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Subject Index

This index provides an easy reference to

all application circuits that are in the PMI
1986/1987 Data Book. It may be attached to
the title page. To attach, remove strip and
press on firmly.

Circuit Function Page
Absolute Value Circuit ... 5-24, 5-60, 15-13
Ammeter, Low-Current ............. 5-173
Amplifier
Buffer.........covieiiiiiiiiiiian, 5-190, 7-10
Composite Amplifier .................... 5-59
Differential Input/Output ................ 6-23
) B) 1775 G 5-190, 6-19
Gated. ..o e 5-125
Instrumentation. . ... 5-42, 5-85/86, 5-126, 5-160,

5-218, 5-219, 5-236/238,
6-22, 6-23, 6-26, 9-31

INtegrator .....ovvvvveeeeennnnnennannns 5-190
INVErting .....ovvvviiiiineneinnnnnns 6-24
Logarithmic .......covvvuevininnennnnn. 9-22
LOoW-NOISE . .oviiiiiniiiiinininnennnns 9-22
Microphone ................ 5-138, 5-139, 5-163
MICIOPOWET . .ovvviiiiieiiiiiiinnnns 5-151
Peak Detector ........oeevviuuennnnenn. 15-36
Piezo-Electric Transducer................ 5-173
Precision .......cocovvuiiiiiiiiiiiiin., 6-23
Programmable Gain .............. 11-184, 13-39
PhonoRIAA .......coivvvvinnn... 5-137, 5-162
Sample and Hold ............. 710, 13-31, 15-14
SummIng......covvviiiinniiinienenennn 5-59
TapeHead...........cooovvvinenn, 5-138, 5-162
Temperature Transducer................. 10-17
Thermocouple Amplifier ................. 5-60
Vector-Summer .......oeviiiiiiiiinn.. 9-30
Wideband, Micropower. ...........c...... 1-151
AnalogSwitch ........................ 8-46
Isolation ........ccoveviiieniniiennnnnn, 13-32
Single Supply ....ovvviiiiiiii 13-31
Analog-to-Digital Converter
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Converter System ..........ooevvuunn. 11-65
Compressing. ....ooevveeienininiinnnnn. 11-53
DualSlope ...ovvviniviiiiiiiiiniannnn 13-13
High-Speed .. vvvveeeennannnnnn. 8-36, 11103
Peak-Reading ........cocovvvvneennennn.. 15-36
Sign-Magnitude, 10-Bit .................. 11-91
Software SAR . ..viiiiii i 11-114
Tracking .....oovvvevininnnnnnnnn. 8-13, 11-83
Analog-to-Digital
Divider ...................... 11-158, 11-194

®
Attenuator

AUudio v e 11-87

Telephone, Digitally Controlled .......... 11-174

Voltage Controlled..................o.ut. 9-32
Audio Attenuator ................... 11-87
Auto-Zero Instrumentation

Amplifier .............. ... ...l 6-26
Booster,Power ........................ 5-17
Buffer Amplifier ................ 5-190, 7-10
Bulk Resistance

Compensation ...................... 9-19
CODEC PCM Encoder.......... 13-72, 14-21
Companding AD/DA

ConverterSystem.................. 11-65
Compensation,

Bulk Resistance .................... 9-19
Composite Amplifier................. 5-59
Compressing A/D Converter........ 11-53
Converter

Analog-to-Digital ....... 8-13, 8-36, 11-53, 11-65,

11-66, 11-83, 11-91, 11-103,
11-114, 13-13, 15-36

Companding AD/DA System ............ 11-65

Compressing A/D ..oveievininnennnnn 11-53

Current-to-Voltage ................ 5-104, 5-172

DC/DC, Regulated .............covuun.n. 8-47

Digital-to-Analog ................. 11-65, 15-15

4-20mA Output D/A .........ccovnn... 11-146

Multifunction ........c.oveiiiiiiiiia... 9-21

Voltage-to-Current ..........c.ocevunnn... 6-21
Current Ammeter ................... 5-173
Current Integrator .................. 5-190
Current Mirror ..............oovuvnnn. 9-28
Current-to-Voltage

Converter ..................... 5-104, 5-172
CurrentSink ..................... 9-29, 10-9
Current Source

Bilateral...............coootl. 5-67, 5-190, 6-21

SOUICE ©vvvitee i iiiiiiei e 10-9
Current Transmitter,

4-20mA ..o, 5-126, 6-21, 11146
DC/DCConverter ..................... 8-47
Demodulator, LVDT ................. 15-16
Differential Input/Output

Amplifier ................. ...l 6-23
Digitally Controlled

4-20mA Transmitter.............. 11-146
Digitally Controlled

Gain Divider................ 11-158, 11-194
Digitally Controlled

R.F.Generator ..................... 11-147

Digitally Controlled
Telephone Attenuator............. 11-174



Digitally Programmable

Window-Comparator ............. 111173
Divider, Analog-to-Digital ........ 11194
Divider/Multiplier ................... 9-18
Driver,500Load ................ 5-190, 6-19
Dual Slope A/D Converter........... 13-13
Filter

Low-Pass, Programmable ................ 13-47

Notch, High-Q...ooovvvviiii ., 5-173
4-20mA Current

Transmitter............. 5-126, 6-21, 11-146
Gain Divider,

Digitally Controlled........ 11-158, 11-194
Instrumentation

Amplifier ................. 5-42, 5-85, 5-86

AULO-ZEIO . vttt e 6-26

MiCropower ................ 5-126, 5-218, 5-219

High Output Current ............... 6-22,6-23

High-Speed ..........cooviiinint 5-160, 9-31

Low-Noise......covvvvvinnnnnn 5-236/238,9-31

Programmable Gain ..................... 6-22
Integrator .................cooiiiiinn, 5-190
Isolation Switch ..................... 13-32
LightDetector ....................... 5-171
Linearization, Photo-Diode

A/DConverter .............ccocuu.. 11-66
Logarithmic Amplifier............... 9-22
Low-Noise Amplifier ................. 9-22
Low-Noise Instrumentation

Amplifier ................. ...l 9-31
Low-Pass Filter,

Programmable ..................... 13-47
LVDT Signal Demodulator .......... 15-16
Microphone Amplifier...5-138, 5-139, 5-163
Multifunction Converter............ 9-21
Multiplier/Divider.............. 9-18,9-20
Noise Test Circuit .................... 5-64
Oscillator ........................ 8-28, 8-47

R.F, Digitally Controlled ................ 11-147

Wien Bridge ....oovvvvviiiiiiennnnnn.. 5-127
PCMEncoder .................. 13-72, 14-21
PeakDetector..................... 15-30/36
Peak-Reading A/D

Converter ....................oouenn 15-36
Phono Amplifier, RIAA ....... 5-137, 5-162
Photo Detector Amplifier........... 5-171
Photo-Diode Linearizing

A/DConverter .............coouunn 11-66
Piezo-Electric

Transducer Amplifier............. 5-173
Power BoOSter...............c.cc.c....... 5.17

Programmable Absolute

Value Circuit ..................o0e 15-13
Programmable Gain

Amplifier .................... 11-184, 13-39
Programmable Gain

Divider ............ocoviiiiiiian, 11158
Programmable Gain

Instrumentation Amplifier ....... 6-22
Programmable Ramp

Generator ..................iuan 15-37
Programmable Window

Comparator ..................cuun. 11-173
Ramp Generator,

Programmable ..................... 15-37
Repeater System, 1.544 MHz .......... 16-9
R.F. Generator,

Digitally Controlled............... 11-147
RIAA Phono Amplifier......... 5-137, 5-162
Sample and Hold Amplifier

Multi-Channel . .................. 13-31, 15-14

High-Speed .....coovvriiiiiiiiiniinninn, 7-10
Summing Amplifier .................. 5-59
Switch, Analog ............ 8-46, 13-31, 13-32
Tape-Head Amplifier................ 5-138
Temperature Controller ............ 10-17
Temperature Sensor ................. 5-110
Temperature Transducer

Amplifier ............... ...l 10-17
Thermocouple Amplifier ............ 5-60
Time Delay Generator ............... 8-29
Transmitter,

4-20mA Current............... 5-126, 6-21
Vector-Summing Amplifier ......... 9-30
Voltage Comparator............. 8-27,11-81

High-Sensitivity . ..oovvvveenneieennnn.

Window Comparator. . ...

Voltage Controlled

Attenuator ....................o0u.. -
Voltage Reference

High Stability.........covviiiiiiiiinn, 5-24

Dual Tracking .......oovvviviiinininn, 5-86

Micropower 123 Volt ........oovueinit 5-125

FBVOLt + vttt 10-18

FI0VOlt oo 10-9
Voltage Regulated

DC/DCConverter................... 8-47
Voltage Regulator,

MIiCrOpOWer ......coovvieveninnnnnn. 5-127
Voltage-to-Current

Converter ..............ooovviiiin 6-21
Wien-Bridge Oscillator ............. 5-127
Window Comparator........... 8-21, 8-45,

11173, 15-17
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PMI reserves the right to make changes to the products
contained in this data book to improve performance, reliability,
or manufacturability. Consequently, contact PMI for the latest
available specifications and performance data.

Although every effort has been made to ensure accuracy of the
information contained in this data book, PMI assumes no
responsibility for inadvertent errors.

PMI assumes no responsibility for the use of any circuits
described herein and makes no representation that they are free
of patent infringement.

The products in this catalog are manufactured under one or
more of the following patents: 4,055,773; 4,056,740; 4,068,254;
4,088,905; 4,092,639; 4,109,215; 4,118,699; 4,131,884; 4,138,671;
4,142,117, 4,168,528; 4,210,830; 4,228,367; 4,260911; 4,272,656;
4,285,051; 4,333,047; 4,340,851; 4,374,335; 4,449,067; 4,471,32];
4,503,381; 4,538,115; 4,542,349.

Precision Monolithics Inc.
Life Support and Nuclear Facility Applications Policy

As a general policy, Precision Monolithics Inc. (PMI) does not
recommend the use of any of its products in (a) life support
applications where failure or malfunction of the PMI product
can be reasonably expected to cause failure of the life support
device or to significantly affect its safety or effectiveness, or (b)
any nuclear facility applications. PMI will not knowingly sell
its products for use in such applications unless it receives in
writing assurances satisfactory to PMI that (a) the risks of
injury or damage have been minimized (b) the customer
assumes all such risks, and (c) the liability of PMI is adequately
protected under the circumstances.

Examples of devices considered to be life support devices are
neonatal oxygen analyzers, nerve stimulators (whether used for
anesthesia, pain relief, or other purposes), autotransfusion
devices, blood pumps, defibrillators, arrhythmia detectors and
alarms, pacemakers, hemodialysis systems, peritoneal dialysis
systems, neonatal ventilator incubators, ventilators for both
adults and infants, anesthesia ventilators, and infusion pumps,
as well as other devices designated as “critical” by the FDA. The
above are examples only and are not intended to be conclusive
or exclusive of any other life support device.

Examples of nuclear facility applications are applications in
(a) a nuclear reactor, or (b) any device designed or used in
connection with the handling, processing, packaging,
preparation, utilization, fabricating, alloying, storing, or
disposal of fissionable material or waste products thereof.
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[PMI ORDERING
INFORMATION

Precision Monolithics Inc.

PACKAGED PRODUCTS PART NUMBERING SYSTEM

Device Type & Model Number

Burn-In Option
Electrical Grade
Package Suffix
MIL-STD-883, Class B, Revision C Option
PMI -55°C to +125°C devices are available with MIL-STD-883,
Class B, Revision C screening as standard products. To order an 883
—_— part, simply add the designation /883 to the part number. For example,

the DAC-08AQ, screened to the 883 requirements would be ordered as
a DAC-08AQ/883. Contact factory for 883 device specifications.
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Package Type

H =61lead TO-78 Can S = Not used

J =8lead TO-99 Can T =28 lead Ceramic DIP
K =10 lead TO-100 Can TC =28 position LCC*

O = Not used U = Not used

P =EpoxyDIP V =24 lead Ceramic DIP
Q =16 lead Ceramic DIP X =18 lead Ceramic DIP

= 20 lead Ceramic DIP Y =14 lead Ceramic DIP
C = 20 position LCC* Z =8 lead Ceramic DIP
*Available on certain 883 products
Note: See more complete listing on page 17-2.

Select electrical grade from data sheet.

PMI offers all 0°/70°C and —25°/+85° C devices with burn-in per method
1015.5 of MIL-STD-883, 160 hours at +125°C or 80 hours at +150°C at
PMI’s option. Parts with this option are specified with the letters Bl add-
ed between the model number and the electrical grade. For example, to
order DAC-08EQ with burn-in, the part number is DAC-08BIEQ.

Device types are listed on next page. Select model number from
product listings.

MIL-M-38510

PMI’s factory is certified to produce JAN parts per MIL-M-38510. Con-
sult factory for availability of specific slash sheet part numbers. At this
writing, devices with Part 1 or Part 2 approval include PM-155A,
PM-156A, PM-157A, PM-108A, PM-2108A, PM-4136, DAC-08, OP-07,
and OP-27. Other types are being qualified.

See Table of Contents for JAN data sheet listings.
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Precision Monolithics Inc.

DICE PART NUMBERING SYSTEM

Device Type & Model Number

Electrical Grade
N = Top, G = Middle, GR = Lowest

——————— Temperature-Tested Die Option (125°C)

Visual Criteria

A = MIL-STD-883, Method 2010, Test Condition A.
B = MIL-STD-883, Method 2010, Test Condition B.

——— Backing Suffix
C = Plain, CG = Gold Backed

ORDERING INFORMATION

All PMI dice are available with either plain backing or, for a 50% adder
plus a $250 lot charge, a 1-micron-thick eutectic-bonded gold backing.

Several PMI devices are available with min/max wafer probe limits fordice
tested at +125°C. See specific data sheet.

Data sheets give specific available grades for each PMI device.

Device Type

ADC

— Analog-to-Digital Converter

AMP — Instrumentation Amplifier

BUF — Buffer (Voltage Follower)

CMP — Comparator

DAC — Digital-to-Analog Converter

DMX — De-Multiplexer

GAP — General-Purpose Analog Processor
JAN — MIL-M-38510 Slash Sheet

MAT — Matched Transistor

MUX — Multiplexer

OP — Proprietary Operational Amplifier
PKD — Peak Detector

PM — Second-Source, Industry Specifications
REF — Voltage Reference

RPT — PCM Line Repeater

SMP — Sample-and-Hold Amplifier

sw — Analog Switch

Select model number from product listings.
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ORDERING
INFORMATION

DICE INFORMATION

Triple Passivation

Triple Passivation is a three-step process which
provides superior reliability and protection for
all PMI integrated circuits. First, a specially
treated thermal silicon dioxide layer is grown.
This protects the junctions and also attracts any
residual ionic impurities to the top surface of the
oxide, where they are held fixed. Next, a layer of
silicon nitride is applied to prevent the entry of
any potential contamination or impurities. The
third step is the thick glass overcoat layer which
leaves only the bonding pads exposed. This
“glassivation” protects the die from damage dur-
ing assembly and is especially important in min-
imizing yield loss during shipment and assembly
of dice for hybrid circuits.

Quality Assurance

PMI believes that quality and reliability must be
built into the product; no amount of testing can
replace these inherent properties. For this rea-
son, devices are fabricated and processed with
many exclusive processes and controls added to
improve quality and reliability. The integrity of
aluminum metallization is confirmed by
sampling wafer lots using Scanning Electron
Microscope (SEM) examinations per Method
2018 specifications.

Mechanical Information

Aluminum metallization with a nominal thick-
ness of 10,000 angstroms is standard for all
devices. Die thickness is 19 mils minimum to 21
mils maximum. Minimum bonding pad size is 4.0
mils X 4.0 mils for all devices.

Visual Inspection

All dice are 100% visually inspected to the appli-
cable visual criteria per MIL-STD-883 Method
2010, Condition B.

Electrical Testing
All dice are 100% tested to the 25°C DC wafer
test limits shown in this catalog before the wafer

is separated into individual dice. Due to varia-
tions in assembly methods and normal yield loss,
PMI does not guarantee specifications after
packaging for standard dice. Sample assembly
and testing in standard PMI packages to speci-
fied LTPD’s and min/max specifications are
available at extra cost. Consult factory for dice
lot qualification negotiation.

Shipping

Protection during shipment is provided by a waf-
flepack carrier with anti-static shield and
cushioning strip. In addition, the wafflepack is
vacuum sealed in a polyethylene bag.

Military/Aerospace Applications

PMI devices are widely used in military and
aerospace programs. A partial listing includes:

Military Aircraft

F-4 F-111
B-1B F-15
Sikorsky UH-60A B-52
A-10 F-18
Sikorsky SH-3 Alpha Jet
YC-15 E-3A
P-3 F-16
S-3A F-5
KC-10 Tornado
Missile/Spacecraft
Viking Milstar
(Mars Orbitor) Voyager
Aerosat (Jupiter/Saturn)

Harm Missile Stinger Missile
DSCS-3 Standard Missile Il
Sparrow Missile Tiros-N

Trident Cruise Missile
TDRSS Ariane

TV SAT Roland

Intelsat 5 Eurosat
Minuteman Space Shuttle
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Precision Monolithics Inc.

Electronic Systems
Omega
Tram
Aims (MK86)
F-16
(Ground Support)
Pave Spike
AWACS

Miscellaneous

RFP Model 35 #13

Project 4620

Heads-Up Display

DST 1860

Walleye

PMS

Aerial Surveillance
Camera

A4KU

MK-48

B-52 Radar Mod
Pathfinder Radar
MK-46

Seaguard
Gepard

Cutty Sark

Compass Tie

System 27

ACM

VCS

Naval Submarine
Periscope

RELIABILITY INFORMATION

MIL-STD-883C

PMI standard “883” parts are manufactured to
be in full compliance with all MIL-STD-883
requirements. See Section 3 for more details.

Specials

At PMI, we have a proven track record for han-
dling “customer specials”. Many IC manufactur-
ers shy away from processing precision linear

ICs to the unique in-house specifications of
their customers. PMI recognizes your special
needs and welcomes the opportunities provided
by the military/aerospace industry. Hi-rel is a
cornerstone of PMI’'s business and we will con-
tinue to offer the extra processing that your
applications require.

Radiation Resistance

As a leading supplier of precision linear ICs to
the military/aerospace industry, PMI is suppor-
tive of the system designer’s needs for readily
available, standard ¢omponents that are radia-
tion resistant. A number of standard PMI linear
integrated circuits have characteristically dem-
onstrated good resistance to radiation. These
devices have been subjected to radiation levels
necessary to perform effectively in military/aer-
ospace radiation environments, and they are
now being used in a number of demanding mil-
itary and space programs.

Experiments to isolate the processing mecha-
nisms that led to PMI’s increased radiation
hardness characteristics have pointed heavily
toward the use of a silicon nitride passivation
layer. While we do not believe that this process
is the only radiation hardening advantage of PMI
devices, it does add a great deal to survivability.

For more information request PMI’s “Radiation
Resistance” brochure.
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ORDERING
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DISCONTINUED DEVICE

TYPES ORDERING GUIDE

Between 1978 and 1985 some device types,
individual grades, and package options were
discontinued. This guide is provided to help the
designer to select an appropriate alternative
device.

Type Alternative Device Type Note(s)

BUF-01 OP-07 connected as a —
voltage follower.

BUF-02 OP-16 connected as a —
voltage follower.

DAC-04 DAC-06 nearest grade. 1

DAC-76  DAC-86 nearest grade. 1,2

DAC-78 DAC-88EX. 1

DAC-87 DAC-89EX. 3

DAC-101 DAC-100 “Q3" nearest 1
grade.

DAC-206 DAC-01 nearest grade.

DAC-808 DAC-888 is the most —
similar device.

-_

OP-03 OP-04 with externally- 1
connected V+ pins.

OP-18 LM101 is the most —
similar device.

OP-19 MC1741S is the most —
similar device.

OP-24 OP-27GP, improved 1
replacement.

OP-34 OP-37GP, improved 1
replacement.

PM-1458 OP-14 nearest grade. 1

PM-1658 OP-14 nearest grade. 1

PM-4136 OP-09 nearest grade. 1

SS8S-725 OP-06 or PM-725 1
nearest grade.

SS8S-741  OP-02 nearest grade. 1

S8S-747 OP-04 or PM-747 1
nearest grade.

SS8S-1458 OP-14 nearest grade. 1

S$S8S-1558 OP-14 nearest grade. 1

SW-03 SW-06 is a functional —
replacement.

SW-04 SW-06 is a functional —

replacement.

Note 1. Direct, pin-for-pin replacement. No design
changes required.

Note 2. DAC-76 —55° C/+125° C types may be ordered as
DAC-86 specials.

Note 3. DAC-89EX has idling currents on the outputs
requiring matched load resistors. DAC-89EX has
higher speed and accuracy and is an improved,
direct, pin-for-pin replacement for DAC-87 in most

designs.
Affected
Package Type Device Type Remarks
“K” (TO-100) PM-747. Available
on Specials.
“N"” (Flatpack) DAC-100N9. Available
on Specials.
“Y” (14-pin DIP) See list below. Available
on Specials.

“Y” Package Option: Affected Device Types

CMP-01 OP-02 PM-725
CMP-02 OP-06 PM-741
OP-01 OP-220

The “Y” package option was discontinued for
some products. They are all available in other
package types including “J” (TO-99), “P” (Epoxy
DIP), or “Z” (Ceramic 8-pin Mini-DIP). See
individual data sheets for available package
options for each device.

Discontinued-Electrical-Grade Ordering Guide
The following electrical grades were discon-
tinued but are available with different
specifications in the same packages. See
individual data sheets.

CMP-01B MAT-01F PM-255
CMP-02B OP-01E PM-256
DAC-05B OP-01F PM-257
DAC-05F OP-04GR  PM-339
DAC-20E OP-08B PM-355
DAC-88C OP-08F PM-356
DAC-89C OP-09C PM-357
DAC-100Q1 OP-09G PM-2208
DAC-100Q2 PM-239 PM-2308
DAC-100DDQ5 PM-239A REF-01D

DAC-100DDQ6

Five volt output versions of DAC-02 and DAC-05,
“X2" suffix, were discontinued. They may be
ordered as DAC-03X2 specials.

Sixty volt breakdown versions of MAT-01 were
discontinued (MAT-01H and MAT-01FH).
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INTRODUCTION

PMI has long been recognized as a High Quali-
ty/Reliability supplier of Commercial, Industrial
and Military/Aerospace Products. The PMI Pro-
duct Assurance Department plays a vital role in
controlling processes to ensure the manufacture
of highly reliable, cost-effective product, and

to make certain that all pertinent customer
specifications and requirements are met.

ORGANIZATION

Product Assurance Department of PMI is com-
posed of four functional departments: Process
Quality Control, Quality Assurance, Reliability,
and Program Management.

RESPONSIBILITIES

Process Control — The primary responsibility of
the Process Control Department is to establish
and maintain effective controls over process
integrity by monitoring manufacturing processes
and equipment operation; to provide real-time feed-
back of information concerning the status of
these controls; and to initiate statistically

valid techniques to further improve quality and
reliability levels. These concepts are used
extensively throughout all manufacturing
processes.

Quality Assurance (Standard and Hi-Rel) — The
primary responsibility of the Quality Assurance
Department is to assure that the delivered pro-
duct meets PMI or Customer Product Standards
of reliability and quality. Process monitors and
gate inspections are designed so that all devices
are properly tested and required sample tests are
performed prior to shipment. Inspection records
and reports concerning monitor and inspection
data keep all cognizant personnel fully informed
about the status of the quality level of products
going through final test operations.

Reliabllity — The Reliability Department assures
a high and consistent reliability of PMI products.
The Reliability Department establishes, defines,
and maintains evaluation programs to deter-
mine process/product reliability. The Reliability
Department will issue periodic reports on the
results of all evaluation testing. Contact the

nearest PMI Sales Office or the Literature
Department for the latest issue of the PMI Relia-
bility Bulletin.

The Reliability Department also performs failure
analyses as required.

Program Management — The primary responsi-
bility of the Program Management Department
is to ensure that the MIL-M-38510 JAN Program
and other special customer program requirements
are met. This is accomplished by monitoring the
in-house procedures used to define each pro-
cess step of a particular program. If necessary,
baselining documentation is written detailing
specific procedures and processing flows. A
Configuration Control System consisting of
maintenance of PMI standard baselining for
each device type, as well as notification to cus-
tomers of major process and product changes,
are also responsibilities of this group.

Contact the nearest PMI Sales Office or the Liter-
ature Department for a copy of the comprehen-
sive PMI Product Assurance Manual.

QUALITY LEVELS

PMI processes to stringent quality standards.
Quality guarantees range from parts-per-mil-
lion on Standard Product to imposed Quality
Levels dictated by customer specification on
custom orders.

Current information on Quality Levels is
available upon request; contact the nearest PMI
Sales Office or the Literature Department.

PROCESSING

The cornerstone of the manufacturing of PMI
hermetic products is the strict adherence to all
requirements of MIL-STD-883, Level B, for our
“883” product line. All PMI hermetic products,
be they “full 883" or not, receive the benefit of
MIL-STD-883 processing through assembly.

The manufacture of plastic devices is inherently
different from hermetic in the area of assembly.
Automation of the assembly line has produced a
tightly process-controlled product that requires
few interim inspections from wafer fabrication to
pre-mold visual. Plastic product may also be
obtained with a burn-in (Bl) option (see Section
2, Ordering Information for further details).

PRODUCT ASSURANCE PROGRAM
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Precision Monolithics Inc.

DATA SHEET SPECIFICATIONS

PMI standard product is guaranteed to meet the
published limits under the test conditions shown
in the data sheet. Where practical, PMI performs
100% testing of the indicated parameters;
however, following accepted industry practice,
certain parameters may be guaranteed by
sample testing or by using design and/or
characterization data.

PMI provides separate data sheets for all “883”
products in strict conformance with MIL-STD-
883, Method 5005.8 and MIL-M-38510F,
Appendix B. Interim Electrical Test Parameters
(pre-burn-in), Final Electrical Test Parameters,
Group A Test Parameters, and guidelines used
for PDA calculations, are all detailed in tabular
form on the “883" data sheets.

Itis highly recommended that the “883” data sheet
be used as a baseline for new military or
aerospace Source Control Drawings. Consult
your sales representative to obtain these “883”
data sheets.

TESTING

Testing of electrical parameters is generally
performed using pulse testing techniques on
automated test equipment. Unless otherwise
specified, chip temperature remains close to the
ambient temperature.

PROCESS CHANGE NOTIFICATION

PMI reviews all process, product, and package
changes for possible impact on form, fit, or
function. All major changes are submitted for a
re-qualification, which may include electrical,
mechanical, and/or thermal characterization.
Where applicable, reliability re-qualification is
performed.

PRODUCT
ASSURANCE

Upon completion of this internal re-qualifi-
cation, PMI informs all customers who have
requested process change notification with a
complete description of the change, along with
applicable reliability or characterization data.
Upon request, PMI will assist customers in their
internal re-qualification effort.

STANDARD PROCESS FLOWS
(JAN 38510, Class B, 883 Class B; PMI Industrial/Commercial)
Die Fabrication

Incoming inspection of ali critical raw materials used in fabrication, (i.e. wafers,
masks, dopant, chemicals).
!

Scanning electron micr pe/x-ray
ditfusion profiles and metallization integrity.

Die sort — automated electrical test at room or
Die preparation — wafer saw
¥
Die sort visual

]

system oxide profiles,

M

.,
o
o
w
<
2

I I O Y I A I

—— —— — — 1

To Assembly:
Hermetic Plastic
1
Semiautomatic die attach

(eutectic) ] Automatic die attach (epoxy)

i

Semiautomatic bondi

('slﬂnoninurIlcwﬁ;) "o I Automatic bonding (gold wire)

L K]

Flows 1,2, 3 l Pre-mold visual

[]

Plastic molding
i
Post-mold cure

[1
Temperature cycle
¥

Electrical test (Flow 4)

Continued on facing page.

I
|
I
-
I
I
I

HiNIE.

Continued on facing page.
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Flow 1
MIL-STD-883
METHOD 5004 CLASS B/
JAN 38510

Flow 2
MIL-STD-883 Flow 3
METHOD 5004 CLASS B PMI STANDARD
(See Note 1) HERMETIC DEVICES
] |

Preseal Internal
Visual Method 2010
Condition B

Preseal Internal
Visual Method 2010
Condition B

QA. Sample
Inspection

Stabilization Bake
Method 1008
Condition C (24 Hrs.)

Preseal Internal
Visual Method 2010
Condition B

QA. Sample
Inspection

QA. Sample
Inspection

Stabilization Bake
Method 1008
Condition C (24 Hrs.)

Temperature Cycling
Method 1010

Condition C

Stabiliization Bake
Method 1008
Condition C (24 Hrs.)

Temperature Cycling
Method 1010
Condition C

Constant Acceleration
Method 2001
Condition E Y4 Plane

Temperature Cycling
Method 1010
Condition C

Constant Acceleration
Method 2001
Condition E Y1 Plane

Seal Method
1014
Condition Ay & C

Constant Acceleration
Method 2001
Condition E Y4 Plane

Seal Method

Condition A1 & C

Electrical Test
+25°C

Seal Method
Condition A1 & C

Flow4

PMI STANDARD
PLASTIC DEVICES

Electrical Test
+26°C

Burn-in Test
Method 1015 Cond. B

Electrical Test
+25°C (Optional)

(See Note 2)

Electrical Test
+25°C (Optional)

(See Note 2)

Burn-In Test
Method 1015 Cond. B

Final Electrical Test
at +25°C

Burn-In Test
Multi-Option

Burn-In Test
Multi-Option

Final Electrical Test
at +25°C

PDA 5% PDA 5%
Static Test Static Test
Min/Max Min/Max

Temperatures Temperatures

Dynamic Tests and
Switching Tests
at +25°C

Dynamic Tests And
Switching Tests
at +26°C

Final Electrical Test
at+25°C

(See Note 3)

NOTES:

Final Electrical Test
at +25°C

(see Note 3)

1. MIL-883 product is assembled/tested pertherequire-
ments of MIL-M-38510 and MIL-STD-883, Rev. C, Class
B, as well as tested per PMI electrical test programs.
PDA = 5% @ 25°C (Subgroup 1).
Note: In-house test specifications are available upon

request.

)

. Standard product Is available with burn-in options.

Muitiple burn-In conditions are available.

w

. Standard product is tested at 25°C with programs

guard banded for all temperatures.

IS

. As required by detailed specification.

(See Note 4) (See Note 4)
Group A Group A
Method 5005 Method 5005

External Visual
Method 2009

Sample Test
at +25°C

Sample Test
at +25°C

External Visual
Method 2009

Quality Conformance
Inspection
Per MIL-M-38510

Quality Conformance
Periodic Inspection

Q.A. Plant
Clearance

External Visual
Method 2009

External Visual
PMI Standard

QA. Plant
Clearance

QA. Plant
Clearance

Country of Origin Assembly Codes: United States = §, Korea =K, Philippines = D, Puerto Rico =P

QA. Plant
Clearance

PRODUCT ASSURANCE PROGRAM H
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[PMI ALPHANUMERIC DIRECT
| REPLACEMENT GUIDE

Precision Monolithics Inc.

Device PMI Replacement Device PMI Replacement Device PMI Replacement
AD108AH PM108AJ AD7524KN PM7524HP ADDAC08CD DACO08CQ
AD108H PM108J AD7524LN PM7524GP ADDACO08D DAC08Q
AD1408-7D DAC1408A7Q AD7524SD PM7524BQ ADDACO08ED DACO08EQ
AD1408-8D DAC1408A8Q AD7524TD PM7524BQ ADDAC08HD DAC08HQ
AD1508-8D DAC1508A8Q AD7524UD PM7524AQ ADDAC100JD DAC100BCQ7
AD208AH PM208AJ AD7528AQ PM7528FR ADDAC100KD DAC100ABQ7
AD208H PM208J AD7528BQ PM7528FR ADDAC100LD DAC100AAQ7
AD308AH PM308AJ AD7528CQ PM7528ER ADDAC100SD DAC100BCQ5
AD308AN PM308AP AD7528JN PM7528HP ADG200AA SWO05BK
AD308H PM308J AD7528KN PM7528HP ADG200AP SWosBY
AD562AD PM562FV AD7528LN PM7528GP ADG200BA SWO5FK
AD562KD PM562HV AD7528SD PM7528BR ADG200BP SWO5sFY
AD562SD PM562AV AD7528TD PM7528BR ADG200CJ SWO05GP
AD7226KN PM7226GP AD7528UD PM7528AR ADG201AP SW201BQ
AD7226TD PM7226AR AD7533AD PM7533FQ ADG201BP SW201FQ
AD7506JD MUX16ET AD7533BD PM7533FQ ADG201CJ SW201GP
AD7506JN MUX16ET AD7533CD PM7533EQ ADOPO7AH OPO7AJ
AD7506KD MUX16ET AD7533JN PM7533HP ADOPO7CH OPO07CJ
AD7506KN MUX16ET AD7533KN PM7533HP ADOPO7CN OP0O7CP
AD7506SD MUX16BT AD7533LN PM7533GP ADOPQ7DH OP07DJ
AD7506TD MUX16BT AD7533SD PM7533BQ ADOPO7DN OPO7DP
AD7507JD MUX28ET AD7533TD PM7533BQ ADOPO7EH OPO7EJ
AD7507JN MUX28ET AD7533UD PM7533AQ ADOPO7EN OPO7EP
AD7507KD MUX28ET AD7541AD PM7541FX ADOPO7H OP07J
AD7507KN MUX28ET AD7541BD PM7541EX Am1408L6 DAC1408A6Q
AD7507SD MUX28BT AD7541JN PM7541HP Am1408L7 DAC1408A7Q
AD7507TD MUX28BT AD7541KN PM7541GP Am1408L8 DAC1408A8Q
AD7510DIJD SW7510FQ AD7541SD PM7541BX Am1408N6 DAC1408A6P
AD7510DIKD SW7510FQ AD7541TD PM7541AX Am1408N7 DAC1408A7P
AD7510DISD SW7510BQ AD7542BD PM7542FR Am1408N8 DAC1408A8P
AD7511DIJD SW7511FQ AD7542GBD PM7542ER Am1508L8 DAC1508A8Q
AD7511DIKD SW7511FQ AD7542GKN PM7542GP Am6012DC DAC312FR
AD7511DISD SW7511BQ AD7542GTD PM7542AR Am6012DM DAC312BR
AD7511DITD SW7511BQ AD7542KN PM7542HP Am6012PC DAC312FR
AD7520JD PM7533FQ AD7542TD PM7542BR Am6070ADC DACB86CX
AD7520JN PM7533HP AD7543BD PM7543FR Am6070DC DACB86EX
AD7520KD PM7533FQ AD7543GBD PM7543ER Am6072DM DACB88EX
AD7520KN PM7533HP AD7543GKN PM7543GP Am685DL CMPO7FQ
AD7520LD PM7533EQ AD7543GTD PM7543AR Am685DM CMP07BQ
AD7520LN PM7533GP AD7543KN PM7543HP Am685HL CMPO7FK
AD7520SD PM7533BQ AD7543TD PM7543BR Am685HM CMPO7BK
AD7520TD PM7533BQ AD7545CQ PM7545FR CA108AT PM108AJ
AD7520UD PM7533AQ AD7545GCQ PM7545ER CA108T PM108J
AD7521JD PM7541FX AD7545GLN PM7545GP CA1458E OP14CP
AD7521JN PM7541HP AD7545GUD PM7545AR CA1458G OP14EP
AD7521KD PM7541FX AD7545LN PM7545HP CA1458S OP14EP
AD7521LD PM7541FX AD7545TD PM7545CR CA1458T OP14C
AD7521LN PM7541HP AD7545UD PM7545BR CA15588 OP14J
AD7521SD PM7541BX AD7548AQ PM7548FR CA1558T OP14J
AD7521TD PM7541BX AD7548BQ PM7548ER CA208AT PM208AJ
AD7521UD PM7541BX AD7548JN PM7548HP CA208T PM208J
AD7524AD PM7524FQ ADT7548KN PM7548GP CA308AT PM308AJ
AD7524BD PM7524FQ AD7548SD PM7548BR CA308E PM308P
AD7524CD PM7524EQ AD7548TD PM7548AR CA308T PM308J
AD7524JN PM7524HP ADDACO08AD DACO08AQ CA339AD PM339AY
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Device

CA339AG
CA747CE
CA747CG
CA747CT
CA747T

DAC0800LCJ
DACO0800LCN
DAC0801LCJ
DAC0801LCN
DACO0802LCJ

DAC0802LCN
DAC0806LCJ
DACO0806LCN
DAC0807LCJ
DAC0807LCN

DAC0808LCJ
DACO0808LCN
DAC0808LD
DAC08ADM
DAC08CDC

DACO08CN
DAC08DM
DACOSEDC
DACOSEF
DACO8EN

DACO8F

DACO08HC
DACO08HD
DACO8HF
DACO08HN

DAC10BDM
DAC10CDM
DAC10FCC
DAC10GDC
DAC6012ADC

DAC6012ADM
DAC6012DC
DAC6012DM
DG200AA
DG200AAA

DG200AAK
DG200ABA
DG200ABK
DG200ACJ
DG200AP

DG200BA
DG200BP
DG200CJ
DG201AAK
DG201ABK

DG201AP
DG201BP
DG201CJ
DG202AK
DG202BK

PMI Replacement

CMPO4FP
OP04CY
OP04CY
OP04CK
OP04K

DACO8EQ
DACO8EP

DAC08CQ
DACO08CP
DACO08HQ

DACO08HP

DAC1408A6Q
DAC1408A6P
DAC1408A7Q
DAC1408A7P

DAC1408A8Q
DAC1408A8P
DAC1508A8Q
DAC08AQ
DACO08CQ

DAC08CQ
DAC08Q
DACO8EQ
DACO8EQ
DACO8EP

DAC08Q

DACO08HP
DACO08HQ
DAC08HQ
DACO8HP

DAC10BX
DAC10CX
DAC10FX
DAC10GX
DAC312FR

DAC312BR
DAC312FR
DAC312BR
SW05BK
SWO05BK

SWo5BY
SWO5FK
SWO5FY
SWO05GP
SWosBY

SWO5FK
SW05BY
SWO5GP
SwW201BQ
SW201FQ

SW201BQ
SW201FQ
SW201GP
Swa202BQ
SW202FQ

Device

DG202CJ
DG202CK
DG506AR
DG506BR
DG506CJ

DG507AR
DG507BR
DG507CJ
DG508AP
DG508BP

DG508CJ
DG509AP
DG509BP
DG509CJ
HI-200-2

HI-200-4
HI-200-5
HI-201-2
HI-201-4
HI-201-5

HI1-506-2
HI1-506-5
HI1-506A-2
HI1-506A-5
HI1-507-2

HI11-507-5

HI1-507A-2
HI1-507A-5
HI1-562A-2
HI1-562A-5

HI1-562A-8

HI1-7541AD-4
HI1-7541BD-4
HI1-7541JD-5
HI1-7541KD-5

HI1-7541SD-2
HI1-7541TD-2
HI2-200-2
HI2-200-4
HI3-506-5

HI3-506A-5
HI3-507-5

HI3-507A-5
HI3-508A-5
HI3-509A-5

HI4-508A-2
H14-508A-5
HI4-509A-2
H14-509A-5
LF11201D

LF11202D
LF11333D
LF11508D
LF11509D
LF13201D

PMI Replacement Device
SW202GP LF13201N
SW202FQ LF13202D
MUX16AT LF13202N
MUX16ET LF13333D
MUX16FT LF13333N
MUX28AT LF13508D
MUX28ET LF13508N
MUX28FT LF13509D
MUX08AQ LF13509N
MUX08EQ LF155AH
MUXO08FP LF155AJ-8
MUX24AQ LF155H
MUX24EQ LF156AH
MUX24FP LF156AJ-8
SWosBY LF156H
SWO5FY LF156J-8
SWO05GP LF157AH
swaoiBQ LF157AJ-8
SW201FQ LF157H
SW201GP LF351H
MUX16BT LF353H
MUX16FT LF355AH
MUX16BT LF355AJ-8
MUX16ET LF355BJ
MUX28BT LF356AH
MUX28ET LF356AJ-8
MUX28AT LF357AH
MUX28ET LF357AJ-8
PM562AV LF411ACH
PM562AV LF411ACN
PM562HV/883 LF411AMH
PM7541FX LM108AD
PM7541EX LM108AH
PM7541HP LM108AJ-8
PM7541GP LM108D
PM7541BX LM108H
PM7541AX LM108J-8
SWO05BK LM139AD
SWO5FK LM139AF
MUX16FT LM139AJ
MUX16ET LM139D
MUX28FT LM139F
MUX28ET LM139J
MUXO8EP LM1458AH
MUX24EP LM1458AJ-8
MUX08BQ LM1458AN
MUXO08EQ LM1458H
MUX24BQ LM1458J
MUX24FQ LM1458N
SW201BQ LM1558AH
SW202BQ LM1558AJ
Swo6BQ LM194H
MUX08AQ LM208AD
MUX24AQ LM208AH
SW201FQ LM208AN

PMI Replacement

SW201GP
SW202FQ
SW202GP
SWO06FQ
SWO06GP

MUXO08EQ
MUXO08EP
MUX24EQ
MUX24EQ
PM155AJ

PM155AZ
PM155J
PM156AJ
PM156AZ
PM156J

PM156Z
PM157AJ
PM157AZ
PM157J
OP15FJ

OP215FJ
PM355AJ
PM355AZ
PM355Z
PM356AJ

PM356AZ
PM357AJ
PM357AZ
OP15EJ
OP15EZ

OP15AJ
PM108AZ
PM108AJ
PM108AZ
PM108Z

PM108J
PM108Z
PM139AY
PM139AY
PM139AY

PM139Y
PM139Y
PM139Y
OP14EJ
OP14EZ

OP14EP
OP14CJ
OP14CZ
OP14DP
OP14AJ

OP14AZ
MATO02AH
PM208AZ
PM208AJ
PM208AZ
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Device PMI Replacement Device PMI Replacement Device PMI Replacement
LM208D PM208Z MC1504U10 REF01AZ MP7506KD MUX16ET
LM208H PM208J MC1504U5 REF02AZ MP7506TD MUX16BT
LM208N PM208Z MC15088F DAC15088Q MP7507JD MUX28ET
LM239AD CMPO4FY MC1508L8 DAC1508A8Q MP7507JN MUX28FT
LM239D CMPO4FY MC1558G OP14J MP7507KD MUX28ET
LM239F CMPO4FY MC1558NG OP14AJ MP7507KN MUX28FT
LM239N CMPO4FP MC1558NU OP14AZ MP7507SD MUX28BT
LM258P OP221GZ MC1558U OP14Z MP7507TD MUX28BT
LM2901F CMPO4FY MC1741CG OP02CJ MP7508DIJD MUXO08EQ
LM2901J CMPO04BY MC1741CP1 OP0O2CP MP7508DIJN MUXO08EP
LM2901N CMPO4FP MC1741CU OPO2HJ MP7508DIKD MUXO08EQ
LM308AD PM308AZ MC1741G OPO02J MP7508DISD MUX08AQ
LM308AH PM308AJ MC1741NCG OP02Z MP7524AD PM7524FQ
LM308AJ-8 PM308AZ MC1741NCP1 OPO2HZ MP7524BD PM7524FQ
LM308AN PM308AP MC1741NG OP02J MP7524CD PM7524EQ
LM308D PM308Z MC1741NU OP02Z MP7524JN PM7524HP
LM308H PM308J MC1741SCG OPO1HJ MP7524KN PM7524HP
LM308J-8 PM3082Z MC1741SCP1 OPO1CP MP7524LN PM7524GP
LM3302N CMPO4FP MC1741SG OPO1J MP7524SD PM7524BQ
LM339AD PM339AY MC1741U OP02Z MP7524TD PM7524BQ
LM339AF PMB339AY MC1747CL OPO4EY MP7524UD PM7524AQ
LM339AJ PM339AY MC1747CP2 OPO4EY MP7528BD PM7528FR
LM339AN CMPO4FP MC1747G OP04BK MP7528CD PM7528ER
LM339D PM339AY MC1747L OP04BY MP7528KN PM7528HP
LM339N CMPO4FP MC3302N CMPO4FP MP7528LN PM7528GP
LM358JG OP221HZ MC35001AG OP16AJ MP7528TD PM7528BR
LM394H MATO02EH MC35001AU OP16AZ MP7528UD PM7528AR
LM725AH OPO06AJ MC35001BG OP16GJ MP7533BD PM7533FQ
LM725CH OPO6EJ MC35001BU OP16BZ MP7533CD PM7533EQ
LM725CN OP06GZ MC4741CL OP11GY MP7533KN PM7533HP
LM725H OP06BJ MC4741CP OP11GP MP7533LN PM7533GP
LM747AH OP04K MC4741L OP11CY MP7533TD PM7533BQ
LM747AJ OPO4AY MC7506KN MUX16FT MP7533UD PM7533AQ
LM747CH OP04CK MC7506SD MUX16BT MP7541TD PM7541AX
LM747CJ OP04CY MP200DIAA SWO05BK MP7621AD PM7541FX
LM747CN OP04DY MP200DIAP SWo05BY MP7621BD PM7541EX
LM747EJ OPO4EY MP200DIBA SWO5FK MP7621JN PM7541HP
LM747EN OP04CY MP200DIBP SWo05BY MP7621KN PM7541GP
LM747H OP04BK MP201DIAP SwW201BQ MP7621SD PM7541BX
LM747J OP04Y MP201DIBP SW201FQ MP7621TD PM7541AX
MC14087F DAC14087Q MP201DICJ SW201GP MP7623AD PM7541FX
MC14088F DAC14088Q MP4136CY OPO9FY MP7623BD PM7541EX
MC1408F DAC1408A7Q MP4136Y OP09BY MP7623JN PM7541HP
MC1408L6 DAC1408A6Q MP5520AD DACO1Y MP7623KN PM7541GP
MC1408L7 DAC1408A7Q MP5520AZ DACO1AY MP7623SD PM7541BX
MC1408L8 DAC1408A8Q MP5520BD DACO1BY MP7623TD PM7541AX
MC1458CG OP14CJ MP5520CD DACO1CY MP7645CD PM7645ER
MC1458CP1 OP14CP MP5520DD DACO01DY MP7645LN PM7645GP
MC1458CU OP14CZ MP5520FD DACO1FY MP7645UD PM7645AR
MC1458G OP14CJ MP5520HD DACO1HY MPC4D MUX24FQ
MC1458N OP14CP MP562AD/BIN PM562FV MPC8S MUX08FQ
MC1458NP1 OP14EP MP562KD/BIN PM562HV MPOPO1AJ OPO1AJ
MC1458NU OP14EZ MP562SD/BIN PM562AV MPOPO1AZ OPO1AZ
MC1458P OP14CP MP7506JD MUX16ET MPOPO1CJ OPO1CJ
MC1458P1 OP14DP MP7506JN MUX16FT MPOPO1CP OPQO1CP
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Device PMI Replacement Device PMI Replacement Device PMI Replacement
MPOPO1CZ OP0O1CZ MPOP12FJ OP12FJ MPREF02HP REF02HP

MPOP0O1GJ OP0O1GJ MPOP12FZ OP12FZ MPREF02HZ REF02HZ

MPOP01GZ OP01GZ MPOP12GJ OP12GJ MPREF02J REF02J

MPOPO1HJ OPO1HJ MPOP12GZ OP12GZ MPREF02Z REF02Z

MPOPO1HP OPO1HP MPOP27AJ OP27AJ NE5S007E DACo08CQ 4
MPOPO1HZ OPO1HZ MPOP27AZ OP27AZ NE5008F DACO8EQ

MPOP02AJ OP02AJ MPOP27BJ OoP27BJ NES5009F DACO08HQ

MPOP02AZ OP02AZ MPOP27BZ OoP27BZ NES532H OP221CJ

MPOP02BJ OP02BJ MPQOP27CJ OP27CJ NE532N OP221GZ =
MPOP02BZ OP02BZ MPOP27CZ opP27Cz OPO7AH OPO7AJ Q
MPOP02CJ OP02CJ MPOP27EJ OP27EJ OPO07AH/883 OPQ7AJ/883 é
MPOP02CP OP02CP MPOP27EP OP27EP OPO0O7AJ8 OP07AZ

MPOP02CZ OP02CZ MPOP27EZ OP27EZ OP07AJ8/883 OP07AZ/883 E']_,
MPOP02DJ OP02DJ MPOP27FP OP27FP OPO7AT OPOQ7AJ i&j
MPOP02DP OP02DP MPOP27FZ OP27FZ OPO7CH OP07CJ

MPOP02DZ OP02DZ MPOP27GJ OP27GJ OPO07CJ8 OP07CZ %
MPOPO2EJ OP02EJ MPOP27GP OP27GP OP07CJG OP07CZ @)
MPOPO2EP OPO2EP MPOP27GZ OP27GZ OPO7CN8 OPQ7CP [~
MPOPO2EZ OP02EZ MPOP37AJ OP37AJ OPO7CNB OPO7CP QO
MPOP02J OP02J MPOP37AZ OP37AZ OPO7CT OP07CJ >
MPOPO5AJ OPO5AJ MPOP37BJ OP37BJ OPO7DE OP072 E
MPOPO5AZ OP05AZ MPOP37BZ OP37BZ OPO7DH OPO07DJ w
MPOPO05BJ OPO05BJ MPOP37CJ OP37CJ OPO7DN8 OPO7DP o)
MPOP05CJ OP05CJ MPOP37CZ OP37CZ OPQ7DNB OPQ7DP %
MPOP05CZ OP05CZ MPOP37EJ OP37EJ OPO7DT OPO7DJ &
MPOPO5DJ OPO05DJ MPOP37EP OP37EP OPO7EDE OPO7EZ

MPOPO5SEJ OPOS5EJ MPOP37EZ OP37EZ OPO7EH OPOQ7EJ

MPOPO5EZ OPO5EZ MPOP37FJ OP37FJ OPO7EJ8 OPO7EZ

MPOPO05J OPO05J MPOP37FP OP37FP OPO7EJG OPO7EZ

MPOP05Z OP052 MPOP37GJ OP37GJ OPO7ENS OPO7EP

MPOPO7AJ OPO7AJ MPOP37GP OP37GP OPO7ET OPO7EJ

MPOPOQ7AZ OPO7AZ MPOP37GZ OP37GZ OPO7H OoP07J

MPOPQO7CJ OP07CJ MPREFO1AJ REFO1AJ OPO7H/883 OP07J/883

MPOPO7CP OPQ7CP MPREF01AZ REFO1AZ OP07J8 OP072

MPOPQ7CZ OoP07CZ MPREF01CJ REF01CJ OP07J8/883 OP072/883

MPOPO7DJ OPO7DJ MPREFO1CP REFO1CP OPO7T OP07J

MPOPOQ7DP OPQ7DP MPREF01CZ REF01CZ OP12AJG OP12AZ

MPOPQ7DZ OP0O7DZ MPREFO1EJ REFO1EJ OP12BJG OP12BZ

MPOPO7EJ OPO7EJ MPREFO1EZ REFO1EZ OP12CJG OP12CZ

MPOPO7EP OPQ7EP MPREFO1HJ REFO1HJ OP12EJG OP12EZ

MPOPO7EZ OPOQ7EZ MPREFO1HP REFO1HP OP12FJG OP12FZ

MPOPO07J OP07J MPREFO01HZ REFO1HZ OP12GJG OP12GZ

MPOP10CY OP10CY MPREFO01J REFO1J OP15AH OP15AJ

MPOP10EY OP10EY MPREF01Z REF01Z OP15BH OP15BJ

MPOP11AY OP11AY MPREF02AJ REF02AJ OP15CH OP15CJ

MPOP11BY OP11BY MPREF02AZ REF02AZ OP15EH OP15EJ

MPOP11EY OP11EY MPREF02CJ REF02CJ OP15FH OP15FJ

MPOP12AJ OP12AJ MPREF02CP REF02CP OP15GH OP15GJ

MPOP12AZ OP12AZ MPREF02CZ REF02CZ OP16AH OP16AJ

MPOP12BJ OP12BJ MPREF02DJ REF02DJ OP16BH OP16BJ

MPOP12BZ OP12BZ MPREF02DP REF02DP OP16CH OP16CJ

MPOP12CJ OP12CJ MPREF02DZ REF02DZ OP16EH OP16EJ

MPOP12CZ OoP12Cz MPREF02EJ REFO02EJ OP16FH OP16FJ

MPOP12EJ OP12EJ MPREF02EZ REF02EZ OP16GH OP16GJ

MPOP12EZ OP12EZ MPREF02HJ REFO2HJ OP227AJ OP227AY
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Device PMI Replacement Device PMI Replacement Device PMI Replacement
OP227CJ OP227CY REF-01CDE REF01CZ TSC9496CJ REFO1HP
OP227EJ OP227EY REF-01CT REF01CJ TSC9496EE REFO1EJ
OP227FJ OP227FY REF-01DDE REFO1HZ XRC277 RPT82FQ
OP227GJ OP227GY REF-01DE REF01Z HA0801CDC DACO08EQ
OP27AT OP27AJ REF-01EDE REFO1EZ uA0801CPC DAC08CP
OP27BDE oP27BZ REF-01ET REFO1EJ uA0801DM DAC08Q
OP27BT OoP27BJ REF-01HT REFO1HJ uAO801EDC DACO8EQ
OP27BT/883 OP27BJ/883 REF-01T REFO1J uAO0802ADC DAC1408A8Q
OP27CDE oP27Cz REF-02ADE REF02AZ UAOB02APC DAC1408A8P
OP27CH OP27CJ REF-02AT REF02AJ uA0802BDC DAC1408A7Q
OP27CH/883 OP27CJ/883 REF-02CDE REF02CZ uA0802BPC DAC1408A7P
OP27CJ8 OoP27CZ REF-02CT REF02CJ uA0802CDC DAC1408A6Q
OP27CJ8/883 OP27CZ/883 . REF-02DDE REF02HZ uA0802CPC DAC1408A6P
OP27CT 0OP27CJ REF-02DE REF02Z HA0802DM DAC1508A8Q
OP27EDE OP27EZ REF-02EDE REF02EZ uA0802DMQB DAC1508A8Q/883
OP27EH OP27EJ REF-02ET REF02EJ UAOB02EPC DACO8EP
OP27EJ8 OP27EZ REF-02HT REF02HJ uA108AH PM108AJ
OP27EN8 OP27EP REF-02T REF02J uA108H PM108J
OP27ET OP27EJ REFO1AH REFO1AJ uA139ADM PM139AY
OP27FT OP27FJ REF01CH REF01CJ uA139DM PM139Y
OP27GDE OP27GZ REFO01CN8 REF01CP uA208AH PM208AJ
OP27GH OP27GJ REFO1EH REFO1EJ uA208H PM208J
OP27GJ8 OP27GZ REFO01H REF01J UA308AH PM308AJ
OP27GN8 OP27GP REFO1HH REFO1HJ uA308H PM308J
OP27GT OP27GJ REFO1HNS REFO1HP HA3303PC OP11FP
OP37ADE OP37AZ REF02AH REF02AJ MA339ADC PM339AY
OP37AH OP37AJ REF02CH REF02CJ UAT14EHC OPO7EJ
OP37AH/883 OP37AJ/883 REF02CN8 REF02CP UAT14HC OP07CJ
OP37AJ8 OP37AZ REF02DH REF02DJ HAT14HM OPO7AJ
OP37AJ8/883 OP37AZ/883 REF02DN8 REF02DP UAT14LHC OP07DJ
OP37AT OP37AJ REF02EH REFO02EJ UAT25HC PM725CJ
OP37BDE OP37BZ REF02H REF02J UAT25HM PM725J
OP37BT OP37BJ REF02HH REFO2HJ HAT25TC PM725CP
OP37BT/883 OP37BJ/883 REF02HN8 REF02HP UAT41CIG PM741CZ
OP37CDE OP37CZ RM725T PM725J uPC1251C OP220GZ
OP37CH OP37CJ RM741T PM741J uPC1251D OP220FZ
OP37CH/883 OP37CJ/883 RM747DC OP04Y uPC151C OP02BZ
OP37CJ8 OP37CZ SA1458N OP14BZ uPC151D OP02CZ
OP37CJ8/883 OP37CZ/883 SA741 OP02BZ uPC154D OP05CZ
OP37CT OP37CJ SE532H oP221BJ uPC156D PM208Z2
OP37EDE OP37EZ SE5534AFE oP27BZ uPC251C OP14EP
OP37EH OP37EJ SE5534FE OP27CZ uPC251D OP14EZ
OP37EJ8 OP37EZ SSS1408A-6Q DAC1408A6Q uPC339C CMPO4FP
OP37ENS8 OP37EJ SSS1408A-7Q DAC1408A7Q uPC358C OP221HZ
OP37ET OP37EJ SSS1408A-8Q DAC1408A7Q uPC4581C OP15GZ
OP37GDE OP37GZ SSS1508A-8Q DAC1508A8Q uPC603D DACO1CY
OP37GH OP37GJ TSC7541BD PM7541EX uPC610D DAC02CCX1
OP37GJ8 OP37GZ TSC7541JN PM7541HP uPC624C DACO8EP
OP37GN8 OP37GP TSC7541KN PM7541GP uPC624D DACO08EQ
OP37GT OP37GJ TSC7541SD PM7541BX uPC648D DAC312FR
RC1458NB OP14CP TSC7541TD PM7541AX uPC801C OP15FZ
RC3302DB CMPO4FP TSC9495CE REF02HJ

RC725T PM725CJ TSC9495CJ REF02HP

REF-01ADE REF01AZ TSC9495EE REFO02EJ

REF-01AT REFO1AJ TSC9496CE REFO1HJ
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Inverting High-Speed
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OP-04/0P-14
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Dual Matched High-Performance
Operational Amplifiers

OP-05

5-43

Instrumentation
Operational Amplifier

OP-06

5-51

High-Gain Instrumentation
Operational Amplifier

oP-07

5-61

Ultra-Low Offset Voltage
Operational Amplifier

OP-08

5-68

Precision Low-Input-Current
Operational Amplifier

OP-09/0P-11

5-75

Quad Matched 741-Type
Operational Amplifiers

OP-10

5-87

Dual Matched Instrumentation
Operational Amplifier

OP-12

Precision Low-Input-Current
Operational Amplifier
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OP-15/0P-16/OP-17

5-105

Precision JFET-Input
Operational Amplifiers

OoP-20

5-111

Micropower Operational Amplifier

OoP-21

5-117

Low-Power Operational Amplifier
OoP-22

5-128

Programmable Micropower
Operational Amplifier

OP-27

5-140

Low-Noise Precision
Operational Amplifier

OP-32

5-152

High-Speed Programmable Micropower
Operational Amplifier

oP-37

5-164

Low-Noise Precision High-Speed
Operational Amplifier

OP-41

5-175

Low-Bias-Current JFET
Operational Amplifier

OP-43

5-180

Low-Bias-Current, Fast JFET
Operational Amplifier

OP-50

5-191

High-Output-Current
Operational Amplifier

oP-77

5-197

Next Generation OP-07 (Ultra-Low
Offset Voltage Operational Amplifier]

OP-90

Low-Voltage Micropower
Operational Amplifier
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5-199  OP-207 5-265 PM-725
Dual Ultra-Low Vg Matched Instrumentation Operational Amplifier
Operational Amplifier ‘
5-268 PM-741
5-205 OP-215 Compensated Operational Amplifier
Dual Precision JFET-Input
Operational Amplifier 5-270 PM-747
Dual Compensated
5-212 OP-220 Operational Amplifier
Dual Micropower Operational Amplifier ‘
5-273 JM38510/10104 g |
5-220 OP-221 JAN Single Low-Input-Current = |
Dual Low-Power Operational Amplifier Operational Amplifier E ‘
5-228 OP-227 5-276 JM38510/10106 5
Dual Low-Noise Low-Offset JAN Dual Low-Input-Current —
Instrumentation Operational Amplifier Operational Amplifier é
5-239 OP-400 5-279 JM38510/11004 [_%
Quad Low-Offset Low-Power JAN Quad 741-Type é
Operational Amplifier Operational Amplifier =
5-241 OP-420 JM38510/11401/11402/11403/11404/ ©
Quad Micropower Operational Amplifier 5-282 11405/11406
JAN JFET-Input Operational Amplifiers
5-246 OP-421
Quad Low-Power Operational Amplifier 5-292 JM38510/13501/13502
Ultra-Low Offset Voltage
PM-108A/PM-208A/PM-308A/ Operational Amplifiers
PM-108/PM-208/PM-308/
5-252 PM-2108A/PM-2108 5-295 JM38510/13503
Low-Input-Current Low-Noise Precision
Operational Amplifiers Operational Amplifier

5-256

PM-146/PM-246

5-259

Programmable Quad
Operational Amplifiers

PM-155A/PM-355A/PM-155/
PM-156A/PM-356A/PM-156/
PM-157A/PM-357A/PM-157

Monolithic JFET-Input
Operational Amplifiers
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Precision Monolithics Inc.

OPERATIONAL
AMPLIFIERS

INTRODUCTION

Precision Monolithics pioneered in the devel-
opment of low-offset, high-gain operational
amplifiers for use in precision applications. A
proprietary linear bipolar process with nitride
passivation was developed to achieve low noise,
enhanced long-term reliability, and improved res-
istance to radiation effects. PMI operational
amplifier processing capability includes JFET
and super-beta devices as well as standard NPN
and PNP devices. A zener-zap trimming tech-
nique was designed to reduce input offset vol-
tage at the wafer testing stage. Offset trimming
is performed in discrete steps by applying high-
current pulses through automatically-selected
zener diodes. High-current pulsing shorts the
zener which is parallel-connected to a trim resis-
tor. Zener-zap trimming provides a very reliable
and stable reduction of input offset voltage. PMI
has developed many innovative operational-
amplifier circuit designs based on their low-
noise, low-drift processing in combination with
zener-zap offset trimming.

The table below summarizes the PMI families
of operational amplifiers. All feature low input
offset voltage, low drift, and high open-loop
gain.

Operational Amplifiers

High Accuracy
OP-05, OP-08,
OP-07, OP-77 Low Vgps, High Gain
OP-27, OP-37, OP-50 Low Vps, Low Noise
OP-227, OP-207, OP-10  Dual

General Purpose, Bipolar Input

OP-02 Single

OP-04, OP-14 Dual

OP-09, OP-11 Quad

OP-01 High Speed, Inverting

General Purpose, JFET Input
PM-155, PM-1586,
PM-157 Standard JFET Input
38510 Versions MIL-Grade, 38510

Precision, High-Speed Improved JFET Input
OP-15, OP-16, OP-17,
OP-43, OP-215 (Dual)

OP-08, OP-12 Low Ig, Low Power

OP-50 High Output Current
Low Power, Low Input-Bias-Current

OP-21 Single

OP-221 Dual

OP-41 JFET Input

PM-108/208/308,

PM-2108 (Dual) Low Ig, LM-108 Type

Micropower

OP-20 Singles, Low Isy

OP-22/32 Programmable

OP-220 Dual

OP-420, OP-421 Quad
DEFINITIONS

Average Bias Current Drift (TClg) — The ratio
of change in input bias current to a change in
temperature.

Average Offset Current Drift (TClgs) — The ratio
of change in input offset current to a change in
temperature.

Average Offset Voltage Drift (TCVog) — The
ratio of change in input offset voltage to a
change in temperature.

Average Offset Voltage Drift With External
Trimming (TCVosnN) — The ratio of the change
in input offset voltage to a change in temper-
ature with the input offset voltage trimmed

to zero at room temperature.

Common-Mode Input Resistance (Rincm)
— The ratio of input voltage range to the change
in input bias current over this range.

Common-Mode Rejection Ratio (CMRR)

— The ratio of the common-mode voltage range
(CMVR) to the peak-to-peak change in equi-
valent input offset voltage (CME) over this
range. CMRR is specified for a specific CMVR.
CMRR = 20 log1o (CMVR/CME)
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Gain-Bandwidth Product (GBW) — The
frequency at which the open-loop gain equals
unity.

Input Bias Current (1g) — The average of the
currents into the two input terminals when the
output is at zero volts with no load. Ig is
measured at Vom = 0.

Input Noise Current (inp-p) — The peak-to-peak
noise current within a specified frequency band.

Input Noise Current Density (in) — The rms
noise current in a 1Hz band centered on a
specified frequency.

Input Noise Voltage (enp-p) — The peak-to-peak
noise voltage within a specified frequency band.

Input Nolise Voltage Density (ep) — The rms
noise voltage in a 1Hz band centered on a
specified frequency.

Input Offset Current (los) — The difference
between the currents into the two input
terminals when the output is at zero volts with
no load.

Input Offset Voltage (Vog) — The voltage which
must be applied between the input terminals to
obtain zero output voltage with no load.

Input Resistance-Differential Mode (Rin) — The
ratio of small-signal change in input voltage to a
change in input current at either input terminal
with the other grounded.

Input Voltage Range (IVR) — The range of input
voltage for which the device will operate as a
linear amplifier.

Large-Signal Voltage Gain (Ayp) — The ratio
of change in output voltage (over a specified
range) to a change in input voltage.

Open-Loop Output Resistance (Rg) — The
small-signal driving-point resistance of the
output terminal with respect to ground at a
specified quiescent DC output voltage and
current.

Output Voltage Swing (Vo) — The peak output
voltage that can be obtained without clipping
into a specified load resistance.

OPERATIONAL
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Power Dissipation (P4) — The total power
dissipated in the amplifier with the output at
zero volts with no load.

Power Supply Rejection Ratio (PSRR) — The
inverse ratio of change in input offset voltage to
a change in power supply voltage. PSRR can be
specified in dB or uV/V.

Slew Rate (SR) — The ratio of a change in
output voltage to the minimum time required to
effect this change under large-signal drive con-
ditions. Slew rate may be specified separately
for positive and negative-going changes.

Supply Current (Isy) — The current required
from the power supply to operate the amplifier
with no load and the output at zero volts.

Unity-Gain Closed-Loop Bandwidth (BW)
—The frequency at which the magnitude of the
small-signal voltage gain of the amplifier, oper-
ated closed-loop as a unity-gain follower, is
3dB below unity.

MATCHING PARAMETER DEFINITIONS
Input Offset Voltage Match (AVos) — The diff-
erence between the offset voltages of side A and
side B (Vosa - VosB). If Vosa = Vosg, the net
differential offset voltage at the output of the
amplifier pair equals zero.

Input Offset Voltage Tracking (TCAVgs)
— The ratio of change in AVps to a change in
temperature.

Average Noninverting Bias Current (Ig+) — The
average of the side A and side B noninverting
input bias currents:

Igat+ + It
S

Noninverting Input Offset Current (Ios +) — The
difference between the noninverting input bias
currents of side A and side B; (Igat — Iggt).

Inverting Input Offset Current (los-) — The
difference between the inverting input bias
currents of side A and side B; (Iga— — Igg—).

Average Drift Of Noninverting Bias Current
(TClp+) — The ratio of change in noninverting
bias current to a change in temperature.

5-5
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Average Drift of Noninverting Offset Current
(TClos+) — The ratio of change in noninverting
offset current to a change in temperature.

Common-Mode Rejection-Ratio Match (ACMRR)
— The difference between the common-mode
rejection ratios (expressed in volt/volt of side A
and side B. ACMRR in dB = 20 log1p (ACMRR in
volt/volt).

Power Supply Rejection-Ratio Match (APSRR)
— The difference between the power supply
rejection ratios (expressed in volt/volt) of side A
and side B. APSRR in dB =20 log1p (APSRR in
volt/volt).

Channel Separation — The ratio of change in
offset voltage of one channel to a change in
output voltage in the second channel.

SELECTION PRINCIPLES

Selecting an operational amplifier can be a
frustrating experience. The choice of circuit
configuration, and of associated component
values, interrelates to the choice of op amp for

a given application. Op amps are specified as
open-loop devices, but in a circuit application
they generally have feedback applied. The
designer must predict the closed-loop circuit
performance as determined by his choice of op
amp and choice of circuit configuration (and
component tolerances). Detailed literature is
available on circuit configurations to accomplish
particular analog circuit functions using op
amps. This Selection Guide gives recommended
guidelines and a design strategy for selecting op
amps to best meet your needs.

The first design steps are to:
1. Completely define the design objectives.

Input Signal — Determine the signal level,
frequency content, and impedance of the input.

Accuracy Required — For linear amplification,
this consists of limits for offset, gain error, and
nonlinearity. Establish your bandwidth and slew

rate needs. Distortion is often critical for audio
use and fast settling may be essential in a data-
conversion application.

Output Load — Op amps are sometimes called
upon to drive long cables, storage capacitors,
transformers, or other semiconductors. High-
speed circuits generally require low-impedance
feedback elements and the load is usually low
impedance; therefore, relatively high output
current drive is needed for high-speed circuits.

Environmental Conditions — Temperature
range and power supply characteristics are very
important factors. Power supply drain is often
critical in battery-powered equipment, process
control systems, and satellites. In addition,
op-amp package type is generally dictated by
environmental and cost factors. Another factor
to consider is the electrical environment. Mini-
mize accuracy degradation from unavoidable
ground noise and power supply fluctuations by
choosing an op amp with high CMRR and
PSRR.

2. Use the published op-amp specifications
and characterization graphs.

PMI provides comprehensive specification
tables with well-defined test conditions for
operation at 25° C and over specific tempera-
ture ranges. The “Typical Performance Curves”
show the characteristic response of an op amp to
variations in frequency, temperature, supply
voltage, or load impedance. Since op amps often
perform much better than indicated by their min/
max specification limits, the designer may be
tempted to ask for special selection to tighter
limits. Although sometimes necessary, special
selection tends to be costly. A better strategy is
to select a standard op amp that meets the
application need on a worst-case basis. Careful
initial selection of a high-performance standard
op amp will provide predictable circuit perfor-
mance on a continuing basis.
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Selection Process
Operational amplifiers can be divided into four
basic functional categories:

Category Primary Characteristics

General Purpose “741” types.

High Accuracy Low input offsets
(Vos < 1mV), high DC
gain, high CMRR, and
low noise. Leading part
types are OP-05, OP-07,
OP-27, OP-50, and
OP-77.

High Speed Optimized for high slew
rate, high gain-band-
width, and fast settling
time.

Low Power, Low supply drain

Wide Supply Range (lgy < 1mA), wide input

and output voltage range.

Includes micropower
(Isy < 100uA) units for
battery operation.

There can be overlap between some cate-
gories, while others are mutually exclusive.
For example, the PMI OP-22 covers both “High
Accuracy” and “Low Power”. However, “High
Speed” and “Low Power” tend to be mutually
exclusive; it is difficult to simultaneously
optimize both speed and power.

Economics is another important dimension of
the selection process. The “General Purpose”
category is generally lowest in cost, but a “High
Accuracy” op amp with low input-offset-voltage
may be more cost effective if it eliminates the
need for external trimming components. The
PMI high-accuracy OP-07 is often used in place
of general-purpose 741-types because of its

low input-offset-voltage and high gain.

AC Considerations

Consideration of AC requirements for an
application is a good starting point in the op
amp selection process. If high frequency
(GBW > 10MHz, SR > 10V/us) is the primary
concern, then the choice quickly narrows down
to the “High Speed” category.

Two factors will generally dictate the op amp
choice:

1. The loop gain (excess of open-loop gain
over closed-loop gain) must be sufficient at
the highest frequency of interest. For example,
if 1.0% accuracy at 10kHz is required when
operating at closed-loop gain of 10, then the op
amp must have an open-loop gain of at least
1000 at 10kHz (10/1000 = 1%). When operating
at high closed-loop gains, decompensated op
amps generally offer the advantage of better
gain bandwidth product without a price/
performance penalty.

2. Slew rate must be high enough to follow the
fastest signal input without causing distortion or
other anomalies. Slew-rate symmetry, linearity,
and overload recovery should be considered.
The detrimental effects of slew-rate limiting can
be subtle; it is best to avoid trouble by choosing
an op amp with at least a 20% safety margin in
minimum slew-rate.

High speed implies a need for high output
current. Applications such as audio amplifiers,
active filters, DAC-output amplifiers, and fast
integrators often require high output currents for
driving feedback capacitors or low-impedance net-
works. Driving such capacitive loads as long
cables or storage capacitors at high frequency
requires high output currents.

DC Considerations

If the frequency requirements are relatively
modest (SR < 10V/us) and the circuit requires
closed-loop gain above unity, choose a “High
Accuracy” op amp. These op amps feature:

Low Input Offsets

Low Input Offset Vos< 1mV,
Voltage TCVos<2uV/°C
Low Input Bias
Current
— Bipolar Input IB <100nA (Ig < 10nA
Stage is desirable)
— JFET Input Ig < 200pA
Stage

OPERATIONAL AMPLIFIERS H
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High Open-Loop AvoL = 1,000,000

DC Gain

High Common-Mode CMR =100dB
Rejection

Low Input Noise en < 15nV/y/ Hz
at 100Hz

A leading op amp in the High-Accuracy
category is the PM| OP-77 with these key
specifications:

Vos < 25uV

Is<x2nA, los < 2nA

AvoL = 5,000,000

CMRR = 114dB

en < 11nV/\/ Hz at 1000Hz

The OP-77 performs very well even at high
closed-loop gains. For example, consider a
noninverting configuration with a closed-loop
gain of 100. Assume a signal source with a range
of £0.1V and source impedance of 10k(Q. If the
feedback resistances are chosen to be relatively
low, then the maximum offset caused by input
bias current will be 4.4nA (Ig + lpg/ 2 =4.4nA)
multiplied by the 10k} source resistance, or
44,uV. Total input offset, even without external
offset nulling, will be less than 119uV (approxi-
mately 0.12% of full-scale). The effect of CMRR
is negligible in this example; the £0.1V input
divided by 110dB of common-mode rejection is
only 0.3uV referred-to-input. Gain error factor is
1/(1 + AvcL/Avol), which is a gain error of
approximately AycL/AvoL. The DC gain error at
AycL of 100 will be less than 100/5,000,000, a
0.002%-of-full-scale gain error. The worst-case
sum of offset and gain errors for this example is
only 0.12% of full-scale, and is achieved without
any external trimming of offset or gain.

Selection of a specific op-amp type within the
High-Accuracy category is generally determined
by impedance levels of the input signal and
feedback elements. High impedances

(Rs > 10kQ2) imply a need for an op amp with low
input bias currents. This need for low bias cur-
rent can be met through use of FET-input op
amps, or by using bipolar-input op amps specif-
ically designed for low input-bias-current.

The OP-41/43 JFET-input op amps have less
than =5pA of input bias current, and the OP-
15/16/17 JFET-input op amps have bias currents
specified to within £50pA. At high temperature,
however, the input bias current for JFET-input
op amps rises to a level which is typically 3
orders of magnitude higher than the room-
temperature value.

The OP-05, OP-07, OP-77, and OP-50 are bipo-
lar op amps which have input bias cancellation
circuitry that significantly reduces input-bias-
current, and maintain low input-bias-current
levels over temperature. For example, the OP-
05/07/77 op amps have bias-current limits set at
+4nA over the full Military temperature range.
The OP-08, which is an improved LM108, has a
superbeta input stage which also provides very
good high-temperature high-impedance opera-
tion (Ig < 3nA at 125°C).

The OP-22/32 programmable micropower op
amps have PNP input stages which also have
very low input bias current over temperature.
Their input-bias-current remains below 5nA over
the full Military temperature range.

Low noise, always desirable, is sometimes the
primary consideration. In many high-gain
active-filter or audio-amplifier applications, low
noise can be more important than DC offset.
These are the three basic rules for obtaining low
noise:

1. Design with low Impedances — Using low
impedances minimizes the effect of current
noise flowing through the source impedance,
reduces resistor thermal noise, and reduces stray
pick-up of RF noise.

2. Restrict the system bandwidth — Noise
outside the frequency range of interest can usually
be attentuated by filtering. Block high-fre-
quency power-supply noise from the signal path
by use of decoupling capacitors at the op-amp
supply inputs.

3. Select a low-noise op amp — Some op amps,
such as the bipolar-input OP-27, are designed
for minimum noise. The input stage current is
set to a relatively high value which reduces input
noise (5.5nV/y/ Hz max at 10Hz). Output swing
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is increased to 10V into 6001} to allow the use The PMI line of low-power, wide-supply-range
of low-impedance, low-noise feedback op amps all feature high open-loop gain, low
elements. input offsets, and high CMRR. They can provide
Power Supply Considerations high accuracy even at high closed-loop gain.
The op-amp power-supply requirements are the The low-power family includes programmable
next factors to consider. If the circuit is to be micropower op amps that offer the designer
operated from a battery, such as in portable another dimension in circuit design. The quies-
instruments, missiles, or spacecraft, then narrow cent supply current is set by an external resistor
the selection to the “Low-Power, Wide Supply which allows the circuit designer to trade off
Range” category. Low-power op amps are quiescent supply current against speed. Since
designed for minimum quiescent supply current. the quiescent current directly controls slew rate
Speed is traded off for lower power consump- and gain-bandwidth product, these pro-

tion and output drive is generally reduced. The grammable op amps are easily frequency-

input and output stages are designed for linear compensated in such circuits as active filters,
operation over a wide voltage range which is oscillators, or multi-stage instrumentation

very helpful for single-power-supply operation. amplifiers.

DC ERROR CALCULATIONS FOR STANDARD CONFIGURATIONS
NONINVERTING CONFIGURATION

OPERATIONAL AMPLIFIERS

-
INPUT |

|
| |
| i
: |

|
| |
[ 4

_ 2) (R1R2_ ) (Fth )lgi
Output Offset = (1+R1 [vos+ A1+ Rs Rs) B+ R1+R2+Rs 3

Special Cases:
Max Output Offset = (1 -—-) (VOS + Rs Ios) if Rg=

R1 Rz
R1+ Rz

R
~(1+R) \% +| —HII iflos €1
A os+ |y TR, Pis| 8| flos<ls

R2 lo R1 Rz
(1+ )[vos+ns (|B+ ° )]wn > Ak

Note: Ig is the average of the input bias currents and lps is the difference.

, Ra 1 1 , R2
ain E ~ —_— = - P
Gain Error (1 + R1) Avo " GVRR , where Ayo = Open-Loop Gain and Avo > (1 + R,)

5-9



Vi OPERATIONAL
. AMPLIFIERS

Precision Monolithics Inc.

INVERTING CONFIGURATION

L
b
e

R
V°='i% Vi, Rg~0

_ &) ( R1 Rz N ) ( R1R2 ) los| .
Output Offset = (1 + ; [Vos+ p s Rc) s+ Ri T R2+ Rc 2. ifRs~0
Special Cases:

R2

Max Output Offset = (1 +—> (Vos+ Rc los) if Rg = R1Ra

Rt + Rg

Ry +R2

_ Ra R1 Rz los) P
(1+ R1)[Vos+m(ls+7 ifRc=0

Note: Ig is the average of the input bias currents and los is the difference.

Gain Error ~ (1 + -’E) 1 + .B.S: _8_2 , where Ayo = Open-Loop Gain and Rg < Ry
Ri/ Avo  Ri Ry

R1
R
~ (1+R—f) [vos+ R1Re —Rcl la] iflos<lp
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OPERATIONAL AMPLIFIER
SELECTION GUIDE

The Operational Amplifier Selection Guide
chart highlights PMI’s line of operational ampli-
fiers. The matrix indicates the most essential
parametric differences for each product group.

“General Purpose” op amps are usually the least
expensive and are recommended for appli-
cations where impedance levels are relatively
low, closed-loop gain is low, and speed
requirements are moderate. JFET inputs provide
lower input-bias-currents and better bandwidth
than standard bipolar inputs, but input voltage
offsets and noise are generally better for the
bipolar input amplifiers.

The “High Accuracy” category presents the best
amplifiers for high-gain applications. A combi-
nation of low input-offset-voltage, high open-
loop gain, and high CMRR provide excellent DC
accuracy even at high closed-loop gain. The
OP-27, OP-37 and OP-50 are best for minimum

OPERATIONAL
AMPLIFIERS

input voltage noise. The OP-08 and OP-12 pro-
vide an excellent combination of low input-bias-
current, low offset voltage, and moderate power
drain. The OP-07 and its improved version, the
OP-77 offer a selection of the lowest offset
voltages (60uV max to 250uV max) combined
with low input-bias-current (x2nA max to
+12nA max) and have become an industry
standard for high-precision applications.

PMI is a leader in op amps featuring low power
consumption. The OP-20/21/22/32 are
micropower op amps that operate with only a
few microamps of supply drain. PSRR and
CMRR are high, and the input-voltage-range is
wide. Such features work together to make
these amplifiers ideal for battery-powered
applications or for operation from a single
supply voltage. The OP-22/32 can be
programmed to operate over any supply current
from 1uA to 400uA and is excellent for battery-
powered designs.

General Purpose | Precision High Low Power, Micropower
" High- Accuracy Low Input-
Bipolar |JFET Speed Bias-
JFET Current
input
N~
<
o
~ o ~
2= 12 = Slols(K|S
M s - aldlyla
ala ala
Oom?o-" % mo-ooo—go MEIE] o ol =
583|8||22|9|9|a 88|85 RIS T 2151 T ||| 8RN TS
alalajois|s|lalajajajalalalala|a]a|s|s|sld|a|d|a|a|d|{d|a
Monolithic Technology (e} (e} (o) (o] ¥ I'N (e} [o] [¢] (o] (o] [¢] (o} [o] 1o} (o] [o} I\ I:N [} [} [e] o] {o] (o] o] (o] [o]
Bipolar Input oleo|o|0 (AL 2E 2K 2K BY J o|lo/o/0oj0oj0|/0|0/0/0]0
JFET AL IE I 2K ) [ ]
Packages
Single [ 2K ] [ L 2K BK 2K ] ojolo|e ele ejeo|o® [ ]
Dual [ [ ] [} [ ] ole
Quad [ [ ] [ ] ole
Ultra Low Offset, Vos < 200p.V ojleojo/0j0 L] ole
Low Offset, Vog < TmV eololeo|® eojeoj0l0 [ AN BN ] [ ] [ ] [ ]
Low Bias Current
Ig < 100pA ojofo|o|o|e °
Is < 5nA ole LA 2K ) ole [ ] [ ]
High Gain, Ayo, = 1 Million V/V [ ] [JE) eole eoleojo|o|e® [ ]
High Slew Rate, SR = 10V/us [ ] L) [ ] [}
Low Power
Isy < 1mA/Amplifier L] [ ] (I A A 2K ] [ ] [ ] [
Isy < 100uA/Amplifier ° ole ° °
Low Noise (fo = 1kHz)
en < 6nV/y\/Hz eo|e(0
in < 0.25pA/+\/Hz oleojo|o|oj0o|e [ [ ]
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OP-01

INVERTING HIGH-SPEED
OPERATIONAL AMPLIFIER
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FEATURES
® FastSettlingTime ................... 1us to 0.1% Max
e HighSlewRate .................co0vvunnn 12V/us Min
e PowerBandwidth ........................ 150kHz Min
e Low Power Consumption .................. 90mW Max
e Excellent DC Specifications
¢ Internally Compensated
o |deal DAC Output Amplitier
® MIL-STD-883 Processing Available
¢ Fits Standard 741 Sockets
® Low Cost
ORDERING INFORMATIONY
PACKAGE
Ta=25°C HERMETIC HERMETIC PLASTIC  OPERATING
Vos MAX TO-99 DIP DIP TEMPERATURE
(mv) 8-PIN 8-PIN 8-PIN

0.7 OP01J* oP01Z* MIL

0.7 OPO1HJ OPO1HZ OPO1HP COM

5.0 OPO1GJ*  OP01GZ* ML

5.0 OP01CJ OP01CZ OPO1CP COM

*For devices processed in total compliance to MIL-STD-883, add /883 after
part number. Consult factory for 883 data sheet.

tAll commercial and industrial temperature range parts are available with
burn-in. For ordering information see 1986 Data Book, Section 2.

GENERAL DESCRIPTION

The OP-01 series of monolithic inverting high-speed opera-
tional amplifiers combines high slew rate, fast settling time

SIMPLIFIED SCHEMATIC

and excellent DC input characteristics. An internal feed-
forward frequency compensation network provides simpli-
city of application — no external capacitors are required for
stable, high-speed performance. The fast output response is
achieved without sacrifice of input bias current or power
consumption. A 250kHz typical power bandwidth is attained
with a small-signal bandwidth of only 2.5MHz, thus board
layout is non-critical. The OP-01 is completely protected at
both input and output, fits standard 741 sockets, and is offset
nulled with a 10k} potentiometer.

The fast output response combined with excellent settling
time makes the OP-01 ideal for use as a D/A converter output
amplifier.

PIN CONNECTIONS
8 N.C.
BAL1 7 V+
-IN 2 6 0UT
EPOXY MINI-DIP HN s o lc:s:"“
(P-Suffix) -
&
8-PIN HERMETIC DIP TO-99
(Z-Suffix) (J-Suffix)

*Q1, G2, Q3 AND Q4 FORM A

THERMALLY CROSS-COUPLED
QUAD. 05, Q5', Q8 AND Q'
COMPRISE A SIMILAR
THERMALLY CROSS-COUPLED
QUAD

—IN &

T

K

Q12

O BALANCE
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ABSOLUTE MAXIMUM RATINGS (Note 2)
Total Supply Voltage, OP-01, OP-01H, OP-01N, OP-01NT,

Lead Temperature (Soldering, 60 sec)

NOTES:

OP-01G, OP-01GT ........... e ceee.. 122V
! 1. See table for maximum ambient temperature rating and derating factor.

OP-01G, OP-01C, OP-01GR .....vvvvnrnrnrnrn.. 220V P 9 o
Power Dissipation (Note 1) .............c.coeene. 500mW MAXIMUM AMBIENT __ DERATE ABOVE
Differential Input Voltage ...............ccovvveenn. +30V TEMPERATURE MAXIMUM AMBIENT
Input Voltage (Note 3) ................ = < 1) PACKAGE TYPE FOR RATING TEMPERATURE
Short-Circuit Duration ........................ Indefinite TO-99 (J) 80°C 7.1mwW/°C
OF(’)e;ag?QO?fgfgatu"e Range 55°C to +125°C 8-Pin Hermetic DIP (2) 75°C 6.7mW/°C

- ! Ciereteesseerscateens T (o]
: 8-Pin Plastic DIP (P 35°C 5.6mW/°C

OP-01H, OP-01C ......... e . 0°Cto +70°C ' ®
DICE Junction Temperature (Tj) ....... —-65°C to +150°C 2. Absolute maximum ratings apply to both packaged parts and DICE, unless
Storage Temperature Range otherwise noted.

Jand Z Packages ........... ceee.... —65°Cto+150°C 3. For supply voltages less than +15V, the maximum input voltage is the

PPackage ..........c..civiveen.... —65°Cto+125°C supply voltage.
ELECTRICAL CHARACTERISTICS at Vg = 15V, To = 25°C, unless otherwise noted.

OP-01 OP-01G
OP-01H OP-01C

PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos Rs < 20k — 03 07 — 20 50 mv
Input Offset Current los — 0.5 2.0 — 2.0 20 nA
Input Bias Current lg — 18 30 — 25 100 nA
Input Voltage Range IVR +12 +13 - +12 +13 - \
Common-Mode Ve =110V _ _

Rejection Ratio CMRR Rg <20k 85 o 8 100 dB
Power Supply Vg =5V to £20V _ _

Rejection Ratio PSRR Rg < 20k 1o 80 100 10 W

. R_ =5k *125 *135 - *125 *13.5 -
Output Voltage Swing Vo R 2k 120 130  — 120 #1830  — v
Large-Signal Ry =2k _ _

Voltage Gain Avo Vo==%10V 50 100 % & V/my
Power Consumption Py Vour=0 — 50 90 — 50 90 mw
Settling Time Ay=-1

to 0.1% (Summing ts (Notes 1, 2) - 0.7 1.0 — 0.7 1.0 us

Node Error) Vin=5V
Slew Rate Ay=-1,

(Notes 2, 3) SR R = 3k to 5k0) ”ooe 2. Vius
Large-Signal

Bandwidth 150 250 — 150 250 —_ kHz

(Notes 3, 4)

Small-Signal

Bandwidth 1.5 25 — 1.5 25 — MHz

(Notes 3, 4)

- Ay=-1
Risetime t Vi = 50mV 150 — - 150 — ns
Overshoot 0s - 2 — — 2 — %
NOTES:

1. R_=25kQ; C| = 50pF. See Settling Time Test Circuit.
2. Sample tested.

3. See applications information.

4. Guaranteed by design.

1/86, Rev. A
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ELECTRICAL CHARACTERISTICS at Vg = £15V, =55°C < T < +125°C for OP-01, OP-01G and 0°C < T < +70°C for
OP-01H, OP-01C, unless otherwise noted.

OP-01 OP-01G
OP-01H OP-01C
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Input Offset Voltage Vos Rs =20k — 04 1.0 - 3.0 6.0 mV
Input Offset Current los — 1 4 - 4 40 nA
Input Bias Current Ig — 30 50 — 50 200 nA
Input Voltage Range IVR *10 *13 —_ +10 *+13 — \'
Common-Mode Vem=%10V
85 110 - 1 —
Rejection Ratio CMRR Rg < 20k & o a8
Power Supply Vg=15Vto+20V
_ 10 60 - 1
Rejection Ratio PSRR Rg < 20k 00 150 W
Large-Signal R =2kQ
—_— 1 —_
Voltage Gain Avo Vo = £10V 3% e 5 % Vimv
. R_ =5k +12.5 *13.5 - +125 *135 -
Output Voltage Swing Vo R_= 2k0 +120 +130  — 120 130  — v
Offset Voltage
< - 2 8 - 5 20 °
Drift (Note 1) TCVos Rg < 5k wv/°C
NOTE:

1. Sample tested.

5-14
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BT\ OP-01 INVERTING HIGH-SPEED OPERATIONAL AMPLIFIER

PMI)

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

DIE SIZE 0.046 X 0.042 inch, 1932 sq. miis
(1.17 X 1.07 mm, 1.25 sq. mm)

1. NULL

2. INVERTING INPUT

3. NONINVERTING INPUT
4. V-

5. NULL

6. OUTPUT

7. V+

For additional DICE information refer to
1986 Data Book, Section 2.

WAFER TEST LIMITS at Vg= £ 15V, Tp=25°C for OP-01N, OP-01G and OP-01GR devices; T5 = 125°C for OP-01NT and
OP-01GT devices, unless otherwise noted.

OP-0INT OP-01N OP-01GT OP-01G OP-01GR

PARAMETER SYMBOL CONDITIONS LmIT LIMIT LIMIT LIMIT LIMIT UNITS
Input Offset Voltage Vos Rg<20k0 1.0 0.7 3.0 2.0 5.0 mV MAX
Input Offset Current  lgg 4 2 10 5 20 nA MAX
{nput Bias Current Ig 50 30 100 50 100 nA MAX
input Voltage Range IVR +10 +12 +10 *12 +12 VMIN
Common-Mode Vem=£10V

Rejection Ratio CMRR Rg = 20k & & 8 g0 80 dBMIN
Power Supply Vg =15V to £20V

Rejection Ratio PSRR Rg < 20kO 60 60 100 100 150 uV/V MAX
Output Voltage v Ry = 5kQ +12.5 +12.5 t125 +12.5 +12.5 VMIN

Swing OM R 22k +12.0 +12.0 +12.0 +12.0 +12.0
Large-Signal Ry =2k .

Voltage Gain Avo Vg=+10V 30 50 25 50 25 V/mV MIN
Power Consumption Py Vour=0 — 90 — 90 90 mW MAX

NOTES:

For 25°C characteristics of NT & GT devices, see N & G characteristics respectively.

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg =t 15V, T4 = 25°C, unless otherwise noted.

ALL GRADES
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS
Slew Rate SR AycL =1, Rg= 3k to 5kQ 18 Vius
Vin=5V
Settling Time to ¢ Ay=-1 1.0 s
0.1% s R, = 2k2 (See Settling Time Test Circuit) ’ i
(Summing Node Error) C, =50pF
Large-Signal
Bandwidth 250 kHz
Small-Signal
Bandwidth 25 MHz
Risetime t, Vin=50mv 150 ns
Ay=-1

1/86, Rev. A
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[557c77\ OP-01 INVERTING HIGH-SPEED OPERATIONAL AMPLIFIER
{PMI)

TYPICAL PERFORMANCE CHARACTERISTICS

LARGE-SIGNAL
PULSE RESPONSE

INPUT/QUTPUT (1V/DIV)

TIME (500ms/DIV)
Vg =$16V, Ay = -1, R = 2k, C| = 50pF

UNITY-GAIN BANDWIDTH OPEN-LOOP GAIN
vs SOURCE RESISTANCE vs FREQUENCY
T T )
| Psoz 100 s L
i i Kl ol
1 3. Rg=1l
_ e meewa 5 80 IIIIIII‘IIn"lu!I!i!'1\!!i! T
R & T NS A [ T T
[]
E it R R o b M
8 -2 -_.: _‘_ L ) L 8 loh. “ N
§ R TR = oA TN T
\ \ 2 m NN
o3 me-sa [T NNNCITT
- \ ‘. sama TR i
0 IIIIlIlllIIIlIﬂIIIIIII(IIIlIllIIIlIIIIllIIIIII NN
| o LI T TN
0.01 0.10 1.00 10.0 0.001 001 010 100 100 100 1000 10,000

FREQUENCY (MHz)

APPLICATIONS INFORMATION

The OP-01incorporates an internal feed-forward compensa-
tion network to provide fast slewing and settling times in all
inverting and moderate-to-high-gain noninverting applica-
tions. Unity-gain bandwidth is a function of the total equiva-
lent source resistance seen by the inverting terminal. Proper
choice of this resistance will allow the user to maxmize
bandwidth while assuring proper stability. The equivalent-
inverting-terminal-resistance is defined as Rjy||Rf, and it
must be greater than 3.3k{) to assure stability in all closed-
loop gain configurations including unity gain. Should
Rin|I Rp < 3.3k, a resistor (Rg) may be placed between the
inverting input and the sum node to provide the required
resistance. (See Fast Inverting Amplifier Diagram.) Lower
values of total equivalent resistance may be used to improve
bandwidth in higher closed-loop gain configurations, as
indicated by the Open-Loop Gain vs. Frequency plot.

INPUT/OUTPUT (10mV/DIV)

FREQUENCY (kHz)

SMALL-SIGNAL
PULSE RESPONSE

TIME (100ms/DIV)
Vg =£16V, Ay = -1, R| = 2k, C_ = 50pF

PEAK OUTPUT VOLTAGE (VOLTS)

LARGE-SIGNAL OUTPUT
SWING vs FREQUENCY

T HUUESRRARALL

-+ 1. INVERTING

QA " Ay=

1
~

. NON-
INVERTING

Ay > 50

3. NON-
INVERTING

Av =10
INVERTING

Av =1

(VOLTAGE
FOLLOL

?u 4, NON:
AL
\\

=

i TN

0.001

0.01 0.10 1.00 10.0
FREQUENCY (MHz)

FAST INVERTING AMPLIFIER

Vin

Rin

R

Req=Rs+RIN I RF
FOR Ay = -1, REQ > 3.3kQ
Rp=REQ

5-16
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W‘T\ OP-01 INVERTING HIGH-SPEED OPERATIONAL AMPLIFIER

LTV

SETTLING-TIME TEST CIRCUIT

Settling time may be measured using the circuit shown
below. This circuit incorporates the “false sum node” tech-
nique to produce accurate, repeatable results. Fora 5V input
step, 0.1% settling will be achieved when the false sum node
settles to within £2.5mV of its final value. The oscilloscope
used for observation of the false sum node should have wide
bandwidth, fast overload recovery time, and be used with a
low capacity probe (< 10pF, including strays). A Tektronix
7504 scope with a 7A11 probe or equivalent is suggested. The
pulse generator should have a 509 output impedance and be
capable of a 5V rise time in < 20ns with ringing less than
2.5mV after 0.5us. Measurements to 0.1% require Ry to equal
R within 0.01%; Rsand Rg are used as trimming resistors to
achieve this matching.

TYPICAL APPLICATIONS

FAST VOLTAGE-OUTPUT D/A CONVERTER

TYPICAL SETTLING
IME 0.8us

Va TO SCOPE Cyy = 10pF O

L

——RIN— | —— Rp ™)

10k A 10k 150Q:1%
£06%  +0.5%

15092£1%

INPUT OUTPUT

]

RL>
%0

cL<
50pF

Rg
508

0.1uF£10%

R4

3
3.3k225%

4 0.1uF:10%

I’—"J_T_ =

-15vV

OFFSET NULLING CIRCUIT

PRECISION POWER-BOOSTER CIRCUIT

2400

+15V

T

AV

10k§2

AAA~

2N2907

10uF
(TANTALUM)

IHE

VW

2409

10002
op01 DE A4

2N2222

Vout
L

.|’_w;/»—<

10k
ViN 16k82
2 R 7
20k
3 / r
TYPICAL PERFORMANCE:
SLEW RATE—————————————— 18V/us
0.1% SETTLING——————— 4us (R =50002)
QUIESCENT SUPPLY CURRENT———15mA

1

-15V

F__

104F
T (TanTALUM)
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[PMI

Precision Monolithics Inc.

FEATURES

Excellent DC Specifications

LowNolse ................oviiiinnnn 0.65uVp.p Typ
Low Drift (TCVpg) ... ..vvvvvinivnnnnnennn 8uV/° C Max
Silicon-Nitride Passivation

125° C Tested Dice Available

“Premium” 741 Replacement

ORDERING INFORMATIONfY

PACKAGE
Ta=25°C HERMETIC  PLASTIC  OPERATING
Vos MAX TO-99 DIP DIP TEMPERATURE
(mV) 8-PIN 8-PIN 8-PIN RANGE

05 OP02AJ"  OP02AZ* MIL

05 OP02EJ OPO2EZ OPO2EP com

20 oP02y* oP02z* MIL

20 oP02CJ oP02CZ OP02CP coM

5.0 OP02BJ"  OP02BZ MIL

5.0 OP02DJ OP02DZ OP02DP com

*For devices processed in total compliance to MIL-STD-883, add /883 after
part number. Consult factory for 883 data sheet.

tAll commercial and industrial temperature range parts are available with
burn-in. For ordering information see 1986 Data Book, Section 2.

GENERAL DESCRIPTION

This high-performance general-purpose operational ampli-
fier provides significantimprovements overindustry-standard
and “premium” 741 types while maintaining pin-for-pin
compatibility, ease of application, and low cost. Key specifi-
cations, such as Vpg, los, I, CMRR, PSRR, and Ayg are

SIMPLIFIED SCHEMATIC

OP-02

GENERAL-PURPOSE
OPERATIONAL AMPLIFIER

guaranteed over the full operating temperature range.
Precision Monolithics’ exclusive Silicon-Nitride “Triple
Passivation” process reduces “popcorn noise.” A thermally-
symmetrical input-stage design provides low input offset
voltage drift and insensitivity to output load conditions.

The OP-02 is a direct replacement for the 741. It is ideal for
upgrading existing designs where accuracy improvements
are required and for eliminating special low-drift or low-noise
selected types.

PIN CONNECTIONS

8 NC.
BAL1 7 v+
-IN2 60UT
+N 3 5 BAL
4 V- (cAsE)
TO-99
(J-Suffix)
eaL[7] [F]n.c.
-IN[Z] [7]v+
+IN !I|- > [ Jout
v-[4] [5 JeaL
8-PIN HERMETIC DIP EPOXY MINI-DIP
(Z-Suffix) (P-Suffix)

*Q1, 2, Q3 AND Q4 FORM A

THERMALLY CROSS-COUPLED
QUAD. Q5, Q§', Q6 AND Q&'
COMPRISE A SIMILAR THER. Q8 a9
MALLY CROSS-COUPLED QUAD.

—=IN O

Q10

> b >
om oR3 R RS
S S

BALANCE O BALANCE
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[FMT\ OP-02 GENERAL-PURPOSE OPERATIONAL AMPLIFIER ;

=22/ :

ABSOLUTE MAXIMUM RATINGS (Note 2) j

Supply Voltage ....... e e, +22V NOTES:

Power Dissipation (Note 1) ....... i 500mW 1. See table for maximum ambient temperature rating and derating factor.

Differential Input Voltage ............. e +30V MAXIMUM AMBIENT DERATE ABOVE

Input Voltage ......... e Supply Voltage TEMPERATURE MAXIMUM AMBIENT f

Output Short-Circuit Duratlon e, Indefinite PACKAGE TYPE FOR RATING TEMPERATURE -

Og;fggxgg:nagefag—"e Range TO-99 (J) 80°C 7.1mwW/°C |

| | | _ o o ¥

0P—02E, OP—ozbOOig- %ZD T 5509(;?;:?208 8-Pin Plastic DIP (P) 36°C 5.6mW/°C |

Storage Temperature Range -65°C to +150°C 8-Pin Hermetic DIP (Z) 7%°C 6.7mw/°C

Lead Temperature (Soldering, 60 sec) ....... . 300°C 2. Absolute maximum ratings apply to both packaged parts and DICE, unless

DICE Junction Temperature (T)) ....... -65° C to +150°C otherwise noted.

ELECTRICAL CHARACTERISTICS at Vg = + 15V, Ta = 25°C, unless otherwise noted.

OP-02A OP-02 OP-02B wn

OP-02E OP-02C OP-02D o4

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS £}

ot

Input Offset Voltage Vos Rg < 20k — 03 05 — 1 2 — 3 5 mv_

Input Offset Current los — 05 2 - 1 5 — 5 25 nA a

Input Bias Current s - 18 30 — 20 50 — 30 100 nA 5
Input Resistance-

Differential-Mode Rin (Note 2) 34 5.7 - 2.0 52 — 1 35 — MO j
Input Voltage Range IVR +10 *13 - 10 13 —_ 10 *13 — Vv Z
Common-Mode Vow=£10V o]

Rejection Ratio CMRR Rg < 20k0) 85 100 80 95 70 85 dB g
Power Supply Vg=1£5to £20V é

- 10 — 30 100 - 1 1

Rejection Ratio PSRR Rg < 20kQ & 00 150 W =
Output Voltage Swing Vo R, > 2kQ 12 +138 — +12 #13 — 2 13— v 8
Large-Signal R =2k

—_ 50 2 - 2 150 -

Voltage Gain Avo Vo=10V 100 250 00 5 18 vimy
Power Consumption Py Vo=0V - 40 70 — 50 920 - 50 90 mw
Input Noise Voltage enp-p 0.1Hz to 10Hz — 065 - — 085 - — 065 —_ pr_p
Input Noise fo=10Hz - 25— - 25— - 25 -

:)/olta e Densit en fo=100Hz - 2 - - 2 - - 22 - nV\/Hz
9 Y fo = 1000Hz - 2 - - a - - 2 -
Input Noise Current inp-p 0.1Hz to 10Hz — 128 - — 128  — — 128 — PAp-p
(nout Noise fo=10Hz - 14— - 14— - 14—
‘éurrent Densit: in fo=100Hz - 07 - X4 - - 07 - pA/\/Hz
4 fo = 1000Hz - 04 - — 04 - - 04 -
Slew Rate SR (Note 1) 0.25 0.5 — 0.25 0.5 - 0.25 0.5 — V/us
Large-Signal Vo =20Vp.p
4 8 — 4 8 - 4 8 —_ kH
Bandwidth (Note 1) z
Closed-Loop AycL=+1
Bandwidth BW (Note 3) vos v o - MHz
Risetime t AvaL=+1 — 200 350 — 200 350 — 200 350 ns
r V)N =50mV (Note 1)
Overshoot oS (Note 1) — 5 10 — 5 10 — 5 10 %
NOTES:

1. Sample tested.
2. Guaranteed by input bias current.
3. Guaranteed by risetime.
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— BT\ OP-02 GENERAL-PURPOSE OPERATIONAL AMPLIFIER
1PMI)
ELECTRICAL CHARACTERISTICS at Vg =+15V, -55°C < Ta < +125°C, unless otherwise noted.
OP-02A OP-02 OP-02B
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos Rgs <20k — 05 1 — 14 3 — 3 6 mv
Average Input Offset _ _ _ _ o
Voltage Drift (Note 1) TCVos Rg =500 2 8 4 10 8 20 w/°C
Input Offset Current los — 1 5 — 2 10 — 5 50 nA
Average Input Offset
—_ . — 1 —_ o
‘ Gurrent Drift (Note 1) TClos 75 75 15 50 30 300 pA/°C
| Input Bias Current Ig - 30 60 - 40 100 - 50 200 nA
‘ Input Voltage Range IVR *+10 13 - *10 £13 - +10 =13 - \"
Common-Mode Vem =110V _ _
Rejection Ratio CMRR Rg < 20kQ 8 % 8 s o 8 dB
Power Supply Vg=15to £20V
—_ —_ 1 _
Rejection Ratio PSRR Re < 20k02 10 60 30 00 100 150 Ay
Large-Signal R =2k _ _ _
Voltage Gain Ayo Vo =*10V 50 100 25 60 25 60 V/mV
Output Voltage Swing Vo R =2k +12  £13 - +12 =13 - *10 =13 - '

ELECTRICAL CHARACTERISTICS at Vg=+15V, 0°C < Ty < +70°C, unless otherwise noted.

OP-02E OP-02C OP-02D
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos Rg <20k — 04 1 - 12 3 — 3 6 mvV
Average Input Offset
= — — 0 —_ 0

Voltage Drift (Note 1) TCVos Rg=500 2 8 4 1 8 20 nYAde]
Input Offset Current los - 07 4 - 14 10 — 5 50 nA
Average Input Offset .

Current Drift (Note 1) TClos 75 120 15 250 70 500 pA/°C
Input Bias Current Ig - 22 50 - 25 100 - 50 200 nA
Input Voltage Range IVR *10 =13 - *10 %13 - +10 +13 - v
Common-Mode Vem =10V _

Rejection Ratio CMRR Rg <20k 80 100 8o % 0 85 a8
Power Supply Vg =5 to £20V

_ —_ 1 _

Rejection Ratio PSRR Rg < 20k 10 60 3 00 100 150 wv
Large-Signal R =2k

Voltage Gain Avo Vg=10V 50 100 25 60 15 25 V/mV
Output Voltage Swing Vo RL 22k +12  *13 — +12 13 — +10 +13 — v
NOTE:

1. Sample tested.
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m\ OP-02 GENERAL-PURPOSE OPERATIONAL AMPLIFIER

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

NULL i

INVERTING INPUT

NONINVERTING INPUT

v_

NULL

OUTPUT

— . V+

DIE SIZE 0.046 X 0.042 inch, 1932 sq. mils For additional DICE information refer to :
(1.17 X 1.07 mm, 1.25 sq. mm) 1986 Data Book, Section 2.

NooswNo

WAFER TEST LIMITS at Vg =15V, T = 25°C for OP-02N, OP-02G and OP-02GR devices; Ta = 125° C for OP-02NT and
OP-02GT devices, unless otherwise noted.

|
|
§

OP-02NT OP-02N OP-02GT OP-02G OP-02GR

PARAMETER SYMBOL CONDITIONS LMIT LiMIT LIMIT LIMIT LMt UNITS

Input Offset Voltage ~ Vpg Rg <20k 1 0.5 3 2 5 mV MAX

Input Offset Current los 5 3 6 5 25 nA MAX

Input Bias Current g 50 30 60 50 200 nA MAX N |

Input Voltage Range IVR +13 *13 *13 +13 *13 VMIN % J

Common-Mode Vem =+ 10V = .
ey 1

Rejection Ratio CMRR Rg < 20kO 80 85 80 80 70 dB MIN :j
Power Supply Vg = +5V to +20V : ]

100 100 1 V/

Rejection Ratio PSRR Rg <20k 60 60 S0 WUV MAX 5
Output Voltage Swing Vo R =2k +12 +12 *12 *12 *12 VMIN
Large-Signal R =2k é

1 25 50

Voltage Gain Avo Vo =£10V 50 0 2 VimVMIN Z
Power Consumption Py Vo=0V — 90 — 90 90 mwW MAX 9
NOTE: =
For 25°C characteristics of NT and GT devices, see N and G characteristics, respectively. é
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 23]
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 8
TYPICAL ELECTRICAL CHARACTERISTICS at Vg = £15V, Tp = 25°C, unless otherwise noted.

OP-02NT OP-02GT
OP-02N OP-02G OP-02GR
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS
Input Resistance
A .2 .

Differential-Mode Ain 57 5 88 Ma
Input Noise Voltage €np-p 0.1Hz to 10Hz 0.65 0.65 0.65 #Vp-p
Input Noise fo=10Hz 25 25 25

3‘)' oo Donsit en fo= 100Hz 22 22 22 nVi/Az

9 Y fo = 1000Hz 21 21 21
Input Noise Current lnp.p 0.1Hz to 10Hz 12.8 12.8 12.8 PAp-p
\nput Noise fo=10Hz 14 1.4 1.4
Zurrent Densit in fo= 100Hz 0.7 0.7 0.7 pA/\/Hz
Y fo= 1000Hz 04 04 0.4
Slew Rate SR 0.5 0.5 0.5 Vips
Large-Signal _

Bandwidth Vo=20Vpp 8 8 8 kHz
Closed-Loop _

Bandwidth BW AveL=+1 13 13 1.3 MHz

n Ay=+1

2 200 200
Risetime t, Vi = 50mV 00 ns
Overshoot os 15 15 15 %
Average Input Offset Rg =500
4 8 V/°

Voltage Drift TCVos (Note 1) 2 WG

Average Input Offset TClog 75 15 20 A/ C

Current Drift
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DT\ OP-02 GENERAL-PURPOSE OPERATIONAL AMPLIFIER
{PM1)

BURN-IN CIRCUIT

OFFSET NULLING CIRCUIT

TYPICAL PERFORMANCE CHARACTERISTICS

INPUT WIDEBAND NOISE vs
INPUT SPOT NOISE INPUT SPOT NOISE BANDWIDTH (0.1Hz TO
VOLTAGE vs FREQUENCY CURRENT vs FREQUENCY FREQUENCY INDICATED)
g T vasie
E g
% E’ % 7
a £ %0 A
] z 1 IIIIIII‘lllm .IIIIIII l i H
2 S I AT A R A z
£ 3 y
g Pd
1 ||||||l|lI||||||||l||||l||1llllllllllllllllll o
001 010 10 10 100 1000 001 o010 10 ) 100 1000 01 1.0 10 100
FREQUENCY (Hz) FREQUENCY (Hz) BANDWIDTH (kHz)
DIFFERENTIAL
OUTPUT VOLTAGE vs INPUT RESISTANCE POWER CONSUMPTION
LOAD RESISTANCE vs TEMPERATURE vs POWER SUPPLY
1000 =
* TA 1 25°|c sl'osllnvle—lsvmpc 1oo Ta=25°C
M Vg=415v 1T —
g 12 P NEGATIVE SWING _ —— s
g, A 2o = S
§ 8 % = g b= >
E 87 E 1 3 /] 4
3 2 0 = 10
‘ : 5
2
o 01
0.1 10 10 60 20 +20 460  +100  +140 1.0 m - -
LOAD RESISTANCE TO GROUND (k&) TEMPERATURE (°C) TOTAL SUPPLY VOLTAGE, V+ TO V— (VOLTS)
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BT\ OP-02 GENERAL-PURPOSE OPERATIONAL AMPLIFIER
{PMI) ;
|
TYPICAL PERFORMANCE CHARACTERISTICS
POWER CONSUMPTION OUTPUT SHORT-CIRCUIT OPEN-LOOP GAIN
vs TEMPERATURE CURRENT vs TIME vs TEMPERATURE
50 T 38 T 1 300 T T
Vs = 218V _ TA=+25°C Vs =18V
. | | H V=215V 0
5 T £ I
;E XOP'OZA E & @ VIN(PIN 3) = —10mV, Vg = +18V . > 5
g s N\ £ D VIN(PIN 3) = +10mV, Vg = —15V £ [ LA
e | I\ g : |4 A
: \ 5\ :
2 g o 150
8 N or-02.c 3 8
= é s N
% 40 \\\ $ £ o -
~— £ S °
- & \ 50
3 D —
35 18 o ‘
60  -20  +20  +60 4100  +140 0 ! 2 3 4 80 —20 420 460  +100  +140 2 |
TEMPERATURE °C) TIME FROM OUTPUT BEING SHORTED (MINUTES) TEMPERATURE (°C) \
=
=
=
UNTRIMMED OFFSET VOLTAGE INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs TEMPERATURE vs TEMPERATURE vs TEMPERATURE 5
1.75 S — 25 70
H [ vg=215V :é
E 150 f—Rg- 60
5 Rs = 50§ 210 ~ Z
2 = op.02 - g
g 125 0oP-02 f \ f © 9
2
£ op-02c & E =
2 1.00 15 & a0
& —t 8 8
g 075 % 10 \\\ g 30 g—j
s —] &1 op.02c
w OP-02A 5 N I OP02C  opgp 5 | O
< 050 OP02E = L/~ 5 N ’\'\ﬂ g2 0p-02 —|
> o ¥ - \ \
g 205 PO | oroza £
3 025 \jy\s 10
'ér 0op-02E
% . . 0 | T opo2a ]
60  —20  +20  +60  +100  +140 60 -20  +20 +60  +100  +140 60 -20 420 +60 4100 +140
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
OPEN-LOOP GAIN vs
POWER SUPPLY VOLTAGE CMRR vs FREQUENCY PSRR vs FREQUENCY
300 T 120 TTTT TTT 120 T
— ”;A f fg;‘x:z OP-02A & OP-02E Tanasc OP-02A & OP-02E
L= N 110 H V;\: 1 110 }— ‘..“l“
s 0P-02 & OP-02C "Illl.l
z 100 b CHL L HH 100 ot <] N
e : \ M pu
g P g9 Hk— LN | g g0 | oP-025 OPo2C N
-3 -4
5 / ool LI I NN LI L 8o [
2 100
) 70 Nl N L 70 |
N
60 L {1 - NI 60 |
\
0 50 L 1 L LIN 50 L| LN )
o 5 £10 +15 £20 1 10 100 1k 10k 100k 1 10 100 1k 10k 100k
POWER SUPPLY (VOLTS) FREQUENCY (Hz) FREQUENCY (Hz)
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er\ OP-02 GENERAL-PURPOSE OPERATIONAL AMPLIFIER

| CIOCL 4

TYPICAL PERFORMANCE CHARACTERISTICS

CLOSED-LOOP RESPONSE
MAXIMUM UNDISTORTED OPEN-LOOP FOR VARIOUS GAIN
OUTPUT vs FREQUENCY FREQUENCY RESPONSE CONFIGURATIONS

28 120 100
. T T i
§ 2‘ v:- £18V \ TA= 26°C 80 v:- 16V |
gzo g 8 Vg=t16Y T 5

2 T 60 N
= \ : N
\ g« g o
gu 7 \\ 3
g & 8 2] N\
5y § g
H \\ 0 g
1 o
° [ H -40 -20
1 10 100 1000 01 1.0 10 100 1k 10k 100k 1M 10M 0 100 tk 10k 100k M 10M
FREQUENCY (kHz) FREQUENCY (Hz2) FREQUENCY (Hz)
TYPICAL APPLICATIONS
HIGH-STABILITY VOLTAGE REFERENCE
R3 mA R2
S

VW
l 6.4kQ

—————0O vgyr = +10V
lzm out
9
> R1
>
1.8k2

z

v
T 6.4v

Veiie o R
out ‘(“T%)VZ

FOR A2 = 3.6k AND
R3 = 6.4k},

Vout = 16626V

IF Vz=6.4V, THEN
Vour = +10V

ABSOLUTE VALUE CIRCUIT
R3 R4 RS DESIGN EQUATIONS
10k 10k 10k
AAA AAA
VWA M
POSITIVE INPUT NEGATIVE INPUT
1. VA =0, D2 OFF, D1 ON 1. D10OFF, D20ON
—EINR3) /RS R3 RS ~EIN _VA . VA _
Poass 2 o= (=R )'(Ra)'Em%—aa 2 "Rt "Rz 'RI+RE
3 i H = +
10k 08 arror included: £0 = EIN * 2V0s 4 With R3 = R4 = R5: EQ = 1.6VA
(R2) (R3 + R4) (1.5) E\N
D2 5 Eo*-"Ri(Rz+R3+AA
FD3333 6. With R1 = R2=R3=R4: EQ=—EN
7. VoS error included:
EQ = —-EIN + 1.5V0s2 ~ 0.5Vps1
8. For both inputs: EQ = + [E|N|
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[\ OP-02 GENERAL-PURPOSE OPERATIONAL AMPLIFIER
{PMI)

TYPICAL APPLICATIONS

DAC-08 OUTPUT AMPLIFIER

T +16V
6.000kQ

+10V AA
REF-01 vy

6.0k

[

FOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE
LOGIC DAC) CONNECT NON-INVERTING INPUT OF OP-AMP TO
T0 (PIN 2), CONNECT o (PIN 4) TO GROUND,

|||.—-

INPUT/OUTPUT TABLE

B B2 B3 B4 B5 B6 B7 B8 IogmA Ep
FULL-SCALE
~1LSB 11 1 1 1 1 1 1 19892 -0.960
FULL-SCALE
~218B 11 1 1 t 1 1 0 1984 -9920
HALF-SCALE
+LSB 1 0 0 0 0 O 0 1 1008 -5040
HALF-SCALE 1t 0 0 0 0 O 0 O 1,000 -5.000
HALF-SCALE
_LSB o 1 1 1 1t 1 1 1 0892 -4.960
ZERO-SCALE
+LSB 0O 0 0 0O O O O 1 00008 -0.040
ZERO-SCALE 0 0 0 0 O O O O 0000 0.000

5-25
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| Precision Monolithics Inc.

OP-04/0P-14

DUAL MATCHED HIGH-PERFORMANCE
OPERATIONAL AMPLIFIERS

FEATURES pin-for-pin compatibility, ease of application, and low cost.
e Excellent DC Input Specifications Key specifications, such as Vgg, los, Is, CMRR, PSRR and
¢ Matched Vog and CMRR Avo, are guaranteed over the full operating temperature
e OP-14 Fits Standard 1458/1558 Sockets range. Precision Monolithics’ exclusive Silicon-Nitride “Triple
o Internally Compensated Passivation” process reduces “popcorn noise”. A thermally-
o Low Noise symmetrical input stage design provides low TCVgg, TClgs,
e Low Drift and insensitivity to output load conditions. This series is ideal
e Low Cost for upgrading existing designs where accuracy improve-
e 0°C/+70°C and -55°C/ +125°C Models ments are desired. For more stringent requirements, refer to
¢ Silicon-Nitride Passivation the OP-207, OP-220, or OP-221 dual-matched operational
* Models with MIL-STD-883 Class B Processing amplitier data sheets.
Available From Stock
PIN CONNECTIONS
ORDERING INFORMATION T ouT (A)
PACKAGE =N (A
Tp=25°C HERMETIC PLASTIC OPERATING +IN (A)
Vos TO-99 TO-100 DIP DIP TEMPERATURE v-
% 8-PIN 10-PIN 8-PIN 14-PI PIN ANG
(mv) PN N E RANGE 8-PIN HERMETIC DIP
0.75  OP14AJ* OPO4AK* OP14AZ* OPO4AY* MiL (Z-Suttix) OP-14
0.75 OP14EJ OP14EZ OPO4EY OP14EP COM &
20  OP14J* OPO4K' OP14Z* OPOAY* MIL 14-PIN HERMETIC DIP EPOXY MINI-DIP
2.0  OP14CJ OP04CK OP14CZ OP04CY OP14CP CcoM (Y-Suffix) (P-Suffix) OP-14
50  OP14BJ*OP04BK* OP14BZ* OP04BY* MiL OP-04 u
50  OP14DJ OP14DZ OP04DY OP14DP CcOoM 10 N.C. 8 v+
*For devices processed in total compliance to MIL-STD-883, add /883 after ouT (A) 1 7 OUT (B)
part number. Consult factory for 883 data sheet.
tAll commercial and industrial temperature range parts are available with SIN (A) 2 6 —IN (B)
burn-in. For ordering information see 1986 Data Book, Section 2.
+IN (A) 3 5 +IN (B)
GENERAL DESCRIPTION Sv-
The OP-04/0P-14 series of dual general-purpose operational TO-100 (K-Suffix) TO-99 (J-Suffix)
amplifiers provides significant improvements over industry- OP-04 OP-14
standard 747 and 1458/1558 (OP-14) types while maintaining
SIMPLIFIED SCHEMATIC (Each Amplifier)
"?1, Qz, a3 AVND Q4 FORM A TV#
R % J
?ﬂ?:ﬁ'ff&sc‘x&ﬁ'loumo a8 Qo A '\Q“
QUAD. 4
[ Q20
~IN O
R10
+IN 0 QUTPUT
Q4 2ZR6 a7
f‘ (4] a1 RO Ant
Loz { |Dl Q1g,
a1 Q11 ',\/‘913 Q21
'_ ¢ Qis ’
p. 2 < ' 5 &
3Rt ;; A3 $R2 RS SR7 SR8
BALANCE é BALANCE g V-
BALANCE ACCESSIBLE WITH OP-04 IN 14-PIN HERMETIC DIP ONLY.

5-26 1/86, Rev. A



[pm\ OP-04/0P-14 DUAL MATCHED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

LM T Y4
ABSOLUTE MAXIMUM RATINGS (Note 2)
Supply Voltage ........coovviviiveiiieneneennnnnn. *22V
Internal Power Dissipation (Note 1) .............. 500mW Mﬁ’gx:&ﬂ&'&“ Mffl?“:};f :‘;g:’:m
Differential Input Voltage .......................... +30V FOR RATING TEMPERATURE
Input Voltage ............coocviiiinnnnnn. Supply Voltage TePn R CDIP (Y
Output Short-Circuit Duration ................. Indefinite 0,;._24 ermetie DI (V) 100°C 10.0mw/°C
Storage Temperature Range o1
J, K, Y, and Z Packages ............. -65°C to +150°C 0;_32 Y 80°C 7.1mW/°C
PPackage .............ciiiiiiinnn, -65°C to +125°C
Lead Temperature Range (Soldering, 60 sec) ...... 300°C TO-99 (J) OP-14 80°C 71mwW/°C
Operating Temperature Range 8-Pin Hermetic DIP (Z) . o
A, Plain, B-SUMiX ................... ~55°C to +125°C oP-14 e 87mwrC
E,C,D-Suffix ........cooiiiiiiiiii... 0°C to +70°C 8-Pin Plastic DIP (P) . .
DICE Junction Temperature (Tj) ....... ~65°C to +150°C OP-14 sec 56mW/eC

NOTES:

1. See table for maximum ambient temperature rating and derating factor. otherwise noted.

MATCHING CHARACTERISTICS at Vg = +15V, Ta = 25°C, unless otherwise noted.

2. Absolute maximum ratings apply to both packaged parts and DICE, unless

OP-04A OP-04E
OP-14A OP-14E

OP-04 OP-04C
OP-14 OP-14C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage

Match AVog Rg < 20kQ - 0.3 1 — 1 2 mv

Common-Mode Rejection
=+ < — —
Ratio Match ACMRR Vem =110V, Rg < 1000 94 106 94 106 dB
MATCHING CHARACTERISTICS at Vg =+ 15V, -55°C < T < +125°C for OP-04A, OP-14A, OP-04 and OP-14,
0°C < To < 70°C for OP-04E, OP-14E, OP-04C and OP-14C, unless otherwise noted.
OP-04A OP-04E OP-04 OP-04C
OP-14A OP-14E OP-14 OP-14C
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP MAX UNITS
Input Offset Voltage

Match AVog Rg < 20k 0.5 15 15 3 mv
Common-Mode Rejection _

Ratio Match ACMRR Vem = 210V, Rg < 1000 90 100 90 100 — dB
ELECTRICAL CHARACTERISTICS (Each Amplifier) at V5= £ 15V, To = 25°C, unless otherwise noted.

OP-04A/0P-14A OP-04/0P-14 OP-04B/OP-14B
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vg Rg < 20k — 03 075 — 1 2 — 3 5 mv
Input Offset Current los — 0.5 5 — 1 5 — 5 25 nA
Input Bias Current lg — 18 50 — 20 75 — 30 100 nA
Input Resistance —

Differential-Mode Rin (Note 3) 2.0 75 - 1.35 7 — 1 5 - MQ
Input Voltage Range IVR *+10 *13 — *10 +13 - +10 +13 — Vv
Common-Mode Vem=£10V

Rejection Ratio CMRR R < 20k 85 100 80 95 70 85 dB
Power Supply Vg= %5V to £20V

Rejection Ratio PSRR Rg < 20k 10 60 30 100 100 150 uV/vV
Output Voltage Swing Vg R =2kQ +12 +13 — *12 +13 — +12 +13 — A

1/86, Rev. A
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BT\ OP-04/0P-14 DUAL MATCHED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS
{PMI)
ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vg = =15V, T = 25° C, unless otherwise noted. (Continued)
OP-04A/OP-14A OP-04/0P-14 OP-04B/OP-14B
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP  MAX MIN TYP  MAX UNITS
Large-Signal Ry =2kQ _
Voltage Gain Avo Vo= £10V 100 250 50 200 25 200 V/mV
Power Consumption _
(Note 2) Py Vo=0V 50 90 50 90 - 50 90 mw
Input Noise Voltage €np-p 0.1Hz to 10Hz — 0.65 - — 0.65 - - 0.65 - #Vpp
fo=10Hz - 25 - - 25 - - 25 —
";;'ﬁs';mse Voltage 1= 100Hz - 2 - - 22 - - 2 - Wiz
Y o= 1000Hz - 21 - - 21 — - 21 -
Input Noise Current I‘EE‘P 0.1Hz to 10Hz - 12.8 - —_ 12.8 - - 12.8 — pAp_p
. fo=10Hz — 1.4 - - 1.4 - - 1.4 -
";‘;'s::mse Current fo= 100Hz - o7 - - 07 - - o7 — pANTZ
Y f= 1000Hz — 04 - - 04 - - o4 -
Channel Separation [e1:] 100 — — 100 - — 80 — — dB
Ry = 2k0),
Slew Rate (Note 1) SR Gy = 100pF 0.25 0.5 0.25 0.5 0.25 0.5 - V/us
Large-Signal _
Bandwidth (Note 1) Vo=20Vpp 4 8 4 8 4 & - kHz
Closed-Loop _
Bandwidth (Note 4) BW Ayg =110 10 13 -— 1.0 13 - 1.0 13 —_ MHz
) Ay=+1,Viy=80mVp., _ _
Risetime (Note 1) ty R, =2k, O, = 50pF 260 350 260 350 260 350 ns
Ay=+1, Vjy=50mV_
t PP - -
Overshoot (Note 1) os R, = 2k0, O, = 50pF 5 10 5 10 5 10 %
ELECTRICAL CHARACTERISTICS-(Each Amplifier) at Vs = +15V, -55°C < Tp < +125°C, unless otherwise noted.
OP-04A/0P—14A OP-04/0P-14 OP-04B/OP-14B
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP  MAX MIN TYP  MAX  UNITS
Input Offset Voltage Vos Rg =20k - 0.4 1.5 - 1.2 3 — 3 6 mv
Average Input Offset
= - - 4 10 — 0
Voltage Drift (Note 1) TCVos Rs =500 2 8 8 B wvree
Input Offset Current los - 1 10 — 2 10 — 10 50 nA
Average Input Offset
- g - 15 250 _ 70 5 °
Current Drift (Note 1) TClos 8 120 0 pASC
Input Bias Current g — 30 60 —_ 40 100 - 50 200 nA
Input Voltage Range IVR +10 +13 — +10 *13 —_ *10 +13 — Vv
Common-Mode Vem =110V
1 - 80 95 - 70 85 - B
Rejection Ratio CMRR Rg <20k} 8 00 d
Power Supply Vg =%5V to £20V
- - 0 10 - 1
Rejection Ratio PSRR Rg < 20k 0 &0 8 0 o0 150 wn
Large-Signal R =2k
— 5 60 - 25 60 — V/mv
Voltage Gain Avo Vo =10V s 10 2 "
Output Voltage Swing Vo R =2k +12 +13 — +12 +13 - +10 *13 - A
NOTES:

1. Sample tested.

2. Power dissipation per amplifier.

3. Guaranteed by input bias current.
4. Guaranteed by maximum risetime.
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]Fl\'/‘["i\ OP-04/0P-14 DUAL MATCHED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

SRy

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vg = £15V, Tp = 25°C, unless otherwise noted.

OP-04E/OP-14E OP-04C/OP-14C OP-04D/OP-14D
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos Rg < 20kQ — 03 0.75 — 1 2 — 3 5 mv
Iinput Offset Current los - 05 5 — 1 5 — 5 25 nA
Input Bias Current Ig — 18 50 — 20 75 — 30 100 nA
Input Resistance —

Differential-Mode Rin (Note 3) 20 75 - 1.35 7 — 1 5 -— MQ
Input Voltage Range IVR +10 +13 -— *10 *13 — *10 *13 - v
Common-Mode Vem==%10V

100 — 80 95 — 70 8 —

Rejection Ratio CMRR Rg<20kQ 8 5 d8

Power Supply Vg=*5V to £20V
— —_ 0 1 —_

Rejection Ratio PSRR Rg < 20kQ 10 8 3 00 1o 150 W
Output Voltage Swing Vg Ry 2 2kQ *12 *13 - £12 +13 - +12 *13 - v
Large-Signal RL22k0

Voltage Gain Avo Vo=£10V 100 250 50 200 25 150 V/mv
Power Consumption

= _ — 0 —_
(Note 2) Pq Vo=0V 50 90 5 90 50 90 mw
Input Noise Voltage enp-p 0.1Hz to 10Hz — 0.65 - - 0.65 - - 0.65 — #Vp-p
’ fo=10Hz - 25 - - 25 - - 25 -
"I‘D"e‘:s';?”e Voltage fo= 100Hz - 2 - - 22 - - 22 — nWHz
Y fo = 1000Hz - 21 - - 21 - - 21 -
Input Noise Current Inp-p 0.1Hz to 10Hz - 12.8 - — 12.8 — —_ 12.8 — PAp-p
fo=10Hz - 1.4 - - 1.4 - — 14 -
"I'Dp:':s';°"° Current fo = 100Hz - o7 - - 07 - - o7 — pANFE
4 fo= 1000Hz — 04 - - 0.4 - - 04 -
Channel Separation Ccs 100 —_ - 100 - — 80 - - dB
Slew Rate (Note 1) SR R_=2kQ, C = 100pF 0.25 0.5 - 0.25 0.5 - 0.25 0.5 - V/us
Large-Signal
= - 4 8 - 4 —

Bandwidth (Note 1) Vo=20p-p ¢ 8 8 kHz

Closed-Loop
=+ . K - E E - . - -
andwidth (Note 4) B AycL=+1 0.8 1.3 0.8 1.3 0.8 1.3 MHz
_— Ay =+1, Vjy=50mV _ _ _
Risetime (Note 1) t, R, = 2kQ, C, = 50pF 260 350 260 350 260 350 ns
Ay=+1, Vjy=50mV
- 5 1 - 5 10 -_
Overshoot (Note 1) os R, = 2k, C, = 50pF 0 5 10 %
NOTES:
1. Sample tested.
2. Power dissipation per amplifier.
3. Guaranteed by input bias current.
4, Guaranteed by maximum risetime.
5-29 1/86, Rev. A
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[BnT\ OP-04/0P-14 DUAL MATCHED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS
{PMI)

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vg= =15V, 0°C < Ta < +70°C, unless otherwise noted.

OP-04E/OP-14E OP-04C/OP-14C OP-04D/OP-14D

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP  MAX MIN TYP  MAX UNITS
Input Offset Voltage Vos Rg < 20k0 - 0.4 1.5 - 1.2 3 - 3 6 mv
Average Input Offset _ _ o

Voltage Drift (Note 1) TCVos R =500 2 8 4 10 8 20 uv/°Cc
Input Offset Current los — 1 10 — 2 10 — 10 50 nA
Average Input Offset _ _ o

Current Drift (Note 1) TClos 7.5 120 15 250 70 500 pA/°C
Input Bias Current g — 30 60 — 40 100 - 50 200 nA
Input Voltage Range IVR *10 *13 - £10 *13 - £10 +13 - v
Common-Mode Vem==x10V

Rejection Ratio CMRR po <20k g w00 & 9 08 8
Power Supply Vg=*5V to 20V _ _ _

Rejection Ratio PSRR Rg < 20k02 10 60 30 100 100 150 uIN
Large-Signal R =2kQ _ _ _

Voltage Gain Avo Vo=t10v 50 100 25 60 15 25 V/imv
Output Voltage Swing Vg R =2kQ *12 +13 — *12 *13 - +10 +13 — \
NOTES:

1. Sample tested.

2. Power dissipation per amplifier.

3. Guaranteed by design.

BURN-IN CIRCUIT (1/2 of OP-04, OP-14) OFFSET ADJUST CIRCUIT

+20V

~20v

PIN NUMBERS ARE FOR “Y" PACKAGE ONLY.

5-30 1/86, Rev. A



[T\ OP-04/0P-14 DUAL MATCHED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

{PMI)-

M

DICE CHARACTERISTICS

1. INVERTING INPUT (A)
2. NONINVERTING INPUT (A)
3. BALANCE (A)
4 v-

5. BALANCE (B)
6. NONINVERTING INPUT (B)
7. INVERTING INPUT (B)

oP-14

8. BALANCE (B)

9. V+

10. OUTPUT (B)

1. v+

12. OUTPUT (A)

13. v+

14. BALANCE (A)

NOTE: 9, 11 and 13 are internally connected.

OP-04

DIE SIZE 0.080 X 0.050 inch, 4000 sq. mils
(2.03 X 1.27 mm, 2.58 sq. mm)

For additional DICE information refer to -
1986 Data Book, Section 2.

NomnbswoN

INVERTING INPUT (A)

8.
NONINVERTING INPUT (A) 8. V+

BALANCE (A)
V-
BALANCE (B)

. BALANCE (B)

(B)

10. OUTPUT (B)

11. NO CONNECTIONS
12. OUTPUT (A)

NONINVERTING INPUT (B)  13. V+

INVERTING INPUT (B)

(A)
14. BALANCE (A)

WAFER TEST LIMITS at Vg= = 15V, T = 25°C, unless otherwise noted.

OP-04N OP-04G
) OP-14N OP-14G OP-14GR
PARAMETER SYMBOL CONDITIONS LIMIT LMt LMIT UNITS
Input Offset Voltage Vos Rg<20kQ 0.75 2 6 mV MAX
Input Offset Voltage
Match AVog Rg < 20k 1 2 — mV MAX
Input Offset Current los 5 5 200 nA MAX
Input Bias Current Ig 75 500 nA MAX
Input Voltage Range IVR *10 +10 +10 V MIN
Common-Mode Vem=10V
Rejection Ratio CMRR Rg < 20kQ 85 0 70 dB MIN
Common-Mode Rejection Vem =110V
94 94 —
Ratio Match ACMRR Rg < 10001 dB MIN
Power Supply Vg =15V to +20V
P 60 100 150 V,
Rejection Ratio SRR Rg < 20kQ #V/V MAX
. Ry 2 10k +12 12
Output Voltage Swing Vo R = 2k 12 12 V MIN
Large-Signal R = 2kQ
Voltage Gain Avo Vo=%10V 100 % % V/mV MIN
Power Consumption
= 170 180
(Both Amplifiers) Py Vour=0 170 mWMAX
Channel Separation Cs 100 100 — dB MIN

NOTE:

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg= %15V, Tp = 25°C, unless otherwise noted.

OP-04N OP-04G
OP-14N OP-14G OP-14GR
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS
Ay=+1
- Vi =50mV
2
Risetime ty AL =2k 200 00 200 ns
C_=50pF
Ay=+1
Vin=50mV
Overshoot os R, = 2k 5 5 5 %
C, =50pF
RL= 2k
Slew Rate SR Cy = 100pF 0.25 0.25 V/us MIN
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[On/rT\ OP-04/OP-14 DUAL MATCHED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS
{PMI)

TYPICAL PERFORMANCE CHARACTERISTICS (Each Ampiifier)

UNTRIMMED OFFSET VOLTAGE

vs TEMPERATURE

126 T T T
E [ vs=t15V
£ 150 — Rg=500
3 —
< E 0P-04 ]
5126 op-14
g ]

0OP-04C
& 100 op-14C
™
™
S
& 075 [~4
w 0P-04A
3 OP-04E ] OP-14A
g 080 OP-14E "
I
g 025
< 0
—60  -20  +20  +60  +100  +140

TEMPERATURE (°C)

OPEN-LOOP GAIN vs
POWER SUPPLY VOLTAGE

%0 T
——t TA = 26°C
RL = 10k
s Pl
£ Py
; 200 —7
s )
g /
g 100
&
0
0 6 £10 +16 120
POWER SUPPLY (VOLTS)
INPUT SPOT NOISE
VOLTAGE vs FREQUENCY
1000 =

1
U, ST I

L L LT

'VOLTAGE NOISE DENSITY (nV//Hz)

. II|I|I|I|IIIIII||IIII||

001 010

1000

|||III|||I

FREOUENOV (Hz)

INPUT OFFSET CURRENT
vs TEMPERATURE

25

/

-
o
4

0P-04C -

INPUT OFFSET CURRENT (nA}

< oP.04
\ \m OP-14
N op0aE T
OP-14E
05 -
or0anl” |
0 OP.14A
80 20  +20  +60  +100  +140
TEMPERATURE (°C)
PSRR vs FREQUENCY
120
OP-04A & OP-04E
OP-14A & OP-14E
Ta=26°C

1 0 100 &
FREQUENCY (Hz)

INPUT SPOT NOISE
CURRENT vs FREQUENCY

CURRENT NOISE DENSITY (pA4/Hiz)

S s
IIII|I||IIIIIIIlIIiIIIIIII)IIIIHIIIIIIIIIIII

0.01 0.10 1.0 10 100 1000
FREQUENCY (Hz)

0.1

INPUT BIAS CURRENT
vs TEMPERATURE
70
60
k]
E 60
w
g a0
g
-Eed op.04C
SN 0P14C {— opos
g 20 ~ oP-14
H ] )
10 OP-04E
oP-14€ | 4
0 | OP-04A/OP-14A | *
—60  -20  +20 +60  +100  +140
TEMPERATURE (°C)
CMRR vs FREQUENCY
120 [ op 0aA & OP.0AE i
OP-14A & OP-14E
110 vg =16V |1
TA = 25°C
100 L
RN HU
-3
®
g 80 A
70 -4
] N
N
5 L[N

1k 10k 100k
FREQUENCY (Hz)

INPUT WIDEBAND NOISE vs
BANDWIDTH (0.1Hz TO
FREQUENCY INDICATED)

-

L LLILE
S
T vg=stgy
[T ta=26°C

0.1 1.0 10 100
BANDWIDTH (kHz)
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W OP-04/0OP-14 DUAL MATCHED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

|

TYPICAL PERFORMANCE CHARACTERISTICS (Each Ampilifier)

OPEN-LOOP GAIN
vs TEMPERATURE
300 [
V=115V -
250
5 /r/ N
£ 20—
A AN
8 150
g \
E 100 \\
&
50
0
—60 20 420 460 4100  +140
TEMPERATURE (°C)
MAXIMUM UNDISTORTED
OUTPUT vs FREQUENCY
28
. T
g e
§2o
ge
g
12
\
S
N
4
§ m
0
1 10 100 1000
FREQUENCY (kHz)
POWER CONSUMPTION
vs POWER SUPPLY
1000 . =
Ta=26°C 3
i
g 10
g =
g 10 L
g
10

0 20 L) 60
TOTAL SUPPLY VOLTAGE, V+ TO V=~ (VOLTS)

OPEN-LOOP
FREQUENCY RESPONSE

A

80

\ Vs =215V

\ TA=26°C ~)

40

OPEN LOOP GAIN (dB)

N

N\

0.1

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

OUTPUT VOLTAGE vs
LOAD RESISTANCE

H

-
~

T T T T T TITTT
Ta=25°C POSITIVE SWING
Vg =16V

N

= |
H NEGATIVE SWING

4

OUTPUT SWING (VOLTS)
@ ©

»

7

)

e

1.0 10
LOAD RESISTANCE TO GROUND (kS2)

POWER CONSUMPTION
vs TEMPERATURE

60

LI
Vg =116V

\ oroaa
OP-14A
\N

\

N

N oro4

0
Qv-u

-20 +20 +60 +100 +140
TEMPERATURE (*C)

CLOSED LOOP GAIN (dB)
8 8

o

CLOSED-LOOP RESPONSE
FOR VARIOUS
GAIN CONFIGURATIONS

l

Vg =115V
Ta=25°C

N

N

10 100 ok 10k 100k M 1M
FREQUENCY (Hz)
INPUT RESISTANCE
vs TEMPERATURE
=
>

INPUT RESISTANCE (MR2)

OQUTPUT SHORT CIRCUIT CURRENT (mA)
3

-20 +20 +60 +100 +140
TEMPERATURE (*C)

OUTPUT SHORT-CIRCUIT
CURRENT vs TIME

T 1
Ta = 26°C
Vg =16V

D VIN(PIN 3) = =10mV, Vo = +16V ]
@ VIN(PIN 3) = +10mV, Vo = =18V

= =

0 1 2 4
TIME FROM OUTPUT BEING SHORTED (MINUTES)
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OP-05

INSTRUMENTATION
OPERATIONAL AMPLIFIER

FEATURES

® lowNoise ................. 0.6.Vp-p Max, 0.1 to 10Hz
® Low Drift vs. Temperature .............. 0.5uV/° C Max
® LowDriftvs.Time .................. 0.2uV/Month Typ
® lowBiasCurrent ................. veee.. 2.0nA Max
® HighCMRR ..... P Ceeeaee +ev... 114dB Min
® HighPSRR ............cciiiivvvnnns ... 100dB Min
® High Gain ..... et e 300,000 Min
® High R,y Differential ...................... 30MQ Min
® HIghRINCM ...t 200G() Typ
® Internally Compensated . ......... Stable to 500pF Load
® Fits 725, 108A and 741 Sockets

® 125°C Temperature Tested Dice

ORDERING INFORMATION{

PACKAGE
HERMETIC
Tp-25°C o PLASTIC  OPERATING
VosMAX  TO-99 DIP  TEMPERATURE
(mv)  8-PIN 8-PIN  14-PIN  B8-PIN RANGE
015  OPO5AJ* OPOSAZ* OPOSAY" MIL
05  OPOSJ*  OPOSZ*  OPOSY* MIL
05  OPOSEJ OPOSEZ  OPOSEY  OP-OSEP coMm
13 OPOSCJ OPOSCZ OPOSCY  OPOSCP CoM

*For devices processed in total compliance to MIL-STD-883, add /883 after
part number. Consult factory for 883 data sheet.

tAIll commercial and industrial temperature range parts are available with
burn-in. For ordering information see 1986 Data Book, Section 2.

GENERAL DESCRIPTION

The OP-05 series of monolithic instrumentation operational
amplifiers combine excellent performance in low-signal-level
applications with the simplicity of use of a fully-protected,
internally-compensated op amp. The OP-05 has low input offset

voltage and bias current combined with very high levels of gain,
input impedance, CMRR, and PSRR.

The OP-05is adirect replacement in 725, 108A, and unnulled 741
sockets allowing instant system performance improvement
without redesign. The OP-05 is an excellent choice for a wide
variety of applications including strain gauge and thermocouple
bridges, high-gain active filters, buffers, integrators, and sample-
and-hold amplifiers. For dual-matched versions, refer to the
OP-207 and OP-10 data sheets.

PIN CONNECTIONS
VosTRIM 3
N2 6 0UT
N3 5 N.C. EPOXY MINI-DIP
VA(K:ASE) (P-Suffix)
&
TO-99 8-PIN HERMETIC DIP
(J-Suffix) (2-Suffix)

14-PIN HERMETIC DIP
(Y-Suffix)*

*This package not
recommended for
new designs.

SIMPLIFIED SCHEMATIC
v+ 1 '
R2A ALV S R2B
d NyLL_ _NyLL 1 =c1 D 0]
R1A o R1B
POT l
Vas 10}
1 8% el
a8 +—Fan 2 o
%) 04 ;
NON a TG a7
m;/g}mue RS Q16
a26
D Q15
Q25
INVERTING \ S 1 g <5 R6
€ a13
. ¥
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BT\ OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

{PMI)-

ABSOLUTE MAXIMUM RATINGS (Note 3) NOTES:
Supply Voltage +292V 1. See table for maximum ambient temperature rating and derating factor.
Internal Power Dissipation (Note 1) .............. 500mW MAXIMUM AMBIENT DERATE ABOVE
Differential Input Voltage ... P o< 1)V} TEMPERATURE MAXIMUM AMBIENT
Input Voltage (Note2) .............ccvvvvivnnnn... 222V PACKAGE TYPE FOR RATING TEMPERATURE
Output Short-Circuit Duration ................. Indefinite TO-99 (J) 80°C 7.1mW/°C
Storage Temperature Range N R 14-Pin Hermetic DIP (Y) 100°C 10.0mW/°C

"],’ :;:::gi Packages ................ :ggag :g I}gg"g 8-Pin Hermetic DIP (2) 75°C 6.7mW/°C
Operating Temperature Range . 8-Pin Plastic DIP (P) 36°C 5.6mW/°C

OP-05A,0P-05 ............ e ... —55°Cto+125°C 2. For supply voltages less than £22V, the absolute maximum input voltage is

OP-05E, OP-05C .vv.... 0°Cto+70°C
Lead Temperature Range (Soldering, 60 sec) ...... 300°C
DICE Junction Temperature ........... -65°C to +150°C

equal to the supply voltage.
3. Absolute maximum ratings apply to both packaged parts and DICE, unless
otherwise noted.

ELECTRICAL CHARACTERISTICS at Vg = £15V, To = 25°C, unless otherwise noted.

OP-05A OP-05
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos — 007 0.15 — 02 05 mv
Long-Term Input Offset ’

Voltage Stability AVpg/Time  (Note 1) 0.2 1.0 0.2 1.0 uV/Mo
Input Offset Current los - 07 20 — 10 28 nA
Input Bias Current g — *07 =*20 — *10 %3.0 nA
Input Noise Voltage (Note 2) €np-p 0.1Hz to 10Hz — 035 0.6 — 035 0.6 wo-p

. " fo=10Hz — 103 180 — 103 180

'"";": N: ise Voltage Density en fo= 100Hz — 100 130 — 100 130 v/ Hz

(Note 2) fo = 1000Hz — 96 110 — 96 110
Input Noise Current .

— 4 30 - 14 30 Ap-

(Note 2) inp-p 0.1Hz to 10Hz 1 PAp-p

. . fo=10Hz — 032 080 — 032 080
o Noise Gurrent Density in o= 100Hz — 014 023 — 014 023 pA/\/Fiz
(Note 2) fo = 1000Hz — 012 047 — 012 017
Input Resistance —
Differential-Mode Rin {Note 3) % & - 20 & - Ma
Input Resistance —
Common-Mode Rincm - 20 - - 200 - Go
Input Voltage Range IVR +13.5 *14.0 - +13.5 £14.0 — \"
Common-Mode Rejection Ratio CMRR Vem=*13.5V 14 126 - 14 126 - dB
Power Supply Rejection Ratio PSRR Vg=%3Vto +18V — 4 10 — 4 10 uV/V
R = 2kQ, Vo=110V 300 500 - 200 500 -
G : =+

Large-Signal Voltage Gain Avo R =5000, Vo =%0.5V 150 500 _ 150 500 _ V/imv
Vg =3V (Note 3)
R = 10kQ +125 £13.0 - *125 *13.0 -

Output Voltage Swing Vo RL = 2kQ +12.0 +12.8 — +12.0 *128 - "
R =1k +10.5 £12.0 - +10.5 £12.0 -

Slewing Rate (Note 2) SR R =2kQ 0.1 03 - 0.1 0.3 - V/us

Closed-Loop Bandwidth _

(Note 2) BW AycL=+1.0 04 06 04 06 - MHz

Open-Loop Output Resistance Ro Vo=0,1p=0 - 60 - - 60 - a
. No load — 90 120 —_ 90 120

Power Consumption Py Vg =3V, No load _ 4 6 _ 4 s mw

Offset Adjustment Range Rp = 20k2 — 4 — — 4 — mV

NOTES:

1. Long-term input offset voltage stability refers to the averaged trend line
of Vogvs. Time over extended periods after the first 30 days of operation.
Excluding the initial hour of operation, changes in Vog during the first 30

operating days are typically 2.5uV. Refer to typical performance curve.
2. Sample tested.
3. Guaranteed by design.

1/86, Rev. A
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— T\ OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER
{PMI)
ELECTRICAL CHARACTERISTICS at Vg =+15V, -55°C < Ta < +125°C, unless otherwise noted.

OP-05A OP-05

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Input Offset Voitage Vos — 010 024 — 03 07 mv

Average Input Offset Voltage

Drift Without External Trim TCVos (Note 2) - 03 09 - 07 20 VG
With External Trim TCVosn Rp=20k{) (Note 3) — 02 05 — 03 10 ®

Input Offset Current los — 1.0 40 — 18 56 nA

A;:ir:ge Input Offset Current TClos (Note 2) _ 5 25 _ 8 50 pAC
L Input Bias Current Ig — 1 %4 —  *2 *6 nA

Auerage Input Bias Gurrent TClg (Note 2) - 8 2 N ) PASC
‘ Input Voltage Range IVR +13.0 *13.5 - +13.0 135 - \
‘ Common-Mode Rejection Ratio CMRR Vem=£13.0V 110 123 —_ 10 123 - dB

Power Supply Rejection Ratio PSRR Vg=£3V to £18V — 5 20 - 5 20 wNV

Large-Signal Voltage Gain Avo R =2k, Vo =%10V 200 400 -_ 150 400 - V/mV

Output Voitage Swing Vo R_22k0 +12.0 *126 - +12.0 *12.6 - v

ELECTRICAL CHARACTERISTICS at Vg = 115V, Tp = 25°C, unless otherwise noted.

OP-05E OP-05C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS
Input Offset Voltage Vos — 02 05 — 03 13 mvV
Long-Term Input Offset
Voltage Stabllity AVpg/Time  (Notes 1, 2) 0.3 15 0.4 2.0 uV/Mo
Input Offset Current los — 1.2 3.8 - 1.8 6.0 nA
Input Bias Current Ig — %12 *40 — *18 70 nA
Input Noise Voltage (Note 2) ©np-p 0.1Hz to 10Hz — 035 0.6 — 038 065 #p-p
fo=10Hz — 103 180 — 105 200

:’;“;‘g 2)°'s° Voltage Density en fo = 100Hz — 100 130 — 102 135 N
fo=1000Hz -_ 96 11.0 -— 98 115

Input Noise Current (Note 2) inp-p 0.1Hz to 10Hz - 14 30 - 15 35 PAp-p
fo=10Hz — 032 080 — 035 0.90

s 5@ Current Density in fo=100Hz — 014 023 - o015 027 pANFZ
fo=1000Hz — 012 017 — 013 0.18

Input Resistance —

Differential-Mode Ain (Note 3) w80 - 8 B - Ma
Input Resistance —

Common-Mode Rincu - w0 - - - Go
Input Voltage Range IVR *13.5 %140 - +13.0 £14.0 - v
Common-Mode Rejection Ratio CMRR Vem =£13.5V 10 128 - 100 120 - dB
Power Supply Rejection Ratio PSRR Vg=%3Vto 18V _ 5 20 - 7 32 wVIV

RL=2kQ, Vo =10V 200 500 - 120 400 —
Large-Signal Voltage Gain Avo R 25000, Vo= £0.5V _ V/mV
Vs £3V (Note 3) 150 500 100 400
Ry =10k +12.5 +13.0 - +12.0 +13.0 -
Output Voltage Swing Vo RL=2k0 +12,0 +12.8 - +11.5 *12.8 - v
R =1k *10.5 =120 - — *12.0 -
Slewing Rate (Note 2) SR R =22k 0.1 0.3 - 0.1 0.3 — V/us
Closed-Loop Bandwidth _

(Note 2) BW AyeL=+1.0 04 06 04 06 — MHz

Open-Loop Output Resistance Ro Vo=0,10=0 —_ 60 - - 60 — o)
. No load _ 90 120 - 95 150

Power Consumption Py Vg =3V, No load _ 4 6 _ 4 s mw

Offset Adjustment Range Rp =20k — 4 — - 4 - mV

NOTE: See notes on previous page.
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BT\ OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

(PMI)

ELECTRICAL CHARACTERISTICS at Vg =15V, 0°C < To < +70°C, unless otherwise noted.

OP-05E OP-05C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos — 025 0.6 — 035 16 mvV
Average Input Offset Voltage

Drift Without External Trim TCVos (Note 2) - 07 20 — 13 45 VPG b

With External Trim TCVosn Rp=20kQ) (Note 3) — 02 06 — 04 15 s P
Input Offset Current los — 14 53 — 20 80 nA
{
f: i
A::i':ge Input Offset Current TClos (Note 2) - 8 35 — 12 50 PA/°C i
Input Bias Current g — *15 55 — %22 +9.0 nA
A;:i'zge Input Bias Current TClg (Note 2) - 138 35 — 18 50 pA/°C
)

Input Voltage Range IVR +13.0 £13.5 — / *+13.0 *135 - v
Common-Mode Rejection Ratio CMRR Vem=£13.0V 107 123 — 97 120 — dB 2 |
Power Supply Rejection Ratio PSRR Vg =13V to 18V — 7 32 — 10 51 pV/V = ‘
Large-Signal Voltage Gain Avo R =2kQ, Vo=%10V 180 450 —_ 100 400 - V/mV
Output Voltage Swing Vo R_=2k0 +120 *12.6 —_ *+11.0 £126 - \
NOTES:
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line

of Vog vs. Time over extended periods after the first 30 days of operation.
Excluding the initial hour of operation, changes in Vog during the first 30
operating days are typically 2,5uV. Refer to typical performance curve.
Sample tested.

Guaranteed by design.

OPERATIONAL AMPLIFI
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BT\ OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

(PMI)
DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

1. BALANCE

2. INVERTING INPUT

3. NONINVERTING INPUT
4. V-

5. NO CONNECTION

6. OUTPUT

7. V+

8. BALANCE

For additional DICE information refer to
1986 Data Book, Section 2.

DIE SIZE 0.100 X 0.051 inch, 5100 sq. miis
(2.54 X 1.30 mm, 3.29 sq. mm)

WAFER TEST LIMITS at Vg= =15V, To=25°C for OP-05N, OP-05G and OP-05GR devices; Tp = 125°C for OP-05NT and
OP-05GT devices, unless otherwise noted.

OP-05NT OP-05N OP-05GT OP-05G OP-05GR

PARAMETER SYMBOL CONDITIONS LIMIT LiMIT LIMIT LIMIT LIMIT UNITS
Input Offset Voltage ~ Vpg 0.25 0.15 0.7 0.5 1.3 mVMAX
Input Offset Current  Iog 4.0 2.0 5.7 3.8 6.0 nA MAX
Input Bias Current Ig +4 *2 *6 *4 *7 nA MAX
Input Resistance

Differential Mode Rin (Note 2) - 20 15 8 MOMIN
Input Voltage Range  IVR +13.0 +13.5 +13.0 +13.5 £13.0 V MIN
Common-Mode Vom==13.5V at +25°C

114 110 1"

Rejection Ratio CMRR Vom=%13.0at +125°C o 0 100 dBMIN
Power Supply PSRR  Vg=3Vto+18V 20 10 20 20 30 WUV MAX

Rejection Ratio

R_=10kQ e +12.5 - +12.5 *12.0
Output Voltage Swing Vo R =2k +12.0 +12.0 +12.0 +12.0 +11.5 V MIN
R =1k - *10.5 - +10.5 -
Large-Signal R =2k
150 200 1

Voltage Gain Ao yg=xtov 200 200 20 V/mVMIN
Differential Input +30 +30 +30 +30 £330 VMAX

Voltage
Power Consumption Py Vour =0V — 120 - 120 150 mW MAX
NOTES:
1. For 25°C characteristics of NT & GT devices see N & G characteristics 2. Guaranteed by design.

respectively.

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at V5= 115V, Ty = +25°C, unless otherwise noted.

OP-05NT OP-05N OP-05GT OP-05G  OP-05GR
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL  UNITS

Average Input

Offset Voltage Drift ' CUos ~ Rs=500 03 03 07 07 12 awee
Nulled input

Offset \;’oltage Drit  CVosn Rs =500, Ry =20ka 0.2 0.2 0.3 03 0.4 BwV°C
Average Input

Offset Current Drift ' ©'05 5 5 8 8 12 pA/°C
Slew Rate SR R_= 2k 0.3 0.3 03 0.3 0.3 V/us
C';ZZ‘;L‘;‘:: BW AveL=+1 056 06 06 06 06 MHz
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(PMD)

TYPICAL PERFORMANCE CHARACTERISTICS

TRIMMED OFFSET

VOLTAGE vs TEMPERATURE
s [ o o e L
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w 2 \ ///
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TYPICAL PERFORMANCE CHARACTERISTICS
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gy
TYPICAL PERFORMANCE CHARACTERISTICS
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BT\ OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

{PMI)
FSET NULLING CIRCUIT

NOTE: PIN OUTS SHOWN FOR J, P, AND Z PACKAGES.

BURN-IN CIRCUIT

OUTPUT
O

NOTE: PIN OUTS SHOWN FOR J, P, AND Z PACKAGES.

APPLICATIONS INFORMATION

OP-05 series devices may be fitted directly to 725 and
108/108A Series sockets with or without removal of external
compensation components. Additionally, the OP-05 may be
fitted to unnulled 741 series sockets. However, if conventional
741 nulling circuitry is in use, it should be modified or
removed to enable proper OP-05 operation. The OP-05
provides stable operation with load capacitance of up to
500pF and +10V swings; larger capacitances should be
decoupled with a 50} resistor.

Offset stability can be degraded by stray thermoelectric
voltages arising from dissimilar metals at the contacts to the
input terminals. Best operation will be obtained when both
input contacts are maintained at the same temperature,
preferably close to the temperature of the device's package.

TYPICAL APPLICATIONS

STABLE, HIGH-IMPEDANCE BUFFER

SR = 0.25V/usec
$ )
o /

2y = 200G QUTPUT NOISE = 0364V P-P TYP

2
=200 x 10°Q OUTPUT OFFSET = 0.2mV TYP
Iy = £1.0nA BANDWIDTH = 800kHz

HIGH IMPEDANCE, HIGH COMMON-MODE REJECTION
INSTRUMENTATION AMPLIFIER

ZiN = 10060
'IN = £1.00A

SR = 2.5V/usec

ADJUST R7 FOR MAXIMUM CMRR =

5-42
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OP-06

HIGH-GAIN INSTRUMENTATION
OPERATIONAL AMPLIFIER

Precision Monolithics Inc.

FEATURES

® Very High Voltage Gain ................ 1,000V/mV Min
® Low Offset Voltage and Offset Current
® Low Drift vs. Temperature

(TCVOS) +oviviviiiiniiiiiiiniiennes 0.8uV/°C Max
o Low Input Voltage and Current Noise
e Low Offset Voltage Drift with Time
o High Common-Mode Rejection ............ 120dB Typ
o High Power Supply Rejection .............. 2uV/V Max
® Wide SupplyRange ................... 3.0V to 22V
o MIL-STD-883 Processing Avallable
® SlewRateto ..............cooviiiiiiiiiiin, 100V/us
ORDERING INFORMATION}
PACKAGE
Ta=25°C HERMETIC OPERATING
Vos MAX TO-99 DIP TEMPERATURE
(mv) 8-PIN 8-PIN RANGE
0.2 OPO6EJ OPO6EZ COM
0.2 OP0BAJ* OPO06AZ* MIL
0.5 OPO06FJ OPO06FZ COM
0.5 OP06BJ* OoP06BZ* MIL
1.3 OP06GJ OP06GZ COM
1.3 OPO06CJ* OP06CZ* MiIL

*For devices processed in total compliance to MIL-STD-883, add /883 after
part number. Consult factory for 883 data sheet.

tAIll commercial and industrial temperature range parts are available with
burn-in. For ordering information see 1986 Data Book, Section 2.

GENERAL DESCRIPTION

The OP-06 monolithic instrumentation operational amplifier
is designed for accurate high-gain amplification of low level
signals. High common-mode rejection reduces signal
degradation when large common-mode voltages are present.

Superior DC input characteristics include very low offset
voltage and current, extremely high open-loop gain, low 1/f
and wideband noise, and low “popcorn” noise. Low offset
voltage drift isimproved by a nulling technique that optimizes
TCVos performance when Vpg is nulled to zero. Very high
common-mode and power supply rejection enable accurate
performance in noisy environments.

Flexible external compensation provides wide-bandwidth
and high slew rate operation in high closed-loop gain
applications. Excellent long-term stability, and compati-
bility with MIL-STD-883 processing, make the OP-06 an
excellent choice for high-reliability applications. For example,
process control and aerospace applications; including strain
gauge and thermocouple amplifiers, low-noise audio ampli-
fiers, and instrumentation amplifiers. The OP-06 is a direct
replacement for all 725 types providing superior DC and
noise performance plus the unique feature of complete input
differential voitage and output short-circuit protection.

PIN CONNECTIONS
Vos TRIM_4
—IN 2 6 0UT
+IN 3 5 COMP
V-(CASE)
8-PIN HERMETIC DIP
TO-99 (J-Suffix) (Z-Suffix)

Qv+
* g
R2A | 3R28 R7
NULL L NULL
~AAA
(EXT) ¢ Qs
R1A 200 SRIB [ '
J/ R19**
1664 0 OUTPUT
a1 a2
R21Y R20*
R33
S J 8" R22*
Q27
- INV.
e INPUT
04,\'/1 K a3 L ais 1)015 o
*Q27, Q28, R21, R22, COM-
R4 R8 Ro PRISE THE INPUT PROTEC
3 TION CIRCUIT.
3 Q24 +2023, 029, R19, R20 COM-
SRS R6 R10 R11 PRISE  THE OUTPUT PRO-
TECTION CIRCUIT.
V-
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BT\ OP-06 HIGH-GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER
{PMI)

ABSOLUTE MAXIMUM RATINGS (Note 3)

Supply Voltage ........coviiiiiiininiiinenneen... 22V
Internal Power Dissipation (Note 1) .............. 500mW
Differential Input Voltage .......................... £30V
Input Voltage (Note 2) .............couunen e +22V
Output Short-Circuit Duration ................. Indefinite
Storage Temperature Range ........... —-65°Cto+150°C
Operating Temperature Range

OP-06A, OP-06B, OP-06C ........... —-556°Cto+125°C

OP-06E, OP-06F, OP-06G ............... 0°Cto+70°C
Lead Temperature Range (Soldering, 60 sec) ...... 300°C
DICE Junction Temperature ........... -65°Cto+150°C

NOTES:
1. See table for maximum ambient temperature rating and derating factor.
MAXIMUM AMBIENT DERATE ABOVE
TEMPERATURE MAXIMUM AMBIENT
PACKAGE TYPE FOR RATING TEMPERATURE
TO-99 (J) 80°C 7.1mwW/°C
8-Pin Hermetic DIP (Z) 75°C 6.7mv/°C

2. Forsupply voltages less than 22V, the absolute maximum input voltage is
equal to the supply voltage.

3. Absolute ratings apply to both DICE and packaged parts, uniess otherwise
noted.

ELECTRICAL CHARACTERISTICS at Vg =*15V, Ta = 25°C, unless otherwise noted.

OP-06A/E OP-06B/F OP-06C/G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN  TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos Rg < 20k} (Note 2) - 0.06 0.2 - 0.2 0.5 - 0.4 13 mvV
Input Offset Current log — 0.3 20 — 075 5.0 — 2 13 nA
Input Bias Current Ig - 30 70 - 30 80 - 40 110 nA
fo = 10Hz (Note 1) - 9.0 15.0 - 9.0 15.0 - 9.0 15.0
Input Noise Voltage
D"mm 9 en fo= 100Hz (Note 1) — 80 90 — 80 90 - 80 90 nwWh
fo = 1000Hz (Note 1) - 7.0 75 - 70 75 - 70 75
fo = 10Hz (Note 1) - 05 1.2 - 0.5 12 - 0.8 14
Input Noise Current :
B oen in fo = 100Hz (Note 1) — o025 08 — 02 06 - 03 07 pANTE
Y fo= 1000Hz (Note 1) — 015 025 — 015 025 - 0.2 0.3
Input Resistance Rin (Note 3) 0.8 1.8 - 0.7 1.8 - 0.5 15 - MO
Large-Signal R 2 2kQ,
Voltage Gain Avo Vg =£10V 1,000 3,000 1,000 3,000 500 3,000 V/mv
Output Voltage Ry = 10k +125 £13.0 - +125 +13.0 - +12.0 £13.0 -
San g Vo R, 2 2k0 +120 *128  — +120 *128  — 115 %128 — v
9 R_= 1k *11.0 *125 - 1.0 %125 - — *120 -
Input Voltage Range IVR *13.5 *14.0 - +13.5 140 - +13.56 *14.0 - \
Common-Mode Vem=113.5V
14 12 - 114 120 - 11 -_
Rejection Ratio CMRR Rg < 20kQ ! 0 0 s 8
Power Supply Vg =13V to 18V
- . .0 - 1.0 .0 - L
Rejection Ratio PSRR Rg < 20k0 05 2 5 20 10 W
Power Consumption Py - 90 120 — 20 120 - 110 150 mw
Large-Signal Ry 25000, (Note 3)
ge-Sig Avo Vo =405V 100 600  — 100 600  — 60 600  — V/mv
Voitage Gain
Vg=+3V
Power Consumption Py Vg=13V - 4 6 — 4 6 - 4 8 mwW
NOTES:

1. Sample tested.

2. Thermoelectric voltages generated by dissimilar metals at the contacts to
the input terminals can degrade drift performance. Both sides of the
contacts should be kept at approximately the same temperature. All
temperature gradients should be minimized.

3. Guaranteed by design.
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BT\ OP-06 HIGH-GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER
(PMD)

ELECTRICAL CHARACTERISTICS at Vg = +15V, -55°C < Ta < +125°C, unless otherwise noted.

OP-06A OoP-06B OP-06C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN  TYP MAX UNITS
Input Offset Voltage
(Without external Vos Rg < 20k() (Note 2) _ 0.08 0.28 - 03 0.7 - 0.5 1.6 mvV

trim)

Average Input Offset
Voltage Drift (With- TCVos Rg =500 (Notes 1, 2) - 0.3 0.8 - 0.7 20 - 14 4.5 uv/eC
out external trim)

Average input Offset
= . 3
Voltage Drift (With ToVogn - 200 (Notes2,3) — 02 08 — 02 10 - 05 15 WV C

Rp = 20k
external trim) p =20k
Ta MAX — 025 10 — 06 40 - 20 15
Input Offset Current los TA MIN _ 08 40 _ 20 180 _ 30 2 nA LS
Average Input Offset S
- 20 - 8 90 - 14 15 o
Current Drift TClos (Note 1) 3 0 pA/°C
Ta MAX — 22 60 - 25 70 - 3 110
Input Blas Current 's TAMIN — 40 120 — 45 180 — 45 180 nA g
=
-| =+
CGommon-Mode CMRR Vom =135V 109 112 — 109 112 — 95 110 — -
Rejection Ratio Rg < 20k —
]
Power Supply Vg=13Vto £18V oy
- 1 5 - 2 8 - 3 15 VIV
Rejection Ratio PSRR Rg < 20k} # 5
! Vo=£10V; R_ 2 2k
LC"I':'S;QQ;": Avo Ta MAX 1,000 3500 @ — 1000 3500  — 400 3200 — vimy j
oltage Gain TAMIN 700 2,000 - 700 1,800 - 300 1,700 >
Output Voltage - . .
> 120 126 - £120 *126 - £11.0  +126 - v
Swing Vo R 2 2k 0 *12 8
ELECTRICAL CHARACTERISTICS at Vg = +15V, 0°C < Tp < 70°C, unless otherwise noted. é
23]
OP-06E OP-06F OP-06G =]
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX unrs O
Input Offset Voltage
(Without external Vos Rg < 20k} (Note 2) — 008 028 — 025 06 - 0.5 1.6 mv
trim)

Average Input Offset
Voitage Drift (With- TCVos Rg =500 (Notes 1, 2) - 0.3 08 - 0.7 20 - 14 45 pv/°C
out external trim)

Average Input Offset R = 500 (Notes 2, 3)
Voltage Drift (With TCVosn S ! - 0.2 0.6 - 0.28 1.0 - 05 15 uV/°C

A Rp = 20k
external trim)
Ta MAX - 0.25 1.0 - 0.65 5.0 — 20 15
Input Offset t !
nput Offset Curren os TAMIN — 08 40 — 20 180 - 30 2 nA
Average Input Offset o
Current Drift TClos (Note 1) - 3 20 8 0 - 14 150 pA/°C
Ta MAX - 22 60 —_ 30 80 — 35 110
| Bi t ]
nput Bias Curren 8 TAMIN : — 4 120 — 45 180 — &5 180 nA
Common-Mode Vem =£13.5V
1 — 1 11 — —
Rejection Ratio CMRR Ao 20k 109 112 09 2 % 110 B
Power Supply Vg=+3Vto+18V
PSRR - 1.0 5.0 - 15 70 — .0 1
Rejection Ratio Rg < 20k0) 8 5 wN
Vo=%10V; R =2k
Large-Signal o L
Voltage Gain Avo Ta MAX 1,000 3,500 - 1,000 3,500 — 400 3,200 - V/mv
Ta MIN 800 2,000 - 800 1,800 —_ 300 1,700 -
Output Voltage
utput Voliag Vo R, 2 20 +120 126  — +120 126  — 110 *126  — v
Swing
NOTES:
1. Sample tested. contacts should be kept at approximately the same temperature. All
2. Thermoelectric voltages generated by dissimilar metals at the contacts to temperature gradients should be minimized.
the input terminals can degrade drift performance. Both sides of the 3. Guaranteed by input bias current.
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BT\ OP-06 HIGH-GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER
{PMI)
DICE CHARACTERISTICS
1. NULL
2. INVERTING INPUT
3. NONINVERTING INPUT
4. V-
5. COMPENSATION
6. OUTPUT
7. V+
8. NULL
DIE SIZE 0.094 X 0.050 inch, 4700sq. mils For additional DICE information refer to
(2.39 X 1.27 mm, 3.03 sq. mm) 1986 Data Book, Section 2.

WAFER TEST LIMITS at Vg =215V, Ty = 25°C for OP-06N, OP-06G and OP-06GR devices; Ta = 125° C for OP-06NT and
OP-06GT devices, unless otherwise noted. (Note 2)

OP-06NT OP-06N OP-06GT OP-06G OP-06GR

PARAMETER SYMBOL CONDITIONS LIMIT LMt LIMIT [B1"149 LIMIT UNITS
Input Offset Voltage Vos Rg<20kQ 0.3 0.2 07 0.5 13 mV MAX
Input Offset Current los 1 2 4 5 13 nA MAX
Input Bias Current Ig 60 70 70 80 110 nA MAX
Input Resistance

Differential Mode Rin (Note 1) 0.8 0.7 0.5 MQ MIN
Input Voltage Range IVR +13.0 +13.5 +13.0 +13.5 +13.5 VMIN
Common-Mode Vom=+13.5

108 114 108 14 1

Rejection Ratio CMRR Rg < 20k o 0 dB MIN

Power Supply Vg=%3V to £18V
8 5
Rejection Ratio PSRR Rg < 20kQ2 6 2 10 WVMAX
R_ =10k - £125 —_ *12.5 *12.0
Output Voltage Swing Vo R =2k0 +12.0 *+12.0 *12.0 +12.0 *11.5 V MIN
Ry =1k _ *11.0 —_ *11.0 —
Large-Signal Ry =2kQ
1000 1000 800 1000 5

Voltage Gain Avo Vo =+10V 00 00 V/mVMIN
Differential Input +30 +30 +30 +30 +30 V MAX

Voltage
Power Consumption

P — 120 - 120 150 W MAX

(Vour=0V) 4 m

NOTE:

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg =+ 15V, Ta = +25°C, unless otherwise noted.

OP-06NT OP-06N OP-06GT OP-06G  OP-06GR
PARAMETER SYMBOL  CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS

Average Input Offset

Voltage Drift TCVos Rg <500 0.3 0.3 0.7 0.7 14 uv/ec
Nulled Input Offset Rg < 50k 0

Voltage Drift TCVosn Rp= 20k} 0.2 0.2 0.28 0.28 0.5 e
Average Input Offset

Current Drift TClos 3 3 8 8 14 PASC
NOTES:

1. Guaranteed by input bias current.
2. For +25°C specifications of OP-06NT and OP-06GT, see OP-06N and
OP-06G respectively.
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rm\ OP-06 HIGH-GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER

| L
TYPICAL PERFORMANCE CHARACTERISTICS
SLEW RATE CLOSED-LOOP FREQUENCY
OPEN-LOOP RESPONSE FOR USING RECOMMENDED RESPONSE FOR VALUES OF
VALUES OF COMPENSATION COMPENSATION NETWORKS COMPENSATION
150 [ ¢1 - s0pF, R1 ~ 1060 100 g vs:ﬂs\} 5 8 o1 - soor T~
w0 C1 = 0.0014F, R1 = 470Q [ TA %°C P / w0 | NG
2 \\\ :z%\ 211/:%’:11"'2' H ) . g m :%%‘}“F \\\\
g RN \\\ S0 .4 g “ [Soourm-mm '\\ \
) N e & NG
& i Ry \ N § LA § ® i-oomr.mi-270 \
3| -z W \ o1 % 62 = 000T6iF, A2 - 2700 \\
°© Ic1 = 0.054F, R1 = zf{< \ s C2- 005F, A2 - 390 ~Ne )
€2 = 0.0015,F, R2 = 2702 N\ 0.01 LA i
T T NO COMPENSATION NEEDED —20 Voot
N 5552 R AT
0 100 1k 10k 100k 1M 10M o 10 100 ® 10k 100k 100k 200k 400k 600k 800k 1M M
FREQUENCY (Hz) CLOSED-LOOP GAIN (V/V) FREQUENCY (Hz)
FREQUENCY COMPENSATION
COMPENSATION VALUES
Avcl R4 Cq R2 C,
Q) (uF) Q) (uF)
10000 10k 50pF — _
1000 470 0.001 —_— —_—
100 47 0.01 —_— —
10 27 0.05 270 0.0015
1 10 0.05 39 0.02

COMPENSATION CIRCUIT (J or Z PACKAGE)

v+ OFFSET VOLTAGE
20k0ee TRIM

USE R3(=51Q) WITH
CAPACITIVE LOAD

Rz

Rz

T"
*THE COMPENSATION NETWORK (R1, C1) SHOULD BE RE- -Lc1
TURNED TO THE V-TERMINAL. IF THE NETWORK 1S RE- FREQUENCY
TURNED TO GROUND, SERIOUS DEGRADATION OF POWER COMPENSATION
SUPPLY REJECTION PERFORMANCE WITH FREQUENCY R1

WILL OCCUR. SEE TYPICAL CURVES (PSRR vs FREQUENCY).

**THE TRIMMING POTENTIOMETER SHOULD BE 20k FOR V- OR GND*
OPTIMUM NULLED OFFSET VOLTAGE DRIFT. SEE TYPI-
CAL CURVES (TRIMMED OFFSET VOLTAGE DRIFT AS A
FUNCTION OF TRIMMING POTENTIOMETER).
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BT\ OP-06 HIGH-GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER

(PMI)

TYPICAL PERFORMANCE CHARACTERISTICS

TRIMMED OFFSET VOLTAGE
vs TEMPERATURE

Vos TRIMMED TO < BuV AT 26°C |

[~ NULLING POT = 20k02 I
Vg = 15V 7¢

1 ]

1. OP-06A /
20 2. OP-06E

3. OP-06G /

\ 4, OP-06C /
NN\ 1/
NY )
© [0(OF€ 7L

\\\ [/

2

ABSOLUTE VALUE OF OFFSET VOLTAGE (zV)

0
-7 -850 -26 0 26 60 76
TEMPERATURE (°C)

100 125

TRIMMED OFFSET VOLTAGE

DRIFT AS A FUNCTION OF
TRIMMING POTENTIOMETER
(Rp) SIZE AND Vs
_ 10 =TT
q‘: Rp = 6kQ
3 =
£ os L —
g L~ 4+~
8 = Rp = 10k
§ 0 ’pr = 20k0
S
g 5‘ p = 50k ]
; ~0.5 [ op-06A — c.w-;N :\Rp = 100kQ
§ -;-P‘-os — opl.(J;: I
£ 0P-06G
-1.0 L

0 0.2 04 0.6 08 1.0 12

UNTRIMMED OFFSET VOLTAGE Vs (mV) (CURVES
ARE SYMMETRICAL ABOUT 2ERO FOR Vos < 0)

CMRR vs FREQUENCY

[T TPy
P-06A, OP-06B, OP-06E, OP-06

CMRR (dB)
2
|

TA = 25°C
™ Vs = $15V

10 100 1k 10k 100k m™m
FREQUENCY (Hz)

PSRR (dB)

OFFSET VOLTAGE (mV)
4

OFFSET CURRENT (nA)

OFFSET VOLTAGE
vs TEMPERATURE

T |+— oP-06F —.l

| OP-06E —>

Rg = 60Q ~
Vs = 16V
0.01 | L
-76 -60 -26 0 2 60 76 100 126
TEMPERATURE (°C)

OFFSET CURRENT
vs TEMPERATURE
10 —
Vs = £15V =]

" N_or-06a

=

NS OP-06F =t
e —

4

T
\\ | [
N OP-06A
)

OP-08E I

0.1
-76 -850 -26 O 26 60 75
TEMPERATURE (°C)

100 125

PSRR vs FREQUENCY
(OP-06B, OP-06E)

NO EXTERNAL

N0 '"l‘.\.'{g] COMPENSATION

N\ HIIIIIIIIL‘-‘-RI.NI o sl
10 N

IﬂllIo|IIIlllllnﬂl‘lllllllllllllll

o TN III“I“'IIIIIlIIIlH
ll'u‘li Ilklll (AN
- IIlI‘IIIII||!MI||IIIIII|'|II|NIIIIII||

RO BN VAl
[ 'lll‘l!lll.‘llIIIIII‘HIIIIII
TN NN
I T NTON TN T

10 100 1k 10k 100k ™
FREQUENCY (Hz)

C1 = 0.001uF, R1 = 4702 FROM PIN 5 TO V—
C1 = 0.1uF, R1 = 5Q TO V—

€1 = 0.001uF; R1 = 4702 FROM PIN 5 TO GND
C1 = 0.05¢F, R1 = 10Q, C2 = 0.02uF,

R2 = 3902 TO V.

C1 = 0.05¢F, R1 108, C2 = 0.02yF,

R2 = 39Q TO GND

70

o AWM~

CHANGE IN NULLED OFFSET VOLTAGE (uV)

INPUT BIAS CURRENT (nA)

MAXIMUM OUTPUT SWING (VOLTS}

OFFSET VOLTAGE DRIFT
WITH TIME

s MTT]

|| POWER SUPPLIES TURNED ON AT T=0 |
Vos < 20uV AT T = 0.1 HOURS T

|
8 pr

N

N
3 LA

LONG TERM DRIFT
ERROR BAND
(NON»CUMMULATIVE)
0,001 0.01 0.1 10 100 1000
TIME (HOURS)

I~ WARM-UP DRIFT
ERROR BAND

INPUT BIAS CURRENT
vs TEMPERATURE

Vs = £16V

Iy
™.

AT

I~
\r\

1. OP-06G !

[~ 2. OP-06A, OP-06B, OP-06E
OP-06F (0°C TO 70°C)

[~ 3. ALL GRADES

0 | il | | |

-76 -60 -25 0 2 50 76

TEMPERATURE (°C)

2
-1

Vs = £16V

JIRTAN,

100 126

MAXIMUM OUTPUT VOLTAGE
vs LOAD RESISTANCE

20
15 POSITIVE
L1l
P=g7g | NEGATIVE
10
5
TA = 25°C
Vs = #16V |
VIN = £10mV |
0 LIl
100 1k 10k

LOAD RESISTANCE TO GROUND (Q2)
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JonaT\ OP-08 HIGH-GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER

[PMI)

TYPICAL PERFORMANCE CHARACTERISTICS

vs FREQUENCY
1000
5
g
z " “Rs = 50k
u =
g Rg = 10k [[]]
s -
W
] Ramn
£ 10 — =1
o - ———"
g s =5
TA = 26°C
Vs = 16V
10 Eum
10 10 100 &
FREQUENCY (Hz)
OPEN-LOOP GAIN vs
TEMPERATURE
107 T
Vg =16V
s et
s -
2
g 108
7
2
W
[
106
-80 —40 o 4 80 120 160
TEMPERATURE (°C)
INPUT BIAS CURRENT vs
DIFFERENTIAL
INPUT VOLTAGE
30 -30
T T T T
AT Vpippi <10V,
< 30nA, OP-06B/A/F
20 " < 40na, OP-06G ONLY 4 -0
k4
£
E 10 -10
g \
£ d o
7 /
] 7
o
£ -10 Va 10
2
€
20 20
Vv
-30 30
3% -20 -1 0 10 20 30

VOLTAGE NOISE DENSITY

DIFFERENTIAL INPUT VOLTAGE (VOLTS)

INVERTING INPUT BIAS CURRENT (mA)

RMS NOISE (1)

OPEN-LOOP GAIN (V/V)

3

o

0.1
1

107

)

1000

POWER CONSUMPTION (mW)

INPUT WIDEBAND NOISE
vs BANDWIDTH

=

T

[ (0.01Hz TO FREQUENCY INDICATED)
R1 = 4709, €1 = 0.0014F TO V~

s
T

i

++

00 1k 10k
BANDWIDTH (Hz)

100k

OPEN-LOOP GAIN vs
SUPPLY VOLTAGE

[ vp = 26°C

N

™N

0 16 10 %15 $20

SUPPLY VOLTAGE (VOLTS)

£26

POWER CONSUMPTION vs
SUPPLY VOLTAGE

ya
7
7
/

/ rl X lzsoc .
o 10 2 30 4 50 60
TOTAL SUPPLY VOLTAGE, V+ TO V—~ (VOLTS)

PEAK-TO-PEAK AMPLITUDE (VOLTS) NOISE FIGURE (dB)

OUTPUT SHORT-CIRCUIT CURRENT (mA}

NOISE FIGURE vs
SOURCE RESISTANCE
12
\
10
1Hz
8
(]
N\ /
. N
0Hz | A
, 9
Ta=26°C 100Hz
oL, [[[ikee
100 * 10k 100k
SOURCE RESISTANCE (2)
MAXIMUM OUTPUT SWING
vs FREQUENCY
2B GaN=1] [ aam~ GAIN = 10,000
" 1 10
\
20
16 \ I
\ \
2
' i \
’ \
4 GAIN =
100 [ N GAIN =
0 RIS oo
10 100 1k 10k 100k ™M
FREQUENCY (Hz)
OUTPUT SHORT-CIRCUIT
CURRENT
4 —
TA=25°C __}
Vs = 15V
40
35 N
AN
30 VIN (PIN 3) = —10mV, __|
R Vo~ +1sv
N
25 ]
2 VIN (PIN 3) = +10mV, _|
Vo = ~15V
. L1
0 1 2 3 4

TIME FROM OUTPUT BEING SHORTED (MINUTES)

5-49

1/86, Rev. A

B

OPERATIONAL AMPLIFIERS



[S7==\ OP-06 HIGH-GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER
{PMI)

GUARANTEED PERFORMANCE CHARACTERISTICS

s "B i B T —T=rrrE s =
£ H c orose H = *°C T0 70°C
e 5 —55°C TO 126°C 5
g L T H T T 5
H 4. i H 2
2 | 2 2
2 1.0 kY UNTRIMMED —66°C TO 126°C =F g 10 & 10 E v UNTRIMMED 0°C TO 70°C
z A € i HL”{HH]{ ]} iiﬁjm HH”‘ € o o e s i
W I ZUNTRIMMED 25°C @ T T T T T __;% o [ Z UNTRIMMED 25°C
u AR o 4 Y UNTRIMMED -55°C TO 125°C & LU
q 1
g o T{ H 1 § o1 [ZUNTRIMMED 25° 1 g o g; d
3 r 3 o« J = —
£ W TRIMMED —86°C TO 125°C EEE 3 = s £ S
JH T T 11
H 1T T i ~! i H T )~ i
3 1# : § W TRIMMED -55°C TO 126°C 3 ==
g R o 125°c T] % 2 L W TRIMMED 0°C TO 70°C
001 W 1l = 001 | 2o L L LI | L]
100 & 10k 100k 100 & 10k 100k 100 1k 10k 100k
SOURCE RESISTANCE, R1 (Q) SOURCE RESISTANCE, R1 (22) SOURCE RESISTANCE, R1 (2)
~ 10
E 1 oP-08G g
= AT 0°c To 70°C
5 T LA
z | ¥ UNTRIMMED 0°C T0 70 These graphs depict maximum error
e et m e o A referred to the input as a function of
" okz
2 = 2 UNTRIMIED 25°C = source resistance (R,). Curves W are
& Z shown with Vpg trimmed at +25°C and
I include errors due to Vpog and lpg over
z P the indicated temperature range. Curves
2 o1 Y and Z plot maximum errors with Vog
] = not trimmed. '
= - W TRIMMED 0°C TO 70°C ot trimmed
g | HHHL
£ n I
=00
100 I 10k 100k

SOURCE RESISTANCE, R1 ($2)
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®

OoP-07

ULTRA-LOW OFFSET VOLTAGE
OPERATIONAL AMPLIFIER

Precision Monolithics Inc.

FEATURES

O LOW VS ittt s 25,V Max
® LowVogDrift ...........ooviiiiiii, 0.6uV/°C Max
e Ultra-Stablevs Time ............... 1.0uV/Month Max
® LowNoise ..............cociiiiien 0.6uVp.p Max
® Wide Input Voltage Range ...................... +14V
® Wide Supply Voltage Range ............. +3V to 18V
® Fits 725, 108A/308A, 741, AD510 Sockets

e 125°C Temperature-Tested Dice

ORDERING INFORMATION?

PACKAGE
Ta=125°C HERMETIC PLASTIC OPERATING
AVpg MAX  TO-99 DIP DIP TEMPERATURE
(rV) 8-PIN 8-PIN 8-PIN Lce RANGE
25 OP07AJ* OPO7AZ* MiL
7% OPO7EJ  OPO7EZ  OPO7EP COoM
75 OPO07J* opo7Z* OPOQ7RC/883 MiL
150 OP07CJ  OP07CZ  OPO7CP COM
150 OP07DJ OPQ7DP coMm

* For devices processed in total compliance to MiL-STD-883, add /883 after
part number. Consuit factory for 883 data shest.

tAll commercial and industrial temperature range parts are available with
burn-in. For ordering information see 1986 Data Book, Section 2.

GENERAL DESCRIPTION

The OP-07 has very low input offset voltage (25uV max for
OP-07A) which is obtained by trimming at the wafer stage.
These low offset voltages generally eliminate any need for
external nulling. The OP-07 also features low input bias cur-
rent (x2nAfor OP-07A) and high open-loop gain (300V/mV for
OP-07A). The low offsets and high open-loop gain make the
OP-07 particularly useful for high-gain instrumentation
applications.

The wide input voltage range of =13V minimum combined
with high CMRR of 110dB (OP-07A) and high inputimpedace
provides high accuracy in the noninverting circuit configura-
tion. Excellent linearity and gain accuracy can be maintained
even at high closed-loop gains.

SIMPLIFIED SCHEMATIC

Stability of offsets and gain with time or variations in temper-
ture is excellent. The accuracy and stability of the OP-07,
even at high gain, combined with the freedom from external
nulling have made the OP-07 a new industry standard for
instrumentation and military applications.

The OP-07 is available in five standard performance grades.
The OP-07A and the OP-07 are specified for operation over
the full military range of —55°C to +125°C; the OP-07 E, C,
and D are specified for operation over the 0°C to +70°C
range.

The OP-07 is available in hermetically-sealed TO-99 metal
can or ceramic 8-pin Mini-DIP, and in epoxy 8-pin Mini-DIP. it
is a direct replacement for 725, 108A, and OP-05 ampilifiers;
741-types may be directly replaced by removing the 741’s
nulling potentiometer. The OP-207, adual OP-07, is available
for applications requiring close matching of two OP-07
amplifiers. For improved specifications, see the OP-77.

PIN CONNECTIONS

8 Vos TRIM

Vos TRIM Vos TRIM

Vos TRIM 1 7 V+ 08 n u os

-in[2 ]} v+
+n[3] |6 Jout

—IN 2 out
i V- 5] ne.
N3 sN.C. EPOXY MINI-DIP (P-Suffix)
4 V- (CASE)

8-PIN HERMETIC DIP

TO-99 (J-Suffix) (Z-Suffix)

OP-07RC/883
Lcc
(RC-Suffix)

W ¢

R2A AND R2B ARE
ELECTRONICALLY

ADJUSTED ON CHIP
AT FACTORY FOR

MINIMUM INPUT
OFFSET VOLTAGE.

NON-
INVERTING O
INPUT

INVERTING
INPUT
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[Bn T\ OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER
1PMI)

ABSOLUTE MAXIMUM RATINGS (Note 2)

SupplyVoltage ........coovvvviiieiinnennnerannn... T22V
Internal Power Dissipation (Note 1) .............. 500mW
Differential Input Voltage .......................... £30V
Input Voltage (Note 3) ........... Ceveeeeeee.. 22V
Output Short-Circuit Duration .... Indefinite
Storage Temperature Range

J, RC and Z Packages .............. —65°C to +150°C

P Package ..............c.iiivv.... —65°Cto +125°C
Operating Temperature Range

OP-07A, OP-07, OP-07RC ........... -55°Cto +125°C

OP-07E, OP-07C, OP-07D ............... 0°Cto +70°C
Lead Temperature Range (Soldering, 60 sec) ....... 300°C
DICE Junction Temperature (T}) ....... —65°C to +150°C

NOTES:
1. See table for maximum ambient temperature rating and derating factor.
MAXIMUM AMBIENT DERATE ABOVE
TEMPERATURE MAXIMUM AMBIENT
PACKAGE TYPE FOR RATING TEMPERATURE
TO-99 (J) 80°C 71mW/°C
8-Pin Hermetic DIP (Z) 75°C 6.7mW/°C
8-Pin Plastic DIP (P) 36°C 5.6mW/°C
LCC (RC) 72°C 7.8mW/°C

2. Absolute maximum ratings apply to both packaged parts and DICE, uniess
otherwise noted.

3. Forsupply voltagesless than 22V, the absolute maximum input voltage is
equal to the supply voltage.

ELECTRICAL CHARACTERISTICS at Vg= 15V, Ta = 25°C, unless otherwise noted.

OP-07A OP-07

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS

Input Offset Voltage Vos (Note 1) - 10 25 - 30 75 uv

chlfa';:"s"t;;:;; Offset AVog/Time  (Note 2) - 02 10 — 02 10 WV/Mo

Input Offset Current los — 0.3 2.0 - 0.4 2.8 nA

Input Bias Current lg — *07 *20 — *10 +30 nA

Input Noise Voltage ®np-p 0.1Hz to 10Hz (Note 3) — 035 0.6 — 035 0.6 #Vp-p
fo=10Hz (Note 3) — 10.3 18.0 - 10.3 18.0

Input Noise Voltage Density en fo = 100Hz (Note 3) — 100 13.0 - 100 130 nv/\v/Hz
fo=1000Hz (Note 3) — 9.6 1.0 - 9.6 1.0

Input Noise Current inp-p 0.1Hz to 10Hz (Note 3) — 14 30 — 14 30 PAp-p
fo=10Hz (Note 3) - 0.32 0.80 -— 0.32 0.80

input Noise Current Density in fo=100Hz (Note 3) — 014 023 — 014 023 pA/\/Hz
fo=1000Hz (Note 3) - 0.12 0.17 —_ 0.12 0.17

s R (Note 4) o 80 - 20 o - Mo

Py -w - mw - e

Input Voltage Range IVR *13 +14 - +13 +14 — v

Common-Mode Rejection Ratio CMRR Vem=£13V 110 126 — 110 126 - dB

Power Supply Rejection Ratio PSRR Vg=+*3Vto+18V — 4 10 — 4 10 uV/V
R{ =2k, Vo=110V 300 500 —_ 200 500 —

Large-Signal Voltage Gain Avo \FI! ;_ i is.(;%n(,Nvoc;:;_;o.sv, 150 400 _ 150 400 _ V/mV
Ry =10k *125 130 - *125 *13.0 —

Output Voltage Swing Vo Ry =2kQ +120 *128 — +120 =128 — v
R =1kQ *105 =120 - +10.5 120 -

Slew Rate SR R = 2k(2 (Note 3) 01 03 - 0.1 03 - V/us

Closed-Loop Bandwidth BW AycL=+1(Note 3) 0.4 0.6 — 04 0.6 — MHz

Open-Loop Output Resistance Ro Vo=0,10=0 — 60 - - 60 — (4]

Power Consumption Py \6: z i;flt/‘th‘)oLlc-:Zd : 73 122 : 72 122 mw

Offset Adjustment Range Rp=20k2 — +4 — — *4 — mV

NOTES:

1. OP-07A grade Vg is measured approximately one minute after applica-
tion of power. For all other grades Vg is measured approximately 0.5
seconds after application of power.

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 Vg during the first 30
operating days are typically 2.5uV — refer to typical performance curves.
Parameter is sample tested.

3. Sample tested.

4. Guaranteed by design.
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BT\ OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

\PMD)
ELECTRICAL CHARACTERISTICS at Vg = +15V, =55°C < Tp < +125°C, unless otherwise noted.
OP-07A OP-07

PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Input Offset Voltage Vos (Note 1) — 25 60 - 60 200 I’
Average Input Offset

Voltage Drift With-

out External Trim TCVos (Note 2) — 0.2 0.6 - 03 13 pVv/°C
With External Trim TCVosn Rp =20k (Note 3) — 0.2 0.6 — 0.3 1.3 uv/°C
Input Offset Current los - 0.8 4 — 1.2 5.6 nA
Average Input Offset Current TClos (Note 2) _ 5 25 _ 8 50 pASC
Drift

Input Bias Current Ig - +1 +4 - +2 +6 nA
Ag‘:l';ge Input Bias Current TClg (Note 2) - 8 2 - 1B s0 PASC
Input Voltage Range IVR +13 *13.5 — *13 *135 - \"
Common-Mode Rejection Ratio CMRR Vem =113V 106 123 - 106 123 - dB
Power Supply Rejection Ratio PSRR Vg =13V to =18V - 5 20 — 5 20 uv/v
Large-Signal Voltage Gain Avo Ry =2k, Vo =10V 200 400 - 150 400 - V/mv
Output Voltage Swing Vo RL=2k0 +12 +126 - +12 126 - \
NOTES:

1. OP-07A grade Vg is measured approximately one minute after applica-
tion of power. For all other grades Vg is measured approximately 0.5
seconds after application of power.

Sample tested.

Guaranteed by design.

©n

TYPICAL OFFSET VOLTAGE TEST CIRCUIT

TYPICAL LOW-FREQUENCY NOISE TEST

CIRCUIT

200k
— AM————
500
—AAA-
oP-07A —Ovo
v
V05 = 50

10092 2

3.3k
1000

__Vo __SmViem _
INPUT REFERRED NOISE = 55555~ ~25.000 ~ 200nV/em

(SEE SCOPE PHOTO IN TYPICAL PERFORMANCE CURVES)

PINOUTS SHOWN FOR J, P, AND Z PACKAGES

>—M—I——0 ouTPUT
l (=10Hz FILTER)

47uF

OPTIONAL OFFSET NULLING CIRCUIT

BURN-IN CIRCUIT

PINOUTS SHOWN FOR J, P, AND Z PACKAGES

PINOUTS SHOWN FOR J, P, AND Z PACKAGES
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J?M-—I\OP"W ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

ELECTRICAL CHARACTERISTICS at Vg = £15V, Ta = 25°C, unless otherwise noted.
OP-07E OP-07C OP-07D
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos (Note 1) —_ 30 75 - 60 150 - 60 150 ny
Long-Term Vgg .
Vog/Ti - . 5 - 04 . - . 3.0
Stability os/Time  (Note 2) 0.3 1 2.0 0.5 uV/Mo
Input Offset Current los - 0.5 3.8 — 0.8 6.0 - 0.8 6.0 nA
input Bias Current Ig — 12 %40 — +18 7.0 —  *20 +12 nA
0.1Hz to 10Hz
Input Noise Volt: " - 0.35 06 - 0.38 0.65 - 0.38 0.65 V
nput Noise Voltage enp-p (Note 3) wVpp
Input Noise fo=10Hz - 10.3 18.0 - 105 20.0 - 105 20.0
Vtha o Densit en fo = 100Hz (Note 3) - 10.0 130 - 10.2 13.5 - 10.3 13.5 nV/v/Hz
9 Y to= 1000Hz - 96 10 — 98 N5 — 88 115
0.1Hz to 10Hz
Input Noise C t inp- - 14 30 - 15 35 - 15 35 A
nput Noise Curren np-p (Note 3) PApp
Input Noise fo = 10Hz - 0.32 0.80 - 0.35 0.90 - 0.35 0.90
cpu"em Bensit in fo= 100Hz (Note 3) — om0z — ot o027 — 015 027 pAnHzZ
Y fo = 1000Hz - 0.12 0.17 - 0.13 0.18 - 0.13 0.18
Input Resistance —
1 5 - 8 33 - 7 1 —
Differential-Mode TN (Note 4) ° 0 8 Ma
Input Resistance —
— — - 120 —_ - —
Common-Mode Rincw 160 120 Ga
Input Voltage Range IVR *13 *14 _ +13 *14 - +13 *14 - v
-M
Common-Mode CMRR Vom =213V 106 128 — 100 120 — 94 10— B
Rejection Ratio
Si l =%
Power Supply PSRR Vs =£3V - 5 20 - 7 a2 - 7 a2 N
Rejection Ratio to 18V
Rz 2, 200 500 - 120 400 - 120 400 -
Large-Signal Vo=*10v
Voltage Gain Avo Ry 5000 V/mv
9 Vo= +05V 150 400  — 100 400  — - 40 -
Vg =13V (Note 4)
Outout Voltage R = 10k *+125 *13.0 - +120 *13.0 — +12.0 *13.0 -
. put Yoltag Vo R, = 2k 120 *128  — 115 +128 — 115 +128  — v
wing R = 1kO +10.5 *12.0 - — %120 - — 120 -
Slew Rate SR Ry = 2k (Note 3) 0.1 03 —_ 0.1 0.3 — 0.1 03 - Vius
- =+
Closed-Loop BW AveL=+1 04 06 - 04 06 - 04 06 - MHz
Bandwidth (Note 5)
Open-Loop Output
R Vo=0,lp=0 — 60 - - 60 — - —_ )
Resistance ° o o
Vg = %15V, No Load - 75 120 - 80 150 — 80 150
P C ti P, mw
ower Gonsumption - P Vs = £3V, No Load - 4 6 - 4 8 - 4 8
Offset Adjustment Rp = 20k0 _ 44 _ _ 4 _ _ 44 _ mv
Range
NOTES:
1. Input Offset Voltage measurements are performed by automated test

equipment approximately 0.5 seconds after application of power.
2. Long-Term Input Offset Voltage Stability refers to the averaged trend line
of Vog vs. Time over extended periods after the first 30 days of operation.
Excluding the initial hour of operation, changes in Vg during the first 30
operating days are typically 2.5uV — refer to typical performance curves.
Parameter is sample tested.
Sample tested.
Guaranteed by design.
Guaranteed but not tested.

[SIE o
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'FM_I\ OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

ELECTRICAL CHARACTERISTICS at Vg = +15V, 0°C < T4 < +70°C, unless otherwise noted.
OP-07E OoP-07C OP-07D
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos (Note 1) - 45 130 - 85 250 - 85 250 nv
Average Input Offset
Voltage Drift With-
out External Trim TCVos (Note 3) — 0.3 13 - 0.5 1.8 - 0.7 25 uv/°C
With External Trim TCVosn Rp=20k(2 (Note 3) — 03 13 - 04 1.6 - 0.7 25 pv/°C
Input Offset Current los — 0.9 53 — 1.6 8.0 - 16 8.0 nA
Average Input Offset
T — 3 - 12 50 - 1 °
Cutrent Drift Clos (Note 2) 8 5 2 50 pA/°C
Input Bias Current g — %15 %55 — %22 %90 — 30 +14 nA
Average Input Bias o
Current Drift TClg {Note 2) 8 35 8 50 18 50 pA/°C
Input Voltage Range IVR +13.0 135 - *130 *135 —_ *+13.0 135 - \
Common-Mode
CMRR Vem =13V 103 123 - 97 120 - 94 106 —
Rejection Ratio oM d8
Power Supply PSRR Vg=%3V 1o £18V - 7 3 - 10 s - 10 s Vv
Rejection Ratio sT - ®
Large-Signal RL =2k
A 180 450 - 100 400 — 100 400 - \J
Voltage Gain vo Vo =210V 8 v/m
Out?ut Voltage Vo R_22k0 +12 126 - 11 126 — +11 +126 - \
Swing
NOTES:
1. Input offset voltage measurements are performed by automated test
equipment approximately 0.5 seconds after application of power.
2. Sample tested.
3. Guaranteed by design.
5-55 1/86, Rev. A
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WT\OPAW ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

L1

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

DIE SIZE 0.100 X 0.053 inch, §300 sq. mils
(2.54 X 1.35 mm, 3.42 sq. mm)

1. BALANCE

2, INVERTING INPUT
3. NONINVERTING INPUT

4. V-
6. OUTPUT
7. V+
8. BALANCE

For additional DICE information refer to
1986 Data Book, Section 2.

WAFER TEST LIMITS at Vg= + 15V, T =25°C for OP-07N, OP-07G and OP-07GR devices; Tp = 125°C for OP-07NT and
OP-07GT devices, unless otherwise noted.

OP-07NT OP-07N OP-07GT OP-07G OP-07GR
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LiMIT UNITS
Input Offset Voltage Vg 140 40 210 80 150 uV MAX
Input Offset Current  Ipg 4.0 2.0 5.6 28 6.0 nA MAX
Input Bias Current Ig +4 +2 +6 +3 +7 nA MAX
Input Resistance
Differential-Mode Rin (Note 2) 20 20 8 MO MIN
Input Voltage Range IVR +13 +13 *13 *13 +13 VMIN
Common-Mode
Rejection Ratio CMRR  Vgy==13V 100 110 100 110 100 dB MIN
Power Supply - "
Rejection Ratio PSRR Vg=1£3Vto*18V 20 10 20 10 30  uV/V MAX
Ry =10kO - *12.5 - +12.0 +12.0
Output Voltage Swing Vg RL=2kQ *12.0 +12.0 +12.0 +11.5 +11.5 V MIN
RL=1kQ - +10.5 —_ +10.5 -
Large-Signal R =2k0
Voltage Gain Avo V=10V 200 200 150 120 120 V/mV MIN
Differential Input +30 +30 +30 £30 £330 VMAX
Voltage
Power Consumption Py Vour =0V — 120 — 120 150  mW MAX

NOTES:

1. For 25°C characteristics of OP-07NT and OP-07GT, see OP-07N and

OP-07G characteristics, respectively.

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult tactory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg=£15V, To=+25°C, unless otherwise noted.

. Guaranteed by design.

OP-07NT OP-07N OP-07GT OP-07G OP-07GR

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS
Average Input _

Offset Voltage Dritt | Cvos  Rs=500 02 02 0.3 03 07 WG
Nulled Input _ _

Offset Voltage Drift TCVosn  Rs =500, Rp =20k 02 0.2 0.3 0.3 0.7 AV}
Average Input

Offset Current Drift | ©'08 5 5 8 8 12 pA/°C
Slew Rate SR R =2k0 03 03 0.3 03 03 V/us
Closed-Loop _

Bandwidth BW AycL=+1 0.6 0.6 0.6 0.6 0.6 MHz
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G777\ OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER
{PMI)

TYPICAL PERFORMANCE CHARACTERISTICS

OPEN-LOOP GAIN vs
TEMPERATURE
1000
I
[ Vs=:16V I
_ 800
3
2
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s
3 — ]
'zl‘ 400
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200
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-8 0 50 100
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- Vg = +16V
g 08
° 0P-07C
2 \/
2o
g
& OP.07E
Zos
& S
Zo2 P
5 l/
g 0 OP-07A
100 1k 10k 100k
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INPUT BIAS CURRENT vs
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BT\ OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER
{PMI)

TYPICAL PERFORMANCE CHARACTERISTICS

OP-07 LOW FREQUENCY NOISE

200 nV/cm
f REFERRED TO INPUT
5mV/cm AT OUTPUT

v NAWALL'dd
EE "ll
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O T\OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER
{PMI)

TYPICAL PERFORMANCE CHARACTERISTICS

MAXIMUM OUTPUT VOLTAGE POWER CONSUMPTION OUTPUT SHORT-CIRCUIT
vs LOAD RESISTANCE vs POWER SUPPLY CURRENT vs TIME
® N Rl === 36
TA=+25°C F— Ta=+25°C 2
Vg =15V E
& VIN = £10mV - £
[ POSITIVE SWING H g [ 1. VIN (PIN 3) = ~10mV, Vo = +15V |
3 T 2 100 = € 2. Vi (PIN 3) = +10mV, Vg = —15V
e LU NEGATIVE SWING o e N
g 10 //t’/ E ¥ % 25 Rk
3 2 g N
z / z g ™~
5 / g ° 2 0]
s S 7 22
2 5 Vs =16V
£ Tp = +25°C
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° 1.0 15 l |
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vs TEMPERATURE vs TEMPERATURE vs TIME
— 16
5% T VAl Y Vos TRIMMED TO <5V AT 25°C
351 vg=215v /ov-on: 4| 2 T NULLING POT = 20k0 12
4 | _Rg=1002 4 Z I - -
& 7 g 1. OP-07A ] 3 0.3uV/mo. s e
3 y4 [ 2. OP-07E *—"/" /7 w @ [ TREND LINE T e e f
: S 2 \ 3. 0P-07 5 T M_;;:.%:; 0.2:V/mo.TREND LINE
ﬁ 0 e & N\ 4. OP-07C / i / z 4 7"‘::."0.3uv/mo.TREND I:INE f?hz‘é\r{ng“t’m e
H K OP.07E 7/op‘o7 R £ oY [ 31/ g | 17 yoout
w » S V E 0.3uV/mo. TREND LINE| (5 \//mo.
° 4 s > A H = TREND LINE
3 %10 Q Q Ao bl -~
. SISV T
E ~ oP-07A | w & \ / / 1 ®
g 3 -12
g g
o 20 —16
~50 0 50 100 —50 0 50 100 12 345 6 7 8 9 101 12
TEMPERATURE (°C) TEMPERATURE (°C) TIME (MONTHS)
TYPICAL APPLICATIONS
HIGH SPEED, LOW Vgg, COMPOSITE AMPLIFIER ADJUSTMENT-FREE PRECISION SUMMING AMPLIFIER
R4
Jokﬂ
R1
£ O O +15v
R2
£ 10kS2 2 \ 7

RS
2.5k

= O -5V

PINOUTS SHOWN FOR J, P, AND Z PACKAGES PINOUTS SHOWN FOR J, P, AND Z PACKAGES
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DT\ OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER
(PMI)

TYPICAL APPLICATIONS

K.HIGH-STABILITY THERMOCOUPLE AMPLIFIER

PRECISION ABSOLUTE-VALUE CIRCUIT

AAA AAA
\AAs VWV

SENSING
JUNCTION

REFERENCE —
JUNCTION -

A
V
»
>

PINOUTS SHOWN FOR J, P, AND Z PACKAGES

R1
EIN  10kQ

£10V

PINOUTS SHOWN FOR J, P, AND Z PACKAGES

APPLICATIONS INFORMATION

OP-07 series units may be substituted directly into 725,
108A/308A* and OP-05 sockets with or without removal of
external compensation or nulling components. Additionally,
the OP-07 may be used in unnulled 741-type sockets. How-
ever, if conventional 741 nulling circuitry is in use, it should

.be modified or removed to enable proper OP-07 operation.

OP-07 offset voltage may be nulled to zero through
use of a potentiometer (see offset nulling circuit diagram).

*TO-99 Package only

The OP-07 provides stable operation with load capacitance
of up to 500pF and +10V swings; larger capacitances should
be decoupled with a 50() decoupling resistor.

Stray thermoelectric voltages generated by dissimilar metals
at the contacts to the input terminals can degrade drift per-
formance. Therefore, best operation will be obtained when
both input contacts are maintained at the same temperature,
preferably close to the package temperature.
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Precision Monolithics Inc.

OP-08

PRECISION LOW-INPUT-CURRENT
OPERATIONAL AMPLIFIER

FEATURES GENERAL DESCRIPTION
® LowOffsetVoltage ........................ 150V Max The PMI OP-08is animproved version of the popular LM108A
e Low Offset Voltage Drift ................ 2.5.V/°C Max low-power op amp. Excellent performance is achieved by
® Five Times PM108A Output Current .......... 5mA Min applying PMI’s ion-implanted super-beta process and on-
® LowOffsetCurrent ...................... 200pA Max chip-zener-zap trimming. The OP-08 has a three-times lower
® LowBiasCurrent .........................l 2nA Max offset voltage and a two-times lower offset voltage drift.
® Low Power Consumption .......... 18mW Max @ £ 15V Worst-case input offset voltage over—55° C to + 125° C for the
o High Common-Mode Input Range ........ +13.5V Min OP-08isonly 350uV. In addition, the OP-08 has five times the
® MIL-STD-883 Class B Processing Available output current capability of the 108A. For an op amp with °
¢ Silicon-Nitride Passivation identical specifications plus internal frequency compensa-
o 125°C Temperature-Tested Dice tion, see the OP-12 data sheet.
ORDERING INFORMATIONt PIN CONNECTIONS
PACKAGE R
Ta=25°C HERMETIC PLASTIC OPERATING %
Vog MAX TO-99 DIP DIP TEMPERATURE COMP 1 7 v+
(mv) 8-PIN 8-PIN 8-PIN RANGE
0.15 OPO0BAJ* OPO0BAZ* MIL N2 6 out
0.15 OPOSEJ OPOBEZ OPOSEP CcOoM
1.0 OPO08CJ* oPosCz* MiL EPOXY MINI-DIP
1.0 OP08GJ OP08GZ OP0BGP CcOoM N 3 5 N.C.
3 (P-Suffix)
* For devices processed in total compliance to MIL-STD-883, add /883 after V- (CASE)
part number. Consult factory for 883 data sheet. TO-99
tAll commercial and industrial temperature range parts are available with
burn-in. For ordering information see 1986 Data Book, Section 2. (J-Suﬁix)
8-PIN HERMETIC DIP
(Z-Suffix)
SIMPLIFIED SCHEMATIC
CMP O 1 CMPo 8

Q21
R3

AAA
VW—

<
R1 SR
r Ra Q16
a5
a6 | Q10 Q17 RS
s outeur
a3 K as [ )
N
3
+0 Q1 Q2 a9
R6
Q22 R7
as a7 a8
pas Q13 212
2
_& Q14
Q15
C? ﬁD re
! o4

1/86, Rev. A

OPERATIONAL AMPLIFIERS



BT\ OP-08 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER

(PMI)

ABSOLUTE MAXIMUM RATINGS (Note 4)
Supply Voltage

OP-08A, OP-08E (All DICE except GR) ........... £20V

OP-08C, OP-08G (GR DICE Only) ....... - o £ 1)
Internal Power Dissipation (Note 1) ........ veve.. 500MW
Differential Input Current (Note 2) ............... £10mA
Input Voltage (Note 3) ............ccvvvvvvnnenn... 216V
Output Short-Circuit Duration ................. Indefinite
Operating Temperature Range

OP-08A, OP-08C ............00..... —55°Cto+125°C

OP-08E, OP-08G ..........0000v0evens.. 0°Cto+70°C
Storage Temperature Range (J,Z) ..... —-65°Cto+150°C
Storage Temperature Range (P) ....... —65°C to +125°C

Lead Temperature Range (Soldering, 60 sec) ...... 300°C
DICE Junction Temperature (T)) ....... —-65°Cto+150°C

MAXIMUM AMBIENT DERATE ABOVE
TEMPERATURE MAXIMUM AMBIENT
PACKAGE TYPE FOR RATING TEMPERATURE
TO-99 (J) 80°C 7.1mW/°C
8-Pin Plastic DIP (P) 36°C 5.6mW/°C
8-Pin Hermetic DIP (Z) 75°C 6.7mW/°C

NOTES:

1. See table for maximum ambient temperature rating and derating factor.

2. The inputs are shunted with back-to-back diodes for overvoltage protec-
tion. Therefore, excessive current will flow if a differential input voltage in
excess of 1V is applied between the inputs without some limiting resistance.

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

4. Absolute ratings apply to both DICE and packaged parts, uniess otherwise
noted.

ELECTRICAL CHARACTERISTICS at Ty =+25°C, Vg=+20V for A and E Grades, Vg= 1t 15V for C and G Grades, unless

otherwise noted. Compensation capacitor = 30pF.

OP-08A/E OP-08C/G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos — 007 015 — 025 1.0 mvV
Input Offset Current los — 005 020 — 008 050 nA
Input Bias Current Ig - 0.80 2.0 - 1.0 5.0 nA
Input Noise Voltage €np-p 0.1Hz to 10Hz -_ 0.9 - - 0.9 - yvp_,,
Input Noise fo=10Hz - 2 - -z -
Vzlta e Densit n fo = 100Hz - 21 - - 21 —  nVWWHz
9 Y fo= 1000Hz - 20 - - 20 -
Input Noise Current inp-p 0.1Hz to 10Hz — 3 — - 3 - PAp-p
Input Noise fo=10Hz — 015 - - 015 -
cpu"em Bensit in fo= 100Hz - 014 - — o014 — pANFEZ
4 fo= 1000Hz - o013 — S
Input Resistance —

Differential Mode Rin (Note 1) 26 70 10 50 MO
Input Voltage Range IVR Vg=+15V *+135 =*14.0 —_ *13.5 *14.0 — v
Common-Mode

=+13. 104 1 - -

Rejection Ratio CMRR Vem 13.5V 20 84 116 dB
Power Supply -y . _ _

Rejection Ratio PSRR Vg=15Vio £18V 1 7 2 63 BV

R 2 10k, 80 300 — © 20 —
Large-Signal Vo=210V
Voltage Gain Avo Rz 24, V/mv
9 Vo =210V, 5 150 — - 10 -
Vg=%15V
A2 10k0, 13 414 — 13 4 —
. Vg=115V
Output Voltage Swing Vo R. > 2k0. v
L= +10 %12 — *1 *1 -
Vg=%15V 0 2
Slew Rate SR Ry =2k — 012 - - 012 - V/us
Closed-Loop _ _ _ _ _

Bandwidth BW AycL=+1 0.8 0.8 MHz
Open-Loop Output _ _ _ _

Resistance Ro Vo=0,1p=0 200 200 Q

Vg=115V - 9 18 -— 12 24
Power Consumption Pq Vg= 45V _ 3 6 _ 4 8 mw

NOTE:
1. Guaranteed by input bias current.
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PMI OP-08 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER

CIOCT4

ELECTRICAL CHARACTERISTICS at Vg =£15V for C Grade and Vg = £20V for A Grade, -55°C < Tp < +125°C, unless

otherwise noted.

OP-08A OP-08C
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Input Offset Voltage Vos - 0.12 0.35 — 040 20 mV
Average Input
Offset Voltage TCVos - 0.50 25 —_ 1.5 10 uv/eC
Drift
Input Offset Current los — 0.12 0.40 — 0.18 1.0 nA
Average Input
Oftset Current TClos — 0.50 25 — 1.0 5.0 pA/°C
Drift
Input Bias Current Ig — 1.2 3.0 — 18 10 nA
Input Voltage Range IVR Vg=115V *13.5 *14.0 - *13.5 *14.0 - \2
Common-Mode
=+ - -
Rejection Ratio CMRR Vem=1£13.5V 100 110 80 108 dB
Power Supply -4 N _ _
Rejection Ratio PSRA Vg =15V to £ 15V 4 10 5 100 WYV
R_=5kq,
"C;ft:'s:i;‘:l'n Avo Vo= £10V 0 120 - B 80 - v/mv
9 V=15V
Ry 2 10k, 13 14 — 13 214 —
Vg=£15V
Output Voltage Swing Vo R, 2 5k v
L=or +1 *1 - +1 +1 -
Vg=215V 0 2 0 2
Power Consumption Pg Vg =115V — 9 18 - 15 24 mwW
COMPENSATION CIRCUITS
ALTERNATE
R2 STANDARD
VWA R2
VWA
R1 2 R1
oO——vWWA O———AWA 2
R3 »———O0 OUTPUT —————O OUTPUT
3 R3 3
o VW————————— o— WA R1
Cs = 100pF Ct>R7+ Rz 0
IMPROVES REJECTION OF POWER Ics Co = 30pF
SUPPLY BY A FACTOR OF TEN
OFFSET VOLTAGE TEST CIRCUIT BURN-IN CIRCUIT
200k2
+18V
20092 2IN7
oros >
——O Vo 3
Vi
VoS = 7505 4

-18V
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[T\ OP-08 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER
(PMI)

ELECTRICAL CHARACTERISTICS at Vg = +15V for G Grade and Vg = =20V for E Grade, 0°C < Tp < +70°C, unless

otherwise noted.

OP-08E OP-08G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS
Input Offset Voltage Vos — 010 026 - 032 1.4 mv
Average Input
Offset Voltage TCVos (Note 1) — 050 25 - 1.5 10 w/°C
Drift
Input Offset Current los — 008 030 - 012 6.5 nA
Average Input
Offset Current TClos (Note 1) — 050 25 - 20 50 pA/°C
Drift
Input Blas Current g -_ 1.0 2.6 - 1.4 6.5 nA
Input Voltage Range IVR Vg=116V £13.5 *14.0 -— *13.56 +14.0 -— v
Common-Mode _
Rejection Ratio CMRR Vem=113.5V 100 116 80 112 - dB
Power Supply
= + - -
Rejection Ratio PSRR Vg=156Vto£15V 2 10 3 100 BV
RL22kQ,
Vo=110V 25 100 - - 80 -
"C;‘I’; s;‘g’;'n Avo RL= 10kQ, V/mv
9 Vo=£10V 80 200 — 2% 150 —
Vg=+15V
RL 2 10k, . . _ . 4 _
Output Voltage v Vg=+15V 13 £ 3 x4 v
Swing ° R, = 2kQ, . .
Vg=£15V +10 +12 +10 +12
Power Consumption Pg Vg=+15V - 9 18 - 15 24 mw
NOTE:
1. Sample tested.
LOW-FREQUENCY NOISE TEST CIRCUIT (0.1 to 10Hz)
19}3 - <lvoz/sAV)2- (Vo1/8Ay)2 - zmmny)’”’
" 2Rg?
S1A oy
N 2
e P ki
0oP-08
1000 v‘z‘sv‘ 3, 7 1" 10kQ ‘6‘"
mMQ me 02
uF
10082 L S _1Bv 3 10k ;
NOTES:
1. S1(A AND B) CLOSED MEASURES e, (Vgq).
2. §1(A AND B) OPEN MEASURES e, AND I, (Vgo). 1, 1S 21000
COMPUTED FROM THE TWO MEASUREMENTS. 3
3. COMPENSATION COMPONENTS NOT SHOWN BUT 47
THEY ARE CONNECTED.
4. SEE NOISE PHOTO OF ey, IN TYPICAL PERFORMANCE
CURVES SECTION.
6. Ay = 10,000 WITH RESISTORS AS SHOWN.
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[Bnrt\ OP-08 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER
(PMI)

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

. COMPENSATION

. INVERTING INPUT

. NONINVERTING INPUT
v_

. OUTPUT

v+

. COMPENSATION

OND LN

For additional DICE information refer to
1986 Data Book, Section 2.

DIE SIZE 0.058 X 0.042 inch, 2436 sq. mils (1.47 X 1.07mm, 1.57 sq. mm)

WAFER TEST LIMITS at Vg = +20V, To=25°C for OP-08N and OP-08G devices; Vg = +20V, Tp=125°C for OP-08NT and
OP-08GT devices; Vg= + 15V, Tp =25°C for OP-08GR devices, unless otherwise noted.

OP-08NT OP-08N OP-08GT OP-08G OP-08GR
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LimiT LIMIT UNITS
Input Offset Voltage Vos 0.35 0.15 0.6 0.3 1.0 mV MAX
Input Offset Current los 0.2 0.2 0.4 0.2 0.5 nA MAX
Input Bias Current Ig 2 2 4 2 5 nA MAX
Input Voltage Range IVR Vg==%15V +13.5 +13.5 +13.5 +13.5 +13.5 VMIN
Common-Mode Vem==13V
Rejection Ratio CMRR Ve=+15V 100 104 100 104 84 dB MIN
Power Supply - N
Rejection Ratio PSRR Vg=%£5Vto £15V 10 7 10 7 63 LV/V MAX
Vg=%15V
Output Voltage v RL =10k *13 +13 *13 +13 *13 V MIN
Swing o R_> 2k - £10 - +10 +10
R 25k +10 - +10 - -
Large-Signal R_ 2 10k - 80 - 80 40
Voltage Gain Avo R 22k, Vg=+15V - 50 - 50 - V/mV MIN
(Vg =+£10V) R_= 5k, Vg=%15V 40 - 40 - -
Input Resistance Rin (Note 2) — 25 — 25 10 MQ MIN
= =+
Supply Current Isy lour _°' Ve=£16Y 06 06 06 0.6 0.8 mA MAX
Vour=0
NOTES:

1. For 25°C characteristics of NT & GT devices, see N & G characteristics,

respectively.

2. Guaranteed by input bias current.

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg = =15V, unless otherwise noted.

OP-08NT OP-08N OP-08GT OP-08G OP-08GR
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS
Average Input Offset o
Voltage Drift TCVos 0.5 0.5 1.0 1.0 15 pv/eC
Average Input Offset
Current Drift TClos 0.5 0.5 05 0.5 1.0 pA/°C
5-65 1/86, Rev. A
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BT\ OP-08 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER
(PMI)

TYPICAL PERFORMANCE CHARACTERISTICS

SMALL-SIGNAL LARGE-SIGNAL
LOW FREQUENCY NOISE TRANSIENT RESPONSE TRANSIENT RESPONSE

@l [ Tal ] =ERRN .

i
}
|
1
1

Rg =0, BW =0.1Hz TO 10Hz
5mV/DIV AT READOUT
0.5uV/DIV REFERRED TO INPUT

TRANSIENT RESPONSE TEST CIRCUIT

10pF
11
11
10k
W
10pF S
0oP-08 0 OUT
10k
N 5 $
:: 10k == 100pF
INPUT BIAS CURRENT
OPEN-LOOP GAIN AND PHASE OPEN-LOOP GAIN AND INPUT OFFSET CURRENT
vs FREQUENCY vs SUPPLY VOLTAGE vs TEMPERATURE
120 I T 120 20
PHASE—-*———, 240 Ry =2Q
100 =t 1 | 220 0T 18
NN G = 30F Cq=3pF [ L=
< 200 s
\ // 3 =2 10
5 80lci=3 pp\ 180 g 2x r\}_
z | N 160 @ 2 110 S —~——
z [ NS\ Cs = 1000 & H o 05
I 60 140 S ES 125°C
o Cg=100pF " N[\ /] © by
S \\\ N_// 120 3 8 755°C °
S 40 N A, = 30pF| 100 @ 5 i
1 t 0 o
s g % 2 25°C = 015
b \\ z g 100 wg
s 2 60 g
N \\‘ o 52 0.10
2\ S5c¢
0 |- vg=s15v \\\ 20 ;g 0.05 N~
| va=2s°c N o 2% m—
—20 1 90 [ i
1 10 100 1k 10k 100k 1M 10M 5 10 £15 +20 -55 -35 -15 5 26 45 65 85 106 126
FREQUENCY (Hz) SUPPLY VOLTAGE (VOLTS) TEMPERATURE (°C)
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BT\ OP-08 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER
{[PMI)-

TYPICAL PERFORMANCE CHARACTERISTICS

POWER SUPPLY

SUPPLY CURRENT SUPPLY CURRENT REJECTION RATIO (PSRR)
vs SUPPLY VOLTAGE vs TEMPERATURE vs FREQUENCY
600 600 T 100 T
NO LOAD NO LOAD & \\ —PSRR Cg = 100pF ¥::§;§g
500 2 80 ™ Ay=1
v N
e N \

E: w0 25°C g 400 V, -lev ,—Vs-nlsv ; o \\\\ l
: F'" - = 5 +PSRR Cg = 100pF
T .. P Ema : NN
£ 300 g 1 VsmEeY \\ )
; __—_—-/ 126°C ; 5/ N ; +PSRR Cy= 3ok\ \\
& 200 § 200 g 20 <
4 8 N R

100 % 0 \\!\f

015 10 £15 +20 0—55 -3 -16 65 25 456 65 85 105 125 -2?|00 1k 10k 100k ™ 10M
SUPPLY VOLTAGE (VOLTS) TEMPERATURE (°C) FREQUENCY (Hz)

APPLICATIONS INFORMATION TYPICAL APPLICATION
The OP-08 series has very low input offset and bias currents;
the user is cautioned fhaf .pnnted circuit bo_ard Ieakgge BILATERAL CURRENT SOURCE
currents can produce significant errors, especially at high
board temperatures. Careful attention to board layout and a2
cleaning procedure is needed to take full advantage of the Y
OP-08 performance. Board leakage is minimized by encircling
the input pins with a guard ring maintained at the same +16V
potential as the inputs. This guard ring should be driven by a v@l‘, 2N
low impedance source, such as an amplifier's output I ‘ﬁf op-08 D
or ground. = i . A

Rg<<Rz $ Rg

ER; IF R1=R3 AND R2=R4+RE THEN
IL=—% | IS INDEPENDENT OF VARIATIONS
Rafs 1N R
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Precision Monolithics Inc.

OP-09/0P-11

QUAD MATCHED
741-TYPE OPERATIONAL AMPLIFIERS

FEATURES
® GuaranteedVog ..........ccoiviiiiininn. 500V Max
® Guaranteed Matched CMRR ................ 94dB Min
® Guaranteed MatchedVps .................. 750.V Max
® RC/RMA4136 Direct Replacement (OP-09)
® LM148/LM348 Direct Replacement (OP-11)
® Low Noise
¢ Silicon-Nitride Passivation
® [nternal Frequency Compensation
® Low Crossover Distortion
e Continuous Short-Circuit Protection
e Low Input Bias Current
ORDERING INFORMATION+t
Tao=25°C HERMETIC EPOXY OPERATING
Vos MAX DIP DIP TEMPERATURE
(mV) 14-PIN 14-PIN Lcc RANGE
OP-09AY*
05 OP-11AY* OP11ARC/883 miL
OP-09EY
05 OP-HEY OP-11EP CoM
OP-09BY*
25 oP-11BY* MIL
OP-09FY OP-09FP
25 OP-11FY OP-11FP com
5.0 OP-11CY* MIL
5.0 OP-11GY OP-11GP coMm

* For devices processed in total compliance to MIL-STD-883, add /883 after
part number. Consult factory for 883 data sheet.

tAll commercial and industrial temperature range parts are available with
burn-in. For ordering information see 1986 Data Book, Section 2.

GENERAL DESCRIPTION

The OP-09 and OP-11 provide four matched 741-type opera-
tional amplifiers in a single 14-pin DIP package. The OP-11is
pin compatible with the LM148, LM348, RM4156, and HA4741
amplifiers. The OP-09 is pin compatible with the RM4136 and
RC4136. The amplifiers are matched for common-mode
rejection ratio and offset voltage which is very important in
designing instrumentation amplifiers. In addition, the ampli-

SIMPLIFIED SCHEMATIC (One of Four Amplifiers Is Shown)

fier is designed to have equal positive-going and negative-
going slew rates. Thisis an important consideration forgood
audio system performance.

Each of the four amplifiers has the proven OP-02 advantages
of low noise, low drift, and excellent long-term stability. Pre-
cision Monolithics’ exclusive Silicon-Nitride “Triple Passiva-
tion” process reduces “popcorn noise”, provides high relia-
bility, and assures long-term stability of parameters.

The OP-09 and OP-11 are ideal for use in designs requiring
minimum space and cost while maintaining OP-02-type
performance.

OP-09's and OP-11’s with processing per the requirements of
MIL-STD-883 are available. For dual-741-type versions, see
the OP-04/14 data sheet.

PIN CONNECTIONS

OP-09

~IN (A)
+IN (A)

0ouT (A)
OUT (B)
+IN (B)

-IN (B)
V-

14-PIN HERMETIC DIP (Y-Suffix)
EPOXY DIP (P-Suffix)

OP-11ARC/883

LcC
(RC-Suffix)

o]
88
25

(=]

{ 1
[
(=) IN
" 1 jﬂ
o by
s o 3 $ ZF
v
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[T\ OP-09/0P-11 QUAD MATCHED 741-TYPE OPERATIONAL AMPLIFIERS

{PMID)
ABSOLUTE MAXIMUM RATINGS (Note 2)
SupplyVoltage .........ccciiiiiiiiiiiinniiine.. +22V OP-11A, OP-11B,
OP-09GR and OP-11GR (Only) .......ccvvuvennn. 18V OP-11C, OP-11ARC ................. -55°C to +125°C

Internal Power Dissipation (Note 1)

................ 0°C to +70°C

OP-11E, OP-11F, OP-11G

RC, Y-Package .........ccovivviiiiiinnnnnnn, 800mwW
P-Package ............coiiiiiiiiiiiiiiie., 500mW NOTES:
Differential Input Voltage .......................... +30V 1. See table for maximum ambient temperature and derating factor.
InputVoltage .............coovvininnnenn. Supply Voltage
Output Short-Circuit Duration ............... Continuous ”AT’g":g;‘R:;":"‘EE"T M:;m}: :;g:’:m
(One Amplifier Only) PACKAGE TYPE FOR RATING TEMPERATURE
Storage Temperature Range - - =
RC, Y-Package ..................... ~65°C to +150°C 14-Pin Hermetic DIP (¥) 70°C 10.0mw/2C
P-Package ............ccoiihiiinn... -65°C to +125°C 14-Pin Plastic DIP (P) 42°C smw/°C
Lead Temperature Range (Soldering, 60 sec) ...... 300°C LCC (RC) 70°C 7.8mW/°C
DICE Junction Temperature (T)) ..... -65°C to +150°C
. 2. Absolut i ti ly to both DICE and packaged parts, unl
Operating Temperature Range othse?'\:vllseen::)’:'er:?m ratings apply to bof and packaged parts, unless
OP-09A,0P-09B ................... -55°C to +125°C
OP-09E, OP-09F .......ccovvvuiinnnnnnnnn 0°Cto +70°C
MATCHING CHARACTERISTICS at Vg = £ 15V, Tp = +25°C, Rg < 1000, unless otherwise noted.
OP-09A, OP-09E OP-09B, OP-09F
OP-11A, OP-11E OP-11B, OP-11F
PARAMETER SYMBOL  CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Input Offset Voltage Match AVps - 05 075 - 0.8 20 mV
Common-Mode Rejection Vem=t12v — 1 20 — 1 20 uv
Ratio Match ACMRR Vem =112V 94 120 — 94 120 - d8
MATCHING CHARACTERISTICS at Vg = £ 15V, -55°C < T4 < +125°C for OP-09A, OP-09B, OP-11A and OP-11B,
0°C < Tao< +70°C for OP-09E, OP-09F, OP-11E and OP-11F, Rg < 100(), unless otherwise noted.
OP-09A, OP-09E OP-09B, OP-09F
OP-11A, OP-11E OP-11B, OP-11F
PARAMETER SYMBOL  CONDITIONS MIN  TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Match AVog — 0.6 1.0 - 1.0 25 mV
Common-Mode Rejection ACMRR Veom=t12v - 3.2 20 - 3.2 20 wV/V
Ratio Match Veom= 112V 94 110 — 94 110 — dB
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rm\OP-OWOP-“ QUAD MATCHED 741-TYPE OPERATIONAL AMPLIFIERS

1PMI)-

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vg = £ 15V T = 25°C, unless otherwise noted.

OP-09A/E OP-09B/F
OP-11A/E OP-11B/F OP-11C/G

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage  Vog Rg < 10kQ2 — 0.3 0.5 - 0.6 25 - 12 5.0 mVv
Input Offset Current  Igg — 5.5 20 — 25 50 — 75 200 nA
Input Bias Current g — 180 300 - 300 500 — 300 500 nA
Input Resistance

A . - A 017 - 01 017 -— MQ

Differential Mode N (Note 3) 017 029 0
Input Voltage Range  IVR *12 *13 —_ *12 *13 - *12 +13 - )
Common-Mode

=+ < —_— — —

Rejection Ratio CMRR Vem = £12V, Rg < 10k 100 120 100 120 70 100 dB
Power Supply Vg=%5to 15V,

— — 4 - 1

Rejection Ratio PSRR Rg < 10k 4 82 % 0 10 i
Output Voltage Swing Vg R_=2k0 1 +13 — =1 *13 — E b} +13 — \
";g:'s'g"a' Voltage o Ry < 2K, Vo = £10V 100 650 @ — 100 650 — 50 50 —  Vimv
Power Consumption

= — — 123 180 —_
(Note 1) Py Vo=0V 105 180 210 340 mw
Input Noise Voltage €np-p 0.1Hz to 10Hz -_ 0.7 — — 0.7 — —_ 07 - pVP_p
. fo=10Hz - 18 — - 18 — - 18 —_
"g’el:s:‘:me Voltage fo = 100Hz - 1“ = - 1 - - u = awWhz
Y fo= 1000Hz I — - 12 - - 2 -
Input Noise Current inp_p 0.1Hz to 10Hz —_ 17 — - 17 — — 17 —_ pA,,_p
fo=10Hz - 1.8 - _ 1.8 —_ - 1.8 -
i
"l‘_)‘:ﬁs:? se Current fo= 100Hz - 15 - - 15— - 15— pAVTE
Y fo= 1000Hz - 12 - - 12 - - 12 -
Channel Separation CS 100 130 - 100 130 — — 130 — dB
Slew Rate (Note 2) SR 0.7 1.0 - 0.7 1.0 - 0.7 1.0 — V/us
Large-Signal
= " - " 16 — 1" 16 -— kH:

Bandwidth (Note 2) Vo =20Vpp "o §

Closed-Loop
=+1. . X — .4 . — . . —

Bandwidth (Note 4) W AycL=+10 24 30 2 3.0 24 30 MHz
Risetime (Note 2) tr Ay=+1,Vy=50mV — 110 145 — 110 145 —_ 110 145 ns
Overshoot (Note 2) os - 15 25 — 15 25 — 15 25 %
NOTES:

1. Total dissipation for all four amplifiers in package.
2. Sample tested.
3. Guaranteed by input bias current.
4. Guaranteed by risetime.
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ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vg = +15V, -55°C < Ta < +125°C, unless otherwise noted.
OP-09A OP-09B
OP-11A OP-11B OP-11C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage  Vog Rg < 10k — 04 10 - 10 35 — 15 80 mv
Average Input Offset .
Rg < 10kQ) - 2.0 10 — 4.0 15 — 4.0 —_ V/°C

Voltage Drift (Note 3) '© 0 s 3
Input Offset Current  Iog — 20 40 — 40 80 — 250 300 nA

!
Average Input Offset o, — o1 03 — 03 08 — 03 06 nA”C (

Current Drift (Note 3) '
Input Bias Current Ig — 200 375 — 400 650 — 400 800 nA
Input Voitage Range  IVR *12 %13 - +12 +13 - 12 +13 — \ 5
Common-Mode

=% < 1 1 — 100 120 —_ 70 100 - B

Rejection Ratio CMRR Vem =12V, Rg < 10kQ 00 120 d
Power Supply Vg=15to +15V,

— 3 _ 4 32 - 10 1 v

Rejection Ratio PSRR Rg < 10k 4 2 0 wv/ g
Large-Signal Avo R, = 2k0), Vo= £10V 50 250 @ — 50 250 — 25 100 — vimv

Voltage Gain 5
Output Voltage Swing Vo RL=2kQ +11  +13 — +11 13 — +11  +13 - vy
Power Consumption 5

= — 115 200 — 115 200 — 250 400 W

(Note 1) Py Vo=0V m
<
ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vg = +15V, 0°C < Ta < +70°C, unless otherwise noted. @)
—
OP-09E OP-09F 5
OP-11E OP-11F OP-11G é
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX MIN  TYP MAX UNITS 73]
Input Offset Voltage Vg Rg < 10kQ — 04 08 — 08 30 — 15 60 mv 8

Average Input Offset o

Voltage Drift TCVos  Rs=10kQ 20 10 40 15 - 40 = e
Input Offset Current  |og — 14 30 — 40 60 — 250 300 nA
Average Input Offset .

Gurrent Drift (Note 3) TClos 0.1 0.3 0.3 0.6 0.3 0.6 nA/°C
Input Bias Current Ig — 200 350 — 400 550 — 400 800 nA
Input Voltage Range  IVR +12 13 — +12 +13 — +12 13 — \
Common-Mode

=+ < — —_ —

Rejection Ratio CMRR Vom =112V, Rg< 10k 100 120 100 120 70 100 dB
Power Supply Vg==*5to £15V,

Rejection Ratio PSRR  ge<10ka 4 @ 4 = 1o 100 wVIV
Large-Signal

=+ —_— -—_— -—

Voltage Gain Avo R =2k}, Vo =£10V 50 250 50 250 25 100 V/mV
Output Voltage Swing Vg R =2k +11 +13 — =1 +13 — +11 +13 — Vv
Power Consumption _

(Note 1) d Vo =0V —_ 115 200 — 115 200 — 250 400 mw
NOTES:

1. Total dissipation for all four amplifiers in package.
2. Sample tested.
3. Guaranteed but not tested.
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DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

OP-09 :
1. INVERTING INPUT (A) 1. OUTPUT (A)
2. NONINVERTING INPUT (A) 2. INVERTING INPUT (A)
3. OUTPUT (A) 3. NONINVERTING INPUT (A)
4. OUTPUT (B) 4. V+
5. NONINVERTING INPUT (B) 5. NONINVERTING INPUT (B)
6. INVERTING INPUT (B) 6. INVERTING INPUT (B)
7. V- 7. OUTPUT (B)
8. INVERTING INPUT (C) 8. OUTPUT (C)
9. NONINVERTING INPUT (C) 9. INVERTING INPUT (C)

10. OUTPUT (C)
1. v+
12, OUTPUT (D)

10. NONINVERTING INPUT (C)
1. v-
12. NONINVERTING INPUT (D)

GlLVE

= 13. NONINVERTING INPUT (D 13. INVERTING INPUT (D
E&ELWIP\E y | 14. INVERTING INPUT (D) © 14. OUTPUT (D) ©
_ _ 15, V+ 15. V+
DIE SIZE 0.085 X 0.070 Inch, 5950 sq. mils DIE SIZE 0.085 X 0.070 inch, 5950 sq. mils
(2.16 X 1.78 mm, 3.84 sq. mm) (2.16 X 1,78 mm, 3.84 sq. mm)
NOTE: For additional DICE Information refer to
Either or both V+ pads may be used without any change in performance. 1986 Data Book, Section 2.

WAFER TEST LIMITS at Vg= +15V, Tp=25°C for OP-09/11N, OP-09/11G and OP-09/11GR devices; Ta=125°C for
OP-09/11NT and OP-09/11GT devices, unless otherwise noted.

OP-09NT OP-09N OP-09GT OP-09GR
OP-1INT OP-11N OP-11GT OP-11G OP-11GR
PARAMETER SYMBOL CONDITIONS LiMIT LIMIT LIMIT LIMIT LMt UNITS
Input Offset Voltage Vos Rs < 10k 1.0 0.5 35 25 5.0 mV MAX
Input Offset Current  log 20 20 50 50 200 nA MAX
Input Bias Current g 300 300 500 500 500 nA MAX
Input Voltage Range IVR *12 *12 +12 +12 12 VMIN
Common-Mode Vem =112V
Rejection Ratio CMRR Rg < 10kD 100 100 100 100 70 dB MIN
Power Supply Vg =15V to 15V
Rejection Ratio PSRR Rg < 10kD 32 32 32 32 100 uW/V MAX
R 2 10k *11 *12 E ] *12 =N
Output Voltage Swing Vg R =20 11 11 11 11 11 VMIN
Large-Signal Ry =2kQ
Voltage Gain Avo Vo= +10V 50 100 50 100 50 V/mVMIN
Power Consumption P Vour=0 20 180 200 180 340
(Four Amplifiers)  ° No Load 0 8 mWMAX
NOTES:

For 25°C characteristics of NT & GT devices, see N & G characteristics, respectively.

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yleld loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg= 115V, To = +25°C, unless otherwise noted.

OP-09NT OP-09N OP-09GT OP-09GR
OP-1INT OP-11N OP-11GT OP-11G OP-11GR
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS
Ay=1
Slew Rate SR R 2 2k0 1 1 1 1 1 Vius
Unity Gain Bandwidth GBW 2 2 2 2 2 MHz
Ay =100
Channel Separation cs f = 10kHz 130 130 130 130 130 dB
Rg=1kQ
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1PMD)

TYPICAL PERFORMANCE CHARACTERISTICS
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D77\ OP-09/0P-11 QUAD MATCHED 741-TYPE OPERATIONAL AMPLIFIERS
(PMD)-

TYPICAL PERFORMANCE CHARACTERISTICS
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Precision Monolithics Inc.

OP-10

DUAL MATCHED INSTRUMENTATION
OPERATIONAL AMPLIFIER

FEATURES
e Extremely Tight Matching
e Excellent Individual Amplifier Parameters
e Offset VoltageMatch ..................... 0.18mV Max
e Offset Voltage Match vs Temp. .......... 0.8p.V/° C Max
¢ Common-Mode Rejection Match ........... 114dB Min
o Power Supply Rejection Match ............ 100dB Min
® Bias CurrentMatch ....................... 3.0nA Max
® LowNoise ....................coiiilll 0.6uVy.p Max
e LowBilasCurrent ......................... 3.0nA Max
e High Common-Mode Input Impedance .... 200GQ Typ
e Excellent Channel Separation ............. 126dB Min
ORDERING INFORMATION
Tao=25°C HERMETIC OPERATING
Vos MAX DIP TEMPERATURE

(mv) 14-PIN RANGE

0.5 OP10AY* ML

0.5 OP10EY COM

0.5 OoP10Y* MiL

0.5 OP10CY COM

*For devices processed in total compliance to MiL-STD-883, add /883 after
part number. Consult factory for 883 data sheet.

tAll commercial and industrial temperature range parts are available with
burn-in. For ordering information see 1986 Data Book, Section 2.

GENERAL DESCRIPTION

The OP-10 series of dual-matched instrumentation opera-
tional amplifiers consists of two independent monolithic
high-performance operational amplifiers in a single 14-pin
dual-in-line package. Tight matching of critical parameters

SIMPLIFIED SCHEMATIC (1/2 OP-10)

is provided between channels of the dual operational
amplifier.

The excellent specifications of the individual amplifiers
and tight matching over temperature enable construction of
high-performance instrumentation amplifiers. The designer
can achieve the guaranteed specifications because the
common package eliminates temperature differentials which
occur in designs using separately housed amplifiers.

Matching between channelsis provided on all critical param-
eters including offset voltage, tracking of offset voltage vs.
temperature, noninverting bias currents, and common-mode
and power-supply rejection ratios. The individual amplifiers
feature extremely low offset voltage, offset voltage drift, low
noise voltage, low bias current, internal compensation and
input/output protection.

PIN CONNECTIONS

NULL (A) [1] (1] v+ (A}
NULL (A) [Z] ouT (A)
N V-t 14.PIN CERAMIC DIP
+IN (A) [] +IN (B) (Y-Suffix)
V- (8) ~IN (B)
ouT (8) [&} [e] NULL (B)
v+ (B) [ 5 ] NULL (B)

NOTE:
Device may be operated even if insertion is reversed; this is due to
inherent symmetry of pin locations of amplifiers A and B.

R2A :; R2B
NULL NULL  §
— —-0—4
<>
Sr2a
bY

> R1A
>

AAA,

OouTPUT
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r—'i\ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER

\PMD)

ABSOLUTE MAXIMUM RATINGS
Supply Voltage ...

Internal Power Dissipation (Note 1) ...

Differential Input Voltage .......
Input Voltage (Note 2) ...........
Output Short-Circuit Duration

Storage Temperature Range .........

Operating Temperature Range
OP-10A,0P-10 ............

OP-10E, OP-10C ...........evtnne

.. Indefinite

.. —65°Cto+150°C

.. =55°Cto +125°C
cee... 0°Cto+70°C

DICE Junction Temperature (T)) ....... -65°Cto+150°C
Lead Temperature Range (Soldering, 60 sec) ...... 300°C
MAXIMUM AMBIENT DERATE ABOVE
TEMPERATURE MAXIMUM AMBIENT
PACKAGE TYPE FOR RATING TEMPERATURE
Dual-in-Line (Y) 106°C 11.3mW/°C
NOTES:

1. See table for maximum ambient temperature rating and derating factor.
2. Forsupply voltages less than +22V, the absolute maximum input voltage is
equal to the supply voltage.

INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vg = +15V, Ty = 25°C, unless otherwise noted.

OP-10A OP-10

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos - 0.2 0.5 - 0.2 0.5 mV
Long-Term Input Offset "

- . . —_ . 1.0

Voltage Stability AVpg/Time (Notes 1, 2) 0.25 1.0 0.25 uV/Mo
Input Offset Current los — 1.0 2.8 — 1.0 2.8 nA
Input Bias Current g — +1 +3 — +1 +3 nA
Input Noise Voltage enp-p (Note 2) 0.1Hz to 10Hz - 0.35 0.6 — 0.35 0.6 #Vp-p
Input Noise Voltage fo=10Hz - 10.3 18.0 - 10.3 18.0

D"en i ¢ en (Note 2) fo = 100Hz — 100 130 — 100 130 VAR

sity fo = 1000Hz — 98 110 — 96 110
Input Noise Current inp-p (Note 2) 0.1Hz to 10Hz - 14 30 - 14 30 PAp-p
Input Noiss Current fo=10Hz — 032 080 — 032 080
D"e‘:‘s“ in (Note 2) fo = 100Hz — 014 023 — 014 023 pA/\/ Hz
Y fo = 1000Hz — 012 o017 — 012 o0
Input Resistance —

Differential-Mode Ain (Note 3) 2 60 0 & Ma
Input Resistance —

Common-Mode Rinom 200 200 - Go
Input Voltage Range IVR +13 +14 - *13 +14 - v
Common-Mode Rejection CMRR Vou=£13V T - 1 128 — a8

Ratio
P Rejecti

ower Supply Rejection PSRR Vg =£3V to £18V - 4 1w - 4 10 W

Ratio

! R = 2k, Vo = £10V 200 500 - 200 500 —
Lgrqe—Sugnal Voltage Avo RL2 5000, Vg = £0.5V, V/mV
ain Vg = +3V (Note 3) 150 500 - 150 500 -
R_ = 10k +125 +13.0 - 125 *13.0 —
Output Voltage Swing Vo R =2k +120 128 - +12.0 =128 —_ \"
R =1k +105 12,0 - +10.5 +12.0 _
Slew Rate SR R = 2k0 - 047 — - 017 - V/us
Closed-Loop Bandwidth BW AycL=+10 - 06 - — 06 - MHz
Open-Loop Output _ _ _ _ _
Resistance Ro Vo=0,10=0 & 60 a
. Each Amplifier — 90 120 — 920 120
Power Consumption Py Vg=+aV _ 4 6 _ 4 6 mw
Offset Adjustment Range Rp=20k0 — +4 - - *4 —_ mV
input Capacitance CiN — 8 —_ - 8 — pF

NOTES:

1. Long-Term Input Offset Voitage Stability refers to the averaged trend line
of Vog vs. Time over extended periods after the first 30 days of operation.
Excluding the initial hour of operation, changes in Vog during the first 30
operating days are typically 2.5uV — refer to typical performance curves.

2. Sample tested.
3. Guaranteed by design.

5-76

1/86, Rev. A



rpﬁi\ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER

| LTS
INDIVIDUAL AMPLIFIER CHARACTERISTICS at V5= +15V, -55°C < Ta < +125°C, unless otherwise noted.
OP-10A OP-10
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP MAX UNITS
Input Offset Voltage Vos — 0.3 0.7 — 03 07 mvV
Average Input Offset
Voltage Drift
Without External Trim TCVos (Note 2) - 0.7 2.0 -— 0.7 20 wV/°C
With External Trim TCVosn Rp = 20kQ) (Note 3) - 0.3 1.0 — 03 1.0 uv/eC
Input Offset Current los — 1.8 5.6 — 1.8 5.6 nA
Average Input Offset
Current Drift TClos (Note 2) 8 50 - 8 50 pA/°C
Input Bias Current Ig — +2 +6 — +2 +6 nA
Average Input Bias o
Current Drift TClg (Note 2) 13 50 13 50 pA/°C
Input Voltage Range IVR *13.0 =135 - *+13.0 *135 -— \ 2
Common-Mode Rejection CMRR Vom=£13V 106 123 — 106 128 — | [
Ratio E
Power Supply Rejection . . -
Ratio PSRR Vg=+3V to £18V 5 20 5 20 wVIV ﬁ
"gf:’i:'s'g"a' Voltage Avo RL2 2kQ2, Vo = 210V 150 400  — 150 400  — V/imv 5
Output Voitage Swing Vo R 22k0 +120 +12.6 — +120 +126 — \ j
MATCHING CHARACTERISTICS at Vg = 15V, To = 25°C, unless otherwise noted. p
OP-10A OP-10 é
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP MAX UNITS =
[~
Input Offset Voltage AVps — 007 018 — 012 0.5 mv @)
Average Noninverting gt — 10 #30 — 13 t45 nA
Bias Current
Noninverting Offset
+ - 0.8 2.8 - A X
Current los ! 45 nA
Inverting Offset Current los— - 0.8 2.8 — 11 4.5 nA
Common-Mode Rejection
=+ — —
Ratio Match ACMRR Vem =13V 114 123 106 120 dB
Power Supply Rejection . N
Ratio Match APSRR Vg=+3Vto =18V 3 10 4 20 wV/V
Channel Separation Ccs (Note 2) 126 140 _ 126 140 — dB
MATCHING CHARACTERISTICS at Vg = £ 15V, -55°C < T < +125°C, unless otherwise noted.
OP-10A OP-10
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS
Input Offset Voltage _ _
Match AVos 0.1 0.3 0.2 0.9 mVv
Input Offset Voltage
Tracking
Without External Trim TCAVps (Note 2) - 0.45 1.3 - 0.9 25 pVv/°C
With External Trim TCAVosn Rp =20k (Note 3) - 03 o8 — 04 12 RVLe

Channel A only

NOTES:

2. Sample tested.

1. Long-Term Input Offset Voltage Stability refers to the averaged trend line
‘ 3. Guaranteed by design.

of Vgg vs. Time over extended periods after the first 30 days of operation.
Excluding the initial hour of operation, changes in Vog during the first 30
operating days are typically 2.5uV — refer to typical performance curves.
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{PMI)

MATCHING CHARACTERISTICS at Vg = £15V, -=55°C < T < +125°C, unless otherwise noted. (Continued)

OP-10A OP-10
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP MAX UNITS
Average Noninverting Ig+ — 20 *60 —  +24 80 nA

Bias Current
Average Drift of

Noninverting TClgt (Note 2) — 10 40 — 15 - pA/°C

Bias Current
Noninverting Offset

Current lost — 20 65 24 90 nA
Average Drift of

Noninverting TClost (Note 2) - 12 50 - 18 - pA/°C

Offset Current
Inverting Offset Current log~ — 2.0 6.5 — 2.4 9.0 nA
Common-Mode Rejection

=+ - -

Ratio Match ACMRR Vem =113V 108 120 103 17 dB

Power Supply Rejection . 4
=+ + —_— 21 _—
Ratio Match APSRR Vg=%3Vto£18V 6 0 7 32 uV/V
INDIVIDUAL AMPLIFIER CHARACTERISTICS at V5= =15V, To = 25°C, unless otherwise noted.
OP-10E OP-10C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP  MAX UNITS
Input Offset Voltage Vos — 02 05 — 02 05 mv
Long-Term Input Offset .
—_ 0. 1. — . —

Voltage Stability AVog/Time  (Notes 1,2) 3 5 05 4V/Mo
Input Offset Current los — 1.2 38 — 1.8 6.0 nA
Input Bias Current Ig — 12  *40 — 18 *70 nA
Input Noise Voltage €np-p (Note 2) 0.1Hz to 10Hz — 0.35 0.6 — 0.38 0.65 ,‘vp_p
Inout Noise Voltage fo=10Hz - 10.3 18.0 - 105 20.0

E:a it 9 en (Note 2) fo = 100Hz — 100 130 — 102 185 n/Hz

Y fo = 1000Hz — 86 110 — 98 15
Input Noise Current i,,‘.,.p (Note 2) 0.1Hz to 10Hz — 14 30 - 15 35 pAp_p
Input Noise Current fo=10Hz — 082 08 - 035 080
;’e nsit in (Note 2) fo = 100Hz — 014 023 — 015 027 pA/VHz
Y fo = 1000Hz —_ 0.12 0.17 - 0.13 0.18
Input Resistance —

Differential-Mode A (Note 3) v %0 - 8 - Ma
Input Resistance —

Common-Mode Rinowm 160 120 - Ga
Input Voltage Range IVR *13 *14 - *13 *14 - \
Common-Mode Rejection CMRR Vom =213V 106 128 — 100 120 - dB

Ratio
P .

ower Supply Rejection PSRR Vg=+3V to £18V - 4 20 - 10 32 AN

Ratio

) Ry = 2k, Vo = £10V 200 500 — 120 400 -
L;?:-Sngnal Voltage Avo R_> 50001, Vg = $0.5V, 00 o V/mv
i Vg = %3V (Note 3) o 50— ! 40 -
R =10k +125 £13.0 - +120 *13.0 -
Output Voltage Swing Vo R, =2k +120 *12.8 -— 115 *128 - A
R = 1kQ +10.5 %120 - —  *120 —
NOTES:

1. Long-Term Input Offset Voltage Stability refers to the averaged trend line
of Vog vs. Time over extended periods after the first 30 days of operation.
Excluding the initial hour of operation, changes in Vg during the first 30
operating days are typically 2.5uV — refer to typical performance curves.

2. Sample tested.
3. Guaranteed by design.
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[Se77\ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER
(PMI)

. . |
INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vg=+15V, 0°C < To < +70°C, unless otherwise noted. (Continued) 1
OP-10E OoP-10C |
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS
Slewing Rate SR R =2k0 - 0.17 - — 0.17 — V/us
Closed-Loop Bandwidth BW AycL=+1.0 - 0.6 - - 0.6 — MHz
Open-Loop Output i
Vo=0,lg= — 60 — — 60 —
Resistance Ro 0=0.10=0 2
N Each Amplifier — 90 120 — 95 150
Power Consumption Py Vg= 3V _ 4 5 _ 4 8 mW
Offset Adjustment Range Rp =20k} — *4 - — +4 —_ mvV
Input Capacitance Cin - 8 — — 8 — pF
INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vg=+15V, 0°C < To < +70°C, uniess otherwise noted.
OP-10E OoP-10C %)
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS %
Input Offset Voltage Vos — 0.25 0.6 — 0.35 1.6 mvV E
—
Average Input Offset —t
Voltage Drift ey
Without External Trim TCVos (Note 2) - 0.7 20 — 1.2 4.5 N7 e 5
With External Trim TCVosn Rp = 20kQ (Note 3) - 0.3 1.0 — 04 15 uv/°C A
Input Offset Current los - 1.4 5.3 — 2.0 8.0 nA <
Average Input Offset . Z
Current Drift TClos (Note 2) - 8 50 - 12 50 pA/°C 9
Input Bias Current Is —  #15 455 — 22 +90 e H
Average Input Bias é
Current Drift TClg (Note 2) - 13 50 - 18 50 pA/°C g_}
Input Voltage Range IVR +13.0 *135 — +13.0 135 — \ O
Common-Mode Rejection CMRR Vom =13V 103 123 — o7 120 — dB
Ratio
P ly Rejecti
ower Supply Rejection PSRR Vg=+3V 10 £18V - 7 a2 - 10 s R,
Ratio
-Si | Ve
Lé;gi: Signal Voltage Avo R 2 2kQ, Vg = £10V 100 400 @ — 100 400 @ — V/mv
Output Voltage Swing Vo R =2k0 +12.0 *12.6 - +11.0 +126 — \
NOTES:
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line

of Vog vs. Time over extended periods after the first 30 days of operation.
Excluding the initial hour of operation, changes in Vog during the first 30
operating days are typically 2.5uV — refer to typical performance curves.
. Sample tested.
3. Guaranteed by design.

N
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BT\ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER

{PMI)
MATCHING CHARACTERISTICS at Vg =+ 15V, Ta = 25°C, unless otherwise noted.
OP-10E OP-10C
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN TYP MAX UNITS
Input Offset Voltage

Match AVos 0.12 0.5 0.3 - mvV
Average Noninverting . N

Bias Current gt +13 45 +2.0 nA
Noninverting Offset

Current lost 1.1 45 1.8 - nA
Inverting Offset Current los~ - 1.1 4.5 —_ 18 - nA
Common-Mode Rejection _

Ratio Match ACMRR Vom==*13V 106 120 - - "7 - dB
Power Supply Rejection . . _ _

Ratio Match APSRR Vg=%3Vto =18V 4 20 5 BV
Channel Separation (o1 (Note 1) 126 140 —_ 120 137 - dB
MATCHING CHARACTERISTICS at Vg= £ 15V, 0°C < To < +70° C, unless otherwise noted.

OP-10E OP-10C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Input Offset Voltage

Match AVps 0.18 0.7 0.4 - mv
Input Offset Voltage

Tracking

Without External Trim TCAVps (Note 1) — 0.9 23 - 13 - uv/re

R, =20k _ _ _ o

With External Trim TCAVosn Channel A Only (Note 2) 03 08 0.6 INZd*]
Average Noninverting R — 4 _

Blas Current gt +20 160 2.8 nA
Average Drift of _ _ _ o

Noninverting Bias Current TClgt (Note 1) 12 4 18 pPASC
Noninverting Offset gt _ 20 6.0 _ 28 _ nA

Current
Average Drift of _ - — °

Noninverting Offset Current TClost (Note 1) 1 50 20 pASC
Input Offset Current los~ — 2.0 6.0 = 2.8 - nA
Common-Mode Rejection _

Ratio Match ACMRR Vom =13V 103 17 —_ - 14 - dB
Power Supply Rejection _ _ _ _

Ratio Match APSRR Vg=13Vto =18V 6 32 8 BV
NOTES:

1. Sample tested.
2. Guaranteed by design.
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rp'l\'/ﬁ\ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER

|ExMCE V4

BURN-IN CIRCUIT

OFFSET NULLING CIRCUIT

v+

,zom?
211 |

>

INPUT
+0—

+18V O——4 OP-10 j—o—mv
5

+0—

OP-10

INPUT
-0

TYPICAL PERFORMANCE CHARACTERISTICS

MATCHING CHARACTERISTICS
TRIMMED MATCHED OFFSET

MATCHING CHARACTERISTICS VOLTAGE DRIFT AS A

TRIMMED OFFSET VOLTAGE FUNCTION OF TRIMMING POT
MATCH vs TEMPERATURE _ (Rp) SIZE AND AVos
o
40 T T T T T L )
3 Vos TRIMMED TO <5uV AT 25°C 2 l l ﬂ
2 NULLING POT = 20kg2 h c
<} 1. OP-10A £ Rp =
K 2. OP-10E & e = k0L~
3™ P e —~ g o =
Z N Ay 5 gl
o 5
@ 2 j =" Rp = 10k
w M > L T
5 9‘ 3 0 i o L+ Rp =20k |
s 20 AN IAVAW A g 0
S AY 7 £ I
£ X 7 a - Rp = 50k2
2 AWML V7 g [ ] ~N \\"‘T‘\
g N\ @‘ 5 g s} OP-10A
=
g Doy 3 0P-10_ | Rp=100k2 =~
< H 0P-108 J l 0P-10C «]
0 Z 10 l | L1
75 50 -25 0 25 50 75 100 125 E e 0z oa o8 o8 10 12
TEMPERATURE (°C) UNTRIMMED OFFSET VOLTAGE MATCH AV g (mV)

(CURVES ARE SYMMETRICAL ABOUT ZERO FOR AVg < 0)

CHANNEL SEPARATION (dB)

MATCHING CHARACTERISTICS
CHANNEL SEPARATION

150

vs

FREQUENCY

IR
Vg =216V
Tp = +25°C
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120

110

100

920
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100

1k 10k 100k
FREQUENCY (Hz)
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['P'M—I\ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER

CCL74

TYPICAL PERFORMANCE CHARACTERISTICS

MATCHING CHARACTERISTIC

MATCHING CHARACTERISTIC

TYPICAL LOW-FREQUENCY MAXIMUM INPUT ERROR vs MAXIMUM INPUT ERROR vs
NOISE TEST CIRCUIT SOURCE RESISTANCE SOURCE RESISTANCE
10 10 =zan:
s Es5°c To 1125°C £ 0P-10A 3z E o°'cTo70°C Tpate:
+15V : Vg = 115V z [ Vg =215V
po] 2
2 2
E H
3.3k$2 ouTPUT E 1.0 E 1.0 E UNTRIMMED °C TO 70°C £
= 2 T
< UNTRIMMED —55°C TO +125°C c ==
w L & [ UNTRIMMED 25°C
4.7uF b L LI = 4 il I
] UNTRIMMED 25°C L ] al
g o ==z £ o1
(=10Hz FILTER) ; - TRIMMED —55°C TO +126°C ; e
=3 =]
INPUT REFERENCE NOISE = § §< [ TRIMMED 0°C TO 70°C
YO_ _ SmV/em _ 5000y jcm = = | |
2000 25,000 0.01100 1k 10k 100K 0'011 00 % 10k 100k
SOURCE RESISTANCE (2} SOURCE RESISTANCE ($2)
INPUT WIDEBAND NOISE
vs BANDWIDTH
VOLTAGE NOISE DENSITY (0.1Hz TO FREQUENCY
OP-10 LOW FREQUENCY NOISE vs FREQUENCY INDICATED)
FW_- || . Rs1 = Rs2 = 200k H * F e sy
REFERRED TO INPUT THERMAL NOISE OF SOURCE [T = 3. iasc
imvmm AT OUTPUT RESISTORS INCLUDED  [T]] A
S e s EXCLUDED
= —1
=4
- £ 00 I s - A
z
4 3 1
w z
L<: I~ Rs=0 g
5 10 <
S 7
»
Vg =15 =
Tp=25°C
44
B 10 100 K s 1k 10k 100k
FREQUENCY (Hz) BANDWIDTH (Hz)
OFFSET VOLTAGE DRIFT
TYPICAL OFFSET VOLTAGE WITH TIME TRIMMED OFFSET VOLTAGE
STABILITY vs TIME Tepe T e O vs TEMPERATURE
s 2 ¥ T T T T
< 5 ll POWER SUPPLIES TURNED ON AT =0, "m’ 2 —T V0§ TIR'MMED_TO <5uV AT 25°C.
ER < o [l vos: rooav AT - e !hll! 8 = e P e oporoe
E 3 _IllllllllllllllliIIIIIllHIIlIIIH\lIIIIllIilIIIl!\W 5 2 YEoRet
T o, mepe 2 e 3. 1/20pP-10C / 4
E Vi =2 - 20 X
= § REFERENCE 4 \ [ /
£
E . n = Q . PINT é . @ [ @
@ NN E M /
£ s : NEOREOW/
g < I
: Eises : 3 Ao
;- . 7/
2 a4 T -4 A 2 s !
57 ; L0 T T oo T mlmm 2 TV
- o LU T T o 0 L
0 1 2 3 4 s 0001001 01 10 10 100 1k 10k =75 -850 -25 0 25 50 75 100 125
TIME (MONTHS) TIME (HOURS) TEMPERATURE (°C)
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JW\OPJO DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER

(PMI)

TYPICAL PERFORMANCE CHARACTERISTICS

‘OPEN-LOOP GAIN (dB) CMRR (dB)

PEAK-TO-PEAK AMPLITUDE (VOLTS)

100 Tk
FREQUENCY (Hz)

100k

OPEN-LOOP GAIN
vs FREQUENCY
120 T T
Vg =16V

100 Tp=+25°C—
80

60

40

20

0
~20
-40

0.1 1 10 100 1k 10k 100k ™ 10M

FREQUENCY (Hz)

MAXIMUM OUTPUT SWING

vs FREQUENCY

= TTTI

Vg = £15V

Tp = +25°C
24 A H
20
16
12
8
4

b\
-1-4
/]
1k 10k 100k ™

FREQUENCY (Hz)

PSRR vs FREQUENCY
120 — -
T
T
\~ "
100 | 172 op-10c ~FINAINT T
B 90 HH X H
£
€ 80 1 1 1T
70 FH—H ‘E
60 H TR
0 O
0.1 1.0 10 100 i 10k
FREQUENCY (Hz)
OPEN-LOOP GAIN vs POWER
SUPPLY VOLTAGE
1000 —
| Ta=+25°C
800
>
£
2
Z 600
& P
3 7
S 400
g
5
200
0
[ 5 +10 %15 +20

POWER SUPPLY VOLTAGE (VOLTS)

MAXIMUM OUTPUT VOLTAGE
vs LOAD RESISTANCE
20
TA Jastc

| Vg=z15v
Vi = £10mV
2 s POSITIVE SWING
5
(=]
‘>‘ {
£ TR NEGATIVE SWING
1
: v
5
z /
2
X
s
0
100 1k 10K

LOAD RESISTANCE TO GROUND (£2)

OPEN-LOOP GAIN (V/mV) CLOSED-LOOP GAIN (dB)

POWER CONSUMPTION (mW)

CLOSED-LOOP GAIN
vs FREQUENCY
100 T
Vs= 15V
Tp=26°C
80
Av= 1000
60
|
Ay =100
40 —)
Ay =10
20 -~
Av= 1
0
-20
10 100 1k 10k 100k M 10M
FREQUENCY (Hz)
OPEN-LOOP GAIN vs
TEMPERATURE
1000 T T
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/ T ———
400 =t
200
0
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BT\ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER

(PMI)
TYPICAL PERFORMANCE CHARACTERISTICS

INPUT BIAS CURRENT vs
OFFSET VOLTAGE CHANGE DIFFERENTIAL INPUT INPUT BIAS CURRENT vs
DUE TO THERMAL SHOCK VOLTAGE TEMPERATURE

30 T T T E A L B e 30 AT
s Vg = £15V B _ | AT Vpyppl < 1.0V, Vg =15V
2 Vog NULLED TO < 3] < 3nA (1/2 OP-10A, 1/2 OP-10) 3
w 25 <5uV AT 25°C £ 20" iigl <7nA (1/2 OP-10C) -20 f
< z
- w z z 3
3 TA=25°C Ta=70°C < & g
> 20 3 10 -0 & =
B | | 3 3 z
o g o<
£ N 5 4 ¢ £ L
S 1 £ o o @ 32— N 1/2 0P-T0C
= 'THERMA 2 A 5 P
2 Isuocx( z g < \1_— l
: B : A E s
=" g - 7 ] 5 N 1/2 OP-10E
8 E Z g, N
g / w / @ = S—t
2 5 R 0 U 1/2 OP-10A
I H v Vg = £15V 2
3 DEVICE D z 5= £15 2

|_1IN70°C OIL BATH g 'TA —I % IC 1
o Rl 1N
. -30 30 o
» 0 20 40 60 & 100 - -20 -0 o 10 20 30 -75 -50 -256 0 25 50 75 100 125
TIME (SEC) DIFFERENTIAL INPUT VALUE (VOLTS) TEMPERATURE (°C)

APPLICATIONS INFORMATION

ADVANTAGES OF DUAL MATCHED OPERATIONAL
AMPLIFIERS

Dual matched operational amplifiers provide a powerful tool
for the solution of some difficult circuit design problems.
Circuits include true instrumentation amplifiers, extremely
low drift, high common-mode rejection DC amplifiers, low
DC drift active filters, dual tracking voltage references and
many other demanding applications. These designs all
require good matching between two operational amplifiers.

The adjacent circuit, a differential-in, differential-out ampli-
fier, shows how errors can be reduced. Assuming the
resistors used are matched, the gain of each side will be
identical; if the offset voltage of each amplifier is matched,
then the net differential voltage at the amplifiers output will
be zero. Note that the output offset error of this amplifier is
nota function of the offset voltage of the individual amplifiers,
but only a function of the difference between the amplifiers’
offset voltages. This error-cancellation principle holds for a
number of input-referred error parameters — offset voltage,
offset voltage drift, inverting and noninverting bias currents,
common-mode and power supply rejection ratios. Note also
that the impedances of each input, both common-mode and
differential-mode, are extremely high, an important feature
not possible with single operational amplifier circuits.
Common-mode rejection can be made very high; this is
especially important in instrumentation amplifiers where
errors due to large common-mode voltages can be far greater
than errors due to noise or drift with temperature.

For example, consider the case of two op amps, each with
80dB (100nV/V) CMRR. If the CMRR of one device is
+100xV/V while CMRR of the other is—100uV/V, then the net

CMRR will be 200uV/V, a 6dB degradation. The matching of
CMRR increases the effective CMRR when used as an
instrumentation input stage.

R3
WA
v+
[}
20k
2 1 14
R1 3
o S
13 +
= sioe 5
+
© /

INPUT OP-10 OUTPUT

o = \
O +
SIDE 6 5
0
R2 e
A 10 /

R4

POWER SUPPLIES

The V+ supply terminals are completely independent and
may be powered by separate supplies if desired (this
approach, however, would sacrifice the advantages of the
power supply rejection ratio matching). The V- supply
terminals are both connected to the common substrate and
must be tied to the same voltage.
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BT\ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER

1PMID)

OFFSET TRIMMING

Offset trimming terminals are provided for each amplifier of
the OP-10. Guaranteed performance over temperature is
obtained by trimming only one side (side A) to match the
offset of the other; a net differential offset of zero results. This
procedure is used during factory testing of the devices;

wide common-mode voltage capability at any gain, plus
improved gain linearity. Slew rate, smali-signal bandwidth,
and full power bandwidth are also superior. Speed will be
improved by using an OP-01 for the output stage.

however, essentially the same results may be obtained by TYPICAL PERFORMANCE OF
trimming side B to match side A, or by nulling each side INSTRUMENTATION AMPLIFIERS
individually. GAIN = 100
The OP-10 provides lowest drift when trimmed with a 20k} 2 OP AMP 3 OP AMP
potentiometer; this value provides about =4mV of adjustment PARAMETER DESIGN DESIGN
r§nge which sr.would t?e more than adgqugte for. mostapplica- Gain Nonlinearity 0.004% 0.001% (OP-05)
tions. Where finer trimming resolution is desired, or where 0.002% (OP-01)
unwan han i i iti ith ti n —
tomporature could creats unacoeptable offsets, the agjust. " " Ot Vatage
ment sensitivity may be reduced by using the circuit shown ;s'nzﬁ':dpm:]”;&famp""e' 03uV/°C 0.3uV/°C
below. pot)
vs. Time 3.5uV/month 3.5uV/month
Input Bias Current *+1nA +1nA
S vs. Temperature 10pA/°C 10pA/°C
NULL RA ; Rc RB NULL Input Offset Current 0.8nA 0.8nA
vs. Temperature 12pA/°C 12pA/°C
Input Impedance
Fixed Resistors Potentiometer Differential 8oan 10060
Model Null Range Ra, Rg Re Common-Mode 100G 100G
OP-10AY, OP-10Y, Input Noise Voltage (0.1 to 10Hz) 0.5uVp. 0.5uVp.,
OP-10EY *1emv S0 100ka Input Noise Current (0.1 to 10Hz) 14pA:_: 14pA:_:
Common-Mode Rejection 120dB 120dB
Power Supply Rejection 112dB 112dB
Frequency Response
INSTRUMENTATION AMPLIFIERS USING OP-10 Small-Signal (-3dB) 6.0Hz 26kHz (OP-05)
Instrumentation amplifiers with excellent performance can ) 85kHz (OP-01)
be easily built using the OP-10. Typical performance for atwo Full Power 2.5Hz 4.3kHz (OP-05)
and three-amplifier design are given in the table. The three- 43kHz (OP-01)
amplifier design, while more complex, has the advantages of Slew Rate 0.47V/us 0.17V/us (OP-05)

simple gain adjustment by trimming a single resistor (R3) and

TRIPLE OP-AMP INSTRUMENTATION AMPLIFIER

4.0V/us (OP-01)

12
QP-10

Vog = 0.08mV
TCV g = 0.34V/°C
NOISE = 0.54Vp-p
Ry = 100G2

Iy = 1.00A

1/2
0OP-10

o+

R4 R6

L—‘O OUTPUT

-
Vout =Vin (1 + mmnz) ;-2
GAIN = 100

GAIN LIN = 0.002%

SLEW RATE = 2.5V/us

a7 PSRR=112dB

THEN CMRR = 120dB
- ADJUST R7 FOR MAXIMUM CMRR
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BT\ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER

(PMI)
CMRR vs FREQUENCY PRECISION DUAL TRACKING VOLTAGE REFERENCES
INSTRUMENTATION AMPLIFIER (3 OP-AMP DESIGN) USING OP-10
125
120 =
NI T
115 N \\
(I
. b 2 3
g 1o 5
g 105 \‘
W deoa, N
100 |- % :
-fooa, ke, |\
% \_z. s UNBALANCED \
3. Rg=20k,
BALANCED
o0 bl d LULIIL 1 1]
1.0 10 100 i
FREQUENCY (Hz)

PRECISION DUAL TRACKING VOLTAGE REFERENCES
USING OP-10

Precision dual tracking voltage references using a single
reference source are easily constructed using OP-10. These
references exhibit low noise, excellent stability vs. tempera-
ture and time, and have excellent power supply rejection.

In the circuit shown, Rz should be adjusted to set Iggr to
operate Vger atits minimum temperature coefficient current.
Proper circuit start-up is assured by Rz, Z4, and D1.

- R2
V1=V, 14+ 2£
REF ( R1)

-R5
v2=vi (B2
( R4)

Vz41 < Vger +2V

Irer = (V1 - VRer)/R3

Output Impedance (Al:1.0mA-5.0mA) ...... 0.25 X 10730

INSTRUMENTATION AMPLIFIER (2 OP-AMP DESIGN)

R1

99k

Vi M V2 B =B +0.005%
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OoPr-12

PRECISION LOW-INPUT-CURRENT

OPERATIONAL AMPLIFIER (INTERNALLY COMPENSATED)

FEATURES

e LowOffsetVoltage ........................ 150uV Max
o Low Offset Voltage Drift ................ 2.5uV/° C Max
® Load CurrentCapablility ..................... 5mA Min
® Internal Frequency Compensation

o 125°C Temperature Tested Die

® Low OffsetCurrent ...................... 200pA Max
® LowBiasCurrent ......................... 2.0nA Max
® Low Power Consumption .......... 18mW Max @ =15V
® High Common-Mode Input Range .......... +13V Min
® MIL-STD-883 Class B Processing Available

o Silicon-Nitride Passivation

ORDERING INFORMATIONY

GENERAL DESCRIPTION

The PMI OP-12is an improved version of the popular LM108A
low-power opamp. The OP-12is internally compensated and
its chip dimensions are only 42 X 58 mils. Offset voltage is
lower; the total worst-case input offset voltage over-55°C to
+125°C for the OP-12A is only 350uV. In addition, the OP-12
drives a 2kQ) load which is five times the output current
capability of the 108A. This excellent performanceis achieved
by applying PMI's ion-implanted super-beta process and
on-chip zener-zap trimming capabilities. The internal com-
pensation makes this op amp ideal for hybrid assembly
applications.

PIN CONNECTIONS

PACKAGE
T\=25°C  HERMETIC HERMETIC  OPERATING
Vos MAX TO-99 DIP TEMPERATURE

(mV) 8-PIN 8-PIN RANGE

0.15 OP12AJ* OP12AZ* MIL

0.15 OP12EJ OP12EZ coM

0.30 OP12BJ* opP128Z* MIL

0.30 OP12FJ OP12FZ coM

1.0 opP12CJ* oP126Z* MIL

1.0 OP12GJ OP12GZ coM

*For devices processed in total compliance to MiL-STD-883, add /883 after

—IN 2 60UT

+IN 3 5 N.C.

4
V- (CASE)

8-PIN HERMETIC MINI-DIP

part number. Consult factory for 883 data sheet. TO-99 (J-Suffix) (Z-Suffix)
tAll commercial and industrial temperature range parts are available with
burn-in. For ordering information see 1986 Data Book, Section 2.
SIMPLIFIED SCHEMATIC
vr o7
a21
® 3w
Q11
R1 QR
R4 16
RS
a6 Q10 Q17
ouTPUT
6
Qs <
R7 j: R6
a8 I)’
pas 13 12
K N
a4
Q15
R8
04
V-
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o7 T\ OP-12 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER
1PMI)

ABSOLUTE MAXIMUM RATINGS (Note 4)

Supply Voltage

OP-12A, OP-12B,

OP-12E, OP-12F, All DICE except GR ............ £20V

OP-12C, OP-12G, GRDICEOnly .......cccvvvs.. 18V
Operating Temperature Range

OP-12A, OP-12B, OP-12C ........... -556°Cto +125°C

OP-12E, OP-12F, OP-12G ................ 0°Cto +70°C
Storage Temperature Range ........... —65°Cto+150°C
Lead Temperature Range (Soldering, 60 sec) ...... 300°C
Internal Power Dissiption (Note 1) ............... 500mW
Differential Input Current (Note 2) ............... £10mA
Input Voltage (Note 3) ........ovvvevvrvnnienesns.. £18V
Output Short-Circuit Duration ................. Indefinite
DICE Junction Temperature (Tj) ....... -65°Cto+150°C

NOTES:
1. See table for maximum ambient temperature rating and derating factor.
MAXIMUM AMBIENT DERATE ABOVE
TEMPERATURE MAXIMUM AMBIENT
PACKAGE TYPE FOR RATING TEMPERATURE
TO-99 (J) 80°C 7.1mW/°C
8-Pin Hermetic DIP (Z) 75°C 6.7mW/°C

2. The Inputs are shunted with back-to-back diodes for overvoltage protec-

tion. Therefore, excessive current will flow if a differential input voltage in
of 1Visappliedb the Inputs unless some limiting resistance

is provided.

3. Forsupply voltages less than £ 15V, the absolute maximum input voltage Is-
equal to the supply voltage.

4. Absolute maximum ratings apply to both DICE and packaged parts, unless
otherwise noted.

ELECTRICAL CHARACTERISTICS at Vg=+20Vand Ta=25°Cfor A, B, Eand F grades, Vg=* 15V, and Ta=25°C for Cand

G grades, unless otherwise noted.

OP-12A/E OP-12B/F OP-12C/G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN  TYP MAX UNITS
Input Offset Voltage  Vog — 007 0.15 — 018 030 — 025 1.0 mV
Input Offset Current  Igg — 005 020 — 005 020 — 008 050 nA
input Bias Current Ig - 0.8 2.0 - 0.8 2.0 - 1.0 5.0 nA
Input Resistance —

Differential-Mode Rin (Note 1) 26 70 - 26 70 10 50 — Mo
Input Voltage Range  IVR Vg==%18V *13 *14 - +13 *14 - *+13 *14 - v
Common-Mode

Rejection Ratio CMRR Vom==13V 104 120 - 104 120 - 84 118 - dB
Power Supply . .

=+ + - - 7 -

Rejection Ratio PSRR Vg=£5V1to £15V 1 7 1 4 63 unv
Output Voltage v R_=10kQ, Vg =115V +13 +14 -_ £13 *14 - +13 +14 - v

Swing C R_22kQ, Vg=£15V *10 +12 - £10 *12 - +10 +12 -

RL= 10k
- 80 300 —_ -
Large-Signal A Vo==%10V 8 800 40 250 v/mv
i Vo
Voltage Gain R_L= 2k 50 150 _ 50 150 _ _ 100 _
Vo =10V
. Vg==£15V, No Load — 9 18 — 9 18 -_— 12 24
Power Consumption Py Vg = %5V, No Load _ 3 6 _ 3 6 _ 4 8 mwW
Input Noise Voltage  enp.p 0.1Hz to 10Hz — 0.9 - - 0.9 —_ — 0.9 — #Vp-p
Input Noise fo=10Hz - 22 - - 22 - — 22 —
VZI!a © Densit en fo=100Hz - 2 - - 2 - - 21 —  nVAWHz
9 Y fo= 1000Hz - 20 - - 20 - - 20 -
Input Noise Current i"B"E 0.1Hz to 10Hz - 3 —_ -_ 3 - - 3 - PAp-p
Input Noise fo=10Hz bl 0.15 -— -_ 0.15 - - 0.15 -—
c”u"em Densit in fo= 100Hz - o014 - - o4 - — o1 — pANFE
Y fo = 1000Hz - o013 - - o138 — - o1 -
Slew Rate SR R =2k0 — 012 — — 012 — — 012 — V/us
Closed-Loop _ _ _ _

Bandwidth BW AyeL=+1 0.80 0.80 0.80 MHz
Open-Loop Output _ _ _ _ _ _

Resistance Ro Vo=0,lg=0 200 200 200 0
NOTE:

1. Guaranteed by input bias current.
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[\ OP-12 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER L
{PMI)

ELECTRICAL CHARACTERISTICS at Vg =115V, for C grade, Vg =20V for A and B grades, ~55°C < Ty < +125°C, unless
otherwise noted.

OP-12A OP-12B OoP-12C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN  TYP MAX MIN TYP MAX UNITS
Input Offset Voltage  Vgg — 012 035 — 028 0860 — 040 2.0 mv
Average (nput Offset o
Voltage Drift TCVos 0.50 25 1.0 35 1.5 10 uv/°C 1
Input Offset Current  |og — 012 040 - 012 040 — 0.18 1.0 nA ]:
Average Input Offset o I
Current Drift TClos 050 25 050 25 10 50 PA/C |
Input Bias Current Ig - 1.2 3.0 - 1.2 3.0 — 1.8 10 nA
Input Voltage Range  IVR Vg=%15V *13 +14 - *13 +14 - *13 +14 - v
Common-Mode
=+ - - -
Rejection Ratio CMRR Vem =13V 100 116 100 116 80 112 dB
Power Supply 4 . w |
Rejection Ratio PSRR Vs =£5t0 £15V 4 10 4 10 6 100 BV % i
Large-Signal R_ 2 5kn _ _ [on]
Voltage Gain Avo Vo=£10V 40 120 40 120 15 80 V/mv E ‘
Output Voltage v RL = 10kQ, Vg =15V +13 +14 - +13 +14 - +13 *14 - v =]
Swing ° R 2 5K0, Vg =+15V £10  £13 - £10  +13 - +10 %12 - 5
Power Consumption Py Vg =15V, No Load - 9 18 - 9 18 - 15 24 mW
ELECTRICAL CHARACTERISTICS at Vg = +15V for G grade, Vs = £20V for E and F grades, 0°C < TA < 70°C, unless (O
otherwise noted. E::
OP-12E OP-12F OoP-12G é
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN  TYP MAX MIN  TYP MAX UNITS E
Input Offset Voltage Vg — 010 026 — 023 045 — 032 1.4 Wi e)
Average Input Offset _ _ _ o
Voltage Drift TCVos 0.50 25 1.0 3.5 1.5 10 uv/eCc
Input Offset Current  Igg — 008 030 — 011 060 - 012 070 nA
Average Input Offset
Current Drift TClog — 050 25 - 10 50 - 10 50 pA/°C
Input Bias Current lg — 1.0 2.6 — 1.2 5.2 - 14 6.5 nA
Input Voltage Range  IVR Vg==%15V *13 *14 - *13 *14 - *13 *14 - v
Common-Mode
=+ —_— — —
Rejection Ratio CMRR Vem==£13V 100 116 100 116 80 12 dB
Power Supply - " _ _ _
Rejection Ratio PSRR Vg=£510 15V 4 10 4 10 6 100 wVIV
R_= 10k0
Large-Signal Vo==%10V 80 200 &0 200 = 150
Voltage Gain Avo R_Z 2k V/mv
Vg =£10V 25 100 —_— 25 100 - - 80 —_
R 2 10k + + — + +14 —_ + + -
Output Voltage v Vg= %15V 13 4 L 13 x4 v
Swing ° Ry =5k 4 4 _ " . _ 4 4
Vg=+15V *10 +12 +10 *12 +10 *12
Power Consumption Py Vg = %15V, No Load — 9 18 — 9 18 — 15 24 mwW

For typical performance characteristics, see OP-08 data sheet. Assume
C¢ = 30pF.
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ST\ OP-12 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER
{PMI)-

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

1. NO CONNECTION

2. INVERTING INPUT

3. NONINVERTING INPUT
4. V-

6. OUTPUT

7.V+

8. NO CONNECTION

DIE SIZE 0.058 X 0.042 inch, 2436 sq. mils For additional DICE information refer to
(1.47 X 1.07 mm, 1.57 sq. mm) 1986 Data Book, Section 2.

WAFER TEST LIMITS at Vg= + 15V, Tp=25°C for OP-12N, OP-12G and OP-12GR devices; Tp = 125°C for OP-12NT and
OP-12GT devices, unless otherwise noted. (Note 2)

OP-12NT OP-12N OP-12GT OP-12G OP-12GR

PARAMETER SYMBOL CONDITIONS LMt LiMiT LmiT LimiT LIMIT UNITS
Input Offset Voltage Vos 0.35 0.15 06 0.3 1 mV MAX
Input Offset Current los 0.2 0.2 0.2 0.2 0.5 nA MAX
Input Bias Current lg 2 2 2 2 5 nA MAX
Input Voltage Range IVR +13 +13 +13 +13 +13 V MIN
Common-Mode CMRR Vom=£13V 100 104 100 104 84 dB MIN
Rejection Ratio
Power Supply PSRR Vg =25V to £15V 10 7 10 7 63 uV/VMAX
Rejection Ratio
Ry =10k +13 +13 +13 *13 +13
Output Voltage Swing Vo Ry =2k — +10 — +10 +10 VMIN
Ry = 5k 10 — +10 — .
Large-Signal RL = 10kQ, Vo =110V 80 80 80 80 40
Volepe Gain Avo AL 2 2k0, Vo= £10V = 50 - 50 —  V/mVMIN
9 R, = 5k, Vo= £10V 40 - 40 - -
Input Resistance Rin (Note 1) 26 26 26 26 10 MQ MIN
Supply Current sy loyr=0 06 06 06 06 08 mA MAX
Vour=0
NOTES: 2. For 25°C specifications of OP-12NT and OP-12GT, see OP-12N and
1. Guaranteed by design. OP-12G , respectively.

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg = +15V, unless otherwise noted.
OP-12NT OP-12N OP-12GT OP-12G OP-12GR

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS
Average Input Offset
. 0.5 10 1.0 1.5 /°C
Voltage Drift TCVos 058 “v
Average Input Offset TClos 05 05 10 10 1.0 PA/SC

Current Drift
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®

OP-15/0P-16/0OP-17

PRECISION JFET-INPUT
OPERATIONAL AMPLIFIERS

Precision Monolithics Inc.

FEATURES (All Devices)

® Significant Performance Advantages over LF155, 156 and
157 Devices.

e Low Input Offset Voltage . . ................. 500uV Max
® Low Input Offset Voltage Drift ................ 2.0uV/°C
® Minimum Slew Rate Guaranteed on All Models

¢ Temperature-Compensated Input Bias Currents

® Guaranteed Input Bias Current @ 125°C

e Bias Current Specified WARMED UP Over Temperature
® Internal Compensation

e Low Input Noise Current................. 0.01pA/\/Hz
e High Common-Mode RejectionRatio ............ 100dB
® Models With MIL-STD-883 Processing Available

® 125°C Temperature Tested DICE

OP-15

® 156 Speed With 155 Dissipation............ (80mW Typ)
® WideBandwidth................................ 6MHz
e HighSlewRate...................coovvvvnvnnn, 13V/us
® Fast Settlingto £0.1% ......................... 1200ns
OP-16

e HigherSlewRate.............................. 25V/us
e Faster Settlingto £0.1%......................... 900ns
® WiderBandwidth.........................0ue 8MHz
OP-17

® HighestSlewRate............................. 60V/us
® Fastest Settlingto +0.1%........................ 600ns
e Highest Gain Bandwidth Product ............... 30MHz
GENERAL DESCRIPTION

The PMI JFET-input series of devices offer clear advantages
over industry-generic devices and are superior in both cost
and performance to many dielectrically-isolated and hybrid

op amps. All devices offer offset voltages as low as 0.5mV with
TCVpsguaranteed to 5uV/°C. A unique input bias cancellation
circuit reduces the Ig by a factor of 10 over conventional
designs. In addition, PMI specifies Igand | pg With the devices
warmed up and operating at 25°C ambient.

These devices were designed to provide real precision
performance along with high speed. Aithough they can be
nulled, the design objective was to provide low offset-voltage
without nulling. Systems generally become more cost effec-
tive as the number of trim circuits is decreased. PM| achieves
this performance by use of an improved Bipolar compatible
JFET process coupled with on-chip, zener-zap offset trimming.
The OP-15 provides an excellent combination of high speed
and low input offset voltage. In addition, the OP-15 offers the
speed of the 156A op amp with the power dissipation of a
155A. The combination of a low input offset voltage of 500uV,
slew rate of 13W/us, and settling time of 1200ns to 0.1% makes the
OP-15 an op amp of both precision and speed. The additional
features of low supply current coupled with an input bias current
of 9nA at 125° C ambient (not junction) temperature makes the
OP-15 ideal for a wide range of applications.

The OP-16 features a slew rate of 25V/us and a settling time of
900ns to 0.1% which represents a significant improvement in
speed over the 156. Also, the OP-16 has all the DC features of
the OP-15.

The OP-17 has a slew rate of 60Wus and is the best choice
for applications requiring high closed-loop gain with high
speed. Applications include high-speed amplifiers for current
output DACs, active filters, sample-and-hold buffers, and
photocell amplifiers.

See the OP-215 data sheet for a dual configuration of the
OP-15.

v+ (7) 0— = »- *NOTE:
as R8* R7* R7, R8 ARE ELECTRONICALLY
NULL 8 NULL ADJUSTED ON CHIP FOR
Q6 (1) MINIMUM OFFSET VOLTAGE.
arn
R3 a7

1 a9 T:FEJ aig
Qs l)

R1 Q24

Hﬂ
n 52 R2 C2 a17 R13 Q22
NONINVERTING (3 2 -
INPUT Sinv
INPUT 0 (610UTPUT
R10
) Q2 o
a3 a4
912 az3
—1 RS RE azs

Re QM 336k |13 36k ay4 a20
%

o 4 ™ ™

T74 Q16 15 a21 R11
PF R4
V-(4) o o
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[OnrT\ OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS
{PMI)

ORDERING INFORMATIONt

PACKAGE
Ta=25°C 8-PIN OPERATING
Vos MAX TO-99 HERMETIC TEMPERATURE
(mV) 8-PIN DIP RANGE

OP15AJ* OP15AZ"

05 OP16AJ* OP16AZ"* MIL
OP17AJ* OP17AZ*
OP15EJ OP15EZ

05 OP16EJ OP16EZ com
OP17EJ OP17EZ
OP15BJ* OP15B2*

1.0 OP16BJ* oP16BZ* MIL
OP17BJ* oP17BZ*
OP15FJ OP15FZ

1.0 OP16FJ OP16FZ com
OP17FJ OP17FZ
oP15CJ* oP15CZ*

3.0 oP16CJ* op1ecz* MIL
OP17CJ* op17CZ*
OP15GJ OP15GZ

3.0 OP16GJ OP16GZ com
OP17GJ oP17GZ

*For devices processed in total compliance to MIL-STD-883, add /883 after
part number. Consult factory for 883 data sheet.

tAll commercial and industrial temperature range parts are available with
burn-in. For ordering information see 1986 Data Book, Section 2.

PIN CONNECTIONS
N.C.

8

BAL 1 7V+
-IN 2 6 OUT

+IN 3 5 BAL

4

V- (CASE)
TO-99 8-PIN HERMETIC DIP
(J-Suffix) (Z-Suffix)

ABSOLUTE MAXIMUM RATINGS (Note 2)

Supply Voitage
All Devices Except C, G (Packaged) & GR Grades .. +22V
C, G (Packaged) & GRGrades ...........oovvnns +18V
Internal Power Dissipation (Note 1) .............. 500mwW
Operating Temperature
A B &CGrades .........covvvvnnnn -55°C to +125°C
E,F&GGrades .......ccovvviiiiinnenn. 0°Cto +70°C
Maximum Junction Temperature ................ +150°C
DICE Junction Temperature (T) ....... -65°C to +150°C

Differential Input Voltage
All Devices Except C, G (Packaged) & GR Grades .. 40V
C, G (Packaged) & GR Grades .................. +30V
Input Voltage (Note 3)
All Devices Except C, G (Packaged) & GR Grades .. +20V

C, G (Packaged) 8GR Grades .................. +16V
Input Voltage
OP-15A, OP-15B, OP-15E, OP-15F ............... +20V
OP-15C, OP-15G .. .ivviniiiniiiinninninennons *16V
OP-16A, OP-16B, OP-16E, OP-16F ............... +20V
OP-18C, OP-16G .....cvvvinininininennnennnnnss +16V
OP-17A, OP-17B, OP-17E, OP-17F ............... +20V
OP-17C, OP-17G ...iiiiiiiiiiiiiiininnnnnnnons +16V
Output Short-Circuit Duration ................. Indefinite
Storage Temperature Range ........... -65°C to +150°C

Lead Temperature Range (Soldering, 60 sec) .... +300°C

NOTES:
1. See table for maximum ambient temperature rating and derating factor.

MAXIMUM AMBIENT DERATE ABOVE
TEMPERATURE MAXiMUM AMBIENT
PACKAGE TYPE FOR RATING TEMPERATURE
TO-99 (J) 80°C 7.1mW/°C
Hermetic 8-Pin Dip (Z) 75°C 6.7mW/°C

2. Absolute maximum ratings apply to both packaged parts and DICE, unless
otherwise noted.

3. Unless otherwise specified the absolute maximum negative input voltage is
equal to the negative power-supply voltage.
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o7\ OP-15/0P-16/OP-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS

1PMI)
ELECTRICAL CHARACTERISTICS at Vg = £ 15V, Ty = 25°C, unless otherwise noted.
OP-15A/E OP-15B/F OP-15C/G
OP-16A/E OP-16B/F OP-16C/G
OP-17A/E OP-17B/F OP-17C/G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos Rg =500 — 02 05 — 04 1.0 — 05 30 mV
Tj=25°C(Note®) - 3 10 — 6 20 — 12 50
Input Offset Current \ Device Operating - 5 22 — 10 40 — 20 100 A
P os T=2°C(Notel) oL — 3 10 - 6 20 - 12 50 P
Device Operating — 5 25 — 10 50 — 20 125
Tj=25°C(Note ) — 15 %50 —  £30 %100 —  +60 200
" Device Operating — +18 +110 — *40 *200 — *80 *400
Input Bias Current 1
nput Bias Curren B T=25°C(Notel) oo oL = #1580 —  £30 100 — 460 +200 pA
Device Operating — +20 *130 — +40 *250 — 80 %500
Input Resistance Rin — 101 - — 10m” — — 10® — 4}
Large-Signal R =2k
Voltage Gain Avo Ve £10V 100 240 75 220 50 200 —  VmV
Output Voltage v R, = 10kQ 12 13 — 12 +13 — £12 183 — v
Swing o R, = 2k0 £11 2127 — £11 £127 — £11 2127 —
OP-15 — 27 40 — 27 40 — 28 50
Supply Current tsv OP-16/0P-17 — 46 70 — 46 70 — 48 80 mA
OP-15 0 13 — 75 11— 5 9 -
Slew Rate SR AvoL=*1(Noted) g 1 TR - 2 21 - 9 17 - Vs
AvoL=+5 (Note 3) OP-17 45 60 — 35 5 — 25 40—
) ) OP-15 40 60 — 35 57 — 30 54 —
G‘:,'" 3‘"?"""'“ GBW  (Note3) OP-16 60 80 — 55 76 — 50 72 —  MHz
rodue oP-17 20 30 - 5 28— 26 -
OP-15 - 1 - - 1B - B I—
c';se:-L;(:: clew  Avel=*1 OP-16 - 18 = - 1B - - 17 = M
ancw AyoL=+5 OP-17 [ L - 10 = - 9 -
t0 0.01% — 45 - — 45 — - 47 -
10 0.05% (Note2)  OP-15 - 15— - 15— - 16 -
t0 0.10% - 12 - - 12 - - 13 -
t0 0.01% — 38 — — 38 - — 40 -
Settling Time ts t00.05% (Note2)  OP-16 - 12 = - 12 = - 13 - us
10 0.10% - 098 — - 09 - - 10 -
t0 0.01% - 15 = - 15 - - 16 -
100.05% (Note 4)  OP-17 - 07 - - 07 - — 08 —
t0 0.10% — 06 — — 06 — - 07 -
Input Voitage Range IVR *10.5 - - +10.5 - —_ +10.3 — - A
Common-Mode Vem=110.5V 86 100 - 86 100 — - - -
Rejection Ratio CMRR Vem=110.3V — — — — — — 82 96 — 8
Power Supply Vg=£10V to 18V — 10 51 — 10 51 — —
PSR
Rejection Ratio SRR \e=+10Vto1sv - - = - - - — 10 s MV
Input Noise fo=100Hz —_ 20 - — 20 — — 20
Voltage Density en fo= 1000Hz B S - 15 nVVHz
Input Noise . fo=100Hz —  0.01 — — 0.01 —_ —  0.01 —_
Current Density n fo= 1000Hz - o001 — — o0t — — o001 — PAVHZ
Input Capacitance Cin - 3 - — 3 —_ — 3 — pF

NOTES:

1. Input bias current is specified for two different conditions. The T;=25°C
specification is with the junction at ambient temperature; the Device
Operating specification is with the device operating in a warmed-up
condition at 25° C ambient. The warmed-up bias current value is correlated
to the junction temperature value via the curves of Igvs Tjand Igvs Ta. PMI
has abias current compensation circuit which gives improved bias current
over the standard JFET input op amps. Igand | gpgare measured at Vo =0.

2. Settling time is defined here for a unity gain inverter connection using 2kQ
resistors. It is the time required for the error voltage (the voltage at the

>0

inverting input pin on the amplifier) to settle to within a specified percent of
its final value from the time a 10V step input is applied to the inverter. See
settling time test circuit.

Sample tested.

. Settling time is defined here for a A\, =-5 connection with Rg=2k(). Itis the

time required for the error voltage (the voltage at the inverting input pin on
the ampilifier) to settle to within 0.01% of its final value from the time a 2V
step input is applied to the inverter. See settling time test circuit.

1/86, Rev. A
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[DraT\ OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS

—PMI)
ELECTRICAL CHARACTERISTICS at Vg = 15V, -55°C < T < 125°C, unless otherwise noted.
OP-15A OP-15B OP-15C
OP-16A OP-16B OP-16C
OP-17A OP-17B OP-17C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage ~ Vog Rg =500 — 04 09 - 07 20 — 09 45 mvV
Average Input
Offset Voltage Drift (Note 2)
Without External TCVps _ 2 5 _ 3 10 _ 4 15
Trim
With External u/eC
= - 2 - — 3 - - P R
Trim TCVogn Rp=100kQ
Tj= 125°C - 0.6 4.0 - 0.8 6.0 - 1.0 9.0
= © e’
Ta=125°C OP-15 — 08 70 - 12 1 - 15 7
Input Offset | Device Operating A
Current (Note 1) ©S Tj=125°C — 06 40 — 08 60 - 10 90
= o o =
Ta=125°C OP-16/0P-17 — 10 85 — 13 145 - 17 22
Device Operating
Tj=125°C — *12 *50 — X156 75 — *18 10
= o o
Ta=125°C OP-18 — #17 % — +22 14 — 27 *19
Input Bias : Device Operating oA
Current (Note 1) B Tj=125°C — 12 50 — 15 75 — 18 %10
= ° o’ o
Ta ,125 c . OP-16/0P-17 — 20 =M1 — *25 *18 — 30 *25
Device Operating
Input Voltage Range IVR +10.4 —_ -_ +10.4 - - +10.25 —_ - \
Common-Mode Vem =£10.4V 85 97 - 85 97 - - - -
Rejection Ratio CMRR Veom = +10.25V - - - — — — 80 93 - d8
Power Supply Vg =110V to £18V - 15 57 - 15 57 - — —
Rejection Ratio PSRR (o= £10vio£ 18V - - - - - - - 28 w0 MV
Large-Signal R =2k
- 30 110 - 25 100 -
Voltage Gain Avo Vo =+10V % 120 0 vimy
Output Voltage Vo R, 2 10kO 12 13 — 12 #13 — 12 213 — v
Swing
NOTES:
1. Input bias current is specified for two different conditions. The Ti =25°C
specification is with the junction at ambient temperature; the Device
Operating specification is with the device operating in a warmed-up
condition at 25°C ambient. The warmed-up bias current value is corre-
lated to the junction temperature value via the curves of Igvs Tjand Igvs
Ta. PMihas abias current compensation circuit which gives improved bias
current over the standard JFET input op amps. Ig and |og are measured
at Voy=0.
2. Sample tested.
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DT\ OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS
{PMI)

ELECTRICAL CHARACTERISTICS at Vg = £15V, 0°C < Tp < 70°C, unless otherwise noted.

OP-15E OP-15F OP-15G
OP-16E OP-16F OP-16G
OP-17E OP-17F OP-17G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos Rg=500 — 03 075 — 055 15 — 07 38 mv
Average Input
Offset Voltage Drift (Note 2)
th.out External TCVos _ 2 5 _ 3 10 _ 4 15
Trim nvades
With External
= - 2 — - 3 — - 4 —
Trim TCVpgn Rp= 100k
Tj=70°C — 004 030 — 006 045 — 008 0.65
Ta=70°C OP-15 — 006 055 — 008 0.80 — o010 12
Input Offset | Device Operating nA
Current (Note 1) o8 Tj=70°C — 004 030 — 006 045 — 008 065
= 70° X .
Ta=70°C OP-16/0P-17 — 007 070 — 010 11 — 015 17 2
Device Operating =
Tj=70°C — +0.10 +0.40 — +0.12 +0.60 — *0.14 +0.80 E
= 70° % —
Ta A7° ¢ . OP-15 — +0.13 +0.75 — *0.16 *1.1 — +019 *15 e
Input Bias \ Device Operating A (=W
Current (Note 1) & Tj=70°C — £0.10 +0.40 — $0.12 *0.60 — *0.4 +0.80 5
=70° . R
Ta=70°C OP-16/0P-17 — 015 £0.90 — +020 14 — £025 20
Device Operating 2
Input Voltage Range IVR +10.4 - —_ +10.4 — —_ +10.25 —_ - Vv Z
- =+ — — — — -
Common-Mode cMRR  Vem=1104V 85 98 85 98 a8 9
Rejection Ratio Vem = %10.25V - - — — - — 80 94 - =
Power Supply Vg = +10V to £18V - 1B s7 - 1B &7 - - = é
Rejection Ratio PSRR Vg =10V to £ 15V - - = - - - — 20 10 MWV =
Large-Signal R_=2k0 =
65 200 — 50 180 - 35 160 —
Voltage Gain Avo Vo =£10V vmv. O
Output Voltage Vo R, 2 10kO 2 #13 — 12 18 — 12 +18  — v
Swing
NOTES:
1. Input bias current is specified for two different conditions. The T,« =25°C
specification is with the junction at ambient temperature; the Device
Operating specification is with the device operating in a warmed-up
condition at 25°C ambient. The warmed-up bias current value is corre-
lated to the junction temperature value via the curves of Igvs Tjand lgvs
Ta PMIhasa bias current compensation circuit which givesimproved bias
current over the standard JFET input op amps. Ig and Iog are measured
atVgy=0.
2. Sample tested.
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DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

|EXCL Y

]_I\ OP-15/0P-16/OP-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS

P

v_

. OUTPUT
v+

NoosON

. BALANCE
. INVERTING INPUT
. NONINVERTING INPUT

BALANCE

DIE SIZE 0.068 X 0.056 Inch, 3808 sq. mliis
(1.73 X 1.42mm, 2.46 sq. mm)

v-

v+

BALANCE
. INVERTING INPUT
. NONINVERTING INPUT

BALANCE
OUTPUT

For additional DICE intormation refer to 1986 Data Book, Section 2.

DIE SIZE 0.068 X 0.056 inch, 3808 sq. mils
(1.73 X 1.42mm, 2.46 8. mm)

1
2
3,
4,
5.
6.
7

DIE SIZE 0.068 X 0.056 Inch, 3808 s8q. miis
(1.73 X 1.42mm, 2.46 8q. mm)

. BALANCE
. INVERTING INPUT
. NONINVERTING INPUT

v_

NogosrwM=

V+

BALANCE
OUTPUT

WAFER TEST LIMITS at Vg=115V, To=25° C for OP-15/16/17N, OP-15/16/17G and OP-15/16/17GR devices; Tp= 125° C for
OP-15/16/17NT and OP-15/16/17GT devices, unless otherwise noted.

OP-15NT OP-15N OP-15GT OP-15G OP-15GR
OP-16NT OP-16N OP-16GT OP-16G OP-16GR
OP-17NT OP-17N OP-17GT OP-17G OP-17GR
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LMt LIMIT UNITS
Input Offset Voltage  Vog Rg =500 0.9 0.5 2.0 1.0 3.0 mV MAX
Large-Signal Vo==%10V
Voltage Gain Avo R, =2k0 35 100 30 75 §0 V/mVMIN
Input Voltage Range  IVR +10.4 +10.5 +10.4 +10.5 +10.3 V MIN
Common-Mode
=+
Rejection Ratlo CMRR  Vgy==IVR 85 86 85 86 82 dB MIN
Power Supply Vg =10V to £20V 57 51 57 51 -
Rejection Ratio PSRR Vg =10V to 15V - — - BV MAX
Output Voltage R = 10k +12 +12 +12 12 12
Swing Vo R, =2k - +11 — 1 1 VMIN
OP-15 - 4 - 4 5
Supply Current lsy OP-16, OP-17 _ 7 _ 7 8 mA MAX
OP-15 +9 - +14 - -
Input Blas Current Ig OP-16, OP-17 11 +18 _ nA MAX
OP-15 70 e 1.0 - —_
Input Offset Current  lpg OP-16, OP-17 85 _ 145 _ _ nA MAX
NOTES:

For25°C characteristics of OP-15/16/17NT and OP-15/16/17GT, see OP-15/16/17N

and OP-15/16/17G characteristics, respectively.

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yleld loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

5-96

1/86, Rev. A



J'P—IVI—I\ OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS

1212y
TYPICAL ELECTRICAL CHARACTERISTICS at Vg =115V, T = +25°C, unless otherwise noted.

OP-15NT OP-15N OP-15GT OP-15G OP-15GR
OP-16NT OP-16N OP-16GT OP-16G OP-16GR
OP-17NT OP-17N OP-17GT OP-17G OP-17GR

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS
Average Input Offset o
Drift Unnulled TCVos 2 2 3 8 4 wveC
Average Input Offset _ o
Drift Nulled TCVosn Rp=100k0 2 2 3 3 4 ade]
Input Offset Current  lng 3 3 3 3 3 pPA
Input Bias Current ig *15 *15 +15 *15 *15 pA
A =41 OP-15 13 13 1" 1 9
Slew Rate SR veL OP-16 25 25 21 21 17 Vius
AycL=+5  OP-17 60 60 50 50 40
to 0.01% 45 45 45 4.5 47
to 0.05% OP-15 15 1.5 1.5 1.5 1.6
to 0.10% 1.2 1.2 12 1.2 13
Settling Time t0 0.01% 3.8 3.8 38 38 4.0
(see settling time ts to0 0.05% OP-16 1.2 1.2 1.2 1.2 13 pus
test circuits) to 0.10% 0.9 0.9 0.9 0.9 1.0
t0 0.01% 15 1.5 1.5 15 1.6
to 0.05% OP-17 07 0.7 0.7 0.7 0.8
to 0.10% 0.6 0.6 0.6 0.6 0.7
OP-15 6.0 6.0 5.7 5.7 5.4
GT:::,E:::MM GBW OP-16 8.0 8.0 76 76 72 MHz
OP-17 30 30 28 28 26
_ OP-15 14 14 13 13 12
g:::;l';?p clew  Avel=t1 opgg 1 19 1 18 17 MHz
AycL=+5  OP-17 1 7 10 10 9
Input Noise Voltage f=100Hz 20 20 20 20 20
Density en t = 1000Hz 15 15 15 15 15 WVHz
Input Noise Current f=100Hz 0.01 0.01 0.01 0.01 0.01
Density n = 1000Hz 0.01 0.01 0.01 0.01 001 PAVHE
Input Capacitance Cin 3 3 3 3 3 pF
NOTES:

For25°C characteristics of OP-15/16/17NT and OP-15/16/17GT, see OP-15/16/17N
and OP-15/16/17G characteristics, respectively.

5-97 1/86, Rev. A

OPERATIONAL AMPLIFIERS



[\ OP-15/0P-16/OP-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS
{PMI)

TYPICAL PERFORMANCE CHARACTERISTICS (OP-15/0P-16/0P-17)

PEAK-TO-PEAK OUTPUT SWING (VOLTS)

INPUT BIAS CURRENT (pA)

NULLED OFFSET VOLTAGE DRIFT {(pV/°C)

MAXIMUM OUTPUT SWING
vs LOAD RESISTANCE

21— L
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m
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OUTPUT LOAD RESISTANCE (Q)
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70 |(D UNDE
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T T T T T T
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| L A
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i
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/
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/
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o
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T\ OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS

{PMI)

TYPICAL PERFORMANCE CHARACTERISTICS (OP-15/0P-16/0P-17)

INPUT BIAS CURRENT

INPUT BIAS CURRENT

BIAS CURRENT vs TIME
IN FREE AIR
(OP-15)

1nA

T
Fvg=z15v
[ 7a=25°C
| isy = 4.0mA FOR MAX CURVES
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1
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1000 T

i =
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TYPICAL PERFORMANCE CHARACTERISTICS (OP-15)
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TRANSIENT RESPONSE
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3 1
g A
E ;/////09-151 TYP
E1oopA Z -
4/ //
P
10pA

10 30 50 70 90 10 130 150
AMBIENT TEMPERATURE (°C)

SUPPLY CURRENT
vs SUPPLY VOLTAGE
(OP-16/0P-17)
55
5.0

45

SUPPLY CURRENT (mA)

—65°C ? -
25°C //

125°C

4.0

35

0 5 +10 +16 +20
SUPPLY VOLTAGE (VOLTS)

SETTLING TIME
. | / 7 7
2 10mV 5mv mv
3 / /
>
S s A vg=zv |
s Tp=25C
8 Ay = -1
7
g 0
8 N
£ N\
S 5 N
5
£ |0m\ \va amv
3 o l

0 05 1.0 15 2.0 25
SETTLING TIME (usec)

5-99

1/86, Rev. A

|
i
i
i

OPERATIONAL AMPLIFIERS



m\ OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS

a2y

TYPICAL PERFORMANCE CHARACTERISTICS (OP-15)

PHASE SHIFT (DEG)

CLOSED-LOOP BANDWIDTH
AND PHASE SHIFT vs FREQUENCY
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[BnrT\ OP-15/0P-16/OP-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS

|PMI)

TYPICAL PERFORMANCE CHARACTERISTICS (OP-16)

LARGE-SIGNAL
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vs FREQUENCY
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[\ OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS
{PMI)

TYPICAL PERFORMANCE CHARACTERISTICS (OP-16)

POWER-SUPPLY REJECTION OUTPUT IMPEDANCE VOLTAGE NOISE DENSITY
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[BnaT\ OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS

{PMD)

TYPICAL PERFORMANCE CHARACTERISTICS (OP-17)
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SETTLING-TIME TEST CIRCUIT — OP-15/0P-16

NOTE: Vgg CAN BE TRIMMED WITH POTENTIOMETERS
RANGING FROM 10k$2 TO 1MQ. FOR MOST UNITS

WITH A 100kS2 POTENTIOMETER.

TCVps WILL BE MINIMUM WHEN Vqg IS ADJUSTED

22 0.1%
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! .
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W -
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[BnrT\ OP-15/0P-16/OP-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS

{PMI)
SETTLING-TIME TEST CIRCUIT — OP-17
2Q 0.1%
+15V
o—
[0 il
0 g ;f& 2N4416
15V T m;:n Vour
[e; M O
Ay==1
, g
SCOPE "%_
2N4416 15V
0
2%
= = = =
TYPICAL APPLICATIONS
CURRENT-TO-VOLTAGE AMPLIFIER OUTPUT
DIGITAL R1 10k Ry 5kQ

INPUTS
+10V

=[111] Uﬁl

1a] B B2 B3 B4 B85 B6 B7 B8
\7 (+) !
> | VREF o
5 DAC-08E
VnEF")
VLc
13
omF
= +18V O -16V

Vo=0TO+10V

-15V

APPLICATIONS INFORMATION

DYNAMIC OPERATING CONSIDERATIONS

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
3dB frequency of the closed-loop gain and consequently
there is negligible effect on stability margin. However, if the
feedback pole is less than approximately six times the
expected 3dB frequency, a lead capacitor should be placed
from the output to the negative input of the op amp. The value
of the added capacitor should be such that the RC time-
constant of this capacitor and the resistance it parallels is
greater than, or equal to, the original feedback pole time
constant.
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OP-20

MICROPOWER OPERATIONAL AMPLIFIER
(SINGLE OR DUAL SUPPLY)

Precision Monolithics Inc.

FEATURES
® LowSupplyCurrent ................ouvnunn 55uA Max
o Single-Supply Operation ................ +5V to +30V
¢ Dual-Supply Operation ................ +2.5V to +15V
¢ Low Input Offset Voltage .................. 250.V Max
® Low Input Offset Voltage Drift .......... 1.5uV/° C Max
o High Common-Mode Input Range ... V-to V+ (-1.5V)
e HighCMRRandPSRR .................... 100dB Min
® HighOpen-LoopGain ..................... 120dB Min
e No External Components Required
® 741 Pinout and Nulling
ORDERING INFORMATIONY
PACKAGE
Ta=25°C HERMETIC  PLASTIC OPERATING
Vog MAX TO-99 DIP DIP TEMPERATURE
(%) 8-PIN 8-PIN 8-PIN RANGE
250 oP20BJ* oP20BZ* MIL
250 OP20FJ OP20FZ IND
250 OP20FP COM
500 OP20CJ*  OP20CZ* MIL
500 OP20GJ 0OP20GZ IND
500 OP20GP coM
1000 OP20HJ OP20HZ OP20HP CcOoM

* For devices processed in total compliance to MIL-STD-883, add /883 after
part number. Consult factory for 883 data sheet.

tAll commercial and industrial temperature range parts are available with
burn-in. For ordering information see 1986 Data Book, Section 2,

GENERAL DESCRIPTION

The OP-20 is a monolithic micropower operational amplifier
that can be operated from a single power supply of +5V to

+30V, or from dual supplies of £2.5V to £15V. The input
voltage range extends to the negative rail, therefore input
signals down to zero volts can be accomodated when
operating from a single supply.

Precision performance in high-gain applications is readily
obtained when using the OP-20. The B/F grade features a
maximum input offset voltage of 250uV, minimum CMRR of
95dB, and open-loop gain of over 500,000. Quiescent supply
currentisamaximumofonly55uAat+2.5Vor80uAattisV.
The low input offset, high gain, and low power consumption
brings precision performance to portable instruments, satel-

lites, missile control systems, and many other battery-
powered applications.
PIN CONNECTIONS
N.C.
8
BAL 1 7 v+
TO-99
N2 60Ut (J-Suffix)
+IN 3 5 BAL
4
V- (CASE)

EPOXY MINI-DIP
(P-Suffix)
And
8-PIN HERMETIC DIP
(Z-Suffix)

SIMPLIFIED SCHEMATIC
-0 V+
O O ¢ O xzen | ¢ o o | J
a12 1S
O—K__J%— _C’AK;‘_‘—‘)__I ; {ms
-IN a1 az 1 ‘) $——O OUTPUT
AN o — Q9 Q10 .\027
‘]_ Q7 as r—l: Q29
oY as
mi\,"
NULL T - 9)
* & 0o V-
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ABSOLUTE MAXIMUM RATINGS (Note 1)

Operating Temperature Range

OP-20B, OP-20C (J or Z package) ...

-55°C to +125°C

+

Supply V.olt.age. ................................... +18V OP-20F, OP-20G (J or Z package) .... -25°C to +85°C
Power Dissipation ..........coviiiiiiiiiiinin, 500mWwW

- . OP-20FP, OP-20GP, OP-20HP
Differential Input Voltage ......................ots. +30V OP-20HJ. OP-20HZ 0°Cto+70°C
InputVoltage ..........cvvvvvnninnnnnnn. Supply Voltage AP et ° o

L : _, Lead Temperature Range (Soldering, 60 sec) ...... 300°C

Output Short-Circuit Duration ................. Indefinite DICE Junction Temperature —65°C to +150°C
Storage Temperature Range NOTE: une porature .......... °

Jand Z Packages ................... -65°C to +150°C 1. Absolute ratings apply to both DICE and packaged parts, unless otherwise

PPackage ...........oovviiiininnns -65°C to +125°C noted.

ELECTRICAL CHARACTERISTICS at Vg = £2.5V to £ 15V, To = +25°C, unless otherwise noted.

OP-20B/F OP-20C/G OP-20H
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN  TYP MAX MIN TYP MAX UNITS
Input Offset Voitage Vos Vg =15V - 55 250 — 150 500 - 300 1000 uv
Input Offset Current los Vem=0 - 0.15 1.5 - 0.2 25 - 0.3 4.0 nA
Input Bias Current Is Vem=0 - 12 2 — 14 30 - 16 40 nA
Vi = +5V,
' 0/35 - - 0/35 - - 0/35 - -
input Voltage Range IVR V-=0V v
Vg=+15V -15/135 - - -15/13.5 - - -15/135 - -
Vi =48V, V- =0V 9% 105  — %0 o5 - 85 90 -
Common-Mode V= Veys35V
Rejection Rati CMRR Vg==*15V a8
ejection Ratio s~ 100 110 — 94 105 - 9 100 -
-15V < Vgy < 13.5V
Power Sunol Vg=125Vto +15V
e jectlo:;:(io PSRR and V-=0V, - 4 6 - 6 10 - 10 32 WV
V+ =5V to 30V
Vi = +5V, V- =0V 80 50  — 200 50 @ — ~  s0 -
Large-Signal 1VsVo=s35V
Voltage Gain Avo Vg = £ 15V, Vo = £10V V/my
oltage Gal s==1V. Vo== 1000 2000 - 800 2000 - 500 1000 -
R, = 25k
V4 =5V, V-=0V 0.6/4.1 - - 0.7/4.1 - - 0.8/4.0 — —
Output Voltage v R =10k v
Swing ° Vg= 15V, 141 - - +14.1 - - +14.0 - —
R =25k
Closed-Loop AycL =110,
- 1 - — 100 — - -
Bandwidth BwW R = 10k0 00 100 kHz
Vg=+15V
Slew Rat SR — 005 — — 005 — — 005 — v/
ow Rate R, = 25k0) s
=+
:‘3 L"‘;E’V‘ - 40 55 — 44 63 - 45 70
Supply Current gy vo_iawv vA
§7 = % - 55 80 — 57 85 - 60 95
No Load
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ELECTRICAL CHARACTERISTICS at Vg=*2.5V to+15V,~55° C< To<+125° C for OP-20BJ/BZ and OP-20CJ/CZ,-25°C
< Ta < +85°C for OP-20FJ/FZ and OP-20GJ/GZ, and 0°C < Tp < +70°C for OP-20FP, OP-20GP, OP-20HP, OP-20HZ and
OP-20HJ, unless otherwise noted.

OP-20B/F OP-20C/G OP-20H
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN TYP MAX MIN  TYP MAX UNITS
Average Input !
Offset Voltage TCVos Unnulled - 0.75 15 - 1.0 3.0 - 15 7.0 pv/°C
Drift (Note 1)
Input Offset Voitage Vos Vg=115V — 155 400 - 250 800 — 500 1700 my
Input Offset Current los Vem =0 — 0.5 25 - 1.0 3.5 - 1.5 5.0 nA
Input Bias Current Ig Vem=0 — 12 27 - 14 33 — 16 45 nA
Input Voltage VR V+=+5V,V-=0V 0/3.2 - — 0/3.2 - - 0/3.2 — — v
Range Vg =15V -15/13.2 - —_ -15/13.2 - - -15/13.2 - -
+ =+ —=
v S, v-=0v 90 100 - 85 90 - 80 85 -
Common-Mode CMRR ovV=sVeys3.2v dB
. . 4
Rejection Ratio Vg =115V % 110 _ %0 105 _ 85 100 _ 2
-15V < Vg < 13.2V [
Vg=*2.5V E
s= %25Vt - 4 10 - 6 18 - 0 32 —
Power Supply PSRR *15V VIV -
- . - ¥ (=3
Rejection Ratio V-=0V,
—_ 4 10 —_ 6 18 - 10 57
V+ =5V to 30V 5
Large-Signal Vg =115V, Vg =110V
A 700 - 400 600 —_ 250 400 -
Voltage Gain vo R_= 50k s 70 0 v/my é
V=5V Vo =0V, 0.8/4.0 - 0938 — - 1.0/38 - - Z
Output Voltage v Ry =50k v O
i ° =+ -
Swing Vs =215V, 40— - 189 — - 139 - - =
R =50k é
=+
Vs = 2.5V, No — 50 65 - s 75 — 55 85 =
Load or +5V, OV &
Supply Current lgy Ve = +15V uA
s= =% — 64 95 - 68 100 - 72 15 o
No Load
NOTE:

1. Sample tested.
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DICE CHARACTERISTICS

1. BALANCE
2. INVERTING INPUT

3. NONINVERTING INPUT
4. V-

5. BALANCE

6. OUTPUT

7. V+

DIE SIZE 0.068 X 0.045 Inch, 3060 sq. mils For additional DICE information refer to
(1.73 X 1.14 mm, 1.97 sq. mm) 1986 Data Book, Section 2.

WAFER TEST LIMITS at Vg= + 15V, Ty =25°C, unless otherwise noted.

OP-20N OP-20G OP-20GR
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LiMIT UNITS
Input Offset Voltage ~ Vpg 300 600 1000 1V MAX
Input Offset Current los 15 25 4.0 nA MAX
Input Bias Current Ig 25 30 40 nA MAX
V+=+5V,V-=0V 0/3.5 0/3.5 0/3.5
Input Voltage Range VR Vg=£15V -15/13.5 ~15/135 -15/135 VMIN
Common-Mode V+ =45V, V-=0V,0V< Vo< +3.5V 95 90 85
Rejection Ratio CMRR = £15V, 15V < Vg < £ 18.5V 100 04 % dBMIN
Power Suppl Vg=£2.5V to =15V
oot :';:ﬁo PSRR V-=0V, V4= +5V 6 10 32 WV/V MAX
jectio to +30V
Large-Signal R =25k
1000 800 500 V/mV MIN
Voltage Gain Avo Vo =110V m
Output Voltage v Ry =10k}, V+=+5V, V-=0V 0.7/4.1 0.8/4.1 0.9/4.0 VMIN
Swing o R = 25k, Vg = 15V £14.1 £14.1 £14.0
Vg=+2.5V, No Load 55 63 70
I t A
Supply Curren sy Vg =15V, No Load 80 85 95 KA MAX
NOTE:

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg=+15V, To = +25°C, unless otherwise noted.

OP-20N OP-20G OP-20GR
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS
Average Input TCVos Unnulled 1.0 15 2.5 VG
Offset Voltage Drift ~ TCVgqg, Nulled, Rp = 10k 1.0 15 2.5 #
Large-Signal _
Voltage Gain Avo R =25k 2000 2000 1000 V/mV
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TYPICAL PERFORMANCE CHARACTERISTICS

TRIMMED OFFSET VOLTAGE
vs TEMPERATURE
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===

TYPICAL PERFORMANCE CHARACTERISTICS

MAXIMUM OUTPUT VOLTAGE VOLTAGE NOISE DENSITY CURRENT NOISE DENSITY
vs LOAD RESISTANCE vs FREQUENCY vs FREQUENCY
175 ~TT 1000 10
Ta-25°C [T
Vg = 16V _ =
[ / H S
5 = N 2 N
3 / ' [ \
= 3 ]
2 4 4
E" 14 ] &
: '
Q
% /”’ Vg +5V, OV s " £ S ——
: ] z
<5 - < &
H //ﬁ 5 &
// 3 3
001
[ o :
X) 0 700 m T0k 0.1 1 10 100 % 10k
Tk 1ok 100k ! FREQUENCY (Hz) FREQUENCY (Hz)
Ryoap ()
TYPICAL APPLICATIONS
TEMPERATURE SENSOR
0 +9 VOLTS
100k$2 & *e 100kQ
A4 VAV AVA'AV 4""' AVAVAV
<A1 < '™\
S3ama $ome
opr20 ——
AV, y
Ic1 Ic2 BE 0p-20 >—OOUTPUT  ;eqion EQuATIONS
+
e ()
10k
: | l : AYBE - 558 in (%) [WVPK)
MAT-01G VouT = 101(AVBE)
IF B2 = 3.2 THEN Tevour = tomvree
*R1 AND R2 SHOULD BE SELECTED TO KEEP Icq AND Ic, l .
LESS THAN 204A. =
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PMI

Precision Monolithics Inc.

OP-21

LOW-POWER
OPERATIONAL AMPLIFIER

FEATURES
® LowSupplyCurrent ...................... 230uA Max
e Wide SupplyRange ................... +2.5V to =15V
e Low Input Offset Voltage .................. 1004V Max
® Low Input Offset Voltage Drift .......... 1.0uV/°C Max
¢ High Common-Mode

InputRange .............. V- (+0.5V) to V+ (-1.5V)
e HighCMRRandPSRR .................... 100dB Min
e High Open-Loop Gain ................. 1000V/mV Min

® 125°C Temperature Tested Dice

ORDERING INFORMATIONY

GENERAL DESCRIPTION

The OP-21 is a precision low-power operational amplifier
offering the benefits of low offset voltage and high siew rate
with the advantages of low power. A supply range of £2.5V to
+15V allows a wide range of applications.

Two military temperature range models and three industrial
temperature range models are available in TO-99 cans and
8-Pin hermetic DIPs. Industrial temperature range models
are also available in 8-Pin epoxy DIPs. See OP-221 for dual
and OP-421 for quad versions of the OP-21.

PIN CONNECTIONS

PACKAGE

Ta=25°C HERMETIC PLASTIC  OPERATING
Vos MAX TO-99 DiP DIP TEMPERATURE

(uV) 8-PIN 8-PIN 8-PIN RANGE

100 OP21AJ" OP21AZ* MIL

100 OP21EJ OP21EZ  OP21EP IND

200 OoP21BJ* OP21BZ* MIL

200 OP21FJ  OP21FZ  OP21FP IND

500 OP21GJ OP21GZ OP21GP IND

*For devices processed in total compliance to MIL-STD-883, add /883 after
part number. Consuit factory for 883 data sheet.

tAll commercial and industrial temperature range parts are available with
burn-in. For ordering information see 1986 Data Book, Section 2.

NC.
8
BAL 1 7 v+
N2 6 oUT
HIN 3 5 BAL EPOXY MINI-DIP
V- (ease) (P-Suffix)
And
TO-99 8-PIN HERMETIC DIP
(J-Suffix) (Z-Suffix)

SIMPLIFIED SCHEMATIC
vr
o
A B S
Q12 __'ézs
o - or c2 1N ouTeUT
- & e ' 1 °
© 09 Q10 '\ﬁ
Ko a8 *_KQN
T
LN
‘“3\/'1
NULL
Q33 U
Vo
o o
5111 1/86, Rev. A

5

OPERATIONAL AMPLIFIERS




J'P‘M‘i\ OP-21 LOW-POWER OPERATIONAL AMPLIFIER

=22/
ABSOLUTE MAXIMUM RATINGS (Note 2) DICE Junction Temperature (Tj) ....... —65°C to+150°C
L
Supply VOBGE +.ivvvvriiiiiniiiiiiiiiiiieiiiii.. 218V l’iz;arz;.remperature Range (Soldering, 60 sec) ...... 300°C
Pgwer Dissipation (Note 1) ....vvvvivieniiinnnnes SOEmW 1. See table for maxi . o o rating and derating factor.
Differential Input Voltage ...................... oo 230V 2. Absolute maximum ratings apply to both packaged parts and DICE, unless
Input Voltage ............ e Supply Voltage otherwise noted.
Output Short- Clrcun Duratlon e, . Indefinite MAXIMUM AMBIENT DERATE ABOVE
Storage Temperature Range TEMPERATURE MAXIMUM AMBIENT
JandZPackages ...........ceuuen .. —65°Cto+125°C PACKAGE TYPE FOR RATING TEMPERATURE
PPackage .......covvvveviiiiininns -65°C to +125°C TO-99 (J) 80°C 7.1mW/°C
Operating Temperature Range
8-Pin Plastic DIP (P 36°C 5.6mW/°C
OP-21A, OP21B ......eeevervvevens, ~55°C 10 +125°C ® e -
OP-21E, OP-21F, OP-21G ............ -25°C10+85°C 8-Pin Hermetic DIP () 6.7mW/*C
ELECTRICAL CHARACTERISTICS at Vg=+2,5V to 15V and Tp = +25°C, unless otherwise noted.
OP-21A/E OP-21B/F OP-21G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX  UNITS
Input Offset Voltage  Vog Vg=£15V - 40 100 — 150 200 — 800 500 BV
Input Offset Current  log Vem=0 - 0.6 4 — 0.8 5 - 1.2 6 nA
Input Blas Current Ig Vem=0 - 50 100 - 60 120 - 70 150 nA
Input Voltage Range  IVR Vg=%15V -14.5/13.5 - —  -145/135 - —  -145/135 - - v
Vg=£15V, No Load
C:;;‘e";:zn”ﬁ:’tro CMRR  -145VsVoy 100 10— 0 105 — 84 100 — dB
<135V
Power Supply Vg=%25V _ _ _
Rejection Ratio PSRR to =15V, No Load 2 8 4 10 10 % W
Large-Signal Vg==%15V, _ _ _
Voltage Galn Avo R, = 10kQ, Vg £10V 1000 2000 500 1500 500 1000 v/imv
Output Voltage Vg=x15V, _ _ _ _ . _ _
Swing Vo R, = 10K} 13.7/14.0 13.7/13.9 13.6/13.8 v
C_ = 100pF, _ _ _ _ _
Slew Rate SR A, = 25kn — 025 0.25 0.25 V/us
Closed-Loop AycL=+1, _ _ _ _ _ _
Bandwidth BW R = 10kQ 600 600 600 kHz
Vs =225V, — 1w 280 — 180 275 — 190 300
No Load
Supply Current Igy Vo= £15V MA
s =0 — 230 300 — 235 360 — 250 420
No Load
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ELECTRICAL CHARACTERISTICS at Vg=+2.5V to 15V, -55°C < Ty < +125°C for OP-21A and OP-21B,
—25°C < Tp < +85°C for OP-21E, OP-21F and OP-21G, unless otherwise noted.

OP-21A/E OP-21B/F OP-21G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Average Input Offset
Voltage Drift ng“‘ z::::;'ed — 05 10 - 10 20 — 25 50  wrc
(Notes 1, 2) osn
Input Offset Voltage Vos — 75 200 — 200 500 - 500 1000 i
Input Offset Current  lpg Vem=0 - 0.7 5 - 0.7 6 - 0.8 8 nA
Input Bias Current Il Vem=0 - 50 110 — 60 130 - 70 165 nA
Input Voltage Range IVR -14.3/13.2 - —  -143/13.2 — —  ~143/13.2 - - v
No Load,
Common-Mode Vg=%15V,
Rejection Ratio CMAR -14.5V < Vo % 105 8 100 8 95 - d8
=13.2v
Power Supply Vg==%2.5V
—_— 4 —_ —
Rejection Ratio PSRR to £15V, No Load 10 8 1. 18 57 WV
Large-Signal Vg=%£15V,
_ 1 —_ -
Voltage Gain Avo R, = 20kD, V= £10V 500 1500 250 300 250 1000 V/mv
Output Voltage Vg=115V,
-13. X - - -13.5/13.7 —_ - =13 X - -
Swing Vo R, = 20k0 13.5/13.8 13.5/13 3.5/13.6 "
Vs=£25V, — s 215 — 215 30 — 20 380
No Load
Supply Current Igy Ve= 15V, uA
s ’ — 215 360 — 285 430 — 300 500
No Load
NOTE:
1. Sample tested.
2. TCVogn is guaranteed by unnulled TCVqg and device design.
5-113 1/86, Rev. A
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DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

DIE SIZE 0.068 X 0.045 inch, 3060 sq. mils
(1.73 X 1.14 mm, 1.974 sq. mm)

[ N U

6.
7.

BALANCE

INVERTING INPUT
. NONINVERTING INPUT

V-
BALANCE
OUTPUT
v+

For additional DICE information refer to
1986 Data Book, Section 2.

WAFER TEST LIMITS at Vg= = 15V, Tpo=25°C for OP-21N, OP-21G and OP-21GR devices; T = 125°C for OP-21NT and
OP-21GT devices, unless otherwise noted.

OP-2INT OP-21N OP-21GT OP-21G OP-21GR
PARAMETER SYMBOL CONDITIONS LIMIT LiMIT LIMIT LIMIT LiMIT UNITS
Input Offset Voltage Vos 200 100 500 200 500 wV MAX
Input Offset Current  log Vem=0 4 4 5 5 6 nA MAX
Input Bias Current Ig Vem=0 100 100 120 120 150 nA MAX
-14.3 -14.5 -14.3 -14.5 -14.5
Input Voltage Range VR +135 +18.5 +13.5 +13.5 +135 VMIN
Common-Mode No Load .
Rejection Ratio CMRR CMVR = IVR % 100 8 %0 84 dB MIN
Power Supply Vg==%2.5Vtox15V
Rejection Ratio PSRR No Load 10 6 8 10 32 WUV MAX
Large-Signal Ry = 10kQ,
1 50 5
Voltage Gain Avo Vo= £10V 500 000 2 00 500 V/mV MIN
. _ -13.5 -13.7 ~13.5 -13.7 -13.6
Output Voltage Swing Vg R_=10kQ +138 +14.0 +13.8 +13.9 +138 V MIN
Supply Current Isy No Load 300 300 . 360 360 420 1A MAX
NOTES:
For 25°C characteristics of NT & GT devices, see N & G characteristics
respectively.

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg = 15V, To = +25°C, unless otherwise noted.

OP-21NT OP-21N OP-21GT OP-21G OP-21GR
PARAMETER SYMBOL  CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL  UNITS
AV;:’:; :Z:"t‘:ge ot TCVos  Unnulled 05 05 1 1 25 wVeC
N‘g;:e't"‘mage ot TCVosn  Nulled, Ry = 10k0) 05 05 1 1 25 WP G
""\;g;f;g':;in Avo R, = 10k 2000 2000 1500 1500 1000 Vimv
Slew Rate SR 2’; - fg'g;’F 025 0.25 0.25 025 0.25 Vius
ClosecLoop BwW A e 600 600 600 600 600 kHz
5-114 1/86, Rev. A



[Se7\ OP-21 LOW-POWER OPERATIONAL AMPLIFIER
{PMI)

TYPICAL PERFORMANCE CHARACTERISTICS

OPEN-LOOP GAIN SUPPLY CURRENT OFFSET CURRENT
vs TEMPERATURE vs TEMPERATURE vs TEMPERATURE
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TYPICAL PERFORMANCE CHARACTERISTICS
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OP-22

PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER

(SINGLE OR DUAL SUPPLY|

Precision Monolithics Inc. .

FEATURES

® Programmable Supply Current .......... 1uA to 400uA
® Single Supply Operation ................ +3V to +30V
® Dual Supply Operation ................ +1.5V to £ 15V
® Low Input Offset Voltage ...................... 100uV
® Low Input Offset Voltage Drift ............. 0.75uVv/°C
o High Common-Mode Input Range ... V-to V+ (-1.5V)
® HighCMRRandPSRR ........................ 115dB
e High Open-Loop Gain ..................... 1800V/mV
® +30V Input Overvoltage Protection

® Unity-Gain Stable

e L M4250 Pinout and Nulling

GENERAL DESCRIPTION

The OP-22 is a monolithic micropower operational amplifier
designed to provide excellent accuracy in high-gain applica-
tions. Offsets are very low which generally eliminates any
need for external nulling of Vos. The OP-22 is internally
compensated and unity-gain stable. It also features high
open-loop gain, CMRR, and PSRR. This assures good gain
accuracy and rejection of power supply variations even when

SIMPLIFIED SCHEMATIC

used in circuits with high closed-loop gain. The low offsets
and high gain accuracy of the OP-22 bring precision perfor-
mance to the micropower field.

The OP-22 is a versatile op amp designed for operation from
battery or solar-cell power sources. Supply current is pro-
grammable over a range of 1uA to 400uA with a single exter-
nal resistor. Input voltage range is very wide and extends
down to the negative rail, thus the common-mode input voli-
tage range includes ground when operating from a single
supply voitage. This ability to provide high DC performance
overawide inputrange is particularly useful in single-battery
applications. In addition, the OP-22 is characterized over a
wide supply range of +1.5V-to +£15V, or +3V to +30V for
single supply.

The OP-22 pin-out and offset nulling are identical to the
LM4250 and many other micropower operational amplifiers.
This functional commonality allows easy upgrading of sys-
tem performance. By selection of set resistor value, the
circuit designer can readily use the OP-22 in place of such
amplifiersas the LM108, LM112, LM4250, uA776, and ICL8021
in high-gain, low-frequency applications.

’ QO v+
- - \D * < ﬁ(
Qa1 Q2 3 - l -||< 13 Jld—o——o OUTPUT
~IN a3 a4 r —_}—-—4 [
+IN O-
Ve Ve
K S’l N
P o6
b |-
| e 1« , T <> [ on
é) NULL é ISeT
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'ﬁ’[—l\ OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER

| LA L4
ABSOLUTE MAXIMUM RATINGS (Note 2)
SupplyVoltage ........covvvviiiiiniins veee.... £18V NOTES:
Power Dissipation (Note 1) ............... ceeee.. 500MW 1. See table for maximum ambient temperature rating.
Differential Input Voltage ............... ceveveene. £30V 2. Absolute ratings apply to both DICE and packaged parts, unless otherwise
Input Voltage ................ .. Supply Voltage noted.
Storage Temperature Range
— o ]
JaanPackages............. ...... 65°C to +150°C MAXIMUM AMBIENT
Operating Temperature Range TEMPERATURE DERATE ABOVE
OP-22A, OP-22B (J or Z package) ... —55°C to +125°C Vg =215V MAXIMUM AMBIENT
OP-22E, OP-22F (J or Z package) .... —25°Cto +85°C and Iggr = 10A TEMPERATURE
OP-22HJ, OP-22HZ ............ viissi... 0°Cto+70°C T0-99 (J) 124°C —
Lead Temperature Range (Soldering, 60 sec) ...... 300°C oD 5 —
DICE Junction Temperature ........... -65°C to +150°C 8Pin Hormetic DIP (2) 124°¢

ELECTRICAL CHARACTERISTICS at Vg =£1.5V to £15V, 1uA < IggT < 10uA, To=+25°C, unless otherwise noted.

OP-22A/E OP-22B/F OP-22H
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN TYP MAX MIN TYP MAX  UNITS
Input Offset Voltage Vos - 100 300 — 200 500 - 400 1000 uv
Input Offset Current los Vem=0 — 0.2 1 - 03 2 - 0.5 3 nA
. IseT=14A, Vom =0 - 26 5 - 3.0 75 - 40 10
I t I
nput Blas Current 1 IseT = 10uA, Vo =0 - 19 - 2 % - 2 s A
M 05 - - s — - o35 — -
Input Voltage Range VR V-=0V. Vv
Vg =*15V ~15/+13.5 - - -15/+13.5 - - -15/+13.5 - -
-M =#1
Common-Mode CMRR — Ve= 215V 100 15— 9 105  — 8 95— 8
Rejection Ratio (Note 2) 15V < Vgy < +13.5V
Power Supply PSRR Vg=11.5Vto £15V;
Rejection Ratio (Note 2 and V-=0V, —_ 1.8 6 - 6 18 — 10 32 Mm%
(Note 1) V+ =3V to 30V.
Vg =15V,
IggT = 1A, 1000 1800 - 500 900 - 250 500 - V/mV
Large-Signal A Ry = 100k (.
. VO
Voltage Gain Vg =*15V,
IsgT = 104A, 1000 1800 — 500 900 - 300 500 - v/mv
Ry = 10kQ.
Vg=%15V,
IsgT = 1wA, R =100k & +0.8 *0.82 - +0.8 +0.82 ol *0.75 +0.8 - v
Output Voitage v IseT = 10uA, R = 10k(2.
) o]
Swing Vg =15V,
IggT = 1uA, R = 100kQ & *14  £14.2 -_ 14 +14.2 — +13.5 t14 - A
IseT = 10kA, R = 10kQ.
AyeL=+10,
cé‘;:‘:ﬂ':’t;" BW Vg = %15V, — 250 - - %0 - — 250 - KHz
! IsgT = 104A, R = 10kQ.
Vg=%15V,
Slew Rate SR IggT = 10uA, - 0.08 —_ - 0.08 - - 0.08 - V/ps
R =10k,
Vg = %15V, Iggr = 1uA. — 15 17 - 16 19 - 18 21 A
Supply Current \ Vg =£15V, IggT = 10uA. — 150 170 — 160 190 — 180 210 s
sy
No Load Vg =115V, Iggr = 14A. - 10.5 125 — 14 16 - 17 20 A
Vg=*15V, Iggy = 104A. — 105 125 — 140 160 — 170 200 “
NOTES:
1. Sample tested for single-supply operation, 100% tested for dual-supply
operation.

2. Measured with Vog unnulled and Iggt constant.
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[onrT\ OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER
{PMI)

ELECTRICAL CHARACTERISTICS at Vg=+1.5V to =15V, 1uA < IggT< 10uA, -55°C < TA < +125°C for OP-22AJ/AZ and
OP-22BJ/BZ, -25°C < Tp < +85°C for OP-22EJ/EZ and OP-22FJ/FZ, and 0°C < Tp < +70°C for OP-22HJ and OP-22HZ,

unless otherwise noted.

OP-22A/E OP-22B/F OP-22H
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN  TYP MAX  UNITS
Average Input
Offset Voltage TCVos Unnulled — 0.75 1.5 — 1.0 2.0 - 1.5 3.0 uv/ec
Drift (Note 1)
Input Offset Voltage Vos — 175 400 — 350 600 — 500 1200 uv
Input Offset Current  log Vem =0 — 0.2 1 — 0.3 2 — 0.5 3 nA
Average Input Offset
T - 2 1 — 3 15 - ©
Cutrent Drift Clos (Note 1) 0 5 25 pA/°C
) IseT = 1A, Vo =0 — 28 5 - 3.3 7.5 - 45 10
Input Bias Current !
put 8i 8 IseT = 108A, Vo =0 - 21 3 - 2 % ~ 34 50 nA
Input Voltage VR V+=+5V,V-=0V 0/3.2 — - 0/3.2 - - 0/3.2 - - v
Range Vg =115V -15/+13.2 - - -15/+13.2 - - -15/+13.2 —_ -
Vg =+15V
Common-Mode CMRR -18V Vg < +13.2V
Rejection Ratio (Note 3) lsgT = 1uA 80 105 - 80 99 — 80 90 —_ a8
IseT = 104A 90 15 - 86 105 - 80 90 —
Vg=2%1.5Vto £15V &
Po ! PSRR
! V+ =3V to 30V (Note 2)
Vg =%£15V,
S s 200 400 - 200 400 — 100 250 —_ V/mv
Large-Signal Avo lggT = 1wA, R = 100kQ.
Vi
Voltage Gain Vg =£15V, \Y
IggT = 104A, Ry = 10k, 500 1000 — 300 750 - 150 300 - V/m!
Vg =215V,
IsgT = TwA, R = 100k & +0.65 *0.75 - +065 +0.75 - 0.6 0.7 - v
Output Voltage Yo IgeT = 10uA, R = 10k,
Swing Vg ==%15V,
lgeT = 16A, R =100k & +136 138 - +13.6 +13.8 — +13.0 £135 - v
IseT = 10uA, R = 10k,
Vg =+15V, IggT = 1uA. — 16 18 - 17 20 — 20 25 A
Supply Current \ Vg =15V, Iggt = 10uA. — 160 180 - 170 200 - 200 250 s
sy
No Load Vg =215V, Iggr = 1pA. — 12 14 - 15 18 — 19 25 a
V=115V, IggT = 10uA. — 120 140 — 150 180 — 190 250 s
NOTES:
1. Sample tested. 3. Measured with Vog unnuiled and Iggt constant.
2. Voy=1.5V

ORDERING INFORMATION

PIN CONNECTIONS

PACKAGE
Ta=25°C HERMETIC OPERATING
Vos MAX TO-99 DIP TEMPERATURE
(V) 8-PIN 8-PIN RANGE
300 OP22AJ* OP22AZ" MIL
300 OP22EJ OP22EZ IND
500 oP22BJ* OoP228Z* MIL
500 OP22FJ OP22FZ IND
1000 OP22HJ OP22HZ CcoM

* For devices processed in total compliance to MIL-STD-883, add /883 after

part number. Consult factory for 883 data sheet.

tAll commercial and industrial temperature range parts are available with

burn-in. For ordering information see 1986 Data Book, Section 2.

IseT*
8
BAL 1

-IN 2

+IN 3 5 BAL
4
V- (CASE)
TO-99
(J-Suffix)

6 OUT

* NOTE: DO NQT SHORT PIN 8 TO V— OR GROUND.
SEE APPLICATIONS INFORMATION.

8-PIN

HERMETIC DIP
(Z-Suffix)
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BnaT\ OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER

(PMI)

DICE CHARACTERISTICS

DIE SIZE 0.069 X 0.049 inch, 3381 sq. miis

(1.75 X 1.24 mm, 2,18 sq. mm)

1. BALANCE

2. INVERTING INPUT
3. NONINVERTING INPUT

4. V-

§. BALANCE

8. OUTPUT
7. V+

8. IsgT

For additional DICE information refer to
1986 Data Book, Section 2.

WAFER TEST LIMITS at Vg =£1.5V to £15V, 1uA < IgeT< 10pA, Ta = 25°C, unless otherwise noted.

OP-22N OoP-22G OP-22GR
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT UNITS
Input Offset Voltage  Vog 300 500 1000 uV MAX
Input Offset Current  Ipg (Note 1) 1 2 3 nA MAX
lger = 1uA 5 75 10
Input Bias Current 1 ot = 104A (Note 1) 20 a5 50 nA MAX
V+=+8V,V-=0V 0/3.5 0/3.5 0/3.5
Input Voltage Range  IVR Vg = £ 15V ~15/+13.5 ~15/+13.5 -15/+13.5 VMIN
Common-Mode Vg ==£15V, =15V < Ve < +13.5V
Rejection Ratio CMRR (Note 2) 100 o 8 dB MIN
Power Supply Vg =%1.5V to £16V
Rejection Ratio PSRR V== 0V, V+ = 3V to 30V (Note 2) 8 . % KVIV MIN
Vg =215V,
1000 500 250 V/mV MIN
Large-Signal Avo Iger = 1uA, R = 100k
Voltage Gain Vg =115V,
Isgr = 10uA, R = 10k 1000 500 300 V/mV MIN
Vg =115V,
lget = 1pA, RL = 100kQ & +0.8 +0.8 +0.75 V MIN
Output Voltage Vo Iser = 10uA, R = 10kQ.
Swing Vg =156V,
lger = 1A, R = 100k0 & £14 14 +135 VMIN
IseT = 104A, R = 10kQ.
Vg =215V, Iggr = 1uA. 17 19 21
Supply Current oy Ve = 15V, lggt = 104A. 170 190 210 HAMAX
No Load Vg =15V, Iggr = 1uA, 125 16 20 A MAX
Vg =£1.5V, lggr = 104A. 125 160 200 M
NOTES:
1. Vem=0

2. Measured with Vog unnulled and Iggy held constant.

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample ot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg = +1.5V to =15V, 1uA < lgg7T < 10uA, To=+25°C, unless otherwise

noted.
OP-22N OP-22G OP-22GR
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS
Average Input o
Offset Voltage Drift ' Cvos ~ Unnulled 1.0 15 25 wv/°C
Large-Signal Vg =£15V
Voltage Gain Avo Iser = 1uA, R =100kQ & 1800 900 500 V/mv

Iser = 10uA, R = 10k
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W\OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER

|EXEL Y4

TYPICAL PERFORMANCE CHARACTERISTICS
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BT\ OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER

PMID)

TYPICAL PERFORMANCE CHARACTERISTICS
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{PMI)

e st

TYPICAL PERFORMANCE CHARACTERISTICS I
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{PMI)
TYPICAL PERFORMANCE CHARACTERISTICS
SMALL-SIGNAL SMALL-SIGNAL SMALL-SIGNAL
TRANSIENT RESPONSE TRANSIENT RESPONSE TRANSIENT RESPONSE

50mV]|

Ay =+10, Cy = 30pF Ay =+10, C|_=30pF
Isgy = WA IggT = 104A
Vg = £15V Vg =15V

APPLICATIONS INFORMATION

OP-22 series units may be inserted directly into LM4250,
uA776 and ICL8021 sockets with or without removal of
external nulling components. The value of set resistor for a
given supply current varies between types and the manufac-
turer’s data sheets should be consulted for this information.
Table 1 compares set resistor values for the OP-22 and the
LM4250. (RggT connected to V-).

TABLE 1
Supply Current vs. Set Resistor for OP-22 and LM4250

Igy = 10A Isy = 30uA Isy = 100uA
VsuppLy OP-22 LM4250 OP-22 LM4250 OP-22 LM4250
*1.5V 2.2MQ 1.3MQ 680k 430k 220k} 120k
*3.0V 6.8MO  27MQ 22MQ 910k 680k} 270k
+5.0V 13MQ 47MQ  43MQ 15MQ 1.3MQ 470kQ
+12v 33M0 12M0 11MQ 3.9MQ  33MQ  1.2MQ
+15V 43M0 15MQ 15MQ 51MQ  43MQ 1.5MQ
IseT 0.67uA 1.8uA 2.0uA 6.0uA 6.7uA 20uA

SET-RESISTOR SELECTION

The value of set resistor for selected supply current may be
calculated using the “Supply current vs. Set current” curve
and the formula;

_ (VsuppLy ~2VgE)

RseT Tor

Alternatively, the “Supply Current vs. Set Current” graph may
be used in conjunction with the “Set Current vs. Set Resistor”
graph. Vgyppry in formula (1) refers to the total supply
voltage with Rggt connected between pin 8 and negative
supply. Rget may be connected to ground in which case
VsuppLy in (1) is the positive supply.

Ay =+10, C|_= 30pF
IggT = 1004A
Vg = £16V

Biasing the OP-22 with a fixed resistor produces a supply
current approximately proportional to supply voltage. In
applications where a constant drain is required with varying
supply, Rget can be replaced by current generators. Two
suggested arrangements are shown below:

v,
ISET ~ 5. IDSs > ISET

(b)

VBE
ISET~ 22

CAUTION: Shorting of pin 8 to negative supply or ground
will cause excessive Iggr Which in turn will cause excessive
supply current to flow. Iggr should always be limited.
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OFFSET VOLTAGE ADJUSTMENT

The offset voltage can be trimmed to zero using a 100k}
potentiometer (see offset nulling circuit). Adjustment range
is approximately £5mV. Resolution of the nulling can be
increased by using a smaller pot in conjunction with fixed
resistors as shown below.

39 20k 39k

PIN 1 PINS

V—

This arrangement has a £500uV adjustment range. Offset
nulling of the OP-22 has negligible effect on the value of
TCVos.

OFFSET NULLING CIRCUIT

OUTPUT
o

APPLICATIONS CIRCUITS

A micropower bandgap voltage reference operating at a
quiescent current of 15uA may be constructed using an OP-
22 and a MAT-01 dual transistor (see Figure 1). The circuit
provides a 1.23V reference with better performance than
micropower I.C. shunt regulators and has the advantages of
being a series regulator.

MICROPOWER 1.23 VOLT BANDGAP REFERENCE

SUPPLY
+3V TO +30V
O
3 360kq 1% % 2.2MQ 1% 1N914
p: <
3 7
6 22k
oP-22FZ 2N2907
2
74/ d
|
L I
1 Kl"’“" T 7 10nF Vour = 123V
0—-5mA
2 N 6 N mA_
el
3 5 2N2222
68k 1%
DUA
2 TRANSISTOR p. o
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*Other circuits may apply at PMI's discretion.

5-125

1/86, Rev. A

OPERATIONAL AMPLIFIERS



BT\ OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER

(PMI)

MICROPOWER INSTRUMENTATION AMPLIFIER — POWER DRAIN < 3mW WITH +5 VOLT SUPPLIES
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INPUT BIAS CURRENT < 10nA
CMRR > 100dB @ 60Hz

PSRR > 70dB

TC Vos < 0.2uV/°C
NONLINEARITY <0.001%

(Ay = 500)

In Figure 2, the OP-22 is used as a gated amplifier where
power consumption and bandwidth are controllable. Rg can
be selected for a specific lower-power operation or omitted
so the amplifier can be completely shut down.

A micropower instrumentation amplifier that consumes less
than 3mW with +5V supplies is shown in Figure 3. Offset
voltage drift is less than 0.2uV/°C and common-mode
input range is £3V with CMRR of over 100dB at 60Hz.

Process control systems use two-wire 4-20mA current trans-
mitters when sending analog signals through noisy environ-
ments. The “zero” or “offset” current of 4mA may be used to
power the transmitter signal conditioning amplifiers and/or
excitead.c. transducer. This allows remote signal condition-
ing without having a remote power source. Power is provided
atthe receiving end where the signal current is monitored by
a precision 50Q resistor. The 4-20mA transmitter shown in
Figure 4 has high stability, excellent linearity, and generates
the 4-20mA current output. A 5V reference is available for
powering transducers and micropower amplifiers at a maxi-
mum current of 2mA.

TWO TERMINAL 4-20mA TRANSMITTER
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Figure 4 (~25°C TO +85°C) SPAN
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[m_I\ OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER
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MICROPOWER WIEN-BRIDGE OSCILLATOR (P4 < 500.W)
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Figure 5
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A1 - OP-22
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MICROPOWER 5 VOLT REGULATOR

QUIESCENT CURRENT = 50uA AT 9V
LOAD REGULATION, 0.001% / mA
LINE REGULATION, 0.01% / VOLT

TEMPERATURE COEFFICIENT, 40ppm /°C (—25°C TO +85°C)
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A1, A2 — OP-22, Q1 — 2N2222
D1, D2 — MAT-01 OR MATCHED DIODES

Figure 6

Figure 5 shows a micropower Wien-bridge oscillator
designed for battery-powered instrumentation. Output level
is controlied by nonlinear elements D1 and D2. When
adjusted for 3V p-p output, the distortion level is below 0.5%
at 1kHz.

The 5 volt regulator in Figure 6 is intended for instrumenta-
tion requiring good power efficiency. Low-power 3-terminal

IC regulators typically draw 2mA to SmA quiescent current
compared to only 50uA with this discrete implementation.
Maximum load current is 10mA as shown, and can be
increased by changing Q1 to a power transistor and propor-
tionately increasing the set current of A2.
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Precision Monolithics Inc.

OP-27

LOW-NOISE PRECISION
OPERATIONAL AMPLIFIER

FEATURES 80nVy_, (0.1Hz to 10Hz)

... 80nVp_, (0.1Hz to 10Hz
* LowNolse ............... (o vV Hz
® LowDrift .........coiiiii i e 0.2uV/°C

........ 2.8V/us Slew Rate
® HighSpeed.............. {7 8MHz Gain Bandwidth
O LOWVOg ..o viiieiiii i e 10uV
® ExcellentCMRR ............... 126dB at Vgpm of =11V
® High Open-LoopGain ..................... 1.8 Million
e Fits 725, OP-07, OP-05, AD510, AD517, 5534A sockets

A low input bias current of +10nA is achieved by use of a
bias-current-cancellation circuit. Over the military temper-
ature range, this circuit typically holds Ig and l5g to £20nA

and 15nA respectively.

The output stage has good load driving capability. A guaran-
teed swing of 10V into 600 and low output distortion make
the OP-27 an excellent choice for professional audio applica-

tions.

PSRR and CMRR exceed 120dB. These characteristics,
coupled with long-term drift of 0.2uV/month, allow the circuit
designer to achieve performance levels previously attained

ORDERING INFORMATION only by discrete designs.
PACKAGE
Ta=25°C HERMETIC HERMETIC PLASTIC OPERATING PIN CONNECTIONS
Vog MAX TO-99 pip DIP TEMPERATURE
(uV) 8-PIN 8-PIN 8-PIN Lcc RANGE
25 OP27AJ*  OP2TAZ* MIL BALS
25 ’ OP27EJ OP27EZ OP27EP IND/COM
60 | OP27BJ* OP27BZ* . OP27BRC/883 ML BAL1 7V
60 OP27FJ OP27FZ OP27FP IND/COM
100 OP27CJ* OP27CZ* MiL -IN2 8ouT
100 oP27GJ OP27GZ OP27GP IND/COM
IN3 5N.C.
*For devices processed in total compliance to MIL-STD-883, add /883 after ¥
part number. Consult factory for 883 data sheet. 4 V- (CASE)
tAll commercial and industrial temperature range parts are available with TO-99
burn-in. For ordering information see 1986 Data Book, Section 2.
(J-Suffix)

GENERAL DESCRIPTION

The OP-27 precision operational amplifier combines the low
offset and drift of the OP-07 with both high-speed and low-
noise. Offsets down to 25uV and drift of 0.6uV/° C maximum
make the OP-27 ideal for precision instrumentation applica-

8-PIN HERMETIC DIP
(Z-Suffix)
EPOXY MINI-DIP
(P-Suffix)

OP-27BRC/883
LCC PACKAGE

tions. Exceptionally low noise, e, =3.5nV/\/ Hz , at 10Hz, a (RC-Sutfix)
low 1/f noise corner frequency of 2.7Hz, and high gain (1.8
million), allow accurate high-gain amplification of low-level
signals. A gain-bandwidth product of 8MHz and a 2.8V/usec
slew rate provides excellent dynamic accuracy in high-speed
data-acquisition systems.
SIMPLIFIED SCHEMATIC
o V+
= @ J . ®
21 R23 R24 - r_”—_‘ 3
’_‘H—w— E Re
023 024 a20] a18
$—o0 OUTPUT

NON- S R12
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. :_}& R2 ARE PERMANENTLY ADJUSTED ) C)
WAFER TEST FOR MINIMUM %
OFFSET VOLTAGE. ¢ v=
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DT\ OP-27 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER

(PMI)

Low cost, high-volume production of OP-27 is achieved by
using an on-chip zener-zap trimming network. This reliable
and stable offset trimming scheme has proved its effective-
ness over many years of production history.

The OP-27 provides excellent performance in low-noise
high-accuracy amplification of low-level signals. Applica-
tions include stable integrators, precision summing ampli-
fiers, precision voltage-threshold detectors, comparators,
and professional audio circuits such as tape-head and
microphone preamplifiers.

The OP-27 is a direct replacement for 725, OP-06, OP-07 and
OP-05 amplifiers; 741 types may be directly replaced by
removing the 741’s nulling potentiometer.

ABSOLUTE MAXIMUM RATINGS (Note 4)

Supply Voltage ...... L. 222V
Internal Power Dissipation (Note 1) .............. 500mW
Input Voltage (Note 3) ..........vvvvvvvvenvinn... 122V
Output Short-Circuit Duration ................. Indefinite
Differential Input Voltage (Note 2) ................ *0.7V
Differential Input Current (Note 2) ............... £25mA
Storage Temperature Range ........... —65°Cto ;#150“9

'
i
o

Operating Temperature Range
OP-27A,0OP-27B,0P-27C (J,Z,RC) ....-55°Cto+125°C
OP-27E, OP-27F, OP-27G (J, Z) ....... -25°Cto +85°C
OP-27E, OP-27F, OP-27G (P) ............ 0°Cto +70°C
Lead Temperature Range (Soldering, 60 sec) ...... 300°C
DICE Junction Temperature ........... -65°C to +150°C

NOTES:

1. See table for maximum ambient temperature rating and derating factor.
MAXIMUM AMBIENT DERATE ABOVE

TEMPERATURE MAXIMUM AMBIENT

PACKAGE TYPE FOR RATING TEMPERATURE

TO-99 (J) 80°C 71mW/°C

8-Pin Hermetic DIP (Z) 75°C 6.7mW/°C

8-Pin Plastic DIP (P) 62°C 5.6mW/°C

LCcC 80°C 7.8mwW/°C

2. The OP-27's inputs are protected by back-to-back diodes. Current limiting
resistors are not used in order to achieve low noise. If differential input
voltage exceeds £0.7V, the input current should be limited to 25mA.

3. Forsupply voltages less than 22V, the absolute maximum input voltage is
equal to the supply voltage.

4. Absolute maximum ratings apply to both DICE and packaged parts, unless
otherwise noted. ., 1

X \l'_'\,

ELECTRICAL CHARACTERISTICS at Vg = *15V, Tp =25°C, uvnless otherwise noted.

OP-27A/E OP-27B/F OP-27C/G
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP  MAX MIN TYP  MAX UNITS
Input Offset Voltage  Vpg (Note 1) — 10 25 — 20 60 —_ 30 100 my
Long-Term Vpg .
Vos/ , 3 - 0.2 1.0 — 0.3 15 - .4 2.0
Stability 'os/Time (Notes 2, 3) 0 #V/Mo
Input Offset Current  lgg - 7 35 — 9 50 — 12 75 nA
Input Bias Current g - +10 +40 — +12 185 - +15 +80 nA
0.1Hz to 10Hz
Input Noise Vot - —_ 0.08 0.18 - 0.08 0.18 — 0.09 0.25 Vp-
nput Noise Voltage  enp-p (Notes 3, 5) uvVp-p
input Noise fo = 10Hz (Note 3) - 3.5 5.5 _ 3.5 5.5 — 3.8 8.0
VZIta o Densit en fo=30Hz (Note 3) - 3 45 - a1 45 — 33 58
9 Y fo = 1000Hz (Note 3) - 30 358 - 30 38 - 32 45
Input Noise fo = 10Hz (Notes 3,6) — 1.7 4.0 —_ 1.7 4.0 — 1.7 —_
Cpu"em Densit in fo = 30Hz (Notes 3, 6) - 1.0 2.3 - 1.0 23 — 1.0 —  PpA/\Hz
Y fo = 1000Hz (Notes 3, 6) - 0.4 0.6 - 0.4 0.6 — 0.4 0.6
Input Resistance —
R 7 1. 6 - 0.94 5 - 0.7 4 —
Differential-Mode N (Note 7) 8 ma
Input Resistance —
R — - - 2.5 - - -
Common-Mode INCM 8 2 Ga
Input Voltage Range IVR +11.0 +12.3 — *11.0 123 — +11.0 +12.3 — \
Common-Mode
CMRR Vom =11V 114 126 —_ 106 123 — 100 120 -
Rejection Ratio CM @8
Power Supply
L . PSRR Vg =%4V to £18V - 1 10 - 1 10 - 2 20 uvIv
Rejection Ratio
Large-Signal A RL = 2k(, Vo ==%10V 1000 1800 -_ 1000 1800 — 700 1500 - V/my
Voltage Gain Vo Ry 2 6000, Vo =+10V 800 1500 - 800 1500 - 600 1500 —
Qutput Voltage v Ry 22k0 +12.0 *13.8 - +12.0 +13.8 — *11.5 *13.5 - v
Swing o R = 6000 +10.0 1.5 - £10.0 £11.5 - £10.0 *11.5 -
Slew Rate SR R =2kQ (Note 4) 17 2.8 — 1.7 2.8 - 17 2.8 - V/us
5-129 1/86, Rev. A
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BT\ OP-27 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER

{PMI)
ELECTRICAL CHARACTERISTICS at Vg = =15V, Tp = 25°C, unless otherwise noted. (Continued)
OP-27A/E OP-27B/F OP-27C/G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Gain Bandwidth Prod. GBW (Note 4) 5.0 8.0 - 5.0 8.0 - 5.0 8.0 —_ MHz
Open-Loop Output _ _ _ _ _ _ _ _

Resistance Vo=0,1p=0 70 70 70 Q
Power Consumption Py Vo - 90 140 — 90 140 - 100 170 mw
Offset Adjustment Rp = 100 —  £40 - —  #40 - — x40 - mv

Range
NOTES: days are typically 2.5uV — refer to typical performance curve.

1. Input offset voitage measurements are performed ~ 0.5 seconds after 3. Sample tested.
application of power. A/E grades guaranteed fully warmed-up. 4. Guaranteed by design.

2. Long-term input offset voltage stability refers to the average trend line of 5. See test circuit and frequency response curve for 0.1Hz to 10Hz tester.
Vos vs. Time over extended periods after the first 30 days of operation. 6. See test circuit for current noise measurement.
Excluding the initial hour of operation, changes in Vog during the first 30 7. Guaranteed by input bias current.

ELECTRICAL CHARACTERISTICS for Vg = %15V, -55°C < Tp < +125°C, unless otherwise noted.

OP-27A OoP-27B OP-27C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vog (Note 1) — 30 60 —_ 50 200 - 70 300 uv
Average Input TCVos (Note 2)
— ) 0. - 0. 1. - .4 1 v/°
Offset Drift TCVosn  (Note3) 02 8 8 8 o 8 wre
Input Offset Current  log - 15 50 - 22 85 = 30 135 nA
Input Bias Current Ig - *20 +60 - +28 +95 - +35 +150 nA
Input Voltage Range  IVR +103 %115 —_ +10.3  x115 - +10.2 *11.5 - v
Common-Mode
=% - 100 119 - 94 116 —
Rejection Ratio CMRR Veom =10V 108 122 dB
Power Supply PSRR Vg = £4.5V to 18V - 2 16 - 2 20 - 4 51 v
Rejection Ratio sTERTIO= #
Large-Signal
= =% - 0 100 - 0 —
Voltage Gain Avo R =2k, Vo =10V 600 1200 50 0 300 800 V/my
Output Volta,
S"wf:g otage Vo RLZ 2k +115 135 - 110 132 - +105  +130 - v

ELECTRICAL CHARACTERISTICS for Vg = %15V, -25°C < Tp < +85° C for OP-27J and OP-27Z,0°C < To < +70°C for
OP-27P, unless otherwise noted.

OP-27E OP-27F OP-27G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage  Vpg — 20 50 — 40 140 — 55 220 uv
Average Input TCVos (Note 2)
— 5 X — X 1. — .4 . °
Offset Drift TCVosn  (Note3) o2 o6 08 8 0 18 wire
Input Offset Current  log - 10 50 - 14 85 — 20 135 nA
Input Bias Current  Ig - +14 +60 — +18 +95 — +25  +150 nA
Input Voltage Range IVR +10.5 +11.8 _ *+10.5 *11.8 - *+10.5 *11.8 - v
Common-Mode
=4 —_ 102 121 — 9 -_
Rejection Ratio CMRR Vem =210V 110 124 6 118 dB
Power Supply
PSRR Vg=*4.5Vto£1 - 2 15 —_ 2 16 -
Rejection Ratio S! s 5Vio x18v 2 82 W
Large-Signal
= =t 1 — 700 1300 - 45 _

Voltage Gain Avo RLZ 2k, Vo = £10V 750 1500 0 1000 v/mv
Output Voltage Vo Ry =2k +11.7 +13.6 — +11.4 *13.5 - 1.0 *13.3 - \

Swing
NOTES: 2. The TCVgg performance is within the specifications unnulled or when
1. Input offset voltage measurements are performed by automated test nulled with Rp = 8k} to 20k. TCVpg is 100% tested for A/E grades,

equipment approximately 0.5 seconds after application of power. A/E sample tested for B/C/F/G grades.
grades guaranteed fully warmed-up. Guaranteed by design.
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DICE CHARACTERISTICS

DT\ OP-27 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER
(PMI)

DIE SIZE 0.054 X 0.108 inch, 5832 sq. mils
(1.37 X 2.74mm, 3.76 sq. mm)

. NULL
. (-) INPUT
. (+) INPUT
v_

. OUTPUT
v+

. NULL

For additional DICE information refer to

1986 Data Book, Section 2.

WAFER TEST LIMITS at Vg= +£15V, T4 = 25° C for OP-27N, OP-27G, and OP-27GR devices; Ta = 125°C for OP-27NT and

OP-27GT devices, unless otherwise noted.

OP-27NT OP-27N OP-27GT OP-27G OP-27GR
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LMt LiMmIT LIMIT UNITS
Input Offset Voltage Vos (Note 1) 60 35 200 60 100 uV MAX
Input Offset Current los 50 35 85 50 75 nA MAX
Input Bias Current g +60 +40 +95 +55 +80 nA MAX
Input Voltage Range IVR +10.3 N +10.3 1 N V MIN
Common-Mode
= 1 114 10 10
Rejection Ratio CMRR Vem=IVR 08 1 0 6 100 dB MIN
Pow'rer §upply . PSRR Vg==14V to 18V — 10 — 10 20 #V/V MAX
Rejection Ratio
Large-Signal R =2k, Vo= %10V 600 1000 500 1000 700
Voltage Gain Avo R, = 6000, Vo= £10V - 800 — 800 600 V/my MIN
. R =2kQ +11.5 +12.0 +11.0 +12.0 +11.5
Output Voltage Swing Vo R, = 60002 _ +10.0 — +10.0 +10.0 VMIN
Power Consumption Py Vo=0 — 140 — 140 170 mW MAX

NOTE:

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg =+ 15V, Ty = +25°C, unless otherwise noted.

OP-27N OoP-27G OP-27GR
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS
Average Input Offset TCVps or Nulled or Unnulled o
Voltage Drift TCVosn Rp = 8K to 20kQ) 02 03 0.4 wvre
Average Input Offset o
Current Drift TClos 80 130 180 pA/°C
Average Input Bias °
Current Drift TClg 100 160 200 pA/°C
inout No