Div.)

+

FATITRETIIvET| SUTTY
LARILARASARAL: RARAS

OUTPUT B OuUTPUT B

FETIFEEvIIvET! IO
+

HHTHHT

g

INPUT A

INPUT A

\AAASRARASRANLS (B2
TR ETRRI AT I
HH T

SETTLING TIME CIRCUIT

+15V

OSCILLOSCOPE

e Ay =-10
® Feedback and summing
resistors should be 0.1%.

* Clipping Diodes are optional.
HP5082-2810 recommended.

2N4416
Vour

2-126



PERFORMANCE CURVES

INPUT OFFSET VOLTAGE AND -
BIAS CURRENT VS. TEMPERATURE OPEN LOOP FREQUENCY RESPONSE

100
% ™.
80
)
60
50
4
30

20 A\
10

0
10 N\

-1.50 10 100 1K 10K 100K ™M 10M  100M
FREQUENCY (Hz)

OPEN LOOP VOLTAGE GAIN (dB)

OFFSET VOLTAGE (mV)

BIAS CURRENT (pA)

-2.0
0 +40 +80 +120 +160

TEMPERATURE (oC)

OPEN LOOP FREQUENCY RESPONSE
OUTPUT VOLTAGE SWING FOR VARIOUS BANDWIDTH CONTROL
VS. FREQUENCY CAPACITANCES
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PERFORMANCE CURVES (Continued)

INPUT NOISE VOLTAGE AND NORMALIZED AC PARAMETERS
NOISE CURRENT VS. FREQUENCY VS. TEMPERATURE

| [ z:: >./—\\{ SLEW RATE
\X

— t
N\ SOURCE RESISTANCE = 100K2 | g6 /
ANDWIDTH \

\\ // SOURCE RESISTANCE =0Q 0.5
/ INPUT NOISE CURRENT 0.4
/A 03

S 0.2
0.1

INPUT NOISE VOLTAGE

INPUT NOISE CURRENT

N

100 1K 10K
FREQUENCY (Hz)

BANDWIDTH

TO VALUES AT 250C

|

o +40 +80
TEMPERATURE (0C)

NORMALIZED PARAMETERS REFERRED

OUTPUT VOLTAGE SWING SETTLING TIME FOR VARIOUS
VS. LOAD RESISTANCE OUTPUT STEP VOLTAGES
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200 300 400
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PERFORMANCE CURVES (Continued)

COMMON MODE REJECTION POWER SUPPLY REJECTION
RATIO VS. FREQUENCY RATIO VS. FREQUENCY
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APPLYING THE HA-5160/5162

1. POWER SUPPLY DECOUPLING: Although not absolutely

necessasry, it is recommended that all power supply lines be
decoupled with 0.01 uF ceramic capacitors to ground de-
coupling capacitors should be located as near to the amplifier
terminals as possible. -

. STABILITY: The phase margin of the HA-5160/5162 will be

improved by connecting a small capacitor (>10pF) between the

output and the inverting input of the device. This small ca-
pacitor compensates for the input capacitance of the FET.

. CAPACITIVE LOADS: When driving large capacitive loads
(>100pF), it is suggested that a small resistor (R310052)
be connected in series with the output of the device and inside
the feedback loop.

APPLICATIONS

2-130

SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY *

INVERTING

2%
V-

——0
HA-5160/5162

NONINVERTING
15pF

—1

L+

HA-5160/5162

*VALUES WERE DETERMINED, EXPERIMENTALLY
FOR OPTIMUM SPEED AND SETTLING TIME

VERTICAL SCALE: (VOLTS: 2V/DIV.)
HORIZONTAL SCALE: (TIME: 500ns/DIV.)
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% HARRIS HA-5170

Precision JFET Input
Operational Amplifier

Preliminary
FEATURES DESCRIPTION
© LOWOFFSET VOLTAGE 100uV The Harris HA-5170 is a precision, JFET input, operational amplifier
® LOW OFFSET VOLTAGE DRIFT 3uV/0C which features low noise, low offset voltage and low offset voltage drift.
Constructed using FET/Bipolar technology, the Harris Dielectric Isolation
¢ LOWNOISE 12"\//\/;'; (DI) process, and laser trimming this amplifier offers low input bias and
® OPEN LOOP GAIN 100K offset currents. This operational amplifier design also completely elimin-
® BANDWIDTH (UNITY GAIN) 5MHz ates the troublesome errors due to warm-up drift.
Complementing these excellent input characteristics are dynamic perfor-
mance characteristics never before available from precision operational
APPLICATIONS amplifiers. An 8V/u s slew rate and 5MHz bandwidth allow the designer
to extend precision instrumentation applications in both speed and band-
o HIGH GAIN INSTRUMENTATION width. These characteristics make the HA-5170 well suited for precision
e PRECISION DATA ACQUISITION integrator amplifer designs.
© PRECISION INTEGRATORS The superior input characteristics also make the HA-5170 ideally suited
® PRECISION THRESHOLD DETECTORS for transducer signal amplifiers, precision voltage followers and precision
data acquisition systems. :
Packaged in an 8-pin (T0-99) can or an 8 lead Minidip, the HA-5170
is pin compatible with most existing op amp configurations.
PINOUT SCHEMATIC
Section 11 for Packaging
TOP VIEW
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@7 WA
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05 inbu Il > 5.3
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_‘ ﬁﬁ R15 | R2Y
[7]
IN+ ’: 3 6 jOUT o . m3 ur‘mm
M o3 o a7 052

v-[]4 5 ] BALANCE 2 | 3 .\] ®
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

TA =+250C Unless otherwise stated
Voltage Between V+ and V-Terminals 44,0V
Differential Input Voltage +30.0v

Output Short Circuit Duration Indefinite

Power Dissipation (Note 2)
Operating Temperature Range
HA-5170-2
HA-5170-5
Storage Temperature Range

675mW

-550C<Tp <+1250C
00C <Tp<+750C
-650C<TA<+1500C
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ELECTRICAL CHARACTERISTICS V+=15V,V-=-15V

PARAMETER

A-5170-2

TYP

INPUT CHARACTERISTICS
Offset Voltage

Average Offset Voltage Drift
Bias Current

Bias Current Average Drift
Offset Current

Offset Current Average Drift
Common Mode Range
Differential Input Resistance
Input Noise Voltage (f= 1kHz)
Input Noise Current (f=1kHz)

pA/VHZ

TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Note 3)

Common Mode Rejection Ratio (Note 4)
Closed Loop Bandwidth (Aygy =+1)

OUTPUT CHARACTERISTICS

Output Voltage Swing (Note 5)
Full Power Bandwidth (Note 6)
Output Current (Note 7)
Output Resistance (Note 8)

TRANSIENT RESPONSE

Rise Time
Slew Rate
Settling Time (Note 9)

POWER SUPPLY CHARACTERISTICS

Supply Current
Power Supply Rejection Ratio (Note 10)

. Absolute maximum ratings are limiting values, applied
individually beyond which the serviceability of the circuit
may be impaired.  Functional operability under any of
these conditions is not necessarily implied.

. Derate at 6.8 mW/OC for operation at ambient temper-
atures above +750C.

. VouT =210V; R = 2k.
. Vem=*10vD.C.

. RL= 2kQ.

6. RL = 2k; Full power bandwidth guaranteed based on

slew rate measurement using FPBW =

7. VouTt=10V.

SLEW RATE
27TVPEAK

8. Output resistance measured under open loop conditions

(f=100H2).

9. Settling time is measured to 0.1% of final value for a 10V

output step and Ay = -1,

10. Vsypp =5V D. C.to 20V D.C.




HA-5190/5195

Wideband, Fast Settling
Operational Amplifier

FEATURES GENERAL DESCRIPTION
® FASTSETTLING TIME 70ns HA-5190/5195 are monolithic operational amplifiers featuring
. : an ultimate combination of speed, precision, and bandwidth.
¢ VERY HIGH SLEW RATE 200V/us Employing menolithic bipolar construction coupled with di-
© WIDE GAIN-BANDWIDTH 150MHz electric isolation, these devices are capablle of_ delivering an un-
paralleled 200V/ u s slew rate with a settling time of 70ns (0.1%,
o POWER BANDWIDTH 6.5MHz 5V output step). These truly differential amplifiers are designed
to operate at gains > 5 without the need for external compensa-
¢ LOWOFFSET VOLTAGE 5_mV tion. Other outstanding HA-5190/5195 features are 150MHz
® INPUT VOLTAGE NOISE 15nV/Hz gain-bandwidth-product and 6.5MHz full power bandwidth. In
addition to these dynamic characteristics, these amplifiers also
® MONOLITHIC BIPOLAR CONSTRUCTION have excellent input characteristics such as 5mV offset voltage
and 15nV input voltage noise (at 1kHz).
APPLICATIONS With 200V/ us slew rate and 70ns settling time, these devices
j make ideal output amplifiers for accurate, high speed D/A con-
® FAST, PRECISE D/A CONVERTERS verters or the main components in high speed sample/hold cir-
© HIGH SPEED SAMPLE-HOLD CIRCUITS cuits, 150MHz gain-bandwidth-product, 6.5MHz power band-
width, and 5mV offset voltage make HA-5190/5195 ideally
® PULSE AND VIDEO AMPLIFIERS suited for a variety of pulse and wideband video amplifier appli-
© WIDEBAND AMPLIFIERS cations.
® REPLACE COSTLY HYBRIDS At temperatures above +750C, a heat sink is required for HA-
5190. (See note 2). HA-5190 is specified over the -550C to
SCHEMATIC +1250C range while HA-5195 is specified from 00C to +750C.
O
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{:I R2| jRG jﬂl
ap24 P4 are
a - 5 PINOUTS
R28 R < Koes
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Qp20 R8 ;’
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage between V+and V- Terminals 35v
Differential Input Voltage 6V
Output Current 50mA (Peak)
Internal Power Dissipation (Note 2) 870mW (Cerdip); 1W (T0-8) Free Air
Operating Temperature Range: (HA-5190) -550C< TA <+1250C

(HA-5195) 00C<Tp <+750C
Storage Temperature Range ) -650C<Tp <+1500C

ELECTRICAL CHARACTERISTICS VsyuppLY =15 Volts; R = 1K ohms, unless otherwise specified.

HA-5190 HA-5195
-550C to +1250C 00C to +750C °

PARAMETER MIN TYP MAX MIN TYP | MAX
INPUT CHARACTERISTICS

Offset Voltage 30 | 50 3.0
10.0

Average Offset Voltage Drift

Bias Current
Offset Current

Input Resistance

Input Capacitance

Common Mode Range

Input Noise Voltage (f = 1kHz, Rg = 0Q2)
TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Note 3)

Common-Mode Rejection Ratio (Note 4)
Gain-Bandwidth-Product (Notes 5 & 6)
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3)

Output Current (Note 3)

Output Resistance

Full Power Bandwidth (Note 3 & 7)
TRANSIENT RESPONSE (Note 8)

Rise Time

Overshoot
Slew Rate
Settling Time:
5V Step t0 0.1%

5V Step to 0.01%
2.5V Step to 0.1%
2.5V Step to 0.01%

POWER REQUIREMENTS

Supply Current

Power Supply Rejection Ratio (Note 9)
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NOTES:

1. Absolute maximum ratings are limiting values, applied . Vg=90mV.
individually, beyond which the serviceability of the cir-
cuit may be impaired. Functional operability under any . Ay =10.
of these conditions is not necessarily implied.
. Derate at 8.JmW/oC for operation at ambient temper- . Full power bandwidth guaranteed based on slew rate
atures above +750c. Heat sinking required at temper- measurement using FPBW = Slew Rate .
atures above +75%. Tja = 1150C/W; Tyc = 350C/W. 27 Vpeak
Thermalloy model 6007 heat sink recommended.

3. R =20092,C <10pF, V0= +5V
4. Vo= E5V. . VSUPPLY =+5VDCto+15VDC

. Refer to Test Circuits section of data sheet.

TEST CIRCUITS

LARGE AND SMALL SIGNAL RESPONSE
TEST CIRCUIT*

>

AV =56
*CL <10pF

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE

Vertical Scale: (Volts: A =0.5V/Div., B = 4.0V/Div.) Vertical Scale: (Volts: A=50mV/Div., B=100mV/Div.)
Horizontal Scale: (Time: 100ns/Div.) ' Horizontal Scale: (Time: 100ns/Div.)

SETTLING TIME TEST CIRCUIT

Load Capacitance should be less than 10pF.
4002

INPUT O VYVV OUTPUT - It is recommended that resistors be carbon composition and
that feedback and summing network ratios be matched.
- PROBE

I MONITOR . SETTLE POINT (S ing Node) i hould be less

; = than 10pF. For optimum settling time results, it is recom-
Qe mended that the test circuit be constructed directly onto the
r device pins. A Tektronix 568 Sampling Oscilloscope with S-3A

sampling heads is recommended as a settle point monitor.

SETTLE
POINT

e
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PERFORMANCE CURVES

V+=+15V, V- = =15V, Tp = +25°C unless otherwise stated.

INPUT OFFSET VOLTAGE AND
BIAS CURRENT VS. TEMPERATURE OPEN LOOP FREQUENCY RESPONSE
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|
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~tolLLi | 1] LI LI
1K 10K 100K 1MEG 10MEG 100MEG
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OUTPUT VOLTAGE SWING NORMALIZED AC PARAMETERS
VS. FREQUENCY ‘ VS. TEMPERATURE

“r\}\
S
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0 +40 +80
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NORMALIZED PARAMETERS REFERRED
TO VALUES AT +250C
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NORMALIZED AC PARAMETERS o INPUT NOISE VOLTAGE AND
VS. LOAD CAPACITANCE NOISE CURRENT VS. FREQUENCY
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>

SLEWRATE

NORMALIZED VALUE REFERRED TO
LOAD CAPACITANCE EQUAL TO 10pF
INPUT VOLTAGE NOISE - nV/{/Hz

INPUT CURRENT NOISE - pA/ VHz

1 T~

=

/
VOLTAGE NOISE <
100 SOURCE RESISTANCE = 0Q 1
LOAD CAPACITANCE - pF 10 100 1K
FREQUENCY - Hz
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PERFORMANCE CURVES (Continued)

OUTPUT VOLTAGE SWING SETTLING TIME FOR VARIOUS
VS. LOAD RESISTANCE OUTPUT STEP VOLTAGES
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/ /
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OUTPUT VOLTAGE SWING - VOLTS

OUTPUT VOLTAGE STEP (VOLTS)

400 600 800
LOAD RESISTANCE - OHMS
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SETTLING TIME - ns
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T T
VsuppLY = £ 15V
VsuppLY =t 10V

POWER SUPPLY CURRENT - mA

0 +40 +80 +1
TEMPERATURE - oC
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APPLYING THE HA-5190/5195

1.

3.

POWER SUPPLY DECOQUPLING: Although not absolutely
necessary, it is recommended that all power supply lines be
decoupled with .01uF ceramic capacitors to ground. Decoup-
ling capacitors should be located as near to the amplifier
terminals as possible.

. STABILITY CONSIDERATIONS: HA-5190/5195 is stable at

gains > 5. Gains < 5 are covered elsewhere in this data sheet.
Feedback resistors should be of carbon composition located as
near to the input terminals as paossible,

WIRING CONSIDERATIONS: Video pulse circuits should be
built on‘a ground plane. Minimum point to point connections
directly to the amplifier terminals should be used. When
ground planes cannot be used, good single poin't grounding
techniques should be applied.

. OUTPUT SHORT CIRCUIT: HA-5190/5195 does not have
output short circuit protection. Short circuits to ground can
be tolerated for approximately 10 seconds, Short circuits to
either supply will result in immediate destruction of the davice.
In applications where short circuiting is possible, current lim-
iting resistors in the supply lines are recommended.

. HEAVY CAPACITIVE LOADS: When driving heavy capaci-
tive loads (> 100pF) a small resistor (x10052) should be con-
nected in series with the output and inside the feedback loop.

APPLICATIONS
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SUGGESTED COMPENSATION FOR UNI'I;Y GAIN STABILITY
NONINVERTING

R1 750Q#

OUTPUT

1S=aanagiZaEEa AERREA)

LLARERAARSARZAS LS

OUTPUT

Vertical Scale: (Volts: 2V/Div.)
Horizontal Scale: (Time: 100ns/Div.)

* Values were determined experimentally for optimum speed and settling time.

R1 and C1 should be optimized for each particular application to ensure best overall frequency response.

INVERTING

1K
—AAA——
1KQ
‘ 9——w~‘ -
[HA-51 ——@
+ <
>
<$ 200
208

Vertical Scale: (Volts: 2V/Div.)
Horizontal Scale: (50ns/Div.)

OUTPUT \

ITITIETR T IRY 7 ey
LRI MR ASERS T[T

-.u..m.m....
&

I TETIINERLvITI N

INPUT
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APPLICATIONS (Continued)

VIDEO PULSE AMPLIFIER/752 COAXIAL DRIVER

FAST DAC OUTPUT BUFFER

GAIN
7.975K
2
HI-5610 % 3.975K
2

®

[ERTLITITIANNT
LAARaRRRNRRALS

c*

Vertical Scale: (Volts: 2V/Div.)
Horizontal Scale: (Time: 50ns/Div.}

It

B=VouTt C=DIGITAL INPUT

* Time delay between B and C represents total time delay for OV to +5V full scale coded change.
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HA-8023
Triple Low Power

Programmable
Operational Amplifier

a0 HARRIS

Preliminary

FEATURES DESCRIPTION

LOW INPUT OFFSET VOLTAGE (MAX) 3mV

LOW INPUT BIAS CURRENT (MAX) 30nA

The HA-8023 triple programmable amplifiers are internally
compensated, monolithic devices which offer a wide range
of performance characteristics that can be controlled by
adjusting the circuits’ “SET" current. Each amplifier on
the chip can be adjusted independently, and by adjusting
an external resistor or current source, the electrical char-
acteristics can be programmed to the desired levels. This
versatile adjustment capability enables the HA-8023 to
provide optimum design solutions by delivering the required
level of performance with minimum power dissipation.

WIDE POWER SUPPLY RANGE ~ +2V T0 +18V

INTERNALLY COMPENSATED

APPLICATIONS

BATTERY-POWERED EQUIPMENT The HA-8023-2 performance specifications are guaranteed
over the -550C to +1250C temperature range and the
CURRENT CONTROLLED OSCILLATORS HA-8023-5 over the 00C to +750C temperature range.
ACTIVE FILTERS

VARIABLE ACTIVE FILTERS

PINOUT SCHEMATIC

Section 11 for Packaging

QUIESCENT
ne [1] 16 § cuRRENT SET A

INVERTING
INPUT A

NON-INVERTING {4
INPUT A

2

>

15 I +DCSUPPLY A

14 | OUTPUT A

QUTPUT B I 4

13 NON-INVERTING
INPUT B
5 12 INVERTING
SUPPLYB&C INPUT B

+DC
QUIESCENT [ 1 T
CURRENTSETC CURRENTSETB

INVERTING
weutc | ! 10 | OUTPUTC

NON-INVERTING 8 [ I -DCSUPPLY

IseT
~INPUTo—
+INPUT o]

INPUT C

TOP VIEW
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)
Voltage Between V+ and V- +22V
Differential Input Voltage +15V
Input Voltage (Note 2) +15V
Peak Output Current Full Short Circuit Protection
Internal Power Dissipation 300mW
Storage Temperature Range -650C to +1500C

ELECTRICAL CHARACTERISTICS vg=+6V, Ig=30uA, unless otherwise specified |q = Quiescent Supply Current

HA-8023-2 HA-8023-5
-550C to +1250C 00C to +750C

PARAMETER MIN TYP MAX MIN TYP MAX

INPUT CHARACTERISTICS
Offset Voltage (Note 3)

Offset Voltage Average Drift
Bias Current

Offset Current

Input Resistance
Input Voltage Range (Note 4)

TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Note 5)
Channel Separation (Note 6)

Common Mode Rejection Ratio (Note 7)
Unity Gain Bandwidth (Note 8)

QUTPUT CHARACTERISTICS

Output Voltage Swing (Note 9)

Output Voltage Swing (Note 10)
Qutput Valtage Swing (Note 11)

Output Short Circuit Current +250C +4 +4 mA
| Full Power Bandwidth (Note 12) +250C 35 35 kHz |
| Output Resistance +250C 2 2 K

TRANSIENT RESPONSE (Note 13)

Rise Time +250C 700 700 ns
Slew Rate +250C A A V/us
QOvershoot +250C 12 12 %

POWER SUPPLY CHARACTERISTICS

Supply Current +250C 30 40 30 50 uA
Power Consumption (Note 14) +250C 360 480 360 600 uw
Power Supply Rejection Ratio (Note 15) +250C 76 100 76 100 dB
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NOTES

1. Absolute Maximum ratings are limiting values, applied . Rg <10KS2, Vom =+5V DC
individually, beyond which the serviceability of the . RL=20K, V|N = 20mV
circuit may be impaired. Functional operability under . RL210KSQ, Vg = +15V
any of these conditions is not necessarily implied. . RL220KQ, Vg =+15V
For supply voltages Less than +15V, the absolute . RL210KQ, Vg =16V
maximum input voltage is equal to the supply voltage. . RL=20KQ
Rg <100K$2 . RL=10KS2, C = 100pF
Vg =115V . VouT =0V, RSET =2.7mQ,
R =10KQ . Vsypp=+1VDCto+11V DC
Rg= 1K, f= 10kHz

" TEST CIRCUITS

SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT

HA-8023

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE
Vertical Scale: (Volts: A = 2V/ Div., B = 2V/Div.) Vertical Scale; (Volts: A =20mV/Div., B = 20mV/Div.)
Horizontal Scale (Time: 50 us/Div.) Horizontal Scale : (Time: 5 us/Div.)

IRERNTRTI [TOT1
HHHHHH

QUIESCENT CURRENT SETTING RESISTOR
TO V-

QUIESCENT CURRENT ADJUSTMENT
QUIESCENT CURRENT TO V-

a

<

10uA 30uA 100uA

s 275k | 100K
2.7MQ mMQ | 270K
7.5M$ 2.1MQ | 750K

18MS2 6.3MQ | 1.8MQ

26MQ e 2.7M
32M0 1Mo |- 3.IMe
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a0 HARRIS

LF155 Series Monolithic

Operational Amplifiers/Buffers

JFET Input Operational Amplifiers

LF155, LF155A, LF355, LF355A, LF355B low supply current

General Description

These are the first monolithic JFET input operational

amplifiers to incorporate well matched, high voltage

JFETs on the same chip with standard bipolar transistors.
These amplifiers feature low input bias and offset cur-
rents, low offset voltage and offset voltage drift, coupl-
ed with offset adjust which does not degrade drift or
common-mode rejection. The devices are also designed
for high slew rate, wide bandwidth, extremely fast settl-
ing time, low voltage and current noise and a low 1/f
noise corner.

Advantages
® Replace expensive hybrid and module FET op amps

® Rugged JFETs allow blow-out free handling compared
with MOSFET input devices

® Excellent for low noise applications using either high
or low source impedance—very low 1/f corner

® Offset adjust does not degrade drift or common-mode
rejection as in most monolithic amplifiers

® New output stage allows use of large capacitive loads
(10,000 pF) without stability problems

® |nternal compensation and large differential input
voltage capability

Applications

® Precision high speed integrators

® Fast D/A and A/D converters

® High impedance buffers

® Wideband, low noise, low drift amplifiers
8 Logarithmic amplifiers

® Photocell amplifiers
® Sample and Hold circuits

Common Features

(LF155A)

® | ow input bias current 30 pA
8 Low Input Offset Current 3 pA
® High input impedance 10120
® | ow input offset voltage 1mV
® Low input offset voltage temperature 3uv/°C

drift

®  Low input noise current 0.01 pAA/Hz
®  High common-mode rejection ratio 100 dB
®w | arge dc voltage gain 106 dB

Uncommon Features

LF155A UNITS
® Extremely 4 us
fast settling
time to
0.01%
m Fast slew
rate 5 V/us
® Wide gain 25 MHz
bandwidth
@ Low input 20 nVA/Hz

noise voltage

sales SG14T

Simplified Schematic

(7)

T
N\

—Q +Vce

(6)
p——O out

[ @

—O -VEE
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LF155 Series

i i LF355A
Absolute Maximum Ratings ;s LF1s5 LF3558 Fass
Supply Voltage +22V +22V +22V +18V
Power Dissipation (Pq at 25°C)
and Thermal Resistance (6ja) (Note 1)
TiMAX
{H and J Package) 150°C 150°C 15°C 115°¢C
(N Package) 100°C 100°C
(H Package) Py 670 mW 670 mW 570 mW 570 mW
6ia 150°C/W 150°C/W 150°C/W 150°C/W
(J Package) Pq 670 mwW 670 mW 570 mW 570 mW
fia 140°C/W 140°C/W 140°C/W 140°C/W
(N Package) Py 500 mW 500 mW
oia 155°C/W 155°C/W
Differential Input Voltage +40V +*40V +40V +30V
Input Voltage Range (Note 2) +20V +20V +20V +16V
QOutput Short Circuit Duration Continuous Continuous Continuous Continuous
Storage Temperature Range -65°C to +150°C —65°C to +150°C —65°C to +150°C -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C 300°C 300°C 300°C
DC Electrical Characteristics ot 3)
LF155A LF355A
SYMBOL PARAMETER CONDITION: UNITS
ONS MIN TYP MAX MIN TYP MAX
Vos Input Offset Voltage Rg =500, Ta= 25°C 1 2 1 2 mV
Qver Temperature 25 23 mV
AVQs/AT | Average TC of Input Rg = 500 3 5 3 5 uv/i°c
Offset Voltage
ATC/AVQs | Change in Average TC Rg = 5082, (Note 4) 0.5 0.5 uv/ic
with Vog Adjust per mV
108 Input Offset Current Tj= 25°C, (Notes 3, 5) 3 10 3 10 pA
Ti < THIGH 10 1 nA
8 Input Bias Current T4 =25°C, (Notes 3, 5) 30 50 30 50 pA
TI<THIGH 25 5 nA
RiN Input Resistance Ty=25°C 1012 1012 Q
AvoL Large Signal Voltage Vg =15V, Tp = 25°C 50 200 50 200 V/mV
Gain Vo =110V, R = 2k
Over Temperature 25 25 V/mV
Vo Output Voltage Swing Vg =*15V, R = 10k +13 13 \
Vs = £15V, R = 2k E +12 + 12 v
vem Input Common-Mode . +15.1 +16.1 \
=15V +11 T
Voltage Range vs s -12 -12 \
CMRR Common-Mode Rejection 85 100 85 100 dB
Ratio '
PSRR Supply Voltage Rejection (Note 6) 85 100 85 100 dB
Ratio
AC Electrical Characteristics 14 -25°c, vg=+15v
LF155A/355A
SYMBOL PARAMETER CONDITION. UNITS
ONDITIONS MIN TYP | MAX
SR Slew Rate Ay =1 3 5 Vius
V/us
GBW Gain Bandwidth 25 MHz
Product
ts Settling Time t0 0.01% {Note 7) 4 Hs
en Equivalent Input Noise | Rg= 10092
Voltage f=100 Hz 25 nVA/Hz
f=1000 Hz 25 nVA/Hz
in Equivalent Input f=100 Hz 0.01 pA//Hz
Noise Current = 1000 Hz 0.01 PAN/Hz
CIN Input Capacitance 3 pF
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DC Electrical Characteristics (Note 3)

fn
A
SYMBOL PARAMETER CONDITIONS LF155 LFas58 LF355 UNITS g
MIN TYP { MAX | MIN TYP | MAX | MIN TYP | MAX m
Vos Input Offset Voltage | Rg =500, T = 25°C 3. 15 3 5 3" 10 mv g
Over Temperature 7 6.5 oo 13 mV m'
AVQg/AT | Average TC of Input | Rg = 50Q [ -8 5 uvre (7]
Offset Voltage o
ATC/AVQs | Change in Average TC | Rg = 502, (Note 4) .06 0.8 05 uv/rc
with VQg Adjust ) ) per mV
l0s Input Offset Current | Tj= 25°C, (Notes 3, 5) 3 20 3 20 '3 , 50 pA
Ti <THIGH 20 1 ' 2 nA
ig Input Bias Current Ty= 25°C, (Notes 3, 5) 30 100 . 30 100 30 200 pA
Ty<THIGH R 50 1 s 8 nA
RIN Input Resistance Ty=25°C 1p12 1012 1012 Q
AvgL Large Signal Voltage |Vs=%15V,TA=25°C | 50 | 200 50 | 200 25 | 200 VimV
Gain Vo =%10V, R = 2k
Qver Temperature 25 } 25 15 ) V/mV
Vo Output Voltage Swing | Vg = 15V, R_= 10k 12 | #13- 12 [#13 12 |13 v
Vg =15V, R = 2k £10 [#12 - £010 |12 10 |#12 . v
VCM input Common-Mode 115.] S Qt’s.{ 4151, A
Vg =+15V 1 fe o E2 R I IO 10
Voltage Range §=*15 ~12 -12 -$2 \
‘\ ST B
CMRR Common-Mode Rejec- 85 | 100 85 100 80 | 100 dB
tion Ratio e = o
PSRR Supply Voltage Rejec- | (Note 6) 85 | 100" 85 | 1007 80 | ‘106 . dB
Ratio e e ’
DC Electrical Characteristics 74 =25°c, vg=zt15v
LF155A/155, .
LF355 ;
PARAMETER LF355A/3558 UNITS
TYP MAX TYP MAX
Supply Current 4 2 4 mA
AC Electrical Characteristics T4 =25°c, vs=+15v
LF155
SYMBOL PARAMETER CONDITIONS 355/3558 UNITS
SR Slew Rate Ay =1 V/us
V/us
GBW Gain Bandwidth MHz
Product
ts Settling Time to 0.01% (Note 7) us
en Equivalent Input Noise Rg = 10082
Voltage f=100 Hz nV/A/Hz
f= 1000 Hz nVA/Hz
in Equivalent Input f=100 Hz pAA/Hz
Current Noise f = 1000 Hz pA/V/HZ
CIN Input Capacitance pF
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LF155 Series

Notes for Electrical Characteristics

Note 1: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tjmax. ¢jA, and the
ambient temperature, TA. The maximum available power dissipation at any temperature is Pg = (Tymax — TA/0jp or the 25°C Pamax. which-
ever is less,

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 3: Unless otherwise stated, these test conditions apply:

LF155A

LF155 LF355A LF3558 LF355
Supply Voltage, Vg +16V < Vg < 220V 16V < Vg < 18V 16V < Vg 20V Vg = 15V
Ta ——55°C_<_TA5+125°C 0°C < Tp <+70°C 0°C < Ta < +70°C 0°C < Tp < +70°C
THIGH +125°C +70°C +70°C +70°C

and Vg, Ig and 1gg are measured at Vo = 0.

Note 4: The Temperature Coefficient of the adjusted input offset voltage changes only a small amount.{0.5uV/°C typically) for each mV of
adjustment from its original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment.
Note 5: The input bias currents are junction leakage currents which approximately double for every 10" C increase in the junction temperature, T.
Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction
temperature rises above the ambient temperature as a result of internal power dissipation, Pd. Tj = Ta + O)a Pd where O)p is the thermal
resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum.

Note 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common
practice.

Note 7: Settling time is defined here, for a unity gain inverter connection using 2 k2 resistors for the, LF155 . It 1s the time required for the error
voltage (the voltage at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step input is applied
to the inverter.

Typical DC Performance Characteristics
Curves are for LF155

input Bias Current Input Bias Current
100k ] 80 BT
_ 0 |-Ta=25C
T I AL =50k
2 ]
- -
=
g ; 50
3 3
3 100 3w
2
g 10 a 155 V4
5 E 2 :ﬁ[( A'll /
g g .
10
F1 F155
0.1 v lﬁ5 0 a WITH HEAT SINK
-85 -25 5 35 65 95 125 -0 -5 0 5 10
CASE TEMPERATURE (°C) COMMON MODE VOLTAGE (V)
Voltage Swing Supply Current
8o —1— ’ 4
_ | A=
2 Ta=25°C -
7] 4 .
£ n H
4 £ ! T = -56°C
- z ¢ = -56°
E / g -
5
s 4 H T 1c=25c
x A - L—" .
i 7 i —
s A, 5 " /_J .
e 7 2 Tg=125°C
g = |
o LF155
1 1
[} 5 10 15 20 0 5 10 15 20 25
SUPPLY VOLTAGE (:V) SUPPLY VOLTAGE (V)
Positive Common-Mode Input
Negative Current Limit Positive Current Limit Valtage Limit
= -1§ 15 T 20 T T T
z ~ Vg= 115V s ] Vg = 215V -55°C ST <126°C /
= N ;\\‘ z ws
H N H N — gz /
8 N w 3 y
< -10 g z= 15
- \ N\ -55°C = o =i /
5 [ ~55°C Sa
e S Fo
z a z 8s
5 \z c 5 425°C " ‘/
5 s 125° 5 s EL 10
e n2s°e 2z /
;_M’-l £ | ==
g HIHI
H e 5 5
6 5 10 15 20 25 30 3 5 10 15 20 25 30 35 40 5. ° 15 2
OUTPUT SINK CURRENT (mA) . OUTPUT SOURCE CURRENT (mA) PASITIVE SUPPLY VOLTS (V)
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Typical DC Performance Characteristics (continued)

-20

'
&

NEGATIVE COMMON-MODE
INPUT VOLTAGE LIMIT (V)
'
& H

Negative Common-Mode Input
Voltage Limit

Open Loop Voltage Gain

10M

Output Voltage Swing
28

1 _ Ry =2k = - Vg = 15V e
s Rg = 50 — 2 A L~
E T Tp=-55°C ] g 2 b
E 3 /]
s M = 20
& : 2 /
= y d Ta=25C 5 5 /
2 Vs | 3 l
> — = /
& 100k ==1Tp=125"C ¥ n
g s /
3 =S /
= x 8
& I
o o
10k 4
-15 -20 5 10 15 20 0 10 0

NEGATIVE SUPPLY VOLTS (V)

SUPPLY VOLTAGE (-V)

Typical AC Performance Characteristics

GAIN BANDWIDTH (MHz)

OUTPUT VOLTAGE SWING (50 mV/DIV)

1

Gain Bandwidth

[
LF155
y
[ T—=Vg =10V
o |- vg=sasv__| |
| vg=+20v
L

[ 1]

-55 -35 -15 5 25 45 65 85 105 125

TEMPERATURE (°C}

LF 155 Small Signal Pulse Response,
Ay = +1

TIME (0.5 us/DIV)

ouTPUT VGlTAGE SWING (5V/DIV)

OUTPUT LOAD Ry (kS

Normalized Slew Rate
1.8 T
16 Vg = 15V
14
12
1.0
08
0.6
04
02

0
~55-35-15 5 25 45 65 85 105 125
TEMPERATURE (°C)

LF 155 Large Signal Pulse Response,
Ay =+1

TIME (1 us/DIV)

S SSH4T

sald
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Inverter Settling Time

“CTUT M
\'s

- Ta = 25°C T
| vg= 15V jomy/ | /1

LF155 Series
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10 100k ™ (]
FREQUENCY (Hz)

($334930) ISVHd

POWER SUPPLY REJECTION RATIO (dB) OPEN LOOP VOLTAGE GAIN (48)

EQUIVALENT INPUT NOISE VOLTAGE (nV/\/H7)

EQUIVALENT INPUT NOISE VOLTAGE (aVA/F2)

Typical AC Performance Characteristics (continuea)
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70
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°

100

100

Open Loop Frequency
Response
™\ Vg = 418V
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N
N

10 100 1k 10k 100k 1M 10M
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Power Supply Rejection Ratio
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1k 100k
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Typical AC Performance Characteristics (continued)

Output Impedance
1000

100

OUTPUT IMPEDANCE ()
3

1k 10k 100k m 10M
FREQUENCY (Hz)

Detailed Schematic

R13

=

8

a14 Na1sha16
043 m

ag )
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ua1>l I v'<“5 Ats
cz| ¢ R
049 R s R4 L

TRIM .J
p—o

17

52

N] S R22 !’I'H {l’ﬂ '1

WA

Connection Diagrams (Top Views) Section 11 for Packaging

Metal Can Package (H)

Order Number
LF155AH
LF155H

LF355AH
LF355H

Note 4: Pin 4 connected to case.

Dual-In-Line Package (N or J)

BALANCE — N LEyw
INPUT = v
INPUT -i::1>_‘—- L5 oureur
v = saance

Order Number LF355N
OR LM355)-8

S SSiHd1

sol9
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LF155 Series

Application Hints

The LF155 series are op amps with JFET input
devices. These JFETs have large reverse breakdown
voltages from gate to source and drain eliminating the
need for clamps across the inputs. Therefore large
differential input voltages can easily be accomodated
without a large increase in input current. The maximum

differential input voltage is independent of the supply

voltages. However, neither of the input voltages should

be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a

destroyed unit.

Exceeding the negative common-mode limit on either
input will cause a reversal of the phase to the output
and force the amplifier output to the corresponding
high or low state. Exceeding the negative common-mode
limit on both inputs will force the amplifier output to a
high state. In neither case does a latch occur since
raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a
normal operating mode.

Exceeding the positive common-mode limit on a single
input will not change the phase of the output however,
if both inputs exceed the limit, the output of the
amplifier will be forced to a high state.

These amplifiers will operate with the common-mode
input voltage equal to the positive supply. In fact, the
common-mode voltage can exceed the positive supply by
approximately 100 mV .independent of supply voltage
and over the full operating temperature range. The
positive supply can therefore be used as a reference on
an input as, for example, in a supply current monitor
and/or limiter.

Precautions should be taken to ensure that the power
supply for the integrated circuit never becomes reversed

Typical Circuit Connections

Vos Adjustment

v

o
e

® V(g is adjusted with a 25k
potentiometer

® The potentiometer wiper is
connected to V*

e For potentiometers with
temperature coefficient of
100 ppm/'C or less the
additional drift with adjust
is =~ 05 wV/'C/mV of
adjustment

e Typical overall drift: 5 uV/
C {05 pV/C/mV of
adj.) .

in polarity or that the unit is not inadvertently installed
backwards in a socket as an unlimited current surge
through the resulting forward diode within the IC could
cause fusing of the internal conductors and result in a
destroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For example, resistors from the
output to an input should be placed with the body close
to the input to minimize “pickup’’ and maximize the
frequency of the feedback pole by minimizing the
capacitance from the input to ground.

A feedback pole is created when the feedback around
any amplifier is resistive, The parallel resistance and
capacitance from the input of the device (usually the
inverting input) to ac ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the
closed loop gain and consequently there, is negligible
effect on stability margin. However, if the feedback pole
is less than approximately six times the expected 3 dB
frequency a lead capacitor should. be placed from the
output to the input of the op amp. The value of the
added capacitor should be such that the RC time
constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole
time constant.

Driving Capacitive Loads

— 1

.| gfnuq
3 |
L L
L--d

Due to a unique output stage design, these ampli-
fiers have the ability to drive large capacitive loads
and still maintain stability. Ci_max) ~ 0.01 uF.

Overshoot - 20%

Settling time (tg) 5 s
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Typical Applications

Settling Time Test Circuit

2%, 0.1%
*400,01%

AAA
\AAd

v

o su,o.lmt
0015 S

e Settling time is tested with the LF155 connected
as unity gain inverter

® FET used to isolate the probe capacitance

e Output = 10V step

Large Signal Inverter Output, Vo (from Settling Time Circuit)

3700

Low Drift A

LF356

2,a/01V

2Na118

O Voyr =10V

dj ble Voltage Ref:

e o o o o

AVQuT/AT = £0.002%/°C

All resistors and potentiometers should be wire-wound
P1: drift adjust

P2: VoyTt adjust

Use LF155 for

4 Lowlg

4 Low drift

4 Low supply current

sauds SS147
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Typical Applications (continued)

Fast Logarithmic Converter

LF155 Series

MA———0 Vpge = 5V

® Dynamic range: 100 A < I; < 1 mA
(5 decades), IVQl = 1V/decade

® Transient response: 3 us for Al; = 1 decade

e C1, C2, R2, R3: added dynamic compen-
sation

® RT: Tel Labs type Q81+ 0.3%/°C

Ry
S0k
o AAA
sV | a "
3l 300 pF
43 pF
LM3%4
25K
- R Rr
" oa <
— R 2
v O—AMW~ =
10k 5 =
LF355 ¢
3
+ [
I %
= O
Rri% R3 _tav 30pF
2
AAA
VW
VouT! [1+ Rz] ALY [ Rr ] log V
ouT! = | — " Vilg——x7] T leg Vi
RT) a VREF Ri Rile
Precision Current Monitor
's
—

I
i

SYSTEM ()

1
—— R2 = 16.7k, RT = 1k, 0.3%/°C (for temperature compensation)

Vo =5 R1/R2 (V/mA of Ig)

R1, R2, R3: 0.1% resistors

Use LF155 for

4 Common-mode range to supply range
4 Lowlg

4 LowVps

4 Low supply current

[
S
8-Bit D/A Converter with Symmetrical Offset Binary Operation
I
N
MSB S8 f
15V BY B2 B3 B4 BS 86 B7 B8
s ladslelrdefofofubie 2
VREF = 10V O—AAA— 1p ~
7
LMDACO8 LF355 £ L—OE“
4
—15V
—15v
e R1, R2 should be matched within +0.05%
e Full-scale response time: 3 us
Eo Bl B2 B3 B4 B5 B6 B7 B8 COMMENTS
+9.920 1 1 1 1 1 1 1 1 | Positive Full-Scale
+0.040 1 [4] 0 0 0 0 0 0 |(+) Zero-Scale
—0.040 0 1 1 1 1 1 1 1 | (=) Zero-Scale
—9.920 0 0 0 0 0 0 0 0 | Negative Full-Scale
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Typical Applications (continued)

Wide BW Low Noise, Low Drift Amplifier
I
H

R2

AAA,
WA

v+

IMAX > 280 kiz
o
R =g

b—o

e Power BW: fiax = St 2 2a0kh:
2nVp

o Parasitic input capacitance C1 = (3 pF for
LF155 plus any additional
layout capacitance) interacts with feedback
elements and creates undesirable high frequency
pole. To compensate add C2 such that: R2C2 =
R1C1.

Boosting the LF155 with a Current Amplifier

R
5.k

0.1 uF

HH-

® IoUT(MAX) = 160 mA (will drive R|_ > 10082)

AVoyt _ 0.15 .
T "X V/us (with C|_ shown)

e No additional phase shift added by the current amplifier

Isolating Large Capacitive Loads

——A~ O Vour

R1
5.1k

v

£

B
e Overshoot 6%
® t; 10us

® When driving large Cy, the VoyT slew rate deter-
mined by Cy_and lguT(MAX):

02
=——— = —— V/us=0.04 V/us (with C|_shown)

30 pF
15V

By adding D1 and Rf, Vpq = 0 during hold mode. Leakage of
D2 provided by feedback path through R¢
Leakage of circuit is essentially Iy, plus capaci tor leakage of Cp.

Diode D3 clamps VoyT (A1) to Vyn—Vp3 to improve speed and
to limit reverse bias of D2.

Maximum input frequency should be << 1/2rR¢Cpp where
Cp2 is the shunt capacitance of D2.

3 Decades VCO
4§v
e 0.1 uF
= Vpy =5V
At
200k
Vg M-
A2
v
0.1 4F
<m
< 1ok -1 I Sne 00
< 1k
2N4082 2N4220 RS jL
at a2 A =
L VWA
200k
V¢ (R8+R7)

B Vpy R8 R1]IC

0<Vec<30V,10Hz < f < 10 kHz

R1, R4 matched. Linearity 0.1% over 2 decades.

S SSHAT

sol®
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LF155 Series

Typical Applications (continued)

High Impedance, Low Drift Instrumentation Amplifier

+15V

O
-15v
R3 [ 2R2
oV =— | == + 1] AV,V™+2V < VN common-mode < V¥
ou IN
R [ R

® System V(g adjusted via A2 V(g adjust
e Trim R3 to boost up CMRR to 120 dB. Instrumentation amplifier
Resistor array RA201 (National Semiconductor) recommended

Fast Sample and Hold

JFET SWITCHES
LF11331
OR
AHO134

1
I

-15v

-15v

o Both amplifiers (A1, A2) have feedback loops individually closed with stable responses (over-
shoot negligible)
® Acquisition time T p, estimated by:

172
provided that:

Tas [2RON, VIN. Ch
A |———
Sy
v ViNCh .
IN < 278, Rgn Chand Tp > ————— |, Rpop is of SW1
louT(MAX)
ViN Ch

If inequality not satisfied: Tp = TA—
m,

® , LF155 developes full S; output capability for Viy > 1V

e Addition of SW2 improves accuracy by putting the voltage drop across SW1 inside the feedback
loop

® Overall accuracy of system determined by the accuracy of both amplifiers, A1 and A2
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Typical Applications (continued)

R2 <
00k §

High Accuracy Sample and Hold

R1
§1k

AAA P

I VVv

w2 \= ==

JFET
SWITCHES 1
LF11333

~15V

e By closing the loop through A2, the Vo T accuracy will be determined uniquely by A1.
No Vg adjust required for A2.

e Tp can be estimated by same considerations as previously but, because of the added
propagation delay in the feedback loop (A2) the overshoot is not negligible.

e Overall system slower than fast sample and hold

e R1, Cc: additional compensation

e Use LF155 for
4 LowVgps

High Q Band Pass Filter

c1
0.001 uF 1pF

e By adding positive feedback (R2)
Q increases to 40
o fgp =100 kHz

vV, —
Z0UT . 1003
L VIN
: o Clean layout recommended )
® Response to a 1 Vp-p tone burst:

300 us
-15v

= -15v

High Q Notch Filter

e 2R1=R=10MQ

2C = C1 =300 pF
® Capacitors should be matched to obtain high Q
e fNOTCH = 120 Hz, notch = —55 dB, Q > 100
e Use LF155 for

A Lowlg

4 Low supply current

S SSHd1

Sl
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LF156

@ HARRIS Operational Amplifiers/Buffers

LF156 Monolithic JFET

Input Operational Amplifiers
LF156, LF156A, LF356,LF356A Wide Band

General Description

These are the first monolithic JFET input operational
amplifiers to incorporate well matched, high voltage
JFETs on the same chip with standard bipolar transistors.
These amplifiers feature low input bias and offset cur-
rents, low offset voltage and offset voltage drift or
common-mode rejection. The devices are also designed
for high slew rate, wide bandwidth, extremely fast
settling time, low voltage and current noise and a low
1/f noise corner.

Advantages

® Replace expensive hybrid and module FET op amps

® Rugged JFETs allow blow-out free handling compared
with MOSFET input devices

® Excellent for low noise applications using either high
or low source impedance—very low 1/f corner

m Offset adjust does not degrade drift or common-mode
rejection as in most monolithic amplifiers

= New output stage allows use of large capacitive loads
(10,000 pF) without stability problems

®m Internal compensation and large differential input
voltage capability

Applications

® Precision high speed integrators

u Fast D/A and A/D converters

= High impedance buffers

® Wideband, low noise, low drift amplifiers
® | ogarithmic amplifiers

= Photocell amplifiers
®m Sample and Hold circuits

Features
LF156A

= Low input bias current

® | ow Input Offset Current
® High input impedance

® | ow input offset voltage
[

Low input offset voltage temperature
drift

® | ow input noise current
® High common-mode rejection ratio
®  Large dc voltage gain
LF156A
m Extremely 1.5
fast settling
time to
0.01%
m Fast slew
rate 10
= Wide gain 5
bandwidth
® Low input 18

noise voltage

30 pA
3 pA
10120
1mV
3uv/°C

0.01 pAA/Hz

100 dB
106 dB

UNITS

s

V/us
MHz

nVA/Hz

Simplified Schematic

1]

G BALANCE
———

) 95
“ =)
Q) * @

:*f;F Y I )

(a)

-Vee
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Absolute Maximum Ratings

96141

LM156/6A LF356/6A
Supply Voltage +22V +18V
Power Dissipation (Note 1) 670 mW 500 mW
TO-99 (H package)
Operating Temperature Range -550C to +1250C 09C to +70°C
TiiMAX) 1500C 1000C
Differential Input Voltage +40V +30V
Input Voltage Range (Note 2) +20V E16V
Output Short Circuit Duration Continuous Continuous
Storage Temperature Range -6590C to +1500C ~-650C to 150°C
Lead Temperature (Soldering, 300°C 300°C

10 seconds)

DC Electrical Characteristics ote 3)

SYMBOL PARAMETER CONDITIONS LFI5EA LF356A UNITS
MIN TYP MAX MIN TYP MAX
Vos Input Offset Voltage Rg =502, Tp = 250C 1 2 1 2 mv
Over Temperature 25 : 25 mV
AVes/A T Average TC of Input Rg = 5082 3 5 uv/ec
Offset Voltage .
ATC/AVos | Change in Average TC Rs = 5082, (Note 4) 05 05 uv/ec
with Vo5 Adjust per mV
los Input Offset Current Tj = 25°C, (Notes 3, 6) 3 10 3 10 pPA
T <THIGH 10 1 nA
ig Input Bias Current Tj = 259C, (Notes 3, 5) 30 50 30 50 PA
Tj<THIGH 25 5 nA
RN Input Resistance Tj = 25°C 1012 1012 Q
AvoL Large Signal Voltage Vg =+15V, Tp = 250C 50 200 50 200 V/mv
Gain Vo =x10V, R = 2k
Qver Temperature 25 25 V/imV
Vo Output Voltage Swing | Vg =115V, R = 10k +12 | 13 12 |+ v
Vg =+15V, R = 2k +10 +12 -l +10 +1 \
Vem Input Common-Mode Vg=+15V 11 +12 11 +12 v
Voltage Range
CMRR Common-mode 85 100 85 100 dB
Rejection Ratio
PSRR Supply Voltage (Note 6) 85 100 85 100 dB
Rejectiorg Ratio

AC Electrical Characteristics Ta =250C, Vg=115V

LF156A/356A
SYMBOL PARAMETER CONDITIONS UNITS
MIN TYP MAX
SR Slew Rate 8 10 Vips
GBW Gain-Bandwidth - 4 45 MHz
Product
ts Settling Time to 0.01% (Note 7) 15 us
en Equiwvalent Input Noise Rg=10082
Voltage £= 100 Hz 32 nV/VHzZ
f=1000 Hz 18 nV/VHz
n Equivalent Input f=100 Hz 0.01 pA/ VHz
Noise Current f =1000 Hz 0.01 pA/VHz
CiNn Input Capacitance 3 pF
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DC Electrical Characteristics (note 3)

LF156

LF156 LF356
SYMBOL PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Vos Input Offset Voltage Rg = 65082, Tp = 250 3 5 3 10 mv
Over Temperature 7 13 mV
AVes/A T Average TC of Input Rg = 5002 5 5 uv/joc
Offset Voltage
ATC/A Vos | Change in Average TC Rs =502, (Note 4) 05 05 uvioc
with Vg Adjust per mV
los Input Offset Current Tj = 250C, (Notes 3, 5) 3 20 3 50 pPA
Ti <THIGH 20 2 nA
g Input Bias Current Tj= 2590C, (Notes 3, 5) 30 100 30 200 pA
Tj <THIGH 50 8 nA
RIN Input Resistance Tj = 250C 1012 1012 Q
AvVOL Large Signal Voltage Vs =115V, Tpa = 250C 50 200 25 200 V/imV
Gain Vo = +10V, R = 2k
Over Temperature 25 15 V/mVv
Vo Output Voltage Swing Vs =415V, R = 10k 112 +13 12 *1 \Y
: Vs = +15V, R = 10k +10 | +12 +10 +1 v
Vewm {nput Common-Mode Vg = +15V 11 +12 +10 +1 \
Voltage Range
CMRR Common-Mode Rejection 85 100 80 100 dB
Ratio
PSRR Supply Voltage
Rejection Ratio (Note 8) 85 100 80 100 ds
DC Electrical Characteristics T4 - 25°c, vg=+15v
PARAMETER LF156A/156 LF356A/LF356 UNITS
TYP MAX TYP MAX
Supply Current 5 7 5 10 mA
AC Electrical Characteristics T, -=25°c, vg=t15v
SYMBOL PARAMETER CONDITIONS LF156 LF156/LF356 UNITS
MIN TYP
SR Slew Rate LF156 Ay =1 75 10 Vius
GBW Gain-Bandwidth 5 MHz
Product
tg Settling Time to 0.01% (Note 7) 15 us
en Equivalent Input Noise Rg = 10082
Voltage f=100 Hz 32 nV/VHz
f=1000 Hz 18 nV/VHz
in Equivalent Input f=100 Hz 001 pA/VHz
Current Noise f=1000 Hz 001 pA/VHz
CIN Input Capacitance 3 pF
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Notes for Electrical Characteristics

Note 1: The TO-99 package must be derated based on a thermal resistance of 1600C/W junction to ambient or 4590C/W junction to case;
for the DIP package, the device must be derated based on thermal resistance of 1759C/W junction to ambient.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 3: These specifications apply for +15V < Vg < 20V, -560C <Tpa <+1269C and TH|GgH = +125°C unless otherwise stated for
the LF156/6A. For the LF356/6A these specifications apply for Vg = +15V and 00C<TA<+709C. Vg, Ig and Igg are measured at
Vewm = 0.

Ngte 4: The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (0.5 uV/9C typically) for each
mV of adjustment from its original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset
adjustment.

Note 5: The input bias currents are junction leakage currents which approximately double for every 109C increase in the junction
temperature. Tj temperature rises above the ambient temperature as a result of internal power dissipation, Pd. Tj = Ta + OjA where
QjA is the thermal resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a
minimum,

Note 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with
common practice.

Note 7: Settling time is defined here, for a unity gain inverter connection using 2 k §2resistors for the LF166. It is the time required
for the error voltage (the voltage at the inverting input pin on the amplifier) to settle to within 0.0% of its final value from the time a
10V step input is applied.

Typical DC Performance Characteristics

Input Bias Current input Bias Current

Vg - £15V
| Ta=-26°C
Ry = 50k
! -

et un

WITH HEAT SINK

INPUT BIAS CURRENT (pA)

INPUT BIAS CURRENT (pA)

.-55 -25 5§ 35 6 95 125 -1 -5 L) 5 10
CASE TEMPERATURE (°C) COMMON MODE VOLTAGE (V)

Voltage Swing Supply Current

T T
R =2k N
Ta=25C . Tc= -55°C

T T
V1 | re-ase

40

- 30

20 /

s p Te=125°C

SUPPLY CURRENT (mA)

PEAK TO PEAK OUTPUT SWING (V)

0 5 10 15 2 9 5 10 15 20 25
SUPPLY VOLTAGE (:V) SUPPLY VOLTAGE (2V)

Positive Common-Mode Input
Negative Current Limit Positive Current Limit Voltage Limit

* - Vg = $15V _85°C TR <125°C /
‘\~§\\ = //
15
10 /

— 10 ‘/
nse /
I )V

0 5 10 15 20 25 30 35 6 5 10 15 20 25 30 35 40 5 10 15 0
OUTPUT SINK CURRENT (mA) OUTPUT SOURCE CURRENT (mA) POSITIVE SUPPLY VOLTS (V)

Vg = 115V
N : Y
\ \

\\'\EIN
\ozs'c

+25°C

NEGATIVE OUTPUT VOLTAGE SWING (V)
1
b Y
. ,
5 |/
:
POSITIVE OUTPUT VOLTAGE SWING (V)

POSITIVE COMMON-MODE
INPUT VOLTAGE LIMIT (V)
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LF156

Negative Common-Mode Input

Typical DC Performance Characteristics (continuea)

UNITY GAIN BANDWIDTH (MHz)

Gain Bandwidth

8

\\
N

\N
AEAN
\\

y 2w I T
) 1

~§5-35 15 5 25 45 65 85 105 125
TEMPERATURE (°C)

LF156 Small Signal Pulse Response,
Ay = +1

Typical AC Performance Characteristics

Normalized Slew Rate

18
16N\ Vg- 15V
14 N
12 <
10
08

06

04
02

0
55 -35 -15 5 25 45 65 8% 105 125
TEMPERATURE (0C)

LF156 Large Signal Pulse Response,
Ay =+1

Voltage Limit Open Loop Voltage Gain Output Voltage Swing
~20 10M 28
] I L : : = Vg = 418V =11
s Rg =50 ¥ I = = 25°
ws g s : T — : = Ta=25°C -
215 1= -55°C = £ ==— H /
== ° s m v
= Ta=25°C n ] @ = 20 !
£u Ta=125C & &
=] < Z T 'zaoc -
SE-10 —t 2 =T—"Ts 2 1 /
B | S | H /
3 & 100k = Tp = 125°C =] ]
22 s S — e %
£2 = = s A
& =
o a.
0 ' — 10k a4
-5 -10 -15 -20 5 10 15 20 0 1.0 10
NEGATIVE SUPPLY VOLTS (V) SUPPLY VOLTAGE (:V) QUTPUT LOAD Ry (k)
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96141

P-P OUTPUT VOLTAGE SWING {V)

. . s
Typical AC Performance Characteristics (continued)
Open Loop Frequency
Bode Plot Inverter Settling Time Response
15 T TT1 125 s 1 TTTTTTT 1o —
z -
10 ] 100 z / Vs= 215y - V=15V —
s IS pHAse - Vs =15V [ 75 2 ) Tp=25°C w L
0 03 g s g N\
AIN = N
s 5 L ™ % & 2 mv ER ‘\
= 0 L H =-1 &
z IRl 25 o 0 Av ] N
g -5 1T - =4 - < 50
4 R \ EY ] K3 AN
@ 20 -5 7 =3 mv 2
= W s e 32 > N
-25 |— 0 > -5 z X
-30 I -1 § & N
=35 ‘ M ~125 =4 \ 10
o L1 T i -150 Rt o AN
1 0 100 [X] 1 10 20 - L e
10100 1k 10k 100k
FREQUENCY (MHz) SETTLING TIME (us) 0 CALOUECY G
Common-Mode Rejection Supply Voltage Rejection
Ratio Ratio
100 ’ _ ——
3 T™N ] A=25C |
z N Vg = £15V ° Vg= 415V
=3 = 100
2 % RL=2k = C N t
< N Th - 250€ g C AN
H N S N
2 w Z
2 \ S e N\
g N & ~N N\
oo 40 > C
3 \ & a0
= \ 2 N N\
g = N N
2 \ & 20} NEGATIVE SUPPLY,
z N\ S ]l 1
8
0 0
10 100 Tk 10k 100k M 10M 100 % 0k 100k M oM
©  FREQUENCY (H) FREQUENCY (Hz)
. . . i uivalent Input Noise
Undistorted Output Voltage Swing Equivalent Input Noise Voltage Eq P
Voltage (Expanded Scale)
28 i z w0 T
: 5 Th - 250C > Ta = 250C
2 Vs =+15V {1 i Hvg=+15v z w0 Vg - 115V
2 Ta=25°C f < g
Ay=1 H 2 s
16 }< 1% 01T JY > S &0
2 7]
3 ]
12 z =4 R
2 5 4 \
8 = g
= =
2 = L\
4 5 E N—
3 : p
0 o 3 0
10k 100k m 10M w Tk 10k 2 10 1% 100k
FREQUENCY (H2) FREQUENCY (H2) FREQUENCY (Hz)
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LF156

Detailed Schematic

& 10
w
=3
=
<
-]
e 1
2
[ =3
2
=
> 0
°

Output Impedance

Typical AC Performance Characteristics (continued)

Order Number
LF156AH
LF156H
LF356AH
LF356H

Note 4: Pin 4 connected to case.

o
1k 10k 100k ™ 10M
FREQUENCY (Hz)
BALANCE
-~
1 T(s)
G| ! ™ *Vee
a1 20 <3 R4 n
900 K R6 K R15
900 S5, L2 NZo23 n 450
03 & 900
ap24
ap2
J 8] 2R9 ca: ==Cs
R2 < 900 'SP'I St
K
-
D51
# (‘1: QP15 QP38
R3
anag
120 Jos c1 1
7
D18 5 p. QP39
I 10p] ;&,t $R24 | bas
aNTD > 2K QN4
o7 D19(¥aN17
S < < D44
P R22 > R18
‘)L I l apg Q1K A1 Rz 30
RP1 K
e | o8 ap26 1 orn0 ouT (6)
anto /10
D9 3 QP27 T3 l/ 30 -
D31 ¢ J}— Qna apay
QN12 p32 | 10pr L
D45
D11 QP25 D37 1
R4 anaa ':oms
ind XZ.0s0 I/ y
anaz
onz2 anzs '\1
D13 N
om*—i
3a N5
D43
4 B
RS 2 R8 R10 R12
1K P 900 18 ?'3 R17
900
y O -Vee
o b (4)
Y =
3 2)
. .
Connection Diagrams (top Views) Section 11 for Packaging Dual-In-Line Package
Metal Can Package BALANCE U LI
2 7
INPUT ~ v
5
ot —4 — ouTPUT
4 5
VT o j—— BALANCE

6vder Number LF356N, LF356J-8
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Application Hints

The LF156/6A series are op amps with JFET input
devices. These JFETs have large reverse breakdown
voltages from gate to source and drain eliminating the
need for clamps across the inputs. Therefore large dif-
ferential input voltages can easily be accomodated without
a large increase in input current. The maximum dif-
ferential input voltage is independent of the supply
voltages. However, neither of the input voltages should
be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a de-
stroyed unit.

Exceeding the negative common-mode limit on either
input will cause a reversal of the phase to the output
and force the amplifier output to the corresponding
high or low state. E: ding the negati mode
limit on both inputs will force the amplifier output to a
high state. In neither case does a latch occur since raising
the input back within the common-mode range
again puts the input stage and thus the amplifier in a
normal operating mode.

Exceeding the positive common-mode limit on a single
input will not change the phase of the output, however,
if both inputs exceed the limit, the output of the
amplifier will be forced to a high state.

These amplifiers will operate with the common-mode
input voltage equal to the positive supply. In fact, the
common-mode voltage can exceed the positive supply by
approximately 100 mV independent of supply voltage
and over the full operating temperature range. The
positive supply can therefore be used as a reference on
an input as, for example, in a supply current monitor
and/or limiter.

Precautions should be taken to ensure that the power
supply for the integrated circuit never becomes reversed

Typical Circuit Connections

Vs Adjustment

vt

® V(g is adjusted with a 25k
potentiometer

o The potentiometer wiper is
connected to V

e Fof potentiometers with
temperature coefficient of
100 ppin/°C or less the
additional drift with adjust
is ~ 05 uv/°C/mV of
adjustment

e Typical overall drift: 5 uV/
°C #(0.5 wV/C/mV of
adj.) ’

in polarity or that the unit is not inadvertently installed
backwards in a socket as an unlimited current surge
through the resulting forward diode within the IC could
cause fusing of the internal conductors and result in a
destroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

All of the bias currents in these amplifiers are set by FET
current sources. The drain currents for the amplifiers are
therefore essentially independent of supply voltage.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For example, resistors from the
output to an input should be placed with the body close
to the input to minimize “pickup’’ and maximize the
frequency of the feedback pole by minimizing the
capacitance from the input to ground.

A feedback pole is created when the feedback around
any amplifier is resistive. The parallel resistance and
capacitance from the input of the device (usually the
inverting input) to ac ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the
closed loop gain and consequently there is negligible
effect on stability margin. H , if the feedback pole
is less than approximately six times the expected 3 dB
frequency a lead capacitor should be placed from the
output to the input of the op amp. The value of the
added capacitor should be such that the RC time constant
of this capacitor and the resistance it parallels if greater
than or equal to the original feedback pole time

Driving Capacitive Loads

S
[ Inmur|

>
S| 1
L I

Due to a unique output stage design, these ampli-
fiers have the ability to drive large capacitive loads
and still maintain stability. Ci_(max) = 0.01 uF.

Overshoot < 20%
Settling tiie (tg) = 5 us

96141
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LF156

Typical Applications

Settling Time Test Circuit

10v 2
0
5K, 0.1% < <
*1.06,01% S L Qu
-15VO—=8
SUMMING
NODE —, _  SkO.1%
WA
O +15V
OSCILLOSCOPE N4A16
%

4416
Vour .
100 pF

Settling time is tested with the LF156
connected as unity gain inverter

o FET used to isolate the probe capacitance
e Output= 10V step

Large Signal Inverter Output, Vout (from Settling Time Circuit)

2N4118

sv/ov

Pt
250k >

AA
s

Low Drift Adj ble Voltage Refe
e AVouT/AT=+0.002%/°C
O voyr =10V o Ail resistors and potentiometers should be
wire-bound
"?m e P1: drift adjust
e P2: Voyr adjust
e Use LF156 for
R2 — Low g
300K — Low drift
>
R3
: 180k
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Typical Applications (continued)

High Accuracy Sample and Hold

R1
51k

AAA e
VVv

SW2 —-|

JFET
SWITCHES 1
LF11333

L OB
AHD143

~15V

e By closing the loop through A2, the VT accuracy will be determined uniquely by A1.
No Vs adjust required for A2.

® T can be estimated by same considerations as previously but, because of the added
propagation delay in the feedback loop (A2) the overshoot is not negligible.

e Overall system slower than fast sample and hold

e R1, Cg: additional compensation

e Use LF156 for
A& Fast settling time

4 Low VQs
High Q Band Pass Filter
1
0.001 uF 1pF
| |1
+15V 1
A~

H5V A7

e By adding positive feedback (R2)
Q increases to 40
e fgp =100 kHz

v —
YouTt | 1'0\/6
ViN

o Clean layout recommended

300 us

-15V

High Q Notch Filter

e 2R1=R=10MQ

2C = C1 =300 pF
e Capacitors should be matched to obtain high Q
o fNOTCH = 120 Hz, notch = —55 dB, Q > 100

Response to a 1 Vp-p tone burst:

9G4
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Typical Applicafions (Continued)

Fast Logarithmic Converter

LF156

Ry
50k
® MW—0 Vpgs =&V .
5y _I_ "
c
43pF
LM388
— n ::
< . Dynamic range: 100 HA<Y; <1mA
(5 decades), Vg = 1Vv/decade
e  Transient response : 3 s for Al; = 1 decade
v [ C1,C2, R2, R3: added dynamic compen-
L) sation
Vo ® V(g adjust the LF156 to minimize quiescent
error ’
e Ry Tel Labs type 081 + 0.3%/°C
R2] kT R = 1
Vouti= |1+ —l — In V;j [-—-'—— =log Vi —— R2 = 15.7k, RT = 1k, 0.3%/°C (for temperature compensation)
Rr] a VREF Ri Rj I
Precision Current Monitor
's
—
A1
V* O A l * ar
> = e Vp=5— (V/mAoflg)
QR2 SYSTEM 0 R2 s
3 . R1, R2, R+: 0.1% resistors
l . Use LF156 for
e - Common-maode.range to supply voltage
L.I = - Lowlg
< -  LowVgpg
Vo
L]
5
Temperature Compensated 8-Bit O/A Converter
3-10 pF TUNE FOR MINIMUM
SETTLING TIME
hY 24
DIGITAL INPUT 1 Ar
sv 8 &1 8 85 sv 8 83 82 6 VA

[

R
1 2 3 4
LM-13340-3 -ﬂ ——q

10

LM13340-2 1 L"'ﬂ

E3

©

12 5 40
6 4 1 13 1 15 12g N3 s 9t
LT L} ‘
= S 80K 2 40k 3 20k 10K = 3806380k S 40k S 20k 10k
1 ¥ 1 ] 4 outeut
-15v O
OFFSET
15V (8MIN) 15v
FULL SCALE |
z.zxf ADJUST u::
9 h1k :
4 -
3 ! 10k
- e  Use LF156 for
LM199 ']: - Fast settling time
5 Low V(g drift

- Good stability

L] R1-R4 : binary ladder
For BCO weighting,

‘\{m RE =4 k{2
; Rp =9k}

= SINGLE POINT
= GND
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Typical Applications (continued)

Wide BW Low Noise, Low Drift Amplifier

C2
Il
LR
R2
v
MAX = 240 kHz
10V P .
-1V
—o0
s
* Power BW: fmax = 5 \", = 240 kHz
nVp

® Parasitic input capacitance C1 = (3 pF for
LF156 plus any additional layout capacitance)
interacts with feedback elements and creates
undesirable high frequency pole. To compensate
add C2 such that :R2C2 = R1C1.

Boosting the LF156 with a Current Amplifier

lour
\‘ —

7 0.01 4 f

0.1 uF

® IQUT(MAX) = 150 mA (will drive R|_ > 100Q)

AVoyuTt = 0.15
AT 10—

® No additional phase shift added by the current amplifier

V/us (with C|_shown)

Isolating Large Capacitive Loads

R2

AAA

f1
5.1k

v
o
-2v
& Overshoot 6% v
® t; 10us

e When driving large C|, the VouT slew rate
mined by C(_and lgyT(MAX):

AVout _ loutr _ 002
AT CL 05

Low Drift Peak Detector

=0 Vour

deter-

V/us =0.04 V/us (with C|_shown)

R
5.0k

® By adding D1 and R¢, Vp1 = 0 during hold mode. Leakage of
D2 provided by feedback path through Rs.
e Leakage of circuit is essentially Iy, (ILF156) plus capacitor
leakage of Cp.
e Diode D3 clamps VouT (A1) to Vy—Vp3 to improve speed and
to limit reverse bias of D2.

® Maximum input frequency should be << 1/2nR¢Cp2 where

Cp2 is the shunt capacitance of D2.
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LF156

Typical Applicationé {Continued)

High Impedancs, Low Drift Instrumentation Amplifier
+15V

+ O+ ™~
Al 6

LF156

A

Q
~15v
R3 [2R2
* Vour=¢ | & * 1] AV, V™ +2V <V common-mode < V¥
e System Vg adjusted via A2 Vg adjust
o Trim R3 to boost up CMRR to 120 dB. Instrumentation amplifier
Resistor array RA201 (National Semiconductor} recorr ded

Fast Sample and Hold

~15V

~15V

Both amplifiers (A1, A2) have feedback loops individually closed with stable responses (over-
shoot negligible)

Acquisition time T p, estimated by:

R VIN. 1
Ta= [QAS_IN_&] 2 vovided that:
—

VinCh
ViN < 278; RgN Ch and Tp > ———
louT(MAX)
Vin Ch
20 mA
LF156 developes full S, output capability for Vin > 1V

Addition of SW2 improves accuracy by putting the voltage drop across SW1 inside the feedback
loop

Overall accuracy of system determined by the accuracy of both amplifiers, A1 and A2

, Ron is of SW1

If inequality not satisfied: Tp =
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o HARRIS

LF157 Monolithic JFET

Operational Amplifiers/Buffers

Input Operational Amplifiers

LF157, LF157A, LF357, LF357A

Wide Band Decompensated (Avy = 10)

General Description

These are among the first monolithic JFET input opera-
tional amplifiers to incorporate well matched, high
voltage JFETs on the same chip with standard bipolar
transistors. These amplifiers feature low input bias and
offset currents, low offset voltage and offset voltage
drift, coupled with offset adjust which does not degrade
drift or common-mode rejection. The devices are also
designed for high slew rate, wide bandwidth, extremely
fast settling time, low voltage and current noise and low
1/f noise corner.

Advantages

® Replace expensive hybrid and module FET op amps

® Rugged JFETs allow blow-out free handling compared
with MOSFET input devices

® Excellent for low noise applications using either high
or low source impedance—very low 1/f corner

8 Offset adjust does not degrade drift or common-mode
rejection as in most monolithic amplifiers

® New output stage allows use of large capacitive loads
(10,000 pF) without stability problems

8 Internal compensation and large differential input
voltage capability

Applications

B Precision high speed integrators

8 Fast D/A and A/D converters

8 High impedance buffers

® Wideband, low noise, low drift amplifiers
@ Logarithmic amplifiers

& Photocell amplifiers
= Sample and Hold circuits

Features
LF157A
® Low input bias current 30 pA
& Low Input Offset Current 3 pA
@ High input impedance 1012q
® |ow input offset voltage 1mV
8 | ow input offset voltage temperature 3uVv/°C
drift
@ | ow input noise current 0.01 pAA/Hz
® High common-mode rejection ratio 100dB
8 Large dc voltage gain 106 dB
LF157A UNITS
(Ay = 10)
B Extremely 1.5 us
fast settling
time to
0.01%
@ Fast slew
rate 50 V/us
8 Wide gain 20 MHz
bandwidth
® Low input 18 nVA/Hz

noise voltage

Simplified Schematic

iy
)

¢ BALANCE
Jrssiiieg

EXT I 4 ]
our

L
1

@)

0 ~VEE

LSEHAT
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LF157

Absolute Maximum Ratings

LF157A LF157 LF357A/LF357
Supply Voltage +22Vv +22Vv +18V
Power Dissipation (Note 1) 670 mW 670 mwW 500 mW
TO-99 )H package) .
Operating Temperature Range -550C to +1250C -550C to +1250C 00C to +70°C
Tj(MAX) 1500C 1500C 1000C
Differential Input Voltage +40V +40V +30V
Input Voltage Range (Note 2) +20V +20V +16V
Output Short Circuit Duration Continuous Continuous Continuous
Storage Temperature Range -650C to +1500C -659°C to +1500C -659C to +1500C
Lead Temperature (Soldering, 300°C 300°C 3000C
10 seconds) :
DC Electrical Characteristics (note 3)
SYMB! PARAMETER CONDITIONS LF1574 LF3574 UNITS
- ot T ! MIN TYP MAX MIN TYP MAX
Vos tnput Offset Voltage Rg=50Q,Ta =25°C 1 2 1 2 mV
Over Temperature 25 23 mV
AVos/AT Average TC of Input Rg = 5092 3 3 uv/ec
Offset Voltage
ATC/AVgs | Change in Average TC Rs = 502, (Note 4) 05 05 uviec
with Vg Adjust . per mV
los Input Offset Current Tj = 259C, (Notes 3, 6) 3 10 3 10 pPA
Tj <THIGH 10 1 nA
I Input Bias Current Tj = 25°C, (Notes 3, 5) 30 50 30 50 PA
T <THIGH 25 5 nA
i <THIG S
RIN Input Resistance Tj=250C 1012 1012
AvoL Large Signal Voltage Vg =+15V, Ta = 25°C 50 200 50 200 Vimv
Gain Vo =110V, R = 2k
Over Temperature 25
Vo Output Voltage Swing Vs =+16V, RL = 10k +12 +13 +12 +13 \"
Vg =+16V, R = 2k +10 +12 +10 +12 v
vem Input Common-Mode Vg =+15Vv 11 1 v
Voltage Range +12 12 \
CMRR Common-mode 85 100 85 100 dB
Rejection Ratio
PSRR Supply Voltage (Note 6) 85 100 85 100 dB
Rejection Ratio
. Y] = 250 =
AC Electrical Characteristics Ta = 25°C, Vg =115V
LF157A/357A
SYMBOL PARAMETER CONDITIONS UNITS
MIN TYP MAX
SR Slew Rate LF1567A: Ay =5 40 50 Vius
GBW Gain=-Bandwidth 15 20 MHz
Product :
ts Settling Time to 0.01% (Note 7) 15 us
en Equivalent Input Noise Rg=10082
Voltage =100 Hz 32 nV/VHz
= 1000 Hz 18 nV/VHz
in Equivalent Input f=100 Hz 0.01 pA/ VHz
Noise Current f=1000 Hz 0.01 pA/VHz
CiN Input Capacitance 3 pF
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DC Electrical Characteristics (Note 3)

LS4

LF157 LF357
SYMBOL PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Vos Input Offset Voltage Rg =502, Tp = 250 3 5 3 10 1\
Over Temperature 7 13 mV
AVes/A T Average TC of Input Rs = 5002 [ 5 uvjoc
Offset Voltage
ATCIA Vos Change in Average TC Rs =501, (Note 4) 05 05 juv/oc
with Vg Adjust per mV
los input Offset Current Tj = 25°C, (Notes 3, 5) 3 20 3 50 PA
Tj <THIGH 20 2 nA
Ig Input Bias Current Tj = 250C, (Notes 3, 5) 30 100 30 200 pPA
T <THIGH 50 8 nA
RIN Input Resistance Tj = 250C 1012 1012 0
AvoL Large Signal Voltage Vg=+15V, Ta = 2569C 50 200 50 200 V/mV
Gain VQ=+10V, Ry = 2k
Over Temperature 25 15 V/mVv
Vo Output Voltage Swing Vg =+15V, R = 10k 112 +13 +12 + \
Vg =415V, R = 10k +10 +12 +10 +12 v
vem Input Common-Mode Vg =+15V 11 +10 v
Voltage Range - +12 +12 v
CMRR Common-Mode Rejection 85 100 80 100 dB
Ratio
PSRR Supply Voltage Rejection (Note 6) 85 100 80 100 dB
Ratio :
DC Electrical Characteristics T4 -=25°c, vg=zt15v
PARAMETER | LF157A/LF157 LF357A/LF357 UNITS
TYP MAX TYP MAX
Supply Current 5 7 5 10 mA
AC Electrical Characteristics 74 -25°c, vs=#15V
SYmMBOL ' PARAMETER CONDITIONS LF157 LF157/357 UNITS
MIN TYP
SR Slew Rate LF157: Ay =10 30 50 V/ius
GBW Gain-Bandwidth 20 MHz
Product
tg Settling Time to 0.01% (Note 7) 15 us
en Equivalent Input Noise Rg=10C2
Voltage - f=100 Hz 32 nV/VHz
f=1000 Hz 18 nV/VHz
in Equivalent input f=100 Hz 0.01 pA/ VHz
Current Noise f=1000 Hz 0.01 pA/VHz
Cin Input Capacitance 3 pF
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LF157

Notes for Electrical Characteristics

Note 1: The TO-99 package mustbe derated based on a thermal resistance of 1609C/W junction to ambient or 450C/W junction to case;
for the DIP package, the device must be derated based on thermal resistance of 1759C/W junction to ambient.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 3: These specifications apply for +16V Vg < 420V, -6560C < TAK +1259C and THGH = +125°C unless otherwise stated for the
LF157A and the LF157. For the LF357/LF357A these specifications apply for +15V and 0°C< Tpo<+70°C. V(g Ig and IQgg are
measured at Vg = 0. ) - T

Note 4: The temperature coefficient of the adjusted input offset voltage changes only a small amount (0.5 uV/OC typically) for each
mV of adjustment from its original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset
adjustment. '

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°9C increase in the junction
temperature, Tj. Due to limited production test time the input bias currents measured are correlated to junction temperature. In
normal operation the junction temperature rises above the ambient temperat .e¢ as a result of internal power dissipation, Pd. Ti =
TA +8ja Pd where 8jp is the thermal resistance from junction to ambient. Use of a heat sink is recommended if input bias current is
to be kept to a minimum.

Note 6 : Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with
common practice.

Note 7 : Settlingtime as defined here, is the time required for the error voltage (the voltage at the inverting input pin on the amplifier)
to settle to within 0.01% of its final value from the time a 10V step input is applied to the inverter. For the LF157, Ay = -10, the
feedback resistor from output to input is 2 k{2 and the output step is 10V (See Settling Time Test Circuit, page 9).

Typical DC Performance Characteristics curves are for LF157 unless otherwise specified.

Input Bias Current Input Bias Current
100k 80
V§=£15V
JRT™ 0L Tp = 4250C
3 .| RLos0ke p
E w2y 2 -
% s Z50
£ . RIS g
; |$Vs Z 3 40 |— FREE AIR ]
s 20|l WITH HEAT SINK
5
: S5n
l Z et
01 10
-55 -25 5 35 65 95 125 0
CASE TEMPERATURE (°C) -10 -5 0 5 0
COMMON-MODE VOLTAGE (V)
Voltage Swing Supply Current
L] T 7
Ry =2 |
§ —Tp 25°C . T - -55°C
I < T
g ) } H // Te=25C
= /]
5 -] e
E n v / g V] rg
s y. 2 s T = 125°C
< -
H 10 ’/ £ //
2 4 2
H
¢
2
0 5 10 15 20 ] 5 18 15 0 2%
SUPPLY VOLTAGE (2V) SUPPLY VOLTAGE (:V)
Positive Common-Mode Input
Negative Current Limit Positive Current Limit Voltage Limit
-15 15 T T 20 T
§ - Vg = 115V § E Vg = 415V _55°C <Ta <125°C /
E N 5 ~ ws
Ny
™) 8t /
u N \\ ] \ 35
< -1 NS g n =% 15
- ~85°C - —B5°| e
3 N g s ] /
> > 8 :
5 \* 5°c 5 | A £3 /
E -5 125° § 5 =§ 10 /
§ § nzse g!
3 g I /1 |
H 5
° $ 10 16 20 25 B 3 ° £ 10 16 20 26 30 35 40 s 1 15 ]
OUTPUT SINK CURRENT (mA) QUTPUT SOURCE CURRENT (mA) POSITIVE SUPPLY VOLTS (V)
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Typical AC Performance Characteristics (continued)

Output Impedance

OUTPUT IMPEDANCE ()

1k 10k 100k m 1M
FREQUENCY (Hz)

Detailed Schematic

BALANCE

m T T ()
+V,
o -0 cC

R n
4 1K
QR6 & RIS
<900 95, L2 023 J 450
900

0
QP24
a2
; 18, 2R9
2900
>
-
D51 Qar3s
1 2 Kors
an4s
1
o1s ey QP39
4 § 4: A24
2k
PN L e BN < anag
B D4s
2 >R22 < 2R18
< >
2 2k Ry RAS 230
RP1 r 6K T oo
ap UT (6)
500K D20 ”’)‘
. 2R19
2 021 4 ar27 230
4
045
QP25 Kl
Qpas
D50 ‘) > N
J/ Snzs an42
GN2Z
013 .
an)
D43
RS /8 R10
K L3 900 R17
900
: : ‘ -VEE
i’ 14)
[e]
e e
3 2

Connection Diagrams section 11 for Packaging

Dual-In-Line Package

Metal Can Package BALANCE _\ U 8 ne
2 7
Order Number INPUT g A
LF157AH
LF1S7H 3 N
o as INPUT LN
LF357AH - ouTPUT
LF357H
5
v- =] [~ BALANCE

Order Number
LF357J-8, LF357N

Note 4: Pin 4 connected to case.

TOP VIEW.

TOP VIEW

LS1d41
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LF157

Application Hints

The LF157 series are op amps with JFET input devices.
These JFETs have large reverse breakdown voltages
from gate to source and drain eliminating the need for
clamps across the inputs. Therefore large differential
input voltages can easily be accomodated without a large
increase in input current. The maximum differential
input voltage is independent of the supply voltages.
However, neither of the input voltages should be allowed
to exceed the negative supply as this will cause large
currents to flow which can result in a destroyed unit.

g the g de limit on either
input will cause a reversal of the phase to the output
and force the amplifier output to the corresponding
high or low state. Exceeding the negative common-mode
limit on both inputs will force the amplifier output to a
high state. In neither case does a latch occur since raising
the input back within the common-mode range
again puts the input stage and thus the amplifier in a
normal operating mode. -

E dil

Exceeding the positive common-mode limit on a single
input will not change the phase of the output however,
if both inputs exceed the limit, the output of the
amplifier will be forced to a high state.

in polarity or that the unit is not inadvertently installed
backwards in a socket as an unlimited current surge

- through the resulting forward diode within the IC could

cause fusing of the internal conductors and result in a
destroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

All of the bias currents in these amplifiers are set by FET
current sources. The drain currents for the amplifiers are

therefore essentially independent of supply voltage.

As with most amplifiers, care should be taken with lead

- dress, component placement and supply decoupling in

order to ensure stability. For example, resistors from the
output to an input should be placed with the body close
to the input to minimize ‘““pickup’’ and maximize the
frequency of the feedback pole by minimizing the
capacitance from the input to ground.

A feedback pole is created when the feedback around
any amplifier is resistive. The parallel resistance and
capacitance from the input of the device (usually the
inverting input) to ac ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the exp i3 dB f y of the

These amplifiers will operate with the mode
input voltage equal & the positive supply. In fact, the
common-mode voltage can exceed the positive supply by
approximately 100 mV independent of supply voltage
and over the full operating temperature range. The
positive supply can therefore be used as a reference on
an input as, for example, in a supply current monitor
and/or limiter,

Precautions should be taken.to ensure that the power

supply for the integrated never b r d

Typical Circuit Connections

Vs Adjustment

+

v

5k

AAA

Driving Capacitive Loads

VW

25k

v
B* N T:

v

Vs is adjusted with a 25k
potentiometer

The potentiometer wiper is
connected to V .
For potentiometers with
temperature coefficient of
100 ppm/°C or less the
additional drift with adjust
is ~ 05 uV/C/mV of
adjustment

Typical overall drift: 5 uV/
°C (0.5 wuV/C/mV of
adj.)

CL(MAX)=0.01 UF
Overshoot <20%
Settling time (tg) =5 s

o w
[} 0.014F | -V

Due to a unique output stage design, these
amplifiers have the ability to drive large
capacitive loads and still maintain stability.

losed loop gain and consequently there is negligible
effect on stability margin. However, if the feedback pole
is less than approximately six times the expected 3 dB
freq y a lead capacitor should be placed from the
output to the input of the op amp. The value of the
added capacitor should be such that the RC time
constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole
time constant

LF157. A Large Power BW Amplifier

10k

1k 2 P i 7
ViIN O— AAA4 -

T ! i

L-_4

C=1

For distortion < 1% and a 20 Vp-p VouT
swing, power bandwidth is: 500 kHz
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Typical Applications (continued)

2S1d1

High Accuracy Sample and Hold

R1
51k

AAA P
VVv

-Lcc
22 pF

w2 \-—
JFET l
SWITCHES |

LF11333
o |

AHO143

- :

e By closing the loop through A2, the VoyT accuracy will be determined uniquely by A1.
No V(g adjust required for A2.

e Tp can be estimated by same considerations as previously but, because of the added
propagation delay in the feedback loop (A2) the overshoot is not negligible.

® Overall system slower than fast sample and hold
e R1, Cc: additional compensation

L—O Vour

~15V

High Q Band Pass Filter

3]
0.001 uf 10F

+15V

:’ 4 0.1 4F
i3
Rl 0.001 uF
62k
Vin O—WV1 =
.’
R2 ©
Jnnk:, -

-15V

e By adding positive feedback (R2)
Q increases to 40
e fgp =100 kH2

V, —
ﬂ' = 10\/6
ViN
Clean layout recommended
e Response to a 1 Vp-p tone burst:
300 us
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Typical DC Performance Characteristics (continued)

LF157

Negative Common-Mode Input
Voltage Limit Open Loop Voitage Gain
10M

-20

Ry =2k
Rg =50 = :
Ta=-55°C T ]

0 R

1
100k Ta- 125°C—=]

NEGATIVE COMMON-MODE
INPUT VOLTAGE LIMIT (V)

OPEN LOOP VOLTAGE GAIN (V/V)
™

e
>
#

10 15 2
NEGATIVE SUPPLY VOLTS (V) SUPPLY VOLTAGE (:V)

)
&
L
H
L
H
&
o
@

Typical AC Performance Characteristics

Gain Bandwidth

Output Voltage Swing

n Vg = 15V Lttt
_ g = L T
> .0,
Sy |Tam2EC !
H H
& 20 b4
2 [
5 /
2 16 /
x
z /
& /
£ /
x 8
=
a

4

0 1.0 10
OUTPUT LOAD Ry (kS2)

Normalized Slew Rate

18
\ T 1
= 32 16 Vg =415V 4
z N
2 \ 14
E 2 \\\ 1.2
S N ~
g \ 1.0
Z u ™
@ 0.8
= N
< 2 || 06
Ir] -
= =20V ] e 04
= «1sv3 |
E L 02
16 T
055351552 45 65 85 105 12
- 55 -35 - 5 45 65 85 105 125
-56-35 -15 5 25 45 65 85 105 125 TEMPERATURE (00)
TEMPERATURE (°C)
LF157 Small Signal Pulse Response, LF157 Large Signal Pulse Response,
Ay = +10 Ay - +10
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Typical AC Performance Characteristics (continued)

Bode Plot
35 100
30 v %
25 P, 50
20 = 25
N o 2
ah N \ 5
=10 ™ -25 0
Z 5 BN 503
| NN R
5 AN -100°
10— A\ -125
I £ A
BT -150
-20 I i ] ”_”” -178
1 10 100

FREQUENCY (MHz)

Common-Mode Rejection

Inverter Settling Time

s 10 TTTITT
2 Vg = 215V
£l Tp=25°C
g A

£ e

H wmlvf Y l|mv

H

g

= 10 mVN NI @V

5

=3

>

=

5

e

E

5

o

\

01 1 10
SETTLING TIME (s

QPEN VOLTAGE GAIN (dB)

Open Loop Frequency

Response
1o T T
N N - Vg =15V —|
N\
0 A
N\,
50 N
AN
30 AN
N
10
0 N\
-10

10 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)

Power Supply Rejection

Ratio Ratio

100 T 120 -
0 fr— — Ta = 250C
2 \ Vg=+15V g va- v
2 N RL=2k = 00PN\ :
£ % Ta = 250C — £ N ]

A £ q

S \ < N POSITIVE SUPPLY]|
= = 80 N
2 &0 N ] N
g N g h AN
2 & 60
g N, e AN
g % a0 AN N
g N z <
H \ E NEGATIVE SUPPLY “\g—\g
g 2 2 A,
= \ g
§ 2, N

K M

100 1k 10k 100k M 1M 100tk 10k 100k M 10

Undistorted Output Voltage Swing

T
'H Vs =215V 4
s RL=2k 4H
> H-ITA=25°C H
§ 20 Ay=10 44
4 <1% DIST 1
216
=
5
o
=
5
g8
3
o g A\
) i i
0
10k 100k ™

FREQUENCY (Hz2)

oM

Equivalent Input Noise Voltage

Hz)

=
3

Ta=250C
Vg =415V

]
>

=
8

=
3

@
3
1
T
T

>
3

5]

o

EQUIVALENT INPUT NOISE VOLTAGE (nV/

1 10 100 w10k
FREQUENCY (H2)

FREQUENCY (H2)

Equivalent Input Noise
Voltage (Expanded Scale)

LS

Hz)
3
S

T
Tp = 250C
Vg= +15V

80

EQUIVALENT INPUT NOISE VOLTAGE (aV/
5
9

10 1k
FREQUENCY {Hz)

100k
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LF157

Typical Applications

! Settling Time Test Circuit
2%, 0.1%
AAA
VWA
+5V
x,01%
*a00,01% |, 7
AA -
Wy .
10V LF157’ T.E
3
! > + 100 pF
5k, 0.1% € d <
10 o.m:: ._.L_— -:_l_._
15V

SUMMING

NODE —a AR
V

o

0SCILLOSCOPE

Settling time is tested with the LF157

connected for Ay = -10

FET used to isolate the probe capacitance

Output = 10V step

R2

Rg

R1

L= RIC1 7 ————
=(277) (5 MHz)
R2+ Rg

4

Av(pc) =1
f_3d8 ~5MHz

Non-Inverting Unity Gain Operation for LF157

1

Large Signal Inverter Output, Vg1 (from Settling Time Circuit)

LF157

14s/DIV

le Voltage Ref

Inverting Unity Gain for LF157

R2

1
(27T) (5 MHz)

R1C12>

Av(pc) = -1
f_3dB R5SMHz
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o HARRIS

Operational Amplifiers/Buffers

LF347 Wide Bandwidth Quad JFET

Input Operational Amplifier

General Description

The Harris LF347 is a low cost, high speed quad JFET
input operational amplifier with an internally trimmed
input offset voltage. The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high
voltage JFET input devices provide very low input bias
and offset currents. The LF347 is pin compatible with
the standard LM348. This feature allows designers to
immediately upgrade the overall performance of existing
LM348 and LM324 designs.

The LF347 may be used in applications such as high

Features

= |nternally trimmed offset voltage 2mV
B Low input bias current 50 pA
®  Low input noise voltage 16 nV/\/H_z-
®  Low input noise current 0.01 pAA/HZ
® Wide gain bandwidth 4 MHz
= High slew rate 13 V/us
® | ow supply current 7.2mA
® High input impedance 10120
® Low total harmonic distortion Ay = 10, <0.02%

RL = 10k, VO = 20 Vp-p, BW = 20 Hz—20 kHz

speed integrators, fast D/A converters, sample-and- ® Low 1/f noise corner 50 Hz
hold circuits and many other circuits requiring low input B Fast settling time to 0.01% 2us
offset voitage, low input bias current, high input im-
pedance, high slew rate and wide bandwidth. The device
has low noise and offset voltage drift.
. ags .
Simplified Schematic 1/4 Quad
Vee ©
Vo
+i —
INTERNALLY ‘,’;’.5,‘,‘4"5‘1‘,“"
TRIMMED
~Vgg O _ \ g
Connection Diagram section 11 for Packaging
Dual-In-Line Package
ouT4 ING™ IN¥ V- N3t IN3™ ouT3
Iu IIJ 12 11 10 9 I 8
Order Number LF347N, LF347AN | Order Number LF347J, LF347AJ
or LF347BN or LF3478BJ
ll I 2 3 4 5 I 6 I 7
ouT1 N1~ N vt w2t IN2=  ouT2
TOP VIEW

ved
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Absolute Maximum Ratings

Supply Voltage +18V
Power Dissipation (Note 1) 600 mW
Operating Temperature Range 0°C to +70°C
Ti(MAX) 118°C
Differential Input Voltage +30V
fnput Voltage Range (Note 2) +15V
Output Short Circuit Duration (Note 3) Continuous
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
N . as
DC Electrical Characteristics (note 4)
SYMBOL PARAMETER CONDITIONS LF347A LF3478 LFs47 UNITS
MIN TYP | MAX | MIN TYP | MAX MIN TYP | MAX
Vos Input Offset Voltage Rg=10kR, Ta =25°C 1 2 3 5 5 | 10 mvV
Over Temperature 4 7 13 mV
AVQg/AT | Average TC of Input Offset Rg=10kQ2 10 10 10 uv/iee
Voltage
108 Input Offset Current Tj=25°C, (Notes 4, 5) 25 100 25 100 25 100 ° pA
Ti<70°C 2 4 4 nA
g Input Bias Current Tj= 25°C, (Notes 4, 5) 50 200 50 200 50 200 pA
Tj<70°C 4 8 8 nA
RIN Input Resistance Tj=25°C 1012 1012 1012 Q
AvVOL Large Signal Voltage Gain Vg =215V, Ta = 25°C 50 100 50 100 25 100 Vimv
Vo = £10V, R = 2KQ
Over Temperature 25 25 15 \700%
Vo Output Voltage Swing Vg =+15V, R = 10kQ +12 | #1355 112 | 135 12 135 | \%
vecm Input Common-Mode Voltage Vg = 15V i +15 o +15 1 +15 \
Range -12 -12 -12 A"
CMRR ‘Common-Mode Rejection Ratio Rg<10kQ 80 100 80 100 70 100 dB
PSRR Supply Voltage Rejection Ratio | (Note 6) 80 100 80 100 70 100 dB
is Supply Current 7.2 1" 7.2 1 7.2 1 mA
. . as
AC Electrical Characteristics (Note 4)
SYMBOL PARAMETER CONDITION! rF3a7A LF3478 LF347 UNITS
NDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX ,
Amplifier to Amplifier Coupling | Ta = 25°C, -120 -120 =120 dB
f=1Hz-20 kHz
(Input Referred)

1 sr Slew Rate Vg =15V, Ta = 25°C 13 13 13 Vius
GBW Gain-Bandwidth Product Vg=+15V, TA=25'C 4 4 4 MHz
en Equivalent lnpui Noise Voltage Ta=25°C, Rg = 1002, 16 16 16 nV/A/Hz

f=1000 Hz
n Equivalent Input Noise Current Tj= 25°C, f= 1000 Hz 0.01 0.01 0.01 PAA/Hz

Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 125°C/W junction to ambient or
95°C/W junction to case.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3: Pp max rating cannot be exceeded.
Note 4: These specifications apply for Vg = +15V and 0°c< Ta < +70°C. Vos. Ig and IQg are measured at Vo = 0.
Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj,
Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction
temperature rises above the ambient temperature as a result of internal power dissipation, Pp. Tj = Ta + ©j5 Pp where ©j4 is the thermal resis-
tance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum.

Note 6: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with com-
mon practice.
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Typical Performance Characteristics

INPUT BIAS CURRENT (pA)

POSITIVE COMMON-MODE INPUT
NEGATIVE OUTPUT VOLTAGE SWING (V) VOLTAGE LIMIT (V)

UNITY GAIN BANDWIDTH (MHz2)
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Input Bias Current

1
[—Vg = +15V
| va=25C
v
e
-10 -5 0 5 10
COMMON-MODE VOLTAGE (V)

2

~15

-5

Positive Common-Mode Input

Voltage Limit

—TT
D°CSTALHI0C L

/

0 5 10 15 20
POSITIVE SUPPLY VOLTAGE (V)

Negative Current Limit

|=—25°C

l74)"(: 0°c
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T
Vg=:15V |
Rp =2k
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35
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20

4

30

20

30

20

0 10 20

0.1 1 10

Input Bias Current

——F

=Vem=0
[~ Vg = +15V Z

3 40 50 60 70
TEMPERATURE (°C)

Negative Common-Mode lnput
Voltage Limit

T T
FC<TA< H0C

/

/

/

/)

4

0 § 10 15 20
NEGATIVE SUPPLY VOLTAGE (V)
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T

T
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4
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Bode Plot
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I
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I
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(5334930) ISVHd

SUPPLY CURRENT (mA)

OUTPUT VOLTAGE SWING (Vp-p) POSITIVE QUTPUT VOLTAGE SOURCE (V)

SLEW RATE (V/us)
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i
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Distortion vs Frequency
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Typical Performance Characteristics (continued)

Undistorted Ouiput Voltage
Swing

Vg = +15V
™ Ry =2k
N Ta-25c
Ay=1

\<|% Dl
\

10k 100k ™M
FREQUENCY (Hz)

Power Supply Rejection
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i
L vg==15v |
~ Tp=125°C
!
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N
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EQUIVALENT INPUT NOISE VOLTAGE (nV//Hz)

OUTPUT VOLTAGE SWING FROM OV (V)

Open Loop Frequency Response
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Pulse Response

Small Signal Inverting

QUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 us/DIV)

OUTPUT VOLTAGE SWING (1V/DIV)

Current Limit (R = 100Q)

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 us/DIV)

TIME (5 ps/DIV)

Application Hints

The LF347 is an op amp with an internally trimmed
input offset voltage and JFET input devices. These
JFETs have large reverse breakdown voltages from gate
to source and drain eliminating the need for clamps
across the inputs. Therefore, large differential input
voltages can easily be accommodated without a large
increase in input current. The maximum differential
input voltage is independent of the supply voltages.
However, neither of the input voltages should be allowed

to exceed the negative supply as this will cause large
currents to flow which can result in a destroyed unit.

Exceeding the negative common-mode limit on either
input will cause a reversal of the phase to the output
and force the amplifier output to the corresponding
high or low state. Exceeding the negative common-mode
limit on both inputs will force the amplifier output to a

JAZE N

2-183



LF347

Application Hints (continueq)

high state. In neither case does a latch occur since
raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a
normal operating mode.

Exceeding the positive common-mode limit on a single
input will not change the phase of the output; however,
if both inputs exceed the limit, the output of the ampli-
fier will be forced to a high state.

The amplifiers will operate with a common-mode input
voltage equal to the positive supply; however, the gain
bandwidth and slew rate may be decreased in this condi-
tion. When the negative common-mode voltage swings
to within 3V of the negative supply, an increase in input
offset voltage may occur.

Each amplifier is individually biased by a zener reference
which allows normal circuit operation on 4V power
supplies. Supply voltages less than these may result in
lower gain bandwidth and slew rate.

The LF347 will drive.a 2 k2 load resistance to 10V
over the full temperature range of 0°C to +70°C. If the
amplifier is forced to drive heavier load currents, how-
ever, an increase in input offset voltage may occur on
the negative voltage swing and finally reach an active
current limit on both positive and negative swings.

Precautions should be taken to ensure that the power

supply for the integrated circuit never becomes reversed
in polarity or that the unit is not inadvertently installed

Detailed Schematic

+vee

backwards in a socket as an unlimited current surge
through the resulting forward diode within the IC could
cause fusing of the internal conductors and result in a
destroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For example, resistors from the
output to an input should be placed with the body close
to the input to minimize ‘pick-up’’ and maximize the
frequency of the feedback pole by minimizing the
capacitance from the input to ground.

A feedback pole is created when the feedback around
any amplifier is resistive. The parallel resistance and
capacitance from the input of the device (usually the
inverting input) to AC ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the
closed loop gain and consequently there is negligible
effect on stability margin. However, if the feedback
pole is less than approximately 6 times the expected
3 dB frequency a lead capacitor should be placed from
the output to the input of the op amp. The value of the
added capacitor should be such that the RC time con-
stant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole
time constant.

O
019
010
on
3 '

T0 Q18
——
AMPA AMPB AMPC

-vee
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Typical Applications

Digitally Selectable Precision Attenuator

- s e L0 vy
18.2k
] 3 [ 12
Ve A m 14 LF347 AN +
7 39 2%
2 VA LR AMA—H +

- J R
' 86k g
1/4 LF347 AN +
vino= + [ -&nz SRt S
Sun S50k S5k

L S

I
XIS

All resistors 1% tolerance

~Jono
v = 5V — puy — OFF
Al A2 A3 | A rrenUATION © ﬂ’, = o Lo
0 o0 o 0 ATTENUATION SELECT INPUTS
0 0 1 -1dB
0o 1 0 —2d8B ® Accuracy of better than 0.4% with standard 1% value resistors
0 1 1 -3dB ® No offset adjustment necessary
1 0 Q -4 dB ® Expandable to any number of stages
1 0 1 —5dB e Very high input impedance
1 1 0 -6 dB
1 1 1 -7 dB

Long Time Integrator with Reset, Hold and Starting Threshold Adjustment

———-
|
|
)
| 10k
] %
| - Iﬁm—
| VA ]
1 WA~ -
! 10 VALY Dl Vour
| "o
$ AAA +
|
10
| %
|
|
|
|
|
|
|

LF13331
ANALOG
SWITCHES

VTH
¢ 3
s O SET THRESHOLD
15V O—AAAARA—AAA sy VOLTAGE
W 10k 10k
THRESHOLD
ADJUST

® Voyr starts from zero and is equal.to the integral of the input voltage with respect to the threshold voltage:

1 t
VouT = Rg R (VIN = VTH)dt

® Output starts when Vi > VTH
o Switch S1 permits stopping and holding any output value
® Switch S2 resets system to zero

ved
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Typical Applications continued)

LF347

Universal State Variable Filter

100k
AAA .
WA
11
1
0.001 4F 0.001 uF
$ -
, 20k
14 LF387 2
5 U LOWP,
+ =0 outrur
>
10k 1000 = 10 S
AAA. AAA >
W VWA
- BANDPASS [
1k OUTRUT .
g 100k
HIGH PASS o prike s
ouTeUT

For circuit shown:
fo = 3 kHz, fNOTCH = 9.5 kHz
Q=34 ’
Passband gain:
Highpass — 0.1
Bandpass — 1
Lowpass — 1
Notch — 10

o fox Q<200 kHz
@ 10V peak sinusoidal output swing without slew limiting to 200 kHz
o See LM348 data sheet for design equations




o HARRIS

General Description

These devices are low cast, high speed, dual JFET input
operational amplifiers. They require low supply current
yet maintain a large gan bandwidth product and tast
slew rate In addition, well matched high voltage JFET
input devices obrquide very low input hias and oftset
currents. The LF353 s pin compatible with the
standard LM1558 allowing designers to immediately
upgrade the overall performance of existing LM1658
and LM358 designs

These amplifiers may be used in applications such as
high speed integrators, fast D/A converters, sample and
hold circuits and many other circuits requiring low
input offset voltage, low input bias current, high input
impedance, high slew rate and wide bandwidth The
devices also exhibit low noise and offset voltage drift

Operational Amplifiers/Buffers
LF353 Wide Bandwidth Dual JFET

Input Operational Amplifier

Features

» Typical offset voltage 2mV
® | ow input bias current 50 pA
® Low input noise voltage 16 nV/A/Hz
® |ow input noise current 0.01 pA/A/Hz
® Wide gain bandwidth 4 MHz
w High slew rate 13 V/us
® | ow supply current 3.6 mA
® High input impedance 10120
® Low total harmonic distortion Ay = 10, <0.02%

Ry = 10k, Vo = 20 Vp-p, BW = 20 Hz—20 kHz
Low 1/f noise corner ) 50 Hz
& Fast settling time to .1% 2us

Typical Connection

Simplified Schematic

1/2 Dual
Vee O—
Vo
+ -
-Vee O ——

Connection Diagrams

Section 11 for Packaging

LF353H Metal Can Package (Top View)
v

OUTPUT A

INVERTING
INPUT B

INVERTING
INPUT A

NON INVERTING
INPUT B

NON-INVERTING
INPUT A

v
Order Number LF353AH or LF353BH

Section 11 for Packagi.ng

LF353N Dual-In-Line Package (Top View)

I U1

OUTPUT A vt

INVERTING INPUT A 2 ’1—‘ OUTPUT B

(N\gd?\

=T I+ T-

§ 3
NON. INV'EN%!;“E INVERTING INPUT B

NON-INVERTING
INPUT B

4 5
v~ 4

Order Number LF353AN, LF353BN or LF353N

€541
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(302
o"g Absolute Maximum Ratings
u,'l Supply Voltage 18V
Power Dissipation (Note 1) 500 mW
Operating Temperature Range 0°C to +70°C
O
Ti(MAX) 115°C
Differential Input Voltage +30V
Input Voltage Range (Note 2) +15V
Output Short Circuit Duration (Note 3) Continuous
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
DC Electrical Characteristics (Note4)
LF353A LF3538 LF353
SYMBOL PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN TYP | MAX | MIN TYP | MAX
Vos Input Offset Voltage Rg =10k, Ta = 25°C 1 2 3 5 5 10 mV
Over Temperature 4 7 13 mV
AVQg/AT | Average TC of tnput Offset Rg= 10k 10 20 10 30 10 uvre
Voltage
los Input Offset Current = 25°C, (Notes 4, 5) 25 100 25 100 25 100 pA
Tj<70°C 2 4 ) nA
1B Input Bias Current = 25°C, (Notes 4, 5) 50 50 | 200 50 200 pA
Tj<70°C 4 8 8 nA
RIN Input Resistance =25°C 1012 1012 1012 Q
AyoL Large Signal Voltage Gain Vg=+15V, TA=25°C . 50 100 50 100 25 100 V/mV
VQ = £10V, R =10kQ2
Over Temperature 25 25 15 V/imV
Vo Output Voltage Swing Vg=%15V, R = 10kQ *12 +135 +12 j*135 +12 +135 v
vem Input Common-Mode Voltage Vg = +15V 11 +15 1 +15 +1>] +15 \
Range -12 -12 -12 v
CMRR Common-Mode Rejection Ratio | Rg < 10 k2 80 | 100 80 | 100 70 | 100 dB
PSRR Supply Voltage Rejection Ratio (Note 6) 80 100 80 100 70 100 dB
Is Supply.Current 3.6 5.6 - 3.6 5.6 36 6.5 mA
AC Electrical Characteristics (Note 4)
SYMBOL PARAMETER ‘CONDITIONS Lrasan LFI538 LF353 UNITS
MIN TYP | MAX MIN TYP | MAX | MIN TYP | MAX
Amplifier to Amplifier Coupling | Ta =25°C, f=1 Hz— =120 -120 -120 dB
20 kHz (input Referred)
SR Slew Rate Vg=%15V,Ta= 25°C 10 13 13 13 Vius
GBW Gain-Bandwidth Product Vg=+15V, Tao = 25°C 3 4 4 4 MHz
en Equivalent Input Noise Voltage Ta=25°C, Rg = 1009, 16 16 16 nV/A/Hz
f= 1000 Hz
in Equivalent Input Noise Current . | Tj= 25°C, f= 1000 Hz 0.01 0.01 0.01 pANHz
Note 1: For operating at elevated temperature, the. device must be derated based on a thermal resistance of 160° CIW junction to ambnent for
the N package, and 150°C/W junction to ambient for the H k
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voitage.
Note 3: The.power dissipation limit, however cannot be exceeded.
Note 4: These specifications apply for Vg = +15V and 0°C < Ta < +70°C. Vos, Ig and IQg are measured at'Vcm = 0.
Note 5: The input bias currents are junction Ieakage currents which approx:mstely double for every 10°C i in }te j
T, Due to limited production’ test time, the input bias currents measured are correlated to junct:on temperature. In normal. operation the junctlon
temperature rises above the ambient temperature as a result of internal power dissipation, Pp. T} = T + ©ja Pp where 8} is the-thermal resis-
tance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum.
Note 6: Supply voltage rejection ratio is measured for both supply magnitudes i asing or d g simul ly in d with com-
mon practice.
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Typical Performance Characteristics
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LF353

COMMON-MODE REJECTION RATIO (dB) DISTORTION (%)

OPEN LOOP VOLTAGE GAIN (V/V)
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Distortion vs Frequency
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Typical Performance Characteristics (continued)
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Pulse Response

Small Signal Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

|

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 is/DIV)

Small Signial Non-Inverting

TIME (0.2 us/DIV)

Lafge signal Non-Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME42 ps/DIV)

Current Limit (R = 100Q2)

OUTPUT VOLTAGE SWING (1V/DIV)

TIME (5 us/DIV)

Application Hints

These JFETs have large reverse breakdown voltages from
gate to source and drain eliminating the need for clamps
across the inputs. Therefore, large differential input
voltages can easily be accommodated without a large
increase in input current. The maximum differential
input voltage is independent of the supply voltages.
However, neither of the input voltages should be
allowed to exceed the negative supply as this wiil cause
large currents to flow which can result in a destroyed
unit,

Exceeding the negative common-mode limit on either
input will cause a reversal of the phase to the output
and force ‘the amplifier output to the corresponding
high or low state. Exceeding the negative common-mode
limit on both inputs will force the amplifier output to a

6641
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LF353

Application Hints (continued)

high state. In neither case does a latch occur since
raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a
normal operating mode.

Exceeding the positive common-mode limit on a single
input will not change the phase of the output; however,
if both inputs exceed the limit, the output of the ampli-
fier will be forced to a high state.

The amplifiers will operate with a common-mode input
voltage equal to the positive supply; however, the gain
bandwidth and slew rate may be decreased in this condi-
tion. When the negative common-mode voltage swings
to within 3V of the negative supply, an increase in input
offset voltage mav occuir

The amplifier is biased by a zener reference
which allows normal circuit operation on *4V power
supplies. Supply voltages less than these may result in
lower gain bandwidth and slew rate.

The amplifiers will drive a 2 k§2 load resistance to £10V
over the full temperature range of 0°C to +70°C. If the
amplifier is forced to drive heavier load currents, how-
ever, an increase in input offset voltage may occur on
the negative voltage swing and finally reach an active
current limit on both positive and negative swings.

Precautions should be taken to ensure that the power

supply for the integrated circuit never becomes reversed
in polarity or that the unit is not inadvertently installed

Detailed Schematic

backwards- in a socket as an unlimited current surge
through the resulting forward diode within the I1C could
cause fusing of the internal conductors and result in a
destroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For example, resistors from the
output to an input should be placed with the body close
to the input to minimize “pick-up’’ and maximize the
frequency of the feedback pole by minimizing the
capacitance from the input to ground.

A feedback pole is created when the feedback around
any amplifier is resistive. The parallel resistance and
capacitance from the input of the device (usually the
inverting input) to AC ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the
closed loop gain and consequently there is negligible
effect on stability margin. However, if the feedback
pole is less than approximately 6 times the expected
3 dB frequency a lead capacitor should be placed from
the output to the input of the op amp. The value of the
added capacitor should be such that the RC time con-
stant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole
time constant. ’

+Vee o—

1
m%!

=

Vee O

19
Q18
Q10
3
J3 .

07 Lq
o L

I;R‘IS
R9

l OUTPUT

Ei
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Typical Applications

GAIN (dB)

Three-Band Active Tone Control

BOOST - CUT
0.0
1uF
0.005
1 MID-RANGE
<
36k 100k 3.6k
< -——-—M———q]
0.022
e
1.8k 500k 1.8k
L AAA——— AN AAA———@
t | |°'°°5 IRt

0 1 ] NOTE 4
(NOTE 2) |
+15 t p’
w0 |HD {NOTE Y
+5 ‘- .__\
L N
0 - ﬁ » 1
-5 ¢t
-10 N7
-15 A (NOTE 3)1
-20 7T (NOTE 57 TT]]
LLL LU
0 100 % 0k 100K

FREQUENCY (H2)

Note 1: All controls flat.

Note 2: Bass and treble boost, mid flat.
Note 3: Bass and treble cut, mid flat.
Note 4: Mid boost, bass and treble flat.
Note 5: Mid cut, bass and treble flat.

All potentiometers are linear taper
Use the LF347 Quad for stereo applications

€541
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Typical Applications (continueq)

Improved CMRR Instrumentation Amplifier

LF353

VVv

::m
<
Vs
't <t R3
B2 10k
5
(10 RS
SYSTEM Vg 77 =

ADJUST

,.
m<
oz

o—iis
o—i|iji

'
<

o
!
<

.

SEPARATE
2R2
av- (B2 1) 2
R1 R4
”7 and -é— are separate isolated grounds
Matching of R2’s, R4's and R5's control CMRR
With AVT = 1400, resistor matching = 0.01%: CMRR = 136 dB

e Very high input impedance
e Super high CMRR

Fourth Order Low Pass Butterworth Filter

R1
- 51k

VINO—AAA—4

® Corner frequency (fc) = /.____1___ S S N 2
R1R2CCt 27 R1‘R2'CC1 2m

Passband gain (HQ) = (1 + R4/R3) (1 + R4'/R3')

First stage Q = 1.31

Second stage Q = 0.541

Circuit shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100
Offset nulling necessary for a¢curate DC performance
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Typical Applications (continued)
Fourth Order High Pass Butterworth Filter

® Corner frequency (fc) = ] . LI 1 L
Vv RiR2cZ T 2n R1'R2'CZ 2n

Passband gain (HQ) = (1 + R4/R3)(1 + R4'/R3’)

First stage'Q = 1.31

Second stage Q = 0.541

Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz and a passband gain of 10

Ohms to Volts Converter

_OV ur = IV
FULL SCALE

‘I mA

+15v

v

Vo= o————— xRx
RLADDER

€541
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LM108/LM308

o HARRIS

Operational Amplifiers/Buffers

LM108/LM308 Operational Amplifiers

General Description

The LM108 series are precision operational ampli-
fiers having specifications a factor of ten better
than FET amplifiers over a -559C to +125°C
temperature range. It is possible to eliminate
offset adjustments, in most cases, and obtain
performance approaching chopper stabilized
amplifiers.

The devices operate with supply voltages from +3
to +20V and have sufficient supply rejection to use
unregulated supplies. They are fabricated using
the Harris dielectric isolation process which coup-
led with our unique design, makes external com-
pensation unnecessary. Outstanding characteristics
include:

e Maximum input bias current of 6.0 nA over
temperature

e Offset current less than 5.5 nA over
temperature

e Supply current of only 1.0 mA

Guaranteed drift characteristics

e External compensation components not
required

The low current error of the LM108 series makes
possible many designs that are not practical with
conventional amplifiers. In fact, it operates from
10 M Q  source resistances, introducing less error
than devices like the 709 with 10 k- sources.
Integrators with drifts less than 500 /f\//sec and
analog time delays in excess of one hour can be
made using capacitors no larger than 1 u F.

The LM108 is guaranteed from -55°C to +1250C,
and the LM308 from 0°C to +700C.

Typical Applications

Standard Differential Amplifier

Sample and Hold

v A1
™
- A
ol @
- 2
SAMPLE " o L@ oureur
oo
Metion, alysthyiene or +
‘polycarbanate drelectric ot
copacitor
Worst case daft l w
o than 2.5 mVfsec =

High Speed Amplifier with Low Drift
and Low Input Current

Ry Ry
InpyT AN AWV ’ outeut
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Absolute Maximum Ratings

80EINT/80LINT

LM108 LM308
Supply Voltage +20V +18V
Power Dissipation (Note 1) 500 mW 500 mW
Differential Input Current (Note 2) 10 mA +10 mA
Input Voltage (Note 3) *15V +15V
Output Short-Circuit Duration Indefinite Indefinite
Operating Temperature Range (LM108) -55°C to +125°C 0°C to +70°C
Storage Temperature Range —65°C to +150°C —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C 300°C
Electrical Characteristics (note 4)
LM108. _. . LM308
PARAMETER CONDITIONS MIN VP MAX MIN TYP MAX UNITS
Input Offset Voltage Vg =+ 15V, Tp = 25°C 0.7 20 2.0 75 mV
Input Offset Current 0.05 4.0 0.2 4.0 nA
tnput Bias Current 0.8 4.0 1.5 7 nA
fnput Resistance 10 30 10 30 M
Supply Current 1.0 1.7 1.0 1.7 mA
Large Signal Voltage Gain VouT =+10V, R_>10k2 50 300 25 300 VimV
Input Offset Voltage Vg =+15V 3.0 10 mV
Average Temperature 3.0 15 6.0 30 uv/°c
Coefficient of Input Offset 0°C >Tp >70°C (LM308)
Voltage
Input Offset Current -650C >Tp >125°C (LM108) | 5.5 55 nA
Average Temperature 0.04 0.06 0.04 0.06 nA/°C
Coefficient of Input Offset
Current
Input Bias Current 6.0 10 nA
Supply Current 1.0 17 mA
Large Signal Voltage Gain Vourt =110V 25 15 V/mvV
RL 210k
Output Voltage Swing RL =10kS2 +10 *12 +10 +12 Vv
Input Voltage Range 12 +12 Y
Common-Mode Rejection 85 100 80 100 dB
Ratio
Supply Voltage Rejection 80 96 80 96 dB

Ratio

Note 1: The maximum junction temperature of the LM108 is 15600C and 850C for the LM308. For operating at elevated
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 1500C/W, junction to ambient

or 450C/W, junction to case. The thermal resistance of the dual-in-line package is 1000C/W, function to ambient.
Note 2: |If a differential input voltage in excess of the operating supply is applied between the inputs, excessive current will flow
unless some limiting resistance is used.
Note 3: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.
Note 4: The device operating supply voltage range is +3V <Vs<+18Vv.
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Typical Performance Characteristics w108

Input Currents
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INPUT CURRENT (rA)

Typical Performance Characteristics Lmaos

Input Currents
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Schematic Diagram
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Typical Applications continued)

Order Number LM108H
LM308H

*Pin connections shown on
schematic diagram are for
TO-5 and Dual-In-Line Package
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o HARRIS

Operational Amplifiers/Buffers

LM108A/LM308A Operational Ampilifiers

General Description

The LM108A/308A series are precision opera-
tional amplifiers having specifications about a
factor of ten better than FET amplifiers over
their operating temperature range. In addition ro
low input currents, these devices have extremely
low offset voltage, making it possible to eliminate
offset adjustments, in° most cases, and obtain
performance  approaching chopper stabilized
amplifiers.

The devices operate with supply voltages from
+3V to +18V and have sufficient supply rejection
to use unregulated supplies. They are fabricated
using the Harris dielectric isolation process which
coupled with our unique design makes external
compensation unnecessary. Qutstanding char-
acteristics include:

e  Offset voltage guaranteed less than 0.25mV

L) Maximum input bias current of 4.0 nA over
temperature

° Offset current less than 4.0 nA over tempera-
ture

° Supply current of cnly 1 mA
. Guaranteed .6 4V/OC drift

[ External compensation components not re-
quired

The low current error of the LM108A series makes
possible many designs that are not practical with
comventional amplifiers. In fact, it operated from
10MSY  source resistances, introducing less error
than devices like the 709 with 10 k{2 sources. Inte-
grators with drifts less than 500 M V/sec and analog
time delays in excess of one hour can be made
using capacitors no larger than 1 UF.

The LM308A devices have slightly relaced spec-
ifications and performance guaranteed over a 0°C
to 700C temperature range.

V8OENT/V8OLIN1

Typical Characteristics

Standard Differential Amplifier

L R2

Sample and Hold

SAMPLE R wona b— ourrur
10K 1
1Teflon, polyethylene or
polycarbonate dielectric. ot
capacitar o
Worst case duft I
fess than 2.5 mV/sec =

High Speed Amplifier with Low Drift
and Low Input Current
Re

L
INPUT e AAA A §— ourrur
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LM108A/LM308A

LM108A ' ’ o
Absolute Maximum Ratings

Supply Voltage +20V
Power Dissipation (Note 1) . 500 mW
Differential Input Current (Note 2) . *10 mA
Input Voltage (Note 3) +15V
Output Short-Circuit Duration Indefinite
Operating Temperature Range I-M108A -55°C to 125°C
Storage Temperature Range -65°C to 150°C

Lead Temperature (Soldering, 10 sec) 300°C

Electrical Characteristics (note 4)

PARAMETER CONDITIONS MIN | TYP MAX UNITS
Input Offset Volitage Vg =415V, T = 250C .01 025 mV
Input Offset Current . 0.05 2.0 nA
Input Bias Currént 0.8 20 nA
Input Resistance . 10 30 M2
Supply Current > 1.0 | 1.7 mA
Large Signal Voltage Gain Vour = £10V, R_>10k$2
120 140 dB
Input Offset Voltage Vg=+15V .06 mV
Average Temperature -550C <TaZ< +1250C
Coefficient of Input
Offset Voltage 4 6 uv/°c
Input- Offset Current 4.0 nA
Average Te"mperature
Coefficient of Input
Offset Current .04 nA/°C
Input Bias Current 4.0 nA
Supply Current 1.0 1.7 mA
Large Signal Voltage Gain VouT =+10V
RL210kQ 120 dB
Output Voltage Swing RL=10k& +10 +12 \
Input Voltage Range ' +12
Common Mode Rejection . 106 120 dB
Ratio
Supply Voltage Rejection 100 130 dB8
Ratio :

N
Note 1: The maximum junction temperature of the LM108A is 150°C. For operating at elevated temperatures,
devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or
450C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient.
Note 2: |f a differential input voltage in excess of the oerating supply is applied between the inputs, excessive
current will flow unless some limiting resistance is used.

Note 3: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.
Note 4: The device operating supply voltage range is +3V §Vs§i18V.
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LM308A

Absolute Maximum Ratings

Supply Volitage *18V
Power Dissipation (Note 1) 500 mW
Differential Input Current (Note 2) 10 mA
Input Voltage (Note 3) +15Vv
Output Short-Circuit Duration Indefinite
Operating Temperature Range 0°C to 70°C
Storage Temperature Range -65°C to 150°C
Lead Temperature (Soldering, 10 sec) 300°C

Electrical Characteristics (note 4)

VS0EWT/V8OLINT

PARAMETER CONDITIONS MIN TYP MAX UNITS

Input Offset Voltage Vs=+15V, Tp = 250C .01 025 mV
Input Offset Current 0.2 2.0 nA
Input Bias Current 1.5 2.0 nA
Input Resistance 30 mMQ
Supply Current 1.0 1.7 mA
Large Signal Voltage Gain VoyT=£10V, R 210kQ2 120 140 dB
Input Offset Voltage Vg=+15V

LM308A 00C <Tp <+700C .06 mV
Average Temperature Coefficient
of Input Offset Voltage

LM308A 4 6 uv/ec
Supply Current 1.0 1.7 mA
Input Offset Current 4.0 nA
Average Temperature Coefficient 0.04 nA/ec
of Input Offset Current
Input Bias Current 4 nA
Large Signal Voltage Gain VoyT=+10V 120 d8

RL> 10k

Output Voltage Swing RL =10k *10 *12 Vv
Input Voltage Range 12 dB
Common-Mode Rejection Ratio 106 120
Supply Voltage Rejection Ratio 100 130 dB

Note 1: The maximum junction termperature of the LM308A, LM308-1, and LM308-2 is 850C. For operating at elevated temperatures, devices in
the TO-5 package must be derated based on a thermal resistance of 1500C/W, junction to ambient, or 450C/W, junction to case. The thermal

resistance of the dual-in-line package is 100°C/W, junction to ambient.

ing resistance is used.

Note 3: For supply voltages less than 115V, the absolute maximum input voltage is equal to the supply voltage.

Note 4: The device operating supply voltage range is _t3V£Vs <+18V.

" Note 2: |f a differential input voltage in excess of the operating supply is applied between the inputs, excessive current will flow unless some limit-
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LM108A/LM308A

Suggested Connections for Offset Nulling

Application Hints

A very low drift amplifier poses some uncommon
application and testing problems. Many sources of
error can cause the apparent circuit drift to be
much higher than would be predicted.

Thermocouple effects caused by temperature grad-
ient across dissimilar metals are perhaps the worst
offenders. Only a few degrees gradient can cause
hundreds of microvolts of error. The two places
this shows up, generally, are the package-to print-
ed circuit board interface and temperature gradients
across resistors. Keeping package leads short and
the two input leads close together help greatly.

Resistor choice as well as physical placement is
important for minimizing thermocouple effects.
Carbon, oxide film and some metal film resistors
can cause large thermocouple errors. Wirewound
resistors of evenohm or manganin are best since
they only generate about 2 uV/°C referenced to
copper. Of course, keeping the resistor ends at
the same temperature is important. General-
ly, shielding a low drift stage electrically and
thermally will yield good results.

Resistors can cause other errors besides gradient
generated voltages. |f the gain setting resistors do
not track with temperature a gain error will result.
For example a gain of 1000 amplifier with a con-

* Although Ry 1s shown equal to 20k, other values such as
50k, 100k, and 1M may be used. Range of adjustment is
approximately +2.6mV. VOSTC of the amplifier 1s not
compromised.

Offset Adjustment for Differential Amplifiers

For Inverting Amplifiers

stant 10 mV input will have a 10V output. If the
resistors mistrack by 0.5% over the operating temp-
erature range, the error at the output is 50 mV.
Referred to input, this is a 50 uV error. All of the
gain fixing resistor should be the same material.

Offset balancing the LM308A is not a problem
since there is an easy offset adjustment incor-
porated into the circuit.  This adjustment can
be accomplished by simply using the circuit
given below.

In addition to the suggested offset nulling
method, this adjustment can also be done at
the input by employing one of the three com-
monly used circuits shown.

Testing low drift amplifiers is also difficult. Stan-
dard drift testing technique such as‘heating the’
device in an oven and having the leads available
through a connector, thermoprobe, or the solder-
ing iron method — do not work. Thermal gradients
cause much greater errors than the amplifier drift.
Coupling microvolt signal through connectors is
especially bad since the temperature difference
across the connector can be 50°C or more. The
device under test along with the gain setting resis-
tor should be isothermal. The following circuit
will yield good results if well constructed.

For Non-Inverting Amplifiers

RANGE = :v(:—:)

ns
et AN

RANGE = V (';ﬂ

Drift Measurement Circuit

50K
CONNECTOR

>
U
S
100 s P )._. Vos x 1000

v

OVEN AMBIENT
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Operational Amplifiers/Buffers

o HARRIS
LM118/LM318 Operational Amplifiers

General Description

LM118/LM318

The LM118 series are precision high speed operational The LM118 series has internal unity gain frequency
plifiers di d for licati requiring wide band- c ion. This iderably simplifies its application
width and high slew rate. They feature a factor of ten since no external components are necessary for operation.
increase in speed over general purpose devices without Howerver, unlike most internally compensated amp-
sacrificing DC performance. lifiers, external frequency compensation may be added
for optimum performance. Overcompensation can be

Fabricated using the Harris process which, coupled with used with the amplifier for greater stability when max-
our unique design, affords a more predictable dynamic imum bandwidth is not needed. Further, a single capacitor
performance. can be added to reduce the 0.1% settling time to under

300ns if required.

Featl.ll'es The high speed and fast settling time of these op amps
make them useful in A/D converters, -oscillators, active

e 15 MHz small signal bandwidth filters, sample and hold circuits, or general purpose

e Guaranteed 50V/ U s slew rate amplifiers. These devices are easy to apply and offer an

® Maximum bias current of 250 nA order of magnitude better AC performance than industry

® Operates from supplies of +5V to 20V standards such as the LM709.

o Internal frequency compensation

e Pin compatible with general purpose op amps The LM318 is identical to the LM118 except that the

LM318 has its performance specified over a 00C to
+700C temperature range.

Schematic and Connection Diagrams

. e 3w 3w ih )
Yo I'I,K |'|':x AN
L1} -—* ™
Yo IF D RS

Section 11 for Packaging
Metal Can Package” Dual-In-Line Package
Comp._or N/C

v ] U L cow or N/C

nruTS
- vy LI
TOP VIEW TOP VIEW
*Pin connections shown on schematic diagram
and typical applications are for TO-5 package. Order ::Tm,lls",m_;w‘j_s'
Order Number LM118H,
or LM318H Order Number LM318N
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- - r
Absolute Maximum Ratings <
Y
Supply Voltage +20V —h
Power Dissipation (Note 1) 500 mW e
Diffentntial Input Current (Note 2) +15V -
Output Short-Circuit Duration (Note 4) Indefinite <
Operating Temperature Range w
LM118 -550C to +125°C 8
LM318 00C to +700C
Storage Temperature Range -659C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics (Note 5)
PARAMETER CONDITIONS Lm118 Lm318 UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Unless Otherwise 2 4 5 10 mv
Specified: Vg =115V .
Input Offset Current TA = +250C 6 50 30 200 nA
Input Bias Current 120 250 150 500 nA
Input Resistance : 1 3 05 3 M
Supply Current 5 8 5 10 mA
Large Signal Voltage Gain (Note 6) | VoyT =110V, R|>2k2 12 15 10 15 Vimv
Slew Rate Ay =1 50 70 50 70 Vips
Small Signal Bandwidth 15 15 MHz
Input Offset Voltage Unless Otherwise 6 15 mV
Specified: Vg =+156V :
Input Offset Current -550C <Ta <+125°C (LM118) 100 300 nA
09C < Ta <+70°C (LM318)
Input Bias Current - ) 500 750 nA
Supply Current Ta = +125°C 45 6 45 6 mA
Large Signal Voltage Gain (Note 6) | VouTt=+10V, R > 2kQ2 8 8 ) V/mV
Output Voltage Swing R =2k2 +10 +13 +10 +13 \
Input Voitage Range \%
Common-Mode Rejection Ratio . 80 100 70 100 dB
Supply Voltage Rejection Ratio 70 80 65 80 dB
Note 1: The maximum junction temperature of the LM118 is 1500C and the LM318 is 86°C. For operating at elevated temperatures, devices
in the TO-5 package must be derated based on a thermal resistance of 1509C/W, junction to ambient, or 459C/W, junction to case,
The thermal resistance of the dual-in-line package is 1009C/W, junction to ambient,
Note 2: If a differential input voltage in excess of the operating supply voltage is applied between the input, excessive current will flow unless
some limiting resistance is used.
Note 3: For supply voltages less than + 15V, the absolute maximum Input voltage is equal to the supply voltage.
Note 4: LM118/LM318 can withstand continuous shorts to ground or either supply rail. However, good practice is to avoid exceeding the
maximum junction temperature rating of the device, which could cause the circuit to be damaged.
Note 5: These specifications apply for +15V < Vg 5t20V and -550C < Tp < +125°C, (LM118), and 0°C 5TA5 +700C (LM318). Also,
power supplies must be bypassed with 0.1 L F d'isc capacitors.
Note 6: In practically all applications the specified open loop voltage gain will be sufficient. In unusual applications requiring minimized loop
gain errors, external adjustments may be necessary.
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LM118/LM318
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OUTPUT SWING (+V)

Typical Performance Characteristics Lm11s, (Continued)

Large Signal Frequency
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LM118/LM318

Closed Loop Outputt Impedance
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Typical Performance Characteristics Lm318 (continued)
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Auxiliary Circuits
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Typical Applications (continueq)
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% HARRIS Operational Amplifiers/Buffers

LM118A/LM3 18A Operational Amplifiers

General Description

The LM118A series are precision high speed operational

plifiers designed for lications requiring predictable
wide bandwidth and high slew rate. They feature similar
performance criteria to the LM118 while offering lower
power requirements.

Features

15 MHz small signal bandwidth
Guaranteed 50V/ U's slew rate
Maximum bias current of 250 nA
Operates from supplies of +5V to +20V

1 £

Y P
Pin compatible with general purpose op amps
Need better process term

The LM118A series provides internal unity gain frequency

i This led with the Harris DI process
and a unique design, simplifies LM118's application since
no external i [ are Y.
However, compensation may be added for applications
where greater stability is required. Further, a single
capacitor can be added to reduce the 0.1% settling time
to under 300 ns if required.

LM118A’s high speed, fast settling time, and ease of use is
ideally suited for A/D converters, oscillators, active filters,
sample and hold circuits, or general purpose amplifiers.
These devices offer a superior predictable AC performance
to industry standards such as LM709.

LM318A is identical to the LM118A except that the
LM318A has its performance specified over a 0°C to
+700C temperature range.

V8LEWT/VSLLINT

Schematic and Connection Diagrams
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LM118A/LM318A

Absolute Maximum Ratings

Supply Voltage +20V
Power Dissipation (Note 1) 500 mW
Differential Input Current (Note 2) +10 mA
Input Voltage (Note 3) T 415V
Output Short=Circuit Duration (Note 4) Indefinite

Operating Temperature Range
LM118A
LM318A

Storage Temperature Range

-550C to +125°C
00C to +700C
-65°C to +1500C

Lead Temperature (Soldering, 10 seconds) 3000C
Electricai Characteristics (note 5)
LM118A
PARAMETER CONDITIONS LM3184 UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Unless Otherwise 1 3 5 8 mV
Specified. Vg = +16V
Input Offset Current Ta = +250C 10 25 20 50 nA
Input Bias Current 100 200 125 250 nA
Input Resistance 50 100 40 100 MS2
Supply Current 4 6 4 6 mA
Large Signal Voltage Gain (Note 6) VouT = 10V, R > 22 15 20 12 15 V/mV
Slew Rate Ay =1 65 70 65 70 VI us
Small Signal Bandwidth 12 12 MHz
Input Offset Voltage Unless Otherwise 5 12 mV
Specified. Vg = +15V
Input Offset Current -550C < Tpa < +125°C (LM118) 50 100 nA
00C < T <+700C (LM318}
Input Bias Current - 400 500 nA
Supply Current Ta = +1259C ’ 4 6 4 6 mA
Large Signal Voltage Gain (Note 6) VouT = £10V, RL > 2k82 10 10 V/imV
Output Voltage Swing Ry = 2k§2 +10 +13 +10  +13 v
Input Voltage Range +10 +10 \
Common-Mode Rejection Ratio 80 90 74 920 dB
Supply Voltage Rejection Ratio 80 90 74 90 dB

Note 1: The maximum junction temperature of the LM118A is 1600C, and the LM318A is 850C. For operating at elevated temperatures,
devices in the TO-5 package must be derated based on a thermal resistance of 1509C/W, junction to ambient, or 456°9C/W, junction to case. For
the flat package, the derating is based on a thermal resistance of 1850C/W when mounted on a 1/16-inch-thick epoxy glass board with ten,
0.03-inch-wide,, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient.
Note 2: If a differential input voltage in excess of the operating supply voltage is applied between the inputs, excessive current will flow
unless some limiting resistance is used.

Note 3: For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage.

Note 4: LM118A/LM318A can withstand continuous shorts to the ground or either supply rail. However, good practice is to avoid exceeding
the maximum junction temperature rating of the device, which could cause the circuit to be damaged.

Note 5: These specifications apply for +5V < Vg < +20V and -550C <Tp < +1259C, (LM118A) and 0°C €T <+70°C (LM318A). Also,
power supplies must be bypassed with 0.1 4F disc capacitors.

Note 6: In practically all applications the specified open loop voltage gain will be sufficient. In unusual applications requiring minimized
loop gain errors, external adjustments may be necessary.
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Typical Performance Characteristics Lm118A
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Open Loop Voltage Gain
vs Temperature

Power Supply Rejection

100 T
+100 | | Ta=25%
NG 80 } | }
80 LIAS CURRENT ] X POSITIVE SUPPLY
— ] = &0
T 460 >~ =% P s X\
' LS > 5 ’
S .0 ] I 2 40 | NEGATIVE SUPPLY N}
& 2 T RO\ VsurpLy =220V & V\
5 80 T VSUPPLY =218V 04— %
3 +20 OFFSET CURRENT I I\ VSyppLY = +10V g
a N
° ~ (T[] S
.
2 S50 35 0 425 +50 +15 +100+125 20
=50 25 0 +25 +50 +75 +100 +125 ! o % 1k 100k 1M
TEMPERATURE 0C TEMPERATUREOC
FREQUENCY (Ha)
Equivalent Input Noise L Power Supply Current
vs Bandwidth Common Mode Rejection vs Temperature
100 120 .
i = Rs=2ke a4 l
e 2 0 Ta= 2500 4
s Focow e HHEE = v
“ 10 F S s E 2401— VsyppLy = £15V 74
H = == 2 N ] VsuppLY = £10V \> 2
= o \ 38— N
= = 60 = | />>/
> a 36
& - 5] g
210 2 4 o
E z 34
w = THERMAL NOISE E |
por} Z N 32
< H {ITHL oF 10K RESISTOR S T50-25 0 +25 450 +75+100 +125
3 0.1l Lo 11l 55  TEMPERATURE oC
S 100Hz  1KHz  10KHz  100KHz M Hz 00 1k Tor 100k w 1om
UENCY - 10H
LOWER 3dB FREQ 2 CREQUENCY (He
Closed Loop Output
Impedance Qutput Current Input Current
0 1 — W0 — ==y =1 g -
T2 vs- a5V g P
102 | = . i 120 B T - + -
3 — \ P
2 Ay =1000 o I
8 0 Y, // 0 — - k < 1000 * 4 - [ 1
z B = o |
£ \ ER Zoob——y I
H Avﬂ/” H £ C
5 0 56 - 8w -
= y E, i L 5 ‘
E P 3 T £ 4
w0? 7 : :
[ e S B 2 ﬁ
0? L L ; ; |
00100 1k 10k 100k 1M 0 TR A N S
0 10 20 3 a0 50 60 70 80 90 16 -12 -8 -4 0 4 ] 12 16
FREQUENCY (H2) OUTPUT CURRENT (mA) DIFFERENTIAL INPUT (V)
Normalized AC Parameters Normalized AC Parameters P
Inverter Settling Time
vs Temperature vs Temperature
" o 11 » I
o I g
2 % I l I g é“ I I 10 LA
7 NN BANDWIDTH b= SLEW RATE s /
— En0 =
2o T w g 100 mv 1 mvi—
S £ ™ & /T
£3 3 = A4 I
a> wo =3 0
8P Bros > N [N
Soos a2 5 N
EE E g 1 mv—
g& gu 3 womv) | | N
=% 29 10
< L X 1 - {
R T 125 450 +75 +100 +125 s . 0 425 ‘-"‘lc +75 +100 4125 10mv
-85 TEMPERATURE oC TEMPZRATURE 15 11
0.03 0.1 03 1 3
TIME (u3)

VB8LEWT/V8LLNT

2-215



LM118A/LM318A

EQUIVALENT INPUT

Typical Performance Characteristics LM318A (Continued)
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Typical Performance Characteristics LM318A (Continued)
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Auxiliary Circuits

LM118A/LM318A

Offset Balancing

Typical Applications
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Typical Applications (continued)
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LM143/LM343

o HARRIS

Operational Amplifiers/Buffers

LM143/LM343 High Voltage Operational Amplifier

General Description

The LM143 is a general purpose high voltage operational
amplifier featuring operation to *40V, complete input
overvoltage protection up to *40V and input currents
comparable to those of other super-8 op amps. Increased
slew rate, together with higher common-mode and sup-
ply rejection, insure improved performance at high sup-
ply voltages. Operating characteristics, in particular
supply current, slew rate and gain, are virtually inde-
pendent of supply voltage and temperature. Furthermore,
gain is unaffected by output loading at high supply vol-
tages due to thermal symmetry on the die. The LM143
is pin compatible with general purpose op amps and has
offset null capability.

Application areas include those of general purpose op
amps, but can be extended to higher voltages and higher
output power when externally boosted. For example,
when used in audio power applications, the LM143 pro-
vides a power bandwidth that covers the entire audio
spectrum. In addition, the LM143 can be reliably
operated in environments with large overvoltage spikes
on the power supplies, where other internally-compen-
sated op amps would suffer catastrophic failure.

The LM343 is similar to the LM143 for applications in
less severe supply voltage and temperature environments.

Features

®m Wide supply voltage range 4.0V to 40V
® Large output voltage swing +37V
& Wide input common-mode range +38V
8 |nput overvoltage prdtection Full 40V
® Supply current is virtually independent of supply

voltage and temperature

Unique Characteristics

® Low input bias current 10,0 nA
& Low input offset current 3.0nA
® High slew rate—essentially independent

of temperature and supply voltage 2.5V /us
®m High voltage gain—virtually independent

of resistive loading, temperature, and

supply voltage 100k min

® Internally compensated for unity gain
® Qutput short circuit protection

® Pin compatible with general purpose op amps

Connection Diagrams section 11 for Packaging

Metal Can Package

COMPENSATION

NON-INVERTING
INPUT

TOP VIEW

Order Number LM143H
or LM343H

Dual-In-Line-Package

UF’:SEI — 8 COMP OR NC
INPUT 2 > z v+
INPUT 31 s ouTPUT
v- 4 5 OFFSET
NULL
TOP VIEW

Order Number LM143J
or LM343J, LM343N
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Absolute Maximum Ratings (vote 1)

EVENT/EVINT

LM143 LM343
Supply Voltage 40V +34V
Power Dissipation (Note 1) 680 mW 680 mW
Differential Input Voltage (Note 2) 8oV 68V
Input Voltage (Note 2) +40V +34V
Operating Temperature Range —55°C to +125°C 0°C to +70°C
Storage Temperature Range —65°C to +150°C —65°C to +150°C
Output Short Circuit Duration 5 seconds 5 seconds
‘Lead Temperature (Soldering, 10 seconds) 300°C 300°C
Electrical Characteristics
LM143 LM343
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Vg =+ 28V 2.0 5.0 20 8.0 myV
Input Offset C Ta = 259C, 12,0 30 300
nput Offset Current UNLESS OTHERWISE 3.0 ! . ! nA
Input Bias Current SPECIFIED 10.0 25.0 12.0 40 nA
Supply Voltage 10 100 10 200 uV/V
Rejection Ratio
Output Voltage Swing RL25k 22 25 20 25 \%
Large Signal Voltage Vourt = 10V, 100k 180k 70k 180k VIV
Gain R 2100k
Common-Mode 80 90 70 90 dB
Rejection Ratio
Input Voltage Range 24 26 22 26 \%
Supply Current 2.8 4.0 2.8 5.0 mA
Short Circuit Current 20 20 mA
Slew Rate Ay =1 25 25 V/us
Power Bandwidth VouT =40 Vpp, 20k 20k Hz
RL=5kTHD 21%
Unity Gain Frequency Ta =25°C 1.0M 1.0M Hz
Input Offset Voltage Ta =Max (Note 3) 6.0 10 mV
Ta =Min 6.0 10 mv
Input Offset Current Ta = Max 0.8 45 0.8 14 nA
Ta =Min 4.0 35.0 4.0 50.0 nA
Input Bias Current Ta = Max 5.0 35 5.0 55 nA
Ta =Min 16 50.0 16 55 nA
Large Signal Voltage R 2100 :g 50k 150k 50k 150k VIV
Gain R 2100 50k 220k 50k 220k VIV
Output Voltage Swing RL 25.0kQ) 22 26 20 26 \Y
RL 250k 22 25 20 25 v

Note 1: Absolute maximum ratings are not necessarily concurrent, and care must be taken not to exceed the maximum junction temperature of
the LM143 (150°C) or the LM343 (100°C). For operating at elevated temperatures, devices in the TO-5 package must be derated based on a
thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal r

junction to ambient.

Note 2: For supply voltage fess than +40V for the LM143 and less than +34V for the LM343, the absolute maximum input voltage is equal to the

supply voliaae.

Note 3: For the LM143, -650C <Ta < +1250C and for the LM343,0°C <Tp < 70°C.

of the dual-in-line packag

is 100°C/W,
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Schematic Diagram
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Typical Performance Characteristics (continued)
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Typical Applications

LM143/LM343
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Tracking +65V, 1 Amp Power Supply with Short Circuit Protection

$The 38V supplies allow for a 5% voltage tolerance. All resistors are 1/2 watt, except as noted.
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Typical Applications (continued)

All Diodes are 1N3193.
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IThe 38V supplies allow for a 5% voltage tolerance. All resistors are 1/2 watt, except as noted.
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LM143/LM343

Application Hints

The LM143 is designed for trouble free operation at any
supply voltage up to and including the guaranteed maxi-
mum of *40V. Input overvoltage protection, both
common-mode and differential, is 100% tested and
guaranteed at the maximum supply voltage. Further-
more, all possible high voltage destructive modes during
supply voltage turn-on have been-elithinated by design.
As with most IC op amps, however, certain precautions
should be observed to insure that the LM143 remains
virtually blow-out proof.

Although output short circuits to ground or either
supply can be sustained indefinitely at lower supply
voltages, these short circuits should be of limited dura-
tion when operating at higher supply voltages, Units can
be destroyed by any combination of high ambient
temperature, high supply voltages, and high power
dissipation which results in excessive die temperature.
This is also true when driving low impedance or reactive
loads or loads that can revert to low impedance; for
example, the LM143 can drive most general purpose
‘'op amps outside of the maximum input voltage range,
causing ‘heavy current to flow and possibly destroying
both devices. '

Precautions should be taken to insure that the power
supplies never become reversed in polarity—even under
‘transient conditions. With reverse voltage, the IC will
conduct excessive current, fusing the internal aluminum
interconnects. Voltage reversal between the power sup-
plies will aimost always result in a destroyed unit.

Comp. or N/C
v l OFFSETNULL .
\8/
7 1
. :

5
oreseTnuLL @

ouTPUT

GUARD

BOTTOM VIEW

FIGURE 1. Printed Circuit Layout for Input Guarding
with TO-5 Package .

RCE

+ =
R1+R2

FIGURE 3. Guarded Non-inverting Amplifier

In high voltage applications which are sensitive to very
low input currents, special precautions should be exer-
cised. For example, with high source resistances, care
should be taken to prevent the magnitude of the PC
board leakage currents, although quite smali, from
approaching those of the op amp input currents. These
leakage currents become larger at 125°C and are made
worse by high supply voltages. To prevent this, PC
boards should be properly cleaned and coated to prevent
contamination and to provide protection from condensed
water vapor when operating below 0°C. A guard ring is
also recommended to significantly reduce leakage cur-
rents from the op amp input pins to the adjacent high
voltage pins in the standard op amp pin connection as
shown in Figure 1. Figures 2, 3 and 4 show how the
guard ring is connected for the three most common op
amp configurations.

Finally, caution should be exercised in high voltage
applications as electrical shock hazards are present.

The LM143 can be used as a plug-in replacement in most
general purpose op amp applications. The circuits pre-
sented in the following section emphasize those applica-
tions which take advantage of unique high voltage
capabilities of the LM143.

v
GUAND\ "n"‘v - 7
M1a3 fé—0
INPUT 3 + 4
R1=Rsounce v

FIGURE 2. Guarded Volitage Follower

R1 R2
INPUT O—=AAA, M

GUARD

, Rixme
R1+R2

FIGURE 4. Guarded Inverting Amplifier
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LM143A/LM343A High Voltage Operational Amplifier

General Description

The LM143A is a general purpose high voltage operational
amplifier featuring operation to +50V, complete input
overvoltage protection up to 150V and input currents
comparable to those of other super-£ op amps. Increased
slew rate, together with higher common-mode and sup-
ply rejection, insure improved performance at high sup-
ply voltages. Operating characteristics, in particular
supply current, slew rate and gain, are virtually inde-
pendent of supply voltage and temperature, furthermore,
gain is unaffected by output loading at high supply vol-
tages due to thermal symmetry on the die. The LM143A
is pin compatible with general purpose op amps and has
offset null capability.

Application areas include those of general purpose op
amps, but can be extended to higher voltages and higher
output power when externally boosted. For example,
when used in audio power applications, the LM143A pro-
vides a power bandwidth that covers the entire audio
spectrum. In addition, the LM143A can be reliably
operated in environments with large overvoltage spikes
on the power supplies, where other internally compen-
sated op amps would suffer catastrophic failure.

The LM343A is similar to the LM143A for applications in
less severe supply voltage and temperature environments.

Features

e Wide supply voltage range +4.0V to +50V
e Large output voltage swing +47v
o Wide Input common-mode range +48v
e Input overvoltage protection Full +50v

e Supply current is virtually independent of supply
voltage and temperature

e Low input bias current 10.0 nA
o Low input offset current 3.0nA
o High slew rate-essentially independent

of temperature and supply voltage 5.0V/us
e High voltage gain-virtually independent

of resistive loading, temperature, and

supply voltage 100k min

® Internally compensated for unity gain

® Pin compatible with general purpose op amps

VEVYENT/VEVIN

Connection Diagrams Section 11 for Packaging

Metal Can Package

. NCOR
COMPENSATION

OFFSET NULL

NON-INVERTING
INPUT

INVERTING
INPUT

v-

TOP VIEW

Order Number LM143AH
or LM343AH

Dual-In-Line-Package

OFFSET 1 8 NC OR
NULL COMPENSATION
INPUT 2 > ? vt
INPUT 3 b 6 OUTPUT
v 4 5 OFESET
NULL
TOP VIEW

Order Number LM143AJ-8
or LM343AJ-8, LM343AN
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Absolute Maximum Ratings (note 1)

LM143A

(3]
< LM343A
)
E Supply Voltage +55V + 55V
ol Power Dissipation (Note 1) 680 mW 680 mW
2 Differential Input Voltage (Note 2) 100V 80V
) Input Voltage (Note 2) +50V +45v
< Operating Temperature Range -550C to 125°C 0°C to 70°C
- Storage Temperature Range ~-659C to 1500C -659C to 150°C
Output Short Circuit Duration Indefinite Indefinite
_EJ Lead Temperature (Soldering, 10 seconds) 300°C 300°C
Electrical Characteristics
LM143A LM343A
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Vg = +50V 20 4.0 2.0 6.0 mvV
=250C
Input Offset Current Ta=25 3.0 12.0 15.0 30.0 nA
Input Bias Current 10.0 250 12.0 30.0 nA
Supply Voltage 10 100 10 200 vV
Rejection Ratio
Output Voltage Swing RL>5k + 35 £35 \"
Large Signal Voltage Vout = 30V, 100k 200k 100k 200k VIV
Gain R >100k
Common-Mode 80 100 74 100 d8
Rejection Ratio
Input Voltage Range + 35 +35 \%
Supply Current 3.2 38 3.2 a5 mA
Short Circuit Current 20 20 mA
Slew Rate Ay =1 5 5 V/us
Power Bandwidth 20k 20k Hz
wer Bandwi VouT = 70Vp.p.
RL=5k§, THD <1%
Unity Gain Frequency 4.0 4.0 MHz
Input Offset Voltage TA = Max (Note 3) 6.0 70 mV
TA = Min 6.0 7.0 mv
Input Offset Current TAT 08 45 038 14 nA
A = Min
4.0 35.0 1.8 50.0 nA
Input Bias Current IA - m'ax 5.0 35 5.0 55 nA
A= Mn 16 50.0 16 55 nA
Large Signal Voltage RL 2100k 2, Ta = Max 75k 150k 75k 150k VIV
Gain RL >100 k02, Ta = Min 75k 220k 75k 220k VIV
Qutput Voltage Swing RL 260k ), Ta=Max 135 +35 v
RL>5.0k 2, Ta = Min +35 435 v

Note 1:

Absolute maximum ratings are not necessarily concurrent, and care must be taken not to exceed the maximum junction

temperature of the LM143A (150°C) or the LM343A (1000C). For operating at elevated temperatures, devices in the TO-5 package must
be derated based on a thermal resistance of 1509C/W, junction to ambient, or 45°C/W, junction to case. The thermal resistance of the

dual-in-line package is 1000C/W, junction to ambient.

Note 2: For supply voltage less than +50V for the LM143A and less than +45V for the LM343A the absolute maximum input voltage is
equal to the supply voltage.

Note 3: For the LM143A, -550C < Ta < +1250C and for the LM343A, 00C < Tp <+700C.
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Schematic Diagram
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<
o | Typical Performance Characteristics (continued)
<
2
<' Normalized Slew Rate vs. Temperature Supply Current
< .
™ we = 4.0
< £3 =
>512 =30 =
- 8= SLEW RATE =
NG 2
= it Z 20
-1 gi 4 3
= 50 -25 0 +25 +50 +75 +100 +125 : 10
TEMPERATURE (oC) & b
F V§ = l«;sqv
-56-35-15 -5 15 25 45 65 85105125
TEMPERATURE oC
N lized Gain Bandwidth vs. Temperature Input Noise Voltage Input Noise Current
~
E 1K = T 10
W 14 B E - -
;E” 3 == il i = my
> o2 w100 - £ 1.0
w ; g - w
S — = 5 = -+
§§ . BANDWIDTH | TS 210 3 01 - = +
Su ! 1 = —FTa = 250C R = ST TA = 250C
B0 25 0 +25 +50 +75 +100 +125 7} Vg = +50V 2 - Vs = +50V
TEMPERATURE (oC) S 10 = 20.01 =
= 10 100 1K 10K 100K 10 100 1K 10K 100K
FREQUENCY (Hz) FREQUENCY (Hz)
Large Signal Frequency
Common-Mode Rejection Power Supply Rejection Flns_pgr_w’erwﬁ
_ = T T e POSITIVE SUPPLY
5 Ta=25°C
g 100 — v:= w50y ] g 100 \
E o ™
- g
w %6
§ . = NEGATIVE SUPPLY
é g 40
§ 2 2 2 100 1K 10K 100K ™
. . "‘A ’25°|° FREQUENCY (Hz)
10 10 100 1k 10k 100k 1M 1010 100 1k 10k 100k 1M
FREQUENCY (Hz) FREQUENCY (Hz)
Open Loop Frequency Voltage Follower Pulse
Response ) Response Inverter Pulse Response
©
= 80 g ey
- 0o . 80 1 &
S Jaso = Eoet Bao)
] = s e M- T— T
w B0 900 B Rl 2 (
© m © 20 o 20§ . - I
2 a0 1350 = z t
E»' 1800 2 é 0 % H
S0 [= 2 w -20 {
g4 -1 2250 E'M S0y L ¥
L1 . i 700 5 - ' =
Z 10100 1K 10K100K 1M 10M g g o [ o ! 52-3333
ENCY (H: - 3 - =
S FREQUENCY (Hz) Wn 10 20 20 60 80 0 10 20 30 40 50
TIME ( 15 TIME (1)

2-230




Typical Applications i
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Tracking :65V, 1 Amp Power Supply with Short Circuit Protection

¥The 38V supplies allow for a 5% voltage tolerance. Ail resistors are 1/2 watt, except as noted.
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LM143A/LM343A

Typical Applications (continued)
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Application Hints

The LM143A is designed for trouble free operation at any
supply voltage up to and including the guaranteed maxi-
mum of +55V. Input overvoltage protection, both
common-mode and differential, is 100% tested and
guaranteed at the maximum supply voltage. Further-
more, all possible high voltage destructive modes during
supply voltage turn-on have been eliminated by design.
As with most IC op amps, however, certain precautions
should be observed to insure that the LM143A remains
virtually blow out proof.

Although output short circuits to ground or either
supply can be sustained indefinitely at lower supply
voltages, these short circuits should be of limited dura-
tion when operating at higher supply voltages. Units
can be destroyed by any combination of high ambient
temperature, high supply voltages, and high power
dissipation which results in excessive die temperature,
This is also true when driving low impedance or reactive
loads or loads that can revert to low impedance; for
example, the LM143A can drive most general purpose
op amps outside of the maximum input voltage range,
causing heavy current to flow and possible destroying
both devices.

Precautions should be taken to insure that the power
supplies never become reversed in polarity-even under
transient conditions. With reverse voltage, the IC will
conduct excessive current, fusing the internal aluminum
interconnects. Voltage reversal between the power sup-
plies willalmost always result in a destroyed unit.

NC OR
COMPENSATION

H‘Nb' !
...bsy 8

5
OFFSETNULL @

OFFSET NULL

nuTPUT

GUARD

BOTTOM VIEW

FIGURE 1. Printed Circuit Layout for Input Guarding
with TO-5 Package

Evvv VWA

INPUT

RIX

R2
T

= Rsounce

FIGURE 3. Guarded Non-inverting Amplifier

In high voltage applications which are sensitive to very
low input currents, special precautions should be exer-
cised. For example, with high source resistances, care
should be taken to prevent the magnitude of the PC
Board leakage currents, although quite small, from
approaching those of the op amp input currents. These
leakage currents become larger at 1259C and are made
worse by high supply voltages. To prevent this, PC
boards should be properly cleaned and coated to prevent
contamination and to provide protection from condensed
water vapor when operating below 0°C. A guard ring is
also recommended to significantly reduce leakage cur-
rents from the op amp input pins to the adjacent high
voltage pins in the standard op amp pin connection as
shown in Figure 1. Figures 2, 3 and 4 show how the
guard ring is connected for the three most common op
amp configurations.

Finally, caution should be exercised in high voltage
applications as electrical shock hazards are present.

The LM143A can be used as a plug-in replacement in
most general purpose op amp applications. The circuits
presented in the following section emphasize those app-
lications which take advantage of the unique high voltage
capabilities of the LM143A.

A1 2
GUARD. WA—© 7
§
LM143A —0
3
INPUT + 4
R1 = Rsounce v

FIGURE 2. Guarded Voltage Follower

R1
INPUT O—AAA/ MA

GUARD

FIGURE 4. Guarded Inverting Amplifier
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LM146/LM346

% HARRIS  Operational Amplifiers/Buffers
LM146/LM346 Programmable Quad Operational |

Amplifiers
General Description

The LM146 series of quad op amps consists of four
independent, high gain, internally compensated, low
power, progrémmable amplifiers. Two external resistors
(RSET) allow the user to program the gain bandwidth
product, slew rate, supply current, input bias current,
input offset current and input noise. For example, the
user can trade-off supply current for bandwidth ‘or
optimize noise figure for a given source resistance. In a
similar way, other amplifier characteristics can be
tailored to the application. Except for the two program-
ming pins at the end of the package, the LM 146 pin-out
is the.same as the LM124 and LM148.

Features (1set=104ua)

® Programmable electrical characteristics

Wide power supply range 1.8V to £22V
Class AB output stage—no crossover distortion
Ideal pin out for Biquad active filters

® Battery-powered operation

® Low supply current 350 uA amplifier
® Guaranteed gain bandwidth product 0.8 MHz min
® Large DC voltage gain 105 dB
®  [ow noise voltage 28 nV/\/l-lz—
-

| ]

»

Connection Diagrams (Dual-In-Line Packages, Top Views)

Section 11 for Packaging

PROGRAMMING EQUATIONS
1 16
_2 15 " Total Supply Current = 1.4 mA (IggT/10 uA)
; p q » Gain Bandwidth Product = 1 MHz (IggT/10 uA)
— — Slew Rate = 0.4V/us (IsgT/10 nA)
.4 13 Input Bias Current-~ 50 nA (IggT/10 uA)
v -V _ . s . .
s b 2 ISET = Current into pin 8, pin 9 (see schematic-
— “H— diagram)
[ C .
] — VT -VT - 06V
7 10 ISgT =
RseT
seT _8 9
AB.D SETC
LM145
Order Number LM146J or LM346J
Order Number LM346N
Schematic Diagram
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r
Absolute Maximum Ratings (vote 1) S
—
LM146 LM346 g
Supply Voltage 22V +18V F—
Differential Input Voltage (Note 1) +30V +30V g
CM Input Voltage (Note 1) +15V +£15V
Power Dissipation (Note 2) 900 mW 500 mW g
Qutput Short-Circuit Duration (Note 3) Indefinite Indefinite D
Operating Temperature Range -565°C to +125°C 0°C to +70°C
Maximum Junction Temperature 150°C 100°C
Storage Temperature Range —65°C to +150°C  -g5°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C 300°C
Thermal Resistance (6ja), (Note 2)
Cavity DIP (D) (J) Pg 900 mW 900 mwW
) ejA 90°C/W 90°C/W
Molded DIP (N) Pd 500 mW
7 . 140°C/W
DC Electrical Characteristics (vs==:1sv, 1se7= 10 A, Note 4)
PARAMETER CONDITIONS Lm146 L1346 UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Vem =0V, Rg<50Q, Ta =25°C 0.5 5 0.5 6 mV
Input Offset Current Vem =0V, Ta=25°C 2 20 2 100 nA
Input Bias Current Vem =0V, Ta= 25°C 50 100 50 250 nA
Supply Current (4 Op Amps) | Ta = 25°C 14 2.0 1.4 25 mA
Large Signal Voltage Gain RL =10k, AVoyT = *10V, 30 120 50 120 V/mV
Ta=25°C
input CM Range Ta=25°C +13.5 +14 +13.5 +14 \%
CM Rejection Ratio Rs <10k, Ta =25°C 80 100 70 100 dB
Power Supply Rejection Rs <10k, Ta=25°C 80 100 74 100 dB
Ratio
Output Voltage Swing RL>10kQ, Ta =25°C 12 *14 +12 +14 \Y)
Short-Circuit Current Ta=25°C 5 20 30 5 20 30 mA
Gain Bandwidth Product Ta=25°C 0.8 1.2 0.5 1.2 MHz
Phase Margin Ta=25°C 60 60 Deg
Slew Rate Ta=25°C 0.4 0.4 V/us
Input Noise Voltage f=1kHz, Ta=25°C 28 28 nVA/Hz
Channel Separation RL =10k, AVouT =0V 10 120 120 dB
+12V, Tp = 25°C
Input Resistance Ta=25°C 1.0 1.0 MQ
Input Capacitance Ta=25°C 2.0 2.0 pF
Input Offset Voltage Vem =0V, Rg< 50 0.5 6 0.5 7.5 mV
Input Offset Current Vem =0V 2 25 2 100 nA
Input Bias Current Vcewm = 0V 50 100 50 250 nA
Supply Current (4 Op Amps) 1.5 2.0 15 2.5 mA
Large Signal Voltage Gain Ry =10kQ, AVoyT = 10V 20 120 25 120 V/imVv
Input CM Range +13.5 +14 +13.5 +14 \
CM Rejection Ratio Rg <508 70 100 70 100 dB
Power Supply Rejection Rg<50Q 76 100 74 100 dB
Ratio
Output Voltage Swing RL>10kQ 12 +14 12 +14 Vv
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LM146/LM346

DC Electrical Characteristics (vg-=+1sv, igeT=12A)

LM146 LM346

PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Vem =0V, Rg<50 9, 0.5 5 0.5 7 mV
Ta=25°C

Input Bias Current Vem =0V, Ta = 25°C 75 20 7.5 100 nA
Supply Current (4 Op Ta=25°C 140 250 140 300 HA
Amps)

Gain Bandwidth Product Ta=25°C 80 100 50 100 kHz

DC Electrical Characteristics (vs-+1.5v, 1ggT = 10A)

PARAMETER CONDITIONS LM146 LM346 UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Vem =0V, Rg<50 9, 0.5 5 0.5 7 mV
Ta=25°C
Input CM Range Ta=25°C +0.7 0.7 \
CM Rejection Ratio Rg<50Q,Ta=25C 80 80 dB
Output Voltage Swing RL> 10k, Ta = 25°C +0.6 ) +0.6 Y

Note 1: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TiMAX: 9jA: and the

ambient temperature, Ta. The imum ilable power dissipation at any temperature is Py = (Tjmax — TA)/0ja or the 25°C Pgmax. which-

ever is less.

Note 3: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the
imym i ion P e will be exceeded.

Note 4: These specifications apply over the absolute maximum operating temperature range unless otherwise noted.

Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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140

LM146/LM346
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Typical Performance Characteristics (continued)
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Application Hints

Avoid reversing the power supply polarity, the device
will fail.

Common-Mode Input Voltage: The negative common-
mode voltage limit is one diode drop above the negative
supply voltage. Exceeding this limit on either input wil
result in an output phase reversal. The positive common-
mode limit is typically 1V below the positive supply
voltage. No output phase reversal will occur if this limit
is exceeded by either input.

Output Voltage Swing vs ISET: For a desired output
voltage swing the value of the minimum load depends on
the positive and negative output curent capability of the
op amp. The maximum available positive output current,
(IcL+), of the device increases with ISET whereas the
negative output current (I ) also increases with IseT:
Figure 1 illustrates the above.

28 T

g I

Eo T

[ (leL-)

=2

= g

= A |

16 }

w

E,, (leLt 1A

g P

=~ 8 g

2 >

=} /4 Vg =+15V

=] TA = 250C
o [ 2 4 6 8 10

ISET (#A)

FIGURE 1. Output Current Limitvs ISET

Input Capacitance: The input capacitance, C|p, of the
LM146 is approximately 2 pF; any stray capacitance,
Cs, (due to external circuit circuit layout) will add to
CIN. When resistive or active feedback is applied, an
additional pole is added to the open loop frequency
response of the device. For instance with resistive feed-
back (Figure 2), this pole occurs at 1/2m (R1||R2)
(CiN + Cg). Make sure that this pole occurs at least
2 octaves beyond the expected —3 dB frequency corner
of the closed loop gain of the amplifier; if not, place a
lead capacitor in the feedback such that the time con-
stant of this capacitor and the resistance it parallels is
equal to the R|(Cg + CyN), where R is the input resis-
tance of the circuit.

R R
= [
Cn+Cs Z”—
FIGURE 2

Temperature Effect on the GBW: The GBW (gain
bandwidth product), of the LM146 is directly propor-
tional to ISET and inversely proportional to the ab-
solute temperature. When using resistors to set the
bias current, ISET, of the device, the GBW product will
decrease with increasing temperature.

Isolation Between Amplifiers: The LM146 die is iso-
thermally layed out such that crosstalk between all 4
amplifiers is in excess of —105 dB (DC). Optimum
isolation (better than —110 dB) occurs between ampli-
fiers A and D, B and C; that is, if amplifier A dissipates
power on its output stage, amplifier D is the one which
will be affected the least, and vice versa. Same argument
holds for amplifiers B and C.

LM146 Typical Performance Summary: The LM146
typical behavior is shown in Figure 3. The device is fully
predictable. As the set current, ISET, increases, the
speed, the bias current, and the supply current increase
while the noise power decreases proportionally and the
Vs remains constant. The usable GBW range of the op
amp is 10 kHz to 3.5—4 MHz.

1084 4 .
T
1 1
- 4 2 450
5 = L] 3
2 1T
a 114 H 1 g B
g 1 T H] £
E ook 084 g al
o
1T
18k 0.008 405
1 10 100 tk
SUPPLY CURRENT (uA)
8.1 1 10
18eT (LA
e 5,2 ("Tuvf)

[
T Tw

FIGURE 3. LM146 Typical Characteristics

Low Power Supply Operation: The quad op amp oper-
ates down to *1.3V supply. Also, since the internal
circuitry is biased through programmable current sources,
no degradation of the device speed will occur.

Speed vs Power Consumption: LM146 vs LM4250
(single programmable). Through Figure 4, we observe
that the LM146’s power consumption has been opti-
mized for GBW products above 200 kHz, whereas the
LM4250 will reach a GBW of no more than 300 kHz, for
GBW products below 200 kHz, the LM4250 will con-
sume less.

10M 4
z

E L R H
g ™ 7Y = " 2
3 i H z
2 HH o) H =
H 0.: Wt|u WAL T 1
Z 100k 1Vhsy 004 3
° == HH0.3 Vst E
> 1T 1T =

J* 0.05 V/us
10k 1] 0.008
1 10 100 1*
SUPPLY CURRENT (uA)

FIGURE 4. LM146 vs LM4250
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LM146/LM346

Typical Applications

Dual Supply or Negative Supply Biasing

U e
2 15
=l 15
3 D @ 14
13
v*—‘-l - b v
5 q 12
- A
2 | <l
1 10
R; R
AR B]SET 11 K
Iv'f vvv1
LM346 <

Current Source Biasing

ISET

LM346

Single (Positive) Supply Biasing

2 15
=l b q 1
4 13 V-
vt O-

5 q 12
= H=
P4 __G_ b C_ 1
RseT S Rser —
< 7 10
8 ]

LM345

vt _o6v

'SET™ TRser

Biasing all 4 Amplifiers
with Single Current Source

r—-l_ 1 U 16
= 2 15
= =
11> <Gl
- —
j ;"T v‘..‘_i ﬁv‘
]
- abz
< 6 C 1
7 10
IseT1 9
SET
LM346
IseT2
i

IT=ISET 1+ ISET2
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Active Filters Applications
Basic (Non-Inverting ‘’State Variable'’) Active Filter Building Block

100k
——S\ A A
A A4
10k
AAA

) |

B c

' R ]

—AAAN—E I *
v, |
Py 3 w 16 R ]
Viy O Vs = AN
8P
7
1/4 LM345
R Vie
R = 5

0k + 8

AA -
-1 Wy = RsET

® The LM146 quad programmable op amp is especially suited for active filters because of their adequate GBW product and low power
consumption.

Need to know desired: fo = center frequency measured at the BP output
Qg = quality factor measured at the BP output
Hg = gain at the output of interest {BP or HP or LP or all of them)

A Relation between different gains: Hg(gp) = 0.316 x Qg x Ho(LP): Ho(LP) = 10 x Hg(HP)

« RxC- 5.033 x 10—2 (sec)
To sec 1 34780
3.478 Qg - Ho(BP) Ho(8P) Ho(BP)
A P . Rq= — 4 ; =
For BP output: Ra ( 105 105 %3478 x Og Rin 1 s
— + 10—
RQ
1.1 1
1.1x 108 Ho(HP)
4 For HP output: Rq = ; RN = ————
Q7 3478 Qg (1.1 — Ho(HP)) — Ho(HP) T, 105
RQ
1 Note. All resistor values are given in ohms.
11 x 108 HoLp)
A For LP output: Rq = s RIN=
Q7 34780, (11— Ho(Lp)! — Ho(LP) 1 4 10-5
RQ

4 For BR (notch) output: Use the 4th amplifier of the LM146 to sum the LP and HP outputs of the basic filter.

Ry R
Lp
e Ry /BH _ g316 fnotch
13 LMHE D RL fo
+
Determine Rg according to the desired gains: Ho(BR! = :H-E H H = -R—F- Ho(HP
F “HoBR) [ e g on” AL HOMLP HoBR) [ ¢ o™ Ry TOHP)

e Where to use amplifier C:. Examine the above gain relations and determine the dynamics of the filter. Do not allow slew rate limiting
in any output (VHp, Vgp. VLp), that is:

ISET 1
v < 63.66x 103 x x (Volts|
IN{peak) 0pA "~ Toxhg Vorts
If necessary, use amplifier C, biased at higher IggT, where you get the largest output swing.
Deviation from Th ical Predicti Due to the finite GBW products of the op amps the fy, Qg will be slightly different from the
theoretical predictions.
fo %
freal ¥ ————— , Qrog) ~ ————2——
real e 21, real ~ 321, x 0y
GBW GBW

SYENT/OVENT
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LM146/LM346

Active Filters Applications (continued)

A Simple-to-Design BP, LP Filter Building Block

product temperature drift; it has also better noise performance than the state variable filter.

Circuit Synthesis Equations

.1 R R
9 59:F|c;=xQoxR;R|N= (.
Ho(BP) Hol(LP)

Ho(BP) = QoHo(LP);R X C =

e For the eventual use of amplifier C, see comments on the previous page.

If resistive biasing is used to set the LM346 performance, the Qq of this filter building block is nearly insensitive to the op amp’s GBW

A 3-Amplifier Notch Filter (or Elliptic Filter Building Block)

Ra
—AAA

R
VA'f * -
RN " AARA
Viy O AAA /8 LM346 \AA s
z -—
= c
|1
11
Circuit Synthesis Equations
.15! .
RxC= 2___9. ;R0=0°xR;R|N=—?-lsg—x-fQ—
fo C' %t potch

Ho(BR) - ) - £
° f<<frotech RIN olBR |f>>'notch c

® For nothing but a notch output: RjNy =R, C' =C.

VvV
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Active Filters Applications (continued)

Capacitorless Active Filters (Basic Circuit)

3
AAN
VA
Lp
RS 14
Vv +
Vg = +15V
B 1/4 LM34§ d
15
R2
R10
= AAA
- A A A4

e Thisis a BP, LP, BR filter. The filter characteristics are created by using the tunable frequency response of the LM346.

e Limitations: Qg < 10, f5 x Qg < 1.5 MHz, output voltage should not exceed Vpeak(out) < 105A

® Design equations RE+ RS b R2 R3 d R7 ____..mo _.b
tas= . b= ,c= sd=_ oo - -
on eq R6 R1+R2 R3+ R4 R8TRT S mosRio’ ©BP = fu /o Hosp) =axe

c
Ho(LP) = o=+ Qo = Vaxb

R10
fo(BR) = fo(BP) (1 —%) =~ fo(BP) (€ << 1) provided that d = Hq(Bp) X €, Ho(BR) = TS

® Advantage: fy, Qg, Hp can be independently adjusted; that is, the filter is extremely easy to tune.
® Tuning procedure (ex. BP tuning)

1. Pick up a convenient value for b; (b < 1)
2. ‘Adjust Qq through RS

3. Adjust Hy(gp) through R4

4. Adijust fg through RgeT

A 4th Order Butterworth Low Pass Capacitorless Filter

63.66 x 103 . ISET WA (V)
f

9vENT/9VLINT

R6
1®
AAA
VWA
s} RE
500
AAA
1/8 LM346 ey
[] 12) 0
10
R2 -1/8 LM33B
s1 uf

—O Vour

Ex: fc =20 kHz, Hy (gain of the filter) = 1, Qg1 = 0.541, Qg2 = 1.306.

® Since for this filter the GBW product of all 4 amplifiers has been designed to be the same (~ 1 MHz) only one current source can
be used to bias the circuit. Fine tuning can be further accomplished through Rp.
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Miscellaneous Applications

A Unity Gain Follower
with Bias Current Reduction Circuit Shutdown

LM146/LM346

1 U 16
2 15
Vi — —

3 14
1/4 LM346 —O Vour vt T . v
A{C) 15V 4 13 -15v

—E 5 ) 12 —L
[R )7 — H— 01 uF
I 12 | Elle T
Vg = 15V 7 10 v
RsET "iE‘T 8] SET SET|9
vy .
L ats s
= RseT
1/8 LM34§ 5V
8 (D) _e ON
\' 200k -
J—V‘VAV aFF nv
<
>
Sk
o For better performance, use a matched e By pulling the SET pin(s) to V™ the op amp(s) shuts down and its
NPN pair. output goes to a high impedance state. According to this property,

the LM346 can be used as a very low speed analog switch.

Voice Activated Switch and Amplifier

MICIN
e

1N914
7

&- &

_L v

10M

10 uF
I 10k

I T VWA
+ VW
= A 9 ':ssr

1/4 LM345 10 p~—Q AUDIO DUT 05M

1/4 LM345

p—O CONTROL
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Miscellaneous Applications (continued)

X 10 Micropower Instrumentation Amplifier with Buffered Input Guarding

vie1sv

—
Vo=-15V

R3
25k

e CMRR: 100 dB (typ)
o Power dissipation: 0.4 mW
& All resistors part of RA201 array

SYEWNT/OYEINT
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LM148/LM348

o HARRIS

‘Qperational Amplifiers/Buffers

LM148 Series Quad 741 Op Amps

LM148/L.M348 quad 741 op amps

General Description

Features

The LM148 series is a true quad 741. It consists of four ® 741 op amp operating characteristics
independent, 'hagh gam.,‘ mternéﬂy compensated,' low e Low cupply current drain 4.5 mA/Package
power operational amplifiers which have been designed
to provide functional characteristics identical to those of e Class AB output stage-no crossover distortion
the familiar 741 operational amplifier. In addition the e Pin compatible with the LM124
total supply current for all four amplifiers is comparable . " . 1mv
to the supply current of a single 741 type op amp. e Lowinput offset voltage m
Other features include input offset currents and input e Low input offset current 15 nA
bias current which are n'fuch l~ess than those of a. s‘tandard e Low input bias current 60 nA
741. Also, excellent isolation between amplifiers has
been achieved by independently biasing each amplifier e Gain bandwidth product
and using layout techniques which minimize thermal LM148 (unity gain) 3.5 MHz
coupling. ® High degree of isolation between 120dB |
amplifiers
The LM148 can be used anywhere multiple 741 or 1558 .
type amplifiers are being used and in applications where ® Overload protection on all outputs
amplifier matching or high packing density is required.
Schematic and Connection Diagrams  section 11 for Packaging
. . ow
Dual-In-Line Package
%
Ao a2 Vo ouT1 \_/ ouT4
:l I K R 1 1
IN 1 -] A ———
l/!)‘lﬁ 2 3
*VIN l\T
IN 1+ INg+
;.Km e 3 12
80
-Vin l V*T p Y-
O~ _'\04 Qs S MW—0 1
IN 2+ 1 N3
5
oua_q 0
IN2 — ! d — IN3
[
—h i N 7|
T
| J"\) ouT?2 ouT3
q 3 7 8
- ’_-L/J '_L/fw TOP VIEW
o > l:m an Order Number LM148J, LM348J
R2 S R3 e Order Number LM348N
126K 18K 20K
O-v
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Absolute Maximum Ratings

LM148 LM348.
Supply Voltage *22v +18v
Differential Input Voltage Vs Vs
Input Voltage +Vg +Vs
Output Short Circuit Duration (Note 1) Continuous Continuous
Power Dissipation (P4 at 25°C) and
Thermal Resistance (04 ), (Note 2)
Molded DIP (N) Py - 500 mW
Oia - 150°C/W
Cavity DIP (J) Py 900 mW 900 mW
Oia 100°C/W 100°C/W
Maximum Junction Temperature (Tjmax) 150°C 100°C
Operating Temperature Range -55°C < Ta <+125°C 0°C< T, <+70°C
Storage Temperature Range -65°C to +150°C —65°C to +150°C
Lead Temperature (Soldering, 60 seconds) 300°C 300°C
Electrical Characteristics (note3)
1LM148. LM348
PARAMETER CONDITIONS = - . UNITS
MIN TYP | MAX MIN TYP | MAX
Input Offset Voltage 1.0 5.0 10 6.0 mv
Rozowa | o |
Input Offset Current Tpec' :;E;Oc s=X 4 25 4 50 nA
Input Bias Current A 30 100 30 200 nA
Input Resistance 08 | 25 08 | 25 mMQ
Supply Current All Amplifiers |' 24 3.6 24 X 4.5 mA
Large Signal Voltage Gain VouT0+10V, R 2>2kS2 50 160 - 25 160 | V/mV
Amplifier to Amplifier f=1Hzto 20 kHz -120 ';120 dB
Coupling (Input Referred) See Crosstalk Test
Circuit . . .
Small Signal Bandwidth 1.0 - 1.0 MHz
4.0 4.0 MHz
Phase Margin ) 60 80 degrees
60 60 degrees
Slew Rate 0.5 0.5 V/us
20 20 V/us
Output Short Circuit Current 25 . - - 25 mA
Input Offset Voltage Unless Otherwise 6.0 75 mV
(Rs <10k Q2) Specified : Vg= +15V 7 ,
= 5 . 100 nA
Input Offset Current -550C <Tp <+1250C (LM148) :
0 0 EEES B! A
Input Bias Current 3 CSEA+?JJORC ‘:;"i‘;zm 325 P 00 n
Large Signal Voltage Gain ouT =210V, Fi 25 15 - . Vimv
R >2kQ
Output Voltage Swing RL=10k$2 +12 | 13 £12 | #13 Y
RL=2kQ2 10 | #12 Sx10 | 212 | v
Input Voltage Range *12 . +12
Common-Mode Rejection Rs <10k 70 90 70 20 . : dB
Ratio 5o
Supply Voltage Rejection Rg < <10 k2 77 96 77 | 9% dB
Nou 1: Any of the amplifier outpurs can ba shorted to ground mdefmmlv, however: more than bne should rbt ba simultaneously shortad as the
will be ad
Note 2: The maximum power dissipation for these devices must ‘be dprated at elevted,tsmperatures and I dictated by Tjmax. 0jA.dnd the
ambient temperature, Ta. The power d ibn at-any. perature is Pd (TIMAX —TAM6jp or the 25°C PgmA X, ‘which-

ever is less.

Note 3: These spoclﬁcatnons apply for Vg = $+15V and over the absolute maximum operating temperature range (T} < TAYC Tiy) unless otherwise
noted.

SYENT/8VIINT
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LM148/LM348

Typical Performance Characteristics

POSITIVE OUTPUT VOLTAGE SWING (V)

1

1

CMRR (dB)

100

MILLIVOLTS (mV)
}
2

s
o 8

-100

Supply Current
6
5
3
£
P
E +25°C A L1
g 3 -55°C =
o}
& 2 /’ T —
a L1 /y
f +125°C
o |
0 10 15 20
SUPPLY VOLTAGE (+V)
Positive Current Limit
15 T
Vg =215
10

\—55°c
5
+125°C \
#25"0\
0 A
0 § 10 15 20 25 30
QUTPUT SOURCE CURRENT (mA)

Common-Mode Rejection Ratio

I
Vs=+15V
TA = 250C

20

@
=)

'
=

LM148

~
S

10 100 1k 10k 100k
FREQUENCY (Hz)

M 10M

Small Signal Pulse
Response (LM148)

TIME {,.5)

($334930) ISVHd

INPUT BIAS CURRENT (nA)

NEGATIVE OUTPUT VOLTAGE SWING(V)

input Bias Current
90

(20 vg
]

~ .
R, 4

o )
-55-35 -15 5 25 45 65 85 105 125
TEMPERATURE (°C)

Negative Current Limit

-15
Vg = +15V
~
—55°C
-10 —
+25°C
-5 +125°C
0

0 5 10 15 20 25 30
OUTPUT SINK CURRENT (mA)

Open Loop Frequency

Response
1o L
Vg=+15V
90 % TA = 250C
N,
o AN
z AN
= 50 1 LM148 TN
3
0 NG
N,
10 N
0
-10
10 100 1k 10k 100k 1M
FREQUENCY (Hz)
Large Signal Pulse
Response (LM 148)
10 vl"
0 AV'=I A
_ Vs =215V \
E R 2%
s -10 Ta=25°C
e = | -
Viu I
10
-10
[] 40 80 120 160 200
TIME (us)

10M

OUTPUT IMPEDANCE (92) PEAK TO PEAK OUTPUT SWING (V)

GAIN (dB)

UNDISTORTED OUTPUT VOLTAGE SWING (V)

50

40

30

20

Voltage Swing

[ 1]

Ta=25C

0 5 10 15 20 25
SUPPLY VOLTAGE (+V)

Output Impedance

FREQUENCY (Hz2)

Bode Plot LM 148

100
N L Vs=15V] o
il Tp=25°C
R P HA: 80
y 7
60
™~
50
r I N 40
GAIN
L 7 [—-'W— \\‘ 20
100 \
I ri>“ o "
3 L " 10
L= 1 0
AN
0.1 1 10
FREQUENCY (MHz)
Undistorted Output Voltage
Swing
2 Vg = 15V
28 Ry =2k
Ta-:25¢C
2 -1
2 1% DIST
4
16 - i »r
12 +
8
N
A
4
0 L
100 Tk 10k 100k

FREQUENCY (Hz)

(5334930) ISVHd
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Typical Performance Characteristics (continued)

NEGATIVE COMMON-MODE INPUT

4.0

w
o

~
o

GAIN BANDWIDTH (MHZ)
=

VOLTAGE LIMIT (V)

Gain Bandwidth

1
Vg < +15V

VOLTS (V)

0
-55 -35 -15 5 25 45 65 85 105 125

TEMPERATURE (0C)

Negative Common-Mode Input
Volitage Limit

160

140

120

8%y/4

100

425 \\47

80

A%s t

60

40

MEAN NOISE VOLTAGE (nV/ Hz)

NEGATIVE SUPPLY VOLTS (V)

inverting Large Signal Pulse

Cross Talk Test Circuits

Slew Rate
Response (LM148)
T Vo [
wov b~ - a0 Vs =15V
2 30
ES
@
=
g 20
g
10 t =2
- PSS R R P 1.0
0 [ Vi LM148
10§ Tette
Ll . [ 1
0 20 40 60 80 100 120 140 160 180 200 55 -35 -15 5 25 45 65 85 105 125
TIME (.5) TEMPERATURE (0C)
Input Noise Voltage and Positive Common-Mode Input
Noise Current Voltage Limit
16 2 L
Vs= 15V 55C T, +125C
B il 4 2 5
T taeascl] 't E g
— 44 l -} | 2 =
1 F1 12 2 e
Ll 2 815
e 80 8%
L1, e 12
-tr t-rt LE T
NIl MEAN NoISE voLTAGE z Z¢
imus Tt S 85
MEAN NO ISEJ.UQ%L__I e 3 2
- =
+iH 02 & a8
1ol &
L 0 5
10 100 & 10k 5 10 15 20
FREQUENCY (Hz) POSITIVE SUPPLY VOLTS (V)
10k
'A'A'A

1.4 LM148
tm129

fout

O {10V PEAK)

Crosstalk = -20 log

Vg =t15V

101 x equT

our

(d8)

S8YEWT/8VINT
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LM148/LM348

Typical Applications — LM148 (continued)

A 1kHz 4 Pole Butterworth

Necessary condition for notch: — = ——
R6 R4R7

Better noise performance than the state-space approach

— 144
AN
11
- 0.001F 11
178 Lmas AN~ = 1A
503k 0.001.F
Vin / 174 LM148 AAA- -
. 503k
+ 1/ LM148 -0 Voun
- +
A E
7”1""' ¢
— Yoo
10k ' '
11
4
174 Lm148 00018
50 -
Y 1aLmas b0 Vour2
+
Use general equations, and tune each section separately
Q15tSECTION = 0.541, Q2ndSECTION = 1.306
The response should have 0 dB peaking
A 3 Amplifier Bi-Quad Notch Filter
W
11 ANV
Iml
, '\ u
V4 LM14g AAA~ -
R
+ , 141148
R
= < +
Vwii O =
o /ﬁi RiCI 1 /A8 o 1 6
= — X =, fp= — [ — X ——, fNOTCH = — -
R7 </R3C2R2Ci1 2rd R7 J/R2R3CiC2 2n R3R5R7C1C2
1 R1

Ex: fNOTCH = 3 kHz, @ = 5, R1 = 270k, R2 = R3 = 20k, R4 = 27k, R6 = 20k, R6 = R8 = 10k, R7 = 100k, C1 = C2 = 0.001uF
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Typical Applications — LM148 (continueq)

Low Drift Peak Detector with Bias Current Compensation

20k

VW

500k

o1 A=
w9na ![

02
18918

114 LM128

Adjust R for minimum drift
D3 low leakage diode

D1 added to improve speed
Vg 15V

o "L
| 2N2908

14LM188 ——O Veean

+

1/a LM1ag

Universal State-Space Filter

RS

100k
AAA.

VW

1

0001
| L
T
R1
WAL ,\
R2
14 LM128 Yo —vVWA
+
AN
R4
A,
VAV‘vA -
1/8 LM148
+
Tune Q through RO,
For predictable results: fg Q < 4 x 104
Use Band Pass output to tune for Q
Vis) N(s) Swq
— =, Dl =52+ * we?
ViN(Gs)  Dls)
SwoHERP 2
NHp(s) = SZHowup. NBp(s) = ——————  Nip = wo’ HoLp

1 *R4!R3+R4IRO R6 11 1/2
=R,C, Q=
112 R5 1ty

Y An 1/2 1
fNOTCH= — | — . HoHp =

2r \Rpttp

1+ R5IR6
HoLp = ——————————
1+R3IRO + R3IR4

1+ Rb|R5

+ R6IR5

1+R3IR0 + R3IR4

—O Ve

1+ R4IR3 + R4IR0

1+ R3IR0 + R3IR4

SYENT/8VLIINT
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Application Hints

The LM148 series are quad low power 741 op amps.
In the proliferation of quad op amps, these are the first
to offer the convenience of familiar, easy to use operating
characteristics of the 741 op amp. In those applications
where 741 op amps have been employed, the LM148
series op amps can be employed directly with no change
in circuit performance.

LM148/LM348

The package pin-outs are such that the inverting input
of each amplifier is adjacent to its output. In addition,
the amplifier outputs are located in the corners of the
package which simplifies PC board layout and minimizes
package related capacitive coupling between amplifiers.

For input voltages which greatly exceed the operating
supply voltages, either differentially or common-mode,
resistors should be placed in series with the inputs to
limit the current.

Like the LM741, these amplifiers can easily drive a
100 pF capacitive load throughout the entire dynamic
output voltage and current range. However, if very large
capacitive loads must be driven by a non-inverting
unity gain amplifier, a resistor should be placed between
the output (and feedback connection) and the capaci-
tance to reduce the phase shift resulting from the capa-
citive loading.

The output current of each amplifier in the package is

Typical Applications — LM148

One Decade Low Distortion Sinewave Generator
R3

limited. Short circuits from an output to either ground
or the power supplies will not destroy the unit. However,
if multiple output shorts occur simultaneously, the time
duration should be short to prevent the unit from being
destroyed as a result of excessive power dissipation in
the IC chip.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For example, resistors from the
output to an input should be placed with the body close
to the input to minimize “pickup’’ and maximize the
frequency of the feedback pole which capacitance from
the input to ground creates. -

A feedback pole is created when the feedback around
any amplifier is resistive. The parallel resistance and capa-
citance from the input of the device (usually the
inverting input) to ac ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the
closed loop gain and consequently there is negligible
effect on stability margin. However, if the feedback pole
is less than approximately six times the expected 3 dB
frequency a lead capacitor shoud be placed from the
output to the input of the op amp. The value of the
added capacitor should be such that the RC time con-
stant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole
time constant.

Low Cost Instrumentation Amplifier

AAA
VW
Ra

RS
| R2
©2 02
R6 R?
in | L.

AAA
A AL
R
VWAA 2
R R
174 LM148 b—O Vour
V.';'g .;A,; Ao +

a1 Al ]l I
178 LM1ag VA - o
. "2 ARA

1/4LM148

1/4 LM128 vV =
L a3
= s v?‘,, 1/a LM188
= Y 2R _ .
. Vout=2(— +1) .Vs —3V<Vinem £ Vs -3V,
- R1
1 R4RS5 1 1 1 R =
f=— xK , K= —— *”'—*’*‘—)"DSE _ON 12 Vs=#18V
27R1C1 R3 DS R4 RS, ; VaGs R =R2, trim R2 to boost CMRR
Ve

fMAX = 5 kHz, THD < 0.03%

R1 =100k pot., C1 = 0.0047uF, C2 = 0.01uF, C3 = 0.1uF, R2 = R6 = R7 = 1M,
R3=5.1k, R4 = 1282, R5 = 2400, Q = NS5102, D1 = 1N914, D2 = 3.6V avalanche
diode (ex. LM103), Vg = 15V

A simpler version with some distortion degradation at high frequencies can be
made by using A1 as a simple inverting amplifier, and by putting back to back
zeners in the feedback loop of A3.
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Typical Applications — LM148 contnued)

A 4th Order 1 kHz Elliptic Filter {4 Poles, 4 Zeros)

A
v
K5 Lowpass Respons
N W— 100k P P e
Hh
{ 0
o
b 10 -t 11
__._4}____
R 2 g ¥ \
Vi 14LMIa8 —A AA—4 - § 0
N 0 G L \
Ko % R + L 141M148 “
= + -60 ;
M- = -10
A4 100 3 10k
‘vu‘V‘f FREQUENCY (Hz)
A AN y
VA
RS
A AN = =
A f e R1C1=R2C2=t
|| R‘1C'1=R'2C"2=t’
ct
—————{f'-‘—ﬁ R,
- 100k
R1 €2 AAA-
14LmIgg —AAA—4 -
B8P R2
o + 174 (M148 A\ -
L
= + 114 LM148 Vo
- —AA = +
R4

fc = 1kHz, fg = 2 kHz, fp = 0.543,f7 = 2.14,Q = 0.841, f'p = 0.987, f'7 = 4.92, Q' = 4.403, normalized to ripple BW

1 R6 1 1 Ry 1 1+ R4IR3 + R4IRO R6 R'6 1+ R'4R0
fp= — —x -, fz= — — x ~-,Q= —mM ——— — |x — ,Q = o ————
2n R5 t 2n RL t 1+ R6!R5 R5 R5 1+ R‘6IR’6 + R'6IRp
RHRL
Rp = ——
Ry + RL

Use the BP outputs to tune Q, Q’, tune the 2 sections separately
R1=R2 =926k, R3 = R4 =R5=100k, R6 = 10k, RO = 107.8k, R|_= 100k, Ry = 155.1k,
R'1 =R'2 =509k, R'4 = R'5 = 100k, R'6 = 10k, R'0 = 56,78k, R'|_ = 100k, R’y = 248.12k, R'f = 100k. All capacitors are 0.001uF.

100k

8YEWT/8VLEINT
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LM148A/LM348A

o HARRIS

Operational AmplifiersIBuffers

LM 148A Series Quad 741 Type Op Amps

LM148A/LM348A Quad 741 Type Op Amps

General Description

The LM148A series is a quad 741 type operational
amplifier. It consists of four independent, high
gain, internally compensated, low ipower operational
amplifiers which have been designed to provide DC
and AC performance superior to the familiar 741
and LM148 operational amplifiers. While main-
taining low supply current, these devices offer speed
and bandwidth specifications comparable to high
performance type op amps. Excellent isolation
between amplifiers has been ensured by employing
the Harris DI process coupled with layout tech-
niques which minimize thermal coupling.

The LM148A can be used in virtually all LM148
or LM149 applications. Where amplifier matching
or high packing density is required, these devices
can be used in place of multiple single or dual
type op amps.

Features

o High performance operating characteristics
o Low supply current == PDISS 140 mW/Package
e Class AB output stage-no crossover distortion

e Pin compatible with the LM124

e Low input offset voltage 0.3 mVv
e Low input offset current 30 nA
e Low input bias current 130 nA
o Gain bandwidth product
LM148A (unity gain) 8 MHz
o High dearee of isolation between 120 dB
amplifiers

o Overload protection on all outputs

Schematic and Connection Diagrams

Section 11 for Packaging

Dual-In-Line Package

TOP VIEW
ouT1™ U [ ouT4
1 1
ey %I__
2 | 13
N+ INg*
3 2
Vo — v-
4
IN2+ 1
s I o0 N3+
N2 ]
— IN3 -
- J‘? -
ouT2 ouT3
1 8

Order Number LM148AJ,
LM348AJ

Order Number LM348AN
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Absolute Maximum Ratings Note 1)

Supply Voltage

Differential Input Voltage

Input Voltage ’

Output Short Circuit Duration (N;:ne 1

Power Dissipation (Pg at 250C) and
Thermal Resistance ( 6 .4), (Note 2)

Molded DIP (N) Py
OiA

Cavity DIP (D) (J) Py
oiA

Maximum Junction Temperature (TiMAX’
Operating Temperature Range
Storage Temperature Range

LM148A

+20V
*Vs
Vs

Continuous

900 mW
100°c/w
150°C

-660C < Ta< +125°C

-650 to +150°C

LM348A

+20V
Vs
Vs

Continuaus

500 mW
1500Cc/W
900 mW
100°c/wW
100°C
0°C <Tp <+700C
-65°C to 150°C

VB8YENT/V8YLINT

Lead Temperature (Soldering, 60 seconds) 200°C 300°C
. a®
Electrical Characteristics (note 3)
LM148A LM348A
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Unless Otherwise 3 3.0 5 4.0 mv
(R <10 k §2) Specified: Vg=+15V
Input Offset Current Ta = +250C 15 25 30 50 nA
Input Bias Current 75 100 130 300 nA
tnput Resistances 5 5 mMQ
Supply Current All Amplifiers 75 75 mA
Large Signal Voltage Gain VouT =110V, R >2k2 100 250 75 250 V/imV
Amplifier to Amplifier f =1 Hz to 20 kHz {Input -108 -108 dB
Coupling Referred) See Crosstalk
Test Circuit
Small Signal Bandwidth 8 8 MHz
Phase Margin 40 40 degrees
Slew Rate +1 +4 +1 +4 Vius
Output Short Circuit Current 25 25 mA
Input Offset Voltage Unless Otherwise 35 45 mV
(Rg <10k i Specified: Vg = +15V
Input Offset Current -550C<Ta<+12560C 75 100 nA
(LM148A)
Input Bias Current 09C €T < +70°C 325 400 nA
(LM348A)
Large Signal Voltage Gain VouT = +10V 100 75 Vv/mv
Output Voltage Swing RL=10kS$2 +12 +13 *12 + v
RL=2k +10 +12 +10 1 v
Input Voltage Range 12 +12 v
Common-Mode Rejection Ry <10k$2 80 90 80 920 dB
Ratio
Supply Voltage Rejection Rg <10 k§2 80 | 90 80 90 dB

Note 1: Any of the amplifier outputs can be shorted to gruund indefinitely; however, more than one should not be simultaneously

shorted as the maximum junction

e will be

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Timax. 6 JA,
and the ambient temperature, TA. The maximum available power dissipation at any temperature is Pg = (Tjmax - Tal/ OJA

or the 259C Pypmax. whichever is less.
Note 3 ; These specifications apply for Vg = +15V and over the absolute maximum operating temperature range (TL<TA < TH) unless

otherwise noted.
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LM148A/LM348A

SUPPLY CURRENT -mA

Power Supply Current vs Temperature
and Supply Voltage

46 - 4 - 4
Vg =16V
s — - —3 1
" - vg=st0v | _|
o~
S 1 -Vg=45V 1+ —
al-d ‘| 1
]
-0 40 0 0 +80 +120 +180
TEMPERATURE - 0C
Positive Current Limit
= 15 -
T
E Vg =215
: [
g \
< 10
= N\
g \\
-
2
3 \-wc
2 §
=]
w +125°C \
E 2 \
a +25°C
e 0 1
0 § 10 15 20 25 30
QUTPUT SOURCE CURRENT (mA)
Common-Mode Rejection Ratio
120
Vg =15V
100 \ Ta=250¢ ]
80
g
«c 60
E LM148A
40 S
20
0 \
10 100 1K 10K 100K 1™ 10M

FREQUENCY (Hz)

OPEN LOOP VOLTAGE

Typical Performance Characteristics

Offset Voltage Input Bias and Offset
Current vs Temperature

—m —
2% i l l.l i J 1‘ fuw 3
gg ) N AS CURRENT ' + i §
X YH L = g

— et 4 g
Tem OFFSET CURRENT T s
§3 “ £
Eg i a g
gg | =1 av::m o
8 k] “ 5
- )
. -~ - - Rat B
TEMPERATURE - *C
Negative Current Limit
z -15
.E Vg = 15V
£ [N
H ~J
3 A55°C
£ -1 ~
= +25°C
>
=
=2
a
I
2 -5 g
=3 +125°C
w
>
=
<
o
@
= 0
0 5 10 1% 20 25 30
OUTPUT SINK CURRENT (mA)
Open Loop Frequency
Response
+110 1
+100 - 1
+90 H AL =2K
8 H CL=50pF it +ilild 0
s
V40 H , 4goc

= w

< 1 2

S H woc

+30
+20 I 1350¢
0 T¥

0 t HI 1800C
-10 y

10 100 1K 10K 100K IM  10M  100M

FREQUENCY - Hz

Large Signal Pulse
Response (LM148A)

VOLTS: &v/Div
TIME: 20 us/Div

PEAK TO PEAK OUTPUT.SWING (V)

OUTPUT IMPEDANCE (©2)

PHASE MARGIN

Voltage Swing

50

Ta-25C
a A

30

2

0 5 10 15 20
SUPPLY VOLTAGE (+V)

25

Output Impedance

FREQUENCY (Hz)

Small Signal Bandwidth and
Phase Margin vs Load Capacitance

T T T
500 N 4 v R . t .T‘“ﬁ. "
e A 1 14 l-‘om; : :ﬁ 0

wisah. Qi W
r N o
w0 - ™ - . ::::f[-l

ox 44 Z [RE3
S skl I N
w0 100 1000 10,000

LOAD CAPACITANCE - pF

UNITY BANDWIDTH - MHz
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Typical Performance Characteristics continueq)

Small Signal Response Circuit
{Volts: 10mV/Div., Time: 50ns/Div.)

Undistorted Output Voltage

Swing
— T T 100 = =
Tt 4 H Vs =15V Hi i
g
. Vg=+
INPUT 10 SOV o5
3 Vs =5V NSO
10 (VOLTAGE FOLLOWER)
3 ’ RL= 0 Ei 52
F Cy = 50pF I
v NN I
L 0.1 R I
100 1K 10K 100K M 1M
FREQUENCY - Hz
Normalized Gain Bandwith VS, Temperature Normalized Gain Bandwidth VS, Temp
1" 14
13 13
1y 12 ES 12
2% u S ou
> P~ o
g2 10 — g8
5+ Ng 10 —
S EE] i SLEW RATE
FL N §E o
- 3
SE os =< 08
07 07
08 o
EURT] ] O 80 H20 4160 0 40 [ “e M0 w20 80
TEMPERATURE - 9C

inverting Large Signal Pulse
Response (LM148A)
(Volts: 5V/Div., Time: Sys/Div.)

TEMPERATURE - oC

Input Noise Voltage and
Noise Current

L] T
T |§ ot T
~+ ov > "
i 2 n
; »
L g
E -]
HHTHHHH HHHHHHTH 2 15
r ! J 2 10
o
= -+ 2 ¢
/[ \ E
a 1
£
E ov

+ 4 CURRENT NOISE

T T
P PPy

RRRaI

+verih

FREQUENCY - 7

Cross Talk Test Circuits

AAA

tour
10V PEAK)

b—o

Vg = 115V

VW

row

e'out
Crosstalk = ~20log ——-——— (dB)
101 x eQuT

Input Naise Current pA/VHz

V8YENWT/ V8V LN
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Application Hints

The LM148A series are quad low power 741 op amps.
In the proliferation of quad op amps, these are the first
to offer the convenience of familar, easy to use operating
characteristics of the 741 op amp. In those applications
where . 741 op amps have been employed, the LM148A
series op amps can be employed directly with no change
in circuit performance.

The package pin-outs are such that the inverting input
of each amplifier is adjacent to its output. In addition,
the amplifier outputs are located in the corners of the
package which simplifies PC board layout and minimizes
package related capacitive coupling between amplifiers.

For input voltages which greatly exceed the operating supply
voltages, either differentially or common-mode, resistors
should be placed in series with the inputs to limit the
current.

Like the LM741, these amplifiers can easily drive a
100 pF capacitive load throughout the entire dynamic
output voltage and current range. However, if very large

limited. Short circuits from an output to either ground
or the power supplies will not destroy the unit. l-jowever,
if multiple output shorts occur simultaneously, the time
duration should be short to prevent the unit from being
destroyed as a result of excessive power dissipation in
the IC chip.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For example, resistors from the
output to an input should be placed with the body close
to the input to minimize ‘‘pickup” and maximize the
f y of the feedback pole which capacitance from
the input to ground creates.

A feedback pole is created when the feedback around
any amplifier is resistive. The parallel resistance and capa-
citance from the input of the device (usually the inverting
input) to ac ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the exp d 3 dB fr y of the closed loop gain and
consequently there is negligible effect on stability margin.

capacitive loads must be driven by a non-inverting
unity gain amplifier, a resistor should be placed between
the output (and feedback connection) and the capacitance
to reduce the phase shift resulting from the capacitive
loading. )

The output current of each amplifier in the package is

H , if the feedback pole is less than approximately
six times the d 3 dB freq y a lead capacitor
should be placed from the output to the input of the op
amp. The value of the added capacitor should be such
that the RC time constant of this capacitor and the resistance
it parallels is greater than or equal to the original feedback
pole time constant.

Typical Applications — LM148A/LM348A

One Decade Low Distortion Sinewave Generator

Low Cost Instrumentation Amplifier

f= — =
2mR1C1 R3

Al
1/4 LM148A

+

1 R4RS5

xVK , K

- fmax =5 kHz, THD < 0.03%
R1 = 100k pot., C1 = 0.0047uF, C2 = 0.01uF, C3 = 0.1uF, R2 = R6 = R7 = 1M,
R3 = 5.1k, R4 = 12Q, R6 = 24092, Q = NS5102, D1 = 1N914, D2 = 3.6V avalanche
diode (ex. LM103), Vg = +15V
A simpler version with some distortion degradation at high freq

made by using A1 as a simple inverting amplifier, and by putting back to back
zeners in the feedback loop of A3.

A

AAA
—vW
Rf2

R2

2R
VOUT=2('§ +1) . Vg —3V§V|NCMsV§—3V,

Vg =16V
R = R2, trim R2 to boost CMRR

A

P4

1/4 LM148A

+

1/4 LM148A
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Typical Applications — LM148A/LM348A (Continued)

Low Drift Peak Detector with Bias Current Compensation

M -V -
IN9TA }! 174
02 LM1484 Veeax

men
»l

V8YEWT/V8V LN

P
03
Viu 4
| 2N2906
Adjust R for minimum drift . ' ‘;‘2- +
M 1/4
D3 low leakage diode ™ LM148A
D1 added to improve speed -
—
Vg = 115V N R
L
2ve
3
Universal State-Space Filter
s
100
AAA
WV
)
[N
11 €2
1 2001
R1
VW '\ \ [
v o 2
1/4 LM148A WV -
+ 1/4 LM148A by,
) v
A = a
R4 AAA-
—V\WV
R,
AAA
VW
R
AAA
W -
174 LM148A b—0 Ver,
+

||'-—l

Tune Q through RO,
For predictable results. fq Q 1 4 x 104
Use Band Pass output to tune for Q

\ Nis) Sw
s N ) Dls) =52+ —2° 4 w02
VlN(s) D(s) Q

~ SwoHoge
NHP(s) = SZHoHP. NBP(sl"_‘— NLp = wo? HoLp

1+ R4|RB + R4IR0O R6 1y 12
=R,C;, Q= — —
e T 1+ReRs R5

t2
1 Ry \ /2 1+R6IRS 1+ R4IR3 + R4IRD
fNOTCH = — | ——— . HoHp = ——————— , Hogp = ——————
2n \R_t112 1+ R3IRO + R3IR4 1+ R3IR0 + R3IR4

1+ R5IR6
HoLp= ——
1+ R3IRO + R3IR4
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LM148A/LM348A

A 1 kHz 4 Pole Butterworth

Typical Applications — LM148A/LM348A (Continued)

VWA
an 100k
o
11
- 0.001F 11
1/4 LM148A AAA- = 1l
503K 0001,F
Vi + 1/4 LM148A —AAA- o
150k 503k
4556k + 1/4 LM148A O Vount
= +
= AAA =
100k
00k
AAA
VW
A 100k
10k 11
1R
0001, F 11
AAA A R
/4 LM148A A% o0 £
+ 1/4 LM148A AAN~ -
503k
194K :E + 1/4 LM148A —O Vour:
JL = +
= 100k
o MY =
Use general equations, and tune each section separately
Q15tSECTION = 0.541, QongSECTION = 1.306
The response should have O dB peaking
A 3 Amplifier Bi-Quad Notch Filter
Av‘v‘v
R?
W
11 Y
> i\
£ ,__1 I___4
1/4 LM148A A';;Av ,\ o
‘ + 0 1/4 LM148A "l'AT -
(33 Vaurtl | A3
T = ns.: + 9 1/4 LM148A
b 3
= < +
Vin () O =
R8 R1C1 1 R8 1 1 R6
Q= —_— e, fg % — [ — X ————— |, INOTCH = — ——e
R7 +/R3C2R2C1 2n R7 +R2R3Ci1C2 2n R3R5R7C1C2
1 R1
Necessary condition for notch: — = ———
R6 R4R7?

Ex: fNOTCH = 3 kHz, @ =5, R1 = 270k, R2 = R3 = 20k, R4 = 27k, R5 = 20k, R6 = R8 = 10k, R7 = 100k, C1 = C2 = 0.001uF

Better noise performance than the state-space approach
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Typical Applications — LM148A/LM348A (continued)

A 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros)

AAA

VW
—AAA e Lowpass Response
W
RE —r
|1
_ 14 0
[}
b -1 T
1/ LM148A NN -
A1 ) g M
Vi + 1/4 LM1a8A AAN - z -1
A3 L gp R 3 \
p. 40
a0 S + 1/4 LM148A
< -50
= + -60
= AAA = -10
Vet ¥ = 100 * 100 100k
‘vﬂ‘v“v FREQUENCY (Hz)
AAA L
VWV
RS
AAA AAA
WA v \ R1C1=R2C2=t
Il R*‘1C'1=R’'2C"'2=t’
2 11
3 I
™
1/4 LM148A AN~ - ll mo'n
R c2 AAA
A
1/4 LM148A ~ "A'A' -
8P R2
o + 1/4 LM148A AN -~
R
= + 1/4 LM148A b—0 v,
AN = +
R4

fc = 1 kHz, fg = 2 kHz, fp = 0.543, fz = 2.14,Q = 0.841, f'p = 0.987, f'z = 4.92, Q' = 4.403, normalized to ripple BW

1 R6 1 1 Ry 1 1 + R4IR3 + R4IR0O R6 R'6 1+ R'4IR0
fp= — —_—x =, fz= — — x—-,0sf{ —4m—— 40— —,Q' = _——
2 R5 t 2n Ry t 1+ R6IRS R5 R'5 1+R‘6IR'5+ R'6Rp
RHRL
Ry + R

Use the BP outputs to tune Q, Q’, tune the 2 sections separately
R1=R2=0926k, R3 = R4 = R5 = 100k, R6 = 10k, RO = 107.8k, R|_= 100k, Ry = 155.1k,
R’1 =R'2=509k, R4 = R'5 = 100k, R'6 = 10k, R'0 = 5.78k, R’|_= 100k, R}y = 248.12k, R‘f = 100k. All capacitors are 0.001uF.

V8YENWT/V8Y LN

2-261



LM1558A/LM1458A

% HARRIS Operational Amplifiers/Buffers

LM1558A/LM1458A Dual Operational Amplifier

General Description

The LM1558A and the LM1458A are general
purpose dual operational amplifiers, The two amp-
lifiers share a common bias network and power
supply leads. Otherwise, the operation is completely
independent. Features include:

® No frequency compensation required
@ Short-circuit protection

o Wide common-mode and differential voltage

e Slew rate 5V/ Us typ
e Low-power consumption
e 8-lead TO-5 and 8-lead mini DIP

e No latch up when input common mode range is
exceeded

The LM1458A is identical to the LM1558A except
that the LM1458A has its specifications guaranteed

ranges over the temperature range from i 0°C to 70°C
instead of -559C to +1250C.
e Bandwidth 8 MHz
Schematic and Connection Diagrams

ll.___ BIAS NETWORK ONE-HALF LM1558A/LM1458A ;:

! vl

| as |

| |

| a4 |

! |
Bl SO T 1

| 30 1

| |

I

| ]

| wn |

| <out :

| 33 U(7) :

! |

| |

| |

; NS2 :

Q48 [}

! |

| Q47 )

| v !

| 4

! |

Note Numbers in parentheses are pin numbers for amphfier B

Metal Can Package

Tor view

Order Number LM1558AH
or LM1458AH

Dual-In-Line Package

[ [ R

outruT A

2 1
INVERTING INPUT A ——rd p— ouTPUT S

nON INVERTING )]
eyt A

0
b ivERTING INPUT B

S NONINVERTING
i)

198 vitw

Order Number LM1558AJ-8 Order Number LM1458AN

or LM1458AJ-8
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LM1458A

Power Dissipation (Note 1) LM1558AH/1458AH
LM1458AN
Differential Input Voltage
Input Voltage (Note 2)

Electrical Characteristics (Note 3)

Absolute Maximum Ratings

Supply Voltage LM1558A

t22v
*1gv
500mwW
400mwW
*30v
t15v

Output Short-Circuit Duration
Operating Temperature Range LM1558A

Storage Temperature Range
Lead Temperature (Soldering, 10 sec)

LM1458A

Indefinite

-550C to +125°C
0°C to 70°C
~659C to 1500C

300°C

V8SYIENT/VB8SSLINT

PARAMETER CONDITI LMisssa Linaser
IONS WiN | TVF | MAX [ MIN | TvP | max| UN'TS
Input Offset Voltage Ta=25°C,Rg< 10k§2 10 30 1.0 5.0 mv
Input Offset Current Ta=25°C 1.0 30 20 | 60 nA
Input Bias Current Ta=25C 35 100 50 | 200 nA
Input Resistance Ta-25°C 03 1.0 03 1.0 MQ
Supply Current Both Ta= 25°C, Vg = t15V 25 3.0 3.0 4.0 mA
Amplitiers
Large Signal Voltage Gain | T, = 25°C, Vg = t15V
Vour = 10V, R > 2k} 20 40 20 a0 VimV
Input Offset Voltage Rg << 10 k2 5.0 7.0 mvV
input Offset Current 60 100 nA
Input Bias Current 200 300 nA
Large Signal Voltage Gain | Vg = 115V, Vg ¢ = £ 10V
R > 2kf2 15 15 Vimv
Output Voltage Swing Vg < £15V, R = 10 k{2 14 14 v
R =2kQ2 hd 13 13 v
Input Voltage Range Vg = *15V 113 13 v
Common Mode g
o < 100
Rejection Ratio Rs > 10k 80 74 100 d8
Supply Voltage
1
Rejection Ratio Rs < 10 ki 80 96 74 96 d8
Note 1: The i j i P! of the LM1558A is 1500C, while that of the

LM1458A is 100°C. For operating at elevated temperatures, devices in the TO-5 package
must be derated based on a thermal resistance of 1500C/W, junction to ambient or 45°C/W,
junction to case. For the DIP the devices must be derated based on a thermal resistance of
1879C/W junction to ambient.

Note 2: For supply voltages less than £ 15V, the absolute maximum input voltage is equal
to the supply voltage.

Note 3: These specifications apply for Vg = +15V and -55°CSTAS125°C, unless other~
wise specified. With the LM1458A, however, all specifications are limited to 00C<Ta <
700C and Vg = £15V.

2-263



LM1558A/LM1458A

=]
S

80

1]
i
i
il N

o
=3

~N
S

P 1 1 A

NORMALIZED AC PARAMETERS

Hz )

INPUT NOISE VOLTAGE - (nV/

o

@
=2
=
<
(3]
w
=]
=
o
a4
>
a.
=3
o
]
=
g

Open Loop Frequency Response

T T T
B il
TS T
LT
B lIllIllIm I
T
S
il YT mullin
I T
B o
T I T

0 100 1k 10k 100k 1M 10M  100M
FREQUENCY (H2)

Normalized AC Parameters vs Supply Voltage

11
2
.:1 10 /
§ SLEW RATE | ~T
- /
<09 /1 //
s 74
2 /
2 e BANDWIDTH
=08
S
[
] /
3
07 4
0 45 +10 +15 +20
SUPPLY VOLTAGE
Input Noise Voltage vs Frequency

70

60

NN

“ 10k 2SOURCE RESISTANCE

30

]

20}02SQURCE RESISTANCE

10

0

10 100 1k 10k 100k

FREQUENCY (Hz2)

Performance Curves v-- +15v, v-=-15v, T4 = +250C Unless Otherwise Stated.

Output Voltage Swing vs Freauency

=28v 1y
_ 30 Vo - |ZtIV
e -
o yo- 18y
= Vg =8V N
g — HH
e Vg=2v
= N
N\ V! +
210 5
w Vg = 10V
= Vg = +5V,
= - Vg =42V
> T
So1 (VOLTAGE FOLLOWER) ..,
[ = i
= Ry =2k
>
o C =50pF T
1l IIIIH l I
i i
100 10 100k ™

FREQUENCY (Hz)

N lized AC Par

vs Temperature

(%]

212

&

(=]

~

o

w 1+t 1--

@

e il

E10f—t.- -

2 | ™

2 ~N

S 9b—1 . // J *&~—4———
2 AL

= SLEW RATE BANDWIDTH
Z 55 -2 0 425 450 475  +125
E TEMPERATURE (0C)

Power Supply Current vs Temperature

30 Ty
Vg=420V |+
L1 'V;:;fsv "1
25 —
g A T Vst
AR o g e e g ST R
Z w
= LT AT Vvs=sav
3 [ _1-1TA l
15 | I
1 | I
T - 1
10 1
55 25 0 +25 +50 475 +125

TEMPERATURE (oC)

2-264




% HARRIS

LM2908 Quad Op Amps

General Description

The LM2908 consists of four independent, high gain, (]
internally conpensated, low power operational amplifiers
which have been designed to provide functional char-
acteristics similar to those of the familiar 741 operational [ ]

Operational Amplifiers/Buffers

Features

741 op amp operating characteristics
Low supply current drain 4.0mA/Package

Class AB output stage-no crossover distortion

amplifier, ) -In gddition, the total supply current of all e Pin compatible with the LM348
four amplifiers is comparable to the supply current of a
single 741 type op amp. Also, excellent isolation between e Low input offset voltage 10mvV
amplmers‘ has been. achieved by independently ‘blAasiAng e Low input offset current 200nA
each amplifier and using layout techniques which minimize
thermal coupling. e Low input bias current 250nA
e Gain bandwidth product
The LM2908 can be used anywhere multiple 741 or (unity gamn ) 3.5 MHz
1658 type amplifiers are being used and in applications v ’
where amplifier matching or high packing density is e High degree of isolation between 120 dB
required. amplifiers
e Overload protection on all outputs
Schematic and Connection Diagrams '
Section 11 for Packaging
9 +V
Dual-In-Line Package
R1
3K
Q2 J/L'JCI ouT1 u " ouT4
a} ,\ -+ 1
INT — 9 b IN 4
2 13
WViN Kﬁms
o—
N1+ INa+
}-r Q13 R6 3 2
™ 80
-Vin Vi — p—— V-
O~ ro" Qs | A —0 4 1
Vout
< IN 2+ IN 3+
5 10
mz‘LA«
IN2  — e IN 3
RS s °
p c| 30K
Tt L—h r\/ ouT2 ouT3
~ 7 8
s "_—Km '——t\mo TOP VIEW
. Order Number LM2908J
» ag r—-K\OB 1———Kan
R2 3R3 R4 Order Number LM2908N
126K 18K Izox
; ¢ —O -v

806CIN
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8 Absolute Maximum Ratings -
m Supply Voltage tisv Maximum Junction Temperature (T,MAx') 150°C
N Differential Input Voltage Vs Operating Temperature Range 0oc < Tp < +700C
E . Input Voltage +V Storage Temperature Range —65°C to +150°C
_| Output Short Circuit Duration (Note 1) Continuous Lead Temperature (Soldering, 60 seconds) 300°C
Power Dissipation (P4 at 25°C) and
Thermal Resistance (6,4 ), (Note 2)
Molded DIP (N) Py 900mW _
0,a 108°C/W
Cavity DIP (J) Py 900 mW
0,a 100°C/W
Electrical Characteristics (Note3)
LM2908
PARAMETER CONDITIONS UNITS
MIN TYP | MAX
Input Offset Voltage . 6 10 mV
(Rg <10 k Q) Unles: (Zthevrwnse o
= ified: =4
Input Offset Current _srpe‘i' :;soc s=*t 100 200 nA
Input Bias Current AT 250 500 nA
Input Resistance 0.8 2.5 mMQ
Supply Current All Amplifiers 4 7 mA
Large Signal Voltage Gain VouT =+10V,R 22k 25 160 V/mV
Amplifier to Amplifier f=1Hz 1020 kHz -120 a8
Couphing Input Referred
Small Signal Bandwidth 1.0 MHz
Phase Margin 60 degrees
Slew Rate 0.5 V/us
Output Short Circuit Current 25_ mA
Input Offset Voltage "Unless Otherwise 14 mv
(Rs <10k £2) Specified : Vg= +15V '
Input Offset Current 0°C<Ta <+70°C (LM2908) 250 nA
Input Bias Current VouT =+10V, R >2 k§2 600 nA
Large Signal Voltage Gain R_>2kQ 15 v/imv
Output Voltage Swing R =10k §2 212 | 113 \
RL=2k§2 10 | #12 v
Input Voltage Range £12 v
Common-Mode Rejection Rg <10 k§2 70 90 dB
Ratio
Supply Voltage Rejection Rs <10k 2 77 | 96 d8
Note 1. Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the
maximum junction temperature will be exceeded.
Note 2: The maximum power dissipation for these devices must be derated at el d p es and is di d by TjMAX. 6ja.and the
ambient temperature, Ta. The maximum available power dissipation at any temperature is Py = (Tjmax — Ta)/ja or the 2 C PgmA X, which-
ever is less.
Note 3: These specifications apply for Vg = +15V and over the absolute maximum operating temperature range (T|_ < Ta < T) unless otherwise
noted. ' .
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% HARRIS Operational Amplifiers/Bufters

LM4250/LM4250C Programmable Operational Amplifier

General Description

The LM4250 and LM4250C are extremely versatile
programmable monolithic operational amplifiers.
A single external master bias current setting resistor
programs the input bias current, input offset cur-
rent, quiescent power consumption, slew rate,
input noise, and the gain-bandwidth product.
The device is a truly general purpose operational

amplifier.

Features

® 1V to +18V power supply operation
8 3 nA input offset current

Q0S2YINT/0SCYINT

Standby power consumption as low as 500 nW
No frequency compensation required
Programmable electrical characteristics

Offset Voltage nulling capability

Can be powered by two flashlight batteries
Short circuit protection

The LM4250C is identical to the LM4250 except
that the LM4250C has its performance guaranteed
over a 0°C to 70°C temperature range instead of
the -55°C to +125°C temperature range of the
LM4250.

Schematic Diagrams

Typical Applications

Quiescent Pp = 1.5 m-W

nz%—%ms uzg—
1
| 1
LS
025
e

X5 Difference Amplifier

faz
K K22 gy
12 an | "
& i () kv ¥
] rezo( R23200 M
“ "y

Connection Diagrams  section 11 for Packaging

T K A
v- 4 Ve 3K
TR IN O—AMA—¢

= =  Quiescent Pp = 500 oW

500 Nano-Watt X10 Amplifier

Metal Can Package

QUIESCENT
CURRENT SET

TOPVIEW

Order Number LM4250H or LM4250CH

Dual-In-Line Package

OFFSET QUIESCENT
wued ) =1 cunntnT se1

IRVERTING
'h_:[ -
NONJNVERTING

T mT 3 - =18 bUTPUT

[— & OFFSET
v i ity

ToPviEw

Order Number LM42650CN

Order Number LM4250J
or LM4250CJ
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LM4250/LM4250C

absolute maximum ratings
Supply Voltage 118V Output Short-Circuit Duration Indefinite
Power Dissipation (Note 1) 500 mW Operating Temperature Range  LM4250 -65°C < Ta < 125°C
Differential Input Voltage +30Vv LM4250C 0°CETA<70°C
input Voltage (Note 2) 16V Storage Temperature Range -65°C to 150°C
Isgy Current 150 uA Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics 1mM4250(-55°C < T, < 125°C unless otherwise specified)
Vg =+1.5V
PARAMETERS CONDITIONS IseT = 1uA Isev = 10 UA
MIN MAX MIN MAX
Vos Ta=25° Rg<100kQ 3mv 6mv
los Ta=25° 3nA 10 nA
Toies Ta=25° 75nA 50 nA
Large Signal Voltage Gain Ta=26" Ry =100kQ 20KV/V
Vo =$0.6, R = 10kQ 20KV/V
Supply Current Ta=25°C 20 uA 120 uA
Power Consumption Ta=26°C 60 uW 360 UW
Vos Rs < 100k amv 6mv
los Ta=125°C 5nA 10 nA
Ta=-56°C 3nA 10 nA
Ibias 7.5nA 50 nA
Input Voltage Range 0.7V 0.7V
Large Signal Voltage Gain Vo = £0.6V R = 100 k2 10KV/V
R_ =10k 10KV/V
Output Voltage Swing Ry = 100 kQ 10.6V
R =10k 10.6V
Common Mode Rejection Ratio Rs< 10kQ 70dB 70d8
Supply Voltage Rejection Ratio Rs< 10kQ 76 dB 76 dB
Supply Current 20 uA 200 uA
Power Consumption ‘60 HW 600 W
Vg =16V
PARAMETERS CONDITIONS Isey = 14A Isey = 10 LA
MIN MAX MIN MAX
Vos Ta =25°C Rg< 100k 3mv 5mV
los Ta=25C 3nA 10 nA
lbies Ta =26°C 7.60nA 60 nA
Large Signal Voltage Gain Ta =25°C R_ =100k 30KV/V
Vo =$10V R_=10kQ 30KV/V
Supply Current Ta=25°C 25 uA 210 pA
Power Consumption Ta=25°C 300 uW 2.7 mW
Vos Rg < 100 k2 4mVv 6mv
los Ta=125°C 250A 250A
Ta=-55°C 3nA 10 nA
Toias 7.5nA 50 nA
Input Voltage Range +13.5V +13.5V
Large Signal Voltage Gain Vo =310V R = 100 k2 20KVIV
R =10k 20KV/IV
Output Voltage Swing Ry = 100 k2 +12V
R, =10kQ £12v
Common Mode Rejection Ratio Rs S 10kQ 7048 70d8
Supply Voltage Rejection Ratio Rs < 10k2 76 dB 76 dB
Supply Current 25 pA 250 pA
Power Consumption 750 UW 75 mW

Note 1: The maximum junction temperature of the LM4250 is 150°C, while that of the LM4250C is 100°C. For operating
at el devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W junction to
ambient, or 45°C/W )unctoon to case. The thermal resistance of the dual-in-line package is 125° C/W.

Note 2: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.
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. et Jb
electrical characteristics LM4250C (0°C < T, < 70°C unless otherwise specified) a
Vg = £15V o
PARAMETERS CONDITIONS Iggr = 1pA IsgT = 10 uA ;
MIN MAX MIN MAX g
Vos Ta =25°C Rg < 100 k(2 5mV 6mv "%
los Ta=25°C 6 nA 20 nA (1]
s Ta=26°C 10nA 75 nA o
Large Signal Voltage Gain Ta=25°C R, =100kQ 25kV/V (¢]
Vo = £0.6V R, = 10k 25k v/v
Supply Current Ta=26°C 20 pA 120'HA
Power Consumption Ta=25°C 60 |uW 270 uW
Vos Rs < 10 k(2 65mV 360 mV
los 8nA 25nA
s 10nA 80nA
Input Voitage Range 0.6V 0.6V
Large Signal Valtage Gain Vo = 0.6V Ry = 100 kQ 25kv/v
Ry =10k§ 25kv/v
Output Voltage Swing Ry = 100 kQ 0.6V
R =10kQ 10.6V
Common Mode Rejection Ratio Rs < 10k 70d8 70d8
Supply Voltage Rejection Ratio Rs < 10kQ 74 dB 74 dB
Supply Current 20 pA 120uA
Power Consumption 60 W 600 uW
Vs = £16V
PARAMETERS CONDITIONS Iser = 1 UA Isgr = 10 pA
MIN MAX MIN MAX
Vos Ta=25°C Rg < 100kQ 5mv 6mv
los Ta=25°C 6nA 20 nA
Yoies Ta=25°C 10nA 75 nA
Large Signal Voltage Gain Ta=25°C Ry = 100 k2 25 KV/IV
Vo =110V R = 10kQ 25 KV/V
Supply Current Ta=26°C 25 uA 210 '\uA
Power Consumption Ta=25°C 330 pw 3Imw
Vos Rg < 10k 6.6mV 7.6 mV
los 8nA 25 nA
lbies 10 nA 80 nA
Input Voltage Range $135V 136V
Large Signal Voltage Gain Vo =+10V R_= 100 kQ 20KV/V
A, = 10kQ 20KV/V
Output Voltage Swing Ry = 100 kQ t12v
R = 10kQ 12V
Common Mode Rejection Ratio Rs < 10k2 70dB 70d8
Supply Voltage Rejection Ratio Rg< 10kS2 74 dB 74 dB
Supply Current 25 uA 250 uA
Power Consumption 750 uW 7.5mW
resistor biasing
Set Current Setting Resistor to V™
IseT
Vg 0.1uA 0.5 uA 1.0uA SuA 10uA
1.5V 25.6 MQ 5.04 MQ| 25MQ | 492kQ 244 k2
3.0V 55.6 MQ2 11.0MQ | 55MQ 1.09MQ | 544 kQ
16.0V 116 MQ 23.0MQ | 11.5MQ 2.29 MQ 1.14 MQ
19.0V 176 MQ 35.0MQ [17.5MQ 3.49 MQ 1.74 MQ
$12.0v 236 MQ 47.0MQ |23.5MQ 4.69 MQ 2.34 MQ
+15.0V | 296 MQ 59.0 MQ [29.5 MQ2 5.89 MQ2 2.94 MQ
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LM4250/LM4250C

UNNULLED CHANGE FROM

Typical Performance Characteristics

Input Bias Current vs

Input Offset Current vs

tnput Bias Current vs IggT Temperature Temperature
1000 T -40 10
AT 1 1] , ]
» Iser = 10 4A Vg = +1.5V 5 1
- 1uA <), 10uA 7]
= T Ao
. . Ves iV . Vs =15V
2 k| N g
'9 1 Vg=:15V Vg =215V H 8
< 4 T < 5
K] 1
Isey = 1 1A Vs =15V
f . L 0 Vg= 15V
Vs=15V W\ |
A 10 | L1 -15 |
1 ' 10 100 60 -20 20 60 100 140 60 -20 20 60 100 140
Iser (WA) TEMPERATURE (°C) TEMPERATURE ('C)
Unnulled Input Offset Voltage Unnulled Input Offset Voltage Peak to Peak Output Voltage
Change vs ISET - Change vs Temperature Swing vs Load Resistance
3 1000
THITE © o ||
B Ta"25C < Isey = 104A
% . 1.5V < Vg <15V = 600
“; » ] >3 a0 Vv, 5V e
s 0 = 0 s
" e Lt
v ; £ 0 et
L £ » Vg= 1.5V
i £ an A
L -12 S 7/ i
s -500 , 100 ® 0! 100K
-16 ; _800 LOAD RESISTANCE
-0 Z -1000
A 10 10 w0 2 .60 -20 20 60 100 140
Iser (wA) TEMPERATURE (°C)
Peak to Peak Output Voitage Quiescent Current (Ig) vs
Swing vs Supply Voltage Temperature Quiescent Current (Iq) vs IgeT
30 1000
o SR
TuA < lger < 104A l‘ 70 |—dser=10uA 41 Vs=:15V _
Ry =10KQ
s : 0 Vs = +1.5V] 100
z " z
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4 10 [ tser=1uA Vg = +15V ¥
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V o Vg=:15V] . I
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Gain Bandwidth Product Open Loop Voitage Gain
Slew Rate vs ISgT vsISET vs ISET
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PHASE MARGIN (DEGREES)

typical performance characteristics (con‘t)

Input Noise Current (l,-‘,) and

Phase Margin vs ISET Voltage (Ep) vs Frequency

RSET vs ISET

—rr 100 100M
Ta=25°C it " E, S lser = 1.0uA _
8 LA =100k l’;‘ it 5
1T 3 T dsev = 10 4 S N
2 I H 2 1 Z  um N NI
T £ 10 02 N N
80 |yg= 15V z ln R g N
< — < = N
[ s I 2 5 M Vg=t1.6
N = 5
5 IS Ver +1.5V [] w H R e = 10.4A g e N
H Il g noo
. 5
2 £ H Iser = 1.0 uA E 100k
12 Z TT él
Ta=25°C
0 10K
A 1.0 10 100 10 100 01 1 1 10 100
Iser (WA) FREQUENCY (Hz2) Iser (WA)
- . N .
typical applications (con’t)
)
L
+0- <R
o Sum
Y B A
)
i u . sV s
VWA~ - 7 m
o= Ry b3 .
it 1 - e Yo
GROUND  ant Wy ‘"'
=  aowst sk v 1.
= A2 ]
N0 O] Quiescent Pp = 1.8 uW S -
= *Meter movement (0 ~ 100 uA, 2 k) marked -8V
for 0 — 100 oA full scale. 2 ; v 3 ) =
oy 3
Az [
w250
Vz 2 +
O Note 1: Quiescent Pp = 10 uW.
(Y Note 2: R2, R3, R4, RS, R6, lnq R7 are 1% resistars.
" Note 3: R11 and C1 are for DC and AC common mode

Floating Input Meter Amplifier
100 Nano-Ampere Full Scale

had rejection adjustments.

X100 Instrumentation Amplifier 10 uW

Iser EQUATIONS:

V' +Vi-05
leer~ "T;L‘ where Rier is connected to V",

Vi-05
e

whers Rggy is connected to ground.
Rser

hser

Transistor Current Source Biasing

FET Current Source Biasing Offset Null Circuit

*R1 limits Igg maximum

J0SZYN1/0S2YN
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o HARRIS

0P-017

ULTRA-LOW OFFSET VOLTAGE OP AMP

GENERAL DESCRIPTION

The OP-07 Series represents a breakthrough in mono-
lithic operational amplifier performance—Vos of 10 UV,
TC Vos of 0.4 4V/9C and long term stability of 0.2 4V/month
are achieved by a low noise, chopper-less bipolar input
transistor amplifier circuit. Complete elimination of external
components for offset nulling, frequency compensation
and device protection permits extreme miniaturization and
optimization of system Mean-Time-Between-Failure Rates
in high performance aerospace/defense and industrial appli-
cations. Excellent device interchangeability provides reduced
system assembly time and eliminates field recalibrations.

True differential inputs with wide input voltage range and
outstanding common mode rejection provide maximum
flexibility and performance in high noise environments
and non-inverting applications. Low bias currents and
extremely high input impedances are maintained over the
entire temperature range.

Low cost, high volume production of OP-07 is achieved
by laser trimming of an on-chip offset trimming network
during initial factory testing. The OP-07 provides unpara-
lleded performance for low noise, high accuracy amplification
of very low level signals in transducer applications. Other
applications include use in stable integrators, precision
summing amplifiers for analog computation and test equip-
ment and in ultra-precise voltage threshold detectors and
comparators. The OP-07 is recommended as a replacement
for modular and monolithic chopper-stabilized amplifiers
where reductions in cost, noise, size and power consumption
are required. Devices are available in chip form for use in
hybrid circuitry. The OP-07 is a direct replacement for
725, 108A/308A, and OP-05 amplifiers:  741-types
may be directly replaced by removing the 741‘s nulling
potentiometer. .

FEATURES

@ Ultra-Low VoS . . oo veeee e 100V
e Ultra-Low Vos Drift .. . .......... 0.4 uv/oCc
e Ultra-stablevs Time .. ... ...... 0.2 uV/Month
e Ultra-Low Noise . ... .. e e e e 0.35 Uvp-p
e No External Components required

o Replaces Chopper amps at Lower Cost

e Single Chip Monolithic Construction

o Large Input Voltage Range. . . . . ... .. . . 214.0V
o Wide Supply Voltage Range . . . .. .. 45V to +18V
e Fits 725, 108A/308A, 741, AD510 Sockets

SCHEMATIC:
O UL T
msma L ;“2; 5: Eg - gﬁ%
"r‘.k‘ L: ﬂ\agd j”\" I—(‘ e
- aw ‘10*"@, g

v
MVERTING @

weut
Ineut o8z e

~A

—E
W

K

PIN CONNECTIONS AND ORDERING INFORMATION

INVERTING G,
INPUT

NON-INVERTING 3
INPUT

Vos YRV

4 v-(cAsE)
TO0-99 (J-Suffix)

ORDER: OP-07AJ
oP-07J

Section 11 for Packaging

€ OUTPUT

$ VosTRIM
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ELECTRICAL CHARACTERISTICS OP-07A 0oP-07

These specifications apply for Vg = 16V, Tp = 25°C, unless otherwise noted.

Parameter Symbol Test Conditions Min Typ Max Min Typ Max | Units
Input Offset Voltage Vos (Nott 1) 10 25 30 75 uv
Long Term Input Offset Voltage Stability | Vqo/Time (Note 2) 0.2 10 - 0.2 1.0 uV/Mo
Input Offset Current los . 0.3 20 - 0.4 4.0 nA
Input Bias Current g - +7 120 3o +4.0 nA
Input Noise Voltage enpp 0 1Hz to 10Hz (Note 3) - 035 06 - 0.35 0.6 uv p-p
fo 10Hz (Note 3) - 103 18.0 -= 103 18.0
Input Noise Voltage Density e, fo = 100Hz {Note 3) - 10.0 13.0 -— 100 13.0 nV/\/H—z
fo = 1000Hz (Note 3} - 9.6 10 -— 9.6 11.0
Input Noise Current np-p 0 1Hz to 10Hz {Note 3) —-= 14 30 —-= 14 30 pPAp-p
fo = 10Hz (Note 3) —-= 0.32 0.80 = 032 080
Input Noise Current Density n fo = 100Hz {Note 3) - 014 0.23 - 014 023 pANRZ
fo = 1000Hz (Note 3) - 012 017 - 012 017
tnput Resistance - Differential Mode R 30 80 - 20 60 - MS2
Input Resistance - Common Mode RincM - 200 - - 200 -— G2
Input Voltage Range IVR +12 140 - 1]2 t140 -- v
Common Mode Rejection Ratio CMRR "Vem = 1‘10- 110 126 - 110 126 -— dB
Power Supply Rejection Ratio PSRR Vg = 13Vto 18V 100 110 -— 100 110 - ds
R = 2k§L Vv, = 210 300 500 -= 200 500 -
Large Signal Voltage Gain Ao Ri >50082, Vo=t sV 150 500 - 150 500 - V/imV
Vg = 13V
R = 100 t12s | t130 -- £125 | 2130 -
Maximum Output Voltage Swing Vom R > 2k§2 +120 +128 - 120 +128 - v
: R > 1k82 105 120 *105 t120 -
Slewing Rate SR R = > 2k (Note 3) 0.1 0.17 - 0.1 0.17 -= V/usec
Closed Loop Bandwidth BW AycL = +1.0 (Note 3) 0.4 06 . 0.4 06 . MHz
Open Loop Output Resistance Ro Vo =0, |0 =0 - 45 - - 45 —— Q
Power Consumption Pd V- tav ) 300 390 _: 300 390 mw
Offset Adjustment Range Ry = 20k§2 - *2 - - 42 —_ mv
The following specifications apply for V¢ = +15V, -55°C < Ta < +125°C, unless otherwise noted.
Input Offset Voltage Vos (Note 1) - 25 60 - 60 200 . uv
Average Input Offset Voltage Drift
Without External Tnm TCv,, - 04 06 - 04 1.3 av/°c
With External Trim TCVen Ry 20kQ2 — 04 0.6 -= 04 1.3 uv/’c
Input Offset Current los —— 0.8 40 - 1.2 5.6 nA
Average Input Offset Current Drift TCly - 5 25 i 8 50 pAIDC
tnput Bias Current g - +1.0 +40 - +20 +6.0 nA
Average Input Bias Current Drift T(:IB - 8 25 -= 13 S0 pA/°C
Input Voltage Range IVR +13.0 +135 — 130 135 - v
Common Mode Rejection Ratio CMRR Vem = 313V 106 123 - 106 123 - dB
Power Supply Rejection Ratio PSRR Vs = *3Vto+ 18V 94 106 —_ 94 106 - daB
Large Signal Voltage Gain Avo R = 2k§), Vo = ti0v 200 400 - 150 400 —— VimV
Maximum Output Voltage Swing Vom R > 2kQ2 120 126 - *12.0 +12.6 ~= v

NOTE 1: Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application
of power. Additionally, OP-07 A offset voltage is measured five minutes after power supply application at 25°C, -55°C and +125°C. )
NOTE 2: Long Term Input Offset Voltage Stability refers to the averaged trend line of Vos vs. Time over extended periods after the first
30 days of operation. Excluding the initial hour of operation, changes in Vos during the first 30 operating days are typically 2.5uV —
refer to typical performance curve on Page 5. Parameter is not 100% tested; 90% of units meet this specification.

NOTE 3: Parameter is not 100% tested; 90% of units meet this specification.
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ABSOLUTE MAXIMUM RATINGS

“Supply Voltage +22V
Internal Power Dissipation (Note 1) 500mwW
Differential Input Voltage +30V
Input Voltage (Note 2) +22V
Output Short Circuit Duration Indefinite

Storage Temperature

Operating Temperature Range
OP-07A, OP-07

Lead Temperature Range

(Soldering, 60 sec)

-650C to 1500C

-550C to +1250C
3000C

NOTES:

Note 1: Maximum package power dissipation vs. ambient temperature.

Note 2: For supply voltages less than +22V, the absolute maximum input voltage is equal to the supply voltage.

TYPICAL OFFSET VOLTAGE TEST CIRCUIT

200KN
2"a%%
500
\ -
OP-0TA —OV,
s V. Yo
°°3000

TYPICAL LOW FREQUENCY NOISE TEST CIRCUIT

+15V

1000 2
3.3ka OUTPUT
1000
3 4.7uF
\- (A¢10Hz FILTER)
2.5MQ
" , _ Vo _ Smv/em
INPUT REFERRED NOISE = -2—5.6-0—0 * 35,000 - 200nV/cm

,

OPTIONAL OFFSET NULLING CIRCUIT

v+

OUTPUT
O

BURN-IN CIRCUIT

APPLICATIONS INFORMATION

OP-07 Series units may be fitted directly to 725, 108 A/308A* and
OP-05 sockets with or without removal of external compensation or
_ nulling components. Additionally, OP-07 may be fitted to unnulled
741-type sockets; however if conventional 741 nulling circuitry is in
use, it should be modified or removed to enable proper OP-07 op-
eration. OP-07 offset voltage may be nulled to zero (or other desired
setting) through use of a potentiometer (see diagram above).

*J"" Package Only.

The OP-07 provides stable operation with load capacitances up to
500pF and *10V swings; larger capacitances should be decoupled
with a 5022 decoupling resistor. The designer is cautioned that stray
thermoelectric voltages generated by dissimilar metals at the con-
tacts to the input terminals can prevent realization of the drift
performance indicated. Best operation will be obtained when both
input contacts are maintained at the same temperature, preferably

.close to the temperature of the device’s package.
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HA-5141/42 /44

Ultra-Low Power
Operational Amplifier

FEATURES DESCRIPTION

LOW SUPPLY CURRENT 60uA The HA-5141/42/44 ultra-low power operational amplifiers provide
WIDE OPERATING VOLTAGE RANGE 2V to 30V AC and DC performance characteristics similar to or better than
SINGLE SUPPLY OPERATION most general purpose amplifiers while only drawing 1/30 of the
HIGH SLEW RATE 1.5V/us S}I!Jply current of .most general.purpose anTphflers.‘ These amp-

lifiers are well suited to applications which require low power
HIGH GAIN 100K V/V

dissipation and good electrical characteristics.
AVAILABLE IN SINGLES, DUALS AND QUADS
The HA-5141/42/44 provides accurate signal processing by virtue
- of its low input offset voltage ( 0.5mV), low input bias current
APPLICATIONS (50nA), high open loop gain (100KV/V) and low noise, for low
power operational amplifiers (20nV{/Hz). These characteristics
coupled with 1.5V/us slew rate and 400KHz bandwidth make
PORTABLE INSTRUMENTS the HA-5141/42/44 ideal for use in low power instrumentation,
METER AMPLIFIERS audio amplifier and active filter designs. The wide range of supply
TELEPHONE HEADSETS voltages (2V to 30V) also allow these amplifiers to be very use-
MICROPHONE AMPLIFIERS ful in low voltage battery powered equipment.

INSTRUMENTATION

These amplifiers are available in singles (HA-5141, can or minidip),
duals (HA-5142, can or minidip) or quads (HA-5144, 14 pin dip)
with .industry standard pinouts which allow the HA-5141/42/44's
to be interchangeable with most other operational amplifiers.

PINOUTS
TOP VIEW TOP VIEW

TOP VIEW

ouTt E §0UT4
INPUTS 1 Ew u{” INPUTS 4
ke
v i v

INPUTS 2 E E INPUTS 3
{E}% ﬁiﬂ}
ouT2 E E ouT3
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SCHEMATIC

-0 OUTPUT

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Voltage Between V+and V- Terminals 40v Operating Temperature Range 00C<Tp<+750C
Differential Input Voltage v -550C<Tp<+1250C
Output Current S/C Protected Storage Temperature Range -850 <Tp <+1500C
Internal Power Dissipation 500mW

ELECTRICAL CHARACTERISTICS v+ = +5v

HA-5141/42/44A HA-5141/42/44
PARAMETER TYP MAX MAX

INPUT CHARACTERISTICS
Offset Voltage 05

Bias Current 45
Offset Current 03

Common Mode Range

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain

(Note 1)

Common Mode Rejection

QUTPUT CHARACTERISTICS
Output Voltage Swing

(Note 1)

TRANSIENT RESPONSE

Slew Rate

(Notes 1,2,3)

POWER SUPPLY CHARACTERISTICS
Supply Current (per Amplifier)

Power Supply Rejection
Ratio

NOTES:

1. RL =50K

2. CL = 50pf

3. VIN = +3V Pulse
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Low Bias Current, Low Power

1 "
l\“\] [\N\"‘J JFET Input Operational Amplifier

FEATURES DESCRIPTION

The HARRIS HA-5180/5180A is an ultra low input bias current, JFET
input, monolithic operational amplifier which also features low power,

* ULTRA LOW BIAS CURRENT 250fA ¥ ‘low offset voltage and excellent AC characteristics. Employing
FET/Bipolar construction coupled with dielectric isolation this
* LOWPOWER SUPPLY CURRENT 0.8mA operational amplifier offers the lowest input bias currents (250fA
i i ithi i ifier. HA-

o LOW OFFSET VOLTAGE 0.5mV (max.) typ.) available in any monolithic operational amplifier. The

5180/5180A has another unique feature in which the offset bias

. current may be nulled by externally adjusting the offset voltage. For

BADHAOTH 2 Mz applications which require precision performance the HA-5180A of-

o SLEW RATE N/ us fers an input offset voltage of 0.5 mV (max) while the HA-5180 offers
3mV (max.)

The HA-5180/5180A also offers excellent AC performance not

APPLICATIONS previously available in similar hybrid or monolithic op amp designs.

The 2 MHz bandwidth and 7V/u's slew rate of the HA-5180/5180A
extends the bandwidth and speed for applications such as very low

o ELECTROMETER AMPLIFIER DESIGNS drift sample and hold amplifiers and photo-current detectors. Other
applications include use in electrometer designs, pH/lon sensitive
* PHOTO CURRENT DETECTORS electrodes, low current oxygen sensors, long term precision in-

tegrators and very high impedance buffer measurement designs.

The HA-5180/5180A is packaged in an 8-pin (T0-99) can and an 8-
¢ LOW DRIFT SAMPLE & HOLD CIRCUITS lead cerdip and is pin compatible with most existing op amp con-

figurations. The case of the T0-99 package is internally connected to
* VERY HIGH IMPEDANCE BUFFERS pin 8 so that it may be connected to the same potential as the input.
This feature helps minimize stray leakage to the case, helps shield
the amplifier from external noise and reduces common mode input
capacitance.

PINOUT SCHEMATIC

. ’ -0 +Vee
TOP VIEW - " mj e
s a1 o8

a8 Q17 ™
-ViN

3 . o1 +VIN o0 {
E Q28 R9
a13 Q14 a3 @ — —R;BO Vi
5 J6 als Q29
an
yes9 Q20 4043|  Jazs 97
- msr—l a6 ‘1
Q2 a0 Qa1 |
/‘m N)—‘ sz o :
BALANCE [: 1 8 Dn/c o 015L R1A R2A m:% R3C l
r8 Lza ‘)015 R3B |
lN~[2 7 Jvo [ A 4038
'\1037 ru'c\l R2C % R3A

IN4[3
o o

Balance
V- 4 Balance

* PRECISION, LONG-TERM INTEGRATORS

e HIGH IMPEDANCE BIOLOGICAL MICRO PROBES

-Vee

S

J
o
<
3

o

D BALANCE
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)
Tp=+25°C Unless otherwise stated Power Dissipation (Note 2) 300mwW
Voltage Between V+ and V- Terminals 40.0V Operating Temperature Range
Differential Input Voltage +40V HA-5180/5180A-2 -55°C<Tp <+125°C
HA-5180/5180A-5 0°C<Tp <+75°C
Qutput Short Circuit Duration Indefinite Storage Temperature Range —65°C<Tp<+150°C
ELECTRICAL RATINGS V+ = 15V,V—- = - 15V
5180A-2 5180A-5
TEMP. MIN TYP MIN TYP
INPUT CHARACTERISTICS
Offset Voltage
+25°C 0.1 0.5 0.1 0.5 mvV
Full 1 1 mv
Average Offset Voltage Drift Full 5 5 MV/°C
Bias Current (Note 3) +25°C 250 1000 250 | 1000 A
Full 100 500 6 30 pA
Offset Current (Note 3) +25°C 30 200 30 200 fA
Full 6 30 1 5 pA
Common Mode Range Full +10 +12 +10 +12 v
Differential Input Resistance +25°C 102 10" Q
Input Noise Voltage (f=1kHz) +25°C 70 70 nVA/Hz
Input Noise Current (f=1kHz) +25°C 0.01 0.01 pA/\VHz
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 4) +25°C | 200k M 200k M ViV
Full 150k 150k VIV
Common Mode Rejection Ratio (Note 5) Full 90 110 90 110 dB
Closed Loop Bandwidth (Aygy = +1) +25°C 2 2 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 8) +25°C +12 10 +12 \
Full +10 \
Full Power Bandwidth (Note 7) +25°C 110 110 kHz
Output Current (Note 8) +25°C +10 +15 +10 +15 mA
Output Resistance (Note 9) +25°C 25 25 Q
TRANSIENT RESPONS
Rise Time : +25°C 75 75 ns
Slew Rate +25°C 4 7 4 7 V/us
Settling Time (Note 10) +25°C 2 2 Ms
POWER SUPPLY CHARACTERISTICS
Supply Current Full 07 1 08 1 mA
Power Supply Rejection Ratio (Note 11) Full 85 105 85 105 dB

2-278




SPECIFICATIONS (Continued)

ELECTRICAL RATINGS V+ =15V, V- = -15V

5180A-2 5180A-5

PARAMETER TEMP. MIN TYP MAX MIN TYP MAX | UNITS
INPUT CHARACTERISTICS

Offset Voltage +25°C 1 3 1 3 my
Full 4 4 mvV
mv
mv

Average Offset Voltage Drift MV/°C
Bias Current (Note 3) A
pA

Oftset Current (Note 3) fA
pA

Common Mode Range v
Differential Input Resistance Q
Input Noise Voltage (f=1kHz) nV/VHz
Input Noise Current (f=1kHz) ' pA/AHZ

TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Note 4)

Common Mode Rejection Ratio (Note 5)
Closed Loop Bandwidth (Aygp = +1)

OUTPUT CHARACTERISTICS

Output Voltage Swing (Note 6)

Full Power Bandwidth (Note 7)
Output Current (Note 8)
Output Resistance (Note 9)

TRANSIENT RESPONSE

Rise Time
Slew Rate
Settling Time (Note 10)

POWER SUPPLY CHARACTERISTICS
Supply Current
Power Supply Rejection Ratio (Note 11)

NOTES:

1. Absolute maximum ratings are limiting values, applied individually . Ry = 2k; Full power bandwidth guaranteed based on slew rate
beyond which the serviceability of the circuit may be impaired. Fun-
ctional operability under any of these conditions is not necessarily measurement using FPBW = SLEW RATE

implied. 27T Vppax

Derate at 6.9 mW/°C for operation at ambient temperatures above - Voyr == 10V.
+75°C.

Output resistance measured under open loop conditions (f = 100Hz)
This parameter is guaranteed by design and is not 100% tested.
10.  Settling time is measured to 0.1% of final value for a 10V output
) stepand Ay = —1.
Vout=+10V; R =2k. Gain dB = 20 log 10AV.
Vom=+10VD.C. Y =+ 5VD.C.to £20V D.C.
Rl 2 Supp

L =2k
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APPLICATION HINTS

The HA-5180/5180A offers one of the lowest input bias currents of
any monolithic operational amplifier and is ideal for use in applica-
tions for measuring signals from very high impedance or very low
current sources. To fully utilize the capabilities of the HA-
5180/5180A care should be taken to minimize noise pickup and cur-
rent leakage paths with the use of shielding and guarding techniques
and by placing the device as close as possible to the signal source.
The small size and low quiesent current (possible battery operation)
of the HA-5180/5180A allows easy installation at the signal source or

inside a probe. The HA-5180/5180A is internally compensated and _

is capable of driving long signal cables which have several hundred
pF capacitive loading.

Guarding is achieved by applying a low impedance bootstrap poten-
tial to a shield which surrounds the high impedance signal line. This
bootstrap potential should be held at the same potential as the signal
source to eliminate any voltage drop (therefore, zero leakage cur-
rents) across the insulation (Ref to Fig 1 & 2). For lowest leakage at
the device either use a teflon IC socket or connect the high im-
pedance signal line to the HA-5180/5180A inputs using teflon stand-
offs. If neither of these options are feasible, a guard ring, as shown
in Fig. 3, applied to both sides of the pc board and bootstrapped to
the same potential as the input signal will minimize leakage paths
across the pc board. Pin 8 of the T0-99 can, which is internally tied
to the case, should also be tied to the bootstrap potential to help
minimize noise pickup and leakage currents accross the package in-
sulation. This technique will also reduce common mode input
capacitance.

GUARD
SHIELD \

Figure 2 VERY HIGH IMPEDANCE NON-INVERTING AMPLIFIER

Cleanliness of circuit boards and components is also important for
achieving low leakage currents. Printed circuit boards and com-
ponents should be thoroughly cleaned by using a low residue solvent
such as TMC Freon, rinsed by deionized water and dried with
nitrogen. The circuit board should be protected from high contamina-
tion and high humidity environments.

Input protection is generally not necessary when designing with the
HA-5180/5180A. Many electrometer type devices, especially CMOS,
require elaborate zener protection schemes which may compromise
overall performance. The Harris dielectric isolation process and JFET
input design enables the HA-5180/5180A to withstand input signals
several volts beyond either supply and large differential signals equal
to the rail-to-rail supply voltage without damage or degredation of
performance.

Figure3 GUARD RING EXAMPLE

>’

Figure 4 SLEW RATE AND TRANSIENT RESPONSE

Figure 5 SUGGESTED OFFSET ADJUSTMENT CIRCUIT




CMOS

Analog Switches ’l ,'I ’I
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ABSOLUTE MAXIMUM RATINGS

As with all semiconductors, stresses listed under “Absolute Maximum Ratings’ may
be applied to devices (one at a time) without resulting in permanent damage. This
is a stress rating only. Exposure to absolute maximum rating conditions for extend-
ed periods may affect device reliability. The conditions listed under “Electrical
Characteristics” are the only conditions recommended for satisfactory operation.



Analog Switches Glossary

ANALOG SIGNAL RANGE (£ Vs) - The maximum safe
input voltage range.

BREAK-BEFORE-MAKE-DELAY (tOPEN) - The elapsed
time between the turn-off of one switch and the corres-
ponding turn-on of another switch for a common change
in logic state. This delay is measured between the 50%
points of the output transitions.

CHANNEL INPUT CAPACITANCE (CsOFF) The ca-
pacitance between the analog input and ground with the
channel “OFF.”  This capacitance consists primarily of
the source-body capacitance.

CHANNEL OUTPUT CAPACITANCE (Cporf) The
capacitance between the analog output and ground with
the channel “OFF". This capacitance consists of the sum
of the drain-body capacitances.

CHANNEL OUTPUT CAPACITANCE (Cpopn) - The ca-

pacitance between the analog output and ground with the
channel “ON"’,

CHARGE INJECTION - The amount of charge transferred
to a specified load capacitance due to the switch changing
state.

CROSSTALK - The amount of cross coupling from an
“OFF"” analog input to the output of another “ON’’
channel output.

DIGITAL INPUT CAPACITANCE - The capacitance
between a digital input and ground.

INPUT LOW LEAKAGE CURRENT (lap) - The current
measured at the digital input with a logic low applied.

INPUT LOW THRESHOLD (VAL) - The maximum al-
lowable voltage that can be applied to the digital inputs
and still be recognized by the device as a low input.

INPUT HIGH LEAKAGE CURRENT (laH) - The cur-
rent measured at the digital input with a logic high applied.

INPUT HIGH THRESHOLD (VAH) - The minimum vol-

tage that can be applied to the digital inputs and still be
recognized by the device as a high input.

INPUT TO OQUTPUT CAPACITANCE (CDgofF) - The
capacitance between the analog input and output when the
channel is “OFF".

“OFF” INPUT LEAKAGE CURRENT (IsOfFfF) - The
current measured at the input of an ““OFF'’ channel with a
a specified voltage applied to both input and output. This
current consists largely of the diode leakage current of the
source- body junctions.

OFF ISOLATION - The feedthrough of an applied signal
through an “OFF’’ switch to the output. This feedthrough
occurs through the source-body and drain-body capaci-
tances and has a greater effect at high frequencies.

“OFF"” OUTPUT LEAKAGE CURRENT (IpoFF) - The
current measured at the output of an “OFF’’ channel with
a specified voltage applied to both input and output. This
current is due largely to the diode leakages of the drain-
body junctions.

“ON” CHANNEL LEAKAGE CURRENT (Ipon) - The
current flowing through the source-body and drain body
junctions of the “ON‘’ channel. This current is measured
with a specified voltage applied to both the input and
output.

“ON"” RESISTANCE (RoN) - The series “ON’’ channel
resistance measured between the input and output ter-
minals under a specified range of input voltages.

SUPPLY CURRENT (lg) - The current required from the
power supply to operate the switch in a no load condition.

SWITCH TURN “OFF"” TIME (tgfFf) - The time required
to deactivate an “ON" switch to an “OFF" state. This
time is measured from the 50% point of the logic input
change to the time the output reaches 10% of the ini-
tial value.

SWITCH TURN “ON” TIME (ton) - The time required
to activate-an ““OFF"’ switch to an ""ON"' state. This time
is measured for the 50% point of the logic input to the
time the output reaches 90% of the final value.



CMOS Switches Selection Guide

Ron (©2) | ID(OFF)(NA) | t(on)(NS) | t(OFF)(NS) | Pp{mW)
FUNCTION DEVICE (TYP) (TYP) (TYP) (TYP) (TYP)
SPST H1-5040 50 0.5 370 280 1.5
2 x SPST H1-200 55 1 240 180 15
H1-300 35 0.04 210 160 1
H1-304 35 0.04 210 160 0.3
H1-381 35 0.04 210 160 1
H1-5048 25 05 370 280 15
HI-5041 50 0.5 370 280 1.5
4 x SPST H1-201 55 1 180 ° 1565 15
HI-201HS 30 0.3 30 40 120
SPDT H1-301 35 0.04 210 160 1
H1-305 35 0.04 210 160 0.3
H1-387 35 0.04 210 160 1
H1-5050 25 0.5 370 280 15
HI-5042 50 05 370 280 1.5
2 x SPDT HI-303 35 0.04 210 160 1
H1-307 35 0.04 210 160 0.3
H1-390 35 0.04 210 160 1
H1-5051 25 0.5 370 280 15
HI-5043 50 0.5 370 280 1.5
DPST H1-5044 50 0.5 370 280 1.5
2 x DPST H1-302 35 0.04 210 160 1
H1-306 35 0.04 210 160 0.3
H1-384 35 0.04 210 160 1
H1-5049 25 0.5 370 280 15
H1-5045 50 0.5 370 280 1.5
DPDT HI-5046A 25 0.5 370 280 1.5
H1-5046 50 0.5 370 280 15
4PST HI-5047A 25 0.5 370 280 15
H1-5047 50 0.5 370 280 1.5

P

NOTE: All data represents typical room temperature specifications at T 15V supplies. For guaranteed

and tested specifications, consult thé device data sheet.



HI-200

Dual SPST CMOS Analog Switch

FEATURES DESCRIPTION

ANALOG VOLTAGE RANGE

ANALOG CURRENT RANGE HI-200 is a monolithic device comprising two independently
TURN-ON TIME selectable SPST switches which feature fast switching speeds
LOWR (290ns) combined with low power dissipation (15mW at 250C).
ON . . . . .

Each switch provides low “ON" resistance operation for input
LOW POWER DISSIPATION signal voltages up to the supply rails and for signal currents
TTL/CMQS COMPATIBLE up to 80mA. Employing Dielectric Isolation and CMOS process-
ing, HI-200 operates without any applications problems in-
duced by latch-up or SCR mode phenamena.

APPLICATIONS All devices provide break-before-make switching and are TTL
and CMOS compatible for maximum application versatility.
HI-200 is an ideal component for use in high frequency analog
switching. Typical applications include signal path switching,
sample and hold circuit, digital filters,and op amp gain switching
HIGH FREQUENCY ANALOG SWITCHING networks.

SAMPLE AND HOLD CIRCUITS HI1-200 is available in DIP and metal (TO-100) cans. H1-200-2
is specified from -550C to +1250C while HI-200-5 operates
DIGITAL FILTERS from 00C to +750C. HI-200 is functionally and pin compatible

OP AMP GAIN SWITCHING NETWORKS with other available 200 series” switches

PINOUT FUNCTIONAL DIAGRAM

Section 11 for Packaging

7 ”"E
-

] SWITCH OPEN t
E * FOR LOGIC HIGH
9 %&
—O IN2

8
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage a4v (¥22) Total Power Dissipation® 450mW

VREF to Ground +20V, -5V Operating Temperature

Digital Input Valtage: +Vsupply +4V HI-200-2 -550C to +1250C
-VSupply -4V H1-200-4 ~200C to +850C

Analog Input Voltage (One Switch) +Vsypply +2.0V H1-200-5 00C to +759C
-VSupply -2.0V Storage Temperature -650C to +1500C

*Derate 6mW/0C Above Tp = 750C

ELECTRICAL CHARACTERISTICS

Unless Otherwise Specified
Supplies = +15V, -15V; VREF = Open; VaH(Logic Level High) =2.4V V| (Logic Level Low) = +0.8V
For Test Conditions, consult Performance Characteristics

HI-200-2 HI-200-5 **
-550C to +1259C 09C to +75°C
PARAMETER TEMP. | MIN. | TYP. | MAX. MIN. TYP. | MAX. | UNITS
ANALOG SWITCH CHARACTERISTICS .
Vg, Analog Signal Range Full -15 +15 -15 +15 Vv
RON, On Resistance (Note 1) +250C 55 70 55 80 Q
Full 80 100 72 100 Q
IS (OFF), Off Input Leakage Current +250C 1 1 nA
(Note 6) Full 100 500 10 500 nA
Ip(0FF), Otf Output Leakage Current +250C 1 1 nA
(Note 6) Full 100 500 10 500 nA
Ip(oN). On Leakage Current (Note 6) +250C 02 .02 nA
Full 6 500 6 500 nA
DIGITAL INPUT CHARACTERISTICS
VAL, Input Low Threshold Full 0.8 08 Vv
VAH, Input High Threshold Full 2.4 24 v
IA, Input Leakage Current (High or Low) (Note 2) Full 1.0 1.0 MA
SWITCHING CHARACTERISTICS
tQPEN, Break - Before Make Delay (Note 3) +250C 60 60 ns
ton, Switch on Time +250C 240 500 240 ns
tof, Switch off Time +250C 330 | 500 500 ns
“0ff Isolation” (Note 4) +250C 70 70 dB
Cs (OFF), Input Switch Capacitance +250C 5.5 5.5 pF
Cp (OFF). +250C 5.5 55 pF
Qutput Switch Capacitance
Co(ony, +250¢C 1 1 pF
Ca, Digital Input Capacitance +250C 5 5 pF
Cps (OFF), Drain-To-Source Capacitance +250C 0.5 0.5 pF
POWER REQUIREMENTS (Note 5) +250C 15 15 mW
Pp, Power Dissipation Full 60 60 mW
+ +250C 0.5 0.5 mA
1™, Current Ful& 2.0 2.0 mA
- +250C 0.5 0.5 mA
17, Current Full 2.0 2.0 mA
NOTES: 1. Vout=*10V IgyT = 1mA 4.V, =+5V, R, = 1K, C, = 10pF, Vg = 3VRMS,
2. Digital Inputs Are MOS Gates - Typical Leakage is f= 100kHz
Less Than 1nA 5.V, = +3Vor V5 = OV For Both Switches

3. VAH =4.0V
6. Refer to leakage current measurement diagram

on page (3-8)

'

Note: HI-200-4 has same specifications as H1-200-5 over the temperature range -20°C to +85°C.

3-5



SCHEMATIC DIAGRAMS
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

(UNLESS OTHERWISE SPECIFIED Ty = 259C, Vgypppy = # 15V, Vay = 2.4V VA = 0.8V AND Vggp = OPEN).
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (Continued)

SWITCH LEAKAGE CURRENT vs.
TEMPERATURE (HI-200)

OFF LEAKAGE CURRENT
vs. TEMPERATURE
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (Continued)

(H1-200)
SWITCH TIME vs. TTL LOGIC LEVEL
ON/OFF SWITCH TIME vs.
LOGIC LEVEL
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FEATURES

~HI-201

Quad SPST CMOS
Analog Switch

DESCRIPTION

ANALOG VOLTAGE RANGE
ANALOG CURRENT RANGE
TURN-ON TIME

LOW Rgn

LOW POWER DISSIPATION
TTL/CMOS COMPATIBLE

APPLICATIONS

HIGH FREQUENCY ANALOG SWITCHING
SAMPLE AND HOLD CIRCUITS
DIGITAL FILTERS

0P AMP GAIN SWITCHING NETWOEKS

HI-201 is a monolithic device comprising four independently
selectable SPST switches which feature fast switching speeds
(185ns) combined with low power dissipation (15mW at 250C).
Each switch provides low “ON" resistance operation for input
signal voltages up to the supply rails and for signal currents up
to 80mA. Employing Dielectric Isolation and CMOS processing,
HI-201 operates without any applications problems induced
by latch-up or SCR-mode phenomena.

_ All devices provide break-before-make switching and are TTL
and CMOS compatible for maximum application versatility.
HI-201 is an ideal component for use in high frequency analog
switching. Typical applications include signal path switching,
sample and hold circuit, digital filters,and op amp gain switching
networks.

HI-201 is available in a 16 lead dual-in-line package. HI-201-2
is specified from -550C to +1250C while HI-201-5 operates
fram 00C ‘to +750C. HI-201 is functionally and pin compatible
with other available ““200 series” switches.

PIN OUT

FUNCTIONAL DIAGRAM

Section 11 for Packaging
Top View
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Between Pins 4 and 13 44V (£22) Total Power Dissipation* 750mW

VREF to Ground +20V, -5V Operating Temperature

Digital Input Voltage: Vsupply(+) +4V H1-201-2 -550C to +1250C
Vsupply(-) -4V HI-201-4 -200C to +850C

Analog Input Voltage (One Switch) +Vsupply +2.0V HI-201-5 00C to +750C
~VSupply -2.0V Storage Temperature -650C to +1500C

*Derate 8mW/0C Above Tp = +750C

ELECTRICAL CHARACTERISTICS

Unless Otherwise Specified
Supplies = +15V, -15V; Vg = Open; Vpay (Logic Level High) =2.4V V) (Logic Level Low) = +0.8V
For Test Conditions, consult Performance Characteristics

HI-201-2 HI-201-5 **

-559C to +1250C 00C to +75°C
PARAMETER .| MIN, TYP. | MAX. MIN. TYP. | MAX.

ANALOG SWITCH CHARACTERISTICS

Vg, Analog Signal Range -15 +15 -15 +15

RgN, On Resistance (Note 1) ‘ 70 80
) 100

IS(QFF). Off Input Leakage Current nA
(Note 6) 250 nA

1p(QFF), Off Output Leakage Current nA
(Note 6) 250 nA

Ip(oN). On Leakage Current (Note 6) 250 nﬁ
n

DIGITAL INPUT CHARACTERISTICS
VAL, Input Low Threshold . 0.8 Vv
VAH. Input High Threshold X . \

1A, Input Leakage Current (High or Low) (Note 2) . . 1.0 HA

SWITCHING CHARACTERISTICS

tOPEN. Break - Before Make Delay (Note 3) 30 ns

ton , Switch ON Time 185 ns
toff., Switch OFF Time 220 ns
“0ff Isolation” (Note 4) 80 dB
Cs (OFF). Input Switch Capacitance 5.5 . 7 X pF

Co (0FF). 55 : pF
Output Switch Capacitance
Co(on) n pF

Ca, Digital Input Capacitance 5 pF

Cps (OFF). Drain-To-Source Capacitance 0.5 . pF

POWER REQUIREMENTS (Note 5) 15 mW

Pp, Power Dissipation . 60 60 mW
0.5 . mA
I+, Current (Pin 13) 2.0 2.0 mA
0.5 5 mA
|- Current (Pin 4) 20 2.0 mA

I

NOTES 1. Vg1 =+10V lg 7= 1mA
2. Digital Inputs Are MOS Gates -~ Typical Leakage is
Less Than 1nA 6
3. Vap =40V

VA =5V, R =1K{, C =100F, Vg = 3VAMS,f = 100KHz
.V =+3VorV, =0V Forall Switches

[

. Refer to leakage current measurement diagram
on page (3~14)

** Note: HI-201-4 has same specifications as H1-201-5 over the temperature range -20°C to +85°C. 3'1 1



SCHEMATIC DIAGRAMS

TTL/CMOS
REFERENCE CIRCUIT

V-REF CELL SWITCH CELL

OUTPUT

DIGITAL INPUT BUFFER
AND LEVEL SHIFTER

ALL N-CHANNEL
BODIESTO V-

ALL P-CHANNEL
BODIES TO V+

EXCEPT AS SHOWN.




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

(UNLESS OTHERWISE SPECIFIED Tp = 25°C, Vgypppy =£15V, Vo =24V V| = 0.8V AND Vg = OPEN).

ON RESISTANCE vs. ANALOG SIGNAL LEVEL,
SUPPLY VOLTAGE AND TEMPERATURE

1mA
>

V2

— Oe—O—

ON RESISTANCE vs. TEMPERATURE

On Resistance ~ Ohms

0 +25 +50
Ambient Temperature - 9C

(H1-201)
ON RESISTANCE vs. ANALOG SIGNAL LEVEL

AND POWER SUPPLY VOLTAGE

On Resistance - Ohms

-

-5 0 +5

Analog Signal Level - Valts




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (Continued)

SWITCH LEAKKAGE CURRENT vs.
TEMPERATURE (HI-201)

OFF LEAKAGE CURRENT
vs. TEMPERATURE

I(0FF) Ip(0FF)

/ IN ouT

HI-201

IS(0FF)/'D(0FF : . v —_

I

ya
7
/
/
/

Current — nA

- ON LEAKAGE CURRENT
vs. TEMPERATURE

IN

0.1
+250C +500C +750C +100°C +1250C

Temperature

SWITCH CURRENT vs. VOLTAGE

SWITCH CURRENT
vs. VOLTAGE

IN ouT
- O0+—0——

H1-201

Switch Current - mA

Voltage Across Switch - Volts




SWITCHING WAVEFORMS

DIGITAL
INPUT

SWITCH
OuTPUT

ION,tOFF(TTL|NPUT) tON,tOFF(CMOSlNPUT)
VIN = 4.0V VREF=0PEN,V|N=+15V

I I
AN i N )l i N

Top: TTL Input Horizontal: 100ns/Div. Top: CMOS Input Vertical: 5V/Div.
Bottom: Qutput Vertical: 2V/Div. Bottom: Output Horizontal: 100ns/Div.

OFF ISOLATION VS. FREQUENCY

140

12

1kHz 10kHz 100kHz
FREQUENCY - Hz

OFF ISOLATION - dB




D HARRIS HI-201HS

High Speed Quad SPST
CMOS Analog Switch

Preliminary

FEATURES DESCRIPTION

ANALOG VOLTAGE RANGE
ANALOG CURRENT RANGE
TURN-ON TIME

LOW RN

LOW POWER DISSIPATION

The Harris HI-201HS is a monolithic CMOS analog switch
featuring very fast switching speeds and low ON resistance.
The device consists of four independently selectable SPST
TTL COMPATIBLE switches and is identical in pinout to the H1-201 quad switch.
LOW CHARGE INJECTION
Fabricated using the Harris dielectric isolation technology, this
TTL compatible device offers improved performance over
APPLICATIONS previously available CMOS analog switches. Featuring switching
speeds of 50ns max., low ON resistance of 5082 max., and wide
analog signal range of £15V, the HI-201HS is designed for any
application where improved switching performance, particularly
switching speed, is required.

HIGH FREQUENCY ANALOG SWITCHING

The HI-201HS is available in a 16 lead dual-in-line package.
The HI-201HS-2 is specified for the temperature range of
DIGITAL FILTERS -550C to +1250C and the HI-201HS-5 operates from 00C to
+750C.

SAMPLE AND HOLD CIRCUITS

0P AMP GAIN SWITCHING NETWORKS

PIN OUT , FUNCTIONAL DIAGRAM

Top View

TYPICAL SWITCH

SWITCH DPEN
FOR LOGIC HIGH




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage Between Pins 4 and 13 +36V , Total Power Dissipation™ 750mW
Operating Temperature
Digital Input Voltage: VSuppIy(+) +4V H1-201HS-2 -550C to +1250C
Vsupply(-) -4V HI-201HS-4 -200C to +850C
Analog Input Voltage (One Switch) +Vsupply +2.0V HI-201HS-5 00C to +750C
~Vsyupply -2.0V Storage Temperature -650C to +1500C

*Derate 8mW/OC Above Tp = +750C

ELECTRICAL CHARACTERISTICS uUnless Otherwise Specified, Supplies = +15V, -15V; VaH (Logic Level High) = 5.0V;
VAL (Laogic Level Low) =+0.8V

HI-201HS-2
H1-201HS-5
PARAMETER TEMP, MIN. TYP. | MAX. UNITS
ANALOG SWITCH CHARACTERISTICS
Vs, Analog Signal Range Full -15 +15 v
RoW, On Resistance (Note 2) +250C 30 50 Q
Full 75 Q
IS(0FF), Off Input Leakage Current +250C 3 10 nA
Full 100 nA
ID(0FF), Off Output Leakage Current +250C 3 10 nA
Full 100 nA
1D(0N), On Leakage Current +250C 1 10 nA
Full 100 nA
DIGITAL INPUT CHARACTERISTICS
VAL, Input Low Threshold Full 0.8 v
VAH, Input High Threshold +250C 2.0 \
Full 24 v
IAL, Input Leakage Current (Low) Full 500 HA
IAH, Input Leakage Current (High) Full ’ 40 A
SWITCHING CHARACTERISTICS
tON, Switch ON Time (Note 3) +250C 30 50 ns
tOFF, Switch OFF Time (Note 3) +250C 40 50 ns
"0ff Isolation" (Note 4) +250C 72 dB
Crosstalk (Note 5) +250C 86 dB
Charge Injection (Note 6) +250C 10 pC
CS(OFF), Input Switch Capacitance +250C 10 pF
0
Co(orR). QOutput Switch Capacitance +2500 10 oF
Cp(on). +250C 30 pF
CAa, Digital Input Capacitance +250C 18 pF
CDS(OFF), Drain-to-Source Capacitance +250C 5 pF
POWER REQUIREMENTS (Note 7)
Pp, Power Dissipation +250C 120 mW
Full 240 mW
I, Current (Pin 13) +250C 45 mA
Full 10.0 mA
1=, Current (Pin 4) +250C 3.5 mA
Full 6 mA
NOTES:
1. Absolute maximum ratings are limiting values, 4. VA =5V,RL =1KS§2, CL = 10pF, VS = 3 VRMS,
applied individually, beyond which the service- f=100kHz
ability of the circuit may be impaired. Functional
operability under any of these conditions is not ~ 5. VA=5V,RL =1k, f=100kHz, VIN = 2Vp-p

necessarily implied.
6. CL = 1000pF, VIN = OV, RIN = 082
2. VOUT =10V, IoUT = TmA AQ=CLx AVO

3. RL=1k{2,CL = 35pF, VIN = +10V, VA = +5V 7. VA =5V or VA = 0 for all switches.



TEST CIRCUIT

SWITCHING TEST CIRCUIT (toN, toFF)

V+ = +15V

I

o~ 0—
|
—DH-I;-ZMHS
T

SWITCHING WAVEFORMS

DIGITAL
INPUT

SWITCH
OUTPUT

tON, toFF (TTL INPUT)
VAH = +5.0V

F

\

\

ddd it ML Y Il.‘ll il i
A

5V

Top: TTL Input . Vertical: 5V/Div.
Bottom: Output Horizontal: 100ns/Div.




o HARRIS

HI-300 thru HI-307

CMOS Analog Switches

FEATURES APPLICATIONS
® ANALOG SIGNAL RANGE (£ 15V SUPPLIES) ~ £15V | © SAMPLE AND HOLD ie. LOW LEAKAGE SWITCHING
® LOW LEAKAGE (TYP. @ 250€) 40pA | ® OP AMP GAIN SWITCHING i.e. LOW ON RESISTANCE
® LOW LEAKAGE (TYP. @ 1250C) 1A | ® PORTABLE,BATTERY OPERATED CIRCUITS
® LOW ON RESISTANCE (TYP. @ 250C) 350 | ® LOW LEVEL SWITCHING CIRCUITS
© BREAK-BEFORE-MAKE DELAY (TYP.) 60ns | e DUAL ORSINGLE SUPPLY SYSTEMS
® CHARGE INJECTION 30pC
® TTL,CMOS COMPATIBLE
® SYMETRICAL SWITCH ELEMENTS
® LOW OPERATING POWER 1.0mw
(TYP. FOR HI-300 - 303)
FUNCTIONAL DIAGRAM DESCRIPTION

The H1-300 through H1-307 series of switches are monolithic devices fab-
ricated using CMOS technology and the Harris dielectric isolation process.
These switches feature break-before-make switching, (HI-301, 303, 305
& 307 only) , low and nearly constant ON resistance over the full analog
signal range, and low power dissipation, (a few milliwatts for the H1-300-
303, a few hundred microwatts for the H1-304-307).

The H1-300-303 are TTL compatible and have a logic 0" condition with
an input less than 0.8V and a logic “1” condition with an input greater
than 4.0V. The HI1-304-307 switches are CMOS compatible and have a
low state with an input less than 3.5V and a high state with an input
greater than 11V. (See pinouts for switch conditions with a logic 1" input.)

All the devices are available in a 14 pin epoxy or ceramic DIP. The HI-300,
301, 304 and 305 are also available in a 10 pin metal can. Each of the
TYPICAL SWITCH 300 SERIES switch.types are available in either the -550C to +1250C or 00C to +750C
operating ranges.

b

PINOUTS  (swiTCH STATES ARE FOR A LOGIC “1” INPUT) Section 11 for Packaging
DUAL SPST HI-300 & Hi-304 SPDT HI-301 & HI-305
{TOP VIEWS) (TOP VIEWS)
o Ne[T] (1] v+ o Ne[1] j1a] v+ METAL
01{2] 113]D2 oi[Z] 1l CAN p,
NCE:?«| :{Enc NcEj --%7 [i2)ne s
gl (il s1[4] H{i]s2 'Q
ne[s] | ! [o]ne ne[5] ! [ofne
a6} > <Halme w[e}—>-- [o]ne
anp[7] [8]v- ono[7 [s]v-
LOGIC | SWITCH *The substrate and case are LOGIC W1 SW2 *The substrate and case are
o oFF internally tied to V~. (The internally tied to V-, (The
] P case should not be used as i PV case should not be used as
the V- connection, however.) the V- connection, however.)
DUAL DPST HI-302 & H!I-306 DUAL SPDT HI-303 & H1-307
(TOP VIEW) (TOP VIEW)
pIp DI
Ne[T] [1a] v+ ne[T1] [14] v+
s3[2] 3] 54 S3Eq [:‘E&t swi | sws
Dggg Lo?@ D4 LoGIC | swiTcH p3[3}5 7 70{12]Ds LoGic | sw2 | swa
D1[4] a1 D2 0 OFF o1[4] ﬁi—EDz 0 OFF oN
31E:j E:% . 1 ON s[5 t,rj ]2 1 on OFF
j |
wlE > <Hslme wme> <,
GND [7 [8]v- GnD[7 (8] v-




SPECIFICATIONS HI-300 - HI-307

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage Between Supplies 44V (+22V) Total Power Dissipation
. 14 Pin Epoxy DIP 526mW
Digital Input Voltage V+ +4.0V 14 Pin Ceramic DIP 588mW
V- -4,0V 10 Pin Metal Can* 435mW
*Derate 6.9mW/00C Above Tp = 700C

Analog Input Voltage V15V

i _3XX- - 550 0
V-1V Operating Temperature HI-3XX-2 550C to +1250C

HI-3XX-5 00C to +759C

Storage Temperature —650C to +1500C

ELECTRICAL CHARACTERISTICS  Unless otherwise specified; Supplies = +15V, -15V; V| = Logic Input.
HI-300-303 : V) - for Logic “1"" =4V, for Logic 0" = 0.8V
H1-304-307 : Vjp - for Logic “1”"= 11V, for Logic 0" = 3.5V

-550C to +1250C 00C to +750C

PARAMETER MIN TYP | MAX MIN TYP

ANALOG SWITCH CHARACTERISTICS

Analog Signal Range
RON ON Resistance (Note 2)

ISgFF OFF Input Leakage Current (Note 3)
3 1DQFF OFF Qutput Leakage Current (Note 3)

IDQN ON Leakage Current (Note 4)

DIGITAL INPUT CHARACTERISTICS

VINL Input Low Level *

VINH Input High Level *

VINL Input Low Level **

VINH Input High Level **

1iNL Input Leakage Current (Low) (Note 5)
1INH Input Leakage Current (High) (Note 5)

SWITCHING CHARACTERISTICS

tOPEN Break-Before-Make Delay ***
toN Switch On Time*

toFF Switch Off Time *

toN Switch On Time **

tOFF Switch Off Time **

Off Isolation (Note 6)

Charge Injection (Note 7)

CSQFF Input Switch Capacitance
CDoFF Output Switch Capacitance
CDQN Output Switch Capacitance
CyN (High) Digital input Capacitance
Cin (Low) Digital Input Capacitance

'POWER REQUIREMENTS

I+ Current* (Note 8) +250C 0.09 0.5
Full 1

I- Current * (Note 8) +250C 0.01 10
Full . 100
I+ Current * (Note 9) +250C 0.01 10
Full 100
I- Current * (Note 8) +250C 0.01 10
Full 100
1+ Current** (Note 10) +250C 0.01 10
Full 100
I- Current ** (Note 10) +250C 0,01 10
Full 100
I+ Current** (Note 11) +250C 0.01 10
Full 100
|- Current ** (Note 11) +250C 0.01 10
Full 100

* H1-300 thru Hi-303 Only; ** HI-304 thru HI-307 Only; *** HI-301, H1-303, H1-305, H1-307 Only
3-20



ELECTRICAL CHARACTERISTICS NOTES:

1. As with all semiconductors, stresses listed under “Absolute
Maximum Ratings’’ may be applied to devices (one at a time)
without resulting in permanent damage. This is a stress rating
only. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability. The conditions
listed under “Electrical Characteristics'’ are the only conditions
recommended for satisfactory operation.

. Vg =X 10V, lgyT = -10mA On resistance derived from the
voltage measured across the switch under the above conditions.

. Vg=114V,Vp =T 14V,
. Vg=Vp=14v.

. The digital inputs are diode protected MQS gates and typical

. Vs =1VRms, f = 500kHz, C = 15pF, R = 1k.

CL = CFIXTURE + CPROBE, “Off Isolation” = 20logVS/VD -

. Vg =0V, CL = 10,000pF, Logic Drive = 5V pulse. (HI-300

-303) Switches are symmetrical; S and D may be interchanged.
Logic Drive = 15V (H1-304-307)

. VIN =4V (oneinput) (all other inputs = 0V)
. VN =0.8V (all inputs).

. Vin = 15V (all inputs).

. ViN =0V (all inputs).

. To drive from DTL/TTL circuits, pull-up resistors to +5V

leakages of 1nA or less can be expected. supply are recommended.

TEST CIRCUITS

SWITCHING TEST CIRCUIT (toN, tOFF) BREAK-BEFORE-MAKE TEST CIRCUIT (tggm)

SWITCH TYPE VINH

HI-300 thru HI-303 4v
HI-304 thru H1-307 15V

SWITCH TYPE VINH

HI-301, HI-303 5V
HI-305, HI-307 15V

+15V
V+

VO swiITcH

—'°[ T o OUTPUT
RL CL

.J_ lV' :«wOiaapF

=GND O-15v = =

S1
V=43V o
Vs2=+3V sy

LOGIC 1= SWITCH ON LOGIC *1”" = SWITCH ON
LOGIC VINH Loaic

RL1=RL2=300Q
INPUT ViNH =
INPUT 150% 50% I I CL1=CL2=33pF
1
1 f190% 10%
ov )
\
3

]
1
! '
L}
I ' 1
M onie  ore

SWITCH
OUTPUT
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TYPICAL PERFORMANCE CURVES

Typical delay, rise, fall, settling times, and switching trans-

RDS(ON) Vs. Vp AND Rps(on) VS. Vp AND ients in this circuit.
TEMPERATURE POWER SUPPLY VOLTAGE + 15y
S Tw

RGeN=0 S
e~ _c/rA_
—

VGeEn RL

: 1

1280C

{220 4
-889C

C
] L

‘ON RESISTANCE (OHMS)

A Ve=+1bV, V-=-18V
/, V-=-10v

/, V-=-15V
D Va4V, V-=-bV
% C 5 10 £ e + GND V-
VO - DRAIN VOLTAGE (VOLTS) VD - DRAIN VOLTAGE (VOLTS)

RDS(ON) - DRAIN TO SOURCE

RDS(ON) - DRAIN TO SOURCE
ON RESISTANCE (OHMS)

— =15V
DEVICE POWER DISSIPATION If RGEN. Ry or Cy is increased, there will be proportional
VS. SWITCHING FREQUENCY increases in rise and/or fall RC times.

SINGLE LOGIC INPUT

100 =:

[T 11
OFF ISOLATION s
VS. FREQUENCY

N Aw - 1000
SN

Ry =%

5

V=BV, V== 15V
CLOAD = 305F
V= 1VAms

Pd - POWER DISSIPATION (mW)

|Vs/Vp| - OFF ISOLATION (4B)

VN - LOGIC INPUT (VOLTS)

/i
/]
/

108 107
1- FREQUENCY (H2)

HI1-304 thru HI-307

0 100 1K 10K 100K 1
LOGIC SWITCHING FREQUENCY (Hz)
50% DUTY CYCLE

Is(oFF) OR ID(OFF)
VS, TEMPERATURE * Ip(oN) VS. TEMPERATURE *
100

100

[ vemssv = ven
| A H . Ewemwv

V-=-16V
[~ Vol =|vs|= v

3

1DON - CHANNEL LEAKAGE
LEAKAGE (nA)
3

1S0FF OR IDOFF - SOURCE OR
DRAIN OFF LEAKAGE CURRENT (nA)

7 2 m 128
TEMPERATURE - oC T- TEMPERATURE (o€}

* The net leakage into the source or drain is the n-channel leakage minus the p-channel leakage. This difference can be positive,
negative, or zero depending on the analog voltage and temperature, and will vary greatly from unit to unit.

VQ - OUTPUT VOLTAGE (VOLTS)

OUTPUT ON CAPACITANCE DIGITAL INPUT CAPACITANCE
VS. DRAIN VOLTAGE VS. INPUT VOLTAGE

Iy
5 -
2 T
Y )
z w
< 8
§ g s
5 g | | Vaen=5v
2 % 8|1 DUETO ACTIVE INPUT) — L
z 8 ] | TTT
= é‘ !
2 g, T 1
£ » 5 T 1
8 z 1
H © vmmvlmu‘ L
& 10 12 14 s 10 12 U
~DRAIN -
vo VOLTAGE (vOLTS) VIN - INPUT VOLTAGE (VOLTS) " Ll
A
- Vcsu--"‘/%
o 04 08 12 16
- Time (pis)
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TYPICAL PERFORMANCE CURVES (Continued)

SWITCHING TIME VS. SWITCHING TIME VS. SWITCHING TIME VS.
TEMPERATURE TEMPERATURE NEGATIVE SUPPLY VOLTAGE
HI-300 thru HI-303 H1-304 thru H1-307 HI-300 thru HI-303

T—T
v r::‘\l/ Vau 1BV
ViNH =40V V-= 15V
INH VINH = 418V
VINL=OV VINL =0V

\'W

—

L—
|t
|t

,—FL

OFF

t - SWITCHING TIME (ns)
¢ - SWITCHING TIME (ns)

F— VeelsV

Ta=280C
VINK =4V
VINL = 0V

5 3 6 85 106 1
T - TEMPERATURE (o€}

tON/tOFF - SWITCHING TIME (ps)

-5 25 45 66 8
T - TEMPERATURE (o€}

5 0 1
V- NEGATIVE SUPPLY (VOLTS)

SWITCHING TIME AND BREAK
BEFORE MAKE TIME VS. SWITCHING TIME VS. SWITCHING TIME VS.
POSITIVE SUPPLY VOLTAGE POSITIVE SUPPLY VOLTAGE NEGATIVE SUPPLY VOLTAGE
HI-300 thru HI-303 H1-304 thru HI-307 HI-304 thru H1-307

1
I T Ve us6v
T

Am
VINH =15V
VINL= OV

Ta=2C
VINH = +4.0v.

\

\

\
N\

orF

\
\

t - SWITCHING TIME (ns)

BREAK-BEFORE-MAKE TIME (us)

ON

tONtOFF/tBBM - SWITCHING TIME/

1ON/tOFF - SWITCHING TIME (us)

HI-301/303
onLY

0 7
V- NEGATIVE SUPPLY VOLTAGE (V}

OFF.

5 10 % 0
v+ POBITIVE SUPPLY (V) IVE SUPPLY VOLTAGE (V)

INPUT SWITCHING THRESHOLD
VS. POSITIVE SUPPLY VOLTAGE
HI-300 thru HI-307

VOLTAGE (VOLTS)

VTH - INPUT SWITCHING THRESHOLD

B 19 i
V4 POSITIVE SUPPLY VOLTAGE (VOLTS)
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HI-381/384/
387/390

CMOS Analog Switches

FEATURES APPLICATIONS

ANALOG SIGNAL RANGE (£15V SUPPLIES) SAMPLE AND HOLD i.e. LOW LEAKAGE SWITCHING
LOW LEAKAGE (TYP. @ 250C) OP AMP GAIN SWITCHING i.e. LOW ON RESISTANCE
LOW LEAKAGE (TYP @ 1250C) » PORTABLE BATTERY OPERATED CIRCUITS

LOW ON RESISTANCE (TYP. @ 250C) LOW LEVEL SWITCHING CIRCUITS
BREAK-BEFORE-MAKE DELAY (TYP.) DUAL OR SINGLE SUPPLY SYSTEMS

CHARGE INJECTION

TTL COMPATIBLE

SYMMETRICAL SWITCH ELEMENTS
LOW OPERATING POWER (TYP.)

FUNCTIONAL DIAGRAM DESCRIPTION

The HI-381 through HI-390 series of switches are monolithic
devices fabricated using CMOS technology and the Harris di-
electric isolation process. These devices are TTL compatible and

are available in four switching configurations. (See device pinout
IN for particular switching function with a logic /1" input.)
These switches feature low leakage and supply currents, low and

nearly constant ON resistance over the analog signal range, break-
before-make switching and low power dissipation.

The H1-381 and HI-387 switches are available in a 14 pin epoxy
or ceramic DIP or10 pin metal can. The HI-384 and H1-390
are available in a 16 pin epoxy or ceramic DIP. Each of the
TYPICAL SWITCH - 300 SERIES individual switch types are available in the -550C to +1250C
and 00C to +750C operating ranges.

PINQUTS (SWITCHSTATES ARE FOR A LOGIC “1” INPUT) Section 11 for Packaging

DUAL SPST HI-381 SPDT HI-387
s 1] s2 (TOP VIEWS) 1 (TOP VIEWS)

ne[z] 2] ne

N G
O O o] -
v+ E EV- -D-D.‘

NC E 8 |GND

*The substrate and case are *The substrate and case are
internarl‘ly ISEd ttobv-. ((1The interna;ly tied to V-. (The
case should not be used as case should not be used as
the V- connection, however.) the V-~ connection, however.)

E $1 DUAL DPST Hi-384 E $1 DUAL SPDT HI-390
E INY (TOP VIEW) E INg {(TOP VIEW)
E V- E V-
[13] enp o BE o
[12] ne 2] ne
1] ve [11] v+
[10] n2 [10] inz
BE: [9]s2
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)
44V (£22)

Voltage Between Supplies

Digital Input Voltage

Vti4.0v
V- -4.0V

Analog Input Voltage

V1.5V
V- -1.5V

Storage Temperature Range

-650C to +1500C

Total Power Dissipation

14 Pin Epoxy DIP

14 Pin Ceramic DIP

16 Pin Epoxy DIP

16 Pin Ceramic DIP

10 Pin Metal Can*

*Derate 6.9mW/0C above Tp = 700C

Operating Temperature

HI-3XX-2
HI-3XX-5

-550C to +1250C
00C to +750C

ELECTRICAL CHARACTERISITICS Unless otherwise specified; Supplies = +15V, -15V; VIN = Logic Input,
VIN for logic 1" = 4V, for lagic 0 = .8V

-550C to +1250C

00C to +750C

PARAMETER

MIN

TYP

MAX MIN TYP | MAX

ANALOG SWITCH CHARACTERISTICS

Analog Signal Range
RoN ON Resistance (Note 2)

ISgFF OFF Input Leakage Current (Note 3)
IDgFF OFF Output Leakage Current

(Note 3)
1DgN ON Leakage Current (Note 4)

DIGITAL INPUT CHARACTERISTICS

VINL Input Low Level
ViNH Input High Level
lINH Input Leak. Current (High) (Note 5)
INL [nput Leak. Current (Low) (Note 5)

SWITCHING CHARACTERISTICS
(H1-387/

+250C

tOPEN, Break-Before Make Delay 390 only} 60 60 ns
toN, Switch ON Time +250C 210 300 210 | 300 ns
tOFF, Switch OFF Time +250C 160 250 160 | 250 ns
OFF Isolation (Note 6) +250C 60 60 dB
Charge Injection (Note 7) +250C 3 3 mV
CSQFF Input Switch Capacitance +250C 16 16 pF
CDQFF Output Switch Capacitance +250C 14 14 pF
CDQN Output Switch Capacitance +250C 35 35 pF
Cin (High) Digital Input Capacitance +250C 5 5 pF
Cyn (Low) Digital Input Capacitance +250C 5 5 pF
POWER REQUIREMENTS
I+ Current (Note 8) +250C .09 5 .09 .5 mA
FULL 1 1 mA
1- Current (Note 8) +250C .01 10 .01 | 100 HA
FULL | 100 MA
I+ Current (Note 9) +250C .01 10 .01 100 HMA
FULL 100 HA
|- Current (Note 9) +250C .01 10 .01 100 HA
FULL 100 HA
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ELECTRICAL CHARACTERISTICS NOTES :

1. As with all semiconductors, stresses listed under “Absolute . The digital inputs are diode protected MOS gates and typical
Maximum Ratings” may be applied to devices (one at a time) leakages of 1nA or less can be expected.
without resulting in permanent damage. This is a stress rating
only. Exposure to absolute maximum rating conditions for - V§=1VRms, f = 500kHz, C|_= 15pF, R = Tk,
extended periods may affect device reliability. The conditions CL = CFIXTURE + CPROBE. “off isolation” = 20log V§/Vp.
listed under “’Electrical Characteristics” are the only conqitions . Vg = 0V, CL = 10,000pF, Logic Drive = 5V pulse. Switches

recommended for satisfactory operation. are symmetrical; S and D may be interchanged.

. Vg =2X10V,igyT = -10mA on resistance derived from the _ . . -
voltage measured across the switch under the above canditions. Vin=4V.  (one input) (all other inputs = 0)

3. Vg=114V,Vp=T14V, . VN =0.8V. (all inputs)

. To drive from DTL/TTL circuits, pull-up resistors to +5V

=yp=*
4. Vg=Vp=114V. Supply are recommended.

TEST CIRCUITS

SWITCHING TEST CIRCUIT (toN, tOFF) BREAK-BEFORE-MAKE TEST CIRCUIT (tggm)

SWITCH TYPE VINH SWITCHTYPE | . Vinn

HI-381 thru HI-390 5V H1-387 and HI-390 5V

V+ V+

Vo swiTcH
o— OUTPUT vsi=+3v @ 00

_| >.| = i D2
Vg2 =+3V ° - .
AL l a : RL2 ‘CLZ
l V- 3009 33pF ) =
= 1 -
— GND

D1

= GND oS.sv = LOGIC
INPUT

+—
H—AAA

LOGIC 1" = SWITCH ON*

VINH 1 50% RL1=RL2= 30092
s ov ! LOGIC LOGIC “1” SWITCH ON Ol - Cl2l r
INPUT  vynm

ov

£50% X 50%
ov ! ouT1

1
'
1

*Inverted logic for HI-381 SWITCH 50%
. OUTPUT ov : +

1
1BBM ——f ;——

SWITCH
outpuT OV

s
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TYPICAL PERFORMANCE CURVES

RDS(ON) - DRAIN TO SOURCE

s

ON RESISTANCE (OHMS)

RDS(ON) VS. Vp AND
TEMPERATURE

]
|1

x +5 +10
VD - DRAIN VOLTAGE (VOLTS)

DEVICE POWER DISSIPATION
VS. SWITCHING FREQUENCY
SINGLE LOGIC INPUT

7

]

s

Pd - POWER DISSIPATION (mW)

81 thru HI-390

1 10 100 1K 10K 100K 1M
LOGIC SWITCHING FREQUENCY (Hz)
50% DUTY CYCLE

ISoFF OR IDgEF VS. TEMPERATURE*

100

[ Vé=+15V
[ V-=-15v

ISOFF OR IDOFF - SOURCE OR
DRAIN OFF LEAKAGE CURRENT (nA)

125
T- TEMPERATURE - 9C

RDS(ON) - DRAIN TO SOURCE
ON RESISTANCE (OHMS)

|Vs/Vp| - OFF ISOLATION (dB)

0 L
108 108 107

Rps(on) VS. Vp AND
POWER SUPPLY VOLTAGE

\
—~—

P~

V4= +16V, V-=-15V
V4=+10V, V-=-10V
V+=+15V, V-=-75V
V=45V, V-=-5V

=10 +10

-5 45
VD - DRAIN VOLTAGE (VOLTS)

OFF ISOLATION
VS. FREQUENCY

\\ {- 1000

~

RL= 1k

V4= 415V, V-=-15V

[~ CLOAD=3upF
Vs=1VAms

f- FREQUENCY (Hz)

Ipon VS. TEMPERATURE *

100

[~ ve=16V

| V-=-15V
{vol =|vs|=1av

Ipon - CHANNEL LEAKAGE
LEAKAGE (nA)

5 126
T - TEMPERATURE (oC)

* The net leakage into the source or drain is the n-channel leakage minus the p-channel leakage. This difference can be positive,
negative, or zero depending on the analog voltage and temperature, and will vary greatly from unit to unit.

OUTPUT ON CAPACITANCE
VS. DRAIN VOLTAGE

CpON - OUTPUT ON CAPACITANCE (pF)

2 6 12 14 16
VD - DRAIN VOLTAGE (VOLTS)

DIGITAL INPUT CAPACITANCE
VS. INPUT VOLTAGE

\

TRANSITION
L] DUE TO ACTIVE INPUT) —
f 1-381 thru HI-390

C|N - INPUT CAPACITANCE (pF)

2 4 6 8 10 12 14 16
VIN - INPUT VOLTAGE (VOLTS)
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TYPICAL PERFORMANCE CURVES (Continued)

Typical delay, rise, fall, settling times, and switching trans-
ients in this circuit.
SWITCHING TIME VS, +15v
TEMPERATURE Tw
HI-381 thru HI-390

RGen=0 S

V4= 415V
V-=-15V
VINH = 4.0V
VINL =0V

|~

L—1
—t"T

t - SWITCHING TIME (ns)

If RGEN, RL or C is increased, there will be proportional
increases in rise and/or fall RC .times.

35 -15 25 45 65 8
T - TEMPERATURE (oC)

I

H1-384 thru HI-390

HI-381 INVERTED -
LoGic

SWITCHING TIME VS.
POSITIVE SUPPLY VOLTAGE
HI-381 thru HI-390

VIN - LOGIC INPUT (VOLTS)

VINL =0V

*SEE NOTE

i

2
M
2
H
)
Zz
T
5
E
i
w
i
g
F
e

~—

5 10
V+ - POSITIVE SUPPLY (V)

SWITCHING TIME VS.
NEGATIVE SUPPLY VOLTAGE
Hi-381 thru HI-390

tON
\)\‘

[ V+=+15V
TA = 25°C

tON/tOFF - SWITCHING TIME (ns)

VINH =+4.0V
VINL =0V

Vg - OUTPUT VOLTAGE (VOLTS)

5 10 1
V- NEGATIVE SUPPLY VOLTAGE (VOLTS)

INPUT SWITCHING THRESHOLD
VS. POSITIVE SUPPLY VOLTAGE
HI-381 thru HI-390

o 7 T
] V-=-15V
Z S Ta=z0c
=
3 A
H 4 O pHHH
2 ‘ /w
Suw
£EQ 3 - 1
ég 2 - i
g> HI-381 thru HI-300 | | Veen=-10v
B . i
3 0 04 08 12 16
> - TIME ()

10 1!
V+ POSITIVE SUPPLY VOLTAGE (VOLTS)
* NOTE: The turn-off time is primarily limited

here by the RC time constant (100ns) of the
load.
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HI-5040 thru HI-5051

HI-b046A and

HI-5047A

CMOS Analog Switches

DESCRIPTION

FEATURES
e WIDE ANALOG SIGNAL RANGE 15V
e LOW "ON" RESISTANCE (TYP) 25Q
e HIGH CURRENT CAPABILITY (TYP) 80mA
o BREAK-BEFORE-MAKE SWITCHING
TURN-ON TIME (TYP) 370ns
TURN-OFF TIME (TYP) 280ns

o NO LATCH-UP

o INPUT MOS GATES ARE PROTECTED FROM ELEC-
TROSTATIC DISCHARGE

e DTL,TTL, CMOS, PMOS COMPATIBLE

APPLICATIONS

HIGH FREQUENCY SWITCHING

SAMPLE AND HOLD

DIGITAL FILTERS

OP AMP GAIN SWITCHING

This family of CMOS analog switches offers low-resistance
switching performance for analog voltages up to the supply
rails and for signal currents up to 80mA. “ON" resistance is low
and stays reasonably constant over the full range of operating
signal voltage and current. R remains exceptionally constant
for input voltages between +5V and -5V and currents up to
50mA. Switch impedance also changes very little over temp-
erature, particularly between 00C and +750C. Rgp is nomin-
ally 25 ohms for HI-5048 through HI-5051 and H1-5046A/
5047A and 502 for HI-5040 through HI-5047.

All devices provide break-before-make switching and are TTL
and CMOS compatible for maximum application versatility.
Performance is further enhanced by Dielectric Isolation pro-
cessing which insures latch-free operation with very low input
and output leakage currents (0.8nA at 250C). This family of
switches also features very low power operation (1.5mW at
250C).

There are 14 devices in this switch series which are differentiated
by type of switch action and value of Ry (see Functional
diagram). All devices are available in 16 pin D.l.P. packages.
The H1-5040/5050 switches can directly replace IH-5040 series
devices and are functionally compatible with the DG 180/190
family. Each switch type is available in the -550C to +1250C
and 00C to +750C performance grades.

FUNCTIONAL DESCRIPTION

FUNCTIONAL DIAGRAM

Section 11 for Packaging

PART NUMBER TYPE Ron
H1-5040 SPST %0
HI-5041 DUAL SPST 750
H1-5042 SPDT 758
HI-5043 DUALSPDT 759
HI-5044 DOPST 15Q
Hi-5045 DUALDPST 5Q
HI-5046 DPOT 50
HI-5046A DPDT 309
H1-5047 4PST 750
HI-5047A 4PsT 30Q
HI-5048 DUAL SPST 300
HI-5049 DUAL DPST 300
H1-5050 SPDT 30Q
H1-5051 DUAL SPDT 300

: -

TYPICAL DIAGRAM

—OD

>

3-29



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (V* -V-) 36V Analog Current (S to D) 80mA

Vg to Ground vt v- Total Power Dissipation* 450mwW
Digital and Analog vt gy Operating Temperature

Input Voltage V- -4V HI-50XX-2 -550C to +125°C

. HI-50XX-5 0°C to +75°C

Storage Temperature -659C to +150°C

*Derate 6mW/°C above Tp, = 75°C

ELECTRICAL CHARACTERISTICS

Unless Otherwise Specified :
Supplies=+15V, -15V; Vg = 0V; Vpy (Logic Level High) = 3.0V; V) (Logic Level Low) = +0.8V, V| = +5V
For Test Conditions, consult Performance Characteristics

-550C to +125°C 00C to +75°C

PARAMETER MIN TYP MAX MIN TYP MAX
ANALOG SWITCH CHARACTERISTICS
Analog Signal Range -15 +15 -15 +15
Ron,“ON" Resistance (Note 1a)

75 75
Ron,”0N""Resistance (Note 1b)
50 50
Ron, Channel-to-Channel Match (Note 1a) 10 10
Ron, Channel-to-Channel Match (Note 1b) 5 5
Is(0FF) = 'p{oFF). Off Input or Output '
Leakage Current 500 500

ID(oN), On Leakage Current
500
500

DIGITAL INPUT CHARACTERISTICS
VaL. Input Low Threshold

VaH. Input High Threshold "
I, Input Leakage Current (High or Low) ) X 1.0 . 1.0

SWITCHING CHARACTERISTICS
ton, Switch “ON" Time

toff, Switch “OFF" Time

Charge Injection (Note 2)

“OFF lsolation” (Note 3)
“Crosstalk” (Note 3)

CS(OFF), Input Switch Capacitance

Co(oFF)
Output Switch Capacitance

0.8 0.8

kS
Coion),
Cpa, Digital Input Capacitance
Cps (0FF). Drain-To-Source Capacitance

POWER REQUIREMENTS

Pp, Quiescent Power Dissipation
I*, +15V Quiescent Current

17, -15V Quiescent Current

1L, +5V Quiescent Current

IR, Gnd Quiescent Current

NOTES: 1.Vgyt =10V, Igyt = 1mA
a) For HI-5040 thru H1-5047
b) For HI-5048 thru HI-5051, HI-5046A/5047A
2. VlN =0V, CL = 10,000pF
3.R| =100, f= 100 KHz, V| = 2 Vpp, C| =5pF
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SWITCH FUNCTIONS

SPST
HI-5040 (75%2)

VL v+
i12 TII

ln lu
VR V-

SWITCH STATES ARE FOR LOGIC “1” INPUT

DUAL SPST
HI-5041 (7582)

Vi v+
T12 Tn

|
O
’D‘D‘-*:
oz

“,l: éj't

SPDT
HI-5042 (7582)

7 v+
le Tn

DUAL SPDT
HI-5043 (75%2)

le Tn
—o—r‘——ou
D>~ |
O

yz lu
VR V-

—o
————O\v—

DPST
HI-5044 (75%2)

' V+
TIZ TH

13 14
o

DUAL DPST
HI-5045 (75(2)

Vi
Tu

DPDT
HI-5046 (75%2)
HI-5046A (3052)

\'"I% V+
Tu Tn

4PST
HI-5047 (7582)
HI-5047A (302)

VL V+
fo o

DUAL SPST
HI-5048 (302)

DUAL DPST
HI-5049 (30%2)

VL
o

13 14
'R

SPDT :
HI-5050 (30£2)

Vi v+
TIZ Tll

d

13 14
bl

DUAL SPDT
HI-5051 (30£2)

Vi V+
IIZ ?ll
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PIN CONFIGURATIONS SWITCH STATES ARE FOR LOGIC “0” INPUT

SINGLE CONTROL SPDT

SPST H1-5042 (75¢2) DPST
H1-5040 (752) H1-5050 (25¢2) HI-5044 (75%2)

01[:—-')____ D11E—v)—— D11 _]
{

e 2] N 2] i ne 2] !
Ne 3 ] DzaE:A—I—\:o’ nza[:—‘:fj g
ne 4[] sza[] L s2 4[] :

Ne 5[] e 5[] L ne s [ e

NC 6 [ NC 6] ne 6 [

ne 7] ne 7] ne 7 [
Ne 8] ne 8] ne 8 [

DPDT ‘ 4 SPST
HI-5046 (75$2) H1-5047 (7582
HI-5046A (2552) HI-5047A (2552)

02 1] 021E‘-J|\)————
Ne 2] Ne 2] !

013[] p13[}4 0——|
s1 4[] s14[]

1
I
'
i
'
T
]
1
1

s4 5[] sas[]
s 6[] pas[ 14 b_—l '
" ne 707 ne 7 (] i

03 8[] o3 al:—‘\l_b:rO—

4

DUAL CONTROL DUAL SPDT DUAL DPST

DUAL SPST HI-5043 (7582 HI-5045 (7582)
HI-5041 (7552) HI-5051 (2552) HI-5049 (25$2)

D1 1[_‘_—‘\——— b1 1] b1 1]
ne2[] ne 2] Ne 2[]
ne 3] g' 03 3[] 03 3]
ne 4[] | s3 a[] s3 4[]

ne 5[] . s4 5[] sa 5[]
_Ne s [ E o4 o[ o4 &[]
ne 7] i ne 70 ne 7
2 s(:——‘\——-—- 02 8[] bz 8]

DUAL SPST
HI-5048 (2552)

N 1]
Ne 2]
D1 3[]
s1 a[]
s2 5[]
ne s[]
o2 7]
ne 8]
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

(UNLESS OTHERWISE SPECIFIED Tp, = 25°C, vt=+415V, V- =-15V, V| =46V, VRp =0V, Vay =3.0Vand Vy =08V

ON RESISTANCE vs. ANALOG SIGNAL LEVEL,
SUPPLY VOLTAGE AND TEMPERATURE

TmA

Va

“ON"* RESISTANCE vs. ANALOG SIGNAL LEVEL
AND POWER SUPPLY VOLTAGE

80
E 50
o
|
w
e vt=+10vV
= a0 << V- =10V ,,,/ vt=t112v
2 V- =-12V
(7] \\ / ]
?: T —
= [—
2 vt=+15v
V- =-15V
0
-15 -10 -5 0 +5 +10 +15
ANALOG SIGNAL LEVEL — VOLTS
NORMALIZED “ON" RESISTANCE vs. TEMPERATURE
& 1.2
2 Vi =0V
2E 11 a
s © 10
© 1.
g2 —
o= 09
K@ ) //
¥ 08
=
[~ =4
=] 0.7
0.6
-500 -250 0° +250 +500 +750 +100° +1250

TEMPERATURE — °C
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

OFF LEAKAGE CURRENT
vs. TEMPERATURE

Ig(OFF) Ip(OFF)

fic ndham i
1S(0FF) = 'D(OFF) :

— oV = —_—
e I I

ON/OFF LEAKAGE CURRENT vs. TEMPERATURE

100nA =

+1ov

Lo

ON LEAKAGE CURRENT
vs. TEMPERATURE

IN MOUT

LEAKAGE CURRENT

50° 750
TEMPERATURE - 0C

NORMALIZED "“ON" RESISTANCE
vs. ANALOG CURRENT

“ON" RESISTANCE
vs. ANALOG CURRENT

©l

Vin
I

L1

NORMALIZED “ON" RESISTANCE
(REFERRED TO 1mA)

20 40 60 80
ANALOG CURRENT — mA
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

“OFF"" ISOLATION vs. FREQUENCY

OFF ISOLATION - dB

=
o

v
“OFF"” ISOLATION = 20 Iog(___.
Vout

IL
1K 10K
FREQUENCY - Hz

CROSSTALK vs. FREQUENCY

SWITCHED
CHANNEL

500

CROSSTALK - dB

“CROSSTALK" = 20 lug( ViN
Vour

1K 10K
FREQUENCY - Hz

POWER CONSUMPTION vs. FREQUENCY

+10V o —o+to |

1
]

-V o oo
|

TOGGLE A '
AT 50%0—-——D—-l
DUTY

T
/ +5V

+18V -15V

g
\)\

~
>

3
o

POWER CONSUMPTION —~ mW

40
4/

>

0 . S
[ﬁ‘ 1K 10K 100K ™
TOGGLE FREQUENCY (50% DUTY CYCLE) — Hz
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SWITCHING CHARACTERISTICS

ON/OFF SWITCH TIME
vs. LOGIC LEVEL

SWITCHING TIMES FOR POSITIVE DIGITAL TRANSISTION

1K

15V 2Va 20V

|

T
oN

3
£
w
H
=
@
z
x
o
£
H
@

"\

oFF
——

36V a2v
DIGITAL “HIGH" (Vay)

1K

SWITCHING TIME (ns)

SWITCHING TIMES FOR NEGATIVE DIGITAL TRANSISTION

osv 1.0v
DIGITAL “LOW" (Vo)

SWITCHING WAVEFORMS

TOP: TTL INPUT (1V/DIV)
VaH=3V,Vpa =08V
BOTTOM: OUTPUT (5v/DIV)

TOP: CMOS INPUT (5V/D1V)
VAH = 1DV, VAL =0V
BOTTOM: OUTPUT (5v/DIV

(NESEENENENES IERNI

T
r

IARRERRBRARARERAR LAAN

INETE FURNIRNEEY FENN!

IARENGRESNARESEARARE LARN

[EEENEN]

4
+

LRI
~+

14

144

INETHANSENENEN] FREN

LARANBEAREEBRRI

200ns/DIV
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SCHEMATIC DIAGRAMS

TTL/CMOS SWITCH CELL
REFERENCE CIRCUIT*

V+
o)

*Connect V*to V| for
inimizing power
when driving from CMOS circuits

DIGITAL INPUT BUFFER
AND LEVEL SHIFTER

| ALL N-CHANNEL V-
| BODIES TO V-

ALL P-CHANNEL
BODIES TO V+

EXCEPT AS SHOWN
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CMOS

Analog Multiplexers ,'I ,‘l ,'I

PAGE
Selection Guides 4-2
HI1-5606/507 Single 16/Differential 8 Channel CMOS Analog Multiplexers 4-3
HI-506A/507A 16 Channel CMOS Analog Multiplexer with Overvoltage Protection  4-9
H1-5608/509 Single 8/Differential 4 Channel CMOS Analog Multiplexer 4-15
HI-508A/509A 8 Channel CMOS Analog Multiplexers with Overvoltage Protection 4-22
HI-516 16 Channel/Differential 8 Channel CMOS High Speed 4-28
Analog Multiplexers
HI-518 8 Channel/Differential 4 Channel CMOS High Speed 4-31
Analog Multiplexer
HI-524 4 Channel Video Multiplexer 4-34
H1-539 Monolithic, Four Channel Low Level, Differential Multiplexer 4-39
HI-1818A/1828A  Low Resistance 8 Channel CMOS Analog Multiplexers 4-48

ABSOLUTE MAXIMUM RATINGS

As with all semiconductors, stresses listed under “Absolute Maximum Ratings’” may
be applied to devices fone at a time) without resulting in permanent damage. This
is a stress rating only. Exposure to absolute maximum rating conditions for extend-
ed periods may affect device reliability. The conditions listed under “Electrical
Characteristics” are the only conditions recommended for satisfactory operation.
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CMOS Multiplexers Selection Guide

TTL ID(OFF) | t(ON) | t(OFF)
“HIGH"” | Ron(§2) (nA) (ns) (ns) Pp{mWw)
FUNCTION DEVICE FEATURE MIN(V) (TYP) (TYP) {(TYP)| (TYP) (TYP) PAGE
4-CHANNEL HI-1828A LOW RON 4.0 250 0.05 350 250 5 48
DIFFERENTIAL LOW LEAKAGE
HI-609A | ANALOG INPUT 4.0 1200 1.0 300 300 7.5 22
OVERVOLTAGE
PROTECTION
8-CHANNEL HI-1818A LOW RoN 4.0 250 0.1 350 250 5 48
’ LOW LEAKAGE
HI-608A ANALOG 40 1200 10 300 300 7.5 22
OVERVOLTAGE
PROTECTION
8-CHANNEL HI-507 LOW RoN 24 170 1.0 300 300 30 3
DIFFERENTIAL
HI-507A ANALOG 4.0 1200 1.0 300 300 7.5 9
OVERVOLTAGE
PROTECTION
16-CHANNEL HI-506 LOW RoN 2.4 170 1.0 300 300 30 3
HI-506A ANALOG 4.0 1200 1.0 300 300 7.5 34
OVERVOLTAGE
PROTECTION
8-CHANNEL/ HI-518 HIGH SPEED 24 620 0.035 100 80 525 31
4DIFFERENTIAL LOW LEAKAGE
16-CHANNEL/ H1-516 HIGH SPEED 24 480 0.1 80 60 360 28
8DIFFERENTIAL LOW LEAKAGE
4-CHANNEL HI-524 VIDEO 2.4 700 0.2 180 180 540 34
BANDWIDTH
4-CHANNEL/ HI1-539 LOW 4.0 650 0.1 250 160 2.5 39
DIFFERENTIAL LEVEL ARQON = |AID(OFF)
SIGNALS 5.5Q =10pA

NOTE: All data typical room temperature specifications at *1sv supplies. For guaranteed

and tested specifications consult the device data sheet.




HI-506/HI-507

Single 16/ Differential
8 Channel CMOS

Analog Multiplexers

FEATURES

DESCRIPTION

e LOW ON RESISTANCE (TYP.) 1709
e WIDE ANALOG SIGNAL RANGE 15V
e DIRECTLY TTL/CMOS

COMPATIBLE 2.4V.(LOGIC "1")
® ACCESS TIME (TYP.) 300ns
e HIGH CURRENT CAPABILITY (TYP.) 50mA
® BREAK-BEFORE-MAKE SWITCHING
e NO LATCH-UP

APPLICATIONS

e DATA ACQUISITION SYSTEMS

© PRECISION INSTRUMENTATION

e DEMULTIPLEXING

® SELECTOR SWITCH

These lithic CMOS multipl each include an array of eight analog switches,
a digital decode circuit for channel selection, a voltage reference for logic thresholds,
and an ENABLE input for device selection when several mulitplexers are present.

The Dielectic Isolation (D1) process used in fabrication of these devices eliminates the
problem of latchup. Also, DI offers much lower substrate leakage and parasitic
capacitance than conventional junction - isolated CMQS (See Application Note 521).
With the low ON resistance (1802 typical), this allows low static error, fast channel
switching rates, and fast settling.

Switches are guaranteed to break-before-make, so two channels are never shorted
together.

The switching threshold for each digital input is established by an internal +5V
reference, providing a guaranteed minimum 2.4V for 1" and maximum 0.8V for
“0". This allows direct interface without pullup resistors to signals from most logic
families: CMOS, TTL, DTL and some PMOS. For protection against transient
overvoltage, the digital inputs include a series 200§ resistor and a diode clamp to
each supply.

The HI-506 is a sixteen channel single-ended multiplexer, and the H1-507 is an eight
channel differential version. The recommended supply voltage is * 15V; however,
reasonable performance is available down to % 7V. Each device is packaged in a 16
pin DIP,

The Hi-506/507 are specified for operation from 09C to 700C. The “-2"' versions are
specified from -650C to +1250C, “Dash 8" (-8) designates -2 parts which have been
screened per Mil-Std-883/ Method 5004/Class B.

PINOUT

FUNCTIONAL DIAGRAM

Section 11 for Packaging

HI-506 TOP VIEW Hi-506 r=-=-a [ atuinitade B ot S
A Ao ]
+VsuppLY 1 —| @ — 28 out ! :
NC 2 —] — 27-v suPPLY 1 T b
NC 3 — — 26 IN8 A|:T—> -+ | : H !
—] — |
N6 4 s N7 oo 1 i I 1
NS5 — — 24 IN§ H 0 | (B | )
Wit — L— 2385 m H [ | "o
IN13 7 —] — 22 N4 H 1 1 | | !
IN12 8 — — 21 IN3 ‘]u : Vo) | I' | '
N g~ l— 202 T H b Vo |
IN10 10— F— 1981 \ \ b 1
Ng 11— |— 18 ENABLE ! R Lo :
GND 12— |— 17 ADDRESS Ay ! | =D smmm ¥ :
NC 13 — |— 16 ADDRESS A, H v v 1 iL 1' wis
Lomed meeed Lo
ADDRESS A3 1 — [— 15 ADDRESS A, ADDRESS INPUT BUFFER DECODERS MULTIPLEX
ARG LEVEL SHIFTER ‘SWiTCHES
Section 11 for Packaging o .
HI-5C7 HI-507 r 1 r 1r T
TOP VIEW ! P Vo "
|
hd %o ! |
+VsyppLy 1@ |28 OUTA : ! : ! lj !
oute 2 (— 27 -VsuppPLY | N T P \
NC 3 - 26 IN 8A H | [ Feoe
INgB 4 — — 25 IN7A Aogwess 9 A1 + 4! [
IN7B 5— 21 In6A \ ! b | o
INGB 6— |~ 23 IN5A 1 ! \ : AR,
IN5B 71— 22 IN4A . ' T )J | arer
N 8— 21 18 3A \ \ [ | SwToKes)
IN38 9 |—20 IN 24 i ! ' 1y [
IN 28 10— 19 IN 1A 1 | H o ' T
IN1B 11 |18 ENABLE : : Vo : | 1 '
GND 12 |- 17 ADDRESS Ag H N ) ! m T
ne 13 |—16 ADDRESS Aj o : HE <
NC 14— 15 ADDRESS A7 Lo———J Loeed Lo 4

ADDRESS INPUT BUFFER

AND LEVEL SHIFTER

OECODERS

MULTIPLEX
SWITCH PAIRS.




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Between Pins 1and 27 40V Total Power Dissipation* 1200 mW
VEN, VA, Digital Input Overvoltage: Operating Temperature:
V3upp|y'(+) +4V H1-506/H1-507-2 -550C to +1250C
VA
Vsupply (-) -4V HI-506/H1-507-5 00C to +750C
Analog Input Overvoitage: (Note 6) Storage Temperature -650C to +1500C
VpgorVsg Vsupply (+) +2v

V8upp|y (") =2V .
*Derate 8mW/OC above Tp = +250C

ELECTRICAL CHARACTERISTICS Unless Otherwise Specified: Supplies=+15V, -15V; VAH(Logic Level High) =+2.4V,
VaL(Logic Level Low) =+0.8V. For Test Conditions, consult Performance Characteristics section.

H1-506/H1-507-2 H1-506/H1-507-5
. -550C to +1250C 00C to +750C
PARAMETER TEMP MIN TYP [ MAX | MIN [ TYP | MAX UNITS THUTH TAB[ES
ANALOG CHANNEL CHARACTERISTICS
\
* Vs, Analog Signal Range Full -15 +15 -15 +15 A
* RQN, On Resistance (Note 1) +250C 170 300 270 400 Q HI-506
Full 400 500 Q
* ARQ, (Between Channels) +250C 6 6 % “ON”
A3 | A2 | Ay | Ag| EN | CHANNEL
* IS(OFF), Off Input Leakage Current +250C 0.03 0.03 nA X | X | x x|t NONE
Full 50 50 nA [ O A B 1
[N O O B 2
*1 Off Qutput Leakage Current +250C 0.3 1.0 nA L L H|L]|H 3
D(OFF), HI-506 Full 1500 1500 nA [N O T I 4
HI-507 Full 250 | *250 nA cfu o] w 5
L H L H H 6
* Ip(0N), On Channel Leakage Current +250C 0.3 1.0 nA ciwlwl o] w 7
g Full 500 1500 nA Ciulwlulw 8
+
HI-507 Full 1250 250 nA HiL|L|L]|H 9
- HlL|UL[H]|H 10
DIGITAL INPUT CHARACTERISTICS wloliwlola "
HlL|H|{H]|H 1]
VAL, Input Low Threshold Full +08 +08 v wlwlolo]w 1
. H|H|L|[H]|H "
VAH, Input High Threshold Full +24 124 v wlwlnlola i
*1p, Input Leakage Current (High or Low)(Note 2) Full 10 5.0 A HH]H[H]H 16
SWITCHING CHARACTERISTICS
tA, Access Time +250C 300 1000 300 ns
HI-507
tOPEN, Break-Before Make Delay +250C 80 80 ns
tON(EN), Enable Delay (ON) +250C 300 1000 300 ns oN
WITCH
tOFF(EN), Enable Delay (OFF) +250C 300 | 1000 300 ns Ay | Ay | Ag | EN SPAm
X X X L NONE
Settling Time (0.1%) +250C 1.2 1.2 us L L L H 1
(0.0 25%) +250C 24 24 us clolnln 2
L H L H 3
“0ff Isolation” (Note 3) +250C 75 75 dB L H H H 4
H L L H 5
CS(0FF), Channel Input Capacitance +250C 4 4 [13 H L H H 6
Cp(0FF), Channel Output Capacitance H H L H 7
HI-506 +250C 44 44 pF A A L 8
Hi-507 +250C 22 22 pF
CA. Digital Input Capacitance +250C 2.2 2.2 pF
CpS(OFF). Input to Output Capacitance +250C 0.08 0.08 pF
POWER REQUIREMENTS
* 1+, Current Pin 1 (Note 4) Full 17 3.0 34 5.0 mA
*1-, Current Pin 27 (Note 4) Full 0.4 1.0 0.8 2.0 mA
* I+, Standby (Note 5) Full 17 3.0 34 5.0 mA
*I-, Standby (Note 5) Full 0.4 1.0 08 20 mA
NOTES: 1. Voyr =10V, IgyT = -1mA 4. VEN =4.0V,All VA =4.0V
2. Digital Inputs are Mos Gates. Typical Leakage 5. VEN=0V,AllVp =0V
Less Than 1nA. 6. 1f Analog Input O ge Conditions are A
3. VEn =08V, R = 1K, CL = 28pF,Vg = 7VRMS, Use of HI-506A/507A Protected Multiplexers is Recommended.
f=500kHz. See HI-506A/507A Data Sheet.

* 100% Tested for Dash 8 at +250C and +1250C Only.
4-4




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

Unless Otherwise Specified; Ta = 250C, VSypply =115V, ON RESISTANCE vs.
VAH = 2.4V, VAL = 0.8V. INPUT SIGNAL LEVEL, SUPPLY VOLTAGE

1mA

TEST CIRCUIT p—— E—
NO. 1 | DN
Oet—0C

—o

ON RESISTANCE NORMALIZED ON RESISTANCE
vs. ANALOG INPUT VOLTAGE, TEMPERATURE vs. SUPPLY VOLTAGE

T 1 I
+1250C2 TA 2-550C _|
ViN =0V

w
=)
=)

= = N
o ® o N

p—1

=t

"1
"1

—T
TA =-550C
]

[

5 0 +5 ’ i 19 H0 f11 fiz t13 a4 *s
VN Analog Input(Volts) Supply Voltage (Volts)

2 i

=)
=)

On Resistance-Ohms
~
>
2
Narmalized Resistance

(Referred to Value at ¥15Volts)
(S

TEST CIRCUIT TEST CIRCUIT
LEAKAGE CURRENT VS. TEMPERATURE NO. 2* NO. 3*

100nA

—

IS(OFF)
ID(OFF)
100A Hov —
LT + Lo T A
— 1p (0ff) Zipon - .
7 En Lea'k;gez :__E -
. // IIJ"!VI -
S
5 TEST CIRCUIT - "
K v NO. 4* Two per
- . +10V/-10V and -10V/+10V.
NOffloput | (Two measurements per device for ID(OFF):
o tbogs Gurrent +10V/-10V and -10V/+10V.)
N\
o
O EN
500 750 1000 1250 -
Temperature 0C :_L_.- L
LOGIC THRESHOLD POWER SUPPLY CURRENT OFF ISOLATION vs.
vs. POWER SUPPLY VOLTAGE vs. TEMPERATURE FREQUENCY
4 3.0 100 5§ T
E: _ - 'nm!lgx |
2 2 g 8 N T
= 3 £ =
El g 20 2 =y
g £ = 60 g ==
g = s BN 2 ] £ RL = 10M
g — = =
LI g Vew =0V 1 T a0
H g o)
g g S
£ 20} vgy =
F fcl" VIE'z‘“?}IuJ
> I~ CLOAD = 28pF T Vg =7 VRMS
0 ] 0 Loijunn e 1o
18 110 12 114 h1g g 120 -65 -35-15 -5 25 45 65 85 105 125 104 108 106 107
Power Supply Vaoltage (Volts) Temperature (0C) -Frequency (Hz)

4-5



PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

ON CHANNEL CURRENT vs. VOLTAGE
[

TA = -550C
/__

~—
TA = 250C _|

]
— =+1250¢

1} -Switch Current -~ mA

g 0 12
VIN - Voltage Across Switch

TEST CIRCUIT
NO.5

ON CHANNEL CURRENT
vs. VOLTAGE

ol

s

SUPPLY CURRENT vs. TOGGLE FREQUENCY

Vsupply =

Iy = H10V_|

11 - Supply Current, mA

]

10K 100K
Toggle Frequency,Hz

TEST CIRCUIT
NO. 6

+15/410

+IsuppLY
SUPPLY CURRENT
vs. TOGGLE FREQUENCY

+V

A3 INTf——Q 10/ 5
Ay IN2
va THRU| i
Mo HI-BOB iy =
A 0
500 0 IN1g [——O 5 1045
O—]en out
= T v -V

14 pf
1M =

VAH =35V
Va VAL =0V i
50% DUTY CYCLE = SuPPLY

Similar connection for HI1-507 -15/-10

ACCESS TIME vs. LOGIC LEVEL (HIGH)

tA - Access Time (ns)

[¢
4 IRRE
VAH - Logic Level (High), Volts

TEST CIRCUIT

0.7 ACCESS TIME
A

vt

N
N 2 THRU N5
HI-506
Ao W16
508 o—en out

-  +5V N

IR

N
vs. LOGIC LEVEL (HIGH)
v

Similar connection for HI-507

SWITCHING WAVEFORMS

VaH =35V ADDRESS

DRIVE (Vp)
%V AH VaL =0V
|

+10V OUTPUT

-8V -10v

ACCESS TIME

-

T
Va INPUT
2V/DIV

—
S10N

QUTPUT
SIV/DIV

|

T
$160N

200 NS/DIV



SWITCHING WAVEFORMS (continued)

TEST CIRCUIT

NO. 8
BREAK-BEFORE-MAKE DELAY (tgpgn)

BREAK-BEFORE-MAKE DELAY(topen)
VAH = 3.5V | [

ADDRESS VA INPUT
ORIVE (Vp) 2V/DIV
WV

IN T

oUTPUT A w2 10N

THR ™ HHH

50% H1-506 |u|: }
I 1 IN16

— out \I

1 K
OPEN v Vv

= 100 NS/DIV

Similar connection for HI-507

TEST CIRCUIT

NO.3 ENABLE DELAY (tgN(EN) . tOFF(EN))

ENABLE DRIVE ENABLE DELAY(1gN(EN). 1OFF(EN)
Vay = 3.5V sy
T [ ennsL

I~ DRIVE
w 2V/0IV.

A3 Nt
A2
N2
ar_HI=506 ranu T
= ao " N 16
A

N out 52 THRU $15 OF

—» toniEN) fe— | tgpe ! v oo v
1 I > Ny e 0w |

o
L

100 NS/DIV

Similar connection for HI-507

SCHEMATIC DIAGRAMS

ADDRESS DECODER

P B i
__‘%J —-‘%T TO P-CHANNEL
DU

DEVICE OF
THE SWITCH

TO N-CHANNEL
P DEVICE OF
THE SWITCH

A ORAp

A30RA3

ENABLE

v

Delete A3 or A3 Input for HI-507



SCHEMATIC DIAGRAM (continued)

ADDRESS INPUT BUFFER
LEVER SHIFTER

MULTIPLEX SWITCH

’%‘ FROM DECODE

5

e

P,

ol e
ol U 4
7

e B |

T

FROM DECODE

All N-Channel Bodies to V-
All P-Channel Bodies to V+ Unless Otherwise Indicated.

TTL REFERENCE CIRCUIT




a HARRIS

HI-506A/HI-507A

16 Channel CMOS
Analog Multiplexer with

Overvoltage Protection

FEATURES

DESCRIPTION

e ANALOG/DIGITAL OVERVOLTAGE PROTECTION
FAIL SAFE WITH POWER LOSS (NO LATCHUP)
BREAK-BEFORE-MAKE SWITCHING

e DTL/TTL AND CMOS COMPATIBLE
e ANALOG SIGNAL RANGE 15V
e ACCESS TIME (TYP.) 500ns
e SUPPLY CURRENT AT 1MHz

ADDRESS TOGGLE (TYP.) 4mA
e STANDBY POWER (TYP.) 7.5mwW

APPLICATIONS

o DATA ACQUISITION

o INDUSTRIAL CONTROLS

e TELEMETRY

The HI-506A and HI-507A are dielectrically isolated CMOS
analog multiplexers incorporating an important feature; they
withstand analog input voltages much greater than the supplies.
This is essential in any system where the analog inputs originate
outside the equipment. They can withstand a continuous input
up to 10 volts greater than either supply, which eliminates the
possibility of damage when supplies are off, but input signals
are present. Equally important, they can withstand brief input
transient spikes of several hundred volts; which otherwise
would require complex external protection networks. Neces-
sarily, ON resistance is somewhat higher than similar unpro-
tected devices, but very low leakage currents combine to pro-
duce low errors. Application Notes 520 and 521 further explain
these features.

The HI-506A-2 and HI-507A-2 are specified over -550C to
+1250C while the -5 versions are specified over 00C to +750C.

HI-506A Section 11 for Packaging HI-506A
TOP VIEW Fm=-n r
o
T\ Ao [ 1
+vsupPLY 1 —1 @ 28 0UT H \
e 2 — 27-vsueeLy H H 1
NC 3 — 26 IN8 ..~:-|,-> 1 4 | : : H
IN164 — 25 IN7 DIGITAL 1 [ 1 1
w155 — 2 N6 ADORESS ! ' ! : | !
f— A2
IN1s — 23N H : ! : t ! Vdeaur
N3 — L— 2 1Na H \ | N | 1
128 — L— 213 1 T H 1
Ay + | [ | 1
Wi e — — 20 n2 1 | b !
N0 10— — 19 N1 | ' [ '
g 11— L— 18 ENABLE ! i IR H
GND 12— |— 17 ADDRESS Ay | ' = : P o
—
Vagr 13— |— 16 ADDRESS A, “ ' {. i L J‘ e
bwanad mcmed bcamaaao
ADORESS A3 " — [~ 15 ADORESS Az ADDRESS INPUY BUFFER 'DECODERS MULTIPLEX
AND LEVEL SHIFTER SWITCHES
HI-507A Section 11 for Packaging HI-507A
r===-" [k B et k]
1 | 1 Vo Wi
TOP VIEW ot | ! [ ]
T [ 1
—————
+VsyppLy 1@ |- 28 OUTA | | /1 : W :
s
ouTB 2 |- 27 -vsyppLy | 1 Vo 'y L+ o0ura
Ne 3 - 26 IN 8A oo S, H 1 [ | (moseven
IN8B 4 |- 25 In7A rooRess 3 A1 1 | ' Iy | swines
IN78 5 24 1N 6A ! ) Vb o ours
INGB 6—] 23 IN5A ! 1 [ [ | roseven
IN5B 77— 22 IN 8A 2 4 ' [ ] om'u:'
X T H | e
NGB 8—] 21 IN3A 1 ) ooyt )
N3B 9] |20 1N 24 | | [ ;i W
IN28 10— [—19 1N 1A 1 1 L ! |
IN1B 11— |18 ENABLE ! ! ! VU Mome Hecwn
GND 12— I— 17 ADDRESS Ag ot } =N o B : i
T
VRer 13— | 16 ADDRESS A} r H
——— Leeod Lo 3
NC 14 [— 15 ADDRESS Az ADDRESS INPUT BUFFER DEcoDERs WULTIPLEX
KD LEVEL SWFTER SWTON PATRS




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Between Pins 1 and 27 40v Total Power Dissipation® 1200mW
VREF to Ground  V+ to Ground +20V Operating Temperature
"VEN, VA, Digital Input Overvoltage: HI-506A/507A-2 -550C to +125°C
Vsupply (+) +4V HI1-506A/507A-5 09C to +75°C
IVSupply (=) 4y Storage Temperature -65°C to +150°C
Analog Overvoltage:
Vs I Vsupply (+) +20V
VSupply (—) =20V *Derate 8mW/°C above Tp = +750C

ELECTRICAL CHARACTERISTICS  (Unless otherwise specified)
Supplies = +15V, -15V; VREF (Pin 13) = Open; VAH (Logic Level High) =+4.0V; VA (Logic Level Low) = +0.8V
For Test Conditions, consult Performance Characteristics section.

HI-506A/507A-2 HI-506A/507A-5
-550C to +1250C 09C to +75°C g
PARAMETER 0 TEMP. | MIN. | TYP. | MAX. | MIN. | TYP. | MAX. THUTH TAB[ES
ANALOG CHANNEL CHARACTERISTICS
*Vs, Analog Signal Range Full -15 +15 -15 +15 HI-506A
*RON. On Resistance (Note 1) +250C . 1.5 . 18
. Full X 2.0 . 20
ON-
*IS (OFF), Off Input Leakage Current +25°C A3 [Az | At Ao | EN | CHANNEL
Full 150 ) NN NN
*1p (OFF), Dft Output Leakage Current +250C t t : : :
HI-506A Full N tluwl{nlw
HI-507A Full clelolol s
X L H]|L|[H]|H
*Ip (0FF) with Input Overvoltage Applied +25°C L |H ]| AL LN
(Note 2) Full L{H[HlH]|H
H L L L H
*1D (ON). On Channel Leakage Current +250C H|L|L|HA|H
HI-506A Full HiL|H]L|H
HI-507A Full HlL|H|H[|H
H w|L]L]|H
DIGITAL INPUT CHARACTERISTICS HIH | L) H]H
VAL, Input Low Threshold | TTL Drive Full HfH L H LN
VAH, Input High Threshold | (Note 7) Full HIH|HIHIH
0
x:: MOS Drive (Note 3) :;:og
HI-507A
*IA, Input Leakage Current (High or Low) Full
SWITCHING CHARACTERISTICS
H 0
} tA, Access Time +25°C a2 | Ay | Ag | En
tOPEN, Break-Before Make Delay +250C X X X L
L L L H
tON (EN). Enable Delay (ON) +259C LiL | HH
L H L H
tOFF (EN), Enable Delay (OFF) +250C L|H ] H]H
) H L L H
Settling Time (0.1%) +250C H|L|[HI|H
(0.025%) +250C H H L H
H H H H
“0ff Isolation” (Note 4) +250C
Cs (OFF). Channel Input Capacitance +259C
CpD (OFF), Channel Output Capacitance  HI-506A +25°C
HI-507A +250C
Ca, Digital Input Capacitance +250C
CpS (OFF). Input to Output Capacitance +25°C
POWER REQUIREMENTS
Pp. Power Dissipation Full
*I+, Current Pin 1 (Note 5) Full
" *I-, Current Pin 27 (Note 5) Full
*I+, Standby (Note 6) Full
*1-, Standby (Note 6) Full 0.02 1.0 0.02 20 mA
NOTES: 1. VouT=+10V, lgyT =- 100 A. 5. VEN = +4.0V.
2. Analog Overvoltage = +33V. 6. VEN =0.8V. .
3 VREF = +10V. 7. To drive from DTL/TTL circuits, 1KSpull-  ~ 100% Tested for Dash &
4, VN =0.8V,Rp =1K,Cp = 7pF, Vg = up resistors to +5.0V supply are recom- at +25°C and +125°C Only.

4-10 3VRMS, f = 500KH2. mended.



PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

(UNLESS OTHERWISE SPECIFIED Tp = 25°C, VgppLy = +16V, Van = +4V, V| = 0.8V AND Vgep = OPEN)

ON RESISTANCE vs.
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE
TEST 100u A
4 X

CIRCUIT
NO. 1

—— V) —

ON RESISTANCE
vs ANALOG INPUT VOLTAGE

|
Tp = +1250C

NORMALIZED ON RESISTANCE
vs. SUPPLY VOLTAGE

T T T
+1250C 2T 2-55°C _|
Viy =45V

Tp - +25C
—

Tp - -65°C

On Resstance -K

Normalized on Resistance
(Referred to Value at +15Volts)

8 #0412

V) - Analog tnput (Volts) Supply Voltage (V_ulls.)

LEAKAGE CURRENT vs. TEMPERATURE

1D{OFF)

OFF QUTPUT A

[~ LEAKAGE CURRENT. =310V
g (OFF) \/

Z
Z
2

L7 ON LEA

R TEST
CIRCUIT

NO. 3%

Leakage Current

1S(OFF)

oV =

OFF INPUT
LEAKAGE CURRENT |
i5 (OFF)

TEST
CIRCUIT
NO. 4*
509 750 1000

Temperature -°C | 1D(ON)
*Two measurements per channel:

+10V/-10V and -10V/+10V. = +10V
(Two measurements per device for ID(OFF): I I
+10V/-10V and -10V/+10V.} = =

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS

TEST ANALOG INPUT

% 18 L__zc CIRCUIT OVERVOLTAGE CHARACTERISTICS
Susls.§ — NO.5
s 1 32 anaLos iNeut | A7 N Ig (OFF)
3 1214- g & —T—CURRENT (i)
g, 58 o —o
g2 9335 -
= 0SS
T 6}23 L~ —wn [ O 1
< = L—~1 ouTPuT OFF —l ! ? =
= 3T1~_ LEAKAGE CURRENT— =
= LS 1p(OFF) .

15 118 21 w24 27 330 133 16

VN - Analog Input Overvoltage (Volts)



PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

ON CHANNEL CURRENT vs. VOLTAGE TEST
ON CHANNEL CURRENT

-55°C CIRCUIT vs. VOLTAGE
|~ |+2s% NO. 6

s

oo
7

| - Switch Current - mA

48 410 12 +14
Vn - Voltage Across Switch

TEST
CIRCUIT
SUPPLY CURRENT vs. TOGGLE FREQUENCY NO. 7 +ISuPPLY

SUPPLY CURRENT
vs. TOGGLE FREQUENCY

+15/+10

2]

VsuppLy = 15 Ay O x0rss
| AN

: _—
Ay
1 va H
VsuppLy = 10V | A e

I+ - Supply Current, mA
S

~

500 Ay H——O 7 1045

B O—&n
+av

e = 14 pf

10K 100K ™ 10MQ =
Toggle Frequency, Hz

— -IsuPPLY

SIMILAR CONNECTION FOR HI-507A 157-10

TEST v LOGIE LEVEL THIGH)
CIRCUIT +15

NO.8 ? T

v v
A3 ReF N1

ACCESS TIME vs. LOGIC LEVEL (HIGH)

A IN 2 THRU IN15,
At
Ap HI-506A  IN6

EN
= GND
4 5 6 1 8 9 10 11 12 13 14 15 i

VR -Logic Level (High), Volts

Jd

tp, - Access Time (ns)

out
-1

| IS

SIMILAR CONNECTION FOR HI-507A

SWITCHING WAVEFORMS

Vay = 4.0V ADDRESS
A - DRIVE(Vp)

VaL=0V

OUTPUT

-10v

200ns/Div.




SWITCHING WAVEFORMS (continued)

TEST

CIRCUIT
NO. 9 BREAK BEFORE MAKE DELAY (1gpgy)

BREAK BEFORE MAKE DELAY (1gpgy)

VAR = 4.0V
ADDRESS
0vV=vaL DRIVE (Vp) N Y Ay A on
i
- N 2| = t
outPuT HI-506A 42 j_o-:_ N ™ \ /
50% 50% N i \ OUTPUT A
W vout \ 5V/DIV. I
—> fe—
10PEN w et V

100ns/Div.
SIMILAR CONNECTION FOR HI-507A
TEST
CIRCUIT ENABLE DELAY (tgn(EN). tOFF(EN))
NO. 10

ENABLE DELAY (1gy(EN). 1DFFIEN)!

ENABLE DRIVE

VaAH = 4.0V \

VaHf - — — — Ay N 1}—O +10v
» " ; "
VAL - OV HI-506A 2 1A ON

|
I ! N oL TN
|

90% ouTPUT I
| OUTPUT A
-V, : i
| | 90°% A GND « — N 1 THRU 2V/DIv.
we [ 2 50k IN 8 OFF

|
I I |
—>»{ 'ON(EN) j&— YOFF
| I = &Ny 1

Il
22z
e
2
g

1l

100ns/Div.

SIMILAR CONNECTION FOR HI-507A

SCHEMATIC DIAGRAMS

ADDRESS DECODER

P rﬂ ] P ‘ﬂ T P P 3
4%] h_l “{%I =L1 — r r T0 P CHANNEL
m M M OEVICE OF
"_T | THE SWITCH
AgORAg ! N
—_ TO N CHANNEL
DELETE Ag or A3 v - > e swiron
INPUT FOR HI-507A e
A20R A7
: -
A30R A3 M
i}
ENABLE ILL

< —4




SCHEMATIC DIAGRAMS (continued)

v
REF

OVERVOLTAGE
PROTECTION

ADDRESS INPUT BUFFER
AND LEVEL SHIFTER

_________________________________ -
|
|
v!
— |
| LEVEL
4> SHIFTED
ADORESS
T0 DECODE
|
| LeveL
- SHIFTED
ADDRESS

N T
-4%‘ : T0 DECODE

|

|

MULTIPLEX SWITCH

06 07 D4 D5

) 8 I
I—
L=




@ HARRIS

HI-b08/HI-509

Single 8/Differential

4 Channel CMOS Analog Multiplexer

FEATURES

DESCRIPTION

o FAST ACCESS 220ns
e FASTSETTLING (0.01%) 600ns
o LOWRqy 180 2
 BREAK-BEFORE-MAKE SWITCHING

e NO LATCH-UP

° TTL/CMOS COMPATIBLE 2.4V (LOGIC "1")

APPLICATIONS

e PRECISION INSTRUMENTS
® DATA ACQUISITION SYSTEMS
® TELEMETRY

These lithic CMOS Itiplexers each include an array of eight analog
switches, a digital decode circuit for channel selection, a voltage reference for
logic thresholds, and an ENABLE input for device selection when several multi-
plexers are present.

The Dielectric Isolation (DI) process used in fabrication of these devices elim-
inates the problem of latch-up. Also, DI offers much fower substrate leakage and
parasitic i than ional j ion-isolated CMOS (see Application
Note 521). Combined with the low ON resistance (1802 typical), these benefits
allow low static error, fast channel switching rates, and fast settling.

Switches are guaranteed to break-before-make, so two channels are never shorted
together.

The switching threshold for each digital input is established by an internal +5V
reference, providing a guaranteed min. 2.4V for “1” and max. 0.8V for 0. This
allows direct interface without pull-up resistors to signals from most logic fam-
ilies: CMOS, TTL, DTL, and some PMOS. For protection against transient
overvoltage, the digital inputs include a series 200 2 resistor and a diode clamp to
each supply.

The H1-508 is an eight channel single-ended multiplexer, and the HI-509 is a four
channel differential version. The recommended supply voltage is £15V; however,
reasonable performance is available down to *7V. Each device is packaged in a
16 pin DIP.

The H1-508/509-5 are specified for operation from 00C to 700C. The "-2"
versions are specified from -550C to £1250C. “Dash 8" (-8) designates -2 parts
which have been screened per MIL-STD-883/Method 5004/Class B.

PINOUTS

FUNCTIONAL DIAGRAMS

Section 11 for Packaging

H1-508 TOP VIEW HI-508 F-===n === r----- T s
| ! ! I
\J Ao L
Ag — 1 16 — A : 1
I |
ENABLE — 2 15— Ay biGiTAL] | 1
ADDRESS] A1 1
-VSUPPLY —3 14 [— GND ! 1
[} 1
N1 —4 13 [— +V SUPPLY Az4—ﬁ> i ouT
] 1
IN2 —5 12— ING ! :
]
IN3 —]6 11— IN6 : i
na —7 10 f— In7 PE—— S .
L ——J ——_—d e /= INB
ouT — 8 9l IN8 ADDRESS INPUT DECODERS MULTIPLEX
BUFFER AND SWITCHES
LEVEL SHIFTER
Section 11 for Packaging
HI-509 TOP VIEW Hi-509 R A
1
A N oD
— 16 A !
0 1 ) e — Ry
ENABLE —] 2 15 [— GND Ar— Y OTHER
H i SWITCHE'S)
-VSuPPLY — 3 14 [— +VSuPPLY ! 0 outs
1 1 {T03
IN1A —]4 13— IN1B ! ' SwiTcwes)
IN2A —|5 12— inzs ' i
H 1 IN1B
IN3A —]6 1|~ 38 1 !
) 1 IN A
INGA —{7 10 — IN4B L ' was
1
OUTA 8 9 [— 0UTB ARG “DECODERS | MOLTILEX
BUFFER AND SWITCH PAIRS
LEVEL SHIFTER




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS  (Note 1)

Vsupply™) to Vgupply()

V3upp]y(+) to GND
Vsupply(-) to GND

Digital Input Overvoltage:

Vsupply(+)
VEN, VA {v PPy

Supply()
Analog Input Overvoltage (Note 6):

Vsupply(*)
Vp, Vs VSupplyH

Power Dissipation *

(Derate 8mW/0C above TA = +750C)

Operating Temperature Ranges:
H1-508/509-2, -8
H1-508/509-5, -6
H1-508/509-1

-4V Storage Temperature Range

+2V

-2V * Package Limitation

750mW

-550C to +1250C

00C to 700C

-550C to +2000C

-650C to +1500C

4-16

ELECTRICAL CHARACTERISTICS Unless otherwise specified: Supplies =% 15V, GND = 0V

HI-508/H1-509-2 HI-508/H1-508-5

-550C to +1250C 00C to +700C

PARAMETER TEMP

MIN | TYP | MAX | MIN | TYP | MAX

ANALOG CHANNEL CHARACTERISTICS
Vg, Analog Signal Range
RON, On Resistance

Full

+250C
Full
+250C
+250C
Full
+250C
Full
Full
+250C
Full
Full
+250C
Full

ARQN, Any Two Channels
IS(OFF), Off Input Leakage Current (Note 2)

ID(0FF), Off Output Leakage Current
H1-508

HI-509
1D(ON). On Channel Leakage Current
HI-

HI-509

IDIFF, Differential Off Output Leakage Current
(HI-508 Only)

TRUTH TABLES

-15 +15 | -15 \
Q
Q

%

nA
nA

>
~

bd

"ON*"

>
=)

m

2

nA
nA

nA
nA
nA
nA

DIGITAL INPUT CHARACTERISTICS

VAH, High Threshold

VAL, Low Threshold

1A, Input Leakage Current (High or Low) (Note 3)

Full
Full
Full

v

I xXxT T T rrrreorreoX

T xXxTrr ITITrrrX

1

T - I~ XTI X
T T XTI XTI

CHANNEL|
NONE

{

\
HA

SWITCHING CHARACTERISTICS
tA, Access (Transition) Time

+250C
Full

+250C
+250C
+250C

+250C
+250C

+250C
+250C
+250C
+250C
+250C

tOPEN, Break-Before-Make Interval
toN(EN), Enable Turn-On
tOFF(EN), Enable Turn-0ff

tg, Settling Tme to 0.1%
to 0.01%

Off Isolation (Note 4)

Cs(0FF), Channel Input Capacitance
Cp(OFF), Channel Output Capacitance
Ca, Digital Input Capacitance
CDS(OFF), Input to Output Capacitance

ns
ns

ns
ns
ns

ns
ns

dB
pF
pF
pF
pF

POWER REQUIREVENTS

I+, Positive Supply Current (Note 5)
|-, Negative Supply Current (Note 5)
Pp, Power Dissipation

Full
Full
Full

2 2
1 1
45 45

mA
mA
mW

NOTES: 1. Absolute maximum ratings are limiting values,
applied individually, beyond which the service-
ability of the circuit may be impaired. Functional
operation under any of these conditions is not
necessarily implied.

. Ten nanoamps is the practical limit for high
speed measurement in the production test
environment. Actually, Ig (off) is below 100pA
for most devices, at 250C.

. Digital input leakage is primarily due to the clamp
diodes (see Schematic). Typical leakage is less
than 1nA at 250C.

4. Vgn =08V, Ry =1K, Cq=15pF, Vg = 7VRMS,
= 500kHz. Worst case isolation occurs on channel
4 (H1-508) and channels 4, 8 (HI-509), due to
proximity of the output pins.

. VEN=0Vor5V. All VA =0.

. If an overvoltage condition is anticipated (analog
input exceeds either power supply voltage), the
HARRIS HI-508A/509A multiplexers are
recommended.

HI-509

“ON"
CHANNEL

NONE
1

2
3
4




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

. age ON RESISTANCE vs.
Unless Otherwise Specified; TA = 250C, Vsypply = 15V, INPUT SIGNAL LEVEL, SUPPLY VOLTAGE

VAH =24V, VAL = 0.8V.

— VY ——» v
TEST CIRCUIT s
NO. 1 IN
C+—0 ouT
—f —0
Vin
ON RESISTANCE NORMALIZED ON RESISTANCE
vs. ANALOG INPUT VOLTAGE, TEMPERATURE vs. SUPPLY VOLTAGE
400 - 22 T
20 +1250C2 TA 2-550C _|
= 300 < g Ss M
= NN
g TA = 412500 L &s AN
§ 200 — 25 14
2 TA = +250C —1 |~ 2> \\
i " E é 1.2 ~
S 100 TA - 550c é’é 1.0 —
1 £ 08
0 J 0.6
-15 -10 -5 0 +5 +10 +15 7 0B 9 H0 H1 12 33 4 #H5
V(N Analog Input(Valts) Supply Voltage (Volts)
LEAKAGE CURRENT vs. TEMPERATURE
TEST CIRCUIT TEST CIRCUIT
100nA NO. 2% NO. 3*
O  ENp—O+08V °
0 o Jour e} out
100A ———= Off Output Z p ISIOFF) nel °©
| Leakage Current HIED ID(OFF) 110V !
| S Ip (0ff) =3 — 20V = -—0
2 \lﬂnnulj.:;kage fov = =-t10v 4L ENj——o+08v
: — 3 =™
S oa ,/ A
g = Z TEST CIRCUIT - " !
K 7 Z NO. 4* Two per
// ,/ - +10V/-10V and -10V/+10V.
VAN (Two measurements per device for ID(OFF):
Leaka;e Current ] ) +10V/-10V and -10V/+10V.)
Is (0th
100pA -
/LJ 0\ out
ra —0
o EN gm(om
Fov=- ) =ov
l“‘,A25° 500 150 1000 1250 - _;-I;
Temperature 0C 24V
LOGIC THRESHOLD POWER SUPPLY CURRENT OFF ISOLATION vs.
vs. POWER SUPPLY VOLTAGE vs. TEMPERATURE FREQUENCY
3.0 g
= 4 100 p ”! I
z z 20 9
= Pw
S 2 > - s RL=10M
g —— 3 EN = 5V 4 £ . L
H E 10 + 5B
2 H EN =0V 22 plyey-ov
< DR il
> FCLQAD=289F"
(] 0 [V SO T N T -
% 18 110 12 14 g h1g 120 -65-35-15 -5 25 45 65 85 105125 104 105 106 107
Power Supply Voltage (Volts) Temperature (0C) -Frequency (Hz)



PERFORMANCE CHARACTERISTICS AND

ON CHANNEL CURRENT vs. VOLTAGE
I

TA = -550C
P e W

—a
1 1a-

]

)

TA

#| -Switch Current -~ mA

6 8 10 12 tia 4
VIN - Voltage Across Switch

TEST CIRCUITS (continued)

TEST CIRCUIT
NO.5

ON CHANNEL CURRENT
vs VOLTAGE

HI-508

=

SUPPLY CURRENT vs. TOGGLE FREQUENCY
8

VSupply =115

=2
%

]

# - Supply Current, mA

10K 100K
Toggle Frequency,Hz

TEST CIRCUIT

NO. 6 +15/+10
+IsuppLY
SUPPLY CURRENT
vs TOGGLE FREQUENCY

;r\:l ——O +10/45
N2
HI-508 "\
IN8
out
v

10MQ

VAH = 3.5V
YA a0y —

50% DUTY CYCLE -

Similar connection for HI-509 18710

ACCESS TIME vs. LOGIC LEVEL (HIGH)

tA - Access Time (ns)

{(
77

4 5 13 14
VAH - Logic Level (High), Volts

TEST CIRCUIT
NO. 7

ACCESS TIME

vs LOGIC LEVEL (HIGH)

i

v

IN1

IN2THRUIN 7

V508

our

v-

IR

Similar connection for Hi-509

d

]

|

SWITCHING WAVEFORMS

Vap=35v ADDRESS

DRIVE (V)
VAR VAL = OV
|

i OUTPUT
-8V

|

]

le—

-10v

ACCESS TIME
vimv&n 3
2v/iol
| L
510N
QUTPUT ]
5V/0IV
=
SgON
200 NS/DIV




SWITCHING WAVEFORMS (continued)

TEST CIRCUIT
NO. 8

BREAK-BEFORE MAKE DELAY(tgpen) BREAK-BEFORE-MAKE
ENABLE DRIVE 15V DELAY (topen)

VAH = 3.5V ‘ ] | 3

-

VA INPUT
ADORESS ?wmv
DRIVE (V)

|
OUTPUT A N 58 on

50%

ouTPUT

Vi - W0V
— f— = ¥

tOPEN

o

L. 100 NS/DIV
Similar connection for HI-509

TEST CIRCUIT
NO.9

ENABLE DELAY (toN(EN), tOFF(EN)) ENABLE DELAY )
ENABLE DRIVE sy (tON(EN) . tOFF(EN)

VAH = 3.5V T

v
! N1 rE

N2 2
_[_E HI-508 TRy .
= N8 HHHH-HTH

ouT

1

| VA N -V S2 THRU Sg OFF 1 QUTPUT
Iy 3— svoiv

i g e— w8 l o T 1

15V

Similar connection for HI-509

100 NS/DIV

SCHEMATIC DIAGRAMS

ADDRESS DECODER ADDRESS INPUT BUFFER
LEVER SHIFTER

+V

f
e

P
N

TO P-CHAN,
DEVICE OF
THE SWITCH

>

TO N-CHAN.
DEVICE OF
THE SWITEH

ENABLE

DELETE (A2 OR Kz) INPUT FOR HI-509 All N-Channel Bodies to V-
All P-Channel Bodies ta V+ Unless Otherwise Indicated.




SCHEMATIC DIAGRAMS (continued)

TTL REFERENCE CIRCUIT MULTIPLEX SWITCH

FROM DECODE

FROM DECODE

32 CHANNEL BUFFERED MULTIPLEXER

CHANNEL

10 4,

9

250 . ° °
s out

.
. A2 3] al 1l 2l 8l 7] 6 8] 200

. A1 HA-2405
320+ é‘,ﬂ PRAM outj@

9 OUTPUT

al 7] 6l Do _D1 EN _COMP)
15pF

10
a028a oz T

DECODER* ol2

o

o o o0 o
LA[) A1 A2 A3 A4 3 SYSTEM ENABLE

CHANNEL SELECT

*QOptional; Provides Greater Isolation for AC Signals.
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APPLICATIONS (continued)

ONE OF 8 DECODER

ACTIVE LOW ACTIVE HIGH

&
—<

EN

EN

=y
o
A~

HI-508

HI-508

ouT

000000

05055000

Ag A1 A2

3
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T HARRIS

HI-508A/509A

8 Channel CMOS Analog

Multiplexers with Overvoltage Protection

FEATURES

DESCRIPTION

ANALOG/DIGITAL OVERVOLTAGE PROTECTION
FAIL SAFE WITH POWER LOSS (NO LATCHUP)
BREAK-BEFORE-MAKE SWITCHING

DTL/TTL AND CMOS COMPATIBLE

ANALOG SIGNAL RANGE

ACCESS TIME (TYP.)

SUPPLY CURRENT AT 1MHz
ADDRESS TOGGLE (TYP.)

STANDBY POWER (TYP:)

APPLICATIONS

e DATAACQUISITION

® INDUSTRIAL CONTROLS

e TELEMETRY

The HI-508A and HI-509A are dielectrically isolated CMOS
analog multiplexers incorporating an important feature; they
withstand analog input voltages much greater than the supplies.
This is essential in any system where the analog inputs originate
outside the equipment. They can withstand a continuous input
up to 10 volts greater than either supply, which eliminates the
possibility of damage when supplies are off, but input signals
are present. Equally impaortant, they can withstand brief input
transient spikes of several hundred volts; which otherwise
would require complex external protection networks. Neces-
arily, ON resistance is somewhat higher than similar unpro-
tected devices, but very low leakage currents combine to pro-
duce low errors. Application Notes 520 and 521 further explain
these features.

The HI-508A-2 and HI-509A-2 are specified over -550C to
+1250C while the -5 versions are specified over 00C to +759C.

PINOUT FUNCTIONAL DIAGRAM
HI-508A Section 11 for Packaging | HI-508A
TOP VIEW
Ag—1 1617
Ey—2 15— Ay
apu
Vsup— 3 14— GND
INT—{ 4 13| +vg,p
IN2—{5 12|—1Ns
IN3—{ 6 11}—IN6
INg—] 7 10}— IN7
OUT—j 8 9 |—IN8 ADDAESS INPUT BUFFER DECODERS MULTIPLEX
AND LEVEL SHIFTER SWITCHES
HI-509A Section 11 for Packaging | HI-509A e I i I s SN
TOP VIEW I ! \ N )
- % M D"‘: " ! } ? N )
Ag—1 16 |~ Ay :l ! e '
E | [ o oura
N—2 15 — GND ! | | b !
Ay 44
v 4 | L F e
wn—3 14— +Vap s | o
INTA —] 4 13} 18 ' ! ol
i 1 |4
IN2A—] 5 12}—InN28 ! T 1
1
IN3A—{ 6 11} in3s 5 : !
INGA—] 7 10}~ IN4B i + i
1 ]
ouUTA—] 8 9}—oute Loeeod ]
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Voltage between Supply Pins Total Power Dissipation* 725 mW
V+ to Ground Operating Temperature:
VEp. Va, Digital Input Overvoltage: HI-508A/HI-5609A-2 -559C to +1250C
Va , v3upp,y(+) +4V HI-508A/HI-509A-5 00C to +75°C
Vsupply () -8V Storage Temperature -65°C to +1500C
Analog Input Overvoltage:

vV ' Vsupply (+) +20V
S Vsupply (-) -20V *Derate 8mW/OC above tp = 75°C

ELECTRICAL CHARACTERISTICS (Unless Otherwise Specified)

Supplies = +15V, -15V; Vay (Logic Level High) = +4.0V; V5 (Logic Level Low) = +0.8V
For Test Conditions, consult Performance Characterisitcs section.

H1-508A/509A-2 HI-508A/509A-5
-550C to +125°C 0°C to +75°C
PARAMETER [TEMP. |MIN. | TYP. | MAX. | MIN. | TYP |MAX. TRUTH TABLES
ANALOG CHANNEL CHARACTERISTICS
*Vg, Analog Signal Range Full -15 +15 -15 +15
* Rgy. On Resistance (Note 1) +250C . 15 . 18 HI-508A
Full i 18 R 20
*5(0FF). Off Input Leakage Current +25°C N
Full 150 +50 Ay |ArlAg| Ey CHANNEL
*Ip(0FF). Off Output Leakage Current +259C
HI-508A | Full X|X|X|[L]| NONE
HI-509A Full LjL|L|H 1
*1p(0FF) With Input Overvoltage Applied (Note 2) | +25°C L|LJH|H
Full L{H|L|H
*Ip(gn). On Channel Leakage Current +259°C LIHlnulH
HI-508A | Full
HI-509A HpLfL]H
DIGITAL INPUT CHARACTERISTICS HiL|H|H
VaL. Input Lt?w Threshold (Note 6) Full : : : :
VaH. Input High Threshold Full
*1p, Input Leakage Current (High or Low) Full
SWITCHING CHARACTERISTICS
ta. Access Time +250C
topEN. Break - Before Make Delay +25°C
ton(EN). Enable Delay (ON) +250C
tOFF (EN). Enable Delay (OFF) +250C
Settling Time (0.1%) +250C
(0.0 25%) +250C
“OFF Isolation” (Note 3) +250C
Cs (0FF). Channel input Capacitance +250C
Cp (OFF). Channel Output Capacitance
HI-508A +250C 25
HI-509A +250C 12
Cp. Digital Input Capacitance +250C 5
Cps (0FF). Input to Output Capacitance +250C 0.1
POWER REQUIREMENTS
Pp. Power Dissipation Full 15
*1+, Current (Note 4) Full 05 2.0
*1-, Current (Note 4) Full 002 { 1.0
*|+, Standby (Note 5) Full 0.5 2.0
*1-, Standby (Note 5) Full 0.02 1.0
NOTES: 1. Voyut =110V, IgyT=-100UA 4. Vgp = +4.0V
2. Analog Overvoltage = ¥ 33V 5. Vgn = 0.8V
3. VEn =08V, R =1K,C = 7pF, 6. To drive from DTL/TTL Circuits, 1K$2 pull-up
Vg = 3V RMS, f = 600KHz resistors to +5.0V supply are recommended

* 100% Tested for Dash 8 at +259C and +125°C Only.
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

UNLESS OTHERWISE SPECIFIED: Ta = 250C, VSyppLY = +15V, VAH = +4V, VAL = 0.8V

100 LA

P u—

TEST CIRCUIT
NO. 1

—V, ——»

ON RESISTANCE vs.

INPUT SIGNAL LEVEL, SUPPLY VOLTAGE

ON RESISTANCE
vs. ANALOG INPUT VOLTAGE

|
Tp = +125°C

Tp = +250C

t
] TA=-55%

-2 0 2 4
Vi - Analog Input (Volts)

NORMALIZED ON RESISTANCE
vs. SUPPLY VOLTAGE

T 1 T
+1250C 2T 2-659C _|
Vin =6V

Normalized on Resistance .
(Referred to Value at +15Volts)

48 + #1011 +12  #13 +14  #5
Supply Voltage - Volts

LEAKAGE CURRENT vs. TEMPERATURE
100nA

OFF OUTPUT
I~ LEAKAGE CURRENT
ip (OFF)

OFF INPUT |
MLEAKAGE CURRENT
Ig (OFF)

500 75° 1000 <1250
Temperature -0C

TEST CIRCUIT
NO. 2*

TEST CIRCUIT
NO. 3*

0 ouT

1S(OFF)

-0  EN}——0+08V
0
‘

ID(OFF)

° oy =

—=Fov

L

TEST CIRCUIT
NO. 4*

*Two per
+10V/-10V and -10V/+10V.
(Two measurements per device for ID(OFF):

+10V/-10V and -10V/+10V.)

N o
—0
o EN gmtom
=tV
I

+4v
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ANALOG INPUT OVERVOLTAGE CHARACTERISTICS

ANALOGINPUT | 47
T(N) 377
Pd
,
]
OUTPUT OFF
LEAKAGE T—

1p(QFF)
o
8 21 24 27 30
VN - Analog Input Overvoltage (Volts)

(1) Analog Input Current (mA)

433 436

/ TEST CIRCUIT
NO.5

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS

Ip (OFF)




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

ON CHANNEL CURRENT vs. VOLTAGE TEST CIRCUIT
559C NO. 6 ON CHANNEL CURRENT

e vs. VOLTAGE
A s

1 - Switch Current - mA

|

+ + +10  #12 -

Vin - Voltage Across Switch

TEST CIRCUIT +15/410
NO. 7

A ) tisuppLy
SUPPLY CURRENT vs.
TOGGLE FREQUENCY
+V

IN——O +10/45

IN2
THRU

VsuppLy = HS\ HI-508A
I IN8

T
V. =110V o out
SUPPLY AN L= L GNO v o

1Mo =
R Van =4V
Va{vaL=08v

4
0K 700K 50%0UTY CYCLE = SupPLY

Toggle Frequency, Hz *SIMILAR CONNECTION FOR HI-509A 15/-10

SUPPLY CURRENT vs. TOGGLE FREQUENCY
8

{+- Supply Current, mA

X TEST CIRCUIT ACCESS TIME vs.
ACGESS TIME vs. LOGIC LEVEL (HIGH) NO. 8 LOGIC LEVEL(HIGH)

900 Ay
800
700

IN 1O s10v

A IN2THRUINT7 ——()—j

A HI-508A IN8

600

500 EN ouT
500 - — =/ W

400

tp, - Access Time {ns)

300

3 4 5 6 7 8 9 10 11 12 13 14 15

VaH -Logic Level (High), Volts
* SIMILAR CONNECTION FOR HI-509A

SWITCHING WAVEFORMS

ACCESS TIME

ADDRESS

Van=40
A DRIVE (V)

%V A

VaL =0V

+10V OUTPUT A
I 8V
| - -1V
|

1 OUTPUTA
5V/DIV. ]

200ns/Div.
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SWITCHING WAVEFORMS (continued)

TESTN%R‘;:U!T ‘BREAK BEFORE MAKE DELAY (tgpgy)

BREAK BEFORE MAKE DELAY (tgpgp)

Vap = 4.0

ADDRESS
0V=Va DRIVE (Vp)

INT
*HI-508A |y,
OUTPUT THRU

50% 50% IN7
W, INB
— e ouT|

\
10PEN o T V

+4.0

*SIMILAR CONNECTION FOR HI-509A 100ns/Dw.

TEST CIRCUIT
NO. 10 ENABLE DELAY (tON(EN)ftOFF(EN))

ENABLE DELAY (tgn(EN). tOFF(EN)) j

ENABLE DRIVE
VAn=40

IN1
/;Vi{._:—__—L *H{-508A N2
|

VaL - OV THRU

| IN8
90% ouTPUT
I
[ I | 90%
)
|

[
—»4 'ON(EN) je— \OFF
| I gn) e

100ns/Dw.
* SIMILAR CONNECTION FOR HI-509A

SCHEMATIC DIAGRAMS

TTL REFERENCE CIRCUIT

ADDRESS INPUT BUFFER
AND LEVEL SHIFTER

P
—EU !
] LEVEL
—-r> SHIFTED
OVERVOLTAGE

ADDRESS
PROTECTION TO DECODE

LEVEL

» SHIFTED
ADDRESS
TO DECODE
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SCHEMATIC DIAGRAMS (continued)

ADDRESS DECODER

TO0 P-CHANNEL
DEVICE OF
THE SWITCH PAIR

TO N-CHANNEL
= » DEVICE OF
A1OR A THESWITCH PAIR

A20R Ay

ENABLE

MULTIPLEX SWITCH

OVERVOLTAGE PROTECTION

FROM
DECODE >
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FEATURES

HI-516

16 Channel/Differential

8 Channel CMOS High Speed
Analog Multiplexer

DESCRIPTION

ACCESS TIME (TYP)
SETTLING TIME (TYP TO 0.01%)

LOW LEAKAGE I5 OFF
Ip OFF

LOW CAPACITANCE Cg OFF
Cp OFF

HIGH OFF ISOLATION AT 1MHz
LOW CHARGE INJECTION

SINGLE ENDED TO DIFFERENTIAL
SELECTABLE (SDS)

LOGIC LEVEL SELECTABLE (LLS)

APPLICATIONS

® DATA ACQUISITION SYSTEMS
® PRECISION INSTRUMENTATION
® |INDUSTRIAL CONTROL

The HI-516 is a monolithic dielectrically isolated, high speed, high perfor-
mance CMOS analog multiplexer. It offers unique built-in channel selec-
tion decoding plus an inhihit input for disabling all channels. The dual
function of address input A3 enables the HI-516 to be user programmed
either as a single ended 16-channel multiplexer by connecting ‘out A’ to
‘out B’ and using A3 as a digital address input, or as an 8-channel diff-
erential multiplexer by connecting A3 to the V™ supply. The substrate leak-
ages and parasitic capacitances are reduced substantially using the Harris
dielectric isolation process to achieve optimum performances in both high
and low level signal applications. The low output leakage current (Ip Off
< 100pA @ 250C) and fast settling (tSETTLE = 800ns to 0.01%) charact-
eristics of the device make it an ideal choice for high speed data acquisition
systems, precision instrumentation, "and industrial process controls.

The HI-b16 is available in a 28 lead dual-in-line package. HI-516-5 is
specified for operation over 00C to +750C, and the HI-516-2 over -550C
to +1250C. Processing to MIL-STD-883A, Class B screening is available
by selecting the HI-516-8.

FUNCTIONAL DIAGRAM
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Section 11 for Packaging

pivouT
TOP VIEW

V¥ 1

ouTB——?2

NC—]3

IN16/8B —— 4

IN15/7B—— 5
IN14/6B — 6 23
IN13/58—— 7 22
IN12/48—— 8 21
IN11/38 9 20
IN10/28 —— 10 19
IN9/18 —— 11 18
GND—] 12 17
vDD/LLS — 13 16
A3/sSDs — 14 15

—— OUTA
p—— V"~
—— IN8/8A
L IN7/7A
—— IN6/6A
L IN5/5A
—— IN4/4A
—— IN3/3A
—— IN2/2A
— IN1/1A
—— ENABLE
_-AO

A2

Vpp/LLS
______ ———— g ————N1A
|
— N P |
OUTA
|
|
[N 8A
|
A3 |
|
| ” : |
’.
A3 Decode { C%ED_E i |"‘| 8
aslal@ | _ ¥ 1 i
| a @ |
HIH|L L] | joyre
L|H | — obe- | | > |
- | coper | | : linss
voiL|L | | ——<
| N 5 ]
| l }
I ! \
e —_———
INPUT BUFFER AND DECODERS ~ MULTIPLEXER
SWITCHES



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Digital Input Overvoltage: Voltage Between Supply Pins 33v

-BV< VpH <+8V Total Power Dissipation® 1200mW

A2 VsyppLY (- Operating Temperature Ranges:

VsyppLY(+) HI-516-2 -550C to +1250C

GND HI-516-5 00C to 750C

Analog Input Voltage: Storage Temperature Range -650C to 1500C
v { VsuppLY/(+) *Derate 8mW/OC above tp 750C

VsuppLy(-)

TTL I

cMos {

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) Supplies = +15V, -15V; VAR (Logic Level High) = +2.4V,
VaL (Logic Level Low) = +0.8V; Vpp/LLS = Open (Note 6)

-550C to +1250C 09C to +750C
PARAMETER min | Tvp | max | min | Tve | max

ANALOG CHANNEL CHARACTERISTICS
Vg, Analog Signal Range -15 +15 -15 +15
RON, On Resistance (Note 1) 750 750
1,000 1,000

Ig (OFF), Off Input Leakage Current
50 50
Ip(OFF), Off Output Leakage Current

Ip(ON), On Channel Leakage Current

DIGITAL INPUT CHARACTERISTICS
VAL Input Low Threshold (TTL)

VaH Input High Threshold (TTL)

VAH Input Low Threshold (CMOS)
VaH Input High Threshold (CMOS)
IAH Input Leakage Current (High)

1AL Current (Low)

SWITCHING CHARACTERISTICS

tA, Access Time

tOPEN, Break before make delay +250C 20 20 ns
toN(EN), Enable Delay (IN) +250C 100 150 100 ns
toFF(EN), Enable Delay (OFF) +250C 80 125 80 ns
Settling Time (0.1%) +250C 250 250 ns
(0.01%) +250C 800 800 ns
Charge Injection (Note 2) +250C 0.33 0.33 pC
Off Isolation (Note 3) +250C 90 90 dB
Cg(OFF), Channel Input Capacitance +250C 2.5 2.5 pF
Cp(OFF), Channel Output Capacitance +250C 18 18 pF
CA, Digital Input Capacitance +250C 5 5 pF
Cpg(OFF), Input to Qutput Capacitance +250C 0.02 0.02 pF
POWER REQUIREMENTS ‘
PD, Power Dissipation Full 525 525 mW |
I*, Current (Note 4) Full 17.5 25 17.5 30 mA
17, Current (Note 4) Full 115 25 115 30 mA
I*, Standby (Note 5) Full 17.0 25 17.0 30 mA
I~, Standby (Note 5) Full 17.0 25 17.0 30 mA
NOTES:
1. VIN=%10V, louT = -100A 4. VEN=+2.4V
2. VIN =0V, CL = 100pF, Enable input 5. VEN = 0.8V
pulse = 3V, f = 500k Hz 6. Vpp/LLS Pin = Open or Grounded for TTL Compatibility
3. VEN=0.8V, Vs = 3VRMS, f = 500kHz, Vpp/LLS Pin = Vpp for CMOS Compatibility

CL = 40pF, RL = 1k, Pin 3 grounded -
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TRUTH TABLES

HI1-516 USED AS A 16-CHANNEL MULTIPLEXER OR HI-516 USED AS A DIFFERENTIAL
8 CHANNEL DIFFERENTIAL MULTIPLEXER * 8-CHANNEL MULTIPLEXER

USE A3 AS DIGITAL A3 CONNECT TO V- SUPPLY | ON CHANNEL TO
ADDRESS INPUT ON CHANNEL TO

ENABLEIAQ I Aq I Ag | OUTA | OUTB

>
o

OUTA | OUTB

ENABLE | A3 LAZ | Aq

NONE | NONE
1A 1B
2A 28
3A 38
an 48
5A 5B
6A 68
A 78
8A 8B

NONE | NONE
1A NONE
2A NONE
3A NONE
4A NONE
5A NONE
6A NONE
T1A NONE
8A NONE

NONE 1B

NONE 2B

NONE 3B

NONE 4B

NONE 5B

NONE 6B

NONE 7B

NONE 8B

Tjxjx|x|jxx|xT|XT|XT|r
||| x| ||| X
T|IT|r~|~|T| ||| X
T|lr|lT|r| ||| | X

IjlxT|jxT}jr|jryr|jrjr|jrjxjrx)jx|xjx|xr|jx|r
rlxjx|lx|x|x|x|lxT|r]|~| || ||| |X
Tlx|lx|(xT|{r~|{r~|r-~|{~|T{T|T|T|~|r|~{—|X
T|x|r|r ||| ||| |||~ | X
T|lr-r|lX|~| X | T|rr| |||~ |T]|—]|XT|—m|X

* For 16-Channel single~ended function, tie ‘out A’ to
‘out B, for dual 8-channel function use the Ag address
pin to select between MUX A and MUX B, where MUX A
is selected with Az low.
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FEATURES

HI-518

8 Channel/Differential
4 Channel CMOS High Speed
Analog Multiplexer

DESCRIPTION

® ACCESS TIME (TYP)
® SETTLING TIME (0.1%)
® LOW LEAKAGE Ig (OFF)
Ip (OFF)
® LOW CAPACITANCE (TYP) Cg (OFF)
Cp (OFF)
® HIGH OFF ISOLATION @ (1MHz)
® SINGLEENDED TO
DIFFERENTIAL MODE SELECTABLE (SDS)
® LOGIC LEVEL SELECTABLE (LLS)
® LOW CHARGE INJECTION

APPLICATIONS

® DATA ACQUISITION SYSTEMS
® INDUSTRIAL CONTROLS
® TELEMETRY

The HI-518 is a monolithic, high performance, high speed Analog
Multiplexer, constructed utilizing the Harris Dielectrically isolated
CMOS process.

This device has the added feature that it can be user programmed
either as a single ended 8-channel multiplexer by connecting ‘out A’
to ‘out B’ and using A2 as a digital address input, or as a 4-
channel differential multiplexer by connecting A2 to the V= supply.

TTL or CMOS compatibility is also selectable. Low leakage current,
Ip off < 100pA @ 250C, and fast settling, 250ns to 0.1%,charac-
teristics of this device make it an ideal choice for high speed data
acquisition systems, precision instrumentation and industrial process
controls.

The H1-518 is available in an 18 lead Dual-in-Line Package. The
HI-518-5 is specified for operation over 00C to +750C, and the
HI-518-2 over -550C to +1250C, Processing to MIL-STD-883A
Class B screening is available by selecting the HI-518-8.

PINOUT

FUNCTIONAL DIAGRAM

Section 11 for Packaging

TOP VIEW

\J

+VE
ouTe E
IN8/4B E

N 7/35E
/28]
wsi1e [

GND E

Vpp/LLS E

K

:] IN 2/2A

] ENABLE
14

azsos [}

DECODER

A2 DECODE
A2 Q
H
L
V-

DECODER
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Digital Input Overvoltage: Voltage Between Supply Pins 33v
TTL { -6V < VaH <+6V Total Power Dissipation* 725mW

A2 VgyppLy (-) Operating Temperature Ranges:
VSuppLY(+) HI-518-2 -550C to +1250C
GND HI-518-5 00C to 759C
Analog Input Voltage: Storage Temperature Range -650C to 1500C
Vs { VsuppLY(+) ) *Derate 8mW/OC above tA 750C

VsuyppLY(-)

CmMO0s [

ELECTRICAL CHARACTERISTICS  (Unless otherwise specified) Supplies = +15V, -15V; VAR (Logic Level High) = +2.4V,
VAL (Logic Level Low) =+0.8V; Vpp/LLS = Open (Note 6).

-550C to +1250C 00C to +750C
PARAMETER Temp [ wiv [Tve [ max | min [ orve [ max | uwits

ANALOG CHANNEL
CHARACTERISTICS

Vg Analog Signal Range
RoN On Resistance (Note 1)

Is (OFF) Off Input
Leakage Current

Ip (OFF) Off Qutput
Leakage Current

Ip (ON) On Channel
Leakage Current

DIGITAL INPUT
CHARACTERISTICS

VAL Input Low Threshold (TTL) Full
VAH Input High Threshold (TTL) Full
VAL Input Low Threshold (CMOS) Full
VAH Input High Threshold (CMOS) Full

IAH Input Leakage Current (High) Full

IAH Input Leakage Current (Low) Full

SWITCHING CHARACTERISTICS

tA, Access Time +250C
Full

tOPEN, Break before make Delay +250C

toN (EN), Enable Delay (ON) +250C

toFF (EN), Enable Delay (OFF) +250C

Settling Time (0.1%) +250C

(0.01%) +250C

Charge Injection (Note 2) +250C k k pC

0ff Isolation (Note 3) +250C dB

Cg (OFF) Channel Input Capacitance | +250C A RE pF

Cp (OFF) Channel

Output Capacitance +250C pF

Ca, Digital Input Capacitance +250C pF

CDS (OFF) Input to Output

Capacitance +250C . . pF

POWER REQUIREMENTS

Pp, Power Dissipation Full 360 450 360 540 mW

I+, Current (Note 4) Full 12 15 12 18 mA

1=, Current (Note 4) Full 12 15 12 18 mA

I+, Standby (Note 5) Full 11.5 15 11.5 18 mA

1-, Standby (Note 5) Full 115 15 115 18 mA

NOTES:
1. V|N=i10V,IOUT=—100;1A 3. VEN =0.8V, Vs =3VRMS, f = 500kHz, 4. VEN=+24V.
2. VIN =0V, CL = 100pF, Enable CL = 40pF, R = 1k. Due to the pin 5. VEN =0.8V.
Input pulse = 3V, f = 500kHz. to pin capacitance between IN 8/4B 6. VDD/LLS Pin = Open or ground-

(Pin 3) and Out B (Pin 2) channel ed for TTL compatibility.
8/4B exhibits 60dB of Off Isolation VDD/LLS Pin = VpD for CMOS
under the above test conditions. compatibility.
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TRUTH TABLES

HI-518 USED AS 8 CHANNEL MULTIPLEXER OR
4 CHANNEL DIFFERENTIAL MULTIPLEXER

H1-518 USED AS DIFFERENTIAL
4 CHANNEL MULTIPLEXER

USE A AS DIGITAL
ADDRESS INPUT

ON CHANNEL TO

A2 CONNECT TO
V- SUPPLY

ON CHANNEL TO

ENABLEI Ay l A1 I

>
o

OUTA OuTB

ENABLEI A1 l Ap

OUTA ouTB

x

I T T T T XTI T Xr
I TXITTITTr~rr
T XTrrx>TxTr - X

T~ TXTrrTr ITr- X

NONE NONE
1A NONE
2A NONE
3A NONE
4A NONE

18

28

38

4B

NONE NONE
1A 18
2A 2B
3A 3B
4A 4B
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HI-524

4 Channel
Video Multiplexer

FEATURES DESCRIPTION

The HI-524 is a four channel CMOS analog multiplexer designed to
® CROSSTALK (10MHz) > 60dB process single-ended video signals with bandwidths up to 10MHz. The
® FAST ACCESS TIME 150ns chip includes a 1 of 4 decoder for channel selection and an Enable

input to inhibit all channels (chip select).

® FASTSETTLING TIME (0.01%) 600ns .
Three CMOS transmission gates are used in each channel, as compared

® TTL COMPATIBLE to the single gate in more conventional CMOS multiplexers. This pro-
vides a double barrier to the unwanted coupling of signals from each
input to the output. In addition, Dielectric Isolation (DI) processing
helps to insure that Crosstalk exceeds 60dB at 10MHz.

The HI-524 is designed to operate into a wideband buffer amplifier
such as the HARRIS HA-5190. The multiplexer chip includes two
“on"* switches in series, for use as a feedback element with the amplifier.
APPLICATIONS This feedback resistance matches and tracks the channel Rop resis-
tance, to minimize the amplifier Vg and its variation with temperature.

WIDEBAND SWITCHING The H1-524 is well suited to the rapid switching of video signals in
* R telemetry, instrumentation, radar and video systems. It is packaged
ADAR in an 18 pin ceramic DIP and operates on £ 15V supplies.

® TV VIDEO The performance levels available are: HI1-524-2, -550C to +1250C
e ECM operating range; Hi1-524-5, 00C to +750C operating range and
H11-524-8, -550C to+1250C operating range plus 100% screening
per MIL-STD-883/Methad 5004/Class B. Chips for hybrid applications
are designated H10-524-6,

PINOUT FUNCTIONAL DIAGRAM

Section 11 for Packaging

Nt 2] 1% ¢ Faum
TOP VIEW

+v (] ~ ] FB(IN) $I6 GND >
out [ ] -v wa >
siG 6ND [ 1 FB(OUT) 1 < Fstoun
SIG GND [ ] SIG GND 516 GND > :
IN 4 l—_— j IN2 w3 7 2 ouTPUT TRUTH TABLE
SIG GND [ ] s16 GND
N3 [ 1IN 516 6ND >—
PWR GND [ 7 EN ">

A O Ag

OoN
CHANNEL

SIG GND >'—‘—

$IG GND >—3-¢

* CHANNEL 1 IS SHOWN
SELECTED IN THE DIAGRAM
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Digital Input Overvoltage: Voltage Between Supply Pins 33v
-6V < vay <+6V Either Supply to Ground 16.5V
Total Power Dissipation 750mW

Analog Input (Vg) or Output (V) Operating Temperature Range:
+VSUPPLY +2V HI-524-2, -8 -550C to +1250C
-VSUPPLY -2V H1-524-5 00C to 750C
Storage Temperature Range -650C to 1500C

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) Supplies = +15V, -15V; VaH (Logic Level High) = +2.4V,
VAL = (Logic Level Low) = +0.8V; VEN =+24V

Hi-524-2, -8 H1-524-5
-550C to +1250C 00C to +750C
PARAMETER Temp [min [ Tve [ mAx [ min [ Tve [ max | units
Analog Channel Characteristics
Vs, Analog Signal Range Full -10 +10 -10 +10 v
RON, On Resistance (Note 1) +250C 700 700 Q
Full 1.5K 1.5K Q
IS (OFF), Off Input Leakage Current (Note 2) +250C 0.2 0.2 nA
Full 50 50 nA
1D (OFF), Off Output Leakage Current (Note 2) +250C 0.2 0.2 nA
Full 50 50 nA
1D (ON), On Channel Leakage Current (Note 2) +250C 0.7 0.7 nA
Full 50 50 nA
3dB Bandwidth: (Note 3) Full 20 20 MHz
Digital Input Characteristics
VAL Input Low Threshold (TTL) Full 0.8 0.8 v
VAH Input High Threshold (TTL) Full 24 2.4 '
IAH Input Leakage Current (High) Full 0.05 1 0.05 1 HA
IAL Current {Low) Full 4 25 4 25 HA
Switching Characteristics
tA, Access Time (Note 4) +250C 150 | 300 150 300 ns
Full ns
tOPEN, Break before make delay (Note 4) +250C 20 20 ns
tON (EN), Enable Delay (ON), R = 50092 +250C 180 300 180 ns
tOFF (EN), Enable Delay (OFF), RL = 5002 +250C 180 250 180 ns
Settling Time (0.1%) (Note 4) +250C 200 200 ns
(0.01%) +250C 600 600 ns
Crosstalk (Note 5) +250C -65 -65 dB
CS (OFF), Channel Input Capacitance +250C [ 6 pF
CD (OFF), Channel Output Capacitance +250C 4 4 pF
CA, Digital Input Capacitance +250C 5 5 pF
Power Requirements
PD, Power Dissipation Full 540 540 mW
I*, Current (VEN = 2.4V) (Note 6) Full 18 25 18 25 mA
1~, Current (VEN = 2.4V) (Note 6) Full 18 25 18 25 mA
I*, Standby (VEN = 0.8V) (Note 6) Full 18 25 18 25 mA
1=, Standby (VEN = 0.8V) (Note 6) Full 18 25 18 25 mA
1. VIN=0V;IouT =100 A 5. VIN = 10MHz, 3Vp-p on one channel, with any
(See Test Circuit# 1) other channel selected. (Worst case is channel 3
selected with input on channel 4.) MUX output is
2. Vo=%110V;VsS=F10Vv buffered with HA-5190 as shown in Applications
(See Test Circuits 54 2, 3, 4) section. Terminate all channels with 7552 .
3. MUX output is buffered with HA-5190 as 6. Supply currents vary less than 0.5mA for switching
shown in Applications section. rates from DC to 2MHz.

4. (See Test Circuit#t 5)
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

(UNLESS OTHERWISE SPECIFIED Ta = 250C, VSUPPLY = £15V, VAH = 2.4V, VAL = 0.8V)
ON RESISTANCE

ON RESISTANCE VS. ANALOG
INPUT VOLTAGE

1,000

TEST CIRCUIT NO. 1 . 9007

TA = +1250C

800
~——1QUT 100uA RON(Q) TA = +250C
700

- V2 600 J
o ) TA =-550C
500

O+—0
—o

— 7
"0V -8V -6V 4V 2v OV 2V 4V 6V 8V 10V
VIN (VOLTS)

ON RESISTANCE VS. SUPPLY VOLTAGE

TA = +250C
VIN=0V

900 -
Ron ()

800 -

700

9.0 95 10.0 105 11.0 115 120 125 13.0 135 14.0 145 150
(voLTS)

LEAKAGE CURRENT

TEST CIRCUIT NO. 2*
*Two per ct

+10V/~10V and -10V/+10V.
| 008V {Two measurements per device for ID(OFF):
ouv +10V/-10V and ~10V/+10V.)

ID(OFF)

—=-310V
LEAKAGE CURRENT
VS. TEMPERATURE

TEST CIRCUIT NO. 3*

I1S(OFF) é 1 /

.0
9

0
LEAKAGE 38
CURRENT ¢¢
05
04

03

TEST CIRCUIT NO. 4* 0.2p

/

[ 25 50 7%. 1
TEMP (oC)
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (Continued)

TEST CIRCUIT NO. 5
SETTLING TIME
ACCESS TIME
BREAK-BEFORE-MAKE DELAY

HI-524

\ HA-5190
L

+ OUTPUT

L 75Q

73V O—1—-
Ag A1 __EN

__I—_L_l— O———l——l L__.o +5V

(USE DIFFERENTIAL COMPARATOR
PLUG-IN ON SCOPE FOR SETTLING
TIME MEASUREMENT.)

-~ = —VaH=24V
f ADDRESS DRIVE (Va)

1.6V 7
+3V

— |~«———— ACCESS TIME, ta

— [— SETTLING TIME, ts

HA-5190
OUTPUT i

—1 +0.1% OF F/s
(OR £0.01%)

ACCESS TIME
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APPLICATIONS

4-38

®  Often it is desirable to buffer the H1-524 output, to avoid

loading errors due to the channel “ON" resistance:

HI-524

—/—

BUFFERED
OuTPUT

* APPROXIMATELY 10pF SHOULD REMOVE ANY LOW LEVEL
INSTABILITY AT THE OUTPUT,

The main requirement for the buffer amplifier is a full power
bandwidth high enough to avoid attenuation of the video
signal. The HARRIS HA-5190 is well suited for this purpose;
in fact the HI-524 was designed to be compatible with the
5190. This 524/5190 combination offers a 3dB bandwidth of

at least 20MHz for a 3V peak-to-peak input. As mentioned

earlier, the 524 includes a feedback element for the amplifier
which matches and tracks the channel “ON" resistance.

Note that the on-chip feedback element between pins 16 and 18
includes two switches in series, to simulate a channel resistance.
These switches open for VEN = Low. This allows two or more
H1-524's to operate into one HA-5190, with their feedback
elements connected in parallel. Thus, only the selected multi-
plexer provides feedback, and the amplifier remains stable.

All HI-524 package pins labeled ‘SIG GND' (pins 3, 4, 6, 13,
15) should be externally connected to signal ground for best
Crosstalk performance.

Bypass capacitors (0.1 to 1.0uF) are recommended from each
HI-524 supply pin to power ground (pins 1 and 17 to pin 8).
Locate the buffer amplifier near the H1-524 so the two ca-
pacitors may bypass both devices.

If an analog input 1V or greater is present when supplies are
off, a low resistance is seen from that input to a supply line.
(For example, the resistance is approximately 1602 for an
input of -3V.) Current flow may be blocked by a diode in
each supply line, or limited by a resistor in series with each
channel. The best solution, of course, is to arrange that no
digital or analog inputs are present when the power supplies
are off.




) HARRIS

HI-539

Monolithic, Four Channel,

Low Level, Differential Multiplexer

FEATURES

DESCRIPTION

® DIFFERENTIAL PERFORMANCE, TYP.:
LOW ARqy, +1250C
LOW Alp(on), +1250C
LOW A(CHARGE INJECTION)
LOW CROSSTALK

5582
0.6nA
0.1pC
-120d8

SETTLING TIME, £0.01% 900ns
WIDE SUPPLY RANGE 5V TOX18V
BREAK-BEFORE-MAKE SWITCHING

NO LATCH-UP

APPLICATIONS

o LOWLEVEL DATA ACQUISITION

@ PRECISION INSTRUMENTATION

©® TEST SYSTEMS

The Harris H1-539 is a monolithic, four channel, differential multiplexer.
Two digital inputs are provided for channel selection, plus an Enable input
to disconnect all channels,

Performance is guaranteed for each channel over the range X 10V, but is op-
timized for low level differential signals. Leakage current, for example, which
varies slightly with input voltage, has its distribution centered at zero for
zero input volts.

In most monolithic multiplexers, the net differential offset due to thermal
effects becomes significant for low level signals. This problem is minimized
in the HI-539 by symmetrical placement of critical circuitry with respect
to the few heat producing devices.

The HI-539 will be offered in both commercial and military temperature
ranges, with screening available for MIL-STD-883, Class B. Supply voltages
are £ 15V and power consumption is only 2.5mW. The package is a 16 pin
ceramic DIP,

PINOUT

FUNCTIONAL DIAGRAM

Section 11 for Packaging

TOP VIEW
/

DIGITAL
ADDRESS

SWITCHES)

|
| OouTB
(TO3

OTHER
) SWITCHES)

IN 1B
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l
!
|
|
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|
[}
1
|
|
|
|
|
|
|
|

IN4A
IN 4B

] +
EN—p———|———4
L____2
ADDRESS INPUT
BUFFER AND
LEVEL SHIFTER

MULTIPLEX
SWITCH PAIRS

DECODERS
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between Supply Pins (Vps+, Vps-) 40V Internal Power Dissipation (Derate
. 8mW/0C above +750C ambient)
Voltage from either Supply to Ground 20V
Analog Input Voltage, V Vie. < Ve <V Operating Temperature Range
ginp ve. 'S ps- =18 = Vst HI-539-2, -8 -550C t0 +1250C
Digital Input Voltage, VA Vps- < VA < Vst H1-5639-4 -250C to +850C

HI-539- 0C to +750
Storage Temperature Range -6590C to +1500C 38-5 0C to +750C

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) Supplies =% 15V, VEN = +4.0V,

VAH (Logic Level High) = +4.0V, VAL (Lagic Level Low) =+0.8V.
See the Performance Characteristics Section for test circuits and conditions.
Selected parameters are defined in the Definitions Section.

HI-538-2,-8 H1-539-4, -5
PARAMETER TEMP TYP | MAX(MIN) | TYP | MAX (MIN)

ANALOG CHANNEL CHARA'S

Vs, Analog Signal Range (-10)/+10 (-10)/+10

RQN, On Resistance V| =0V 850 850
Vin=t10V 900 900
ViN =0V 13K 1K
Vin =10V 14k 1.1k

ARgy [Side A - Side B]
Viy =0V . | 2
Vi =210V . . 27
VIn =0V . X 24
Viy =10V . : 27

IS(OFF), Off Input Leakage Current
(Note 1)
Condition 0V
Condition X 10V
Condition OV
Condition + 10V

Alg(oFF), [Side A - Side B)
Condition 0V
Condition + 10V
Condition 0V
Condition £ 10V

ID(OFF). 0ff Output Leakage Current
(Note 1)

Condition 0V

Condition £ 10V

Condition OV

Condition 2 10V

A Ip(oFF), [Side A - Side B}
Condition 0V
Condition £ 10V
Condition 0V
Condition £ 10V

tp{ON). On Channel Leakage Current
(Note 1)
Condition 0V
Condition £ 10V
Condition 0V
Conditon £ 10V

Alp(on) [Side A - Side B]
Condition OV
Condition 10V
Condition 0V
Condition * 10V

AVqsg, Differential Offset Voltage
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SPECIFICATIONS (Continued)

HI-538-2, -8 HI-538-4, -5

PARAMETER

TYP

MAX (MIN) | TYP | MAX (MIN)

DIGITAL INPUT CHARACTERISTICS

VAL, Input Low Threshold
VAH, Input High Threshold
1AH, Input Leakage Current (High)

IAL, Input Leakage Current (Low)

SWITCHING CHARACTERISTICS

TA, Access Time

Topen, Break-Before-Make Delay
TON(EN), Enable Delay On
TOFF(EN). Enable Delay Off

Settling Time, to £0.01%

Charge Injection (Output)

A Charge Injection (Output)

Charge Injection (Input)

Differential Crosstalk (Note 3)

Single Ended Crostalk (Note 3)

Cs(0FF), Channel Input Capacitance
CD(0FF), Channel Output Capacitance
Cp(oN), Channel On Output Capacitance
CpS, Input to Output Capacitance (Note 4)

Ca, Digital Input Capacitance

POWER REQUIREMENTS

Pp, Power Dissipation

|+ Current

|- Current

£V, Supply Voltage Range

20 20

1.0 1.0
(tg)/ 18 | £ (t5)/ t18

NOTES .
1. See Test Circuits # 2, 3, 4. The condition £ 10V means:
IS(OFF) and IQ(QFF) : (Vs =+10V, Vp =-10V), then
(VS =-10V, Vg = +10V)
ID(ON) (+10V, then -10V)
2. Avqs (Exclusive of thermocouple effects) =
Ron Alp(on) +1D(on) ARON.

See Applications section for discussion of additional Vg
error.

. VIN = 1kHz, 15Vp_p on all but the selected channel. See

Test Circuit 7 9.

. Calculated from typical Single-Ended Crosstalk performance.
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

(UNLESS OTHERWISE SPECIFIED T = 250C, VSUPPLY =% 15V, VAH = +4V AND VAL = +0.8V)

ON RESISTANCE MEASUREMENT

100pA

TEST CIRCUIT h—
NO. 1 ©

t+—— V3 ——>

—o
O—0

ON RESISTANCE vs.
ANALOG INPUT VOLTAGE

°
g

TA = +1250C

g 3 8

ON RESISTANCE, RON (OHMS)
@
8

ON RESISTANCE vs.
TEMPERATURE

(VIN =0 VOLTS)

ON RESISTANCE, OHMS

—
450 475 +100 +125

80 25 0 425 48
TEMPERATURE oC

NORMALIZED ON RESISTANCE

2 08 6 4 2 0
ANALOG INPUT, VIN (VOLTS)

vs. SUPPLY VOLTAGE

(VIN=0V, Ta = +250C)

ON RESISTANCE (K - OHMS)

£7 3 #1313 215 £17
SUPPLY VOLTAGE (VOLTS)

LEAKAGE CURRENT

vs. TEMPERATUR

E

(oy

v a

FAWA

Z

Z

LEAKAGE CURRENT

)4

L/ 1o10kF) = tstoee)

|

50 7% 100
TEMPERATURE oC

125

*Three measurements = +10V/-10V,

-10V/+10V, and OV
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LEAKAGE CURRENT

TEST
CIRCUIT
NO. 2*

TEST
CIRCUIT
NO. 3*

TEST
CIRCUIT
NO. 4*

EN

O
0
O

ID(OFF)

. D
= AAO $A1 —— 310V
L L

(Similar connections for side “B")

IS(OFF) O

O
O
—0
i

oV —

ILL e
= IHOV$ (L

(Stmular connections for side “B")

OUT A

: fA?lD(ON)
= = 10V
T

I

= +4v
(Similar connections for side “B"")




TEST CIRCUITS (Continued)

TEST CIRCUIT
NO.5
SUPPLY CURRENT vs. *15/+10v
320 TOGGLE FREQUENCY A ) +isuppPLY
300
+V
280 A1 HI-639  INTA}——Q +10/+5V

" I
VA
260 IN3A =

TA - ACCESS TIME (ns)

5002 iNaa —0 -10/-5v
240
O—{en outA
— p— +5V GND -v
220 - -
10M8
200 _
3 4 5 6 7 8 9 10 11 12 13 14 15 VAH =35V -ISUPPLY
VAH - LOGIC LEVEL (HIGH), VOLTS VA § VAL=OV = 15/-10 -
50% DUTY CYCLE -15/-10v

(SIMILAR CONNECTIONS FOR “B" SIDE)

TEST CIRCUIT
NO. 6

ACCESS TIME vs.
LOGIC LEVEL (HIGH)

T T +15V
(FUNCTIONAL LIMIT) —={
12
: / =
10 A1 INTA J¢—O £ 10V
= VsuppLY = %15
2 s Ao IN2A,
1 O

3 7 / va His3g N3A
%6 502 IN4A
g
&
2 . VSupPLY = 110\74/ O—]EN V9UT A
B
.

= = v
: Y

[2]
I-o—2

-15v
100Hz TkHz TokHz 100kHz TMHz 3MHz 10MHz
TOGGLE FREQUENCY, Hz
(SIMILAR CONNECTIONS FOR “B" SIDE)
ACCESS TIME
" ADDRESS l ] & l
VAH =4V =
AH DRIVE (VA) 'S I ] !
Va INPUT T
1/2VAH VAL =0V z[wm . I l
| — T
+10V S10N
OUTPUT il JA1 4alee sy 3 IERRESEN] btk
| HHH -
-8v [
| ) -10v
| | ouTpPuT ’
o 5[\1/01\]1.
T
+ S40N U
200ns/DIV.
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TEST CIRCUITS (Continued)

TEST CIRCUIT
NO.7

ENABLE DRIVE BREAK-BEFORE-MAKE DELAY (topgn)

ADDRESS
DRIVE (VA)

OUTPUT A

GND
3
100ns/DIV.

{SIMILAR CONNECTION FOR “B" SIDE)

TEST CIRCUIT
NO. 8

ENABLE DRIVE ENABLE DELAY (toN(EN). tOFF(EN))

T+15V

+V
IN1A |—Q +10V
IN2A

H1-539
THRU
IN4A —01

OuT A
-V

L 70082

-15V.

100ns/DIV.

{SIMILAR CONNECTION FOR “B" SIDE)

TEST CIRCUIT
NO.9
SINGLE-ENDED CROSSTALK DIFFERENTIAL CROSSTALK

HI-539 INSTRUMENTATION HI-539 INSTRUMENTATION
AMPLIFIER *

AMPLIFIER *
—0/
e

> B

* AD606 OR BB3630, FOR EXAMPLE
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DEFINITIONS

CHARGE INJECTION — Charge (in pC) transferred, during a
transition between channels, through the internal gate-to-
channel capacitance. The resulting voltage error varies in-
versely with the output (or input) capacitance.

CROSSTALK — Signal at the multiplexer output, coupling
though the Cpg capacitance of an OFF channel. Amplitude
is proportional to source resistance for the ON channel. See
Test Circuit # 9 for single-ended and differential versions
of crosstalk.

DIFFERENTIAL LEAKAGE CURRENT ( A Ig(OFF),
Alp(0OFF), Alp(ON)) — The absolute difference in leakage
for the two sides of a channel. )

DIFFERENTIAL OFFSET VOLTAGE ( A VQg) — Voltage
between the multiplexer output terminals with both channel
input terminals shorted to ground.

DIFFERENTIAL ON RESISTANCE (ARgp) — The absolute
difference in On Resistance for the two sides of a channel.

INPUT TO OUTPUT CAPACITANCE (Cps) — Capacitance
from one input terminal of a channel to the corresponding
output of the multiplexer. This parameter is responsible
for Crosstalk.

APPLICATIONS

GENERAL

The HI-539 accepts inputs in the range -15V to +15V, with
performance guaranteed over the £10V range. At these higher
levels of analog input voltage it is comparable to the HI-509,
and is plug-in compatible with that device (as well as the
HI-509A). However, as mentioned earlier, the H1-539 was
designed to introduce minimum error when switching low level
inputs.

Special care is required in working with these low level signals.
The main concern with signals below 100mV is that noise,
offset voltage, and other aberrations can represent a large
percentage error. A shielded, differential signal path is essen-
tial, especially to maintain a noise level below 50 uVrms.

LOW LEVEL SIGNAL TRANSMISSION

The transmission cable carrying the transducer signal is critical
in a low level system. [t should be as short as practical and
rigidly supported. Signal conductors should be tightly twisted
for minimum enclosed area, to guard against pickup of electro-
magnetic interference, and the twisted pair should be shielded

against capacitively coupled (electrostatic) interference.
A braided wire shield may be satisfactory, but a lapped foil
shield is better since it allows only one tenth as much leakage
capacitance to ground per foot. A key requirement for the
transmission cable is that it presents a balanced line to sources
of noise interference. This means an equal series impedance
in each conductor plus an equally distributed impedance from
each conductor to ground. The result should be signals equal
in magnitude but opposite in phase at any transverse plane.
Noise will be coupled in phase to both conductors, and may
be rejected as common mode valtage by a differential amplifier
connected to the multiplexer output.

Coaxial cable is not suitable for low-level signals because the

two conductors (center and shield) are unbalanced. Also, -

ground loops are produced if the shield is grounded at both
ends by standard BNC connectors. |f coax must be used, carry
the signal on the center conductors of two equal-length cables
whose shields are terminated only at the transducer end. As
a general rule, terminate (ground) the shield at one end only,

" preferably at the end with greatest noise interference. This is

usually the transducer end for both high and low level signals.

Table 1
EQUIVALENT IMPEDANCE
WIDTH OF P.C. D.C. PER FOOT
WIRE CONDUCTOR RESISTANCE INDUCTANCE
GAGE (2 0z. Cu.) PER FOOT PER FOOT AT60Hz | AT 10kHz
18 0.47" 0.00642 0.36uH 0.006452 0.023552
20 0.30" 0.01022 0.37uH 0.010282 | 0.02542
22 0.19" 0.016102 0.37uH 0.016152 0.028852
24 0.12" 0.02572 0.40uH 0.025752 0.034552
26 0.075" 0.041Q2 0.42uH 0.04192 0.048852
28 0.047" 0.0662 0.45uH 0.066 52 0.071852
30 0.029"” 0.10552 0.49uH 0.105Q2 0.11082
32 0.018" 0.1682 0.53uH 0.16852 017182
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APPLICATIONS (Continued)

WATCH SMALL AV ERRORS

Printed circuit traces and short lengths of wire can add sub-
stantial error to a signal even after it has traveled hundreds of
feet and arrived on a circuit board. Here, the small voltage
drops due to current flow through connections of a few
milliohms must be considered, especially to meet an accuracy
requirement of 12 bits or more.

Table 1 is a useful collection of data for calculating the effect
of these short connections. (Proximity to a ground plane will
lower the values of inductance.)

As an example, suppose the HI-539 is feeding a 12 bit con-
verter system with an allowable error of £1/2 LSB (£1.22mV).
If the interface logic draws 100mA from the 5V supply, this
current will produce 1,28mV across 6 inches of # 24 wire;
more than the error budget. Obviously, this digital current
must not be routed through any portion of the analog ground
return network.

PROVIDE PATH FOR IB|AS

The input bias current for any DC~coupled amplifier must have
an external path back to the amplifier's power supply. No
such path exists in Figure 1A, and consequently the amplifer
output will remain in saturation.

A single large resistor (1M S2 to 10M$2) from either signal line
to power supply common will provide the required path,
but a resistor on each line is necessary to preserve accuracy.
A single pair of these bias current resistors on the HI-539
output may be used if their loading effect can be tolerated
(each forms a voltage divider with RQpy). Otherwise, a resistor
pair on each input channel of the multiplexer is required.

The use of bias current resistors is acceptable only if one is
confident that the sum of signal plus common-mode voltage
will remain within the input range of the multiplexer/amplifier
combination.

Another solution is to simply run a third wire from the low
side of the signal source, as in Figure 1B. This wire assures a
low common-mode voltage as well as providing the path for
bias currents. Making the connection near the multiplexer
will save wire, but it will also unbalance the line and reduce
the amplifier's common-mode rejection,

DIFFERENTIAL OFFSET, AVos

There are two major sources of AVQg. That part, due to the
expression (Rgy Alp(ON) +Ip(ON) ARgp) becomes signif-
icant with increasing temperature, as shown in the Electrical
Characteristics section. The other source of offsei is the
thermocouple effects due to dissimilar materials in the signal
path. These include silicon, aluminum, tin, nickel-iron and
(often) gold, just to exit the package.

For the thermocouple effects in the package alone, the con-
straint on AVQg may be stated in terms of a limit on the
difference in temperature for package pins leading to any
channel of the HI-539. For example, a difference of 0.130C
produces a 5uV offset. Obviously, this AT effect can domin-
ate the AVQS parameter at any temperature unless care is
taken in mounting the HI-539 package.

Temperature gradients across the HI-539 package should be
held to a minimum in critical applications. Locate the HI-539
far from heat producing components, with any air currents
flowing lengthwise across the package.




APPLICATIONS (Continued)

Figure 1A

H1-539

RON
MV
RON
MV

+v
| RON
: AMAH—
| “FLOATING"
| SOURCE RON
v
+V
?‘_‘
RY;

Fr— AN —1- -

1TO 10M >
:l’
| 1

- POWER SUPPLY

v COMMON
POWER SUPPLY
COMMON

Figure 1B

The amplifier in Figure 1A is unusable because its bias currents cannot return to the power supply. Figure 1B
shows twe alternative paths for these bias currents: either a pair of resistors, or (better) a third wire from the low
side of the signal source.
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44 HARRIS

HI-1818A/1828A

| Low Resistance
& Channel CMOS Analog Multiplexers

FEATURES DESCRIPTION
® SIGNAL RANGE 15V The HI-1818A/1828A are monolithic high performance CMOS
o "ON” RESISTANCE (TYP.) 2500 analog multiplexers offering built-in channel selection decoding
plus an inhibit (enable) input for disabling all channels.
* INPUT LEAKAGE AT +1250C (TYP.) 20nA Dielectric Isolation (D) processing is used for enhanced
e ACCESS TIME (TYP.) 350ns reliability and performance (see Application Note 521).
e POWER CONSUMPTION (TYP) 5mW Substrate leakage and parasitic capacitance are much lower,

resulting in extremely low static errors and high throughput
rates. Low output leakage (typically 0.1nA) and low channel
ON resistance (250 £2) assure optimum performance in low level
or current mode applications.

® DTL/TTL COMPATIBLE ADDRESS
e -550C to +1250C OPERATION

APPLICATIONS

The 1818A is a single-ended 8 channel multiplexer, while the
HI-1828A is a differential 4 channel version. Either device

e DATA ACQUISITION SYSTEMS
® PRECISION INSTRUMENTATION
e DEMULTIPLEXING

e SELECTOR SWITCH

is ideally suited for medical instrumentation, telemetry systems,
and microprocessor based data acquisition systems.

The HI-1818A-2 and HI-1828A are specified over -550C
to +1250C, while the -5 versions are specified over 00C to

+750C.
PINOUT FUNCTIONAL DIAGRAM
HI-1818A ) Section 11 for Packaging HI-1818A
Top View
DIGITAL ADORESS
Ao Ar A2 ENASIE
ADDRESS A1 1 — —— 16 ADDRESS Ag 1 |
+5.0V SUPPLY 2 —— ——15 -15V SUPPLY ADDRESS SUFFER WULTIPLEX
ENABLE 3 — 14 +15V SUPPLY | st Wy
ADDRESS Ay 4 — ——13 IN1
IN8 55— ——12 OUT out
*(IN7 6 — ——11 IN2 e
IN6 7 — ——10 IN 3
IN5 8 —— —29 IN4
HI-1828A Section 11 for Packaging H1-1828A
Top View n ERABE

ADDRESS A7 1 — 16 ADDRESS A { () Emne W
+5.0V SUPPLY 2 —— —— 15 -15V SUPPLY
ENABLE — —— 14 +15V SUPPLY e

OUT5THRU 8 4 —— —13 IN1

INg 5 — ——12 OUT 1THRU 4

IN7 6 — —11 IN2

INg 7 — ——10 IN 3 oug-e

IN5 8 — 9 IN4
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (NOTE 1)

Supply Voltage Between Pins 14 and 15 40.0V Digital Input Voltage V-Supply to V+ Supply

Logic Supply Voltage, Pin 2 30.0v Total Power Dissipation (Note 2) 780mW

Analog Input Voltage: V§upply +2V Storage Temperature Range -659C to +1500C
Supply "2V

ELECTRICAL CHARACTERISTICS

Supplies = +15V, -15V, +5V R R _ B - _
et | I TRUTH TABLES
PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. | UNITS
ANALOG CHANNEL CHARACTERISTICS
*ViN, Analog Signal Range Full -15 +15 -15 +15 \Y
*RoN, ON Resistance (Note 3) +250C 250 400 250 400 Q
Full 300 500 300 500 Q
HI-1818A
*1(OFF), Input Leakage Current Full 20 50 20 50 nA
*1p(GN), On Channel Leakage Current ADDRESS “ON”
(H1-1818A) Full 100 250 100 | 250 | nA Ay A; Ag EN | CHANNEL
(A1-1828A) Full 50 125 50 125 nA L L L L 1
*Ip(OFF) Output Leakage Current L L H L 2
(H1-1818A) Full 100 250 100 250 nA L H L L 3
(H1-1828A) Full 50 125 50 125 | nA L H H L 4
H L L L 5
DIGITAL INPUT CHARACTERISTICS H L H L 6
VAL, Input Low Threshold Full 0.4 0.4 v H H L L 7
VAH, Input High Threshold {Note 4) Ful | 40 40 v H o H H L 8
1A, , Input Leakage Current Full .01 1 .01 1 HA X X X H NONE
SWITCHING CHARACTERISTICS
Ts, Access Time (Note 5) +250C 350 350 ns
Break-Before-Make Delay +250C 100 100 ns
Settling Time (0.1%) +250C 1.08 1.08 us
(0.025%) +25°C 28 28 us
CiN. Channel Input Capacitance +250C 4 4 pF
CouT. Channel Qutput Capacitance HI-1828A
(H1-1818A) +250C 20 20 oF
(H1-1828A) +250C 10 10 pF ADDRESS “ON"
Cps(OFF), Drain-To-Source Capacitance +250C 0.6 0.6 pF A1 Ag EN | CHANNELS
Cp, Digital nput Capacitance +250C 5 5 oF L L L 1and 5
L H L 2and 6
POWER REQUIREMENTS H L L Jand 7
Pp, Power Dissipation Full 5 5 mwW H H L 4and 8
Pps, Standby Power {Note 6) Full 5 5 mwW X X H NONE
* |4, Current Pin 14 Full 0.1 0.5 0.1 1 mA
*1., Current Pin 1§ Full 0.3 1 03 2 mA
*1L, Current Pin 2 Full 0.3 1 0.3 2 mA
NOTES: 1. Voltage ratings apply when voltages at all other pinsare 4. To drive from DTL/TTL circuits, 1K pull-up resistors
within their normal operating ranges. to + 5.0V supply are recommended.
2. Derate 9.25 mW/C above 75°C. 5. Time measured to 90% of final output level;
3. Voyt=+10v IguT =- 1mA. Vgur = - 5.0V to +5.0V, Digital Inputs = OV to + 4.0V.
6. Voitage at Pin 3, ENABLE = +4.0V. .

* 100% Tested for Dash 8 at +259C and +1259C Only.
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PERFORMANCE CHARACTERISTICS

ON RESISTANCE vs ON CHANNEL CURRENT
ANALOG SIGNAL LEVEL vs VOLTAGE

- IMA
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V2

Test Circuit
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£ 20 e
g 300 11259 E, +250C
z o«
8 3
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SCHEMATIC DIAGRAM

ADDRESS INPUT BUFFER

ALL N-CHANNEL
BODIES TO V-

ALL P-CHANNEL
BODIES TO V+
UNLESS OTHERWISE
-V : INDICATED.
ADDRESS
INPUT

DECODER GATE

g - ———-——
_ ! |
EN '
o | [P11 ! |
A20R A2 I ]
o P12 ! |
A10R AT | T0 .
AT O | P13 ! —>PCI-|IANNEL
A0 OR AQ ! sw \
P14 l l—l p15¢] [P16 TOI
i N CHANNEL
4 [ -||I\I‘112 L||’q‘13|-| N4 . |-| n1sy e SV |
| |
P CHANNEL BODIES TO +V -vl ! |
N CHANNEL BODIES TO -V [INSWITCH CELL _
A2 0R A2 NOT USED
FOR HI-1828A

MULTIPLEX SWITCH

FROM DECODE

FROM DECODE
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Data Conversion Products n ,'I ,‘l

HA-2420/2425 Fast Sample and Hold -2
HD-0165 Keyboard Encoder 5-9
HI-662A 12 Bit High Speed Monolithic Digital-to~Analog Converter b-12
HI1-5610 10 Bit High Speed Monolithic Digital-to-Analog Converter 5-17
HI-6618A/5618B 8 Bit High Speed Digital-to-Analog Converters 5-23
HI1-5712/6712A High Performance 12 Bit Analog-to-Digital Converter 5-30
H1-5900 Analog Data Acquisition Signal Processor 5-39
H1-5901 Analog Data Acquisition Signal Processor 5-44
HI-7541 12 Bit Multiplying Monolithic Digital-to-Analog Converter 5-60
HI-DAC 80l 12 Bit High Speed Monolithic Digital-to-Analog Converter 5-57
Advance

HA-5320 High Speed Precision Monolithic Sample and Hold Amplifier 5-62
HI-565A High Speed Monolithic Digital-to-Analog Converter with Reference 5-63
HI-574A Fast, Complete 12 Bit A/D Converter with Microprocessor Interface 5-64
HI1-5660 High Speed Monolithic Digital-to-Analog Converter b-65
H1-5680 12 Bit Low Cost Monolithic D/A Converter 5-66
H1-5685 High Performance Monolithic 12 Bit D/A Converter 5-68
H{-5687 Wide Temperature Range Monolithic 12 Bit D/A Converter 5-70
HI-DAC16B/ 16 Bit D/A Converter 5-72

DAC16C

ABSOLUTE MAXIMUM RATINGS

As with all semiconductors, stresses listed under “Absolute Maximum Ratings” may
be applied to devices (one at a time) without resulting in permanent damage. This
is a stress rating only. Exposure to absolute maximum rating conditions for extend-
ed periods may affect device reliability. The conditions listed under “’Electrical
Characteristics” are the only conditions recommended for satisfactory operation.
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Q0 HARRIS

FEATURES

HA-2420/2425

Fast Sample and Hold

DESCRIPTION

LOW DROOP RATE (CH = 1000pF) 5uV/ms
LOW CHARGE TRANSFER 5pC
FAST ACQUISITION TIME (10V STEP TO .01%)  5us
HIGH SLEW RATE TV/us
BANDWIDTH 2.5MHz
LOW APERTURE TIME 30ns
TTL COMPATIBLE CONTROL INPUT

APPLICATIONS

e ATODCONVERSION SYSTEMS
DTO ADEGLITCHER

© AUTO ZERO SYSTEMS
PEAK DETECTOR
GATED OP AMP

The HA-2420/2425 is a monolithic circuit consisting of a high
performance operational amplifier with its output in series with
an ultra-low leakage analog switch and a MOSFET input unity
gain amplifier.

With an external holding capacitor connected to the switch
output, a versatile, high performance sample-and-hold or
track-and-hold circuit is formed. When the switch is closed,
the device behaves as an operational amplifier, and any of the
standard op amp feedback networks may be connected around
the device to contral gain, frequency response, etc. When the
switch is opened the output will remain at its last level.

Performance as a sample-and-hold compares very favorably
with other monolithic, hybrid, modular, and discrete circuits.
Accuracy to better than 0.01% is achievable over the tempera-
ture range. Fast acquisition is coupled with superior droop
characteristics, even at high temperatures. High slew rate,
wide bandwidth, and low acquisition time produce excellent
dynamic characteristics. The ability to operate at gains greater
than 1 frequently eliminates the need for external scaling
amplifiers.

The device may also be used as a versatile operational amplifier
with a gated output for applications such as analog switches,
peak holding circuits, etc.

PINOUT

FUNCTIONAL DIAGRAM

Section 11 for Packaging

TOP VIEW

INDEX

IN-|1
w2
OFFSET
w2
OFFSET [
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v-[=]
ne 6|
out[7 ]

I I SAMPLE/HOLD
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13 JGND
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[0 Jn.c.
Gl
(s ]ne.

11

14 PIN DIP
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LEADLESS CHIP CARRIER
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+IN -IN NC CONTRL. GND
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(LCC) PACKAGE
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OFFSET HOLD HOLD
ADJ CONTROL  CAP.

HIGH
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.SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 40v Operating Temperature Range

Differential Input Voltage *24v HA-2420-2/8 -650C L Ta <+1250C
Digital Input Voltage (Pin 14) +8V, -15V HA-2425-5 00C < Tp L +750C
Output Current Short Circuit Protected Storage Temperature Range -650C < Tp < +1500C
Internal Power Dissipation 300mW (Note 7)

ELECTRICAL CHARACTERISTICS Test Conditions (Unless otherwise specified) VguppLy =$15.0V; CyH = 1000pF;
Digital Input (Pin 14), VL =+0.8V (Sample), V| = +2.0V (Hold)

HA-2420-2 HA-2425-5
PARAMETER MIN TYP MIN TYP MAX
INPUT CHARACTERISTICS
*Dffset Voltage
*Bias Current
*QOffset Current
Input Resistance +250C 5 10 5 10 M
Common Mode Range Full 10 +10 \'
TRANSFER CHARACTERISTICS
*Large Signal Voltage Gain (Note 1, 4) Fuil 25K 50K 25K 50K A%
*Common Mode Rejection (Note 2) Full 80 90 74 90 dB
Hold Mode Feedthrough Attenuation (Note 9) |  Full -76 -76 dB
Gain Bandwidth Product (Note 3) +250C 2.5 2.5 MHz
OUTPUT CHARACTERISTICS
*Qutput Voltage Swing (Note 1) Full £10 £10 v
Output Current +250C | %15 115 mA
Full Power Bandwidth (Note 3, 4) +250C 100 100 kHz
Output Resistance (D.C.) +250C .15 15 Q
TRANSIENT RESPONSE
Rise Time (Note 3, 5) +250C 50 50 ns
Overshoot (Note 3, 5) +250C 25 25 %
Slew Rate (Note 3, 6) +250C 7 7 V/us
DIGITAL INPUT CHARACTERISTICS
Digital Input Current (V) = 0V) Full 0.8 0.8 mA
Digital Input Current (V) = +5.0V) Full 20 20 A
Digital Input Voltage (Low) Full 0.8 0.8 v
Digital Input Voltage (High) Full 2.0 2.0 v
SAMPLE/HOLD CHARACTERISTICS
Acquisition Time to .1% 10V Step (Note 3) +250C 4 4 Hs
Acquisition Time to .01% 10V Step (Note 3) +250C 5 5 Hs
Aperture Time +250C 30 30 ns
Aperture Delay Time +250C 50 50 ns
Aperture Uncertainty Time +250C 5 5 ns
*Drift Current (Note 3, 8) +250C 5 50 5 50 pA
Full 0.5 4.0 0.5 1.0 nA
*Charge Transfer (Note 8) +250C 5 10 5 10 pC
POWER SUPPLY CHARACTERISTICS
*Supply Current (+) +250C 3.5 5.5 3.5 5.5 mA
*Supply Current (=) +250C 25 3.5 25 35 mA
*Power Supply Rejection Full 80 90 74 90 dB
NOTES: 1. RL=2k2 6. VOUT = 10.0V peak-to-peak 8. VIN=0V
2. vcm =E10vDe 7. Derate Power Dissipation by 9. fIN < 100kHz
3. Av =+1,RL = 2k§2, CL = 50pF 4.3mW/OC above +1050C
4. VOUT = 20V peak-to-peak Ambient Temperature
5. VOUT = 400mV peak-to-peak *100% Tested for DASH 8
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PERFORMANCE CURVES

VsuppLY =*15VDC, Ta = +250C, CH = 1,000pF Unless Otherwise Specified

TYPICAL SAMPLE AND HOLD PERFORMANCE
AS A FUNCTION OF HOLDING CAPACITOR

BROADBAND NOISE CHARACTERISTICS
MINIMUM SAMPLE TIME

FOR 0.1% ACCURACY
—usec

T ¥ ov
N—=DRIFT DURING HOLD @~
259C MILLIVOLTS/SEC /.

~N ! /

< 1

~ UNITY GAIN PHASE ~=

S MARGIN: DEGREES™_7" | SAMPLE TO HOLD
AN OFFSET ERROR

NS MILLIVOLTS

A — =
:::\\Ilmﬁrf-,-ﬁ ~ f- EQUIV. INPUT NOISE H
; “SAMPLE” MODE — 0 i
MHz l SOURCE RESISTANCE
1 AR

SLEW RATE/CHARGE = 10K 100K ™
RATE: VOLTS/ BANDWIDTH

ernoszcon? (LOWER 3dB FREQUENCY = 10Hz)

10pF 100pF 1000pF 0.01uF 0.1u4F 1.0uF
CH VALUE

DRIFT CURRENT VS. TEMPERATURE OPEN LOOP FREQUENCY RESPONSE

N

0pF
= 1000pF

}\ LCcH=.0

CH = 1.0uF
CH=0.11

—\

OPEN LOOP VOLTAGE GAIN dB

AN

N

100 1K 10K 100K ™ 10M  100M
FREQUENCY , Hz

+25 +50 +75  +100 +125
T(oC)

OPEN LOOP PHASE RESPONSE
HOLD MODE FEED THROUGH ATTENUATION

CH = 1000pF 0 CH = 0.01uF .
2 2 \\// cn =~ ] 000pF1] | CH=1.04F
-30 £ 0 £CH < 100pF
Q
40 8 6o
@ : AN
= Y 80—
g -50 / 2 100 "H=O.1ﬂ':- \\
= z N
£ 60 w 120 NI
2 70 / < 140 \
E g 160
< _80 S 180 \
2
%0 & 200 \
o 220
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OFFSET AND GAIN ADJUSTMENT

PEDESTAL VS. INPUT VOLTAGE

PEDESTAL VOLTAGE
(MV)

2 4 6 g 10 D.C.INPUT

VOLTAGE
(VOLTS)
-4
o CH=0.1F,
1.0uF
~ CH = .01uF
~* CH = 1000pF
-16
-18
-20 ~-CH = 100pF
Figure 1
OFFSET ADJUSTMENT

The offset voltage of the HA-2420/2425 may be adjusted
using a 100kS2 trim pot, as shown in Figure 6. The recom-
mended adjustment procedure is:

1. Apply zero volts to the sample-and-hold input, and a
square wave to the S/H control.

2. Adjust the trim pot for zero volts output in the hold
mode.

This procedure will alter the input Vg value so that it
cancels the pedestal voltage.

INVERTING CONFIGURATION

.002RF

—— i —
INPUT

R ouTPUT
N HA-2420/2425 1 )
+IN S/H
CONT

= TROL
gy

O s/ conTROL
INPUT GAIN ~ ﬂ:i

|

Figure 2

GAIN ADJUSTMENT

The linear variation in pedestal voltage with sample-and-hold
input voltage causes a -0.06% gain error (CH = 1000pF). In
some applications (D/A deglitcher, A/D converter) the gain
errar can be adjusted elsewhere in the system, while in
other applications it must be adjusted at the sample~-and-
hold. The two circuits shown below demonstrate how to
adjust gain error at the sample-and-hold.

The recommended procedure for adjusting gain error is:

1. Perform offset adjustment.

2. Apply the nominal input voltage that should produce
a+10V output.

3. Adjust the trim pot for +10V output in the hold mode.

4. Apply the nominal input voltage that should produce a
-10V output,

5. Measure the output hold voltage (V_10 NOMINAL).
Adjust the trim pot for an output hold voltage of

(V-10 NOMINALH-10V)
2

NONINVERTING CONFIGURATION

INPUT OUTPUT
+IN' HA-2420/2425 ouT )
-IN S/H

CONTROL
RF -
\—
S/H CONTROL
Rl INPUT
%)?
= ~ 1 +BF
L002RI GAIN ~ [+g]

Figure 3




TEST CIRCUITS

CHARGE TRANSFER AND DRIFT CURRENT

OUTPUT

-IN  HA-2420/2425 o)

+IN s/H  HOLD
CONTROL CAP_GND

AR

JuL

S/H CONTROL
INPUT

Figure 4

CHARGE TRANSFER TEST DRIFT CURRENT TEST

1. With a D.C. input voltage, observe the following 1. With a D.C. input voltage, observe the following
waveforms: waveforms:

S/H 4v-—-—r-| n-—— HOLD CONTROL gy SAMPLE

CONTROL gy SAMPLE

OUTPUT vc["'h h ) ouTPuT N ! \L_IAV
: o

2. Compute charge transfer from: Q@ =Vg CH . Measure the slope of the output during hold, AV/At,
and compute drift current from: 1p = CH AV/At

HOLD MODE FEEDTHROUGH ATTENUATION

SINE WAVE T+5
INPUT

o= N

LN
% 1i-s08A HA-2420/2425

MUX  out *IN v HoLD
CONTROL CAP_GND

;L
£ | Ly

S/H CONTROL
INPUT

©
Figure 5

NOTE: Compute hold mode feedthrough attenuation from the formula:

Feedthrough Attenuation = 20 Log %

Where VgyT HOLD = Peak-Peak value of output sinewave during the hold mode.




ACQUISITION TIMES (CH = 1000pF)

-10V TO OV +10V TO OV -ivTO OV

/
S/H <
CONTROL SAMPLE

SCHEMATIC

OFF SET ADJ

as6

arz2
ar3 a74

R9

Q;
3.
15P7
R8

75
R10
J.Cﬁ
(}

77

a7s,




APPLICATIONS

BASIC SAMPLE-AND-HOLD
(TOP VIEW)

CONTROL

>+

J?L}:Iﬁthyl_llj

100K Q2
OFFSET TRIM
(25mV RANGE)

Figure 6
NOTES:

1. Figure 6 shows a typical unity gain circuit, with Offset
Zeroing. All of the other normal op amp feedback
configurations may be used with the HA-2420/2425.
The input amplifier may be used as a gated amplifier by
utilizing Pin 11 as the output. This amplifier has excel-
lent drive capabilities along with exceptionally low
switch leakage.

. The method used to reduce leakage paths on the P.C.
board and the device package is shown in Figure 7.

GUARD RING LAYOUT
(BOTTOM VIEW)

CONTROL

NGRS
o

GND

HoLoing !
CAPACITOR “h |

Figure 7

This guard ring is recommended to minimize the drift
during hold mode.

. The holding capacitor should have extremely high insula-
tion resistance and low dielectric absorption. Polystyrene
(below +850C), Teflon, or Parlene types are recom-
mended.

For more applications, consult Harris Application Note
517, or factory applications group.

GLOSSARY OF TERMS

ACQUISITION TIME:

The time required following a "sample” command, for the
output to reach its final value within £0.1% or £0.01%. This
is the minimum sample time required to obtain a given
accuracy, and includes switch delay time, slewing time
and settling time. '

CHARGE TRANSFER:

The small charge transferred to the hold capacitor from the
inter-electrode capacitance of the switch, during the transition
from Sample to Hold. Charge transfer contributes a portion
(E) of the sample-to-hold offset (pedestal) error, accdrding

to: E(V) = Charge Transfer (pC)

Hold Capacitance (pF)

Other mechanisms contribute additional pedestal error during
the Sample to Hold transition.

APERTURE TIME:

The time required for the sample-and-hald switch to open,
independent of delays through the switch driver and input
amplifier circuitry. The switch opening time is that interval
between the conditions of 10% open and 90% open.

APERTURE DELAY:

The time interval between the sample-to-hold command
(50% level) and the instant at which the switch is 10% open.

DRIFT CURRENT:
The net leakage current from the hold capacitor during the

hold mode. Drift current can be calculated from the droop
rate using the formula:

’ = av
Ip(pA) = CH (pF) x AT (Volts/sec)




FEATURES

HD-0165

Keybhoard Encoder

DESCRIPTION

STROBE OUTPUT
KEY ROLLOVER QUTPUT

EXPANDABLE: 2PACKAGES REQ

UIRED FOR FULL

TELETYPEWRITER, EIGHT-BIT ENCODING

SINGLE +5.0V SUPPLY REQUIRED
DTL/TTL OUTPUTS

MONOLITHIC RELIABILITY

APPLICATIONS

o

MICROPROCESSOR DATA ENTRY
HEX CODE)

BCD DATA ENTRY

TYPEWRITER TYPE KEYBOARDS

(16 KEY TO

The HD-0165 Keyboard Encoder is a 16 line to four-bit parallel
encoder intended for use with manual data entry devices such as
calculator or typewriter keyboards. In addition to the encoding
function, there is a Strobe output and a Key Rollover output
which energizes whenever two or more inputs are energized
simultaneously. Any four-bit code can be implemented by
proper wiring of the input lines. Inputs are normally wired
through the key switches to the +5.0V power supply. Full
typewriter keyboard encoding up to eight bits can be accomp-
lished with two Encoder circuits by the use of double pole key
switches or single pole switches with two isolation diodes per
key. Outputs will interface with all popular DTL and TTL logic
families. The circuit is packaged in a hermetic 24-pin dual-in-
line package and operates over the temperature range of 00C
to +750C.

e CONTROL PANELS
PINOUT EQUIVALENT CIRCUITS
Section 11 for Packaging INPUT
OUTPUT
Top View +5.0V 610°
‘ ’ )
vee 1 — 24 KRO IN1
PARALLEL JOUT3 2 — — 23 GND e
BINARY !oum 3 — — 22 OUT 1] PARALLEL ——O/A——J
STROBE 4 — 21 0UT 2| BINARY -_— ANY OUTPUT
16 INPUT 5 — —20 # 1 INPUT
%5 6 — — 19 2 —
14 7 — — 18 3 " A
13 g — L 17 P 460°
12 9 — - 16 5 "
1m o 10— —15 6 — | =
0 - 11 — L— 14 7 ” IN 16 | 400
H#9 - 12 — 13 #8 |
A__ b
KEYBOARD =

* EQUIVALENT RESISTORS FOR OTHER
INPUTS ARE BETWEEN THESE TWO VALUES

5-9




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage +7.0V Output Current 30mA
Input Voltage +5.5V Storage Temperature —659 to +150°C
Output Voltage +5.5V Operating Temperature (Case) ~ 00C to +75°C

ELECTRICAL CHARACTERIFSTICS
Test Conditions: Vg =+56.0V £ 5%
Tgase = 0°C to +75°C
Unless otherwise specified

PARAMETER . LlTN;l;-S TEST CONDITIONS

Input Current “ Vi = +5.0V

0" . Viy = +4.5V lgL = 10mA
Output Voltage Vi =+3.5V lgL =3.2mA
1" Vi = Open Circuit,Igy = —240 LA

Operating One Input at +5.25V

PoWer Supply Current

Maximum All Inputs at +5.25V

| =

Tgase = 25°C
A.C.| Skew Time (Note 1) Vee = VN =+5.0V
€y < 50pF

NOTE: (1) Skew time is the maximum time differential between propagation delay times of any
outputs including strobe and KRO'

TRUTH TABLE

INPUTS OUTPUTS

1 2 3 4 5 6 7 8 9 10 11 12 13 W 5 |1 2 3 4 St Ko
t Lt Lt L L L L L L L L L L L L L|H H H H H H
H L L L L L Lt L Lt L L L L L L LiWw W W w L H
LW L L L L L L Lt L L L L L L L|L H H H L H
L L W L L L L L L L L L L L L L|H L H H L H
L L L H L L L L Lt L L L L L L tflL L W H L #
L L L L H L L L L L L L L L L L|H H L H L H
L L L L L H L L L L L Lt L Lt L L|]L H L H L H
L L L L L L H L L L L L L L L LW v Lt H L H
L L L L L L L H L L L L L L L LfL ¢t L H L H
L L L L L L L L H L L L L L L L|H H H L L H
L L L L L L L L L H L L L L L L]JL H H L L H
L L L L L L L L L L H L L Lt L L|H L H L L H
L L L L L L L L L L L H L L L L]L L H L L H
L L L L L L L L L L L L H L L L|H H L L L H
L L L L L L L L Lt L L L L K L t|]L H L L L H
L L L L L L Lt L L Lt L Lt Lt L H L|H L L L L H
L L L L L L L L L L L L L Lt t H|L L L L L H
ANY TWO OR MORE HIGH X X X X L L

INPUTS: L = Open Circuit or < +1.0V H =2> +4.5V Current Source
OUTPUTS: L =g +0.4V H=2> +24V X = Erroneous Data



APPLICATIONS

Vg 5.0V
INPUTS cc
50V ?
r—O/‘-— 1—{ 20 1

0_1,_0/A_ 2419
l — I
T Py ] pamaue Figure 1. GENERAL CONFIGURATION FOR
: 5—1 16 2b— 3 OuTPUTS ENCODING TWO TO SIXTEEN KEYS
\ 6—i{ 15 3p— 4
: 73: :; o s The Truth Table is used to determine
[ TROSE L suxiuiamy wiring from the key switches to Encoder
Yo n 20 |— KRO ouTPUTS inputs to produce desired output codes.
: 11— 10
) 12— 9
. 13—s
1 14—1 7
: 15— 6
Lo A5 P&l
_]_- GND
KEYBOARD =
Figure 2. SWITCH BOUNCE ELIMINATION
DUAL MONOSTABLE.
DTLoRopey L9602 OR EQUIVALENT] 10K This circuit generates a delayed Strobe
CDLLEEEE 2 pulse (ST’). Delay time is determined by
A 4000 first monostable and should be about
2 10ms. Pulse width is determined by sec-
HD-0165 ond monostable and should be set ac-

cording to system requirements. Effect
of switch bounce or arcing on make or
break is positively eliminated and proper
encoding will take place under two
key rollover conditions

| o

mlag®

=
o
=)

+50V SUPPLY DOUBLE POLE INPUTS OuTPUTS
KEY SWITCHES
~ Mse
A §
A | :
! HO 0165
A 4 ! QUTPUTS
' STROBE
— ! —
— H KRO
[
—d
OPEN COLLECTOR
— GATE
H 10 CIRCUIT
1 OF FIGURE 2
' HD 0165
' _.4__
' STROBE
L o—2 > ' 7w
Ll
ALTERNATE ISOLATION METHOD
SINGLE POLE KEY SWITCH WiTH
TWG DIODES

NOTE  Redu ottt TTL
1oads

Figure 3. ENCODING UP TO 256 KEYS

Use upper Encoder to produce the four most significant output bits; the lower
to produce the least significant bits. Use Truth Table and required output codes
to determine wiring from each key to the two Encoders.

SHIFT and CONTROL functions can be implemented by logic gates in series
with the output lines.




T HARRIS

HI-562A

12 Bit High Speed Monalithic

FEATURES

Digital-to-Analog Converter

DESCRIPTION

OUTPUT CURRENT
MONOLITHIC CONSTRUCTION
EXTREMELY FAST SETTLING
LOW GAIN DRIFT
EXCELLENT LINEARITY
DESIGNED FOR MINIMUM GLITCHES
MONOTONIC OVER TEMPERATURE
NOTE: HI-562A IS RECOMMENDED

300ns TO 0.01% (TYP.)
+10ppm/oC (MAX.)
£1/2 LSB (MAX.)

FOR NEW DESIGNS

APPLICATIONS

CRT DISPLAY GENERATION
HIGH SPEED A/D CON{yERTERS
® VIDEQ SIGNAL RECONSTRUCTION
o WAVEFORM SYNTHEéIZERS
® HIGH SPEED DATA ACQUISITION
HIGH-REL APPLICATIONS
PRECISION INSTRUMENTS

The Harris HI-562A is the first monalithic digital-to-analog con-
verter to combine both ultra-high speed performance and 12-bit
accuracy on the same chip. The HI-562A's fast output current
settling of 300ns to 0.01% is achieved using dielectric isolation
processing to reduce internal parasitics for fast rise and fall times
during switching. Output glitches are minimized in the HI-562A
by incorporating equally weighted current sources switched into
an R-2R ladder network for symmetrical turn-ON and turn-OFF
switching times. This creates within the chip a very uniform
constant thermal distribution for excellent linearity and also
completely eliminates thermal transients during switching. High
stability thin film resistor processing together with laser trimming
provide the HI-562A with guaranteed true 12-bit linearity to
within £1/2 LSB maximum at +250C for -4 and -5 parts, and to
within £1/4 LSB maximum at +259C for -2 and -8 parts. The Hi-
562A is recommended as a replacement for higher cost hybrid and
modular units for increased reliability and accuracy in applications
such as CRT displays, precision instruments and data acquisition
systems requiring throughput rates as a high as 3.3 MHz for full
range transitions. Its small size makes it an ideal choice as the
heart of high speed A/D converter designs or as a building block
in high speed or high resolution industrial process control systems.
The HI-562A is also ideally suited for aircraft and space instru-
mentation where operation over a wide temperature range is
required.

The HI-662A-5 is specified for operation over 00C to +750C,
the HI-562A-4 over -250C to +850C and the HI-562A-2 and HI-
562A-8 over -550C to +1250C. Processing MIL-STD-883A Class
B screening is available by selecting the HI-562A-8. All are
available in a hermetically sealed 24-lead dual-in-line package.

PINQUT

FUNCTIONAL DIAGRAM

5-12

Section 11 for Packaging
TOP VIEW

\J

BIT 1 (MSB) IN
BIT2IN
BIT3IN
BIT4IN
BITSIN
BITEIN
BIT7IN
BIT8IN
BIT9IN
BIT10IN
BITHIIN

BIT 12(LSB) IN

1 —

Vpst
CMOS/TTL 5, __|
LOGIC SELECT

*VREF (LOIN) 3 —
N/C 4 —

VREF (HIIN) 5 —
Vps- 6 —
BIPOLARR IN
BIPOLAR R OUT
fpAC OUT 9 —
10VSPANR 10—
20V SPAN R
*GND

HI-562A

7 —4

8 —

12—

*Pin 3 connected to bottom cise
for high frequency shielding.

TTL/CMOS

LEVEL BIT1IN BIT12IN

GND v+ SELECT (MsB) 2 3 s 7

VREF (HIN)

VREF (LO IN)




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Referred to Ground)!

+20V
=20V

+Vps
-1V, +12v
-1V, +12v
#Vps
+Vps, -5V

Power Supply Inputs  Vps+

Vps-

VREF (Hi)

Bits 1-12

CMOS/TTL Logic Select
Pins 7, 8, 10, 11

Pin 9

Power Dissipation Pd, Package 1000mW

Operating Temperature Range
HI-562A-2
HI-562A-4
H1-562A-5
HI-562A-8

Storage Temperature Range

-550C to +1250C
-250C to +850C
00C to +750C
-550C to +1250C

-650C to +1500C

Reference Inputs
Digital Inputs

Outputs

ELECTRICAL CHARACTERISTICS (@ +250C, Vst = +5V, Vps- = ~15V, VREF = +10V, pin 2 tied to pin 12

unless otherwise noted)

PARAMETER

HI-562A-2/HI-562A-8

HI-562A-4/HI-562A-5

CONDITIONS

MIN l TYP ] MAX

MIN I TYP I MAX

INPUT CHARACTERISTICS

Digital Inputs (3)

Input Voltage (2)
Logic “1"
Logic “0"

input Current (2)
Logic 1"

Logic “0”

Input Voltage
Logic 1"

Logic "0"

Input Current
Logic "1”
Logic "0"

Bit ON "Lagic 1"
Bit OFF “Logic 0”

Over full
temp. range
Pin 2 tied to Pin 12

Connect pin 2 to pin 1 for
Vps+ = 9.5V. Otherwise
(for CMOS levels below 8V),
cannect pin 2 to pin 12,

Reference Input
Input Resistance
Input Voltage

TRANSFER CHARACTERISTICS

Resolution

Qver full temp. range

12

Nonlinearity (3)

@ +250C
Over full temp. range

/4 /4
+1

Differential
Nonlinearity (3)

@ +250C
Over full temp. range

/4 *1/4

MONOTONICITY GUARANTEED

Relative Accuracy (6)
Gain Error
Bipolar Offset Error
Unipalar Offset Error

With 50° £2(1%) Trim Resistors

All Bits ON

All Bits OFF

*.024
024
+.012

20.25
40.25
0.05

% FSR (4)

Adjustment Range
Gain
Bipolar Offset

See Operating Instructions

With 100 QTrim
Potentiometers

+0.25
205

Temperature Stability

Gain DOrift (3)

Oftset Drift (3)
Unipolar Offset
Bipolar Offset

Differential Nonlinearity

Drift specified with internal
span resistors for voltage output

Qver full
temp. range

All Bits OFF

QOver full temp. range

ppm of
FSR/oC

Settling Time (3)
to £1/2 LSB

All Bits ON-to-OFF or
OFF-to-ON
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SPECIFICATIONS (continued)

PARAMETER

CONDITIONS

H1-562A-2/HI-562A-8

HI-562A-4/H1-562A-5

MIN

TYP

MAX

MIN

TYP

MAX

Major Carry Transient
Peak Amplitude
Settling Time to

90% Complete

From 011...1 to0 100...0
or 100..0to 011...1

0.7

Power Supply Sensitivity (3)
Unipolar Offset
Vpst @ +5V
Vps- @ -15V
Bipolar Offset
Vpst @ 5V
Vps- @ -15V
Gain
Vpst @ +5V
Vps- @-15V

All Bits OFF

All Bits OFF, Bipolar mode

All Bits ON

ppm of
FSR/% Vps

OUTPUT CHARACTERISTICS

Output Current
Unipolar
Bipolar

Resistance

Capacitance

Qutput Voltage Ranges
Unipolar

Bipolar

Using external op amp
and internal scaling
resistors. See Figure 1
and Table 1 for connections

Compliance Limit (3)

Compliance Voltage (3)

Over full temp. range

Output Noise

0.1 to 16Hz (All Bits ON)
0.1 to 5MHz (Al Bits ON)

MV (p-p)

POWER REQUIREMENTS

Vpst (7)
Vps-

Over full
temp. range

Ips* (5)
Ips- (5)

All Bits ON or OFF in
either TTL or CMOS mode (250C)

Ips+ (5)
Ips- (5)

Same as above except
over full temp. range

Power Dissipation

+250C
Vpst = +5V

Vps-=-15V




NOTES:
1. Absolute maximum ratings are limiting values, applied
individually, beyand which the serviceability of the circuit

may be impaired. Functional operation under any of
these conditions is not necessarily implied.

Vpst tolerance is $10% for HI-662A-2, -8. and 5% for
HI-562A-4,-5.

See Definitions.

FSR is “full scale range” = 20V for * 10V range, 10V
for *5V range, etc., or 2mA (¥20%) for current output.

After 30 secands warm-up.

Using an external op amp with internal span resistors and
specified external trim resistors in place of potentiometers
R1 and R2. Errors are adjustable to zero using R1 and R
potentiometers. (See Operating Instructions Figure 2.)

The HI-562A .is designed for Vpgt = 6V, but +4.5V SVps*'
< +16V may be connected if convenient. (For Vpgt
above +5V, there is an increase in power dissipation but
little change in performance.)

DEFINITIONS OF SPECIFICATIONS

DIGITAL INPUTS

The HI-562A accepts digital input codes in binary format and
may be user connected for any one of three binary codes.
Straight Binary, Two's Complement, or Offset Binary, (See
Operating Instructions).

ANALOG OUTPUT

DIGITAL
INPUT

Offset
Binary

Straight
Binary

Two's
Complement™

MSB LSB
000...000 Zero -FS (Full Scale) Zero
100...000 %FS Zero -FS
1M1 [ +FS—-1LSB | +FS—1LSB | Zero —1LSB
011..111 | %.FS~1LSB | Zero—~1LSB | +FS—1LSB

*Invert MSB with external inverter to obtain Two's
Complement Coding

ACCURACY

NONLINEARITY — Nonlinearity of a D/A converter is an
important measure of its accuracy. It describes the deviation
from an ideal straight line transfer curve drawn between zero
(all bits OFF) and full scale (all bits ON).

DIFFERENTIAL NONLINEARITY — For a D/A converter, it
is the difference between the actual output voltage change and
the ideal (1 LSB) voltage change for a one bit change in code.
A Differential Nonlinearity of £1 LSB or less guarantees mono-
tonictiy; i.e., the output always increases and never decreases
for an increasing input.

SETTLING TIME
Settling time is the time required for the output to settle to

within the specified error band for any input code transition.
It is usually specified for a full scale or major carry transition.

DRIFT

GAIN DRIFT — The change in full scale analog output over the
specified temperature range expressed in parts per million of
full scale range per OC (ppm of FSR/OC). Gain error is meas-
ured with respect to +250C at high (TyH) and low (T|) temp-
eratures. Gain drift is calculated for both high (TH -250C) and
low ranges (+250C -T| ) by dividing the gain error by the respec-
tive change in temperature. The specification is the larger of
the two representing worst case drift.

OFFSET DRIFT — The change in analog output with all bits
OFF over the specified temperature range expressed in parts
per million of full scale range per 0C (ppm of FSR/0C). Offset
error is measured with respect to +250C at high (TH) and low
(TL) temperatures. Offset Drift is calculated for both high
(TH -250C) and low (+250C -T| ) ranges by dividing the offset
error by the respective change in temperature. The specification
given is the larger of the two, representing worst-case drift.

POWER SUPPLY SENSITIVITY

Power Supply Sensitivity is a measure of the change in gain and
offset of the converter resulting from a change in the -15V
or +6V supplies. It is specified under DC conditions and
expressed as parts per million of full scale range per percent of
change in power supply (ppm of FSR/%).

COMPLIANCE

Compliance voltage is the maximum output voltage range that
can be tolerated and still maintain its specified accuracy. Com-
pliance limit implies functional operation only and makes no
claims to accuracy.

GLITCH

A glitch on the output of a D/A converter is a transient spike
resulting from unequal internal ON-0 FF switching times. Worst
case glitches usually occur at half-scale or the major carry code
transition from 011...1 to 100...0 or vice versa. For example, if
turn ON is greater than turn OFF for 011...1 to 100...0, an inter-
mediate state of 000...0 exists, such that, the output momentar-
ily glitches toward zero output. Matched switching times
and fast switching will reduce glitches considerably.
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OPERATING INSTRUCTIONS

DECOUPLING AND GROUNDING

For best accuracy and high frequency performance, the ground-
ing and decoupling scheme shown in Figure 1 should be used.
Decoupling capacitors should be connected close to the HI-
562A (preferably to the device pins) and should be tantalum
or electrolytic bypassed with ceramic types for best high fre-
quency noise rejection.

Vps-

0.01uF
i
ly

It
it
1uF

®

ANALOG GROUND

Figure 1

UNIPOLAR AND BIPOLAR VOLTAGE OUTPUT
CONNECTIONS

CONNECTIONS — Using an external resistive load, the output
voltage should not exceed £1V to maintain specified accur-
acy. For higher output voltages, accuracy can be maintained by
using an external op amp and the internal span resistors as shown
in Figure 2 and defined in Table 1 for unipolar and bipolar

mades.
5K
5K
K
—

+5V/+15V, -15V

——
)

L __(:]
GAIN
ADJUST m

10082, 15T

HA-2510/2515
HA-2600/2605

= 10VREF

D §

R320K
10K +15V
-15V

@ +15V
UNIPOLAR
BIPOLAR ZERO

OFFSET
[

~G)

ADJUST

* For TTL and DTL compatibility, connect +5V to pin 1 and
tie pin 2 to pin 12. For CMOS compatibility, connect digital
power supply (+4.85V S VDD g +12V) to pin 1 and short
pin 2 to pin 1.

*%* Bias resistor, RB, should be chosen to equalize op amp offset
voltage due to bias current. Its value is calculated from the
parallel combination of the current source output resistance
(2K) and the op amp feedback resistor. See Table 1 for
values of RB.

Figure 2

Table 1

CONNECTIONS

OUTPUT Pin 8 |Pin 10 | Pin 11
RANGE to to to

BIAS (Rg)
RESISTOR

Unipolar |0 to +10V N.C.| A N.C. 143K

Mode 0to +5V N.C.| A 9 111K

10V D g | N.C. A 1.43K

Bipolar

5V D 9 A N.C. 1.25K

+2.5V D 9 A 9 1.0K

iMode

EXTERNAL GAIN AND ZERO CALIBRATION
(See Figure 2)

The input reference resistor (20K nominal) and bipolar offset
resistors shown in Figure 2 are both intentionally set low by
50 © to all the user to externally trim-out initial errors to a very
high degree of precision. The adjustments are made in the vol-
tage output mode using an external op amp as current-to-vol-
tage converter and the HI-562A internal scaling resistors as
feedback elements for optimum accuracy and temperature
coefficient.  For best accuracy over temperature, select an op
amp that has good front-end temperature coefficients such as
the HA-2600/2605 with offset voltage and offset current
tempco’s of 5 u V/OC in 1nA/OC, respectively. For high speed
voltage mode applications where fast settling is required, the
HA-2510/2515 is recommended for better than 1.5 u s settling
to 0.01%. Using either one, potentiometer R3 conveniently
nulls unipolar offset plus op amp offset in one operation (for
HA-2510/2515 and HA-2600/2605 use R3 = 20K and 100K,
respectively). For bipolar mode operation, R3 should be used to
null op amp offset to optimize its tempco (i.e., short 9 to A and
adjust R3 for zero before calibrating in bipolar mode). The gain
and bipolar offset adjustment range using 1002 potentiometers
is £12LSB and 25 LSB respectivelv. If desired, the potentio-
meters can be replaced with fixed 50§2(1%) resistors resulting
in an initial gain and bipolar offset accuracy-of typically
+1/2LSB.

UNIPOLAR CALIBRATION

Step 1: Unipolar Offset
e Turn all bits OFF
« Adjust R3 for zero volts output
Step 2: Gain
¢ Turn all bits ON
o Adjust R2 for an output of FS -1 LSB
That is, adjust for:
9.9976V for OV to +10V range
4.9988V for OV to +5V range

BIPOLAR CALIBRATION

Step 1: Bipolar Offset
o Turn all bits OFF
e Adjust R1 for an output of:
-10V for £10V range
-5V for 5V range
-2.5V for ¥2.5V range

Step 2: Gain
* Turn bit 1 (MSB) ON; all other bits OFF
¢ Adjust R2 for zero volts output




o HARRIS

Preliminary

FEATURES

HI-5610

10 Bit High Speed Monaolithic
Digital-to-Analog Converter

APPLICATIONS

MONOLITHIC CONSTRUCTION
EXTREMELY FAST SETTLING
LOW GAIN DRIFT

EXCELLENT LINEARITY OVER TEMPERATURE . ... ..

DESIGNED FOR MINIMUM GLITCHES
MONOTONIC OVER TEMPERATURE

CRT DISPLAY GENERATION

HIGH SPEED A/D CONVERTERS
VIDEO SIGNAL RECONSTRUCTION
WAVEFORM SYNTHESIZERS

HIGH SPEED DATA ACQUISITION
HIGH RELIABILITY APPLICATIONS
PRECISION INSTRUMENTS

. £%LSB MAX.

DESCRIPTION

The H1-5610 is an ultra-high speed 10 bit monolithic current out-
put digital-to-analog converter. The fast output current settling of
85ns to %LSB of its final value is achieved using dielectric isolation
processing to reduce internal parasitics for fast rise and fall times
during switching. Output glitches are minimized in the HI-5610 by
incorporating equally weighted current sources switched into an
R-2R ladder network for symmetrical turn-on and turn-off switch-
ing times. This creates within the chip a very uniform and constant
thermal distribution for excellent linearity and also eliminates ther-
mal transients during switching. High stability thin film resistor
" processing, together with laser trimming provide the HI-5610 with
true 10 bit linearity to within £ %LSB maximum over operating
temperature range. The HI-5610's low offset and gain drift over
the operating temperature range assures that its absolute accuracy
when referred to a fixed 10V reference will not deviate more than
+ 1LSB for both unipolar and bipolar operation.

The HI-5610 is recc ded as a replacement for high cost hybrid
and modular units for increased reliability and accuracy in applica-
tions such as CRT Displays, precision instruments and data acquisi-
tion system requiring through-put rates as high as 12mHz for full
range transitions. Its small size makes it an ideal choice as the
essential part of high speed A/D converter designs or as a building
bleck in high speed or high resolution industrial process control
systems, The HI-5610 is also ideally suited for aircraft and space
instrumentation where operation over a wide temperature range is
required.

The HI-5610-5 is specified for operation over 00C to +750C, the
HI-5610-2 and HI-5610-8 over -550C to +1250C. Processing to
MIL-STD-883A class B screening is available by selecting the
Hi-5610-8. All are available in a hermetically sealed 24 lead dual-
in-line package.

PINOUT
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Section 11 for Packaging
TOP VIEW

Vose 1,
2
3~
4 —]
5—
G_

2
23
- 22
21
- 20
19

BIT 1(MSB) IN
BIT 2IN
BIT 3IN
BIT4IN
BIT5IN
BITGIN

——

CMOS/TTL t
LOGIC SELECT

*VREF (LOIN)

NC

VREF (HI IN)

Vps-

GND

LOGIC
LEVEL BIT1IN
V+ SELECT (MSB) 2

EITE?‘[H???

BIT10IN
(LSB)

DIGITAL INPUT LEVEL SHIFTERS & SWITCH DRIVERS

— 18
—17
[— 16
— 15

14

BIPOLAR R IN
BIPOLAR R OUT
IpAc OUT
SPAN R

SPAN R

*GND 12

7
8—
9—

10—

BIT7IN
BIT8IN
BIT9IN
BIT10IN

NC

COMP. CAP **

VREF (HI IN)

Ipac
out

BlPOLAR

* Pin 3 connected to bottom case for high
frequency shielding.
** For high speed operation, connect 0.01{F
between Pin 13 and GND. Otherwise,
leave Pin 13 open.

VREF
(LO IN)

_35K}35K’?35K’;35K SSK}:!SK 35K $3.5K 35K'\;35K 3.5K 33.5K

%3 975K

Bl POLA R
“ccomp




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS  (Referred to Ground)1

Power Supply Inputs Vps+ +20V Power Dissipation Pd, Package 1000mW
Vps- -20V

Reference Inputs VREF (Hi) * Vps Operating Temperature Range
VREF(Lo) ov HI-5610-2 -550C to +1250C
HI-5610-5 00C to +750C
Digital Inputs Bits 1-12 -1V, +12v H1-5610-8 -550C to +1250C
CMOS/TTL Logic Select -1V, +12v

Outputs Pins 7, 8, 10, 11 +Vps
Pin9 +Vps, -5V

Storage Temperature Range -650C to +1500C

ELECTRICAL CHARACTERISTICS (@ +250C, Vpgt, = +5V, Vps-=-15V, VREF = +10V, pin 2 ground

unless otherwise noted)

HI-5610-2
H1-5610-8 HI-5610-5

PARAMETER MIN I TYP I MIN [TYF1 MAX
INPUT CHARACTERISTICS

Digital Inputs (2)

TTL Logic Input Voltage (3)
Logic “1"
Logic “0"
Input Current
Lagic “1"
Logic “0"

CMOS Logic {nput Voltage (4)
Logic “1"
Logic “0”
fnput Current
Logic "1"
Logic “0"

Reference Input
Input Resistance
Input Voltage (IgyT = 5mA + 20%)

TRANSFER CHARACTERISTICS

Resolution

Nonlinearity (5)

Differential Nonlinearity (5)

Relative Accuracy (6)

Gain Error
(Input Code 11....1)

Unipolar Offset Error
(Input Code 00....0)

Bipolar Offset Error
(Input Code 00....0)
(Adjustable to zero, see Figure

Adjustment Range
Gain R 1025 +0.25
Bipolar Offset +0.25 +0.25

Temperature Stability
Gain Drift Full +5 t5
Unipolar Offset Drift Full +3 £3
Bipolar Offset Drift Full x3 +3
Differential Nonlinearity Full +2 +2

MONOTONICITY - GUARANTEED OVER FULL OPERATING TEMPERATURE RANGE
Settling Time to %LSB (5)

Fromall 0’s to all 1's 85 ns
Fromall 1's to all 0’s 85 ns
Major Carry Switching to 90% Complete 40 40 ns
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SPECIFICATIONS (continued)

PARAMETER

Power Supply Sensitivity (5)

Vpst = +5V, Vps- = ~13.5V to -16.5V
Gain
(Input Code 11....1)
Unipolar Offset
(Input Code 00....0)
Bipolar Offset ppm of
(Input Code 00....0) . . FSR/%Vps

Vps== 15V, Vpg+= 4.5V to 5.5V
Gain
(Input Code 11....1)
Unipolar Offset
(Input Code 00....0)
Bipolar Offset
(Input Code 00....0)

OUTPUT CHARACTERISTICS

Output Current
Unipolar
Bipolar

Output Resistance

Output Capacitance

Output Voltage Range (7)

Unipolar

Bipalar

Output Compliance Limit (5)

Output Compliance Voltage (5)

Output Noise Voltage (8)
0.1Hz to 100Hz
0.1Hz to TMHz

POWER REQUIREMENTS

Vpst (4)

Vps'

lpst (All U'sorall 0's in
(10) either TTL or CMOS Mode)

Ips- (Same as above)
(10)




NOTES:

1. Absolute maximum ratings are limiting values, applied individ-
ually, beyond which the serviceability of the circuit may be
impaired. Functional operation under any of these conditions
is not necessarily implied.

The HI-5610 accepts digital input codes in binary format and
may be user connected for any one of three binary codes.
Straight binary, offset binary, or two's complement binary.
(See operating instructions),

Far TTL and DTL compatibility connect +5V to pin 1 and
ground pin 2. The Vpgt+ tolerance is +10% for HI-5610-2,-8.
And 5% for HI-5610-5.

For CMOS compatibility based on Vpgt 2 +8V, (switching
thresholds  equal Vpg+/2), connect pins 1 and 2. For CMOS
_levels below +8V, connect pin 2 to ground only (this provides
a threshold of approximately +1.4V).

See definitions.

Using an external op amp with internal span resistors and
24,982 £1% external trim resistors in place of potentiometers
R1and R2. These errors are adjustable to zero using R1 and
R2. (See operating instructions.)

Using an external op amp and internal span resistors. (See
operating instructions for connections.)

Specified for digital input in all "1’s or all ‘0’s.

FSR is “Full Scale Range” and is 5V for £2.5V range, 2.5V
for 1,25V range, etc., or 5mA (¥20%) for current output.

After 30 seconds warm-up.

DEFINITIONS OF SPECIFICATIONS

ACCURACY

NONLINEARITY - Nonlinearity of a D/A converter is an import-
ant measure of its accuracy. It describes the deviation from an
ideal straight line transfer curve drawn between zero (all bits OFF)
and full scale (all bits ON).

DIFFERENTIAL NONLINEARITY - For a D/A converter, it is
the difference between the actual output voltage change and the
ideal (1LSB) voltage change for a one bit change in code. ‘A Diff-
erential Nonlinearity of £ 1LSB or less guarantees monotonicitiy;
i.e., the output always increases and never decreases for and in-
creasing input. )

SETTLING TIME

Settling time is the time required for the output to settle to with-
in the specified error band for any input code transition. It is
usually specified for a full scale or major carry transition

(01 1to 10 0 or vice versa)

DRIFT

GAIN DRIFT - The change in full scale analog output over the
specified temperature range expressed in parts per million of full
scale range per OC (ppm of FSR/OC). Gain error is measured with
respect to +250C at high (TH) and low (T|) temperatures. Gain
drift is calculated for both high (TH -250C) and low ranges (+250C
- TL) by dividing the gain error by the respective change in temper-
ature. The specification is the larger of the two representing worst
case drift.

OFFSET DRIFT -~ The change in analog output with all bits OFF
over the specified temperature range expressed in parts per million

of full scale range per OC (ppm of FSR/0C), Offset error is measur-
ed with respect to +250C at high (TH) and low (T ) temperatures.
Offset Drift is calculated for both high (TH -250C) and low (+250C
~TL) ranges by dividing the offset error by the respective change
in temperature. The specification given is the larger of the two,
representing worst case drift.

POWER SUPPLY SENSITIVITY

Power Supply Sensitivity is a measure of the change in gain and off-
set of the D/A converter resulting from a change in -15V, +5V or
+18V supplies. It is specified under DC conditions and expressed as
parts per million of full scale range per percent of change in power
supply (ppm of FSR/%). ’

COMPLIANCE

Compliance voltage is the maximum output voltage range that can
be tolerated and still maintain its specified accuracy. Compliance
limit implies functional operation only and makes no claims to
accuracy.

GLITCH

A glitch on the output of a D/A converter is a transient spike
resulting from unequal internal ON-OFF switching times. Worst
case glitches usually occur at half-scale or the major carry code
transition from 011.....1 to 100.....0 or vice versa. For example,
if turn ON is greater than turn OFF for 011.....1 to 100.....0, an
intermediate state of 000.....0 exists, such that, the output momen-
tarily glitches toward zero output. Matched switching times and fast
switching will reduce glitches considerably.

OPERATING INSTRUCTIONS

DECOUPLING AND GROUNDING

For best accuracy and high speed performance, the grounding and
decoupling scheme shown in Figure 1 should be used. Decoupling
capacitors should be connected close to the HI-5610 (preferrably to
the device pin) and should be tantalum or electrolytic bypassed
with ceramic types for best high frequency noise rejection.
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OPERATING INSTRUCTIONS (continued)

HIGH PERCISION PERFORMANCE

The output accuracy of the HI-5610 depends mainly on the accur-
acy of the voltage applied to the VREF input of HI-5610 and it can
be described roughly as VREF/8KS2= % full scale output current.
This means the output of HI-5610 will change whenever VREF
varies. For high precision performance a precision +10V voltage
reference with reasonably low temperature coefficient such as HA-
1600 is highly recommended. For voltage output operation use an
external op amp as current-to-voltage converter and the HI-5610
internal scaling resistors as feedback elements for optimum accuracy
and temperature coefficient. The selected op amp should have a good
front-end temperature coefficient such as HA-~2600/2605 with off-
set voltage and offset current tempco’s of 5 M V/0C and 1nA/0C,
respectively. The input reference resistor (7.975K ) and bipolar
offset resistor (3.975K £ ) are both intentionally set low by 256
to allow the user to externally trim-out initial errors to a very high
degree of precision. For high speed voltage output applications
where fast settling is required, the HA-2510/2515 is recommended
for better than 1y s settling to %2LSB.

UNIPOLAR VOLTAGE OUTPUT CONNECTIONS
AND CALIBRATION

The connections for unipolar +5V and +2.5V voltage output using
an external op amp and the internal span resistors are shown in Fig-
ure 2 and Figure 3, respectively.

CALIBRATION - UNIPOLAR

Step 1 Offset
© Turn all bits off (all 0s) .
e Adjust R3 for zero volts output

Step 2 Gain
o Turn all bits on (all 1's)
o Adjust R1 for an output of FS-1LSB
That is, adjust for:
4.99512V for OV to +5V range
2.49756V for OV to +2.5V range

UNIPOLAR - STRAIGHT BINARY
0V TO +5V OUTPUT RANGE

DIGITAL N
ANALOG OUTPUT

FS - 1LSB
1%FS

%FS -1LSB
Zero

5
7.975K
Q

=4.99512V
=2.50000V
=2.49512V
= 0.00000V

GAIN

0TO5mA

FIGURE 2

UNIPOLAR - STRAIGHT BINARY
0V TO +2.5V OUTPUT RANGE

DIGITAL
ANALOG OUTPUT

FS-1LSB
%FS
¥%FS -1LSB
Zero

=2.49756V
=1.25000V
=1.24756V
= 0.00000V

GAIN

0TO 5mA

<
<
<

FIGURE 3

BIPOLAR VOLTAGE OUTPUT CONNECTIONS
AND CALIBRATION

The connections for Bipalar £ 2.5V and + 1.25V voltage output
using an external op amp and the internal span resistors are shown
in Figure 4 and Figure 5, respectively.

CALIBRATION - BIPOLAR

Step 1 Op Amp Null
e Short op amp output to op amp -input
o Adjust R3 for zero volts output

Step 2 Gain 7
e Turn all bits on (all 1s) record output voltage
o Turn all bits off (all 0's) record output voltage
o Adjust R1 till the difference between the readings
is equal to:
4.99512V for £ 2.5V range
2.49756V for £.1.25V range.
Step 3 Offset
o Turn bit 1 (MSB) on, all other bits off (10....0)
o Adjust R2 for zero volts output
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OPERATING INSTRUCTIONS (continued)

BIPOLAR - OFFSET BINARY
+2.5V 