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How to Use This Book

If you know the
MODEL NUMBER,

If you know the
PRODUCT TYPE,

If you want
NEW MODELS,

If you want a PRICE,

If you want TAPE
& REEL SPECS,

Use the Model Index on the
INSIDE FRONT COVER.

Use the TABBED TABLE OF CONTENTS,
or use the SELECTION GUIDE TABLES at
the front of each tabbed section.

Use the Model Index on the INSIDE FRONT
COVER or the SELECTION GUIDE
TABLES at the front of each tabbed section. All
new models contained in this edition are shown
in boldface. Also, contact your local Burr-
Brown representative for information on new
models released since publication of this data

" book.

Contact your local Burr-Brown or representa-
tive. See INSIDE BACK COVER.

See TAPE & REEL SPECIFICATIONS,
Appendix C, or contact your local Burr-Brown
representative.
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Burr-Brown Corporation
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1 Burr-Brown Corporation

\
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About Burr-Brown

Burr-Brown Corporation is an international leaderin
the design and manufacturer of precision microcir-
cuits and microelectronic-based systems for use in
data acquisition, signal conditioning, and control
applications throughout the world.

The Company’s products range from precision linear
integrated circuits to data collection systems and
personal computer instrumentation. The Company’s
integrated circuit components are used in analog and
digital signal processing applications found in medi-
cal and scientific instrumentation, factory automa-
tion, automatic test equipment, process control, and
consumer products such as electronic musical instru-
ments and professional audio equipment.

Company Facts

* Founded in 1956.

» Corporate headquarters: Tucson, Arizona.
* 1470 employees.

¢ 1000+ products.

* Manufacturing and technical facilities in: Tucson,
Arizona; Atsugi, Japan; Livingston, Scotland.

¢ 7 North American direct sales offices, 130 sales
representatives and distributors in 180+ locations.

¢ International sales and distribution subsidiaries in
Austria, France, Germany, Italy, Japan, the Neth-
erlands, Switzerland, and the United Kingdom; 26
sales representatives throughout the rest of the
world.

e Over 200 sales and service staff worldwide.

BURR - BROWN®
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Burr-Brown Receives
1ISO9001 Certification in U.S. and Europe

In September 1993, Burr-Brown Corporation re-
ceived ISO9001 certification in the United States and
Europe, simultaneously. In the United States, regis-
tration is recognized through the AT&T Quality
Registrar by the Registration Accreditation Board
(RAB). Certification is accepted through the Elec-
tronics Industries Quality Registrar by the Dutch
Registration Board (RCV) in Europe.

ISO9001 is the international standard for assessing
the quality systems of companies that design, manu-
facture, and test products. Adopted by 91 member
countries, it’s the international quality standard for
manufacturing, trade, and communications indus-
tries. Certification indicates that a formal quality
system exists for all processes and that these pro-
cesses are audited on a timely basis.

JAITS
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Applications Library

Applications Bulletins and Design Software

APPLICATIONS LIBRARY

The following applications information is available from Burr-
Brown at no charge.

Call 1-800-548-6132 to order.

APPLICATIONS BULLETINS

Increasing INA117 Differential Input Range................. AB-001
Make a Precision Current Source or Current Sink ...... AB-002
Voltage-Reference Filters ..........cccoovviiiininnecrenne. AB-003

Make a Precision —10V Reference
Make a Precision 10V Reference

Make a—10V to +10V Adjustable Precision

Voltage SOUICE .......couiviuereeerercerir et AB-006
Classical Op Amp or Current-Feedback Op Amp? This
Composite Op Amp Gives you the Best

of Both WOrIS ..o AB-007
AC Coupling Instrumentation and Difference

AMPIIIErS ..covvviiieceiic e AB-008
Single-Supply Operation of Isolation Amplifiers .......... AB-009

+200V Difference Amplifier with Common-mode
Voltage Monitor

Low Power Supply Voltage Operation of

REF102 10V Precision Voltage Reference ................. AB-011
Boost ISO120 Bandwidth to More Than 100kHz ........ AB-012
Increasing ADC603 Input Range .........cccceeeevveeeeeennnns AB-013
Input Overload Protection for the RCV420

4-20mA Current-loop ReCEIVET ........cccevveeireeiercercneens AB-014

Extending the Common-mode Range of
Difference Amplifiers

Boost Amplifier Output Swing With Simple

MOiIfiCatIoN .....ceeeeececeerc e AB-016
Low-pass Active Filter Design Program ...........ccoeeuee AB-017
0-20mA Receiver Using the RCV420..........cccevenenee. AB-018
Using the ADS7800 12-B|t ADC with Unipolar

INPUL SIGNAIS ...t AB-019

Operational Amplifier and Instrumentatlon
Amplifier Macromodels

Synchronization of ISO120/ISO121 Isolation Amplrflers AB-021

Fast Settling Low-Pass Filter ...........cccceoveerreccrncccnens AB-022
Simple Output Filter Eliminates ISO Amp

Output Ripple and Keeps Full Bandwidth ................... AB-023
Analog Isolation with POWer .............ccoeiiiinciennnnnne AB-024

Boost Instrumentation Amp CMR with Common-Mode
Driven SUPPlIES ........cccrvevrereteeeere et AB-025

A Low Noise, Low Distortion Desrgn for
Anti-Aliasing and Anti-Imaging Filters ..........ccooecceeenne AB-026

High Speed Data Conversion ............cccceceveeerenenennens AB-027
Feedback Plots Define Op Amp AC Performance ...... AB-028

Input Filtering the INA117 £200V Difference
AMPHIEr «.cvicii e AB-029

1.8

Thermal and Electrical Properties of Selected

Packaging Materials ............cccorenreirieinnenceiecnenene AB-030
IC Building Blocks Form Complete Isolated

4-20mA Current-Loop Systems........cocceveeemrcireneenennens AB-032
Single-Supply, Low-Power Measurements

of Bridge Networks....

MFB Low-Pass Filter Design Program
Filter Design Program for the UAF42 Universal

Active Filter ........ AB-035
Diode-Based Temperature Measurement................... AB-036
Mounting Consideration for TO-3 Package ................. AB-037
Heat Sinking—TO-3 Thermal Model ...........cccooeeeeeenne AB-038
Power Amplifier Stress and Power Handling

Limitations ..o AB-039
Frequency-to-Voltage Conversion ............ccoccccvurunnneee AB-040
Single Supply 4-20mA Current Loop Receiver ........... AB-041
Programmable-Gain Instrumentation Amplifiers ......... AB-042
Use Low-Impedance Bridges on 4-20mA

CUurrent LOOPS .....cocoveiiceiicicmisc e AB-043
Improved Device Noise Performance for the

3650 Isolation Amplifier ............coeuecucae AB-044
Op Amp Performance Analysis ..........cccccerveriveersennnns AB-045
Operational Amplifier Macromodels: A Comparison ... AB-046
Noise Sources in Applications Using Capacitive

Coupled Isolated Amplifiers .........c......... AB-047

The ACF2101 Used as a Bipolar Switched Integrator .. AB-048

The MPC100 Analog Multiplexer Improves RF
Signal Distribution .. AB-049

Compensate Transimpedance Amplrflers Inturtrvely AB-050

Double the Output Current to a Load with the
Dual OPA2604 Audio Op AMP ......ccovecrimeresinesnennenns

OPAG660 Drives Magnetic Recording Head

Improved Noise Performance of the ACF2101-
Switched Integrator

Clamping Amplifiers Track Power Supplies ................ AB-054
Precision IA Swings Rail-to-Rail on Single 5V Supply AB-056

Comparison of Noise Performance Between a FET
Transimpedance Amplifier and a Switched Integrator

..................................................................................... AB-057
Simple Filter Turns Square Waves into Sine Waves .. AB-058
MTTF, Failrate, Reliability and Life Testing................. AB-059
Careful Layout Tames Sample-Hold Pedestal Errors . AB-060
Digitally Programmable, Time-Continuous

Active Filter .............. AB-062
Design and Application of Transformer -Coupled Hybrid
Isolation Amplifier Model 3656 ...........cceeerivvcrneninenne AB-078
The Key to Understanding Sources of Error in the

1ISO100 Isolation AMplifier..........ccoevvvercenneneiencnns AB-079

BURR - BROWN®
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Applications Library

Applications Bulletins and Design Software

Hybrid Isolation Amps Zap Prices and Voltage Barriers .. AB-080

Isolation Amps Hike Accuracy and Reliability ............. AB-093
Build A Three Phase Sine Wave Generator With

the UAFA42 ...t AB-096
Voltage-to-Frequency Converters Offer Useful

Options In A/D Conversion. ...........c..coceucecurccncnnencnas AB-130
An Error Analysis of the ISO102 in Small Signal

MEASUINNG ..ttt e AB-161
DC/DC Converter Noise Reduction............cccccevvinnnnes AB-162
Partial Discharge Testing .........cccccveeererenrrrnresnnenens AB-163

Implementation and Applications of Current
Sources and Current ReCeIVErS .........cccuverevernerenens

Coding Schemes Used with Data Converters .

Exchanging Files on the Customer Service
Electronic Bulletin Board ...........ccooeeevvncinicinicniies AB-176

BURR - BROWN®
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CDAC Architecture Plus Resistor Divider Gives ADC574 n

Pinout with Sampling, Low-Power, New Input Ranges

Video Operational Ampilifiers.. .
Ultra High-Speed ICs .......cc.cocciiiiiicccccc
Diamond Transistor OPABBO0 ..........ccccoeereeieiirinennene
New Ultra High-Speed Circuit Techniques

With ANalog ICS .....cocviiiiiiirirce s AB-183
Designing Active Filters With The Diamond Transistor
OPABBO ......ocuviicmieceiee s et AB-190
Intermodulation Distortion (IMD) .........ccccceeririieiecnne AB-194
DESIGN SOFTWARE

FilterPro DisK........ccoooveeeeinciicniiciciccie AB/E-034, 035

Spice Disk ....

1.9
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Sales and Service

ABOUT THIS BOOK

To keep with the easy-to-use format we established
last year, the Burr-Brown Integrated Circuits Data
Books for 1995 will be similar to the 1994 books.
Both the Linear Products and Data Conversion
Products books are available free from your local
salesperson or representative—see Sales Office
Listings at back of book—or by calling our litera-
ture request line at 1-800-548-6132. Order both, or
just the one that fits your needs.

How to Use This Book

Burr-Brown model numbers are listed in the Selec-
tion Guides at the beginning of each tabbed section.
With these tables you can quickly compare specs
among different models and choose the best part for
your design. Products appearing in boldface type
are new products introduced by Burr-Brown since
publication of the 1994 data books.

Data sheets are arranged alphanumerically by prod-
uct type, so if you know the name of the part you
can find it quickly. Or, use the Model Index on the
inside front cover, or page numbers as listed in the
Selection Guide tables.

CUSTOMER SERVICE

Burr-Brown is committed to providing the best
customer service in the industry—whether it be a
need for additional technical literature, technical
assistance, to place an order, or to return products.
For immediate assistance with any problem or in-
quiry, contact your local Burr-Brown salesperson or
representative. See Sales Office Listings at back of
book

Direct factory assistance is available by calling the
following numbers (6:30am to 5pm MST.)

1.10
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Technical Literature or
Applications Assistance

In addition to individual data sheets, Burr-Brown
also provides its customers with applications bulle-
tins, a comprehensive product selection guide on
either a PC or Macintosh diskette, promotional
samples, comprehensive brochures featuring many
product types, and applications assistance by calling
1-800-548-6132.

Literature requests may also be posted 24 hours/day
by calling our automated literature request line at
(602) 741-3884. When using this service, please be
prepared to give your name, company, full address
and phone number, as well as the product name or
type of literature you are requesting.

FAXLine

The Burr-Brown FAXLine is now available for
customer requests for product literature. Call 1-
800-548-6133 (USA Only) to receive a Component
Literature Fax Form, complete with FAXLine lit-
erature order numbers. Up to three pieces of litera-
ture may be requested per call.

Prices and Quotations

Price quotations made by Burr-Brown or its autho-
rized field sales representatives are valid for 30
days. Delivery quotations are subject to reconfirma-
tion at the time of order placement. Please call your
local sales representative or distributor (see list at
the back of this book).

Placing Orders

You can place orders via telephone, FAX, mail,
TWX, or Telex with any authorized Burr-Brown
field sales office, sales representative, or authorized
distributors. See Sales Office Listings at back of
book for the office nearest you.

BURR - BROWN®
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Sales and Service

Returns and Warranty Service

When returning products for any reason, contact
Burr-Brown prior to shipping for authorization and
shipping instructions. For complete instructions,
contact your local salesperson or representative.
Customers outside the USA should call the nearest
sales office for details and information—see Inter-
national Sales Office Listing at back of book.

To return product, please call for your RMA num-
ber. Ship units prepaid and supply the original
purchase order number and date, along with an
explanation of the malfunction. Upon receipt of the
returned devices, Burr-Brown will verify the mal-

BURR - BROWN®

Burr-Brown IC Data Book — Linear Products

function and inform you of the warranty statusn
cost to repair or replace, credits, and status o

replacements where applicable.

Area Code Alert!

Beginning March 19, 1995, the area code for Ari-
zona will be changed from a single area code state
to a dual area code state (The area code for the
entire state, with the exception of the Phoenix
Metropolitan area, will change from 602 to 520.).
The phone company will provide a new number
change message until June, 1995.

1.11
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z Operational Amplifiers

The following selection guides include new prod-
ucts which combine exceptional performance with
monolithic IC reliability and economy. Many of
these products implement low noise bipolar, Difet®,
and wideband complementary bipolar processes.

The following highlights some of our newest de-
velopments:

OPA124—Low Cost, Low Noise Op Amp. Proven
Difet® technology in low cost 8-pin plastic DIP
and surface mount packages. High performance
grade offers 1pA bias current and 2uV/°C drift.

OPA129—Ultra-Low Bias Current Difet® Op
Amp. This amplifier has bias current under 100fA
in a low cost, 8-pin plastic DIP and SOIC package.

OPA 64x—Wideband Op Amps. This series offers
unity-gain bandwidths up to 1.3GHz while provid-
ing other unique features such as:

95dBc Spurious Free Dynamic Range

1.8nVAHz Voltage Noise

55mW Power Dissipation

2500V/us Slew Rate

0.007%/0.008° Differential Gain/Phase Errors

OPA628—Low Distortion Voltage Feedback Op
Amp. This product features 0.1dB gain flatness to
30MHz together with differential gain error 0.015%
max and differential phase error of 0.015° max.

OPA65x—Low Cost, Wideband Op Amps. This
high speed family of eight features both current

and voltage feedback models with unity gain stable
bandwidths up to 900MHz and input bias currents
as low as 100pA. Two models are also available in,
dual and quad configurations.

OPA2604—Dual FET-Input, Low Distortion Op
Amp. This low cost, dual op amp features 0.0003%
distortion and wide supply range (to +24V).

OPA678—Wideband Switched-Input Op Amp.
This amplifier has two input stages which can be
switched to the output stages in 4ns.

VCA610—Wideband Voltage Controlled Ampli-
fier. This product has a gain control range from
—40dB to +40dB and is available in an 8-pin
plastic DIP or SOIC package.

OPA2662—Dual, Wide-Bandwidth Transconduc-
tance Amplifier. This product is ideal for applica-
tions requiring a tightly controlled current to drive
laser diodes, tuning coils, and driver transformers.

Spice macromodels are available for many of our
products. By using a simulation program with
integrated circuit emphasis (SPICE), designers can
model amplifier behavior to investigate circuit
performance over a variety of conditions and sig-
nals.

Power operational amplifiers and buffers are de-
scribed in Section 3, instrumentation amplifiers in
Section 4, and isolation amplifiers in Section 5.

SPECIAL PURPOSE OPERATIONAL AMPLIFIERS

Boldface = NEW

OPERATIONAL AMPLIFIERS

Offset Voltage, Bias Open Frequency
max Current Loop Response
At Temp (256°C) Gain  Unity Slew Rated

25°C, Drift, max min Gain Rate Output, min Temp Page
Description Model (#zmV) (Fuv/°Cc)  (uA) (dB) = (MHz) (V/us) (¥V) (tfmA) Range® Pkg No.
Two-Channel OPA675 1 5 35 65 185@ 350 2.1 30 Com, Mil DIP 2.353
OPA676 1 5 35 65 185@ 350 2.1 30 Com, Mil DIP 2.353
OPA678 1.5 20 50 50 200 350 25 30 Com, Mil DIP, SOIC 2.366
Voltage VCA610 — — 60 @ 300 60 3.0 80" Ind DIP, SOIC 2.449

Controlled Gain

NOTES: (1) Com = 0°C to +70°C, Mil = -55°C to +125°C. (2) —3dB BW at Gain of +10V/V. (3) Typical. (4) C/L Gain range: —40 to +40dB. (5) Gain
= 40dB. (6) Vp-p typ. (7) Short circuit current.

Difet®, Burr-Brown Corporation

BURR - BROWN®
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LOW DRIFT OPERATIONAL AMPLIFIERS

Boldface = NEW

Offset Voltage Bias Open Frequency
max Current Loop Response
At Temp (25°C) Gain Unity Slew Rated
25°C Drift max min  Gain® Rate® Output, min Temp Page
Description Model (#mV) (£uv/°C) (nA) (dB)  (MHz) (V/us) (#V) (#mA) Range® Pkg No.
FET OPA627 0.1 0.8 .005 112 16 55 115 450 Ind TO-99, 2.193
‘ DIP, SOIC
OPA637 0.1 0.8 .005 112 80 135 115 450 Ind TO-99, 2193
. DIP, SOIC
OPA111 0.25 1 +0.001 120 2 2 11 55 Ind TO-99 2.27
OPA124 0.25 2 +0.001 120 15 1 11 55 Ind DIP, SOIC 2.45
OPA671 5.0 100 .05 74 35 107 10.5 50 Ind DIP 2.346
Wideband OPA602 0.25 2 +.001 92 35 115 15 Ind TO-99, 2.85
. DIP, SOIC
OPA606 0.5 5 +0.01 100 13 35 12 5 Com TO-99,DIP 2.118
OPA671 5.0 10@ .05 74 35 107 10.5 50 Ind DIP 2.346
Dual FET OPA2111 0.5 2.8 +0.004 114 2 2 10 5 Ind, Mil TO-99, DIP  2.397
OPA2107 0.5 5 .005 84 4.56) 18 1 55 Ind TO-99, 2.390
DIP, SOIC
Low Power OPA1013 0.3 25 30 120 0.6 .35 12 6.5 Com DIP 2.381
(Dual) Single
Supply Operation
Bipolar OPA177 0.01 0.1 15 134 06 03 12 12 Ind DIP, 219
SoIC
OPA77 0.025 0.3 2.0 134 0.6 0.3 12 12 Ind DIP 219
OPA27 0.025 0.6 +40 120 8 1.9 12 16.7 Mil, Com = TO-99, 2.6
DIP, SOIC
OPA37 0.025 0.6 +40 120 63 11.9 12 16.7  Mil,Com TO-99, 26
DIP, SOIC

NOTES: (1) Com
(4) Gain BW Product at G = 10. (5) Gain BW Product at G = 100.

= 0°C to +70°C, Ind = —25°C to +85°C, Mil =

-55°C to +125°C.

(2) Gain BW Product at G = 5. (3) Typical.

LOW BIAS CURRENT OPERATIONAL AMPLIFIERS

Boldface = NEW

Offset Voltage Bias Open Frequency
max Current Loop Response
At Temp (25°C) Gain Unity Slew Rated
25°C Drift max min  Gain® Rate® Output, min Temp Page
Description Model (#mV) (Fuv°C)  (pA) (dB)  (MHz) (V/us) (V) (tmA) Range® Pkg No.
FET OPA111 0.25 1 +1 120 2 2 11 55 Ind TO-99 2.27
OPA124 0.25 2 +1 120 1.5 2 11 55 Ind DIP, SOIC 2.45
OPA627 0.1 0.8 5 112 16 55 115  45@ Ind TO-99, 2.193
DIP, SOIC
OPA637 0.1 0.8 5 112 80¢ 135 115 45@ Ind TO-99, 2.193
DIP, SOIC
OPA671 5.0 100 50 74 35 107 10.5 50 Ind DIP 2.346
Ultra-Low OPA128 0.5 5 +0.075 110 1 3 10 5 Com TO-99 2.53
Bias Current OPA129 1.5 15 10.100 94 1 3 10 5 Com DIP, SOIC 2.62
BURR - BROWNG®
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LOW BIAS CURRENT OPERATIONAL AMPLIFIERS (Continued)

Boldface = NEW

Offset Voitage, Bias  Open Frequency
max Current Loop Response
At Temp (25°C) Gain Unity Slew Rated
25°C Drift max min Gain  Rate Output, min  Temp Page
Description Model (#zmV) (uv/eC)  (pA) (dB)  (MHz) (V/us) (V) (+tmA) Range®" Pkg No.
Dual FET OPA2111 0.5 2.8 +4 114 2 2 10 5 Ind TO-99, 2.397
DIP
OPA2107 0.5 5 5 84 4.5 18 1 55 Ind TO-99, 2.390
DIP, SOIC
Quad FET OPA404 0.75 3@ +4 92 6.4 35 115 5 Ind DIP, 2.71
SOIC
Low Cost OPA121 2 10 +5 110 2 2 1 55 Com TO-99,
DIP, SOIC
OPA602 0.25 2 1 92 6.5 35 115 15 Ind TO-99, 2.85
DIP, SOIC
Wideband OPA606 0.5 5 +10 100 13 35 12 5 Com TO-99,DIP 2.118
DIP
OPA654 3 40@ 50 94@ 32 750 11 200@ Ind TO-3 2.316
OPA671 5.0 100 50 74 35 107 10.5 50 Ind DIP 2.346

NOTES: (1) Com = 0°C to +70°C, Ind = —25°C to +85°C, Mil = ~55°C to +125°C. (2) Typical. (3) Gain = 3V/V. (4) Gain BW Product at G = 10.

LOW NOISE OPERATIONAL AMPLIFIERS

Boldface = NEW

Frequency
Noise Offset Blas Open Response
Voltage Voltage, max Current Loop ew
at 10kHz, at Temp (25°C) Gain Gain Rate Rated
max 25°C Drift max min BW min Output, min  Temp Page
Description Model (nV/\/HE) EmV) (Fuv/°C)  (pA) (dB)  (MHz) (V/us) (V) (fmA) Range®™ Pkg No.
Bipolar OPA27 3.8 0.025 0.6 +40nA 120 8 1.9 12 16.7 Mil TO-99, 2.6
DIP, SOIC
OPA37 3.8 0.025 0.6  +40nA 120 63 11 12 167 Mil TO-99, 2.6
DIP, SOIC
OPA177 10@ 0.01 0.1 1.5nA 134 0.6 0.1 12 12 Ind DIP, 219
SOIC
OPA77 11 0.025 0.3 2.0nA 134 0.6 0.1 12 12 Ind DIP 2.19
FET OPA111 8 0.25 1 +1 120 2 1 1 55 Ind TO-99 2.27
OPA124 6@ 25 2 +1 120 15 1 11 5.5 Ind DIPSOIC 245
OPA602 12@ 0.25 2 1 92 6.5 28 115 15 Ind TO-99, 2.85
DIP, SOIC
OPA827 6 0.1 0.8 5 112 16 40 11.5 45@ Ind TO-99, 2.193
DIP, SOIC
OPA637 6 1 0.8 5 112 80 100 115 45@ Ind TO-99, 2.193
DIP, SOIC
OPA604® 10@ 3 8@ 50@ 80 20 15 11 35@ Ind DIP, SOIC 2.106
OPA2604® 10@ 3 8@ 100® 80 20 15 11 35@ Ind DIP, 2.410
SOIC
Low Cost OPA27 4.5 0.100 1.8  #80nA 117 8 1.7 12 16.7 Com DIP,SOIC 26
OPA37 4.5 0.100 1.8 £80nA 117 63 11 12 16.7 Com DIP,SOIC 26
Dual FET OPA2111 8 0.5 2.8 +4 114 2 2 10 5 Ind TO-99, 2.397
DIP
NOTES: (1) Ind = —25°C to +85°C, Mil = —55°C to +125°C, Com = 0°C to +70°C. (2) Typical. (3) Low distortion, 0.0003%.
BURR - BROWN®
Burr-Brown IC Data Book — Linear Products 2.3

OPERATIONAL AMPLIFIERS



For Immediate Assistance, Contact Your Local Salesperson

UNITY-GAIN BUFFER OPERATIONAL AMPLIFIERS

Boldface = NEW

Rated Frequency Response Input
Output, min -3dB FullPower SR Gain Impedance Temp Page
Description Model V) (HEmA) (MH2) (MH2) (Vius) (VIV) (©Q Range Pkg No.
High 3553 10 200 300 © 32 2000 ~1 10" Ind TO-3 - A
Performance
Low Cost BUF634 10 250 180 2000 =1 50M Ind DIP, SO-8, 3.18
' TO-220
OPA633 11 80 275 65 2500 ~1 1.5M Ind DIP 3.70
- Transcon- OPA660 3.7 10 850 570 3000 =1 ™M Xind  DIP, SOIC 2.328
ductance Amp
and Buffer
High Slew Rate BUF600 33 20 650 320 3400 =1 4.8M Xind  DIP, SOIC 3.1.3
BUF601 33 20 900 320 3600 =1 2.5M Xind DIP, SOIC 3.1.3

NOTE: (1) Ind = —25°C to +85°C. (2) XInd = —40°C to +85°C.
“A” indicates a product that is still available but not included in the 1995 Data Books—contact factory for data sheet.

WIDE BANDWIDTH OPERATIONAL AMPLIFIERS

Boldface = NEW

Frequency Response Offset Voltage, = Open
Slew ____max _ Loop
Gain Rate 1 Rated At Temp Gain,

R BW min  10.1% Output, min  25°C Drift min  Temp Page
Description Model (MHz) © (V/us) (ns) Comp (V) (HmA) (tmV) (fuvr°C) (dB) Range®  Pkg No.
FET OPA602 6.59 28 600 int 11.5 15 0.25 2 92 Ind TO-99, 2.85

. DIP, SOIC
OPA604 20 15 1us int 11 35@ 3 8@ 80 Ind DIP,SOIC 2.106
OPA654 32 750@ 150 ext 11 200@ 3 40@ 94@ Ind TO-3 2.316
OPA655 400 300 12 int 2.5 35@ 1 20 55 Xind, DIP, 2.324
Mit SoIC
OPA671 35 107 150 int 105 50@ 5 10@ 74@ Ind DIP 2.346
Dual OPA2107 4.5@) 13 1.5us int 11 5.5 0.5 5 84 Ind, Mil  TO-99, 2.390
DIP, SOIC
Dual OPA2604 20 15 1us int 11 35@ 3 8@ 80 Ind DIP, 2.410
soiC
Op Amp OPAG06 13 25 1ps int 12 5 0.5 5 100 Com TO-99, 2118
DIP
OPA627 16 40 450 int 11.5  45@ 0.1 0.8 112 Ind TO-99 2.193
DIP, SOIC
OPAB37 80 100 300 G>5 115  45@ 0.1 0.8 112 Ind TO-99 2193
DIP, SOIC
© 3554 1700, 1000 120 ext 10 100 1 15 100 Ind TO-3 2.461
A=1000
Current- OPA603 160 1000® 50 int 10  150@ 5 8@  440kQ®  Ind DIP 2.94
Feedback
OPA644 500 2500 165 int 2.75 40 3.0 35 2MQ® Ind, Mil DIP, SOIC 2.275
OPA648 1GHz 1200 9 int 2.2 25 6.0 102 165kQ® Xind, DIP,SOIC 2.301
Mil
Low Power OPA623 350  2100@ 9 - NA 3.0 70 -8@ 1250 53 Xind DIP, 2177
Current- SoIC
Feedback
OPA658 900 1700@ 11.5 int 2.5 30 5.5 20@ 100kX® Xind DIP, SOIC 2.326
Dual OPA2658 750 1700 1.5 int 25 30 5 25  TBD Xind DIP, SOIC 2424
Quad OPA4658 750 1700 115 int 25 30 5 25 TBD Xind DIP,SOIC 2.447
Transcon- OPA660 850 3000® 25 NA 4.0 10 +7@ 50@ 1250 Ind DIP, 2.328
ductance Amp SOIC
and Buffer
Dual Trans- OPA2662 370 586  2.6® NA 3.4 75 12@ 35 580M  Xind DIP, 2.426
conductance Soic
Amp
Quad FET OPA404 6.4 28 600 int 11.5 5 0.75@ 3@ 92 Ind DIP, 271
SOIC
Low Noise OPA27 8,A=1 1.7 — int 12 16.7  0.025 0.6 120 Mil  TO-99, DIP 26
Bipolar OPA37 63,A=5 1 — int® 12 16.7  0.025 0.6 120 Mil  TO-99,DIP 2.6
BURR - BROWN®
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WIDE BANDWIDTH OPERATIONAL AMPLIFIERS (Continued)

Boldface = NEW

Frequency Response Offset Voltage Open
Slew max Loop
Gain  Rate t Rated At  Temp Gain,
BW min  10.1% Output, min 25°C  Drift min  Temp Page
Description Model (MHz) (V/ius) (ns) Comp (V) (fmA) (fmV) (fuvr°C) (dB) Range”  Pkg No.
Low OPA628 160 310@ 20 int 3 30 1 6@ 90 Xind DIP, SOIC 2.206
Distortion OPA642 450 380@ 11.5 int 25 35 1.0 2.0 95@  Xind, Mil DIP, SOIC  2.247
OPA643 1.5GHz 1000 16.5 int 25 40 1.5 3@ 95@  Xind, Mil DIP, SOIC  2.262
A=5
Very OPA640 1.3GHz 350 18 int 225 25 2.0 6@ 57@  Xind, Mil DIP, SOIC  2.221
Wideband OPA641 1.6GHz 640 6 int 2.2 25 2.0 6@ 57% Xind, MilDIP, SOIC  2.254
Low Noise A=2
Low Power  OPA646 650 180 11.5 int 2.0 25 25 12 51@  Xind, Mil DIP, SOIC  2.288
OPA651 575 350 11.5 int 25 30 1.0 3@ 47 Xind DIP, SOIC
A=2
Low Noise OPA820 300 175 13 int 3 50 05 82 55 Ind, Mil DIP, 2127
Wideband SOIC
OPA621 500, 350 15 int 3 50 0.5 12@ 55  Ind, Mil  DIP, 2.143
A=2
High Slew OPAG22 250 1600@ 17 NA 3 70 0.1@  210@ 50 Xind DIP, 2.159
Rate SoIC
Fast OPA600 5000, 400 80 ext 9 180 4 20 86 Ind DIP 2.82
Settling A=1000
Very Fast OPA675 3000, 240 15 ext 21 30@ 1 5 65 Com,Mil DIP 2.353
Settling A=16
Switched OPA676 3000, 240 15 ext 2.1 30@ 1 5 65 Com,Mil DIP 2.353
Input A=16
OPA678 200 350@ 22 ext 25 44 1 10 50 Ind,Mil  DIP, 2.366
A=1 SOIC
Low Cost OPA27 8, A=1 1.7 — int 12 16.7  0.100 1.8 117 Com DIP, SOIC 2.6
OPA37 63, A=5 11 — int® 12 16.7  0.100 1.8 17 Com DIP, SOIC 2.6
OPA650 560 180 11.5 int 2.0 30 1 3@ 45 Xind DIP, SOIC 2.312
Dual OPA2650 560 180 115 int 2.5 25 3 5 43 Xind DIP, SOIC 2.422
Quad OPA4650 900 1500 11.5 int 2.5 25 3 5 43 Xind DIP, SOIC 2422
Voltage VCA610 30 60 — int 2 80 — — C/L Ind DIP,SOIC 2.449
Controlled Short
Gain Circuit

NOTES: (1) Com = 0°C to +70°C, Ind = —25°C to +85°C, Xind = —40°C to +85°C, Mil = -55°C to +125°C. (2) Typical. (3) G = 5 min. (4) Typical
G 2= 50. (5) Rise time, 10% to 90%. (6) Current output, mA/ns. (7) Transconductance, mA/V. (8) Open-loop transimpedance. (9) Gain
Bandwidth G=100.

OPERATIONAL AMPLIFIERS

HIGH VOLTAGE, HIGH CURRENT OPERATIONAL AMPLIFIERS

Boldface = NEW

Bias Frequency
Offset Voltage  Current _ Response Open
Rated Output . At Temp (25°C), Unity Slew Loop
Supply Current  25°C Drift max Gain Rate  Gain Temp Page
Description Model (#V) (&mA) (mV) (+uv°C) (pA) (MHz) (Vius) (dB) Range®  Pkg No.
High Power OPA501 134 10A 5 40 20nA° 1 1.35 98 Ind TO-3 3.2.33
OPA502 +45 10A 5 56 200 14 10 103 Xind/Mil TO-3 3.2.39
OPA511 22 5A 10 65 40nA 1 1 Ind TO-3 A
OPA512 +45 10A 6 65 30nA 4 25 110 Ind TO-3 3.2.49
+45 15A 3 40 20nA 4 25 110 Mil TO-3
OPA541 +40 5A 1 30 50 1.6 6 90 Ind/Mil TO-3 3.2.55
+35 5A 10 40 50 16 6 90 Ind Power
Plastic
(Dual) OPA2541 +40 5A 1 30 50 16 6 90 Ind/Mil TO-3 3.2.78
OPA544 135 2A 5 10 100 1.4 8 90 Xind 5-Pin TO-220 3.2.63
(Dual) OPA2544 135 2A 5 10 50 14 8 90 Xind/Mil  TO-3 3.2.63
3573 20 2A® 10 65 40nA 1 2.6 94 Ind TO-3 A

NOTES: (1) Com = 0°C to +70°C, Ind = —25°C to +85°C, XInd = —40°C to +85°C, Mil = -55°C to +125°C. (2) Typical. (3) G = 5 min. (4) Typical
G 2 50. (5) Rise time, 10% to 90%. (6) Current output, mA/ns. (7) Transconductance, mA/V. (8) Open-loop transimpedance. (9) Gain
Bandwidth G=100.

“A” indicates a product that is still available but not included in the 1995 Data Books—contact factory for data sheet.
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BURR-BROWN®

OPA27
OPA37

»

Ultra-Low Noise Precision
OPERATIONAL AMPLIFIERS

FEATURES APPLICATIONS

@ LOW NOISE: 3.8nV/VHz max at 1kHz @ PRECISION INSTRUMENTATION
@® LOW OFFSET: 25V max ® DATA ACQUISITION
® LOW DRIFT: 0.6uV/°C ® TEST EQUIPMENT
@ HIGH OPEN-LOOP GAIN: 120dB min ® PROFESSIONAL AUDIO EQUIPMENT
® HIGH COMMON-MODE REJECTION: ©® TRANSDUCER AMPLIFIER

114dB min ® RADIATION HARD EQUIPMENT
@® HIGH POWER SUPPLY REJECTION:

100dB min
® FITS OP-07, OP-05, AD510, AD517

SOCKETS

k 7
O +V,
DESCRIPTION % % °
The OPA27/37 is an ultra-low noise, high precision Trim g
monoltihic operational amplifier. 1
™

Laser-trimmed thin-film resistors provide excellent me
long-term voltage offset stability and allow superior § §
voltage offset compared to common zener-zap tech- N 6
niques. () C) | >*' Output
A unique bias current cancellation circuit allows bias 2 i
and offset current specifications to be met over the full i g ? v ]\_0_:1"
—55°C to +125°C temperature range. +n o 4
The OPA27 is internally compensated for unity-gain <> é
stability. The decompensated OPA37 requires a closed- Ve
loop gain > 5.

The Burr-Brown OPA27/37 is an improved replace-
ment for the industry-standard OP-27/OP-37.

International Airport Industrial Park  + Mailing Address: PO Box 11400 + Tucson, AZ 85734 - + Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (602) 746-1111 -  Twx:910-952-1111 . Cable:BBRCORP - Telex: 066-6491  FAX:(602)889-1510 - Immediate Product info: (800) 548-6132

BURR - BROWN®
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ELECTRICAL

AtV . =%15VDC and T, = +25°C unless otherwise noted.

Or, Call Customer Service at 1-800-548-6132 (USA Only)
SPECIFICATIONS

OPA27/37A, OPA27/37E

OPA27/37B, OPA27/37F

OPA27/37C, OPA27/37G

OPERATIONAL AMPLIFIERS n OPA27/37

PARAMETER CONDITIONS MIN ] TYP I MAX MIN I TYP [ MAX MIN | TYP l MAX UNITS
INPUT
NOISE®
Voltage, f, = 10Hz 3.1 55 35 5.5 38 8.0 nVAHz
f, = 30Hz 29 4.5 3.1 45 33 5.6 nVAHz
fy = 1kHz 2.7 3.8 3.0 3.8 32 45 nVAHz
fy =0.1Hz to 10Hz 0.07 0.18 0.08 0.18 0.09 0.25 uVp-p
Current," f = 10Hz 1.7 4.0 1.7 4.0 1.7 pANHz
f, = 80Hz 1.0 2.3 1.0 23 1.0 pANHzZ
f, = 1kHz 0.4 0.6 0.4 0.6 0.4 0.6 pANHZ
OFFSET VOLTAGE @
Input Offset Voltage +6 +25 +12 +60 +25 +100 nv
Average Drift Town 10 Tyun 02 | 06 103 | £1.3 04 | £1.8® [ pvec
Long Term Stability @ 0.2 1 0.3 15 04 2.0 uV/mo
Supply Rejection 1V . =410 18V 100 134 100 125 94 120 dB
1V, =41t0 18V 0.2 +10 +0.6 +10 *1 +20 uvv
BIAS CURRENT
Input Bias Current +11 +40 +13 +55 +15 +80 nA
OFFSET CURRENT
Input Offset Current 6 35 8 50 10 75 nA
IMPEDANCE
Common-Mode 3|25 25|25 2)l25 GQ || pF
VOLTAGE RANGE
Common-Mode Input Range +11 +12.3 +11 +12.3 *11 +12.3 \
Common-Mode Rejection V,=11VDC 114 128 106 125 100 122 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R 22kQ 120 126 120 125 117 124 dB
R 2 1kQ 118 125 118 125 124 dB
FREQUENCY RESPONSE
Gain-Bandwidth Product ® OPA27 5 8 5 8 56 8 MHz
OPA37 45 63 45 63 45© 63 MHz
Slew Rate © V=10V,
R_=2kQ
OPA27, G = +1 1.7 1.9 1.7 19 176 1.9 Vius
OPA37,G = +5 11 1.9 11 1.9 116 11.9 Vius
Settling Time, 0.01% OPA27, G = +1 25 25 25 us
OPA37,G =+5 25 25 25 us
RATED OUTPUT
Voltage Output R 22kQ *12 +13.8 +12 *13.8 +12 +13.8 \2
R_2600Q +10 +12.8 +10 +12.8 +10 +12.8 Vv
Output Resistance DC, Open Loop 70 70 70 Q
Short Circuit Current R =0Q 25 60 25 60 25 60 © mA
POWER SUPPLY
Rated Voltage +15 +15 +15 vDC
Voltage Range,
Derated Performance +4 ' +22 +4 22 +4 +22 vDC
Current, Quiescent I, = 0mADC 3 4.7 3 4.7 3.3 57 mA
TEMPERATURE RANGE
Specification
A,B,C(J,2) 55 +125 55 +125 -55 +125 °C
E,FU,2) ~25 +85 -25 +85 °C
G(P,U,J 2 —40 +85 °C
Operating
J,Z ~55 +125 -55 +125 -55 +125 °C
P, U —-40 +85 °C

NOTES: (1) Measured with industry-standard noise test circuit (Figures 1 and 2). Due to errors introduced by this method, these current noise specifications should
be used for comparison purposes only. (2) Offset voltage specifications on grades A and E are also guaranteed with units fully warmed up. Grades B, C, F, and G are
measured with automatic test equipment after approximately 0.5 seconds from power turn-on. (3) Unnulled or nulled with 8kQ to 20kQ potentiometer. (4) Long-term
voltage offset vs time trend line does not include warm-up drift. (5) Typical specification only on plastic package units. Slew rate varies on all units due to differing test
methods. Minimum specification applies to open-loop test. (6) This parameter guaranteed by design.

BURR - BROWN®
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ELECTRICAL
AtV =+15VDC and T, = T,,, to T, unless otherwise noted.
OPA27/37A, OPA27/37E OPA27/37B, OPA27/37F OPA27/37C, OPA27/37G
PARAMETER CONDITIONS mn | tve [ max | v [ tve [ max [ mn | tve [ max | uwms
TEMPERATURE RANGE
Specification Range
A,B,C(J,2) -55 +125 -55 +125 55 +125 °C
E,F(J,2) -25 +85 25 +85 °C
G(P,U,J,2) —40 +85 °C
INPUT
OFFSET VOLTAGE
Input Offset Voltage
A,B,C +24 160 +45 +200 +60 +300 uv
E,F,G +17 +50 33 +140 +48 220 @ uv
Average Drift @ Tamm 10 Tanax 0.2 +0.6 +0.3 +1.3 +0.4 +1.8@ nv/ec
Supply Rejection
A/B,C 1tV ,=4.5t0 18V 96 130 94 127 86 122 dB
E,F,G V. =4.51t018V 97 130 96 127 90 @ 122 dB
BIAS CURRENT
Input Bias Current
A,B,C +16 +60 122 +95 +29 +150 nA
E,F,G +13 +60 +16 +95 +21 +150 @ nA
OFFSET CURRENT
Input Offset Current
A, B,C 23 50 25 85 35 135 nA
E,F,G 12 50 14 85 20 135 @ nA
VOLTAGE RANGE
Common-Mode Input Range
A B,C +10.3 *115 +10.3 +11.5 +10.3 *115 \
E,F,G +10.5 +11.8 +105 | 118 +10.5® | +11.8 v
Common-Mode Rejection V,=211VDC
AB,C 108 124 100 122 94 120 dB
E,F,G 110 126 102 124 96 @ 122 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R, 22kQ
AB,C 116 121 114 120 110 118 dB
E,F,G 118 123 117 122 1130 120 dB
RATED OUTPUT
Voltage Output R =2kQ
A B,C +115 +13.7 +11.0 +13.5 +10.5 +13.3 \
E,F,G *11.7 +13.8 +11.4 +13.6 +11.09 | +134 V.
Short Circuit Current V, =0VDC 25 25 25 mA

NOTES: (1) Offset voltage specifications on grades A and E are also guaranteed with the units fully warmed up. Grades B, C, F, and G are measured with automatic

test equif after appr
“P” package and SOIC “U” package.

ABSOLUTE MAXIMUM RATINGS

ly 0.5s from power turn-on. (2) Unnulled or nulled with 8kQ to 20kQ potentiometer. (3) This parameter guaranteed by design in P-DIP,

Operating Temperature Range:
A,B,C,E,F,G(J,2)
G (P, U

-55°C to +125°C
—40°C to +85°C

Lead Temperature:
J, Z, P (soldering, 10s)

common with £V, = 15V. (3) The 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.

+300°C

U (soldering, 3s)

+260°C

Supply Voltage +22V
Internal Power Di: ion 500mW
Input Voltage Voo PACKAGE TYPE 0, UNITS
Output Short-Circuit Duration @ ..........coeeccuveervcrececrncninnene Indefinite
Differential Input Voltage © 0.7V T%',gg'_l(") o DIP (2 ‘:0 ng
Differential Input Current @ +25mA 8-Pin Hermetic @ 150 o
Storage Temperature Range: 8—P!n Plastic DIP (P) 100 g/w
07 Z65°C 10 +150°C 8-Pin SOIC (U) 160 W
P,U. —55°C to +125°C NOTES: (1) Maximum package power dissipation vs ambient temperature: (2) To

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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CONNECTION DIAGRAMS
Top View P, U, Z Packages Offset Trim J Package
N\
Offset Trim E 8 | Offt Trim Offset Trim +Vee ~
—In | 2 7| +V
E ‘ —in e G Output Q
+In E __6_| Out t '&
Ve | 4 E' NC +in NC <
Ve and Case %
ORDERING INFORMATION u
TEMPERATURE OFFSET VOLTAGE
MODEL PACKAGE RANGE (°C) MAX (LLV), 25°C
OPA27AJ TO-99 -55 to +125 +25 2]
OPA27BJ TO-99 -55to +125 +60 m
OPA27CJ T0-99 5510 +125 +100 L
OPA27EJ TO-99 —25 to +85 +25 [TH
OPA27FJ TO-99 —25 to +85 +60 —
OPA27GJ T0-99 40 10 +85 +100 ~
OPA27AZ Ceramic 5510 +125 25 o
oPA278Z Ceramic 550 +125 60 =
OPA27CZ Ceramic —55to +125 +100 <
OPA27EZ Ceramic —25 to +85 +25 -
OPA27FZ Ceramic —25 to +85 +60
OPA27GZ Ceramic —40 10 +85 +100 <<
OPA27GP Plastic —40 10 +85 +100 =
OPA27GU® S0IC —40 to +85 +100 (@)
NOTE: (1) Packages and prices for OPA37 are same as for OPA27. (2) OPA27GU may be |:
marked OPA27U. Likewise, OPA37GU may be marked OPA37U. <
oc
PACKAGE INFORMATION®™ 1]
PACKAGE DRAWING n-
MODEL PACKAGE NUMBER o
OPA27AJ TO-99 001
OPA27BJ TO-99 001
OPA27CJ TO-99 001
OPA27EJ TO-99 001
OPA27FJ TO-99 001
OPA27GJ TO-99 001
OPA27AZ Ceramic 001
OPA27BZ Ceramic 161
OPA27CZ Ceramic 161
OPA27DZ Ceramic 161
OPA27EZ Ceramic 161
OPA27FZ Ceramic 161
OPA27GZ Ceramic 161
OPA27GP Plastic 006
OPA27GU®@ SOIC 182
NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.
01uF 0.1Hz TO 10Hz NOISE
1;/rdiv 46nV/d‘iv
OPA111
43kQ 220F
Scope
47pF : x1
Ry = TMQ
Voltage Gain 1HoKka
Total = 50,000 ApF
otal = 50,00 24.3k0 0.1pl
NOTE: All capacitor values are for nonpolarized capacitors only.
FIGURE 1. 0.1Hz to 10Hz Noise Test Circuit. FIGURE 2. Low Frequency Noise.
BURR - BROWN®
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DICE INFORMATION

IO OO0 0Omo JOO00OD

LB

OPA37 DIE TOPOGRAPHY

MECHANICAL INFORMATION

PAD FUNCTION PAD FUNCTION MILS (0.0017) | MILLIMETERS
Die Size 99 x 61 £5 251 x 155 +0.13
; Ofset Trim : W pad Die Thickness 20 3 0.51 40.08
P Min. Pad Size 4x4 0.10 x 0.10
3 +In 7 W,
4 Ve 8 Offset Trim QOPA27 Transistor Count 47
NC No Connection OPAB37 Transistor Count 42
Substrate Bias: ~V.. Backing Gold

BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

T, =+25°C, £V, = +15VDC unless otherwise noted.

N
INPUT OFFSET VOLTAGE CHANGE Q
INPUT OFFSET VOLTAGE WARM-UP DRIFT DUE TO THERMAL SHOCK N~
10 T i P T T *20 7T T 2
= NEREE T i REE = e A E T
= - - = - e o e o
2 +5 ;+10 N O
2 C.G - 2 -4
8 iy . SN § | i 0 [0
3] - 3] +25°C £ +70°C 41 | T, = +25°C 10 Tp = +70°C
2 0 FAE - - - e 0T i Fluid Bath
£ e - L ey s
2 ‘ - S -
® i ~ ® o
£ -5 Fr » ~10
EREERES REBERAEEREELEA , ST e wi
10 [ 20 it —_—
0 1 2 3 4 5 6 1 0 + B A
Time From Power Turn-On (min) Time From Thermal Shock (min) wd
s
|
INPUT VOLTAGE NOISE vs NOISE BANDWIDTH TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY <
(0.1Hz to Indicated Frequency) vs SOURCE RESISTANCE =
10 == n 100 — T T T T
R CETEEEE e e e 28 e S e - g
N A . 1 T E N N
s el HH - T I'<-
E z 2 B
' Err S z R, = i
3 N i 2 Rsounce =2 X Ry AE st o
° N KR e : & o
P —— z 8 [Tl 5
p AEL 3 o L
g o1 R AN =T
; — g —
> > . 1kHz_— Resist‘or Nqise lOnlly
0.01 1 i '
100 1k 10k 100k 100 1k 10k
Noise Bandwidth (Hz) Source Resistance (Q)
VOLTAGE NOISE SPECTRAL DENSITY vs Vg . VOLTAGE NOISE SPECTRAL DENSITY vs TEMP.
! T
EENREEEEEE] -
w T~ A, E at 10Hz N 4
E S S 5-—‘4 \ S S - — f I
s z A, E 10Hz =
-~ Ly et |
@ 24 3 3 —— -
2 A EatikHz S = A
2 - N =t
2 =4 T A, E 1kH.
g2 3 it
2 =2 !
1 —
4 I I 1
0 45 +10 +15 420 -75 -50 -25 40 +25 +50 475 +100 +125
Supply Voltage (V) Ambient Temperature (°C)
BURR - BROWN®

Burr-Brown IC Data Book—Linear Products 2.11



For Immediate Assistance, Contact Your Local Salesperson
TYPICAL PERFORMANCE CURVES (conT)

T, = +25°C, £V, = £15VDC unless otherwise noted.

INPUT CURRENT NOISE SPECTRAL DENSITY

INPUT VOLTAGE NOISE SPECTRAL DENSITY

Phase Shift (degrees)

10 - — ——— 10
8 Current Noise Test Circuit
: &
— 4 _ 8
< 2 s
g . £ 6
g 1IN ] 3
2 08 to= Ve, /P= (130v? 1] z, N
5 0.6 — T iMax100 | [ g N B.F
5 04 L S AE
o Warning: This industry-standard equation > 2
0.2 is inaccurate and these figures should ~ —]
be used for comparison purposes only!
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TYPICAL PERFORMANCE CURVES (COnT)

T, =+25°C, £V, = +15VDC unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (CONT).

T, =+25°C, £V, = +15VDC unless otherwise noted.

OPA27 SMALL SIGNAL TRANSIENT RESPONSE
+60

+40

+20

Output Voltage (mV)
o

-20
AyoL=+1
C, = 15pF
40 L =15p
—60 r
0 0.5 1 15 2 25
Time (us)
OPA27 LARGE SIGNAL TRANSIENT RESPONSE
+6
“ [ \

+2

Output Voltage (V)
b o
\
LT

[ AyeL=+1 \

0 2 4 6 8 10 12
Time (ps)

APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPA27/37 offset voltage is laser-trimmed and will re-
quire no further trim for most applications. Offset voltage
drift will not be degraded when the input offset is nulled with
a 10kQ trim potentiometer. Other potentiometer values from
1kQ to 1MQ can be used but V, drift will be degraded by
an additional 0.1 to 0.2uV/°C. Nulling large system offsets
by use of the offset trim adjust will degrade drift performance
by approximately 3.3uV/°C per millivolt of offset. Large
system offsets can be nulled without drift degradation by
input summing.

The conventional offset voltage trim circuit is shown in
Figure 3. For trimming very small offsets, the higher resolu-
tion circuit shown in Figure 4 is recommended.

The OPA27/37 can replace 741-type operational amplifiers
by removing or modifying the trim circuit.
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OPA37 SMALL SIGNAL TRANSIENT RESPONSE
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OPA37 LARGE SIGNAL TRANSIENT RESPONSE

+15 r

+10

\

2 45
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-10
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THERMOELECTRIC POTENTIALS

The OPA27/37 is laser-trimmed to microvolt-level input
offset voltage and for very low input offset voltage drift.

Careful layout and circuit design techniques are necessary to
prevent offset and drift errors from external thermoelectric
potentials. Dissimilar metal junctions can generate small
EMFs if care is not taken to eliminate either their sources
(lead-to-PC, wiring, etc.) or their temperature difference. See
Figure 11.

Short, direct mounting of the OPA27/37 with close spacing
of the input pins is highly recommended. Poor layout can
result in circuit drifts and offsets which are an order of
magnitude greater than the operational amplifier alone.

BURR - BROWN®
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NOISE: BIPOLAR VERSUS FET

Low-noise circuit design requires careful analysis of all noise
sources. External noise sources can dominate in many cases,
so consider the effect of source resistance on overall opera-
tional amplifier noise performance. At low source imped-
ances, the lower voltage noise of a bipolar operational
amplifier is superior, but at higher impedances the high
current noise of a bipolar amplifier becomes a serious liabil-
ity. Above about 15kQ the Burr-Brown OPA111 low-noise
FET operational amplifier is recommended for lower total
noise than the OPA27 (see Figure 5).

1kQ to IMQ Trim Potentiometer
(10kQ Recommended)

+4mV Typical Trim Range

Ve O

FIGURE 3. Offset Voltage Trim.

Q +Vee

1k Q Trim Potentiometer

4.7kQ

+280pV Typical Trim Range
~Vge O

FIGURE 4. High Resolution Offset Voltage Trim.

1000 = — =/
=== OPA27 + Resistor 5/
T ~a

|- OPA111 + Resistor /
Eo >< /

HS I >
Resistor Noise Only

100

T

- OPA111 + Resistor—| 22
10 = —

— 7 X
& Resistor Noise Only

OPA27 + Resistor ‘

Voltage Noise Spectral Density (Eq)
Typical at 1kHz (nV/V Hz)

100 1k 10k 100k M 10M
Source Resistance (Rg, Q)

Eo= Ve, + (i,Rg)? + 4kTRg

Fo = 1kHz

FIGURE 5. Voltage Noise Spectral Density Versus Source
Resistance.
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COMPENSATION

Although internally compensated for unity-gain stability, the
OPA27 may require a small capacitor in parallel with a
feedback resistor (R,) which is greater than 2k€). This capaci-
tor will compensate the pole generated by R, and C and
eliminate peaking or oscillation.

INPUT PROTECTION

Back-to-back diodes are used for input protection on the
OPA27/37. Exceeding a few hundred millivolts differential
input signal will cause current to flow and without externa
current limiting resistors the input will be destroyed.

Accidental static discharge as well as high current can
damage the amplifier’s input circuit. Although the unit may
still be functional, important parameters such as input offset
voltage, dirft, and noise may be permanently damaged as will
any precision operational amplifier subjected to this abuse.

Transient conditions can cause feedthrough due to the
amplifier’s finite slew rate. When using the OP-27 as a unity-
gain buffer (follower) a feedback resistor of 1k€ is recom-
mended (see Figure 6).

Re

kK OPA27 Output

+
Input O 1.9V/ps
FIGURE 6. Pulsed Operation.
G~ 40dB at 1kHz.
Metal film resistors. 7.87kQ
Film capacitors.
R, and C, per i H
cartridge 0.01pF  0.03pF
manufacturer's ——AAMN—
recommendations. 97.6kQ
2
- 1uF Output
1009 3| OPA37
6

4 +
Moving l_
Magnet C. 20kQ
Cartridge I

FIGURE 7. Low-Noise RIAA Preamplifier.

Output
——O

FIGURE 8. Unity-Gain Inverting Amplifier.
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G~ 50dB at 1kHz.
Metal film resistors. —’VVV—‘ |_
Input ‘ ;"m czpéc'w's‘h g | 4oke oonF
O W/ Output L an L Per hea )
manufacturer's 1 VVv *
2500 i © recommendations. 316kQ
2 1
- HF Output
500pF P
P T 1009 0PA37 A
— @ 20kQ
FIGURE 9. High Slew Rate Unity-Gain Inverting Amplifier.
Magnetlc Tape Head

FIGURE 10. NAB Tape Head Preamplifier.

Total Gain = 10° " VW\—
100 10kQ

10Hchm-| I Chart | 10mV/mm

Pass Filter Recorder | 5mm/s

A. 741 noise with circuit well-shielded from air
currents and RFI. (Note scale change.)

B. OP-07AH with circuit well-shielded from air
currents and RFI.

C. OPA27AJ with circuit well-shielded from air
currents and RFI. (Represents ultimate
OPA27 performance potential.)

D. OPA27 with circuit unshielded and exposed
to normal Iab bench- top air currents

tric far
exoeed OPAZ27 noise. )

E. OPA27 with heat sink and shield which
protects input leads from air currents.
Conditions same as (D).

FIGURE 11. Low Frequency Noise Comparison.

BURR - BROWN®
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Gain = 100
CMRR =~ 106dB

5kQ

Vos = 10V RTI

Bandwidth =~ 500kHz

For gain = 1000 use INA106 differential amplifier.

1

1 Burr-Brown INA105
H Differential Amplifier
1

1

25kQ

1

]

I

:
25kQ | 5

*

1

1

|

NOTE: Use metal film resistors
and plastic film capacitor.
Circuit must be well shielded
to achieve low noise.

Responsivity = 2.5 x10*V/W
- Output Noise =~ 30pVrms, 0.1Hz to 10Hz

Dexter 1M
Thermopile
Detector

FIGURE 14. Long-Wavelength Infrared Detector Amplifier.

TTL Input | Gain ||
“” +1 20pF
0" -1 A~
X Balance
Input 500Q ' Trim

D1
N St

\
D2l_ N \SZ
= \

TTL DG188 ]
In !

4.75kQ

+Vee

FIGURE 15. High Performance Synchronous Demodulator.
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RF
101Q Rg  Input stage gain = 1 + 2R¢/Rg. Output
5kQ O
A%
Re
+In O
FIGURE 12. Low Noise Instrumentation Amplifier.
Gain =-1010V/V
Vog = 20V
Drift =~ 0.07uV/°C
Output e, =1nV//Hz at 10Hz
0.9nVAHz at 100Hz
0.87nVAHz at 1kHz
2kQ Full Power Bandwidth ~180kHz
Gain Bandwidth = 500MHz
L L Equivalent Noise Resistance = 50Q
EDO 6166 Frequency Response Input
— Transducer ~1kHz to 50kHz Signal-to-Noise Ratio o< VN
since amplifier noise is
. uncorrelated.
FIGURE 13. Hydrophone Preamplifier.
|
[l
0.1pF
r'\/\/\« a%\%%
100Q 100kQ
) 2
- Output
3 | OPA27
. 6

Output

. L7 2Q

N =10 Each OPA37EZ

FIGURE 16. Ultra-Low Noise “N” Stage Parallel Amplifier.
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5V
5V
+10V v
+10V
- 3 ov
g ov 3
3
e}
-10V A~
~1ov "v v
5ps
Sps Rg = 500
Rg =500 AN
1kQ
2
1 Output
Output 250Q ——O
-—O
Input 500pF

FIGURE 18. High Slew Rate Unity-Gain Buffer.

500 VIRTEC V1000

10pF/20V O +15V

100Q
Input Planar Tunnel 100pF/20V
Diode o Tantalum o
0—| Video
Output
0.01pF Output P!
:I: 10kQ
FIGURE 19. RF Detector and Video Amplifier. FIGURE 20. Balanced Pyroelectric Infrared Detector.
»
4.8V *
1kQ 2
- 6
Airpax 3 ?PAN O 0
Magnetic Output
Pickup
four < RPMX N -

FIGURE 21. Magnetic Tachometer.

Where N = Number of Gear Teeth
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BURR-BROWN®

OPA177
OPA77

Precision
OPERATIONAL AMPLIFIER

FEATURES

©® LOW OFFSET VOLTAGE: 101V max

@ LOW DRIFT: 0.1uV/°C

@ HIGH OPEN-LOOP GAIN: 130dB min

@ LOW QUIESCENT CURRENT: 1.5mA typ
@ REPLACES INDUSTRY-STANDARD OP

AMPS: OP-07, OP-77, OP-177, AD707,
ETC.

DESCRIPTION

The OPA177 and OPA77 precision bipolar op amps
feature very low offset voltage and drift. Laser-trimmed
offset, drift and input bias current virtually eliminate
the need for costly external trimming. Their high
performance and low cost make them ideally suited to
a wide range of precision instrumentation.

The low quiescent current of the OPA177 and OPA77
dramatically reduce warm-up drift and errors due to

V+O

—

APPLICATIONS

® PRECISION INSTRUMENTATION
® DATA ACQUISITION

® TEST EQUIPMENT

® BRIDGE AMPLIFIER

® THERMOCOUPLE AMPLIFIER

thermoelectric effects in input interconnections. They
provide an effective alternative to chopper-stabilized
amplifiers. The low noise of the OPA177 and OPA77
maintains accuracy.

OPA177 and OPA77 performance gradeouts are avail-

able. Packaging options include 8-pin plastic DIP, 8-
pin ceramic DIP, and SO-8 surface-mount packages.

7
Trim 1k Trim
i 5 ®

7

= {E;J | -t

30Q

;

y
M 5000
s |
M~

OPERATIONAL AMPLIFIERS H OPA177/77

® 2o ® ®
. Y
4
International Airport Industrial Park « Mailing Address: PO Box 11400 Tucsbn,A285734 «+ Street Address: 6730 S. Tucson Blvd. - Tucson, AZ 85706
Tel: (602) 746-1111  +  Twx: 910-952-1111 + Cable: BBRCORP . Telex: 066-6491 -« FAX:(602)889-1510 -« Immediate Product Info: (800) 548-6132
URR - B NG
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OPA177 SPECIFICATIONS

ELECTRICAL
At V= £15V, T, = +25°C unless otherwise noted.

OPA177E OPA177F OPA177G
PARAMETER ‘CONDITION MIN TYP MAX MIN | TYP MAX MIN TYP MAX UNITS
OFFSET VOLTAGE
Input Offset Voltage 4 10 10 25 20 60 nv
Long-Term Input Offset( 0.2 0.3 0.4 uV/Mo
Voltage Stability
Offset Adjustment Range R, = 20kQ +3 * * mV
Power Supply Rejection Ratio | Vg =3V to £18V 120 125 115 * 110 120 dB
INPUT BIAS CURRENT
Input Offset Current 0.3 1 * 1.5 * 28 nA
Input Bias Current 0.5 1.5 * +2 * 2.8 nA
NOISE .
Input Noise Voltage 1Hz to 100Hz® 85 150 * * * * nVrms
Input Noise Current 1Hz to 100Hz 4.5 * * pArms
INPUT IMPEDANCE B
Input Resistance Differential Mode® 26 45 * * 18.5 * MQ
Common Mode 200 * * GQ
INPUT VOLTAGE RANGE )
Common-Mode Input Range® +13 +14 * * * * \
Common-Mode Rejection Vey=£13V 130 140 | * * 115 * dB
OPEN-LOOP GAIN R 2 2kQ
Large-Signal Voltage Gain V= £10V® 5000 12000 * * 2000 6000 V/imV
OUTPUT
Output Voltage Swing R, 2 10kQ +13.5 +14 *. * * * v
R, 2 2kQ +125 | 13 . . . . v
R 2 1kQ +12 +12.5 * * * * \
Open-Loop Output Resistance 60 * * Q
FREQUENCY RESPONSE
Slew Rate R > 2kQ 0.1 0.3 * * * T Vius
Closed-Loop Bandwidth G=+1 04 0.6 ” * : - MHz
POWER SUPPLY
Power Consumption Vg = 15V, No Load 40 60 * * * * mwW
V=3V, No Load 35 45 * * * * mwW
Supply Current Vg = £15V, No Load 1.3 2 * * * * mA
ELECTRICAL
At Vg = £15V, —40°C < T, < +85°C, unless otherwise noted.
OFFSET VOLTAGE
Input Offset Voltage 10 20 15 40 20 100 uv
Average Input Offset 0.03 0.1 0.1 0.3 0.7 1.2 pv/ec
Voltage Drift®
Power Supply Rejection Ratio | Vg =3V to 18V 120 125 110 120 106 115 dB
INPUT BIAS CURRENT
Input Offset Current 0.5 1.5 * 22 * 4.5 nA
Average Input Offset Current 1.5 25 * 40 * 85 pA°C
Drift™
Input Bias Current 0.5 +4 * * * 16 nA
Average Input Bias Current 8 25 > 40 15 60 pArC
Drift™
INPUT VOLTAGE RANGE
Common-Mode Input Range +13 +135 * * * * \2
Common-Mode Rejection Veu= 13V 120 140 * * 110 * dB
OPEN-LOOP GAIN
Large-Signal Voltage Gain R, 22kQ, V,=+10V| 2000 6000 i * 1000 4000 VimV
OUTPUT
Output Voltage Swing R 2> 2kQ +12 +13 * * * * \
POWER SUPPLY
Power Consumption Vg=£15V, No Load 60 75 * M * * mwW
Supply Current Vg=£15V, No Load ’ 2 25 * * * * mA

* Same as specifcation for product to left.

NOTES: (1) Long-Term Input Offset Voltage Stability refers to the averaged trend line of V ,; vs time over extended periods after the first 30 days of operation. Excluding
the initial hour of operation, changes in V4 during the first 30 operating days are typically less than 2uV. (2) Sample tested. (3) Guaranteed by design. (4) Guaranteed
by CMRR test condition. (5) To insure high open-loop gain throughout the 10V output range, A, is tested at =10V <V, < 0V, 0V <V, < +10V, and ~10V <V < +10V.
(6) OP177EZ and OP177FZ: TCV ysis 100% tested. (7) Guaranteed by end-point limits.

BURR - BROWN®
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OPA77 SPECIFICATIONS

ELECTRICAL

AtV = +15V, T, = +25°C unless otherwise noted.

N~
OPAT77E OPAT77F OPA77G N~
-~
PARAMETER CONDITION MIN TYP MAX MIN TYP MAX | MIN TYP MAX | UNITS M~
OFFSET VOLTAGE l;
Input Offset Voltage 10 25 20 60 50 100 uv
Long-Term Input Offset 0.3 04 * puV/Mo <
Voltage Stability® o
Offset Adjustment Range Ryam = 20kQ 13 . M mv O
Power Supply Rejection Ratio Vs =13Vto £18V 0.7 3 * * * * pv/vV
INPUT BIAS CURRENT
Input Offset Current 0.3 1.5 * 28 * * nA
Input Bias Current 1.2 +2 * +2.8 * * nA
NOISE
Input Noise Voitage 0.1Hz to 10Hz® 0.35 0.6 0.38 0.65 * * uVp-p w
Input Noise Voltage Density f = 10Hz@ 85 18 M 20 * * nVAHz 0@
f = 100Hz® 75 13 . 135 . . nv~Hz wi
f = 1000Hz@ 75 1 . 1.5 . . nVHz —
Input Noise Current 0.1Hz to 10Hz . 35 * * pAp-p (1
Input Noise Current Density = 10Hz 0.73 * * pANHz :
f = 100Hz 0.26 * * pANHZ
f = 1000Hz 0.22 * * pANHZ o 8
INPUT RESISTANCE E
Differential Input Resistance®® 26 45 18.5 * * * MQ <
Common-mode Input Resistance 200 * * GQ i |
INPUT VOLTAGE RANGE <
Common Mode Input Range +13 +14 * * * * \ z
Common-Mode Rejection Ve =213V 0.1 1 * 1.6 * * nviv O
OPEN-LOOP GAIN —
Large-Signal Voltage Gain R 22kQ, V, =10V 5000 | 12000 2000 6000 * * V/imV I'-
OUTPUT <<
Output Voltage Swing R_>10kQ +13.5 +14 * * * * \ m
R, >2kQ +125 | 13 . . . . v (11
R 2 1kQ 12 | 125 . * . * \ o
Open-Loop Output Resistance 60 M * Q o
FREQUENCY RESPONSE
Slew Rate R >2kQ 0.1 0.3 * * * * Vips
Closed-Loop Bandwidth AVCL = +1 0.4 0.6 * . . * MHz
POWER SUPPLY
Power Consumption Vg = +15V, No Load 50 60 * * * * mwW
V= %3V, No Load 35 4.5 M * * * mwW
ELECTRICAL
AtV =15V, -25°C < T, < +85°C for OPA77EZ and OPA77FZ, 0°C < T, < +70°C for OPA77FP and OPA77GP, unless otherwise noted.
OFFSET VOLTAGE
Input Offset Voltage Z Package 10 45 20 100 * * nv
P Package 10 55 20 100 80 150 nv
Average Input Offset® Z Package 0.1 0.3 0.2 0.6 * * uv/ec
Voltage Drift P Package 0.3 0.6 0.4 1 07 1.2 nv/rc
Power Supply Rejection Ratio Vs =13V to 18V 1 3 * 5 * * uVNV
INPUT BIAS CURRENT
Input Offset Current 05 22 * 45 * * nA
Avg Input Offset Current Drift® 15 40 * 85 * * pArC
Input Bias Current 24 +4 * +6 * * nA
Avg Input Bias Current Drift®® 8 40 15 60 * * pArC
INPUT VOLTAGE RANGE
Common Mode Input Range +13 +13.5 * * * * \%
Common-Mode Rejection Ve =13V 0.1 1 * 3 * * nviv
OPEN-LOOP GAIN
Large-Signal Voltage Gain R 22kQ,V,=+10V | 2000 | 6000 1000 | 4000 * * V/mv
OUTPUT
Output Voltage Swing R 22kQ £12 +13 * * * * \%
POWER SUPPLY
Power Consumption Vg = +15V, No Load 60 75 * * * * mwW

* Same as specification for product to left. NOTES: (1) Long-Term Input Offset Voltage Stability refers to the averaged trend line of V¢ vs time over extended period
after the first 30 days of operation. Excluding the initial hour of operation, changes in V¢ during the first 30 operating days are typically 2.5uV. (2) Sample tested. (3)

Guaranteed by design. (4) OPA77E: TCV . is 100% tested on Z package. (5) Guaranteed by end-point limits.
BURR - BROWN® :
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DICE INFORMATION

OPA177/77 DIE TOPOGRAPHY

PAD FUNCTION

Offset Trim
—In
+In

XN AWN =
z
(¢}

Offset Trim

Substrate Bias: -V
NC: No Connection.

MECHANICAL INFORMATION

MILS (0.001") | MILLIMETERS
Die Size 63x9215 1.60 x 2.34 £0.13]
Die Thickness 20+3 0.51+0.08
Min. Pad Size 4x4 0.10x0.10
Transistor Count 46
Backing Gold

Offset Trim E
[z
3]
v-[4]

z] Offset Trim
7]
ap

5 | No Internal Connection

ORDERING INFORMATION

PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS
Top View DIP Power Supply Voltage 22V
SOIC Differential Input Voltage +30V
Input Voltage Vg
N\ Continuous

Output Short Circuit
Operating Temperature:

Ceramic DIP (2) —55°C to +125°C

Plastic DIP (P), SO-8 (S) c.cevvrrrsemrvereressmreeessesssseereeee —40°C to +85°C
6,, (PDIP) 100°C/W
6,, (SOIC) 160°C/W

6,, (Ceramic)

Storage Temperature:
Ceramic DIP (2) —65°C to +150°C
PIastic DIP (P), SO-8 (S) ...crrrreveessssmmnrrressssssennns —65°C to +125°C
Junction Temperature +150°C
Lead Temperature (soldering, 10s) P, Z packages . +300°C
(soldering, 3s) S package . . +260°C

148°C/W

PACKAGE INFORMATION®

MODEL PACKAGE TEMP. RANGE
OPA177FP 8-Pin Plastic DIP —40°C to +85°C
OPA177GP 8-Pin Plastic DIP —40°C to +85°C
OPA177GS S0-8 Surface-Mount —40°C to +85°C
OPA177EZ 8-Pin Ceramic DIP —40°C to +85°C
OPA177FZ 8-Pin Ceramic DIP - —40°C to +85°C
OPA177GZ 8-Pin Ceramic DIP —40°C to +85°C
OPA77FP 8-Pin Plastic DIP 0°C to +70°C

OPA77GP 8-Pin Plastic DIP 0°C to +70°C

OPA77EZ 8-Pin Ceramic DIP —25°C to +85°C
OPA77FZ 8-Pin Ceramic DIP ~25°C to +85°C

2.22

PACKAGE DRAWING
MODEL PACKAGE NUMBER
OPA177FP 8-Pin Plastic DIP 006
OPA177GP 8-Pin Plastic DIP 006
OPA177GS SO-8 Surface-Mount 182
OPA177EZ 8-Pin Ceramic DIP 254
OPA177FZ 8-Pin Ceramic DIP 254
OPA177GZ 8-Pin Ceramic DIP 254
OPA77FP 8-Pin Plastic DIP 006
OPA77GP 8-Pin Plastic DIP 006
OPA77EZ 8-Pin Ceramic DIP 254
OPA77FZ 8-Pin Ceramic DIP 254

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.
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TYPICAL PERFORMANCE CURVES

T, =+25°C, V¢ = +15V unless otherwise noted.

TOTAL HARMONIC DISTORTION AND NOISE
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TYPICAL PERFORMANCE CURVES (CONT)

T, =+25°C, Vg =15V unless otherwise noted.

OPEN-LOOP GAIN/PHASE vs FREQUENCY CMRR vs FREQUENCY
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TYPICAL PERFORMANCE CURVES (CONT)

T, = +25°C, V¢ = +15V unless otherwise noted.

MAXIMUM OUTPUT SWING vs FREQUENCY

* | LT

28 ‘ - G=+1

R, =2k
24 [ 1
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| T

1k 10k 100k ™
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MAXIMUM OUTPUT VOLTAGE vs LOAD RESISTANCE
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=3 H Negative
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€
£ 7
2 5 — e s -]
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100 1k 10k

Load Resistance to Ground (L)

ELECTROSTATIC
DISCHARGE SENSITIVITY

Any integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. ESD can cause damage ranging
from subtle performance degradation to complete device
failure. Precision integrated circuits may be more suscep-
tible to damage because very small parametric changes
could cause the device not to meet published specifications.

Burr-Brown’s standard ESD test method consists of five
1000V positive and negative discharges (100pF in series
with 1.5k€) applied to each pin.

Failure to observe proper handling procedures could result
in small changes to the OPA177’s input bias current.

BURR - BROWNG®
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Power Consumption (mW)

Output Short-Circuit Current (mA)
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APPLICATIONS INFORMATION

The OPA177 is unity-gain stable, making it easy to use and
free from oscillations in the widest range of circuitry. Ap-
plications with noisy or high impedance power supply lines
may require decoupling capacitors close to the device pins.
In most cases 0.1uF ceramic capacitors are adequate.

The OPA177 has very low offset voltage and drift. To
achieve highest performance, circuit layout and mechanical
conditions must be optimized. Offset voltage and drift can
be degraded by small thermoelectric potentials at the op amp
inputs. Connections of dissimilar metals will generate ther-
mal potential which can mask the ultimate performance of
the OPA177. These thermal potentials can be made to cancel
by assuring that they are equal in both input terminals.

1. Keep connections made to the two input terminals close
together.

2. Locate heat sources as far as possible from the critical
input circuitry.

3. Shield the op amp and input circuitry from air currents
such as cooling fans.

OFFSET VOLTAGE ADJUSTMENT

The OPA177 and OPA77 have been laser-trimmed for low
offset voltage and drift so most circuits will not require
external adjustment. Figure 1 shows the optional connection
of an external potentiometer to adjust offset voltage. This
adjustment should not be used to compensate for offsets
created elsewhere in a system since this can introduce
excessive temperature drift.

INPUT PROTECTION

The inputs of the OPA177 and OPA77 are protected with
5002 series input resistors and diode clamps as shown in the
simplified circuit diagram. The inputs can withstand £30V
differential inputs without damage. The protection diodes
will, of course, conduct current when the inputs are over-
driven. This may disturb the slewing behavior of unity-gain
follower applications, but will not damage the op amp.

V+

20kQ

Vin OPA177 Vour
o— 34

Trim Range is approximately £3.0mV

FIGURE 1. Optional Offset Nulling Circuit.

NOISE PERFORMANCE

The noise performance of the OPA177 and OPA77 is opti-
mized for circuit impedances in the range of 2k to 50k€2.
Total noise in an application is a combination of the op
amp’s input voltage noise and input bias current noise
reacting with circuit impedances. For applications with higher
source impedance, the OPA627 FET-input op amp will
generally provide lower noise. For very low impedance
applications, the OPA27 will provide lower noise.

INPUT BIAS CURRENT CANCELLATION

The input stage base current of the OPA177 is internally
compensated with an equal and opposite cancellation cur-
rent. The resulting input bias current is the difference be-
tween the input stage base current and the cancellation
current. This residual input bias current can be positive or
negative.

‘When the bias current is cancelled in this manner, the input
bias current and input offset current are approximately the
same magnitude. As a result, it is not necessary to balance
the DC resistance seen at the two input terminals (Figure 2).
A resistor added to balance the input resistances may actu-
ally increase offset and noise.

Conventional op amp with
external bias current
cancellation resistor.

AW

R,

\ No bias current

_ cancellation resistor needed

(b)

OPA177 with no external
bias current cancellation
resistor.

FIGURE 2. Input Bias Current Cancellation.
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BURR-BROWN®

S

o)

PA111

Low Noise Precision Difet®
OPERATIONAL AMPLIFIER

FEATURES

@ LOW NOISE: 100% Tested, 8nVVHz max
(10kHz)

@ LOW BIAS CURRENT: 1pA max

® LOW OFFSET: 250uV max

©® LOW DRIFT: 1uV/°C max

@ HIGH OPEN-LOOP GAIN: 120dB min

@® HIGH COMMON-MODE REJECTION:
100dB min

DESCRIPTION

The OPAI111 is a precision monolithic dielectrically
isolated FET (Difet®) operational amplifier. Outstand-
ing performance characteristics allow its use in the
most critical instrumentation applications.

Noise, bias current, voltage offset, drift, open-loop
gain, common-mode rejection, and power supply re-
jection are superior to BIFET® amplifiers.

Very low bias current is obtained by dielectric isola-
tion with on-chip guarding.

Laser trimming of thin-film resistors gives very low
offset and drift. Extremely low noise is achieved with
patented circuit design techniques. A new cascode
design allows high precision input specifications and
reduced susceptibility to flicker noise.

Standard 741 pin configuration allows upgrading of
existing designs to higher performance levels.

BIFET® National Semiconductor Corp., Difet® Burr-Brown Corp.

International Airport Industrial Park «  Mailing Address: PO Box 11400
Tel: (602) 746-1111  «  Twx:910-952-1111 .+ Cable: BBRCORP

«+ Tucson, AZ 85734
«  Telex: 066-6491

APPLICATIONS

® PRECISION INSTRUMENTATION
® DATA ACQUISITION

® TEST EQUIPMENT

® OPTOELECTRONICS

® MEDICAL EQUIPMENT—CAT SCANNER

® RADIATION HARD EQUIPMENT

Case and
Substrate

+Vee

)
b

r Noise-Free Cascode” J

2kQ

Trim  10kQ

1

Trim  10kQ

2kQ

: Output
6

Voo

*Patented

+ Street Address: 6730 S. Tucson Blvd.
«  FAX:(602) 889-1510 -«

« Tucson, AZ 85706
Immediate Product Info: (800) 548-6132

OPERATIONAL AMPLIFIERS H OPA111
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SPECIFICATIONS

ELECTRICAL
AtV =+15VDC and T, = +25°C unless otherwise noted.
OPA111AM OPA111BM OPA111SM
PARAMETER CONDITION mn | tve [ max | mn [ rve [ max | v | tve | max | unirs
INPUT )
NOISE
Voltage, f, = 10Hz 100% Tested 40 80 30 60 40 80 nv/VHz
f, = 100Hz 100% Tested 15 40 1 30 15 40 | nvi/Hz
f, = 1kHz 100% Tested 8 15 7 12 8 15 nv/VHz
f, = 10kHz 100% Tested 6 8 6 8 6 8 nVv/VHz
fy = 10Hz to 10kHz 100% Tested 0.7 1.2 0.6 1 0.7 1.2 uvrms
f3 = 0.1Hz to 10Hz o 1.6 3.3 1.2 25 1.6 33 uvp-p
Current, f; = 0.1Hz to 10Hz M 9.5 15 75 12 9.5 15 fAp-|
f,, = 0.1Hz thru 20kHz Y 0.5 0.8 0.4 0.6 0.5 0.8 fA/VHz
OFFSET VOLTAGE®
Input Offset Voltage Vg =0VDC +100 +500 50 250 +100 +500 uv
Average Drift T, = Ty 10 Tyax +2 5 +0.5 +1 2 +5 uvrec
Supply Rejection Vo =+10V to £18V 90 110 100 110 90 110 dB
+3 +31 +3 *10 +3 +31 %
BIAS CURRENT®
Input Bias Current ow =0VDC +0.8. +2 +0.5 +1 +0.8 +2 pA
OFFSET CURRENT®
Input Offset Current Vew =0VDC +0.5 +15 +0.256 +0.75 +0.5 +1.5 pA
IMPEDANCE R
Differential 10" || 1 107 |1 1001 Q|| pF
Common-Mode 10113 10"1]3 103 Q|| pF
VOLTAGE RANGE
Common-Mode Input Range +10 +11 +10 +11 +10 B b Vv
Common-Mode Rejection V,,=+10VDC 90 110 100 110 90 110 dB -
OPEN-LOOP GAIN, DC ’
Open-Loop Voltage Gain ] R _>2kQ L 114 l 125 l L 120 I 125 l 114 l 125 I dB
FREQUENCY RESPONSE
Unity Gain, Small Signal 2 2 2 MHz
Full Power Response 20Vp-p, R_ = 2kQ 16 32 16 32 16 32 kHz
Slew Rate Vo =+10V, R_=2kQ 1 2 1 2 1 2 Vius
Settling Time, 0.1% Gain = -1, R_=2kQ 6 6 6 us
0.01% 10V Step 10 10 10 us
Overload Recovery,
50% Overdrive® Gain =—1 5 5 5 ns
RATED OUTPUT
Voltage Output R, =2kQ +11 +12 +11 +12 +11 +12 \"
Current Output Vo, =%10VDC 55 +10 155 +10 5.5 +10 mA
Output Resistance DC, Open Loop 100 100 100 Q
Load Capacitance Stability Gain = +1 1000 1000 1000 pF
Short Circuit Current 10 40 10 40 10 40 mA
POWER SUPPLY
Rated Voltage +15 +15 +15 vDC
Voltage Range, Derated ' .
Performance 15 +18 +5 +18 15 . +18 VDC
Current, Quiescent l,=0mADC 25 35 25 35 25 35 mA
TEMPERATURE RANGE
Specification Ambient Temp. —25 +85 -25 +85 56 +125 °C
Operating Ambient Temp. =55 +125 -55 +125 -55 +125 °C
Storage Ambient Temp. -65 +150 —65 +150 65 +150 °C
6 Junction-Ambient 200 200 200 °C/W

NOTES: (1) Sample tested—this parameter is guaranteed. (2) Offset voltage, offset current, and bias current are measured with the units fully warmed up. (3) Overload
recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change without
notice. No patentrights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant any BURR-
BROWN product for use in life support devices and/or systems.

BURR BROWN@
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

At V,=+15VDC and T, = T, to Ty, unless otherwise noted.

OPA111AM OPA111BM OPA111SM

PARAMETER CONDITION MIN ‘ TYP l MAX MIN | TYP I MAX MIN | TYP l MAX UNITS
TEMPERATURE RANGE
Specification Range Ambient Temp. | -25 l ’ +85 I -25 ‘ | +85 l -55 | I +125 I °C
INPUT
OFFSET VOLTAGE"
Input Offset Voltage Ve, =0VDC +220 +1000 +110 +500 +300 | +1500 uv
Average Drift +2 5 +0.5 +1 +2 5 uvree
Supply Rejection Vo =110V to £18V 86 100 90 100 86 100 dB

*10 +50 10 132 +10 +50 nviv
BIAS CURRENT®
Input Bias Current Vew =0VDC +50 +250 +30 +130 +820 +4100 pA
OFFSET CURRENT®"
Input Offset Current Vew = 0VDC +30 +200 15 +100 510 +3100 pA
VOLTAGE RANGE
Common-Mode Input Range +10 +11 +10 +11 +10 +11 v
Common-Mode Rejection V,, =+10VDC 86 100 90 100 86 100 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R _22kQ | 110 ] 120 | | 114 I 120 l l 110 ‘ 120 l | dB
RATED OUTPUT
Voltage Output R =2kQ +10.5 1 1 +11.5 +11 +11.5 )
Current Output V, =+10VDC +5.25 *10 15.25 +10 +5.25 +10 mA
Short Circuit Current V,=0VDC 10 40 10 40 10 40 mA
POWER SUPPLY
Current, Quiescent l, = 0mADC | l 25 | 3.5 | I 25 [ 3.5 l ‘ 25 ' 35 | mA

NOTES: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up.

CONNECTION DIAGRAM

Top View

Substrate and Case

PACKAGE INFORMATION®

PACKAGE DRAWING
MODEL PACKAGE NUMBER
OPA111AM TO-99 001
OPA111BM TO-99 001
OPA111SM TO-99 001

NOTE: (1) For detailed drawing and dimension table, please see end of data

sheet, or Appendix D of Burr-Brown IC Data Book.

ABSOLUTE MAXIMUM RATINGS

OPERATIONAL AMPLIFIERS u OPA111

Supply +18VDC
Internal Power Dissipation(" 750mW
Differential Input Voltage® +36VDC
Input Voltage Range®® +18VDC
Storage Temp ire Range —65°C to +150°C
Operating Temp Range -55°C to +125°C
Lead Temperature (soldering, 10s) +300°C
Output Short Circuit Duration® ...........cccceveiiicneiniinnnnnenins Continuous
Junction Temperature +175°C

NOTES: (1) Packages must be derated based on 6, = 150°C/W or 6,, =
300°C/W. (2) For supply voltages less than +18VDC, the absolute maxi-
muminputvoltage is equalto +18V >V, > -V, .~ 6V. See Figure 2. (3) Short
circuit may be to power supply common only. Rating applies to +25°C

ambient. Observe dissipation limit and T,.

ORDERING INFORMATION
OFFSET
TEMPERATURE|  VOLTAGE,
MODEL PACKAGE RANGE MAX (uV)
OPA111AM TO-99 -25°C 10 +85°C 500
OPA111BM TO-99 -25°C 10 +85°C +250
OPA111SM TO-99 -55°C to +125°C +500

BURR - BROWN®
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DICE INFORMATION

' PAD FUNCTION

Offset Trim
—In
+In
Vg
Offset Trim
Output
+Vg
Substrate

0N OAWND =

Substrate Bias: This Dielectrically-lsolated
Substrate is normally connected to common.

MECHANICAL INFORMATION

MILS (0.001") | MILLIMETERS
Die Size 95x 7145 2.41x1.80+0.13
Die Thickness 2043 0.51+0.08
OPA111AD DIE TOPOGRAPHY Min. Pad Size x4 910x010
Backing: None
Transistor Count: 44
T, = +25°C, V,, = +15VDC unless otherwise noted.
INPUT CURRENT NOISE SPECTRAL DENSITY INPUT VOLTAGE NOISE SPECTRAL DENSITY
100 - 1k
+
T
¥ 3
10 < 100

=2 = z

2 Yy

] ke AM, SM

- z BM ™N

g 1 g 10 o

3 BM ] ==

0.1 l 4 |
1 10 100 1k 10k 100k iM 1 10 100 1k 10k 100k ™
Frequency (Hz) . Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (ConT)

T, = +25°C, V; = +15VDC unless otherwise noted.

TOTAL* INPUT VOLTAGE NOISE SPECTRAL TOTAL* INPUT VOLTAGE NOISE (PEAK-TO-PEAK)
vs SOURCE RESISTANCE

Offset Current (pA)
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TYPICAL PERFORMANCE CURVES (CONT)

T, = +25°C, V= £15VDC unless otherwise noted.

COMMON-MODE REJECTION COMMON-MODE REJECTION
vs FREQUENCY vs INPUT COMMON MODE VOLTAGE
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TYPICAL PERFORMANCE CURVES (conT)

T, = +25°C, V. = +15VDC unless otherwise noted.
MAXIMUM UNDISTORTED OUTPUT
VOLTAGE vs FREQUENCY
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Output Voltage (V)
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TYPICAL PERFORMANCE CURVES (CONT)

T,=+25°C, V. = +15VDC unless otherwise noted.

INPUT OFFSET VOLTAGE CHANGE

DUE TO THERMAL SHOCK
150
< AM
2 75
)
£ BM
=
)
s [} 25°C 85°C]
8 Tp =25°Cto T, =85°C
2 Air Environment
% 75
[
-150 .
~1 0 1 2 3 4 5

Time From Thermal Shock (Minutes)

APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPA111 offset voltage is laser-trimmed and will require
no further trim for most applications. As with most amplifi-
ers, externally trimming the remaining offset can change
drift performance by about 0.3uV/°C for each 100pV of
adjusted offset. Note that the trim (Figure 1) is similar to
operational amplifiers such as 741 and AD547. The OPA111
can replace most other amplifiers by leaving the external
null circuit unconnected.

INPUT PROTECTION

Conventional monolithic FET operational amplifiers require
external current-limiting resistors to protect their inputs
against destructive currents that can flow when input FET
gate-to-substrate isolation diodes are forward-biased. Most
BIFET amplifiers can be destroyed by the loss of -V .

+Vog

L.

10kQ to 1MQ trim potentiometer.
(100kQ recommended).

+10mV typical trim range.
“Vee

FIGURE 1. Offset Voltage Trim.

Unlike BIFET amplifiers, The Difet OPA111 requires input
current limiting resistors only if its input voltage is greater
than 6V more negative than -V .. A 10kQ series resistor
will limit input current to a safe level with up to 15V input
levels, even if both supply voltages are lost.
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-15 -10 -5 0 5 10 15
Input Voltage (V)

FIGURE 2. Input Current vs Input Voltage with £V . Pins
Grounded.

Static damage can cause subtle changes in amplifier input
characteristics without necessarily destroying the device. In
precision operational amplifiers (both bipolar and FET types),
this may cause a noticeable degradation of offset voltage and
drift. Static protection is recommended when handling any
precision IC operational amplifier.

GUARDING AND SHIELDING

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in input
leads. If large feedback resistors are used, they should also
be shielded along with the external input circuitry.

Leakage currents across printed circuit boards can easily
exceed the bias current of the OPA111. To avoid leakage
problems, it is recommended that the signal input lead of the
OPAL111 be wired to a Teflon standoff. If the OPA111 is to
be soldered directly into a printed circuit board, utmost care
must be used in planning the board layout. A “guard” pattern

BURR - BROWN®
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should completely surround the high impedance input leads
and should be connected to a low impedance point which is
at the signal input potential.

The amplifier case should be connected to any input shield
or guard via pin 8. This insures that the amplifier itself is
fully surrounded by guard potential, minimizing both leak-
age and noise pickup (see Figure 3).

If guarding is not required, pin 8 (case) should be connected
to ground.

NOISE: FET VERSUS BIPOLAR

Low noise circuit design requires careful analysis of all
noise sources. External noise sources can dominate in many
cases, so consider the effect of source resistance on overall

Non-Inverting

TO-99 Bottom View

)
3
=
E
[

4 5
3 OO0 _ 6
() 557
o

2 1@ 8

Board layout for input guarding: guard top and bottom of board.
Alternate: use Teflon™ standoff for sensitive input pins.

Teflon® E. I. Du Pont de Nemours & Co.

FIGURE 3. Connection of Input Guard.

operational amplifier noise performance. At low source
impedances, the lower voltage noise of a bipolar operational
amplifier is superior, but at higher impedances the high
current noise of a bipolar amplifier becomes a serious
liability. Above about 15k€2, the OPA111 will have a lower
total noise than an OP-27 (see Figure 4).

BIAS CURRENT CHANGE

VERSUS COMMON-MODE VOLTAGE

The input bias current of most popular BIFET operational
amplifiers are affected by common-mode voltage (Figure
5). Higher input FET gate-to-drain voltage causes leakage
and ionization (bias) currents to increase. Due to its cascode
input stage, the extremely low bias current of the OPA111
is not compromised by common-mode voltage.

APPLICATIONS CIRCUITS

Figures 6 through 18 are circuit diagrams of various appli-
cations for the OPA111.

BURR - BROWN®
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FIGURE 4. Voltage Noise Spectral Density vs Source Re-
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FIGURE 5. Input Bias Currrent vs Common-Mode Voltage.
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FIGURE 6. Pyroelectric Infrared Detector.
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1000 10k <1pF to prevelntL gain peaking. ‘
[
—46dBm to 1000MQ
 —20dBm €0
RF Input  1000pF . —O
| bC

H-P
HSCH-3486

" Output
5 L]

RFC &

Output
il L L €o ~1200mVDC/uW — 1. 50824204 l‘ »— O
Pin Photodiode 5 x 10°V/W

Video bandwidth: DC to 50kHz

0.01pF

FIGURE 7. Zero-Bias Schottky Diode Square-Law RF )
Detector. : _,1 SY ,
= Circuit must be well shielded.

Re FIGURE 10. Sensitive Photodiode Amplifier.
S00pA 1 4o0me
W,
. 6
3 OPAt11 Offset voltage =
eq=50mV .
+ o 255uVDC maximum
with no offset adjust.
- T eo=-InRe i !
D -
O |~— Pin Photodiode 5.34MQ*  5.34MQ*
Light Rays —= Input T 1000pF
X-Rays (Pencil Beam) \ ~=— Scintillation Crystal
2.67MQ*
*For 50Hz use:
500pF 500pF 3.16MQ and 6.37MQ

FIGURE 11. 60Hz Reject Filter.

Ce |  100pF
L5 2., l
ollimator : Re 10100
—— AN ———
@ X-Ray Tube

Offset Trim

FIGURE 8. Computerized Axial Tomography (CAT) Scan- H Output
ner Channel Amplifier. AQ ! o
=-AQ/C
100pF 10" % =~40C
500Q 9.5kQ I Low frequency cutoff =
MW = = = 1/(2n R Cr) = 0.16Hz
_L Guard +15V
= ’/ 1VDC
Output
! uotpu FIGURE 12. Piezoelectric Transducer Charge Amplifier.
\

100kQ *

pH Probe

Rg ~ 500MQ

50mV Output -1sv Out
—0O

L Fg = 0.6Hz
- - ~80dB at 60Hz

FIGURE 9. High Impedance (10'Q2) Amplifier. FIGURE 13. 0.6Hz Second Order Low-Pass Filter.
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10.5kq 0-03uF

*Silicon Detector Corp.

<1pF to prevent peaking.
[PE-
AT Overload = 0.1uW input.
200MQ
\\ +5VDC
Pin Diode* 10kQ

0.1yF Output

-041-11-21-011 \ Digital Common

0.01pF
73.2kQ
3650 2 -
WO s W oupn
Input = OPA111
+
0.01pF
I 100kQ sD
Ry Cr
I G =26dB - =
= = Midband

FIGURE 14. RIAA Equalized Phono Preamplifier.

FIGURE 15. High Sensitivity (under 1nW) Fiber Optic Re-

ceiver for 9600 Baud Manchester Data.
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3 OPA111 ——AAA—4 e, = 1.9nVAHz typ* at 10kHz
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100Q 10kQ R
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AV,/AT = £0.16uV/°C typ*
- 2 lg = 10pA max
- - 10kQ 8
oparty? A4 Z,, =~ 10Q || 30pF
8 +
100Q 10kQ * Theoretical performance achievable
from OPA111BM with uncorrelated
2 random distribution of parameters.
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_____________ 4 S =
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FIGURE 16. ‘N’ Stage Parallel-Input Amplifier for Reduced Relative Amplifier Noise at the Output.
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FIGURE 17. FET Input Instrumentation Amplifier.
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BURR-BROWN®

OPA121

n -
- - - ®
Low Cost Precision Difet
FEATURES APPLICATIONS
©® LOW NOISE: 6nVA Hz typ at 10kHz ©® OPTOELECTRONICS
©® LOW BIAS CURRENT: 5pA max @ DATA ACQUISITION
® LOW OFFSET: 2mV max ©® TEST EQUIPMENT
® LOW DRIFT: 3uV/°C typ © MEDICAL EQUIPMENT
@ HIGH OPEN-LOOP GAIN: 110dB min @ RADIATION HARD EQUIPMENT
® HIGH COMMON-MODE
REJECTION: 86dB min
D ESC R I PTlON Case (TO-99) and Substrate
The OPA121 is a precision monolithic dielectrically- E,
isolated FET (Difet®) operational amplifier. Out- Voo
standing performance characteristics are now avail-
able for low-cost applications.
Noise, bias current, voltage offset, drift, open-loop
gain, common-mode rejection, and power supply
rejection are superior to BIFET® amplifiers. 3 IF
. . . . . Noise-Free
Very low bias current is obtained by dielectric +In Cascode® I
isolation with on-chip guarding. >—@
Laser-trimming of thin-film resistors gives very low ! Output
offset and drift. Extremely low noise is achieved with Trim %gkﬂ %2"“
new circuit design techniques (patented). A new 10K
cascode design allows high precision input specifica-
tions and reduced susceptibility to flicker noise. [5]-—\/\k/\/‘
—' 10kQ
Standard 741 pin configuration allows upgrading of Trim %ZKQ %z«n
existing designs to higher performance levels. E
*Patented —Vec
OPA121 Simplified Circuit
Difet®, Burr-Brown Corp.
BIFET®, National Semiconductor Corp.
International Airport Industrial Park «  Mailing Address: PO Box 11400 + Tucson, AZ85734 - Street Address: 6730 S. Tucson Blvd. « Tucson, AZ 85706
Tel: (602) 746-1111 + Twx:910-952-1111 . Cable:BBRCORP -+ Telex:066-6491 - FAX:(602)889-1510 + Immediate Product Info: (800) 548-6132
V] - B N®
PDS-539F 2.39
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SPECIFICATIONS

ELECTRICAL
AtV =+15VDC and T, = +25°C unless otherwise noted. Pin 8 connected to ground.
OPA121KM OPA121KP, KU
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX - UNITS
INPUT
NOISE
Voltage, f, = 10Hz o 40 50 nV/\HzZ.
fy=100Hz 0 15 18 nViHzZ
fo = 1kHz o 8 10 nV/Hz
fy = 10kHz o 6 7 aVAHz
fy = 10Hz to 10kHz a 0.7 0.8 pVrms
fy=0.1Hzto 10 Hz o 1.6 2 uwp-p
Current, f; = 0.1Hz to 10Hz o 15 21 1A, p-p
fo = 0.1Hz thru 20kHz| ® 0.8 1.1 fAHZ
OFFSET VOLTAGE®
Input Offset Voltage Ve =0VDC +0.5 2 +0.5 13 mV
Average Drift Tp= Ty 10 Tignx 3 +10 3 +10 uv/eC
Supply Rejection 86 104 o 86 104 dB
) +6 +50 +6 +50 nvNV
BIAS CURRENT®
Input Bias Current Vy = 0VDC +1 5 +1 +10 pA
Device Operating
OFFSET CURRENT®
Input Offset Current Veu = 0VDC 0.7 +4 0.7 8 PA
Device Operating
IMPEDANCE
Differential 101 101 1 Q|| pF
Common-Mode 10"1i 3 _10%]|3 Q|| pF
VOTAGE RANGE
Common-Mode Input Range *10 +11 +10 11 \
Common-Mode Rejection V,,=£10VDC 86 104 82 100 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R, 22kQ 110 120 106 114 dB
FREQUENCY RESPONSE
Unity Gain, Small Signal 2 2 MHz
Full Power Response 20Vp-p, R_=2kQ 32 32 kHz
Slew Rate Vo =210V, R =2kQ 2 2 Vius
Setiling Time, 0.1% Gain = -1, R_=2kQ 6 6 us
0.01% 10V Step 10 10 us
Overload Recovery,

50% Overdrive® Gain = —1 5 5 us
RATED OUTPUT
Voltage Output R =2kQ 11 L +12 £11 +12 v
Current Output V,=%10VDC 155 +10 5.5 +10 mA
Output Resistance DC, Open Loop 100 100 - Q
Load Capacitance Stability Gain = +1 1000 1000 pF
Short Circuit Current 10 40 10 40 mA
POWER SUPPLY
Rated Voltage +15 +15 vDC
Voltage Range,

Derated Performance +5 +18 5 +18 vDC
Current, Quiescent I = 0mMADC 25 4 25 4.5 mA
TEMPERATURE RANGE
Specification Ambient Temperature 0 +70 [} +70 °C
Operating Ambient Temperature —40 +85 25 +85 °C
Storage Ambient Temperture —65 +150 -56 +125 °C
6 Junction-Ambient 200 1504 °C/W

NOTES: (1) Sample tested. (2) Offset voltage, offset current, and bias current are specified with the units fully warmed up. (3) Overload recovery is defined as
the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive. (4) 100°C/W for KU grade.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

AtV =+15VDCand T, = T, to T,,,, unless otherwise noted.

OPA121KM OPA121KP, KU
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
TEMPERATURE RANGE
Specification Range Ambient Temperature 0 +70 0 +70 °C
INPUT
OFFSET VOLTAGE™
Input Offset Voltage Vey =0VDC +1 +3 +1 +5 mVv
Average Drift +3 +10 +3 +10 pv/reCc
Supply Rejection 82 94 82 94 dB
+20 +80 20 +80 uviv
BIAS CURRENT®"
Input Bias Current Vew=0VDC +23 +115 +23 +250 pA
Device Operating
OFFSET CURRENT®
Input Offset Current V, =0VDC +16 +100 +16 +200 pA
Device Operating
VOLTAGE RANGE
Common-Mode input Range +10 +11 +10 +11 A
Common-Mode Rejection V, = +10VDC 82 98 80 96 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R_22kQ 106 116 100 110 dB
RATED OUTPUT
Voltage Output R_=2kQ +10.5 +11 +10.5 *11 v
Current Output Vo, =10VDC +5.25 10 +5.25 +10 mA
Short Circuit Current V,=0VDC 10 40 10 40 mA
POWER SUPPLY
Current, Quiescent lo = OMADC 25 4.5 25 5 mA
NOTE: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up.
ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAMS
Top View M-Package TO-99 (Hermetic
Supply : +18VDC op Vie crage (Hermetic)
Internal Power Dissipation®” 500mwW Substrate and Case
Differential Input Voltage +36VDC
Input Voltage Range +18VDC
Storage Temperature Range
M package —65°C to +150°C
P, U packages —55°C to +125°C
Operating Temperature Range
M packag —40°C to +85°C
P, U packages -25°C to +85°C
Lead Temperature
M, P packages (soldering, 10s) +300°C
U package (soldering, 3s) +260°C
Output Short-Circuit DUration® ..........cccoveeeeerrieeenneserersnenens Continuous
Junction Temperature +175°C
NOTES: (1) Packages must be derated based on 6,, = 150°C/W
(P package); 6,, = 200°C/W (M package); 6,, = 100°C/W (U package). Top View P-Package Plastic Mini-DIP
(2) Short circuit may be to power supply common only. Rating applies to U-Package Plastic SOIC
+25°C ambient. Observe dissipation limit and T .
PACKAGE INFORMATION™ Offset Trim [ 8] substrate
PACKAGE DRAWING =In Voo
MODEL PACKAGE NUMBER +In n Output
OPA121KM TO-99 001 .
OPA121KP 8-Pin Plastic DIP 006 Voo B Offset Trim
OPA121KU 8-Pin SOIC 182
NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.
ORDERING INFORMATION
TEMPERATURE
MODEL PACKAGE RANGE
OPA121KM TO-99 0°C to +70°C
OPA121KP 8-Pin Plastic DIP 0°C to +70°C
OPA121KU 8-Pin SOIC 0°C to +70°C
BURR - BROWN®
Burr-Brown IC Data Book—Linear Products 2.41
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TYPICAL PERFORMANCE CURVES

T, =+25°C, V= #15VDC unless otherwise noted.

INPUT VOLTAGE NOISE SPECTRAL DENSITY
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TYPICAL PERFORMANCE CURVES (CONT)

T, =+25°C, V,, = £16VDC unless otherwise noted.

LARGE SIGNAL TRANSIENT RESPONSE
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APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPA121 offset voltage is laser-trimmed and will require
no further trim for most applications. As with most ampli-
fiers, externally trimming the remaining offset can change
drift performance by about 0.3uV/°C for each 100uV of
adjusted offset. Note that the trim (Figure 1) is similar to
operational amplifiers such as 741 and AD547. The OPA121
can replace most BIFET amplifiers by leaving the external
null circuit unconnected.

INPUT PROTECTION

Conventional monolithic FET operational amplifiers require
external current-limiting resistors to protect their inputs
against destructive currents that can flow when input FET
gate-to-substrate isolation diodes are forward-biased. Most
BIFET amplifiers can be destroyed by the loss of -V ..

Unlike BIFET amplifiers, the Difet OPA121 requires input
current limiting resistors only if its input voltage is greater

BURR - BROWN®
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SMALL SIGNAL TRANSIENT RESPONSE

Output Voltage (mV)

+
IS
o

+80

Time(ps)

OPERATIONAL AMPLIFIERS ﬂ OPA121

+10mV Typical
Trim Range

*10kQ to 1MQ
Trim Potentiometer
~Vee (100kQ Recommended)

FIGURE 1. Offset Voltage Trim.

than 6V more negative than -V .. A 10kQ series resistor
will limit input current to a safe level with up to +15V input
levels even if both supply voltages are lost.

Static damage can cause subtle changes in amplifier input
characteristics without necessarily destroying the device. In
precision operational amplifiers (both bipolar and FET types),

243
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this may cause a noticeable degradation of offset voltage and
drift.

Static protection is recommended when handling any
precision IC operational amplifier.

GUARDING AND SHIELDING

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in input
leads. If large feedback resistors are used, they should also
be shielded along with the external input circuitry.

Leakage currents across printed circuit -boards can easily
exceed the bias current of the OPA121. To avoid leakage
problems, it is recommended that the signal input lead of the
OPA121 be wired to a Teflon™ standoff. If the OPA121 is
to be soldered directly into a printed circuit board, utmost
care must be used in planning the board layout. A “guard”
pattern should completely surround the high-impedance in-
put leads and should be connected to a low-impedance point
which is at the signal input potential.

The amplifier case should be connected to any input shield
or guard via pin 8. This insures that the amplifier itself is
fully surrounded by guard potential, minimizing both leak-
age and noise pickup (see Figure #2).

If guarding is not required, pin 8 (case) should be connected
to ground.

BIAS CURRENT CHANGE
VERSUS COMMON-MODE VOLTAGE

The input bias currents of most popular BIFET operational
amplifiers are affected by common-mode voltage (Figure 3).
Higher input FET gate-to-drain voltage causes leakage and
ionization (bias) currents to increase. Due to its cascode
input stage, the extremely-low bias current of the OPA121
is not compromised by common-mode voltage.

Teflon™ E.I du Pont de Nemours & Co.
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Non-Inverting Buffer

TO-99 Bottom View

09©
50
476

Mini-DIP Bottom View

BOARD LAYOUT 8 R
FOR INPUT GUARDING
Guard top and bottom of board. 7] 2
Alternate: use Teflon standoff
for sensitive input pins. 6 II] 3
5[] L4

FIGURE 2. Connection of Input Guard.
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FIGURE 3. Input Bias Current vs Common-Mode Voltagé.
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OPA124

OPA124

Low Noise Precision Difet®
OPERATIONAL AMPLIFIER

FEATURES APPLICATIONS

@ LOW NOISE: 6nV/VHz (10kHz) ® PRECISION PHOTODIODE PREAMP
@® LOW BIAS CURRENT: 1pA max @ MEDICAL EQUIPMENT
® LOW OFFSET: 250uV max ©® OPTOELECTRONICS
® LOW DRIFT: 2uV/°C max ® DATA ACQUISITION
@® HIGH OPEN-LOOP GAIN: 120dB min ® TEST EQUIPMENT
©® HIGH COMMON-MODE REJECTION:
100dB min

@ AVAILABLE IN 8-PIN PLASTIC DIP
AND 8-PIN SOIC PACKAGES

OPERATIONAL AMPLIFIERS

DESCRIPTION
o o)
8 /7;7 CD 7

The OPA124 is a precision monolithic FET opera- =In

tional amplifier using a Difet (dielectrical isolation) w’-wv;lj

manufacturing process. Outstanding DC and AC per- “n

formance characteristics allow its use in the most o

critical instrumentation applications. 8 l Noise-Free Cascode® l

Bias current, noise, voltage offset, drift, open-loop \ Output

gain, common-mode rejection and power supply re-

jection are superior to BIFET and CMOS amplifiers. v 5

Difet fabrication achieves extremely low input bias A égkg 2kQ

currents without compromising input voltage noise T’%

performance. Low input bias current is maintained 1

over a wide input common-mode voltage range with Trim: 10k

unique cascode circuitry. This cascode design also 5

allows high precision input specifications and reduced ? e 2ka “Vee

susceptibility to flicker noise. Laser trimming of thin- 3

film resistors gives very low offset and drift. OPA124 Simplified Cirouit

Compared to the popular OPA111, the OPA124 gives
comparable performance and is available in an 8-pin
PDIP and 8-pin SOIC package.

NOTES: (1) Omitted on SOIC. (2) Patented.

BIFET® National Semiconductor Corp.,
Difet® Burr-Brown Corp.

International Airport Industrial Park +  Mailing Address: PO Box 11400  + Tucson, AZ85734 .« Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (602) 746-1111 +  Twx:910-952-1111 .« Cable: BBRCORP + Telex:066-6491 + FAX:(602)889-1510 - Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL
AtV =+15VDC and T, = +25°C unless otherwise noted.
OPA124U/P OPA124UA/PA OPA124UB/PB
PARAMETER CONDITION MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
INPUT NOISE
Voltage, f, = 10Hz 40 80 40 80 40 80 nVAHz
fo = 100Hz® 15 40 15 40 15 40 nVAHz
fy= TkHz® 8 15 8 15 8 15 nVAHz
f, = 10kHz® 6 8 6 8 6 8 nvAHz
fy = 10Hz to 10kHz® 0.7 1.2 0.7 1.2 0.7 1.2 uvrms
f; = 0.1Hz to 10Hz 1.6 33 16 3.3 1.6 33 up-p
Current, f, = 0.1Hz to 10Hz 9.5 15 9.5 15 95 15 fAp-p
fo = 0.1Hz thru 20kHz 05 0.8 0.5 0.8 0.5 0.8 fANHZ
OFFSET VOLTAGE"
Input Offset Voltage Vg = 0VDC +200 +800 +150 +500 +100 | +250 uv
vs Temperature Ta = Ton 10 Tyax 4 17.5 2 +4 Al 2 uvrC
Supply Rejection Voo =110V to £18V 88 110 90 110 100 110 dB
vs Temperature To= Ty 10 Tyax 84 100 86 100 920 100 dB
BIAS CURRENT
Input Bias Current Ve = 0VDC +1 5 +0.5 12 +0.35 + pA
OFFSET CURRENT®"
Input Offset Current V., =0VDC +1 5 0.5 +1 +0.25 +0.5 pA
IMPEDANCE
Differential 101 ) 1 10| 1 10| 1 Q|| pF
Common-Mode 10| 3 10|13 10" 3 Q|| pF
VOLTAGE RANGE
Common-Mode Input Range +10 +11 +10 +11 +10 +11 \
Common-Mode Rejection V,y=£10VDC 92 110 94 110 100 110 dB
vs Temperature Tn= Ty 10 Tyax 86 100 86 100 90 100 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R_22kQ 106 125 106 125 120 125 dB
FREQUENCY RESPONSE
Unity Gain, Small Signal 1.5 1.5 15 MHz
Full Power Response 20Vp-p, R = 2kQ 16 32 16 32 16 32 kHz
Slew Rate Vo =10V, R_=2kQ 1 1.6 1 16 1 1.6 Vius
THD 0.0003 0.0003 0.0003 %
Settling Time, 0.1% Gain =~1, R =2kQ 6 6 6 us
0.01% 10V Step 10 10 10 us
Overload Recovery,
50% Overdrive® Gain = -1 5 5 5 us
RATED OUTPUT
Voltage Output R =2kQ +11 +12 +11 +12 +11 +12 \
Current Output V, =+10VDC 5.5 +10 55 +10 5.5 +10 mA
Output Resistance DC, Open Loop 100 100 100 Q
Load Capacitance Stability Gain = +1 1000 1000 1000 pF
Short Circuit Current 10 40 10 40 10 40 mA
POWER SUPPLY
Rated Voltage +15 +15 +15 VvDC
Voltage Range, Derated 5 +18 5 +18 5 +18 vDC
Current, Quiescent l, = 0OmADC 2.5 3.5 25 3.5 25 35 mA
TEMPERATURE RANGE
Specification T and Ty 25 +85 -25 +85 —-25 +85 °C
Storage 65 +125 —65 +125 —65 +125 °C
6 Junction-Ambient: PDIP 90 90 90 °C/W
SOIC 100 100 100 °C/W

NOTES: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up. For performance at other temperatures see Typical Performance
Curves. (2) Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive.
(3) For performance at other temperatures see Typical Performance Curves. (4) Sample tested, 98% confidence. (5) Guaranteed by design.
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ORDERING INFORMATION

CONNECTION DIAGRAMS
Top View DIP Top View SoIC
~ NC II ~ 8 | Substrate
Offset Trim E 8 | Substrate
~in E 7| +vg —In E +Vg Cq\.l
+n E E‘ Output +In E 6 | Output E
Vg E EI Offset Trim Vs E EI NC a
NC = No Connect O
ABSOLUTE MAXIMUM RATINGS PACKAGE INFORMATION®

Supply +18VDC PACKAGE DRAWING w
Internal Power Dissipation( 750mwW MODEL PACKAGE NUMBER o

Differential Input Voltage® +36VDC OPA124U 8-Pin SOIC 182
Input Voltage Range® +18VDC OPA124P 8-Pin Plastic DIP 008 w
Storage Temperature Range .. ~65°C to +150°C OPA124UA 8-Pin SOIC 182 [T
Operating Temperature Range —40°C to +125°C OPA124PA 8-Pin Plastic DIP 006 w—
Lead Temperature (soldering, 10s) +300°C OPA124UB 8-Pin SOIC 182 -l
Output Short Circuit DUration® ............oerevneriesmnrnrinennnins Continuous OPA124PB 8-Pin Plastic DIP 006 o
Junction Temperature +175°C E

NOTE: (1) For detailed drawing and dimension table, please see end of data
NOTES: (1) Packages must be derated based on 8, = 90°C/W for PDIP and sheet, or Appendix D of Burr-Brown IC Data Book. <
100°C/W for SOIC. (2) For supply voltages less than +18VDC, the absolute |
maximum input voltage is equal to +18V >V, > -V —6V. See Figure 2. (3)

Short circuit may be to power supply common only. Rating applies to +25°C <
ambient. Observe dissipation limit and T,. z
8
y

BIAS OFFSET
TEMPERATURE CURRENT DRIFT

MODEL PACKAGE RANGE pA, max UV/°C, max
OPA124U 8-PIN SOIC ~25°C TO +85°C 5 7.5
OPA124P 8-Pin Plastic DIP | —25°C to +85°C 5 7.5
OPA124UA 8-Pin SOIC —25°C to +85°C 2 4
OPA124PA 8-Pin Plastic DIP | -25°C to +85°C 2 4
OPA124UB 8-Pin SOIC —-25°C to +85°C 1 2
OPA124PB 8-Pin Plastic DIP | —25°C to +85°C 1 2

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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TYPICAL PERFORMANCE CURVES

T, = +25°C, V= £15VDC unless otherwise noted.

INPUT CURRENT NOISE SPECTRAL DENSITY INPUT VOLTAGE NOISE SPECTRAL DENSITY
100 - 1k
£ B
B 10 IS 100 E
= c
2 Y
3. 2 uP
z
= =z N
§ S 10 UBPB NI
3 UB/PB 3
0.1 1
1 10 100 1k 10k 100k ™ 1 10 100 1k 10k 100k ™
Frequency (Hz) Frequency (Hz)
TOTAL®™ INPUT VOLTAGE NOISE SPECTRAL TOTAL™M INPUT VOLTAGE NOISE (PEAK-TO-PEAK)
DENSITY vs SOURCE RESISTANCE . vs SOURCE RESISTANCE
1k — - 1k
SEE Rs = 10MQ
- T
— A URALIN: NOTE: (1) Includes contribution
N T~ = 1T oy [ X
T ANe, RIS : ”1"/:9 e ~from source resistance: d
< 100 S > 100 =
e Rg = 100kQ H] =
3 2
2 2
2 -4 v
3 UB/PB NN s UB/PB
g 10 = Rg =100Q = £ 10 fg = 0.1Hz to 10Hz
2 — NOTE: (1) Includes contribution > ==
| | from source resistance. 4 |
T LI LT ] l
1 1
0.1 1 10 100 1k 10k 100k S0 10° 10° 107 10® 0 10° 10"
Frequency (Hz) Source Resistance (Q)
VOLTAGE AND CURRENT NOISE SPECTRAL TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY
DENSITY vs TEMPERATURE AT 1kHz vs SOURCE RESISTANCE
12 ‘ 100 1k
fo = —
o = 1kHz = — >
£ 10 10 [ z — %
S5 A
Z L - c 100 |=
2 — 2 SWELIhE aHESEE=E
8 s 1 8 s T
o
b4 Z 2 | OPA124UB/PB +
e // g 2 Resistor
g - 5 & 10 |
S 6 01 3 S |
> -1 o s AT
" > ResistorlNuise On!y
e
1
. 1 BN R

-50 ~25 0 25 50 75 100 125 100 1k 10k 100k ™ 10M 100M
Temperature (°C) Source Resistance (Q)
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TYPICAL PERFORMANCE CURVES (CONT)

T, =+25°C, V. = +15VDC unless otherwise noted.

BIAS AND OFFSET CURRENT
vs TEMPERATURE
— — 1k
100
<
a
= 10
c
14
5
o
(%]
o
@
0.1 |— 0.1
8 &l +
0.01 ' ‘ 0.01
-50 -25 0 25 50 75 100 125
Ambient Temperature (°C)
POWER SUPPLY REJECTION
vs FREQUENCY
140
—~ 120
)
kA q
45 100
i Y
T 80
o
2 60 I
S N
< 40 i
[
3
& 20
- N
N
0
1 10 100 1k 10k 100k ™ 10M
Frequency (Hz)
COMMON-MODE REJECTION
vs INPUT COMMON MODE VOLTAGE
120
8 110
<
§
-2 100
-4
3
= 9
Z |
£
E &0
[¢]
70
-15 -10 -5 0 5 10 15

Common-Mode Voltage (V)
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Offset Current (pA)

Common-Mode Rejection (dB)

Voltage Gain (dB)

Bias Current (pA)
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100
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BIAS AND OFFSET CURRENT

vs INPUT COMMON MODE VOLTAGE <t
—— e e AT 10 N
i 1 - o
Bias Current LA = O
SRS AL 5
T £
- - L] | S
1 Offset Current 01 §
TTEEFEEFERR E BE 5
0.01 m
-10 -5 0 5 10 15 —
Common-Mode Voltage (V) E
-l
o
COMMON-MODE REJECTION .|
vs FREQUENCY <
I o
N
N o
1]
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N o
N
10 100 1k 10k 100k M 10M
Frequency (Hz)
OPEN-LOOP FREQUENCY RESPONSE
—45
™N
2
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! "
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N E=
Phase ||\ %
! Margin o
Gain = 65° -135 &
o
-180
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Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (ConT)

T, = +25°C, V= +15VDC unless otherwise noted.

GAIN-BANDWIDTH AND SLEW RATE GAIN-BANDWIDTH AND SLEW RATE
vs TEMPERATURE vs SUPPLY VOLTAGE
4 4 3 3
=;= ¢ : 0 g 2 2 7
< ™ g < = 2
2 2 2 2 2
k] J— | g 2 c‘c"
& z & z
2 1 1 2
£ 5] .% D
& 1 1 ]
0 0 0 0
-50 -25 0 25 50 75 100 125 0 5 10 15 20
Ambient Temperature (°C) Supply Voltage (£V¢c)

MAXIMUM UNDISTORTED OUTPUT

Voltage Gain (dB)

OPEN-LOOP GAIN vs TEMPERATURE VOLTAGE vs FREQUENCY
140 30
130 E \
— e
120 §
2 10
5
110 o N
N
100 0
-50 -25 0 25 50 75 100 125 1k 10k 100k ™
Ambient Temperature (°C) Frequency (Hz)
LARGE SIGNAL TRANSIENT RESPONSE SMALL SIGNAL TRANSIENT RESPONSE
15 60
10 / \ 40 /
< s
% 5 E 20
g / g
S 0 5 0
z / s
3 5
8 -5 §‘ -20 \
-10 -40
-15 -60
0 10 20 30 40 50 0 1 2 3 4 5
Time (ps) Time (ps)
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TYPICAL PERFORMANCE CURVES (CONT)

T, =+25°C, V., = £15VDC unless otherwise noted.

<
SETTLING TIME vs CLOSED-LOOP GAIN SUPPLY CURRENT vs TEMPERATURE N
T I ‘ <
80 /
/ =23 o
z / g
o 60 =
E 3
= : - 81 52
é’ 40 0.01% 0.1% (_i
Q
2 Q
o S A a 2
20 % 4 0@
—
0 0 L.
1 10 100 1k -50 —25 0 25 50 75 100 125 :l
Closed-Loop Gain (V/V) Ambient Temperature (°C) n_
INPUT OFFSET VOLTAGE CHANGE —
INPUT OFFSET VOLTAGE WARM-UP DRIFT DUE TO THERMAL SHOCK <
L O O 180 T T =z
_ - - uP ' o
< S —
2 10 2 75 [
o -3 <
2 s UB/PB
g 5 oc
S = o
2 O o 0 [q25°C] 85°C Ll
8 g Ty =25°C to T, = 85°C o
) 2 Air Environment O
B-10 2 ~75.
& [ ] - 6
_20 —150 I
[} 1 2 3 4 5 6 -1 0 1 2 3 4 5
Time From Power Turn-On (Minutes) Time From Thermal Shock (Minutes)
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APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPA124 offset voltage is laser-trimmed and will require
no further trim for most applications. In order to reduce
layout leakage errors, the offset adjust capability has been
removed from the SOIC versions (OPA124UB, OPA124UA,
and OPA124U). The PDIP versions (OPA124PB,
OPA124PA, and OPA124P) do have pins available for
offset adjustment. As with most amplifiers, externally trim-
ming the remaining offset can change drift performance by
about 0.3uV/°C for each 100uV of adjusted offset. The
correct circuit configuration for offset adjust for the PDIP
packages is shown in Figure 1.

INPUT PROTECTION

Conventional monolithic FET operational amplifiers require
external current-limiting resistors to protect their inputs
against destructive currents that can flow when input FET
gate-to-substrate isolation diodes are forward-biased. Most
BIFET amplifiers can be destroyed by the loss of -V ..

Unlike BIFET amplifiers, the Difet OPA124 requires input
current limiting resistors only if its input voltage is greater
than 6V more negative than -V .. A 10kQ series resistor
will limit input current to a safe level with up to +15V input
levels, even if both supply voltages are lost (Figure 2).

Static damage can cause subtle changes in amplifier input
characteristics without necessarily destroying the device. In
precision operational amplifiers (both bipolar and FET types),
this may cause a noticeable degradation of offset voltage and
drift. Static protection is recommended when handling any
precision IC operational amplifier.

GUARDING AND SHIELDING

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in input
leads. If large feedback resistors are used, they should also
be shielded along with the external input circuitry.

Leakage currents across printed circuit boards can easily
exceed the bias current of the OPA124. To avoid leakage
problems, the OPA124 should be soldered directly into a
printed circuit board. Utmost care must be used in planning
the board layout. A “guard” pattern should completely
surround the high impedance input leads and should be
connected to a low impedance point which is at the signal
input potential.

The amplifier substrate should be connected to any input
shield or guard via pin 8 minimizing both leakage and noise
pickup (see Figure 3).

If guarding is not required, pin 8 should be connected to
ground.

2.52

+Vcc ) NOTE: No trim on SblC.

10kQ to 1MQ trim potentiometer.
(100kQ recommended).

+10mV typical trim range.
—VQ c

FIGURE 1. Offset Voltage Trim for PDIP packages.
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I
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Iy
ul
© V= 11 s

Input Current (mA)
o

Current [
|
|
|

Input Volitage (V)

FIGURE 2. Input Current vs Input Voltage with £V . Pins
Grounded.

Non-Inverting

Bottom View

10

50 40

Board layout for PDIP input guarding: guard top and bottom of board.

FIGURE 3. Connection of Input Guard.
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ey 8

OPA128

Difet® Electrometer-Grade

OPERATIONAL AMPLIFIE
m _

OPERATIONAL AMPLIFIERS n OPA128

FEATURES APPLICATIONS
@ ULTRA-LOW BIAS CURRENT: 75fA max @ ELECTROMETER
@ LOW OFFSET: 50011V max @ MASS SPECTROMETER
@ LOW DRIFT: 51V/°C max ® CHROMATOGRAPH
@ HIGH OPEN-LOOP GAIN: 110dB min @ ION GAUGE
@ HIGH COMMON-MODE REJECTION: ® PHOTODETECTOR
90dB min @ RADIATION-HARD EQUIPMENT
@ IMPROVED REPLACEMENT FOR AD515
AND AD549
DESCRIPTION

The OPA128 is an ultra-low bias current monolithic Case (Guaro)
operational amplifier. Using advanced geometry EI
dielectrically-isolated FET (Difet®) inputs, this mono- +\ec
lithic amplifier achieves a performance level exceed-
ing even the best hybrid electrometer amplifiers.

Laser-trimmed thin-film resistors give outstanding volt-
age offset and drift performance.

A noise-free cascode and low-noise processing give E I_‘_Noise-_‘_lFree
the OPA128 excellent low-level signal handling capa- +In Cascode

bilities. Flicker noise is very low. >—E
Output

The OPA128 is an improved pin-for-pin replacement .
for the AD515. Trim zzgkg zzakg

Difet®Burr-Brown Corp. El._‘/\/\/\

Voo
OPA128 Simplified Circuit

International Airport Industrial Park +  Mailing Address: PO Box 11400 « Tucson, AZ 85734 . Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (602) 746-1111 «  Twx: 910-852-1111 « Cable: BBRCORP « Telex:066-6491 + FAX:(602)889-1510 - Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL
AtV =+15VDC and T, = +25°C unless otherwise noted. Pin 8 connected to ground.
OPA128JM OPA128KM OPA128LM OPA128SM
PARAMETER CONDITIONS MIN I TYP I MAX | MIN | TYP I MAX | MIN l TYP l MAX | MIN ] TYP I MAX | UNITS
INPUT
BIAS CURRENT™
Input Bias Current Veu = 0VDC,
R 2 10kQ +150 | +300 +75 | +150 +40 | 75 +75 | +150 fA
OFFSET CURRENT®"
Input Offset Current Veu = 0VDC,
R = 10kQ 65 30 30 30 fA
OFFSET VOLTAGE®" ]
Input Offset Voltage Ve = 0VDC +260 |+1000 +140 | +500 +140 | £500 +140 | 500 nv
Average Drift Ty = Ty 10 Tyax +20 +10 5 +10 uv/eCc
Supply Rejection 80 | 120 9 | 120 90 | 120 9 | 120 dB
+1 +100 +1 132 +1 132 +1 +32 pviv
NOISE
Voltage: f, = 10Hz 92 92 92 92 nV/VHz.
f, = 100Hz 78 78 78 78 nV/VHz
f, = 1kHz 27 27 27 27 nv/Hz
f, = 10kHz 15 15 15 15 nV/\VHz
fy = 10Hz to 10kHz 24 2.4 24 24 uvrms
fy = 0.1Hz to 10Hz 4 4 4 4 wp-p
Current: f; 1Hz to 10Hz 4.2 3 2.3 3 fA, p-p
f, =0.1Hz to 20kHz 0.22 0.16 0.12 0.16 fAVHZ
IMPEDANCE :
Differential 10% || 1 10" |1 10%| 1 10% || 1 Q|| pF
Common-Mode 108 |2 105 || 2| 105 || 2 105 || 2 Q|| pF
VOLTAGE RANGE®
Common-Mode Input Range +10 | +12 +#0 | #12 +10 | +12 +0 | 12 \
Common-Mode Rejection V,, = £10VDC 80 118 90 118 90 118 90 118 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain | R 22kQ L94 —l 128 I J 110L128 T I 110 I 128 I ] 110 | 128 [ i T dB
FREQUENCY RESPONSE
Unity Gain, Small Signal @ 0.5 1 05 1 0.5 1 0.5 1 MHz
Full Power Response 20Vp-p, R = 2kQ 47 47 47 47 kHz
Slew Rate V, =10V, R_=2kQ| 0.5 3 1 3 1 3 1 3 Vius
Settling Time, 0.1% Gain = -1, R_ =2kQ 5 5 5 5 us
0.01% 10V Step 10 10 10 10 us
Overload Recovery,

50% Overdrive® Gain = -1 5 5 5 5 us
RATED OUTPUT
Voltage Output R =2kQ +10 +13 +10 *13 +10 +13 +10 +13 \
Current Output o =+10VDC +5 +10 +5 +10 +5 +10 5 +10 mA
Output Resistance DC, Open Loop 100 100 100 100 Q
Load Capacitance Stability Gain = +1 1000 1000 1000 1000 pF
Short Circuit Current 10 34 55 10 34 55 10 34 55 10 34 55 mA
POWER SUPPLY
Rated Voltage *15 +15 *15 +15 vDC
Voltage Range,

Derated Performance 5 +18 5 +18 5 +18 5 +18 vDC
Current, Quiescent 1, = 0OmADC 09 | 15 09 | 15 09 | 15 09 | 15 mA
TEMPERATURE RANGE
Specification Ambient Temp. 0 +70 0 +70 0 +70 | -55 +125 °C
Operating Ambient Temp. 55 +125 | -55 +125 | -55 +125 | -55 +125 °C
Storage Ambient Temp. —65 +150 | -65 +150 | -65 +150 | -65 +150 °C
6 Junction-Ambient 200 200 200 200 °C/W

NOTES: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up. Bias current doubles approximately every 11°C. (2) Sample
tested. (3) Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive.
(4) If it is possible for the input voltage to exceed the supply voltage, a series protection resistor should be added to limit input current to 0.5mA. The input devices
can withstand overload currents of 0.3mA indefinitely without damage.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

AtV . =+15VDC and T, = T, and T, unless otherwise noted.

OPA128JM OPA128KM OPA128LM OPA128SM
PARAMETER CONDITIONS MIN , TYP l MAX | MIN I TYP I MAX | MIN I TYP | MAX | MIN l TYP l MAX | UNITS
TEMPERATURE RANGE o0
Specification Range Ambient Temp. | 0 | [0 ] o ] [+0] o | [+70 | -85 | [+125] =c N
INPUT -
BIAS CURRENT" E
Input Bias Current Veu = OVDC +25 | 18 +13 | 4 0.7 | £2 +43 | 170 pA o
OFFSET CURRENT™
Input Offset Current Vew = OVDC 1.1 0.6 0.6 18 PA
OFFSET VOLTAGE™
Input Offset Voltage Vew = OVDC +2.2mV| +1mV +750 +1.5mV uv
Average Drift +20 +10 15 +10 uv/eC
Supply Rejection 74 114 80 114 80 114 80 106 dB
12 +200 +2 +100 +2 | £100 +5 +100 pVV UJ
VOLTAGE RANGE® m
Common-Mode Input Range +10 | =11 +10 | *11 +10 | %11 +10 | £11 v E
Commmon-Mode Rejection V), = +10VDC 74 112 80 112 80 112 74 104 dB [TH
OPEN-LOOP GAIN, DC '_|-
Open-Loop Voltage Gain Rz2k | 90 | 125 | [ 104 | 125 | [ 104 125 | [ o0 | 122] | o
RATED OUTPUT =
Voltage Output R, = 2kQ +10 +10 +10 +10 v <L
Current Output V, = +10VDC +5 +5 +5 +5 mA
Short Circuit Current V, = 0VDC 10 22 10 22 10 22 10 18 mA -
POWER SUPPLY §
Current, Quiescent [ i-omaoc | Jos[1e] Jos[1s] Jos[1s] Jos][ 2] m o
NOTES: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up. (2) If it is possible for the input voltage to exceed the supply =~ s
voltage, a series protection resistor should be added to limit input current to 0.5mA. The input devices can withstand overload currents of 0.3mA indefinitely without l_
damage. <
CONNECTION DIAGRAM ORDERING INFORMATION E
- TEMPERATURE | BIAS CURRENT,| ()
Top View MODEL PACKAGE RANGE max (fA)
Substrate and Case
OPA128JM TO-99 0°C to +70°C +300
OPA128KM TO-99 0°C to +70°C +150
OPA128LM TO-99 0°C to +70°C *75
OPA1285M TO-99 -55°C to +125°C +150

PACKAGE INFORMATION®™

PACKAGE DRAWING
MODEL PACKAGE NUMBER
OPA128JM TO-99 001
OPA128KM TO-99 001
OPA128LM TO-99 001
OPA1285M TO-99 001
ABSOLUTE MAXIMUM RATINGS

NOTE: (1) For detailed drawing and dimension table, please see end of data

Supply +18VDC sheet, or Appendix D of Burr-Brown IC Data Book.
Internal Power Dissipation" 500mW
Differential Input Voltage +36VDC
Input Voltage Range +18VDC

Storage Temperature Range . —65°C to +150°C

Operating Temperature Range .. .=55°C to +125°C
Lead Temperature (soldering, 10s) +300°C
Output Short Circuit Duration® Continuous
Junction Temperature +175°C

NOTES: (1) Packages must be derated based on 6, = 150°C/W or 6, =
200°C/W. (2) Short circuit may be to power supply common only. Rating
applies to +25°C ambient. Observe dissipation limitand T .
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DICE INFORMATION

PAD

FUNCTION

WNOOAWN =

NC

Offset Trim
-In
+In
-V,
Offset Trim
Output
+Veo
Substrate
No Connection

Substrate Bias: Isolated, normally con-
nected to common.

MECHANICAL INFORMATION

MILS (0.001") | MILLIMETERS
Die Size 96 x 71 5 2.44 x 1.80 £0.13
= Die Thickness 20 +3 0.51 +0.08
Min. Pad Size 4x4 0.10 x 0.10
OPA128 DIE TOPOGRAPHY Backing None
T,= +25°C, £15VDC, unless otherwise noted.
OPEN-LOOP FREQUENCY RESPONSE POWER SUPPLY REJECTION vs FREQUENCY
140 I 140
120 45 g 12
- Gal P k=2 N N{
& 100 KNG 8 § 100
= | =3 B N N
£ w0 - 2t o0 & Ea 80 i
S £ = ) Nl _+PSRR
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TYPICAL PERFORMANCE CURVES (conT)

At T, = +25°C, +15VDC unless otherwise noted.
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BIAS AND OFFSET CURRENT
vs INPUT COMMON-MODE VOLTAGE
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TYPICAL PERFORMANCE CURVES (ConT)

At T, = +25°C, +15VDC unless otherwise noted.
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APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPA128 offset voltage is laser-trimmed and will require
no further trim for most applications. As with most amplifi-
ers, externally trimming the remaining offset can change
drift performance by about 0.3uV/°C for each 100uV of
adjusted effort. Note that the trim (Figure 1) is similar to
operational amplifiers such as HA-5180 and ADS515. The
OPA128 can replace many other amplifiers by leaving the
external null circuit unconnected.

+Voe

+10mV Typical
Trim Range

NOTE: (1) 10kQ to 1MQ
Trim Potentiometer
—Vec (100kQ Recommended)

FIGURE 1. Offset Voltage Trim.

INPUT PROTECTION

Conventional monolithic FET operational amplifiers’ inputs
must be protected against destructive currents that can flow
when input FET gate-to-substrate isolation diodes are for-
ward-biased. Most BIFET® amplifiers can be destroyed by
the loss of -V,

Because of its dielectric isolation, no special protection is
needed on the OPA128. Of course, the differential and
common-mode voltage limits should be observed.

Static damage can cause subtle changes in amplifier input
characteristics without necessarily destroying the device. In
precision operational amplifiers (both bipolar and FET types),
this may cause a noticeable degradation of offset voltage and
drift.

Static protection is recommended when handling any preci-
sion IC operational amplifier.

GUARDING AND SHIELDING

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in input
leads. If large feedback resistors are used, they should also be
shielded along with the external input circuitry. Leakage
currents across printed circuit boards can easily exceed the
bias current of the OPA128. To avoid leakage problems, it is
recommended that the signal input lead of the OPA128 be
wired to a Teflon standoff. If the input is to be soldered
directly into a printed circuit board, utmost care must be used
in planning the board layout. A “guard” pattern should
completely surround the high impedance input leads and
should be connected to a low impedance point which is at the
signal input potential.

BURR - BROWN®
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The amplifier case should be connected to any input shield or
guard via pin 8. This insures that the amplifier itself is fully
surrounded by guard potential, minimizing both leakage and
noise pickup (see Figure 2).

Non-Inverting

Buffer

BOARD LAYOUT
FOR INPUT GUARDING
Guard top and bottom of board.
Alternate: use Teflon® standoff
for sensitive input pins.
Teflon® E.I. Du Pont de Nemours & Co.

FIGURE 2. Connection of Input Guard.

Triboelectric charge (static electricity generated by friction)
can be a troublesome noise source from cables connected to
the input of an electrometer amplifier. Special low-noise cable
will minimize this effect but the optimum solution is to mount
the signal source directly at the electrometer input with short,
rigid, wiring to preclude microphonic noise generation.

TESTING

Accurately testing the OPA 128 is extremely difficult due to its
high level of performance. Ordinary test equipment may not
be able to resolve the amplifier’s extremely low bias current.

Inaccurate bias current measurements can be due to:
1. Test socket leakage

2. Unclean package

3. Humidity or dew point condensation

4. Circuit contamination from fingerprints or anti-static
treatment chemicals

5. Test ambient temperature

6. Load power dissipation

BIFET® National Semiconductor Corp.
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50mV Output -15v

FIGURE 3. High Impedance (10°Q) Amplifier.

Output
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eo=—AQ/Cg
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Low Frequency Cutoff =
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FIGURE 4. Piezoelectric Transducer Charge Amplifier.
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FIGURE 5. FET Input Instrumentation Amplifier for Biomedical Applications.

~10pF 10kQ
) |
1N914 e / Output
2 | »——0
. 3 | OPA606, S H = - Ii_l\\_.,
Input O—— + 1NO14 oNa117A | 1000uF‘ Droop = 100uV/s
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I Polystyrene

FIGURE 6. Low-Droop Positive Peak Detector.
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<1pF to prevent gain peaking.

[Jid
71
10100
Silicon Detector Corp. +15V 1000MQ 2kQ foe)
$D-020-11-21-011 o ! 3 2 N
—[_ Current | -
- Input | Output <
\ 1' Output [7 n_
~ ! B O
~ 5 x10°V/W i Vo =-1VinA
0.01pF
—15V
= = Circuit must be well shielded.
FIGURE 7. Sensitive Photodiode Amplifier. FIGURE 8. Current-to-Voltage Converter.

+5V
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I

OPERATIONAL AMPLIFIERS

Biased
Current
Transducer
1 s
= 4
5
10
11 Output
12
+15V
7
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8 Vo = 1mV/pA
6 REF101
+5V
4 1

FIGURE 9. Biased Current-to-Voltage Converter.
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BURR-BROWNG®

OPA129

Ultra-Low Bias Current Difet®
OPERATIONAL AMPLIFIER

FEATURES APPLICATIONS

@ ULTRA-LOW BIAS CURRENT: 100fA max ® PHOTODETECTOR PREAMP

@® LOW OFFSET: 2mV max ® CHROMATOGRAPHY

® LOW DRIFT: 10uV/°C max ® ELECTROMETER AMPLIFIERS
® HIGH OPEN-LOOP GAIN: 94dB min ® MASS SPECTROMETER

® LOW NOISE: 15nV//Hz at 10kHz ©® pH PROBE AMPLIFIER

@ PLASTIC DIP and SOIC PACKAGE ® |ON GAGE MEASUREMENT

DESCRIPTION

The OPA129 is an ultra-low bias current mono-

lithic operational amplifier offered in an 8-pin PDIP Substrate

and SO-8 package. Using advanced geometry di-

electrically-isolated FET (Difet®) inputs, this mono-

lithic amplifier achieves a high performance level. 6 @

Difet fabrication eliminates isolation-junction leakage

current—the main contributor to input bias current

with conventional monolithic FETs. This reduces n

input bias current by a factor of 10 to 100. Very low

input bias current can be achieved without resorting to

small-geometry FETs or CMOS designs which can E] = —

suffer from much larger offset voltage, voltage noise, +in Ng‘se'F'ee

. .. ascode

drift, and poor power supply rejection.

The OPA129's special pinout eliminates leakage cur- . >_Ol?_—|?pm

rent that occurs with other op amps. Pins 1 and 4 have

no internal connection, allowing circuit board guard %w«g 3 30kQ

traces—even with the surface-mount package version. ~

OPA129 is available in 8-pin DIP and SO-8 packages,

specified for operation from —40°C to +85°C. —E
V-

Simplified Circuit

Difet® Burr-Brown Corp.

International Airport Industrial Park  +  Mailing Address: PO Box 11400 + Tucson, AZ85734 . Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (602) 746-1111  +  Twx:910-952-1111 .« Cable: BBRCORP -« Telex: 066-6491 + FAX:(602)889-1510 + Immediate Product Info: (800) 548-6132

“BURR - BROWN®
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SPECIFICATIONS

ELECTRICAL
At Vg = +15V and T, = +25°C unless otherwise noted. Pin 8 connected to ground.
OPA129PB, UB OPA129P, U
PARAMETER CONDITION MIN TYP MAX MIN TYP MAX UNITS fe))
INPUT BIAS CURRENT™ Veu =0V +30 +100 * +250 fA N
vs Temperature Doubles every 10°C * —
INPUT OFFSET CURRENT Veu =0V +30 * fA E
OFFSET VOLTAGE
Input Offset Voltage Vey =0V +0.5 +2 +1 15 mv O
vs Temperature +3 +10 +5 uv/eC
Supply Rejection Vg =15V to £18V +3 +100 " * %
NOISE
Voltage f=10Hz 85 M nV/\Hz
f = 100Hz 28 * nV/Hz m
f=1kHz 17 * nv/Hz o
f=10kHz 15 * nV/\Hz
f, = 0.1Hz to 10Hz 4 . 1Vp- 1]
Current f=10kHz 0.1 . A/ Hz E
INPUT IMPEDANCE —
Differential 10| 1 * Q|| pF -l
Common-Mode 10|12 * Q |l pF D.
VOLTAGE RANGE E
Common-Mode Input Range +10 +12 * * v <
Common-Mode Rejection V=10V 80 118 * * dB
OPEN-LOOP GAIN, DC -1
Open-Loop Voltage Gain R 2k 94 120 . . dB <
FREQUENCY RESPONSE =
Unity Gain, Small Signal 1 . MHz (@)
Full Power Response 20Vp-p, R_ = 2kQ 47 * kHz —
Slew Rate V=210V, R_=2kQ 1 25 * * Vips
Settling Time: G=—1,R,_=2kQ, 10V Step <
0.1% 5 . s oc
0.01% 10 * us w
Overload Recovery, 50% Overdrive® G=-1 5 * us n-
RATED OUTPUT o
Voltage Output R =2kQ +12 +13 * * \"
Current Output V=112V +6 +10 * * mA
Load Capacitance Stability Gain = +1 1000 * pF
Short-Circuit Current +35 +55 * * mA
POWER SUPPLY
Rated Voltage +15 * \
Voltage Range, Derated Performance +5 +18 * * v
Current, Quiescent l, = 0mA 1.2 1.8 * * mA
TEMPERATURE
Specification Ambient Temperature —40 +85 > * °C
Operating Ambient Temperature —40 +125 * * °C
Storage —40 +125 * * °C
Thermal Resistance 6,,, Junction-to-Ambient
PDIP—"P" 90 * °C/W
soic—"u" 100 * °C/W

NOTES: (1) High-speed automated test. (2) Overload recovery is defined as the time required for the output to return from saturation to linear operation following the
removal of a 50% input overdrive.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®
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ABSOLUTE MAXIMUM RATINGS PACKAGE INFORMATION®™

Power Supply Voltage +18V PACKAGE DRAWING
Differential Input Voltage V-to V+ MODEL PACKAGE NUMBER

Input Voltage Range V-to Vs OPA129P 8-pin Plastic DIP 006

Storage Temp Range —40°C to +125°C OPA129PB 8-pin Plastic DIP 006

Operating Temperature Range . —40°C to +125°C OPA129U 8-pin SOIC 182

Lead Temperature (soldering, 10s; SOIC 3s) OPA129UB 8-pin SOIC 182

Output Short Circuit Duration(® Continuous NOTE: (1) For detailed drawing and dimension table, please see end of data
Junction Temp T +150°C sheet, or Appendix D of Burr-Brown IC Data Book.

NOTE: (1) Short circuit may be to power supply common at +25°C ambient.

Voltage Gain (dB)

140

120

100

80

60

40

20

CONNECTION DIAGRAM
E LECTROSTAT' c Top View DIP/SOIC
\—y
DISCHARGE SENSITIVITY e [1] 8 | Substate
~In E 7| Vs
Any integrated circuit can be damaged by ESD. Burr-Brown o E E Output
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling NC E E' V-
and installation procedures can cause damage.
ESD damage can range from subtle performance degrada- NG: No internal connection.
tion to complete device failure. Precision integrated circuits
may be more susceptible to damage because very small
parametric changes could cause the device not to meet
published specifications.
T, = +25°C, +156VDC, unless otherwise noted.
OPEN-LOOP FREQUENCY RESPONSE POWER SUPPLY REJECTION vs FREQUENCY
140 T
45 g 120
- | Gain - e Ny N
g s 100
N L [ 2 8 N N
il 0 T s 8 N AN
WN £ > N Ny +PSRR
Phase ] 2 60
N Margin 8 3 ~PSRR w\ \\
N ~90° 135 2 s 40 N
N z N .
N o 20 ™ q M
N \ :
| N 180 0 N
1 10 100 1k 10k 100k 1M 10M 1 10 100 1k 10k 100k 1M 10M
Freqyency (Hz) Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (conT)

T, = +25°C, +15VDC, unless otherwise noted.

COMMON-MODE REJECTION
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TYPICAL PERFORMANCE CURVES (CONT)

T,=+25°C, +15VDC, unless otherwise noted.
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vs SUPPLY VOLTAGE
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TYPICAL PERFORMANCE CURVES (conT)

T, =+25°C, +15VDC, unless otherwise noted.

COMMON-MODE INPUT RANGE vs SUPPLY VOLTAGE
15

10

Common-Mode Voltage (+V)

Supply Voltage (+Vc)

APPLICATIONS INFORMATION
NON-STANDARD PINOUT

The OPA129 uses a non-standard pinout to achieve lowest
possible input bias current. The negative power supply is
connected to pin 5S—see Figure 1. This is done to reduce the
leakage current from the V- supply (pin 4 on conventional
op amps) to the op amp input terminals. With this new
pinout, sensitive inputs are separated from both power
supply pins.

V-

470kQ 470kQ
220Q I 0.1pF
1 v

FIGURE 1. Offset Adjust Circuit.

OFFSET VOLTAGE TRIM

The OPA129 has no conventional offset trim connections.
Pin 1, next to the critical inverting input, has no internal
connection. This eliminates a source of leakage current and
allows guarding of the input terminals. Pin 1 and pin 4, next
to the two input pins, have no internal connection. This
allows an optimized circuit board layout with guarding—see
“circuit board layout.”

BURR - BROWN®
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BIAS CURRENT vs ADDITIONAL POWER DISSIPATION
100pA == —_

10pA |=

1pA

Bias Current (fA)

100 E

0 50 100 150 200 250 300 350
Additional Power Dissipation (mW)

Due to its laser-trimmed input stage, most applications do
not require external offset voltage trimming. If trimming is
required, the circuit shown in Figure 1 can be used. Power
supply voltages are divided down, filtered and applied to the
non-inverting input. The circuit shown is sensitive to varia-
tion in the supply voltages. Regulation can be added, if
needed.

GUARDING AND SHIELDING

Ultra-low input bias current op amps require precautions to
achieve best performance. Leakage current on the surface of
circuit board can exceed the input bias current of the ampli-
fier. For example, a circuit board resistance of 1012Q from
a power supply pin to an input pin produces a current of
15pA—more than one-hundred times the input bias current
of the op amp.

To minimize surface leakage, a guard trace should com-
pletely surround the input terminals and other circuitry
connecting to the inputs of the op amp. The DIP package
should have a guard trace on both sides of the circuit board.
The guard ring should be driven by a circuit node equal in
potential to the op amp inputs—see Figure 2. The substrate,
pin 8, should also be connected to the circuit board guard to
assure that the amplifier is fully surrounded by the guard
potential. This minimizes leakage current and noise pick-up.

Careful shielding is required to reduce noise pickup. Shield-
ing near feedback components may also help reduce noise
pick-up.

Triboelectric effects (friction-generated charge) can be a
troublesome source of errors. Vibration of the circuit board,
input connectors and input cables can cause noise and drift.
Make the assembly as rigid as possible. Attach cables to
avoid motion and vibration. Special low noise or low leak-
age cables may help reduce noise and leakage current. Keep
all input connections as short possible. Surface-mount com-
ponents may reduce circuit board size and allow a more rigid
assembly.

2.67
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CIRCUIT BOARD LAYOUT

The OPA129 uses a new pinout for ultra low input bias
current. Pin 1 and pin 4 have no internal connection. This
allows ample circuit board space for a guard ring surround-
ing the op amp input pins—even with the tiny SO-8 surface-
mount package. Figure 3 shows suggested circuit board
layouts. The guard ring should be connected to pin 8 (sub-
strate) as shown. It should be driven by a circuit node equal
in potential to the input terminals of the op amp—see Figure
2 for common circuit configurations.

TESTING

Accurately testing the OPA129 is extremely difficult due to
its high performance. Ordinary test equipment may not be
able to resolve the amplifier’s extremely low bias current.

Inaccurate bias current measurements can be due to:
1. Test socket leakage,

. Unclean package,

. Humidity or dew point condensations,

AW N

. Circuit contamination from fingerprints or anti-static
treatment chemicals,

. Test ambient temperature,
. Load power dissipation,
. Mechanical stress,

oIS B e ]

. Electrostatic and electromagnetic interference.

(A) Non-Inverting

(B) Buffer

Guard top and bottom of board.
FIGURE 2. Connection of Input Guard.

w4 0« « CONnect to proper circuit
node, depending on circuit
configuration (see Figure 2).

sxnx Connect to proper circuit
node, depending on circuit
configuration (see Figure 2).

-V,

—

5
(B) SOIC package

FIGURE 3. Suggested Board Layout for Input Guard.
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FIGURE 6. Piezoelectric Transducer Charge Amplifier.
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FIGURE 7. Sensitive Photodiode Amplifier.
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BURR-BROWN®

PRELIMINARY INFORMATION
SUBJECT TO CHANGE
WITHOUT NOTICE

General Purpose
FET-INPUT OPERATIONAL AMPLIFIERS

OPA131
OPA2131
OPA4131

FEATURES

@ FET INPUT: |, = 50pA

® LOW OFFSET VOLTAGE: 2mV max
® WIDE SUPPLY RANGE: +4.5 to +18V
@ SLEW RATE: 10V/us

@ WIDE BANDWIDTH: 4MHz

©® SINGLE, DUAL, QUAD VERSIONS

DESCRIPTION

The OPA131 series of FET-input op amps provides
high performance at low cost. Single, dual and quad
versions in industry-standard pinouts allow cost-effec-
tive design options.

The OPA131 series offers excellent general purpose
performance, including low offset voltage, drift, and
good dynamic characteristics.

All are available in DIP and SOIC packages, specified
for operation from —40°C to +85°C.

OPA4131
| —
OutA [ 1 14| OutD
in A B 1 D
on [¢] o]
+nA | 3 1 112 +InD
V+ i_ 11 V-
L —
+nB |5 "1\_11 +InC
-nB |6 g 9] -mc
OutB | 7 ’T OutC
L

14-Pin DIP

OPA131
/
Offset Trim | 1 8 | NC
=In lz 7| V+
+In E 6 | Output
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PRELIMINARY SPECIFICATIONS

At T,=+25°C, Vg = £15V, R_ = 2kQ unless otherwise noted.

OPA131P, U
OPA2131P, U
OPA4131P, U
PARAMETER CONDITION MIN TYP MAX UNITS
OFFSET VOLTAGE
Input Offset Voltage
OPA131 single . +0.5 +2 mV
OPA2131 dual +0.5 +3 mvV
OPA4131 quad +0.5 +5 mv
vs Temperature Operating Temperature Range +2 uvree
vs Power Supply Vg =14.5V to £18V 50 200 Hvv
INPUT BIAS CURRENT(
Input Bias Current Vou = 0V 5 +50 pA
vs Temperature Doubles every 10°C
Input Offset Current Vou = 0V +3 +50 pA
NOISE
Input Voltage Noise
Noise Density, f = 10Hz . 25 nv/VHz
f = 100Hz 15 nv/VHz
f = 1kHz 12 nVv/vVHz
f = 10kHz 12 nv/vHz
Current Noise Density, f = 1kHz 0.6 tA/VHz
INPUT VOLTAGE RANGE
Common-mode Rejection Vom = (V+) =1 to (V-)+3V 70 80 dB
INPUT IMPEDANCE g
Differential 1013 2 Q|| pF
Common-Mode Vem=—-12to +12V 103| 6 Q|| pF
OPEN-LOOP GAIN
Open-loop Voltage Gain Vo =-12 to +12V 90 112 dB
FREQUENCY RESPONSE
Gain-Bandwidth Product 4 MHz
Slew Rate 10 Vius
Settling Time 0.1% G=—1, 10V Step 1.5 us
0.01% G=—1, 10V Step 22 us
Total Harmonic Distortion 1kHz 0.004 %
OUTPUT
Voltage Output, Positive (V+) -8 (V+) 25 A
Negative (V-) +3 (V-) +2.5 . \
Short-Circuit Current +25 : © mA
POWER SUPPLY
Specified Operating Voltage +15 v
Operating Voltage Range +4.5 +18 v
Quiescent Current (per amplifier) lo=0 +1.5 +1.75 mA
TEMPERATURE RANGE
Operating Range —40 +85 °C
Storage —40 +125 °C
Thermal Resistance, 6, 920 °C/W

NOTES: (1) High-speed test at T, = 25°C.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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BURR-BROWN®

OPA404

l
I OPA404

Quad High-Speed Precision

n

H oc

Difet® OPERATIONAL AMPLIFIER T

——— L

&

FEATURES APPLICATIONS =

©® WIDE BANDWIDTH: 6.4MHz @ PRECISION INSTRUMENTATION j

® HIGH SLEW RATE: 35V/us ©® OPTOELECTRONICS <

® LOW OFFSET: £750uV max ® SONAR, ULTRASOUND %

@ LOW BIAS CURRENT: +4pA max ©® PROFESSIONAL AUDIO EQUIPMENT =

@ LOW SETTLING: 1.5us to 0.01% ® MEDICAL EQUIPMENT <L

©® STANDARD QUAD PINOUT @ DETECTOR ARRAYS E

a

DESCRIPTION . o
The OPA404 is a high performance monolithic Difet® @ Voo

(dielectrically-isolated FET) quad operational ampli-
fier. It offers an unusual combination of very-low bias
current together with wide bandwidth and fast slew
rate.

Noise, bias current, voltage offset, drift, and speed are

superior to BIFET® amplifiers. +n | Cascode |
>_Ooutput

Laser-trimming of thin-film resistors gives very low
offset and drift—the best available in a quad FET op
amp.

The OPA404's input cascode design allows high
precision input specifications and uncompromised

high-speed performance. QD C)

Standard quad op amp pin configuration allows up-
grading of existing designs to higher performance o
levels. The OPA404 is unity-gain stable. Ve

OPA404 Simplified Circuit
(Each Amplifier)

Difet®, Burr-Brown Corp.
BIFET®, National Semiconductor Corp.

International Airport Industrial Park «  Mailing Address: PO Box 11400 + Tucson, AZ85734 - Street Address: 6730 S. Tucson Bivd. + Tucson, AZ 85706
Tel: (602) 746-1111 +  Twx: 910-952-1111 - Cable: BBRCORP - Telex: 066-6491 -« FAX:(602)889-1510 + Immediate Product info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL
AtV =+15VDC and T, = +25°C unless otherwise noted.
OPA404AG, KP, KU® OPA404BG OPA404SG
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP | ‘MAX UNITS
INPUT
NOISE
Voltage: f, = 10Hz 32 * * nV/Hz
f, = 100Hz 19 . . nVAHz
f, = 1kHz 15 . . nVAHz
f, = 10kHz 12 . . nVAHz
fy = 10Hz to 10kHz 14 * * pVrms
fg=0.1Hz to 10Hz 0.95 * * uVp-p
Current: f; = 0.1Hz to 10Hz 12 * * 1A, p
f, = 0.1Hz thru 20kHz 0.6 * * fA/NHz
OFFSET VOLTAGE :

Input Offset Voltage Vew =0VDC +260 +1mV * +750 * * uv
KP, KU +750 | +2.5mV %
Average Drift Tao=TyntoT, +3 * * pv/ec
KP, KU +5 uvrerc

Supply Rejection Vo =12Vito 18V 80 100 86 * * * dB

KP, KU 76 100 dB
Channel Separation 100Hz, R_ = 2kQ 125 * * dB
BIAS CURRENT
Input Bias Current V., =0VDC +1 18 * +4 * * pA

KP, KU +1 +12 pA
OFFSET CURRENT
Input Offset Current Ve =0VDC 0.5 8 * 4 " * PA

KP, KU 0.5 12 pA
IMPEDANCE
Differential 10| 1 * * Q|| pF
Common-Mode 10" 3 * * Q|| pF
VOTAGE RANGE
Common-Mode Input Range +10.5 | +13,-11 * * * * v
Common-Mode Rejection V, =+10VDC 88 100 92 * * * dB

KP, KU 84 100 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R 22kQ 88 100 92 * * * dB
FREQUENCY RESPONSE
Gain Bandwidth Gain = 100 4 6.4 5 * * * MHz
Full Power Response 20Vp-p, R = 2kQ 570 * * kHz
Slew Rate V, =%10V, R_=2kQ 24 35 28 * * * Vips
Settling Time: 0.1% Gain = -1, R = 2kQ 0.6 * * us

0.01% C, = 100 pF, 10V Step 15 * * us
RATED OUTPUT
Voltage Output R =2kQ +11.5 +13.2,-13.8 * * * * '
Current Output V,=+10VDC 5 +10 * * * * mA
Output Resistance 1MHz, Open Loop 80 * * Q
Load Capacitance Stability Gain = +1 1000 * * pF
Short Circuit Current +10 +27 +40 * " * * * * mA
POWER SUPPLY
Rated Voltage +15 * * VvDC
Voltage Range,

Derated Performance 5 +18 * * * * vDC
Current, Quiescent l, = OMADC 9 10 * * * * mA
TEMPERATURE RANGE
Specification Ambient Temperature| —25 +85 * * -55 +125 °C

KP, KU 0 +70 °C
Operating Ambient Temperature| -55 +125 * * * * °C

KP, KU 25 +85 °C
Storage Ambient Temperature| —65 +150 * * * * °C

KP, KU —40 +125 °C
6 Junction-Ambient 100 * * °C/W

KP, KU 120/100 °C/W

*Specifications same as OPA404AG.

NOTE: (1) OPA404KU may be marked OPA404U.
The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

AtV =+15VDC and T, = T, to T,,,, unless otherwise noted.

OPERATIONAL AMPLIFIERS n OPA404

OPA404AG, KP, KU OPA404BG OPA404SG
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
TEMPERATURE RANGE
Specification Range Ambient Temperature| -25 * - -55 +125 °C
KP, KU 0 +70 °C
INPUT
OFFSET VOLTAGE
Input Offset Voltage Vg =0VDC +450 2mVv * +1.5mV +550 |+2.5mV uv
KP KU +1 +3.5 mv
Average Drift +3 * * pv/reC
KP, KU 5 uvreC
Supply Rejection 75 96 80 * 70 93 dB
BIAS CURRENT
Input Bias Current Ve = 0VDC +32 +200 * +100 +500 +5nA pPA
OFFSET CURRENT
Input Offset Current Vew = 0VDC 17 100 * 50 260 2.5nA PA
VOLTAGE RANGE
Common-Mode Input Range +10 $12.7,-10.6 * * +10 +12.6,-10.5 \
Common-Mode Rejection V, =+10VDC 82 99 86 * 80 88 dB
KP, KU 80 99 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R _22kQ 82 94 86 o 80 88 dB
RATED OUTPUT
Voltage Output R =2kQ +11.5 +12.9,-13.8 * * *11 +12.7,-13.8 Vv
Current Output Vo =%10VDC 5 +9 * " * 8 mA
Short Circuit Current V,=0VDC +8 +20 * * * * * * mA
POWER SUPPLY
Current, Quiescent I, = 0OmADC 9.3 10.5 * * 9.4 1 mA
* Specification same as OPA404AG.
ORDERING INFORMATION PACKAGE INFORMATION™
TEMPERATURE PACKAGE DRAWING
MODEL PACKAGE RANGE MODEL PACKAGE NUMBER
OPA404KP 14-Pin Plastic DIP 0°C to +70°C OPA404KP 14-Pin Plastic DIP 010
OPA404KU™M 16-Pin Plastic SOIC 0°C to +70°C OPA404KU®@ 16-Pin Plastic SOIC 211
OPA404AG 14-Pin Ceramic DIP —25°C to +85°C OPA404AG 14-Pin Ceramic DIP 169
OPA404BG 14-Pin Ceramic DIP —25°C to +85°C OPA404BG 14-Pin Ceramic DIP 169
OPA404SG 14-Pin Ceramic DIP —55°C to +125°C OPA404SG 14-Pin Ceramic DIP 169
NOTE: (1) OPA404KU may be marked OPA404U. NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book. (2) OPA404KU may be
ABSOLUTE MAXIMUM RATINGS marked OPA404U.
Supply +18VDC Operating Temperature Range ..... P, U = -25°C/+85°C, G = -55°C/+125°C
Internal Power Dissipation” 1000mW Lead Temperature (soldering, 10s) 300°C
Differential Input Voltage® +36VDC SOIC (soldering, 3s) +260°C
Input Voltage Range® +18VDC Output Short-Circuit Duration® Continuous
Storage Temperature Range ..... P, U = —40°C/+125°C, G = —65°C/+150°C Junction Temperature +175°C

NOTES: (1) Packages must be derated based on 6, = 30°C/W or 6,, = 120°C/W. (2) For supply voltages less than +18VDC the absolute maximum input voltage
is equal to: 18V >V, > -V . — 8V. See Figure 2. (3) Short circuit may be to power supply common only. Rating applies to +25°C ambient. Observe dissipation

limit and T .
PIN CONFIGURATION
Top View “G” or “P” (DIP) Package
outa[ 1] ~ 14]outp
—inA E 13({-InD
+1In AE 12|+InD
+Veo E 1|~V

+In BE EHn C
~In BE E—mc
Ou:BE _T_‘omc

Top View

OutAlz EOutD
-nal2H- A - 'J1_—5,—lnD
+InAE—1 + + -‘Ean

o[ 3]

+In BE_ + R o + EMHC
=in BE— - - -E‘—Inc
OutBE 10 |OutC

NCE EINC

“U” (SOIC) Package

|-
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DICE INFORMATION

OPA404 DIE TOPOGRAPHY

PAD FUNCTION PAD FUNCTION
1 Output A 8 Output C
2 —Input A 9 ~Input C
3 +Input A 10 +input C
4 +Vge 1 Ve
5 +input B 12 +Input D
6 ~Input B 13 —Input D
7 Output B 14 Output D
Substrate Bias: -V
NC: No connection
MECHANICAL INFORMATION
MILS (0.001") | MILLIMETERS
Die Size 108x108+5 | 2.74x2.74£0.13
Die Thickness 2043 0.51+0.08
Min. Pad Size 4x4 0.10x0.10
Backing None

TYPICAL PERFORMANCE CURVES

T,=+25°C, V,, = +15VDC unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (conT)

T, =+25°C, V., = +15VDC unless otherwise noted.

BIAS AND OFFSET CURRENT POWER SUPPLY REJECTION

vs INPUT COMMON-MODE VOLTAGE vs FREQUENCY g
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Gain Bandwidth (MHz)
o

30

20

Output Voltage (Vp-p)

Output Voltage (mV)
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TYPICAL PERFORMANCE CURVES (CONT)

T,=+25°C, V= +15VDC unless otherwise noted.

GAIN-BANDWIDTH AND SLEW RATE

vs SUPPLY VOLTAGE
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TYPICAL PERFORMANCE CURVES (conT)

T, =+25°C, V, = £15VDC unless otherwise noted.

CHANNEL SEPARATION
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APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPA404 offset voltage is laser-trimmed and will require
no further trim for most applications. If desired, offset
voltage can be trimmed by summing (see Figure 1). With
this trim method there will be no degradation of input offset
drift.

14
OPA404 +—O Out
+

-15V
\Af\/L 100kQ i £2mV

Offset

200 % 150kQ Trim
+15V

FIGURE 1. Offset Voltage Trim.

INPUT PROTECTION

Conventional monlithic FET operational amplifiers require
external current-limiting resistors to protect their inputs against
destructive currents that can flow when input FET gate-to-
substrate isolation diodes are forward-biased. Most BIFET
amplifiers can be destroyed by the loss of -V ..

Unlike BIFET amplifiers, the Difet OPA404 requires input
current limiting resistors only if its input voltage is greater
than 8 volts more negative than —V .. A 10k€2 series resistor
will limit the input current to a safe value with up to £15V

input levels even if both supply voltages are lost. (See Figure

2 and Absolute Maximum Ratings).

INPUT CURRENT vs INPUT VOLTAGE
WITH £Vgc PINS GROUNDED
+2

T

10
=8
c
3
@
£
bt

+1

< T
;:: T
5 0T =
o
5
=3 et
£ | T
JEC T S 0 8 [ S P o o e |
1 it Safe Current-;
-2 B 1
-15 -10 -5 0 +5 +10 +15
Input Voltage (V)

FIGURE 2. Input Current vs Input Voltage with £V .
Pins Grounded.
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Static damage can cause subtle changes in amplifier input
characteristics without necessarily destroying the device. In
precision operational amplifiers (both bipolar and FET types),
this may cause a noticeable degradation of offset voltage and
drift.

Static protection is recommended when handling any
precision IC operational amplifier.

GUARDING AND SHIELDING

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in input
leads. If large feedback resistors are used, they should also
be shielded along with the external input circuitry.

Leakage currents across printed circuit boards can easily
exceed the bias current of the OPA404. To avoid leakage,
utmost care must be used in planning the board layout. A
“guard” pattern should completely surround the high
impedance input leads and should be connected to a low-
impedance point which is at the signal input potential. (See
Figure 3).

Non-Inverting Buffer

For input guarding,
guard top and bottom of board.

FIGURE 3. Connection of Input Guard.

HANDLING AND TESTING

Measuring the unusually low bias current of the OPA404 is
difficult without specialized test equipment; most commer-
cial benchtop testers cannot accurately measure the OPA404
bias current. Low-leakage test sockets and special test fix-
tures are recommended if incoming inspection of bias cur-
rent is to be performed.

To prevent surface leakage between pins, the DIP package
should not be handled by bare fingers. Oils and salts from
fingerprints or careless handling can create leakage currents
that exceed the specified OPA404 bias currents.

BURR - BROWN®
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If necessary, DIP packages and PC board assemblies can be
cleaned with Freon TF®, baked for 30 minutes at 85°C,
rinsed with de-ionized water, and baked again for 30 min-
utes at 85°C. Surface contamination can be prevented by the
application of a high-quality conformal coating to the cleaned
PC board assembly.

BIAS CURRENT CHANGE
VERSUS COMMON-MODE VOLTAGE

The input bias currents of most popular BIFET operational
amplifiers are affected by common-mode voltage (Figure 4).
Higher input FET gate-to-drain voltage causes leakage and
ionization (bias) currents to increase. Due to its cascode
input stage, the extremely-low bias current of the OPA404
is not compromised by common-mode voltage.

80 M TT T I T T T T 1T T 717 T
70 |-/ Ta=+25°C; curves taken from LF156/157 | | |
s mfg. published typical data
I 60 t - =
k= L1 ’
e 50 I 1|ADS47
= 1 1
5 40 = 7 LF155—1
S a0 | | LF156/157L 1 A
g2 ITH Szl
A
5 27777 gy
& 4o |HLF1s5 T /]
- AD547 T 711 A OPA404
© [oPAsDs T T
-10 jOP-15/16/
20 L]
-15 -10 -5 0 +5 +10 +15
Common-Mode Voltage (VDC)

FIGURE 4. Input Bias Current vs Common-Mode Voltage.

APPLICATIONS CIRCUITS

Figures 5 through 11 are circuit diagrams of various appli-
cations for the OPA404.

MQ

Operate 10kQ
o0 O

O Gain =-100
Vos < 10uV
Drift~0.05uV/°C
Zero Droop=1uV/s
Referred to Input

FIGURE 5. Auto-Zero Amplifier.

OPERATIONAL AMPLIFIERS n OPA404

10kQ
~10pF
I\
o 1MQ % A
1 -
IN914 t { 14 7
2 ! OPA404 ——O Output
T1a N\ - I
3 [oPad0a )
Input O————= + IN914 oNA117 Droop =0.1mV/s
I 0.01pF Polstyrene

NOTE: (1) Reverse polarity for negative peak detection.

FIGURE 6. Low-Droop Positive Peak Detector.
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prTTTTTTTm T mam e H 12
H 1 1 1/4
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FIGURE 7. Voltage-Controlled Microamp Current Source.
<1pF to prevent gain peaking
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Guard +15v4A 0.01uF
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2 -
AIL |. }J 8 Output
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N 3] o .
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- Circuit must be well shielded.
FIGURE 8. Sensitive Photodiode Amplifier.
3
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5 gpA4o4 "
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Guard__ =
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A [ I 100Q
O_|__l__|___l_.
L L 8 v = = 1
Input ‘s b o
I i OPA40_4 ° ‘ 13 gwm 2
1 i N
o T H H ! Rg/2
Nl NS 100Q
Guar&_
Ay = 101pVV Re
le=1pA 6 10kQ
Rin=10""Q “a
BW =100kHz
P,
Differential Voltage Gain = 1+ (2R¢/Rg) 5 iMM 7 m} g(\)/:{;

FIGURE 9. FET Instrumentation Amplifier with Shield Driver.
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Gain = +1V/V
48dB/Octave, 10Hz LPF
Butterworth Response

FIGURE 10. 8-Pole 10Hz Low-Pass Filter.

4.02kQ 4.02kQ 4.02kQ 4.02kQ
A B C 1 D —O0ut
InO- + + + +
Ay = +635
1kQ 1kQ 1kQ 1kQ BW=650kHz
Gain-Bandwidth ~410MHz

FIGURE 11. Wide-Band Amplifier.
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BURR-BROWN®

OPA600

ABRIDGED DATA SHEET
For Additional Technical
Information, Request
PDS-672.

Fast-Settling Wideband
OPERATIONAL AMPLIFIER

FEATURES

® FAST SETTLING: 80ns to £0.1%
100ns to +0.01%
® FULL DIFFERENTIAL FET INPUT
® -25°C to +85°C AND
-55°C to +125°C TEMPERATURE
RANGES
@ +10V OUTPUT: 200mA
@ GAIN BANDWIDTH PRODUCT: 5GHz

DESCRIPTION

The OPA600 is a wideband operational amplifier specifi-
cally designed for fast settling to +0.01% accuracy. It is
stable, easy to use, has good phase margin with minimum
overshoot, and it has excellent DC performance. It uti-
lizes an FET input stage to give low input bias current.
Its DC stability over temperature is outstanding. The slew
rate exceeds 400V/us. All of this combines to form an
outstanding amplifier for large and small signals.

High accuracy with fast settling time is achieved by using
a high open-loop gain which provides the accuracy at
high frequencies. The thermally balanced design main-
tains this accuracy without droop or thermal tail. Exter-
nal frequency compensation allows the user to optimize

Offset

Q15

Offset  Frequency

Frequency
Q2 Compensation

Q4 Compensation 75

APPLICATIONS

® VOLTAGE CONTROLLED OSCILLATOR
DRIVER

® LARGE SIGNAL, WIDEBAND DRIVERS

® HIGH SPEED D/A CONVERTER OUTPUT
AMPLIFIER

©® VIDEO PULSE AMPLIFIER

the settling time for various gains and load conditions.

The OPA600 is useful in a broad range of video, high
speed test circuits and ECM applications. It is particu-
larly well suited to operate as a voltage controlled oscil-
lator (VCO) driver. It makes an excellent digital-to-ana-
log converter output amplifier. It is a workhorse in test
equipment where fast pulses, large signals,
and 50Q drive are important. It is a good choice for
sample/holds, integrators, fast waveform generators, and
multiplexers.

The OPA600 is specified over the industrial temperature
range (OPA600BM, CM) and military temperature range
(OPA600SM, TM). The OPA600 is housed in a welded,
hermetic metal package.

Common
+! ?(,192 (Case) 13 Fequency Fequency

14 Compensation 11 Compensation

50Q
Current

i

Boost

Hnpute = ~Te = - e e e e e e e e e -

16 *

—Input
O

i

Current
Boost

:
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SPECIFICATIONS

ELECTRICAL

AtV ,=+15VDC and T, = +25°C unless otherwise noted.

OPA600CM,TM™ OPA600BM,SM
PARAMETER CONDITIONS MIN [ TYP I MAX MIN JJYP JJAX UNITS 8
OUTPUT (T]
Voltage R, =2kQ +10 * \ E
R, = 500@ +9 . v
Current R, = 500 +180 | 200 . . mA (@)
Current Pulse R,_=50Q® +180 | +200 N " mA
Resistance Open Loop DC 75 * Q
Short-Circuit Current To COMMON Only, t,,,, = 1% 250 300 * * mA
DYNAMIC RESPONSE
Settling Time®: to +0.01% (+1mV) AV =10V 100 125 * * ns
t0 £0.1% (£10mV) AVgyr = 10V 80 105 * * ns w
t0 £1% (£100mV) AV, = 10V 70 95 . . ns o
Gain-Bandwidth Product (open-loop) C, =0pF, G =1V 150 * MHz (1]
C, =0pF, G = 10V/V 500 * MHz E
C, = OpF, G = 100V/V 15 v GHz ]
C, = OpF, G = 1000V/V 5 * GHz —l
C, = OpF, G = 10,000V/V 10 . GHz o
Bandwidth (-3dB small signal)® G=+1VV 125 . MHz =
G=-1VV 90 . MHz <L
G=-10VV 95 * MHz |
G =-100V/V 20 * MHz
G =~1000VV 6 . MHz <t
Full Power Bandwidth Vour = £5V, G = —1V/V, C, = 3.3pF, R,_= 1002 16 . MHz =
Slew Rate Vour=#5VY, G ==1000V/V, C, = OpF, R_ = 100Q 500 * Vius Q
Vour=15V,G = -1V/V@ 400 440 * * Vius l_
Phase Margin G=-1V/V, C, = 3.3pF 40 * Degrees <
GAIN oc
Open-Loop Voltage Gain f=DC, R, =2kQ, T, = +25°C [ 86 | o4 | [ - . B H_J
INPUT 'e)
Offset Voltage” T,=+25°C - +1 +4 2 +5 mvV
T, =-25°C to +85°C 5 +10 mv
T,=-55°C to +125°C 16 *15 mV
Offset Voltage Drift T, =-25°C to +85°C +20 +80 uv/ec
T,=-55°Cto +125°C +20 +100 pv/ec
Bias Current T,=+25°C -20 -100 ’ ) PA
T,=—25°Cto +125°C —20 -100 * * nA
Offset Current T,=+25°C 20 * PA
T,=-55°C to +125°C 20 * nA
Power Supply Rejection Ratio . Voo =$15V, £1V 200 500 * * nviv
Common-Mode Voltage Range -10 +7 * * Vv
Common-Mode Rejection Ratio Veu=-5Vto +5V 60 80 * * dB
Impedance Differential and Common-Mode 10| 2 * Q| pF
Voltage Noise 10kHz Bandwidth 20 * nvWHz
POWER SUPPLY
Rated (V) +15 . vDC
Operating Range +9 +16 * * vDC
Quiescent Current +30 +38 * M mA
TEMPERATURE RANGE (Ambient)
Operating: BM, CM -25 +85 M * °C
SM, TM -55 +125 * * °C
Storage —65 +150 * * °C
6, ,(junction-to-case) 30 * °C/W
6, » (case-to-ambient) 35 * °C/W

*Specification same as OPA600CM, T™M.

NOTES: (1) BM, CM grades: ~25°C to +85°C. SM, TM grades: —55°C to +125°C. (2) Pin 9 connected to +V ., pin 7 connected to -V, .. Observe power dissipation ratings.
(3) Pin 9 and 7 open. Single pulse t = 100ns. Observe power dissipation ratings. (4) Pin 9 and 7 open. See section on Current Boost. (5) G = —1V/V. Optimum settling
time and slew rate achieved by individually compensating each device. Refer to section on Compensation. (6) Frequency compensation as discussed in section on
Compensation. (7) Adjustable to zero.

BURR - BROWN®
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CONNECTION DIAGRAM ABSOLUTE MAXIMUM RATINGS®™
Offset Error ‘ +Voe  Frequency Supply Voltage, +V g to =V 17V
Null (optional) Compensation(!) Power Dissipation, At T, +125°C® 1.6W
V@ Input Voltage: Differential Voo
ce Common-Mode EAV
5kQ X Output Short Circuit Duration to COmmMON .........c.covvveivcercrrnienicirninnnns <5s
’_—L Temperature: pin (soldering, 20s) +300°C
—Input 3 Junction™® T, +175°C
Oo—] = Temperature Range: Storage —65°C to +150°C
Current Boost(2 Operating (case) . ~55°C to +125°C

9
8 Output
OPA600 :

+Input

16

Common
(Case)

NOTES: (1) Refer to Figure 4 for recommended frequency compensation.
(2) connect pin 9 to pin 12 and connect pin 7 to pin 6 for maximum output
current. See Application Information for further information. (3) Bypass
each power supply lead as close as possible to the amplifier pins. A 1uF
CS13 tantalum capacitor is recommended. (4) There is no internal conenction.
An external connection may be made. (5) It is recommended that the
amplifier be mounted with the case in contact with a ground plane for good
thermal transfer and optimum AC performance.

NOTES: (1) Stresses above those listed under “Absolute Maximum Ratings”
may cause permanent damage to the device. Exposure to absolute maximum
conditions for extended periods may affect device reliability. (2) Long term
operation atthe maximum junction temperature will resultin reduced productlife.
Derate internal power dissipation to achieve high MTTF.

ORDERING INFORMATION
VOLTAGE
TEMPERATURE OFFSET
MODEL RANGE (°C) DRIFT (uv/°C)
OPA600BM —2510 +85 +80
OPA600CM -2510 +85 +20
OPA600SM -551t0 +125 +100
OPAG00TM 2510 +125 +20
PACKAGE INFORMATION®
PACKAGE DRAWING
MODEL PACKAGE NUMBER
OPA600CM 16-Pin 142
OPA600BM 16-Pin 142
OPA600SM 16-Pin 142
OPA600TM 16-Pin 142

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.
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OPAG602

BURR-BROWNG®

High-Speed Precision
Difet® OPERATIONAL AMPLIFIER

FEATURES APPLICATIONS

® WIDE BANDWIDTH: 6.5MHz ® PRECISION INSTRUMENTATION

® HIGH SLEW RATE: 35V/us ©® OPTOELECTRONICS

® LOW OFFSET: +250uV max @ SONAR, ULTRASOUND

® LOW BIAS CURRENT: +1pA max ©® PROFESSIONAL AUDIO EQUIPMENT
® FAST SETTLING TIME: 1us to 0.01% ® MEDICAL EQUIPMENT

® UNITY-GAIN STABLE ® DATA CONVERSION

DESCRIPTION y

The OPA602 is a precision, wide bandwidth FET () @
operational amplifier. Monolithic Difet (dielectrically

isolated FET) construction provides an unusual com-
bination of high speed and accuracy. n
Its wide-bandwidth design minimizes dynamic errors. @
High slew rate and fast settling time allow accurate o

signal processing in pulse and data conversion appli- +n I—‘—-‘—l
cations. Wide bandwidth and low distortion minimize (] Cascode

AC errors. All specifications are rated with a 1kQ
resistor in parallel with S00pF load. The OPA602 is >—o

Output

unity-gain stable and easily drives capacitive loads up ©)

to 1500pF. e

Laser-trimmed input circuitry provides offset voltage
and drift performance normally associated with preci-
sion bipolar op amps. Difet construction achieves
o)
1

extremely low input bias currents (1pA max) without
compromising input voltage noise.

The OPA602’s unique input cascode circuitry main-
tains low input bias current and precise input charac- (5)
teristics over its full input common-mode voltage

range.

Difet® Burr-Brown Corp.

International Airport Industrial Park +  Mailing Address: PO Box 11400 - Tucson, AZ 85734 . Street Address: 6730 S. Tucson Bivd. + Tucson, AZ 85706
Tel: (602) 746-1111  + Twx:910-952-1111 .+ Cable: BBRCORP .« Telex: 066-6491 .+ FAX:(602) 889-1510 + Immediate Product Info: (800) 548-6132

OPERATIONAL AMPLIFIERSI ‘OPA602
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ELECTRICAL
At Vg =+15VDC and T, = +25°C unless otherwise noted.
OPA602AM/AP/AU OPA602BM/SM/BP OPA602CM
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | MIN TYP MAX | UNITS
INPUT NOISE
Voltage: f,= 10Hz * 23 * nV/\Hz
fo=100Hz * 19 * nV/\Hz
f,= 1kHz y 13 . nV/ Hz_
fo=10kHz * 12 . nV/\Hz
fy=10Hz to 10kHz * 14 * uvrms
fy=0.1Hz to 10Hz * 0.95 * up-p
Current: f, = 0.1Hz to 10Hz M 12 * fAp-|
fo= 0.1Hz to 20kHz * 0.6 * fA/VHz
OFFSET VOLTAGE
Input Offset Voltage:

M Package Veu = 0VDC +300 | £1000 +150 +500 +100 | +250 uv

P Package 1 2 05 1 mV

U Package 1 3 mV
Over Specified Temperature

M Package +550 +250 | +1000 +200 | +500 uv

P, U Packages +1.5 +0.75 | 15 mV
Average Drift T = T 10 Tyax * +15 +3 5 * 2 uv/ee
Supply Rejection 1V, = 12V to 18V 70 * 80 100 86 * dB
BIAS CURRENT
Input Bias Current Veu = OVDC +2 +10 +1 +2 +0.5 +1 pA
Over Specified Temperature +20 +500 +20 +200 +10 +100 pA

SM Grade +200 [ +2000 pA
OFFSET CURRENT
Input Offset Current Ve = OVDC 1 10 0.5 2 0.5 1 PA
Over Specified Temperature . 20 500 20 200 10 100 pA
SM Grade 200 1000 pA
INPUT IMPEDANCE
Differential * 107 | 1 * Q ||pF
Common-Mode * 10 3 M Q||pF
INPUT VOLTAGE RANGE
Common-Mode Input Range * * +10.2 | +13, * * A
-1
Common-Mode Rejection V,, =+10VDC 75 * 88 100 92 * dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R 2 1kQ 75 * 88 100 92 * dB
FREQUENCY RESPONSE
Gain Bandwidth Gain = 100 35 * 4 6.5 5 * MHz
Full Power Response 20Vp-p, R, = 1kQ * 570 * kHz
Slew Rate Vo = +10V, R, = 1kQ 20 * 24 35 28 * Vius
Settling Time: 0.1% Gain = -1, R_ = 1kQ * 0.6 * us
0.01% C, = 500pF, 10V Step * 1.0 * us
RATED OUTPUT
Voltage Output R_=1kQ +11 * +11.5 | +12.9, * * \
-13.8
Current Output Vo = £10VDC > * +15 +20 * * mA
Output Resistance 1MHz, Open Loop * 80 * Q
Load Capacitance Stability Gain = +1 * 1500 * pF
Short Circuit Current +25 * +30 50 * * mA
POWER SUPPLY
Rated Voltage * +15 * VvDC
Voltage Range, .

Derated Performance * * 5 +18 * * vDC
Current, Quiescent l, = OmADC * * 3 4 * * mA
Over Specified Temperature * * 35 4.5 * * mA
TEMPERATURE RANGE
Specification Ambient Temperature * * -25 +85 * * °C

SM Grade -55 +125 °C
Operating: M Package Ambient Temperature * * -55 +125 " * °C

P, U Packages —25 +85 -25 +85 °C
Storage: M Package Ambient Temperature * * —65 +150 * * °C
P, U Packages —-40 +125 | —40 +125 °C

04 * 200 * °C/W

* Same specifications as OPA602BM.

BURR - BROWN®
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ABSOLUTE MAXIMUM RATINGS

PACKAGE INFORMATION®™

Supply Voltage +18VDC PACKAGE DRAWING
Internal Power DisSipation (T, < +175°C) vo..coorerrererrererecn 1000mW MODEL PACKAGE NUMBER
Differential Input Voltage Total Vg OPAB02AM TO-99 001
Input Voltage Range Vg OPA602BM TO-99 001
Storage Temperature Range OPA602CM TO-99 001
M Package —65°C to +150°C OPAB02SM TO-99 001
P and U Packages —40°C to +125°C OPAGO2AP Plastic DIP 006
Operating Temperature Range OPA602BP Plastic DIP 006
M Package -55°C to +125°C OPA602AU Plastic SOIC 182
P and U Packages -25°C to + 85°C
Lead Temperature NOTE: (1) For detailed drawing and dimension table, please see end of data
M and P Packages (S0lering, 108) .........c..cwerurmeeeemeesieereneerenes +300°C sheet, or Appendix C of Burr-Brown IC Data Book.
U Package, SOIC (3s) +260°C
Output Short Circuit to Ground (+25°C) .......ccveeeemmeciriniccucians Continuous
Junction Temperature +175°C
ORDERING INFORMATION
TEMPERATURE OFFSET VOLTAGE
MODEL PACKAGE RANGE MAX (uV) AT 25°C
OPA602AM TO-99 —25 to +85°C +1000
OPA602BM TO-99 —-25 to +85°C +500
OPA602CM TO-99 —25 to +85°C +250
OPA602SM TO-99 -55 to +125°C +500
OPAB02AP Plastic DIP —25 to +85°C +2000
OPA602BP Plastic DIP —25 to +85°C +1000
OPA602AU Plastic SOIC —25 to +85°C +3000
PIN CONFIGURATIONS

OPA602

Offset Trim

—In {2

Case Connected to +Vg.

Top View — TO-99
NC

Offset Trim

Top View — DIP

—/

Offset Trim E
=In E
+in E
"

Top View — SOIC

Offset Trim
—In

+In

FTE]

_.Vs

NC
+Vg
6 | Output

5 | Offset Trim

RRRE

o]
7] v,
_T_I Output

Offset Trim

OPERATIONAL AMPLIFIERS H

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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DICE INFORMATION

OPA602 DIE TOPOGRAPHY

PAD

FUNCTION

NO G, O =

Offset Trim

~In

+In

Vg

Offset Trim

Output
+Vg

Substrate Bias: —V
NC: No Connection.

MECHANICAL INFORMATION

MILS (0.001") | MILLIMETERS
Die Size 63 x58+5 1.60x 1.47 £0.13
Die Thickness 203 0.51+0.08
Min. Pad Size 4x4 0.10x0.10
Backing None
Transistor Count 36

TYPICAL PERFORMANCE CURVES

T,=+25°C, V= +15VDC unless otherwise noted.

INPUT CURRENT NOISE SPECTRAL DENSITY

100
& g
g 2
3 3
2 2
g = 7 §’
3 g
0.1
1 10 100 1k 10k 100k M
Frequency (Hz)
POWER SUPPLY REJECTION AND COMMON-MODE
REJECTION vs TEMPERATURE
110
N
__ 105 =3
g s
o w | A
10 5
EEC PSR %
S g5 g
o
>
90
-75 -50 -25 0 25 50 75 100 125
Temperature (°C)

1k

100

INPUT VOLTAGE NOISE SPECTRAL DENSITY

1 10

100 1k

Frequency (Hz)

10k 100k M

TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY

AT 1kHz vs SOURCE RESISTANCE

':Eﬁ T T 7 H
- Eo
L1 LA
i ~
Resistor
DA
A
a Resistor Noise Only
[ |
100 1k 10k 100k ™ 10M 100M

Source Resistance ()
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TYPICAL PERFORMANCE CURVES (CONT)

T, = +25°C, V = +15VDC unless otherwise noted.

COMMON-MODE REJECTION

vs INPUT COMMON-MODE VOLTAGE OPEN-LOOP FREQUENCY RESPONSE
12 140
1T T T T T A
R, =1kQ o
—~ 120 —45 O
2 110 G, = 100pF <
< _ 100 2
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@ z % 5
2. 100 c 80 el 0 & O
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@ o N | =
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s © 8 ) i N\ o
T 5 3 @
5 S 4 1 N -135 8
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8 2 7))
AN o«
70 0 -180
-5 10 -5 0 +5 +10 +15 1 10 100 1k 10k 100k 1M 10M E
Common-Mode Voltage (V) Frequency (Hz) LL
—
-
%
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TYPICAL PERFORMANCE CURVES (conT)

T, =+25°C, Vg = £15VDC unless otherwise noted.

LARGE SIGNAL TRANSIENT RESPONSE SMALL SIGNAL TRANSIENT RESPONSE

- -
on o =
© o o

Output Voltage (mV)
|
Q
o o

Output Voltage (V)
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0 1 2 3 4 5 0 1 2
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TYPICAL PERFORMANCE CURVES (CONT)

T, =+25°C, V4 = £15VDC unless otherwise noted.

BIAS AND OFFSET CURRENT
vs TEMPERATURE

10nA — — 10nA
1nA |- 1nA
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POWER SUPPLY REJECTION
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S
0
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Frequency (Hz)

APPLICATIONS INFORMATION

Unity-gain stability with good phase margin and excellent
output drive characteristics bring freedom from the subtle
problems associated with other high speed amplifiers. But
with any high speed, wide bandwidth circuitry, careful
circuit layout will ensure best performance. Make short,
direct interconnections and avoid stray wiring capacitance—
especially at the inverting input pin.

Power supplies should be bypassed with good high fre-
quency capacitors positioned close to the op amp pins. In
most cases 0.1pF ceramic capacitors are adequate. Applica-
tions with heavier loads and fast transient waveforms may
benefit from use of additional 1.0pF tantalum bypass capaci-
tors.

BURR - BROWN®
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BIAS AND OFFSET CURRENT
vs INPUT COMMON MODE VOLTAGE
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INPUT BIAS CURRENT GUARDING

Leakage currents across printed circuit boards can easily
exceed the input bias current of the OPA602. A circuit board
“guard” pattern (Figure 1) is an effective solution to difficult
leakage problems. This guard pattern must be repeated on all
layers of a multilayer board. By surrounding critical high
impedance input circuitry with a low impedance circuit
connection at the same potential, leakage currents will flow
harmlessly to the low impedance node.

Input bias current may also be degraded by improper han-
dling or cleaning. Contamination from handling parts and
circuit boards may be cleaned with appropriate solvents and
de-ionized water. Each rinsing operation should be followed
by a 30-minute bake at +85°C.
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Noninverting

Board Layout for Input Guarding:
Guard top and bottom of board.

Teflon® E.I. Du Pont de Nemours & Co.

FIGURE 1. Connection of Input Guard.

Alternate—use Teflon® standoff for sensitive input pins.

Buffer

To Guard Drive

APPLICATION CIRCUITS

MSB
B, * ¢ + o o ¢ o « « +By,
2
o—- o LalsTelrTololioulilialalss -
3 o +15V R:
© +10mV Typical DAC7541A Out 1 - Y
Trim Range 7 ur
4 O—{ VReFeReNCE Out 2 OPA602 S)
3 +
NOTE: (1) 10kQ to 1MQ Trim
Potentiometer (100kQ
Vg Recommended) Single-Point Ground — l
. =V,
FIGURE 2. Offset Voltage Trim. ce
BI BZ BG B|2
Vour = -V, — ¢ 2 =X g e
our REF(2 T T8 YT 00e
—10V < Ve S +10V
4095
0 VoS = —— V,
out 4096 REF
Where: By = 1 if the B, digital input is high
By, = 0 if the B, digital input is low
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FIGURE 3. Voltage Output D/A Converter.
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HP 5082-2835
2kQ 2kQ 50Q
W VVV )A] ; +15V
47pF
L 1uF
High Quality i A Y “
Pulse Generator 2kQ * —
‘/W 510Q %
+15V 1pF
Pulse in 1pF Tantalum
+5V 2kQ '\}-—A |_1 _ = + Ij_—
E ‘/\/\/\ - - —ﬂZ 2N5564
OPA602 ~0) Output
- %51 Q . 1yF Tantalum i Error Out
— +0.5mV
= + - 019
= L — - ¢ (0.01%)
h I 500pF  S—e
—15V

I———E/z 2N5564

,  1pF
—iF
5100 % .
1pF

i

-15V

FIGURE 4. Settling Time and Slew Rate Test Circuit.
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BURR-BROWNG®

OPA603

High Speed, Current-Feedback
OPERATIONAL AMPLIFIER

FEATURES APPLICATIONS
© BANDWIDTH: 100MHz, G = 1 to 10 ® VIDEO AMPLIFIER
® SLEW RATE: 1000V/us ® PULSE AMPLIFIER
® FAST SETTLING TIME: 50ns to 0.1% ® SONAR, ULTRASOUND CIRCUITRY
® WIDE SUPPLY RANGE: +4.5 to +18V ® ATE PIN DRIVERS
@ HIGH OUTPUT CURRENT: +150mA peak ® LINE DRIVERS
® 8-PIN PLASTIC MINI-DIP PACKAGE ® FAST DATA ACQUISTION
® SOL-16 SURFACE-MOUNT PACKAGE ® WAVEFORM GENERATORS
DESCRIPTION s
7

The OPA603 is a high-speed current-feedback op amp %

with guaranteed specifications at both £5V and £15V

power supplies. It can deliver full £10V signals into () *—E
150Q loads with up to 1000V/us slew rate. This
allows it to drive terminated 75Q cables. With 150mA
peak output current capability it is suitable for driving
load capacitance or long lines at high speed.

7\
7\

L
]

"]
]

In contrast with conventional op amps, the current- “In

feedback approach provides nearly constant band-
width and settling time over a wide range of closed-
loop voltage gains.

The OPA603 is available in a plastic 8-pin dual-in-line
and SOL-16 surface-mount packages, specified for the ()
industrial temperature range. ' [

w

7
7

International Airport Industrial Park « Mailing Address: PO Box 11400 - Tucson,AZ 85734 « Street Address: 6730 S. Tucson Bivd. « Tucson, AZ 85706
Tel: (602) 746-1111 - Twx: 910-952-1111 .+ Cable: BBRCORP - Telex: 066-6491 + FAX:(602)889-1510 - Immediate Product Info: (800) 548-6132
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SPECIFICATIONS, v = +15V

ELECTRICAL

T,=+25°C, R_= 150Q unless otherwise noted.

OPA603AP/AU
PARAMETER CONDITIONS MIN TYP MAX UNITS g
INPUT OFFSET VOLTAGE ©
Initial . 5 mv <
vs Temperature 8 e n.
vs Common-Mode Voltage V=110V 50 60 dB o
vs Supply (tracking) Voltage Vg=+12V to 18V 80 85 dB
vs Supply (non-tracking)" [V = 12V to 18V 55 60 dB
+INPUT BIAS CURRENT
Initial 5 HA
vs Temperature 30 nA/°C
vs Common-Mode V=10V 200 500 nA/V
vs Supply (tracking) Vg=+12V to 18V 50 100 nA/V w
vs Supply (non-tracking)" Vgl = 12V to 18V 150 300 nA/V m
-INPUT BIAS CURRENT w
Initial 25 HA [T
vs Temperature 300 nA/°C —
vs Common-Mode =10V 200 600 nA/NV =
vs Supply (tracking) V=12V 1o +18V 300 500 nANV o.
vs Supply (non-tracking)® IV = 12V to 18V 1500 2000 nAN =
INPUT IMPEDANCE <
+Input 5|2 MQ || pF -l
—Input 3002 Q|| pF <L
OPEN LOOP CHARACTERISTICS =
Transresistance V=110V 300 440 kQ O
Transcapacitance 1.8 pF I_—_
OUTPUT CHARACTERISTICS <
Voltage R = 150Q +10 +12 v oc
Peak Current 150 mA Ll
Short-Circuit Current® V=0V 250 mA o
Output Resistance, Open-Loop 70 Q o
FREQUENCY RESPONSE G=+2
Small-Signal Bandwidth® 70 160 MHz
Gain Flatness, +0.5dB 35 75 MHz
Full-Power Bandwidth = 20Vp-p 10 MHz
Differential Gain t=4.43MHz, V = 1V 0.03 %
Differential Phase f=4.43MHz, V = 1V 0.025 Degrees
TIME DOMAIN RESPONSE G=+2
Propagation Delay 10 ns
Rise and Fall Time 10 ns
Settling Time to 0.10% 10V Step 50 ns
Slew Rate 1000 Vius
DISTORTION G=+2, R =100Q, f = 10MHz
2nd Harmonic Distortion Vo= 0.2Vp-p -60 -65 dBc
3rd Harmonic Distortion Vo= 0.2Vp-p =70 -90 dBc
POWER SUPPLY
Specified Operating Voltage +15 v
Operating Voltage Range +4.5 +18 A
Current +21 +25 mA
TEMPERATURE RANGE
Specification -25 +85 °C
Storage —40 +150 °C
THERMAL RESISTANCE, 6, ,yronaveient Soldered to Printed Circuit 90 °C/W

NOTES: (1) One power supply fixed at 15V; the other supply varied from 12V to 18V. (2) Observe power derating curve. (3) See bandwidth versus gain curve,
Figure 5.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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SPECIFICATIONS, v, = +5V

ELECTRICAL
T,=+25°C, R = 75Q unless otherwise noted.
OPA603AP/AU

PARAMETER CONDITIONS MIN TYP MAX UNITS

INPUT OFFSET VOLTAGE

Initial 6 mv
vs Temperature 8 uv/eCc
vs Common-Mode Vey =23V 50 55 dB
vs Supply (tracking) Vg =14V to 16V 75 80 dB
vs Supply (non-tracking)" |V = 4V to 6V 55 60 dB

+INPUT BIAS CURRENT

Initial 5 pA
vs Temperature 30 nA/°C
vs Common-Mode Vey =13V 350 600 nA/V
vs Supply (tracking) V=4V to 16V 100 200 nAVV
vs Supply (non-tracking) V| = 4V to 6V 200 300 nAV

—INPUT BIAS CURRENT

Initial 25 pA
vs Temperature 300 nA/°C
vs Common-Mode Vo= 23V 300 600 nAV
vs Supply (tracking) V=24V to 16V 500 700 nAV
vs Supply (non-tracking)® |Vgl = 4V to 6V 2500 3000 nAV

INPUT IMPEDANCE

+input 3312 MQ || pF

—Input 302 Q|| pF

OPEN LOOP CHARACTERISTICS

Transresistance V=22V 225 330 kQ

Transcapacitance 24 pF

OUTPUT CHARACTERISTICS

Voltage R =750 +2 +2.75 v

Peak Current 150 mA

Short-Circuit Current® Vo= 0V 250 mA

Output Resistance, Open-Loop 80 Q

FREQUENCY RESPONSE G=+2

Small-Signal Bandwidth® 140 MHz
Gain Flatness, +0.5dB 65 MHz

Full-Power Bandwidth 20 MHz

Differential Gain f=4.43MHz, V = 1V, R = 150Q 0.03 %

Differential Phase f = 4.43MHz, V= 1V, R_= 150Q 0.025 Degrees

TIME DOMAIN RESPONSE G=+2, R = 100Q

Propagation Delay 15 ns

Rise and Fall Time 20 ns

Settling Time to 0.10% 60 ns

Slew Rate 750 Vius

DISTORTION G=+2, R =100Q, f = 10MHz

2nd Harmonic Distortion V,=0.2Vp-p —67 dBc

3rd Harmonic Distortion Vo= 0.2Vp-p 78 dBc

POWER SUPPLY

Specified Operating Voltage +5 v

Operating Voltage Range +4.5 +18 A

Current +21 +25 mA

TEMPERATURE RANGE

Specification -25 +85 °C

Storage —40 +150 °C

THERMAL RESISTANCE, 6, oxamsient Soldered to Printed Circuit 90 °C/W

NOTES: (1) One power supply fixed at 5V; the other supply varied from 4V to

Figure 5.
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6V. (2) Observe power derating curve. (3) See bandwidth versus gain curves,
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PIN CONFIGURATION

Top View DIP Top View SOL-16
~ el [76] N
NC E E NC NC [2] [15] NC
o[z 7] M - 2
Ne [4] [13] NC ©
anls] o] vo (5 v, <
NG (6] 1] NC o
e [7] 5] ne e
-vs[7] [10] NC
NC: No Internal Connection. NG Iz E NC
Solder to ground plane for
improved heat dissipation. NC: No Internal Connection.
Solder to ground plane for
improved heat dissipation.

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
;Supv:'\\l/ ‘1:3"89; ﬁl?/V MODEL PACKAGE SPECIFIED TEMPERATURE RANGE
nput Voltage Range
Differential Input Vgoltage 46V OPA603AP | Plastic DIP ~25°C to +85°C
Power Dissipation See derating curve OPAG03AU SOL-16 —25°C to +85°C
Operating Tempt +100°C
Storage Temp ire +150°C
Junction Temperature 1
Lead Temperature (soldering, 10s) PACKAGE INFORMATION™
(soldering SOL-16 package, 3s) PACKAGE DRAWING

MODEL PACKAGE NUMBER
OPAG03AP Plastic DIP 006
OPAG03AU SOL-16 211

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.

OPERATIONAL AMPLIFIERS

DICE INFORMATION

PAD FUNCTION
Noninverting Input

S
Laser Alignment
V, (Output)
+Vg
RT
(Trim Sense Point)
7 CE
(Compensation Capacitor)
8 Inverting Input

DGR WwN =~

Substrate Bias: Dielectrically Isolated.
Recommend tying to +Vs.

MECHANICAL INFORMATION

MILS (0.001") MILLIMETERS
Die Size 94 x 69 £5 2.39x1.75+0.13
Die Thickness 2043 0.51+0.08
Min. Pad Size 4x4 0.10x0.10
OPA603 DIE TOPOGRAPHY n Tee o
Backing Gold

BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

T, =+25°C unless otherwise noted.

OUTPUT SWING vs TEMPERATURE
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TYPICAL PERFORMANCE CURVES (CONT)

T, = +25°C unless otherwise noted.

POWER SUPPLY REJECTION vs FREQUENCY POWER SUPPLY REJECTION vs FREQUENCY
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OPERATIONAL AMPLIFIERS
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TYPICAL PERFORMANCE CURVES (ConT)

T, =+25°C unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (CONT)

T, = +25°C unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (CONT) |

T, = +25°C unless otherwise noted.
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FIGURE 1. Video Differential Gain/Phase Performance.
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LARGE SIGNAL PULSE RESPONSE

SMALL-SIGNAL FREQUENCY RESPONSE
IR ]

TTTTT pres
Input +6 I Y i T
+3 I
@ OpF
£ 0 .
©
0]
_G |
Output
NOTE: Feedback resistor value |||
—6 | - selected for reduced peaking.
| L Lt
100k M 10M 100M
Frequency (Hz)
FIGURE 2. Dynamic Response, Inverting Unity-Gain.
LARGE SIGNAL PULSE RESPONSE SMALL-SIGNAL FREQUENCY RESPONSE
T —T—TTT
+26 | -
Input
100pF
+23 F— \
& A —
z N L, | —T 50pF!
c +20 T
5 -
Output Vg=+15 OpF
P 7 | T fp I Hh
“ NOTE: Feedback resistor value |11t =ng§‘
+14 |— selected for reduced peaking. 1on
AR A
100k ™ 10M 100M

OPERATIONAL AMPLIFIERS H OPA603

Frequency (Hz)

FIGURE 3. Dynamic Response, Gain = +10.

APPLICATIONS INFORMATION

For most circuit configurations, the OPA603 current-feed-
back op amp can be treated like a conventional op amp. As
with a conventional op amp, the feedback network con-
nected to the inverting input controls the closed-loop gain.
But with a current-feedback op amp, the impedance of the
feedback network also controls the open-loop gain and
frequency response.

Feedback resistor values can be selected to provide a nearly
constant closed-loop bandwidth over a very wide range of
gain. This is in contrast to a conventional op amp where
circuit bandwidth is inversely proportional to the closed-
loop gain, sharply limiting bandwidth at high gain.
Figures 4a and 4b show appropriate feedback resistor values
versus closed-loop gain for maximum bandwidth with mini-
mal peaking. The dual vertical axes of these curves also
show the resulting bandwidth. Note that the bandwidth
remains nearly constant as gain is increased.

BURR - BROWN®
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With control of the open-loop characteristics of the op amp,
dynamic behavior can be tailored to an application’s require-
ments. Lower feedback resistance gives wider bandwidth,
more frequency-response peaking and more pulse response
overshoot. The higher open-loop gain resulting from lower
feedback network resistors also yields lower distortion.
Higher feedback network resistance gives an over-damped
response with little or no peaking and overshoot. This may
be beneficial when driving capacitive loads. Feedback net-
work impedance can also be varied to optimize dynamic
performance. To achieve wider bandwidth, use a feedback
resistor value somewhat lower than indicated in Figure 4.

EXTENDING BANDWIDTH

For gains less than approximately 20, bandwidth can be
extended by adding a capacitor, C, in parallel with a lower
value for R,. The optimum gain-setting resistor value in this
case is far lower than those shown in Figure 1. For +15V
operation, select R, with the following equation:

2.103
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R, (Q)=30°(30~G) for Vi==£15V
For example, for a gain of 10, use R, = 600€2. Optimum
values differ slightly for +5V operation:

R, (Q)=30+(23-G) for Vy=+5V
C, will range from 1pF to 10pF depending on the selected
gain, load, and circuit layout. Adjust C, to optimize band-
width and minimize peaking. Figure 5 shows bandwidth
which can be acheived using this technique.

Typical values for this capacitor range from 1pF to 10pF
depending on closed-loop gain and load characteristics. Too
large a value of C_ can cause instability.

BANDWIDTH AND FEEDBACK RESISTOR
vs INVERTING GAIN

60 3k
N
< ~
= 525 2.25k %
B S
7‘;’ \V\\\L o
B R ) 3
8 45 |- F SN 1.5k
N~ ]
g W 3
3 875 |- 750 g
2 G="Re i
o - R
© 30 ER [ 0
-1 -10 -100
Voltage Gain (V/V)
(4a)

BANDWIDTH AND FEEDBACK RESISTOR

vs NONINVERTING GAIN

60 4K
=
I
I B
% 52.5 3k %’
] N S
z N g
c [0
S 45 - 2k
a Re N g
8 N ]
5 375 |- o 1k 8
2 RE G=1+2E h =
ki TR
O 4 A 1l 0

1 10 100
Voltage Gain (V/V)
(4b)

FIGURE 4. Feedback Resistor Selection Curves.

UNITY-GAIN OPERATION

As Figure 4b indicates, the OPA603 can be operated in unity
gain. A feedback resistor (approximately 2.8kQ) sets the
appropriate open-loop characteristics and resistor R, is omit-
ted. Just as with gains greater than one, the value of the
feedback resistor (and capacitor if used) can be optimized
for the desired dynamic response and load characteristics.
Care should be exercised not to exceed the maximum differ-
ential input voltage rating of +6V. Large input voltage steps
which exceed the device’s slew rate of 1000V/ps can apply
excessive differential input voltage.
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FIGURE 5. Bandwidth Results with Added Capacitor C,..

CIRCUIT LAYOUT

With any high-speed, wide-bandwidth circuitry, careful cir-
cuit layout will ensure best performance. Make short, direct
circuit interconnections and avoid stray wiring capacitance—
especially at the inverting input pin. A component-side
ground plane will help ensure low ground impedance. Do
not place the ground plane under or near the inputs and
feedback network. )

Power supplies should be bypassed with good high-fre-
quency capacitors positioned close to the op amp pins. In
most cases, a'0.01F ceramic capacitor in parallel with a
2.2F solid tantalum capacitor at each power supply pin is
adequate. The OPA603 can deliver high load current—up to
150mA peak. Applications with low impedance or capaci-
tive loads demand large current transients from the power
supplies. It is the power supply bypass capacitors which
must supply these current transients. Larger bypass capaci-
tors such as 10pF solid tantalum capacitors may improve
performance in these applications.

POWER DISSIPATION

High output current causes increased internal power dissipa-
tion in the OPA603. Copper leadframe construction maxi-
mizes heat dissipation compared to conventional plastic
packages. To achieve best heat dissipation, solder the device
directly to the circuit board and use wide circuit board
traces. Solder the unused pins, (1, 5 and 8) to a top-side
ground plane for improved power dissipation. Limit the load
and signal conditions depending on maximum ambient tem-
perature to assure operation within the power derating curve.

The OPA603 may be operated at reduced power supply
voltage to minimize power dissipation. Detailed specifica-
tions are provided for both £15V and +5V operation.
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APPLICATIONS CIRCUITS
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FIGURE 6. Offset Voltage Adjustment.

Varying inverting input Z
changes dynamic response.
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OPERATIONAL AMPLIFIERS H OPA603

FIGURE 10. Bandpass Filter — 10MHz.

FIGURE 7. Controlling Dynamic Performance.
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FIGURE 8. Low-Pass Filter — 10MHz.
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This composite amplifier uses the OPAG03 current-feedback op amp to
provide extended bandwidth and slew rate at high closed-loop gain.
The feedback loop is closed around the composite amp, preserving the
precision input characteristics of the OPA627/637. Use separate power
supply bypass capacitors for each op amp. See Application Bulletin
AB-007 for details.

NOTE: (1) Minimize capacitance at this node.

Vio—

SLEW
GAIN| A, R, | R, | R, | R, |-3dB | RATE
(VIV) | OP AMP | (Q) | (k) | (@) | (k) | (MH2) | (V/us)
100 | opA627 |50.50| 499 [ 20 | 1 | 15 | 700
1000 | OPA637 | 499 | 499 | 12 | 1 | 11 | 500

NOTE: (1) Closest 1/2% value.

FIGURE 11. Precision-Input Composite Amplifier.
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OPA604

FET-Input, Low Distortion
OPERATIONAL AMPLIFIER

FEATURES APPLICATIONS

@ LOW DISTORTION: 0.0003% at 1kHz ® PROFESSIONAL AUDIO EQUIPMENT
©® LOW NOISE: 10nV/NHz ® PCM DAC I/V CONVERTER

® HIGH SLEW RATE: 25V/us ® SPECTRAL ANALYSIS EQUIPMENT
® WIDE GAIN-BANDWIDTH: 20MHz ® ACTIVE FILTERS

® UNITY-GAIN STABLE ® TRANSDUCER AMPLIFIER

® WIDE SUPPLY RANGE: V = +4.5 to 24V ® DATA ACQUISITION

® DRIVES 600Q2 LOAD
@ DUAL VERSION AVAILABLE (OPA2604)

DESCRIPTION

The OPA604 is a FET-input operational amplifier
designed for enhanced AC performance. Very low
distortion, low noise and wide bandwidth provide
superior performance in high quality audio and other )
applications requiring excellent dynamic performance. @

7)
— V+

distortion. The result is an op amp with exceptional
sound quality. The low-noise FET input of the OPA604
provides wide dynamic range, even with high source
impedance. Offset voltage is laser-trimmed to mini-  (5)
mize the need for interstage coupling capacitors.

The OPA604 is available in 8-pin plastic mini-DIP (1)

and SO-8 surface-mount packages, specified for the p:
—25°C to +85°C temperature range. ?

New circuit techniques and special laser trimming of o Distortion I?' . ©
i eireut ; ; @ Rejection uipu
dynamic circuit performance yield very low harmonic Cir:: iy Iﬁgem Vo

i

NOTE: (1) Patents Granted: #5053718, 5019789

)
o\

International Airport Industrial