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Models with “S” page numbers are in this supplement. Other models are in Burr-Brown Integrated Circuits Data Book Volume 33.
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Individual product data sheets for models not listed here are available from your local Burr-Brown salesperson or
representative. See the listing on the inside back cover.



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 MILITARY
components,

If you want DIE,

Use the Model Index on the INSIDE
FRONT COVER.

Use the TABBED TABLE OF
CONTENTS on page v. Or, use the
SELECTION GUIDE TABLES at
the front of each tabbed section.

Use the Model Index on the INSIDE
FRONT COVER or the SELEC-
TION GUIDE TABLES at the front
of each tabbed section. New models
contained in this supplement are
shown in boldface; for other models
see Burr-Brown Integrated Circuits
Data Book Volume 33. Contact your
local Burr-Brown salesperson or
representative for information on
new models.

If you are in the USA, see the USA
PRICE LIST, Section 16. If you are
outside the USA, contact your local
Burr-Brown salesperson or represen-
tative.

Contact your local Burr-Brown
salesperson or representative. See
INSIDE BACK COVER.

Contact your local Burr-Brown
salesperson or representative. See
INSIDE BACK COVER.



LI-376
©1990 Burr-Brown Corporation
Printed in USA

Burr-Brown Corporation
International Airport Industrial Park

Mailing Address: Street Address:
PO Box 11400 6730 S. Tucson Blvd.
Tucson, AZ 85734 Tucson, AZ 85706

Tel: (602) 746-1111 e Twx: 910-952-1111
FAX: (602) 889-1510 «  Cable: BBRCORP « Telex: 066-6491

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 or products 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
Integrated Circuits
Data Book
Supplement

Volume 33b

BURR - BROWNG®




iv

For Immediate Assistance, Contact Your Local Salesperson

About Burr-Brown

Burr-Brown Corporation is a leading designer and manufacturer of precision
microcircuits and microelectronic-based systems for use in data acquisition,
signal conditioning, measurement, and control.

‘We make our products for customers who pursue business success in the same
way we do — through worldwide competition based on high performance,
high quality, and high value. Our customers include OEMs, sophisticated
end-users, systems integrators, and VARs who demand an extra measure of
performance for their products and operations.

COMPANY FACTS

¢ Founded in 1956.
¢ Corporate headquarters: Tucson, Arizona, USA.
v’ 1450 employees.

¢’ Manufacturing and technical facilities: Tucson; Livingston, Scotland;
Atsugi, Japan.

v Sales and distribution subsidiaries in Austria, Belgium, England, France,
Germany, Italy, Japan, the Netherlands, Sweden, and Switzerland; 19
international sales representative organizations worldwide.

v Superior customer service from more than 300 sales and service staff
worldwide.

¢’ 800+ high-performance products.

Burr-Brown IC Data Book Supplement, Vol. 33b
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Understanding Component
Model Numbers

Most Burr-Brown component products in this book have model numbers in
the following form:

ADC 80 M A H -12 {QM
Quality Designator
(optional)

Additional Performance
Information (optional)

Package Designator
Performance Grade/Temp Range Designator

Additional Performance Information (Second Generation,
Improved Performance, etc.), 1 or 2 Letters (optional)

Model Sequence Designator, 2 to 4 digits
Product Type Prefix

Exceptions: Second-source products are marked as similarly to the original
vendor’s part number as possible.

Some products designed for digital audio and signal processing applications
have model numbers as follows:

PCM 58 P -J

1
| Performance Grade/Temp Range Designator

Package Designator
Model Sequence Designator, 2 to 4 digits
Product Type Prefix

Burr-Brown IC Data Book Supplement, Vol. 33b vii
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Product Type Prefixes
Product Type Prefix Description I
Amplifiers OPA Operational Amplifier
INA Instrumentation Amplifier
PGA Programmable Gain Amplifier
ISO Isolation Amplifier
Analog Circuit MFC Multifunction Converter
Functions MPY Multiplier
DIV Divider
LOG Logarithmic Amplifier
Frequency Products VFC Voltage-to-Frequency Converter
UAF Universal Active Filter
Conversion Products ADC - AJD Converter
ADS A/D Converter with Sample/Hold
DAC D/A Converter
DSsP Products Tailored Especially for Digital
Signal Processing
MPC Multiplexer )
PCM A/D and D/A Converters for Audio
and Digital Signal Processing
SDM System Data Modules
SHC Sample/Hold
Miscellaneous PWS Power Supply
PWR Power Supply
REF Reference
XTR Transmitter
RCV Receiver

Performance Grade and Temperature Range Designators

Temperature Range
0°C to 70°C —25°Cto +85°C " —55°C to +125°C
(Commercial) (Industrial) (Military)
Increasing Parametric
Performance A R
B S
‘ C (best) T (best)

L (best)

NOTE: (1) For some industrial products this may be —40°C to 85°C.

Package Designators Quality Designators

M Metal (hermetic) Q Burr-Brown's Q program

P Plastic DIP (nonhermetic) QM or/QM  Burr-Brown's Q program

G Ceramic (hermetic or with Military Visual Criteria
nonhermetic) BlorB Burn-in

u soIic

N PLCC

L Ceramic Leadless Chip Carrier

D Die

H Ceramic hermetic

Burr-Brown IC Data Book Supplement, Vol. 33b
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Where To Go From Here:
Burr-Brown Sales & Service

The Burr-Brown Integrated Circuits Data Book Supplement Vol. 33b con-
tains an extensive variety of new precision microcircuits. These have been
introduced since the January 1989 publication of the 1300-page Burr-Brown
Integrated Circuits Data Book Vol. 33, which is available free upon request
from your local salesperson or by calling 1-800-548-6132 (USA only). With
both books, you will have an up-to-date collection of product data sheets on
all commercial Burr-Brown IC parts.

ABOUT THIS BOOK

All Burr-Brown models are listed in Selection Guide tables 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. Complete
product data sheets for items in bold are in this book, starting on the refer-
enced page. Items not in bold are in the larger IC Data Book.

Data sheets are arranged alphanumerically, so if you know the name of the
part you can find it quickly. Or, use the Model Index on the inside front cover.
There you’ll find models in this book in bold and arranged alphanumerically,
along with models indexed from the larger IC Data Book. Throughout this
book the prefix ‘S’ designates page numbers for the Data Book Supplement.

SUPERIOR CUSTOMER SERVICE

Burr-Brown gives you the best customer service in the industry — whether
you need additional technical literature, technical assistance from factory-
trained applications engineers, to place an order, or to return products. For
immediate assistance with any of the following, contact your local Burr-
Brown salesperson or representative. See the inside back cover. Or, in the
USA call our Customer Service Center at 1-800-548-6132.

Technical Literature — In addition to individual data sheets, Burr-Brown
has an extensive library of other useful publications. A brief summary: IC
DataBook,Vol.33 (1/89); Power Sources Handbook, Vol. 2 (8/90); reliability
reports, application notes and handbook, UPDATE, Design Update, our ap-
plications engineering newsletter. We also offer a comprehensive product
selection guide on a PC diskette. The same information is available via our
Electronic Bulletin Board Service (see below).

Burr-Brown IC Data Book Supplement, Vol. 33b
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Other Technical Information — Application engineers are available during
working hours to help you with product selection, design advice, trou-
bleshooting, documentation, etc. Call customer service at 1-800-548-6132
(USA only).

Electronic Bulletin Board Service — Computer-based information system
offers up-to-date product announcements, application notes/suggestions,
software/utilities (for example, pSPICE models), tech support message
center, and E-mail. Available 24 hours per day at no charge, except for toll
call. Use these settings: 300/1200/2400 8-N-1; XMODEM file transfer. BBS
number is (602) 741-3978.

Placing Orders — You can place orders via telephone, FAX, mail, TWX, or
Telex with any authorized Burr-Brown field sales office, sales representative,
or our Tucson headquarters. A complete list of sales offices is on the inside
back cover of this book. For more information about placing an order, contact
your local Burr-Brown salesperson or representative. See the inside back
cover. Or, call customer service at 1-800-548-6132 (USA only).

If the products you want are readily available off the shelf, you can pay for
them with your VISA or MasterCard. For more information, call customer
service at 1-800-548-6132.

Prices and Quotations — Prices in this book (USA only) are USA OEM
prices and are subject to change. Price quotations made by Burr-Brown or its
authorized field sales representatives are valid for 30 days. Delivery quota-
tions are subject to reconfirmation at the time of order placement. For more
information about pricing, contact your local Burr-Brown salesperson or
representative. Or, call customer service at 1-800-548-6132 (USA only).

Returnsand Warranty Service — When returning products forany reason,
contact Burr-Brown prior to shipping for authorization and shipping in-
structions. For complete instructions, contact your local Burr-Brown sales
office or representative. In the USA, call our Customer Service Center at
1-800-548-6132.

Please ship returned units prepaid and supply the original purchase order
number and date, along with an explanation of the malfunction. Upon receipt
of the returned unit and your RMA number, Burr-Brown will verify the
malfunction and inform you of the warranty status, cost to repair or replace,
credits, and status of replacement units where applicable.

Burr-Brown IC Data Book Supplement, Vol. 33b



OPERATIONAL AMPLIFIERS

APPLICATION GROUPS

Burr-Brown operational amplifiers are listed in eight applications groups
described below. This helps you determine and select the best operational
amplifier available for a design. Instrumentation amplifiers and isolation
amplifiers are described in Sections 3 and 4 respectively.

LOW DRIFT

Low drift operational amplifiers are best suited for applications where
accuracy must be preserved over a substantial temperature range. These
amplifiers are optimized to minimize the initial input offset voltage and input
offset voltage change with temperature. Input offset drifts from 0.1uV/°C to
5uV/°C are available within this group.

LOW BIAS CURRENT

Low bias current operational amplifiers consist of FET input designs. This
group includes amplifiers with input bias currents from 0.01pA to 50pA.
Applications with large feedback resistances or large source resistances (long
time constants, integrators, current sources, etc.) and buffer applications will
benefit by the use of low bias current amplifiers.

LOW NOISE

This group contains low noise bipolar and FET input operational amplifiers.
Burr-Brown units offer guaranteed noise spectral density, 100% tested. In
applications such as low noise signal conditioning, light measurements,
radiation measurements, photodiode circuits or low noise data acquisition,
the fully characterized and tested voltage noise performance of these units
allows the designer to truly bound noise errors.

Burr-Brown IC Data Book Supplement, Vol. 33b
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WIDEBAND

Wideband operational amplifiers have bandwidths greater than 5SMHz. This
group also contains fast settling and high slew rate amplifiers. These ampli-
fiers reduce phase errors at high frequencies and accurately reproduce
complex waveforms. These amplifiers are well suited for pulse, video, fast
settling, and multiplexing applications.

HIGH VOLTAGE

Amplifiers in this group are designed to provide large output voltage swings
and to operate on wide ranges of supply voltage. Output voltages from +10V
and +145V (up to 290V, single supply) are available in this applications
group. These amplifiers provide good frequency response and performance in
other parameters. Most models have electrically isolated packages and
automatic thermal sensing and shutdown. All units have FET inputs to
minimize bias current errors when the amplifier is used with the large
resistances usually found with high-voltage amplifiers.

HIGH CURRENT

These amplifiers provide output currents from 1A to 10A. They are used
with small load resistances, coax cable driving, and with power booster
applications. Many units have self-contained thermal sensing and shutdown
to automatically protect the amplifiers from overheating and damage. All of
these units have electrically isolated packages.

UNITY-GAIN BUFFER (POWER BOOSTER)

Unity-gain buffer amplifiers have a wide variety of applications. They are
used to boost the output current capability of another amplifier, buffer an
impedance that might load a critical circuit or to be an input impedance
converter from an input that must not be loaded. These amplifiers may also be
used inside the feedback loop of another operational amplifier to form a
current-boosted composite amplifier.

SPECIAL PURPOSE

Special purpose op amps provide features or performance that don’t fit
conventional categories. These include op amps specified for very wide
temperature range and devices with switchable inputs.

OPERATIONAL AMPLIFIERS SELECTION GUIDES

The following Selection Guides show parameters for the high grade. Refer to
the Product Data Sheet for a full selection of grades. Models shown in
boldface are new products introduced since publication of the previous Burr-
Brown IC Data Book.

Burr-Brown IC Data Book Supplement, Vol. 33b
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LOW DRIFT

Low offset voltage drift vs temperature performance in both FET and bipolar
input types is obtained by our sophisticated drift compensation techniques.
First, the drift is measured and then special laser trim techniques are used to
minimize the drift and the initial offset voltage at 25°C. Finally, “max drift”
performance is retested for conformance with specifications.

LOW DRIFT OPERATIONAL AMPLIFIERS (<5uV/°C) Boldface = NEW
Offset Voltage, Bias Open Frequency
max Current Loop Response n
At Temp (25°C), Gain, Unity Slew Rated
25°C, Drift, max min  Gain Rate Output, min Temp Page
Description Model #mV) (tuv/°C) (nA) (dB) (MHz) (V/ius) (V) (tmA) Range® Pkg No.
FET OPA627M 0.1 1 20 110 16 45 115 30 Ind TO-99 S2-74 g
OPA627P 0.25 2 50 104 16 40 15 30 Ind DiP S2-74 w
OPA637M 0.1 1 20 110 50 100 115 30 Ind TO-99 S2-74 —
OPA637P 0.25 2 50 104 50 100 115 30 Ind DIP S2-74 ks
OPA111M 025 1 0001 120 2 2 1 5 Ind TO-99 255 T3
Wideband OPA156M 2 5 0.05 94 6 14 10 5 Mil TO-99 2-80 %
OPA356M 2 5 0.05 94 6 14 10 5 Com TO-99 2-80
OPA602M 0.25 2 +.001 92 6.5 28 10 15 Ind TO-99 2-145 <
OPA602P,U 0.5 5 +.002 88 6.5 24 10 15 Ind DIP,SOIC 2-145 -d
OPA606M 0.5 5 +0.01 100 13 35 12 5 Com TO-99 2-158 <
Dual FET OPA2111M 0.5 2.8 +0.004 114 2 2 11 5 Ind TO-99 2-195 5
OPA2107P 0.5 5 0.006 80 5 15 1" 10 Ind DIP,SOIC S2-114 '_-
Low Power = OPA1013 0.15 2 20 123 08 04 13 5 Com DIP, TO-99 S2-104 E
(Dual) Single
Supply Operation (1T
Bipolar OPA177Z,P 0.01 0.1 1.5 134 06 03 12 10 Ind DIP S2-13 g
OPA177S 0.06 1.2 2.8 126 06 03 12 10 Ind Soic S2-13
OPA77Z,P 0.025 03 2.0 134 06 03 12 10 Ind DIP S2-13
OPA27J,Z 0.025 0.6 +40 120 8 1.99 12 16.6 Mil TO-99, 2-27
DIP 2-27
OPA37J,Z 0.025 0.6 +40 120 63@ 119 12 16.6 Mil TO-99, 2-27
DiP 2-27

OPA27P, U 0.100 1.8 +80 117 8 1.9@ 12 166 Com DIP,SOIC 2-27
OPA37P, U  0.100 1.8 +80 117 632 119® 12 166 Com DIP,SOIC 2-27

NOTES: (1) Com = 0°Cto +70°C, Ind = —25°C to +85°C, Mil = —-55°C to +125°C. (2) Gain-bandwidth product for OPA37.
A,= 5min. (3) Typical.

LOW BIAS CURRENT

Our many years of experience in designing, manufacturing and testing FET
amplifiers give us unique abilities in providing low and ultra-low bias current
op amps. These amplifiers offer bias currents as low as 75fA (75x 10-*A)and
voltage drift as low as 1uV/°C. With offset voltage laser-trimmed to as low
as 2501V, the need for expensive trim pot adjustments is eliminated.

Burr-Brown IC Data Book Supplement, Vol. 33b 2-3
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LOW BIAS CURRENT OPERATIONAL AMPLIFIERS (<50pA)

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) (+pV/r°,C)  (pA) (dB) (MHz) (V/ps) (V) (¢mA) Range®™ Pkg. No.
FET OPA11IM 025 1 120 2 2 1 5  Ind TO99 255
OPA627M 0.1 1 20 110 16 45 12 30 ‘Ind TO-99 S2-74
- OPA627P 0.25 2 50 104 16 40 12 30 Ind DIP $2-74
OPA637M 0.1 1 20 110 50 100 115 30 Ind TO-99 S2-74
OPA637P 0.25 2 50 104 50 100 115 30 Ind DIP S2-74
Low Noise OPA101M 0.25 5 -10 94 10 6.5 12 12 Ind TO-99 2-43
OPA102M 0.25 5 -10 94 40 14 12 12 Ind TO-99 2-43
Ultra-Low OPA128M 05 5 #0075 110 1 3 10 5 Com TO-99 2-72
Bias Current AD515H 1 25 0.075 88 035 1 10 5 Com TO-99 2-13
Dual FET OPA2111M 0.5 2.8 +4 114 2 2 1 5 Ind TO-99 2-195
OPA2111P 2 15 +15 106 2 2 1 5 Com DIP 2-195
OPA2107P 0.5 5 6 80 5 15 n" 10 Ind DIP, S2-114
SoIC = S2-114
Quad FET OPA404G 0.75 3@ +4 92 6.4 35 12 5 Ind DIP 2-94
OPA404P,U 25 5@ +12 88 6.4 35 11.5 5 Com DIP, SOIC 2-94
Low Cost OPA121M 2 10 5 110 2 2 11 5 Com -~ TO-99 2-66
i OPA121P, U 3 10 10 106 2 2 1 5 Com DIP, SOIC 2-66
OPA602M 0.25 2 1 92 6.5 28 10 15 Ind TO99 2-145
OPA602P 0.5 5 2 88 6.5 24 10 - 15 Ind DIP, SOIC 2-145
Wideband OPA606M 0.5 5 +10 100 13 35 12 5 Com TO-99 2-168
OPA606P 3 102 +25 - 90" 12 30 1 5 Com DIP 2-158

NOTES: (1) Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil = ~55°C to +125°C. (2) Typical.

LOW

NOISE

Now both FET and bipolar input op amps are offered with guaranteed low
noise specifications. Until now the designer had to rely on “typical” specs for
his demanding low noise designs. These fully characterized parts allow a truly
complete error budget calculation,

LOW NOISE OPERATIONAL AMPLIFIERS (Very Low e,)

Boldface = NEW

Frequency
Noise Bias Offset Open Response
Voltage Current Voltage, max Loop Slew
at 10kHz, (25°C), - at Temp Gain, Gain Rate, Rated
max_ max 25°C Drift min BW min  Output,min Temp Page
Description Model (nVANHz) (pA) (#mV) (fuVreC)  (dB) (MHz2) (Vlus) (V) (mA) Range™ Pkg - No.
Bipolar  OPA27J,Z 3.8 +40nA  0.025 0.6 120 - '8 1.99 12 16.6 Ml TO-99, 2-27
: DiP
OPA37J,Z 38 +40nA 0.025 - 0.6 1200 63 1192 12 166 - Mi TO-99, 2-27
: : DIP
OPA177Z,P 10 15 0.01 0.1 134 06 03 12 10 Ind DIP S2-13
OPA177S 10 28 0.06 1.2 1260 06 03 12 10 ind SOIC S2-13
OPA77Z,P 11 20 0.025 0.3 134 06 03 12 10 Ind DIP S2-13
(Continued on next page)
2-4
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LOW NOISE OPERATIONAL AMPLIFIERS (Very Low e,) (Continued) Boldface = NEW
Frequency
Noise Bias Offset Open _Response
Voltage Current Voltage, max Loop Slew
at 10kHz, (25°C), at Temp Gain, Gain Rate, Rated
max_  max 25°C  Drift min  BW min Qutput, min  Temp Page
Description Model (nV/NHz) (pA) (tmV) (#uV/iPC) (dB) (MHz) (V/us) (V) (tmA) Range® Pkg No.
Wide OPA101M 8 -10 0.25 5 94 20 5 12 12 Ind TO-99 2-43
Bandwidth OPA102M 8 -10 0.25 5 94 40 10 12 12 Ind TO-99 2-43
FET OPA111M 8 +1 0.25 1 120 2 1 11 5 Ind TO-99 2-55
OPA6O2M 12 1 0.25 2 92 6.5 28 10 15 Ind TO-9 2-1 45“
OPA627M 54 20 1 0.8 110 16 45 1.5 30 Ind TO-99 S2-74
OPA627P 6.2 50 0.25 2 104 16 40 15 30 Ind DIP S2-74
OPA637M 54 20 1 0.8 110 50 100 115 30 Ind TO-99 S2-74 )
OPA637P 6.2 50 0.25 2 104 50 100 15 30 Ind DIP S2-74 7))
Low Cost OPA27P,U 4.5 +80nA 0.100 1.8 117 8 1.9@ 10 166 Com DIP, SOIC 2-27 E
OPA37P,U 45 +80nA 0.100 1.8 117 63 11.9® 10 16.6 Com DIP, SOIC 2-27 —
[
Dual FET OPA2111M 8 +4 0.5 2.8 114 2 1 1 5 Ind TO-99 2-195 :
OPA2111P 6@ +15 2 15 106 2 1 1 5 Com DIP 2-195 o
Dual Audio OPA2604 10 100 2 5 100 10 15 12 20 Ind DIP, S2-122 E
Op Amp soicsz122 <
-l
NOTES: (1) Ind = ~25°C to +85°C, Mil = —55°C to +125°C, Com = 0°C to +70°C. (2) Typical. <
=
UNITY-GAIN BUFFER (POWER BOOSTER) E
These versatile amplifiers boost the ouput current capability of another E
amplifier; buffer an impedance that might load a critical circuit; and may be w
used inside the feedback loop of another op amp to form a current-boosted, o
composite amplifier. Currents as high as £200mA are available with speeds (]
of 2000V/us.
UNITY-GAIN BUFFER OPERATIONAL AMPLIFIERS Boldface = NEW
Rated Frequency Responses Input
Output, min -3dB Full Power Slew Rate Gain Impedance Temp Page
Description Model (V) (xrmA) (MH2) (MHz) (Vius) (VIV) Q) Range™  Pkg No.
High 3553AM 10 200 300 32 2000 =1 10" Ind TO-3 2-225
Performance
Low Cost OPA633H,P 11 80 275 65 2500 =1 1.5x10° Ind TO-8,DIP 2176
Transcon- OPAG660 4 8 700 550 2000 =1 108 Ind DIP,SOIC S2-88
ductance Amp
and Buffer

NOTE: (1) Ind = —25°C to +85°C.
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WIDE BANDWIDTH

Design expertise in wideband circuits combines with our fully developed
technology to create cost-effective wideband op amps. Burr-Brown high-
speed amplifiers also offer outstanding DC performance specifications.

WIDE BANDWIDTH OPERATIONAL AMPLIFIERS (>5MHz) Boldface = NEW
Frequency Response Offset Voitage, Open
Slew max Loop
Gain Rate tg Rated At  Temp Gain,
BW min 10.1% Output,min 25°C Drift min Temp Page
Description Model (MHz) (V/ps) (ns) Comp (+V) (tmA) (+mV) (pV/°C) (dB) Range” Pkg No.
FET OPA156M 6 10 1.5us int 10 5 2 5 94 Mil TO-99 2-80
OPA356M 6 10 1.5pus  int 10 5 2 5 94 Com TO-99 2-80
OPAG02M 6.5 28 600 int 10 15 0.25 2 92 Ind TO-99 2-145
OPA602P,U 6.5 24 600 int 10 15 0.5 5 88 Ind DIP, SOIC 2-145
Dual OPA2107 5 15 1ps int 1" 10 0.5 5 82 Ind,Mil DIP, S2-114
TO-99, S2-114
o SOIC S2-114
Dual Audio OPA2604 10 25 2 int 10 20 1 5typ 82 Ind DIP, S2-122
TO-99 S2-122
OpAmp  OPAG05M 200, 300 300 ext 10 30 0.5 5 96 Ind DIP 2-152
) A=1000 )
OPA606M 13 25 1ps int 12 5 0.5 52 100 Com TO-99 2-158
OPA606P 12 20 1ps int 11 5 3 10@ 90 Com TO-99 2-158
OPA627M 16 45 400 int 115 30 0.1 1 110 Ind TO-99 S2-74
OPA627P 16 40 400 int 115 30 0.25 2 104 Ind DIP S2-74
OPA637M 50 100 300 G>5 115 30 0.1 1 110 Ind TO-99 S2-74
OPA637P 50 100 300 G>5 115 30 0.25 2 104 Ind DIP S2-74
3554M 1700, 1000 120 ext - 10 100 1 15 100 Ind TO-3 2-229
A=1000
3551 50, 250° 400 ext 10 10 1 50 . 88 Com TO-99 2-221
A=10
3550 20, 100 400 int 10 10 1 50@ 88 Com TO-99 2-217
A=1
Bipolar 3507 20, 80 200 ext 10 10 10 30 83 Com TO-99 2-213
A=10 :
Current-  OPAG603P 50 1000 50 NA 10 75 5 8 typ NA Ind DIP  S2-30
Feedback (G=1 to 50)
Transcon- OPAG60 700 2000 25 NA 4.0 20 20 50 NA Ind DIP, SOIC S2-88
ductance Amp .
and Buffer
Quad FET OPA404G 6.4 28 600 int 11.5 5 0.75 3@ 92 Ind DIP 2-94
OPA404P, U 6.4 24 600 int 115 5 25 5@ 88 Com DIP, SOIC 2-94
Low Noise OPA27 8A=1 19@ — int® 12 166 0.025 0.6 120 Mil TO-99, DIP 2-27
Bipolar OPA37 63,A=5 11.92 — int® 12 166 0025 0.6 120 Mil TO-99, DIP 2-27
Low Noise OPA101M 20, 5 25us int 12 12 0.25 5 94 Ind TO-99 2-43
FET A=100
OPA102M 40, 10 1.5pus  int 12 12 0.25 5 94 Ind TO-99 2-43
A=100
Fast OPA60OM 5000, 500 80 ext 9 180 4 40 86 Ind DIP 2-137
Settling A=1000
(Continued on next page)
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WIDE BANDWIDTH OPERATIONAL AMPLIFIERS (>5MHz) (Continued) Boldface = NEW
Frequency Response Offset Voitage, Open
Slew max Loop
Gain Rate tg Rated At Temp Gain,
BW min 10.1% Output, min 25°C  Drift min Temp Page

Description Model (MHz) (V/ips) (ns) Comp (V) (tmA) (+¢mV) (+uV/°C) (dB) Range™ Pkg No.

Very Fast OPA620 200 175 10 int 3 150@ 0.5 8@ 55 Com,Mil DIP, S2-42

SOIC S2-42
Settling OPAG621 500, 350@ 15 int 3  150@ 0.5 12@ 55 Com,Mil DIP, S2-48
Precision A=10 SOIC S2-48
Very Fast OPA675G 3000, 240 15 ext 21 307 1 5 65 Com,Mil DIP S2-90 n
Settling A=16
Switched OPA676G 3000, 240 15 ext 21 30@ 1 5 65 Com,Mil DIP S2-90
Input A=16
LowCost OPA27P,U B8A=1 1.9® — int 12 166 0.100 1.8 117 Com DIP, SOIC 2-27 g
OPA37P,U 63, 1192 — int® 12 166 0100 1.8 117 Com DIP, SOIC 2-27
s W
[™
NOTES: (1) Com = 0°C to +70°C, Ind = ~25°C to +85°C, Mil = -55°C to +125°C. (2) Typical. (3) G =5 min for OPA37. :
0.
HIGH VOLTAGE, HIGH CURRENT OPERATIONAL AMPLIFIERS Boldface = NEW E
Offset Voitage, Bias Frequency wd
max Current Response Open <
Rated Output, AT Temp (25°C), Unity Slew Loop =
min ©25°C  Drift max Gain Rate Gain Temp Page Q
Description Model (V) (tmA) (tmV) (tpV/°C)  (pA) (MHz) (V/ius) (dB) Range Pkg No. =
High Power  OPA501M 26 10A 5 40 20nA 1 1.35 98 Ind TO-3 2-109 E
OPA511M 22 5A 10 65 40 1 1 91 Ind TO-3 2-117 1T
OPA512BM 35 10A 6 65 30 4 25 110 Ind TO-3 2122 o
OPA512SM 35 15A 3 40 20 4 25 110 Ml TO-3 2-122 o
OPA541M 35 5A 1 30 50 1.6 6 90 Ind TO-3 S§2-22
OPAS541AP 30 5A 10 40 50 1.6 6 90 Ind Power S2-22
Plastic
(Dual) OPA2541M 35 5A 1 30 50 16 8 90 Ind TO-3 2-205
3573M 20 2A% 10 65 40nA 1 2.6 94 Ind TO-3 2-243
Wideband 3554M 10 100 1 15 50 17002 1200 100 Ind TO-3 2-229
High Voltage 3584M 145 15 3 25 20 202 150 126 Com TO-3 2-255
3583M 140 75 3 25 20 5 30 118 Ind TO-3 2-251
3582 145 15 3 25 20 5 20 118 Com TO-3 2-247
3581 70 30 3 25 20 5 20 112 Com TO-3 2-247
3580 30 60 10 30 50 5 15 106 Com TO-3 2-247
OPA445BM 35 15 3 10 50 2 10 100 Ind TO-99 2-104
Buffer 3553M 10 200 50 3009 200 300 2000 NA Ind TO-3 2-225
OPA633 11 80 15 339 35pA 275% 2500 NA Ind DIP  2-176

NOTES: (1) Com = 0°C to +70°C, Ind = —25°C to +85°C, Mil = —55°C to +125°C. (2) Gain-bandwidth product. (3) 2A peak. (4) S5A
peak. (5) Typical.
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SPECIAL PURPOSE

These op amps offer specialized performance or function, including devices
with wide temperature range, low quiescent current, and switched inputs.

SPECIAL PURPOSE 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 (tmV) (pv/C) (nA) (dB) (MHz) (V/ps) (V) (tmA) Range” Pkg No.
Very Fast OPA675G 1 5 35:A 65 185@ 350 2.1 30 Com,Mil DIP S2-90
Settliing OPA676G 1 5 350A 65 185@ 350 2.1 30 Com,Mil DIP S2-90

NOTES: (1) Com = 0°C to +70°C, Mil = —-55°C to +125°C. (2) -3dB BW at Gain of +10V/V.

Models STILL available but not featured in this book

Recommended

Model Description Newer Model Equivalency
3329/03 Hybrid Power Booster OPA633 F/E
3500 Low Bias Current Op Amp OPA27 F/E
3501 Low Bias Current Op Amp OPA111 P/P
3510 Low Drift Op Amp OPA27 FIE
3521 Low Drift Op Amp OPA111 P/P
3522 Low Drift Op Amp OPA111 P/P
3523 Low Bias Current Op Amp OPA128 P/P
3527 Low Drift FET Op Amp OPA111 P/P
3528 Low Bias Current Op Amp OPA128 P/P
3542 FET Input Op Amp OPA121@ P/P
OPA37HT Wide Temp Op Amp OPA11HT P/P
OPA103 Low Bias Current Op Amp OPA128 P/P
OPA104 Low Bias Current Op Amp OPA128 P/P
DEM102 Demo Kit for ISO102

DEM106 Demo Kit for ISO106

NOTES: (1) P/P = Pin for Pin. A true second source. F/E = Functiorial Equivalent. Very similar function, very similar performance,
but not pin for pin. C/P = Closest Part. Similar function, similar performance, but significant differences exist. (2) Supply Range for

OPA121 is 5V to +18V (instead of +5V to +20V).

2-8

Burr-Brown IC

Data Book Supplement, Vol. 33b



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

OPERATIONAL AMPLIFIERS GLOSSARY

COMMON-MODE INPUT IMPEDANCE

Effective impedance (resistance in parallel with capacitance) between either
input of an amplifier and its common, or ground terminal.

COMMON-MODE REJECTION (CMR)

‘When both inputs of a differential amplifier experience the same common-
mode voltage (CMV), the output should, ideally, be unaffected. CMR is the
ratio of the common-mode input voltage change to the differential input
voltage (error voltage) which produces the same output change.

CMR (in dB) = 20 log,, CMV/Error Voltage

Thus a CMR of 80dB means that 1V of common-mode voltage will cause an
error of 100V (referred to input).

COMMON-MODE VOLTAGE (CMY)

That portion of an input signal common to both inputs of a differential
amplifier. Mathematically it is defined as the average of the signals at the two
inputs:

CMV = (e, +e,)2

COMMON-MODE VOLTAGE GAIN

Ratio of the output signal voltage (ideally zero) to the common-mode input
signal voltage.

COMMON-MODE VOLTAGE RANGE
Range of input voltage for linear, nonsaturated operation.

DIFFERENTIAL INPUT IMPEDANCE

Apparent impedance, resistance in parallel with capacitance, between the two
input terminals. ‘

FULL POWER FREQUENCY RESPONSE

Maximum frequency at which a device can supply its peak-to-peak rated
output voltage and current, without introducing significant distortion.

GAIN-BANDWIDTH PRODUCT
Product of small signal, open-loop gain and frequency at that gain.

Burr-Brown IC Data Book Supplement, Vol. 33b
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INPUT BIAS CURRENT

DC input current required at each input of an amplifier to provide zero output
voltage when the input signal and input offset voltage are zero. The specified
maximum is for each input.

INPUT BIAS CURRENT vs SUPPLY VOLTAGE
Sensitivity of input bias current to power supply voltages.

INPUT BIAS CURRENT vs TEMPERATURE
Sensitivity of input bias current to temperature.

INPUT CURRENT NOISE

Input current that would produce, at the output of a noiseless amplifier, the
same output as that produced by the inherent noise generated internally in the
amplifier when the source resistances are large.

INPUT OFFSET CURRENT. »
Difference of the two input bias currents of a differential amplifier.

INPUT OFFSET VOLTAGE

DCinput voltage required to provide zero voltage at the output of anamplifier
when the input signal and input bias currents are zero.

INPUT OFFSET VOLTAGE vs SUPPLY VOLTAGE (PSR)

Sensitivity of input offset voltage to the power supply voltages. Both power
supply voltages are changed in the same direction and magnitude over the
operating voltage range.

INPUT OFFSET VOLTAGE vs TEMPERATURE (DRIFT)

Rate of change of input offset voltage with temperature. At Burr-Brown, this
isthe change in input offset voltage from +25°C to the maximum specification
temperature, plus the change in input offset voltage from +25°C to the
minimum specification temperature, this quantity is divided by the specified
temperature range.

INPUT OFFSET VOLTAGE vs TIME
The sensitivity of input offset voltage to time.

Burr-Brown IC Data Book Supplement, Vol. 33b
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INPUT VOLTAGE NOISE

Differential input voltage that would produce, at the output of a noiseless
amplifier, the same output as that produced by the inherent noise generated
internally in the amplifier when the source resistances are small.

MAXIMUM SAFE INPUT VOLTAGE

Maximum voltage that may be applied at, or between, the inputs without
damage.

OPEN-LOOP GAIN
Ratio of the output signal voltage to the differential input signal voltage.

OPERATING TEMPERATURE RANGE
Temperature range over which the amplifier may be safely operated.

OUTPUT RESISTANCE
Open-loop output source resistance with respect to ground.

POWER SUPPLY RATED VOLTAGE

Normal value of power supply voltage at which the amplifier is designed to
operate.

POWER SUPPLY VOLTAGE RANGE

Range of power supply voltage over which the amplifier may be safely
operated.

QUIESCENT CURRENT

Current required from the power supply to operate the amplifier with no load
and with the output at zero volts.

RATED OUTPUT

Peak output voltage and current that can be continuously, simultaneously
supplied.

SETTLING TIME

Time required, after application of a step input signal, for the output voltage
to settle and remain within a specified error band around the final value.

Burr-Brown IC Data Book Supplement, Vol. 33b
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SLEW RATE

Maximum rate of change of the output voltage when supplying rated output
current.

SPECIFICATION TEMPERATURE RANGE

Temperature range over which “versus temperature” specifications are speci-
fied. ‘

STORAGE TEMPERATURE RANGE

Temperature range over which the amplifier may be safely stored, unpow-
ered. ' '

UNITY-GAIN FREQUENCY RESPONSE
Frequency at which the open-loop gain becomes unity.

Burr-Brown IC Data Book Supplement, Vol. 33b
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BURR-BROWN®

OPA177
OPA77

OPA177

Precision
OPERATIONAL AMPLIFIER

FEATURES

@ LOW OFFSET VOLTAGE: 10uV 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+

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.
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International Alrport industrial Park  «  Malling Address: PO Box 11400

Tel: (602) 746-1111  «  Twx:910-952-1111 + Cable:BBRCORP -« Telex: 066-6491

+ Tucson,AZ85734 -« Street Address:6730S. Tucson Bivd. + Tucson, AZ 85706

« FAX:(602)889-1510 - Immediate Product info: (800) 548-6132

OPERATIONAL AMPLIFIERS

PDS-1081
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OPA177 SPECIFICATIONS

ELECTRICAL
At Vg = £15V, T, = +25°C unless otherwise noted.
OPA177E OPA17T7F 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 03 04 HV/Mo
Voltage Stability
Offsat Adjustment Range R, = 20kQ 13 M ¢ mv
Power Supply Rejection Ratio | V=3V to x18V 120 125 115 * 110 120 d8
INPUT BIAS CURRENT
Input Offset Current 03 1 . 15 * 28 nA
Input Bias Current 0.5 1.5 * 12 * 2.8 nA
NOISE
Input Nolse Voltage 1Hz to 100Hz® 85 150 M . M . nVrms
Input Noise Current 1Hz to 100Hz 45 . ¢ pAmms
INPUT IMPEDANCE
Input Resistance Differential Mode® 26 45 M M 185 * MQ
Common Mode 200 * * Ga
INPUT VOLTAGE RANGE
Common-Mode Input Range'® . +13 +14 . . * . v
Common-Mode Rejection Veu= 13V 130 140 * * 115 * dB
OPEN-LOOP GAIN R 22kQ
Large-Signal Voltage Gain Vo =110V©e 5000 12000 ¢ o 2000 6000 VimV
OUTPUT - }
Output Voltage Swing R 2 10kQ 1135 +14 M * * ¢ \'2
R 2 2kQ 1125 +13 ¢ M * * v
R 2 1kQ 12 | 125 ’ : ‘ N v
Open-Loop Output Resistance 60 M M Q
FREQUENCY RESPONSE
Slew Rate R, 2 2kQ 0.1 03 . . . . Vigs
Closed-Loop Bandwidth G=+ 0.4 0.6 ‘ ¥ . " MHz
POWER SUPPLY
Power Consumption Vg = +15V, No Load 40 60 N . . * mw
V=13V, No Load 35 45 . . * * mw
Supply Current Vg = %15V, No Load 13 2 . . . v mA
ELECTRICAL
At Vg = £15V, —40°C < T, < +85°C, unless otherwise noted.
OFFSET VOLTAGE
Input Offset Voltage 10 20 15 40 20 100 pv
Average Input Offset 0.03 0.1 0.1 0.3 0.7 1.2 [T\
Voltage Drift®
Power Supply Rejection Ratio | V=3V to £+18V 120 125 110 120 106 115 dB
INPUT BIAS CURRENT
Input Offset Current 05 15 . 22 . 45 nA
Average Input Offset Current 1.5 25 * 40 . 85 pArC
Drift?
Input Bias Current 0.5 14 . v * 16 nA
Average Input Bias Current 8 25 * 40 15 60 pArC
Drift™
INPUT VOLTAGE RANGE
Common-Mode Input Range +13 +13.5 M M * v v
Common-Mode Rejection Veu= 13V 120 140 * * 110 * dB
OPEN-LOOP GAIN
Large-Signal Voltage Gain R, 22kQ, V,=110V| 2000 6000 ¢ ¢ 1000 4000 vimv
OUTPUT
Output Voltage Swing R 2 2kQ +12 3 * * * M v
POWER SUPPLY
Power Consumption V=15V, No Load 60 75 . . . . mw
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 typk:ally less than 2pV. (2) Sample tested. (3) d by design. (4) Guaranteed
by CMRR test condition. (5) To insure high open-loop gain throughout the +10V output range, Am istested at—10V <V, S0V, 0VSV, < +10V, and ~10V S VS +10V.
(6) OP177EZ and OP177FZ: TCVsis 100% tested. (7) Guaranteed by end-point limits.
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OPA77 SPECIFICATIONS

ELECTRICAL
At Vg = 15V, T, = +25°C unless otherwise noted.
OPA77E OPAT7TF OPATIG
PARAMETER CONDITION MIN TYP MAX MIN TYP MAX MIN TP MAX UNITS
OFFSET VOLTAGE
Input Offset Voltage 10 25 20 60 50 100 nv
Long-Term input Offset 03 0.4 * HV/Mo
Voltage Stability'"
Offset Adjustment Range Rypy = 20kQ 13 * * mVv
Power Supply Rejection Ratio Vg =23V to 18V 0.7 3 o ¢ . * HV
INPUT BIAS CURRENT
Input Offset Current 0.3 15 28 ¢ * nA
Input Bias Current 1.2 12 2.8 o * nA
NOISE
Input Noise Voltage 0.1Hz to 10Hz®@ 0.35 0.6 0.38 0.65 . . RrVp-p
Input Noise Voltage Density f = 10Hz® 8.5 18 . 20 . . nVAHz
f= 100Hz? 7.5 13 . 135 ¢ . nVNHz
f = 1000Hz? 75 1 * 115 * . nVAHz
Input Noise Cumrent 0.1Hz to 10Hz 35 * ¢ PApP-p
{nput Noise Current Density f = 10Hz 0.73 . . pANHZ
f = 100Hz 0.26 . . pANHZ
f = 1000Hz 0.22 i . pANHZ
INPUT RESISTANCE
Difterential Input Resistance® 26 45 185 * . . MQ
Ci ode Input Resi; 200 . ¢ GQ
INPUT VOLTAGE RANGE
Common Mode input Range +13 +14 . . * M v
Common-Mode Rejection Ve = £13V 0.1 1 * 1.6 ‘ * wv
OPEN-LOOP GAIN
Large-Signal Voltage Gain R 22kQ,V, =110V | 5000 | 12000 2000 | 6000 . * Vimv
OQUTPUT
Output Voltage Swing R, 2 10kQ +135 | 14 * * N * v
R, 22kQ x125 *13 . . . . \
R 2 1kQ +12 +12.5 * ¢ . * v
Open-Loop Output Resistance 60 . * Q
FREQUENCY RESPONSE
Slew Rate R, 22kQ 0.1 0.3 ¢ ¢ * ¢ Vips
Closed-Loop Bandwidth AVCL = +1 04 0.6 . ‘ . * MHz
POWER SUPPLY
Power Consumption Vg = 215V, No Load 50 60 . * * . mw
Vg =23V, No Load 35 45 * ‘ * * mw
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 . . %
P Package 10 55 20 100 80 150 nv
Average Input Offset* Z Package 0.1 0.3 0.2 0.6 . ¢ RVFC
Voltage Drift P Package 0.3 0.6 0.4 1 0.7 1.2 uvre
Power Supply Rejection Ratio Vg = 3V to £18V 1 3 . 5 . . nvv
INPUT BIAS CURRENT
Input Offset Current 0.5 22 * 45 * . nA
Avg Input Offset Current Drift's 15 40 . 85 . . PArC
Input Bias Current 24 14 . 16 . . nA
Avg Input Bias Current Drift®® 8 40 15 60 . . pArC
INPUT VOLTAGE RANGE
Common Mode Input Range 13 +135 * * ¢ * v
Common-Mode Rejection Ve = 13V 0.1 1 . 3 * * wv
OPEN-LOOP GAIN
Large-Signal Voltage Gain R 22kQ, V, =110V 2000 6000 1000 4000 * * VimV
OUTPUT
Output Voltage Swing R 22kQ +12 +13 * ‘ ¢ ‘ v
POWER SUPPLY
Power Consumption V, =15V, No Load 60 75 . * * M mw
* 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.
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MECHANICAL
P Package — 8-Pin Plastic DIP
P INCHES | MILLIMETERS INCHES | MILUMETERS
PRI DIM | MN_| MAX | MIN | MAX DM | MIN_] MAX | MIN_] MAX
T A_| 155 | 200 | 994 | 508 L? | 0 |.030 | 000 | 076
A | 020 | 050 | 051 | 127 o | 0° 150 | 0 |15
P & B [0 | 020 |03 [051| | P |0t [ 050 |03 | 1270
_l B | 045 | 065 | 104 | 165 | [ Q| .040 | 075 | 1.02 | 1.1 |
C_|.008 | 012 | 020 | 030 SO ] 015 | 050 | 038 | 127
he R R DO | 370 | 400 | 940 [1036] (1)Ne JEDEGSW.
Pin1 E |.300 | 325 | 762 | 826 | (3) gy and e, apply in zone L, when
£ E 240 | .260 | 6.10 | 6.60 unit installed.
[ i T mse | ammae | NOre:Leads in tue posiion witin
L e 0.01" (0.25mm) R at MMC at seating
%_I L | 125 [ 150 | 318 | 38t pme_( )
L
—f A, ~/ e (o]
s
Seating Plane
Z Package — 8-Pin SSI Ceramic DIP
~———D ES ETERS] NOTE: Leads in true
INCHES | MILLIMETERS
.11 DIM | MIN | MAX | MIN |MAX position within 0.01"
A_| 160 | 214 | 407 |54 (0.25mm) R at MMC
A1_| 009 | 060 | 023 [152 at seating piane.
2 B | 015 | 021 | .38 |54
- Bi | 045 | 060 [1.14 [152
C_|.008 | 012 [020 [030
D | 365 | 305 |927 [1003
E_| 200 | 320 | 737 (843
Er | 245 | 255 |62 648
eE er | 100BASIC | 254 BASIC
1 ~ A = en | 268 | 288 | 6.81 | 7.31
a L | 125 | 75 | 3.18 | 445
! 1 o | 0 | 15 | 00 | 15 |
f Qi | 180 | 220 | 457 | 559
I S | — [ 098 | — | 249
T r e | 290 | 320 | 7.37 | 8.3
L ,”/
L ¥ —-l-¢C
- \/ o |.__—. o ——
S Package — 8-Pin SOIC
Iy WCRES WLLWETERS ]  NOTE: Leads in true
! DM | MIN | MAX | MIN [ MAX |  Position within 0.01"
gaf A 8 [ 200 4 [511] (025mm)RatMMC
H A | 178 | 201 | 452 [ 511 at seating plane.
B_ | 146 | 162 | 371 | 441
B, B Bi | 130 | 149 | 330 | 378
1 : C_| 054 | 145 | 137 | 369
Pin 1 Identifier {Lees D | 015 | 019 | 038 | 048
Ut G | .050BASIC | 1.27BASIC
L H_| 018
Pin1 H J_ | 008
! L] 220
= M_| 0
N C M N M
[EElEph %%\,j
abodltt v 7
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PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS
Top View [+]1 ] Power Supply Voltage +22V
solc Ditferential Input Voltage +30V
Input Voltage IV 21V
e Output Short Circult i

Operating Temperature:
Offset Trim E El Oftsat Trim Ceramic DIP (2) —55°C to +125°C
Plastic DIP (P), SO-8 (S) «evererererruerensareansssssnssssssssasasns —40°C to +85°C

~in E ZI v+ Storage Temperature:

Ceramic DIP (2) ~65°C to +150°C
+n E E Vo Plastic DIP (P), SO-8 (S).. ...~65°C 10 +125°C
Temp +150°C
V- E 5 | No Intemal Connection Lead Temp g, 10s) +300°C

ORDERING 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 SO-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
OPAT77FZ 8-Pin Ceramic DIP —25°C to +85°C

OPA177

® 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 1.5kQ) applied to each pin.

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

TYPICAL PERFORMANCE CURVES

T, = +25°C, V; = 215V unless otherwise noted.

GAIN LINEARITY
(NORMALIZED INPUT VOLTAGE vs OUTPUT VOLTAGE)
1

s R = 10kQ
S
@ \\
g 4 ——t—
S I
§_ [ Offset nulled
£ -1 atVo =0V

-2

-10 -5 0 5 10

Output Voltage (V)
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OPEN-LOOP GAIN vs TEMPERATURE

25
g2o
2
g 15
O —
§1o \\
x
L

0

66 36 -15 5 25 45 65 85 105 125

Temperature (°C)
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TYPICAL PERFORMANCE CURVES (CoNT)

T, = +25°C, V, = 215V unless otherwise noted.

OPEN-LOOP GAIN vs POWER SUPPLY VOLTAGE WARM-UP OFFSET VOLTAGE DRIFT
20 R 3
2
s 16 g
2 @
?4 L] g
£ 12 £
] o
H > 2
g 4 ] g
_.) o
S >
5 . / g
7
o -3
0 15 10 15 120 [} 15 30 45 60 75 90 105 120
Power Supply Voltage (V) - Time from Power Supply Turn-On (s)
OFFSET VOLTAGE CHANGE - CLOSED-LOOP RESPONSE vs FREQUENCY
DUE TO THERMAL SHOCK 100
2 3
= Dlevioe lr|nmerseld in 70"'0 lnen‘uquld
[
% 25 r/ | ] . Y
@
% Ci ic DIP 2 60 n
g 20 I\ Ceram £ :du\
° N
5 g
g 5 -8 N
£ 3 N
% 10 N 8 N
Plastic DIP : . o
S 5 AL \\‘ 0 N
g — N
o
g 0 20 .
[} 10 20 30 40 50 60 70 80 10 100 1k 10k 100k ™M 10M
Time (s) Frequency (Hz)
OPEN-LOOP GAIN/PHASE vs FREQUENCY 'CMRR vs FREQUENCY
L ° I
140 \\i in 140 N
& 120 H-M 5 g v N
e NN 2 130 N
£ 100 4 &
3 h \\ Phase [<X T 120 AN
2 80 N Y 0 = g N
3 N N 7] = 110 Ny
= 60 N N @ o
& N 2 00 :
40 N 135 o AN
20 > 90 N
. N N
N
0 180 80 -
001 0.1 1 10 100tk 10k 100k 1M " 10 100 1k 10k 100k
' Frequency (Hz) Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (conT)

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

POWER SUPPLY REJECTION
vs FREQUENCY
150
g 130
c
g
S EH R
>
g g0
3 I I 11
g
s 7 N
50
0.1 1 10 100 1k 10k
Frequency (Hz)
TOTAL NOISE vs BANDWIDTH
(0.1Hz to Frequency Indicated)
10 == =
LT
SR ——
2
k]
2 i
@ ey
Z 01 =
0.01
100 1k 10k 100k
Bandwidth (Hz)
MAXIMUM OUTPUT SWING vs FREQUENCY
32
[ 1Tl
28 G=+1 1]
s R, =2kQ
§ 24 \
P
£ \
K]
&
P 12 \
: N
g8
o
4 \\~-.
0 n
1k 10k 100k M
Frequency (Hz)
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Input Noise Voltage (nVA/Hz ) Input Bias and Input Offset Cumrent (nA)

Power Consumption (mW)

INPUT BIAS AND INPUT OFFSET CURRENT

vs TEMPERATURE
2
1
I
\
——]
0 los
-1
-2
—40 -15 10 35 60 85
Temperature (°C)
INPUT NOISE VOLTAGE DENSITY vs FREQUENCY
1k
Rg, = Rg, = 200kQ
2 Thermal noise of
. source
N included.
100 =

10

8

-
o

==s22

D.
1=
o—

10 100 1k 10k
Frequency (Hz)

POWER CONSUMPTION vs POWER SUPPLY

10 20 30 40
Total Supply Voltage (V)
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TYPICAL PERFORMANCE CURVES (conT)

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

MAXIMUM OUTPUT VOLTAGE vs LOAD RESISTANCE

20
1l
I
Positive
s 15 Output
g 14 Negative
3 1 /] Output
5 /|
E
H ]
= 5
0
100 1k 10k

Load Resistance to Ground (Q2)

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 0.1pF 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.

2-20

OUTPUT SHORT-CIRCUIT CURRENT vs TIME

€
[
o
2
2 2 Jsc+
2
2] —
g 20 7’
R
15
0 1 2 3 4
Time from Output Being Shorted (min)
V+
20kQ
S— 1 N
Vin OPA177 Vour
o—31 +
+
Trim Range is approximately +3.0mV

FIGURE 1. Optional Offset Nulling Circuit.

INPUT PROTECTION

The inputs of the OPA177 and OPA77 are protected with
5009 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.

NOISE PERFORMANCE

The noise performance of the OPA177 and OPA77 is opti-
mized for circuit impedances in the range of 2kQ to 50kQ.
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.

Burr-Brown IC Data Book Supplement, Vol. 33b
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Conventional op amp with
extemal bias current
cancellation resistor.

_IVW__

Ry

o—M—

R, —0

™~ No bias current

= cancellation resistor needed

(b)

OPA177 with no external
bias current cancellation
resistor.

FIGURE 2. Input Bias Current Cancellation.

INPUT BIAS CURRENT CANCELLATION

The input stage base current of the OPA177 is intemally
compensated with an equal and opposite cancellation current.
The resulting input bias current is the difference between the
input stage base current and the cancellation current. This
residual input bias current can be positive or negative.

Burr-Brown IC Data Book Supplement, Vol. 33b

‘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 actually
increase offset and noise.
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BURR-BROWNG®

OPA541

High Power Monolithic
OPERATIONAL AMPLIFIER

FEATURES

® POWER SUPPLIES TO 40V

©® OUTPUT CURRENT TO 10A PEAK
©® PROGRAMMABLE CURRENT LIMIT
® INDUSTRY-STANDARD PINOUT

® FET INPUT

® TO-3 AND LOW-COST POWER PLASTIC
PACKAGES

DESCRIPTION

The OPA541 is a power operational amplifier capable
of operation from power supplies up to 40V and
continuous output currents up to 5A. Internal current
limit circuity can be user-programmed with a single
external resistor, protecting the amplifier and load
from fault conditions. The OPA541 is fabricated using
a proprietary bipolar/FET process.

Pinout is compatible with popular hybrid power am-
plifiers such as the OPAS511, OPAS512 and the 3573.

APPLICATIONS
@ MOTOR DRIVER

® SERVO AMPLIFIER

© SYNCHRO EXCITATION

' @ AUDIO AMPLIFIER

© PROGRAMMABLE POWER SUPPLY

The OPAS541 uses a single current-limit resistor to set
both the positive and negative current limits. Applica-
tions currently using hybrid power amplifiers requir-
ing two current-limit resistors need not be modified.
The OPA541 is available in an 11-pin power plastic
package and an industry-standard 8-pin TO-3 her-
metic package. The power plastic package has a cop-
per-lead frame to maximize heat transfer. On the TO-
3 package, the case is isolated from all circuitry,
allowing it to be mounted directly to a heat sink
without special insulators.

®
1
Current
v
%‘:E"e" Exmal °
® ® ®
R

International Alrport industrial Park  «
Tel: (602) 746-1111

Malling Address: PO Box 11400

« Tucson,AZ85734 -« Street Address: 6730 S. Tucson Bivd. -« Tucson, AZ 85706
o Twx:910-952-1111 + Cable: BBRCORP - Telex: 066-6491

« FAX:(602)883-1510 . Immediate Product info: (800) 548-6132

PDS-737D
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SPECIFICATIONS

ELECTRICAL
At T .= +25°C and V= £35VDC unless otherwise noted.
OPA541AMAP OPA541BMW/SM
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INPUT OFFSET VOLTAGE
Vos 2 £10 10.1 E) mv
vs Temperature Specified Temperature Range +20 40 +15 +30 pvrec
vs Supply Voltage Vg= 210V to 1V, 125 +10 . . pvvV
vs Power +20 160 ¢ . pvw
INPUT BIAS CURRENT
Iy 4 50 . . PA
INPUT OFFSET CURRENT
log +1 30 . . PA
Specified Temperature Range 5 . nA
INPUT CHARACTERISTICS
Common-Mode Voltage Range Specified Temperature Range (V| — 6) E- (VAR * * v
Common-Mode Rsjection Veu= (1£Vy] - 6V) 95 113 * ¢ dB
Input Capacitance 5 ¢ pF
Input Impedance, DC 1 * T
GAIN CHARACTERISTICS
Open Loop Gain at 10Hz R =6Q 90 97 * ¢ dB
Gain-Bandwidth Product 16 * MHz
OUTPUT
Voltage Swing 1,= 5A, Continuous |Vl - 6.5) | (V] - 4.5) . . \
lo=2A H|Vel - 4.5) | (V] - 3.6) . . v
lo= 0.5A |V = 4) | (V| -3.2) . . v
Current, Peak 9 10 . * A
AC PERFORMANCE
Slew Rate 6 10 * ‘ Vius
Power Bandwidth R, = 8Q, V, = 20Vrms 45 55 ‘ o kHz
Settling Time to 0.1% 2V Step 2 . Ms
Capacitive Load Specified Temperature Range, G = 1 33 * nF
Specified Temperature Range, G >10 SOA" *
Phase Margin Specified Temperature Range, R = 8Q 40 M Degrees
POWER SUPPLY
Power Supply Voltage, 1V Specified Temperature Range +10 130 +35 * +35 +40 v
Current, Quiescent 20 25 . * mA
THERMAL RESISTANCE
OPA541AP:
6,; (Juction-to-Case) AC Output f > 60Hz 25 °CW
6 DC Output 3 °CW
6, (Junction-to-Ambient) No Heat Sink 40 °C/W
OPAS41AM/BM/SM:
6, (Junction-to-Case) AC Output f > 60Hz 1.25 15 . . °CW
6, DC Output 14 1.9 . . °C/W
6,, (Junction-to-Ambient) No Heat Sink 30 M °CW
TEMPERATURE RANGE
Tese AM, BM, AP -25 +85 . . °C
SM -55 +125 °C
* Specification same as OPA541AM/AP.
NOTE: (1) SOA is the Safe Operating Area shown in Figure 1.
Burr-Brown IC Data Book Supplement, Vol. 33b 2-23
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MECHANICAL

M Package — TO-3

2-24

A INCHES | MILLIMETERS]  NOTE: Leads in true
|[=— B — . DIM_| MIN | MAX | MIN | MAX | Position within 0.01"
A__| 1510 | 1. 38.35 | 3097 | (0.25mm) R atMMC
I ! B | 745 | 770 | 18.92 | 1956 | atseating plane. Pin
I s E [ 260 340 60 | 8.64 numbers shown lor_
j _f 1 033 | .042 97 | 107 | reference only.
E K 080 | 105 [ 203 | 267 Numbers may not
3 c | be marked on
Seating Pl | 40°BASIC | 40°BASIC
aung Flane G_| 500BASIC | 12.70 BASIC package.
|| H__| 1.185BASIC | 30.12BASIC
—ll=—0 J_ | _593BASIC_| 15.06 BASIC
K_| 400 | 500 [10.16 1270
Q| 151 | 161 | 384 | 409
R_| 980 | 1.020 | 2489 | 2591
:‘
P Package — 11-Pin Plastic
A -l C INCHES | MILUMETERS |  NOTE: Leads in true
j P YR P = F: g [ DM [ WN [ MAX [MN [MAX | position within 0.01"
- ! — A |79 | 78 [1976 [2027 | (0-25mm) R atMMC
N S [] Bi | 846 | 806 | 2149 | 2260 | atseating plane.
- - B - [[B2_ [ 840 | 880 [21.34 | 2235
Bs | 421BASIC_ | 10.69 BASIC
r ) C_| .A7T7BASIC | 450BASIC
H [T om1w 0.97TYP
B, B, F E_| 050 | 063 | 150 | 160
B, B, Ol T F_| 6% | 710_|17.53 | 1803
J G 067 TYP 170 TYP
\ __J H_| 6BOBASIC | 17.50BASIC
Pin 1- Il | ——— J_|_670BASIC_| 17.02BASIC
A K_| 014 | 018 | 0.36 | 046
it ! L | 190 | 210 | 483 | 533
L__ M_| 150 | 179 | 404 | 455
—a! D K—~f~ N 10 279
S L M P | #°x120 | 45°x30%5
R | 148D | 152D | 376D [ 3860 |
CONNECTION DIAGRAM
M Package Top View P Package Top View
Tabat-Vg
Output
o)
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, +V to ~V, 80V
Output Current see SOA
Power Dissipati 125W
Input Voltage: Differential Vg
C -mode -Q-Vs
Temperature: Pin solder, 10s +300°C
i J o +150°C
Temperature Range:
AM, BM SM
Storage -65°C to +150°C
Operating (case) —55°C to +125°C
AP
Storage —40°C to +85°C
Operating (case) ~25°C to +85°C
NOTE: (1) Long term operation at the i juncti will

result in reduced product life. Derate intemal pow'er dissipalio;\ to achieve
high MTTF.

ORDERING INFORMATION

TEMPERATURE | CONTINUOUS
MODEL PACKAGE RANGE CURRENT

OPA541AP Power Plastic ~25°C to +85°C 5A at 25°C

OPAS541AM TO-3 -25°C to +85°C 5A at 25°C
OPA541BM TO-3 ~25°C to +85°C 5A at 25°C
OPA541SM TO-3 -55°C to +125°C 5A at 25°C

TYPICAL PERFORMANCE CURVES

T, = +25°C, V; = 135VDC unless otherwise noted.

INPUT BIAS CURRENT
vs TEMPERATURE

hd=————-—— - |
I i i 1 i t Z

<
c £ - V- T - ZT 1
= I 1 1 T T Z 1 1
o
e 1
3 I T T
; I T i G Z 1 T 1
g
a2 I i 7 i i 1
£
N
Ir 7 ] i i i
0.001 7 | I | I
-25 0 25 50 75 100 125
Temperature (°C)
NORMALIZED QUIESCENT CURRENT
vs TOTAL POWER SUPPLY VOLTAGE
1.3
12 —
11 et
o o,
3 Te=-25C | _— -
N 1 /,
£ 0 L —T Tc=+25C|
o Y —
= L /
08 L
|| Te=+125C
0.7
0.6
20 30 40 50 60 70 80 90

+Vs +-Vsl (V)
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OPEN-LOOP GAIN AND PHASE
vs FREQUENCY
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OUTPUT VOLTAGE SWING
vs OUTPUT CURRENT
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TYPICAL PERFORMANCE CURVES (CONT)

T, =+25°C, V= 35VDC unless otherwise noted.

VOLTAGE NOISE DENSITY TOTAL HARMONIC DISTORTION + NOISE
vs FREQUENCY vs FREQUENCY
10
E i R il
S 1
e g H
g 3 IR, = 100mW AT
) S
a t : 2 01
3 + Py= 5W
] g P = S50OW
Sa Ay=-5
§' 0.01 Y
o — —
> 1 |
PO 1l i
1k 10k 100k 10 100 1k 10k 100k
Frequency (Hz) Frequency (Hz)
CURRENT LIMIT CURRENT LIMIT vs RESISTANCE LIMIT
vs RESISTANCE LIMIT vs TEMPERATURE
10 =TT T—TrTT 10 i s
s Power Plastic KIS === Power Plastic at -25°C 111
~ ] M
T03 N ”“é*:;_: Power Plastic at +85°C [{]
N | TO-3 at-25°C[Eaey],
N
TO-3 at +85°C |—=P N4,
— N — NN
< NN < NN
~ ~ SN Y
E 1 t g1 s
= HH = T %
TTTTE NS 11 -,
[— NOTE: These are averaged values. — NOTE: These are averaged values. =¥y
F—]-lour is lly 10% higher. — —lour is typically 10% higher. N
| +lour is typically 10% lower. — +loyr Is typically 10% lower. JF
, N | NH:
I I TR \ I I AT AT il
0.01 0.1 1 10 ! 0.01 0.1 1 10
Re (@) ) _ Re (Q)
COMMON-MODE REJECTION
vs FREQUENCY DYNAMIC RESPONSE
120
110
™" =
100 g
& 2
S 9 N 3 / \
[ \. ]
- Y \
7 X 3 G=1,C = 47yF \
: N
60 b \ Y ot
50
10 100 ik 10k 100k ™ Time (1ps/division)
Frequency (Hz)
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INSTALLATION
INSTRUCTIONS

POWER SUPPLIES

The OPA541 is specified for operation from power supplies
up to +40V. It can also be operated from. unbalanced or
single power supplies as long as the total power supply
voltage does not exceed 80V. The power supplies should be
bypassed with low series impedance capacitors such as
ceramic or tantalum. These should be located as near as
practical to the amplifier’s power supply pins. Good power
amplifier circuit layout is, in general, like good high fre-
quency layout. Consider the path of large power supply and
output currents. Avoid routing these connections near low-
level input circuitry to avoid waveform distortion and oscil-
lations.

CURRENT LIMIT

Internal current limit circuitry is controlled by a single
external resistor, R, . Output load current flows through this
external resistor. The current limit is activated when the
voltage across this resistor is approximately a base-emitter
tumn-on voltage. The value of the current limit resistor is
approximately:

AM,BMSM R, = 289 057
i,

ap R, =288 40
LlMI

Because of the internal structure of the OPA541, the
actual current limit depends on whether current is positive or
negative. The above R, gives an average value. For a given
R, Hgyr Will actually be limited at about 10% below the
expected level, while -1, will be limited about 10% above
the expected level.

The current limit value decreases with increasing tempera-
ture due to the temperature coefficient of a base-emitter
junction voltage. Similarly, the current limit value increases
at low temperatures. Current limit versus resistor value and
temperature effects are shown in the Typical Performance
Curves. Approximate values for R, at other temperatures
may be calculated by adjusting R, as follows:
—-2mV

= —— X(T-25
| ( )

LM
The adjustable current limit can be set to provide protec-
tion from short circuits. The safe short-circuit current de-
pends on power supply voltage. See the discussion on Safe
Operating Area to determine the proper current limit value.

Since the full load current flows through R, it must be
selected for sufficient power dissipation. For a SA current
limit on the TO-3 package, the formula yields an R of
0.105 (0.143Q on the power plastic package due to differ-
ent internal resistances). A continuous 5A through 0.105Q
would require an R, that can dissipate 2.625W.

Sinusoidal outputs create dissipation according to rms load
current. For the same R_ , AC peaks would still be limited

cL’
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to 5A, but rms current would be 3.5A, and a current limiting
resistor with a lower power rating could be used. Some
applications (such as voice amplification) are assured of
signals with much lower duty cycles, allowing a current
resistor with a low power rating. Wire-wound resistors may
be used for R, Some wire-wound resistors, however, have
excessive inductance and may cause loop-stability prob-
lems. Be sure to evaluate circuit performance with resistor
type planned for production to assure proper circuit opera-
tion.

HEAT SINKING

Power amplifiers are rated by case temperature, not ambient
temperature as with signal op amps. The maximum allow-
able power dissipation is a function of the case temperature
as shown on the power derating curve. All points on the
power derating slope produce a maximum internal junction
temperature of +150°C. Sufficient heat sinking must be
provided to keep the case temperature within safe bounds for
the maximum ambient temperature power dissipation. The
thermal resistance of the heat sink required may be calcu-
lated by:

Y _ Tease = Tasament

HS P, (max)

Commercially available heat sinks often specify their ther-
mal resistance. These ratings are often suspect, however,
since they depend greatly on the mounting environment and
air flow conditions. Actual thermal performance should be
verified by measurement of case temperature under the
required load and environmental conditions.

No insulating hardware is required when using the TO-3
package. Since mica and other similar insulators typically
add approximately 0.7°C/W thermal resistance, their elimi-
nation significantly improves thermal performance. See Burr-
Brown Application Note AN-83 for further details on heat
sinking. On the power plastic package, the metal tab is
connected to —V,, and appropriate actions should be taken
when mounting on a heat sink or chassis.

SAFE OPERATING AREA

The safe operating area (SOA) plot provides comprehensive
information on the power handling abilities of the OPA541.
It shows the allowable output current as a function of the
voltage across the conducting output transistor (see Figure
1). This voltage is equal to the power supply voltage minus
the output voltage. For example, as the amplifier output
swings near the positive power supply voltage, the voltage
across the output transistor decreases and the device can
safely provide large output currents demanded by the load.

Short circuit protection requires evaluation of SOA. When
the amplifier output is shorted to ground, the full power
supply voltage is impressed across the conducting output
transistor. The current limit must be set to a value which is
safe for the power supply voltage used. For instance, with V¢
+35V, a short to ground would force 35V across the conduc-
ting power transistor. A current limit of 1.8A would be safe.

Reactive, or EMF-generating, loads such as DC motors can
present difficult SOA requirements. With a purely reactive
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SAFE OPERATING AREA APPLICATIONS CIRCUITS
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+ = D, —D,: IN4003
FIGURE 1. Safe Operating Area. (o] -
_Vs

load, output voltage and load current are 90° out of phase.
Thus, peak output current occurs when the output voltage is
zero and the voltage across the conducting transistor is equal
to the full power supply voltage. See Burr-Brown Applica-
tion Note AN-123 for further information on evaluating
SOA.

REPLACING HYBRID POWER AMPLIFIERS

The OPA541 can be used in applications currently using
various hybrid power amplifiers, including the OPAS501,
OPA511, OPAS512, and 3573. Of course, the application
must be evaluated to assure that the output capability and
other performance attributes of the OPA541 meet the neces-
sary requirement. These hybrid power amplifiers use two
current limit resistors to independently set the positive and
negative current limit value. Since the OPAS541 uses only
one current limit resistor to set both the positive and negative
current limit, only one resistor (see Figure 4) need be
installed. If installed, the resistor connected to pin 2 (TO-3
package) is superfluous, but it does no harm.

Because one resistor carries the current previously carried
by two, the resistor may require a higher power rating.
Minor adjustments may be required in the resistor value to
achieve the same current limit value. Often, however, the
change in current limit value when changing models is small
compared to its variation over temperature. Many applica-
tions can use the same current limit resistor.

2-28

FIGURE 2. Clamping Output for EMF-Generating Loads.

Pin 2 s “open” on OPAS541.

FIGURE 4. Replacing OPA501 with OPAS541.
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FIGURE 5. Paralleled Operation, Extended SOA.

FIGURE 6. Programmable Voltage Source.
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FIGURE 7. 16-Bit Programmable Voltage Source.
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BURR-BROWN®

OPA603

High Speed, Current-Feedback
OPERATIONAL AMPLIFIER

FEATURES

@® BANDWIDTH: 100MHz, G = 1 to 10

® SLEW RATE: 1000V/us

® FAST SETTLING TIME: 50ns to 0.1%

® WIDE SUPPLY RANGE: #4.5 to +18V

® HIGH OUTPUT CURRENT: +150mA peak
@ 8-PIN PLASTIC MINI-DIP PACKAGE

DESCRIPTION

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
150Q loads with up to 1000V/jis slew rate. This allows
it to drive terminated 75 cables. With 150mA peak
output current capability it is suitable for driving load
capacitance or long lines at high speed.

In contrast with conventional op amps, the current-
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
package and is specified for the industrial temperature
range.

International Alrport Industrial Park  «  Mailing Address: PO Box 11400

APPLICATIONS

® ATE PIN DRIVERS

@ LINE DRIVERS

® VIDEO AMPLIFIERS

® FAST DATA ACQUISITION

® SONAR, ULTRASOUND CIRCUITRY
® WAVEFORM GENERATORS

+Vg
o
7
®
'/
N
+In -In 4 Vo
3 2 Y e
C
®
~Vg
[
4

+ Tucson,AZ 85734 .« Street Address: 6730 S. Tucson Bivd. « Tucsan, 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.

OPAG03AP
PARAMETER CONDITIONS MIN TYP MAX UNITS
INPUT OFFSET VOLTAGE
Initial 5 mv
vs Temperature 8 pviec
vs Common-Mode Voitage Ve = 210V 50 60 dB
vs Supply (tracking) Voltage Vg =112V to +18V 80 85 dB
vs Supply (non-tracking)! |Vl = 12V to 18V 55 60 dB
+INPUT BIAS CURRENT
Initial 5 MA
vs Temperature 30 nArC
vs Common-Mode Vew = 10V 200 500 nANV
vs Supply (tracking) Vg = 12V to +18V 50 100 nAN
vs Supply (non-tracking)™ Vgl = 12V to 18V 150 300 nANV
-INPUT BIAS CURRENT
Initial 25 HA
vs Temperature 300 nArC
vs Common-Mode Ve = £10V 200 600 nANV
vs Supply (tracking) Vg = 12V to +18V 300 500 nAN
vs Supply (non-tracking)™ |Vl = 12V to 18V 1500 2000 nAv
INPUT IMPEDANCE
+Input 5112 MQ || pF
~Input 302 Q|| pF
OPEN LOOP CHARACTERISTICS
Transresistance Vo= 210V 300 440 kQ
Transcapacitance 1.8 pF
OUTPUT CHARACTERISTICS
Voltage R = 150Q +10 12 \2
Peak Current 150 mA
Short-Circuit Current® Vg =0V 170 200 mA
Output Resistance, Open-Loop 70 Q
FREQUENCY RESPONSE G=+2
Small-Signal Bandwidth® 70 160 MHz
Gain Flatness, +0.5dB 35 75 MHz
Full-Power Bandwidth V, = 20Vp-p 10 MHz
Differential Gain f = 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 Vips
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 -80 dBc
POWER SUPPLY '
Specified Operating Voltage +15 \
Operating Voltage Range 4.5 +18 \
Current 21 +25 mA
TEMPERATURE RANGE
Specification -25 +85 °C
Storage —40 +150 °C
THERMAL RESISTANCE, 0, , 1o amsienr Soldered to Printed Circuit 90 °cwW

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 curves,
Figure 5.
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SPECIFICATIONS, V, = +5V

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

PARAMETER CONDITIONS MIN TYP MAX UNITS

INPUT OFFSET VOLTAGE

Initial [ mv
vs Temperature 8 pvree
vs Common-Mode Veu =13V 50 55 dB
vs Supply (tracking) V= 24V to 16V 7% 80 dB
vs Supply (non-tracking)™ V¢l = 4V to 6V 55 60 dB

+INPUT BIAS CURRENT

Initial 5 pA
vs Temperature 30 nArC
vs Common-Mode Veu =23V 350 600 nANV
vs Supply (tracking) V= 24V to 26V 100 200 nANV
vs Supply (non-tracking)™ Vel = 4V to 6V 200 300 nAN

~INPUT BIAS CURRENT

Initial 25 pA
vs Temperature 300 nArC
vs Common-Mode Vew = 33V 300 600 nAN
vs Supply (tracking) Vg = 14V to 16V 500 700 nAN
vs Supply (non-tracking)" Vsl = 4V to 8V 2500 3000 nAN

INPUT IMPEDANCE

+Input 332 MQ || pF

—Input 302 Q| pF

OPEN LOOP CHARACTERISTICS '

Transresistance Vo= $2V 225 330 kQ

Transcapacitance 24 pF

OUTPUT CHARACTERISTICS

Voltage 12 +2.75 v

Peak Current 150 mA

Short-Circuit Current® Vo= 0V 170 200 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 =100, f = 10MHz

2nd Harmonic Distortion Vo= 02Vp-p -67 dBc

3rd Harmonic Distortion V, = 0.2Vp-p -78 dBe

POWER SUPPLY

Specified Operating Voltage +5 v

Operating Voltage Range $4.5 %18 \%

Current +21 +25 mA

TEMPERATURE RANGE

Specification 25 +85 °C

Storage —40 +150 °C

THERMAL RESISTANCE, 6, conavsient Soldered to Printed Circuit 90 : °CW

NOTES: (1) One power supply fixed at 5V; the other supply varied from 4V to 6V. (2) Observe power derating curve. (3) See bandwidth versus gain curves, Figure
5.
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OPA603

MECHANICAL
P Package — 8-Pin Plastic DIP
= D/ INCHES | MILUMETERS | INCHES | MILLIMETERS
B e B e N e DIM | MIN | MAX | MIN | MAX DIM_| MIN_| MAX_| MIN_| MAX |
1 A 155 | 200 .94 .08 Lel o .030 | 0.00 | 0.76
A_[.020 | .050 | 051 27 a | 0 [15° | 0 15°
P A & B [.014 [.020 | 036 | 051 P _|.015 |.050 |03 |1270
l Br [ .045 | 065 | 114 [ 165 Qr | 040 | 075 | 1.02 | 191
.| C_J.008 |.012] 020 | 030 sm|.015 ].050 | 038 [1.27
n R A g"’ 323 ;g 3;2 2’;: (1) Not JEDEC Std.
Pin1 - A 2)e1and e ly in zone L, when
e Er | 240 | 260 | 6.10 | 6.60 {,,,)n R b
! L en L] ;3 :ﬁ:g ?z; g:::g NOTE: Leads in true position within
| 6r 1 . £ 0.01" (0.25mm) R at MMC at seati
Q | | L_| 125 ] 150 | 318 | 381 p,am.( ) "
A
B
A o L« c
s
Seating Plane
PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS
Supply Voltage +18V
Top View oP Input Voltage Range ELA
\J Differential Input Voltage 16V
Power Dissipati See curve
N°| 1 E_l NC Operating Temp +100°C
Storage T +150°C
—In| 2 7 |+vs J Temp +150°C
Lead Temp (soldering, 10s) +300°C
+In| 3 EI Vo
-Vg | 4 z' NC
NC: No Internal Connection.
Solder to ground plane for
improved heat dissipation.
ORDERING INFORMATION
MODEL PACKAGE SPECIFIED TEMP. RANGE
OPA603AP Plastic DIP —25°C to +85°C
T, = +25°C unless otherwise noted.
OUTPUT SWING vs TEMPERATURE OUTPUT SWING vs TEMPERATURE
14 3.1
| Vs = 115V| R =
R = = Positive Swing 29 fo==== Positive Swing
s 13 ] s” e £
< = === = z R =750 ~~eee
c e c = S~
}) [ 3 27 %\ S~
a 12 |-R = 150Q ,\ = ~emm .7Q
~
3  b--t-_l_ Negative Swi 52.5 Ve =5V | kol
==—do__ egative Swing — ) 222
1 S Negative Swi
=~ 23 °g il
~§~~\
10 2.1
-25 0 +25 +50 +75 +100 25 [} +25 +50 +75 +100
Temperature (°C) Temperature (°C)
Burr-Brown IC Data Book Supplement, Vol. 33b 2-33

OPERATIONAL AMPLIFIERS



For Immediate Assistance, Contact Your Local Salesperson

TYPICAL PERFORMANCE CURVES (conT)

T, = +25°C unless otherwise noted.

1g+ (HA)

Common-Mode Rejection (dB)

Power Supply Rejection (dB)
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TYPICAL PERFORMANCE CURVES (CONT)

T, = +25°C unless otherwise noted.

Harmonic Distortion (dBc)

Harmonic Distortion (dBc)

15— Power Supply Rejection Ratio (A/V)
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TYPICAL PERFORMANCE CURVES (conT)

T, = +25°C unless otherwise noted.

2-TONE, 3rd ORDER INTERMODULATION INTERCEPT MAXIMUM POWER DISSIPATION vs TEMPERATURE
- < s
E =
3 \ §
3 30 ~ 2
g P~ 2
g N Vg = +15V 5
N i
£ V=25V |
10
10 20 30 40 50 25 0 +25 +50 +75 +100
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vs TEMPERATURE OPEN-LOOP OUTPUT RESISTANCE vs TEMPERATURE
500 125
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Q
g | 5100 >
g 400 2 Y
g 4 \\ Vg =25V
2 g7 ~
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g a0 g Veotisy |
_él j:' 50
3
& &
200 25
-25 0 +25 +50 +75 +100 -25 0 +25 +50 +75 +100
Temperature (°C) Temperature (°C)
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i~ N
T N\ . ~ T N
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& m Inverting Current I = & ~
= A L1 & = N 1
g INDN | g § [ ‘ ==
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e i i 2 2
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TYPICAL PERFORMANCE CURVES (CONT)

T, = +25°C unless otherwise noted.

LARGE-SIGNAL OUTPUT vs FREQUENCY LARGE-SIGNAL OUTPUT vs FREQUENCY g
25 5
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| ~— I L pom—— e
T _ 0.05%
I AGain
+ L I
L 0.0625°
T a0
- 200 IRE Full Scale -
Measured with Rohde & Schwarz Differential Gain/Phase Meter.
Rohde & Schwarz SPF2 1 ‘
Video Signal Generator Rohde & Schwarz PVF | | Scope
750 Differential Gain/Phase Meter Plotter
75Q
FIGURE 1. Video Differential Gain/Phase Performance.
LARGE-SIGNAL PULSE RESPONSE
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wl o 00pr
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3 Voy - Vo
re 100 =6,
o B = z L 7 50pF|
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3 T — C, =20pF] 1
Output 1 JopF
| NOTE: Feedback resistor value ]
-6 |— sell d for reduced peaking.
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100k X ™ 10M 100M
Frequency (Hz)

FIGURE 2. Dynamic Response— Inverting Unity-Gain.
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LARGE-SIGNAL PULSE RESPONSE

SMALL-SIGNAL FREQUENCY RESPONSE

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 re-
mains nearly constant as gain is increased.

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:
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FIGURE 4. Feedback Resistor Selection Curves.

R; ()=30+(30-G) for V=15V

For example, for a gain of 10, use R, = 600L2. Optimum
values differ slightly for +5V operation:

R (Q)=30+(23-G) for V=45V
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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.

UNITY-GAIN OPERATION

As Figure 4b indicates, the OPA603 can be operated in unity
gain. A feedback resistor (approximately 2.8k(Q) sets the ap-
propriate 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/us can apply
excessive differential input voltage.

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 0.01uF 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 10fF 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 vreduced power supply
voltage to minimize power dissipation. Detailed specifica-
tions are provided for both +15V and +5V operation.
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VOLTAGE GAIN vs FREQUENGY
30 15 =20, R, = 2200, Gy = 8pF

G = 10, R, = 56002, C;- ~ 3pF

10 152, R, = 8209, C; =3pF
Cp N

0 —

Voltage Gain (dB)

e

-10 o—
R, G-H»—::F

™ 10M 100M 16
Frequency (Hz)

FIGURE 5. Bandwidth Results with Added Capacitor Cp.

APPLICATIONS CIRCUITS

p——0Vo

G=10
Vpyo— +
OPA603 ———oVo
_AA A h h
\J VAV
1*aQ 1*®a

Varying inverting input Z
changes dynamic response.

G=-10

—oVo

FIGURE 7. Controlling Dynamic Performance.
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¢ R
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v,
IN Viu R c 110Q
159Q 1590 p—o Vo v
—o
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2-pole Butterworth LP < 5110
f_agp = 10MHz >
. 1 E 8662 G.16
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FIGURE 8. Low-Pass Filter — 10MHz. G=70 fe = 10MHz
1
R o= ZErrc
2248 2V2 n RC
Vi c c 1590Q
° | | "'_| 1/2t¢ fc 2tc
100pF 100pF b—o Vo
1590Q
R FIGURE 10. Bandpass Filter — 10MHz.
'2-pole B:;;t:r:lonh HP § 511Q R,
-3d8 =
. 1 fasm G=16 AV
%7 2r RC — -
FIGURE 9. High-Pass Filter — IMHz. Vio Vo
R, 2 150Q
J for £10V
R, Out
— R, R, =
This composite amplifier uses the OPA603 currént-feedbaek 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 ics of the OPA627/637. Use separate
power supply bypass capacitors for each op amp.
* Minimize capacitance at this node.
SLEW
GAIN| A, R, | R, [ R, | R, |-3dB | RATE
(V) | OP AMP | (Q) | (kQ) | (Q) | (kQ) | (MH2)| (V/us)
100 OPA627 |50.5"| 4.99 | 20 1 15 700
1000 | OPA637 | 49.9 | 4.99 12 1 11 500
NOTE: (1) Closest 1/2% value.

FIGURE 11. Precision-Input Composite Amplifier.
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BURR-BROWNG

OPA620

Wideband Precision
OPERATIONAL AMPLIFIER

FEATURES

@ LOW DISTORTION

® FAST SETTLING: 25ns (0.01%)

© GAIN-BANDWIDTH: 200MHz

® UNITY-GAIN STABLE

® LOW OFFSET VOLTAGE: +100uV

® SLEW RATE: 250V/us

® LOW DIFFERENTIAL GAIN/PHASE ERROR
® 8-PIN DIP AND SOIC PACKAGES AND DIE

DESCRIPTION

The OPA620 is a precision wideband monolithic opera-
tional amplifier featuring very fast settling time, low
differential gain and phase error, and high output cur-
rent drive capability.

The OPA620 is internally compensated for unity-gain
stability. This amplifier has a very low offset, fully
symmetrical differential input due to its “classical”
operational amplifier circuit architecture. Unlike “cur-
rent-feedback” amplifier designs, the OPA620 may be

APPLICATIONS

® HIGH-SPEED SIGNAL PROCESSING
® ADC/DAC BUFFER

@ ULTRASOUND

® PULSE/RF AMPLIFIERS

® HIGH-RESOLUTION VIDEO

® ACTIVE FILTERS

used in all op amp applications requiring high speed
and precision.

Low noise and distortion, wide bandwidth, and high
linearity make this amplifier suitable for RF and video
applications. Short-circuit protection is provided by an
internal current-limiting circuit.

The OPA620 is available in plastic, ceramic, SOIC
packages, and die form. Two temperature ranges are
offered: 0°C to +70°C and -55°C to +125°C.

+Vee

{7

-l > >
=z = =
Non-Inverting
Input

Inverting
Input

Output

|6, Output
Stage P

Current
Mirror

Mailing Address: PO Box 11400
« Twx:910-952-1111 .

International Alrport industrial Park  «
Tel: (602) 746-1111

« Tucson, AZ 85734
Cable: BBRCORP

&4
"VCC
« Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706

+ Telex:066-6491 - FAX:(602)889-1510

PDS-872C
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SPECIFICATIONS

ELECTRICAL
AtV . =25VDC, R = 100Q, and T, = +25°C unless otherwise noted.
OPA620KP/KU OPA620KG/SG OPA620LG a
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | MIN TYP | MAX | UNITS o
INPUT NOISE <
Voltage:f,= 100Hz R, =00 10 . ‘ nv/VHz o
fo= 1kHz 5.5 . . nv/VHz
fo= 10kHz 33 ‘ . nv/VHz o
f,= 100kHz 25 . . nv/VHz
f,= 1MHz to 100MHz 23 . . nv/VHz
t,= 100Hz to 10MHz 8.0 * * RV, ms
Current: f, = 10kHz to 100MHz 23 . . pA/VHz
OFFSET VOLTAGE™ n
Input Offset Voltage V. = OVDC 200 | ximV * * +100 | +500 uv
Average Drift Ta= T 10 Tyax 8 * * uvrCe
Supply Rejection +V . = 4.5V to 5.5V 50 60 * * 55 * dB
BIAS CURRENT
Input Bias Current Veu = OVDC 15 30 * . * 25 pA g
OFFSET CURRENT m
Input Offset Current Veu = OVDC 0.2 2 * * * * pA —
INPUT IMPEDANCE E
Ditferential Open-Loop 15|11 ¢ * kQ || pF -
Common-Mode 11 * * MQ || pF l
INPUT VOLTAGE RANGE E
Common-Mode Input Range +3.0 | #35 . . * * \
Common-Mode Rejection V,, = £2.5VDC, V, = 0VDC 65 | 75 y : 70 ‘ dB g
OPEN-LOOP GAIN, DC -l
Open-Loop Voltage Gain R_= 1000 50 60 . * 55 * dB <
R, =500 48 58 * * 53 * ds z
FREQUENCY RESPONSE ©
Closed-Loop Bandwidth Gain = +1V\V 300 * * MHz [
(~3dB) Gain = +2V/V 100 . . MHz b=
Gain = +5V/V 40 * * MHz
Gain = +10V/V 20 * . MHz
Gain-Bandwidth Gain = +10VV 200 * * MHz m
Differential Gain 3.58MHz, G = +1VV 0.05 * * %
Differential Phase 3.58MHz, G = +1VV 0.05 * * Degrees ﬁ-
Harmonic Distortion® G = +2V/V, f = 10MHz, V, = 2Vpp (o)
Second Harmonic -61 ~50 * * * o dBc®
Third Harmonic -65 ~55 * * * * dBc
Full Power Response® V, = 5Vp-p, Gain = +1V/V 11 16 * * * . ’ MHz
V, = 2Vp-p, Gain = +1V/V 27 40 . . . . MHz
Slew Rate® 2V Step, Gain = ~1VNV 175 250 * * * * Vius
Overshoot 2V Step, Gain = ~1VV 10 * * %
Settling Time: 0.1% 2V Step, Gain = ~1VNV 13 * v ns
0.01% 25 * * ns
Phase Margin Gain = +1V/V 60 * M Degrees
Rise Time Gain = +1V/V, 10% to 90% *
V, = 100mVp-p; Small Signal 2 * . ns
V, = 6Vp-p; Large Signal 22 M . ns
RATED OUTPUT
Voltage Output R_=100Q +2.8 +3.0 * * * . A"
R_=50Q 125 | 3.0 . . . . v
Output Resistance 1MHz, Gain = +1V/V 0.015 . . Q
Load Capacitance Stability Gain = +1V/V 20 * * pF
Short Circuit Current Continuous +150 * * mA
POWER SUPPLY
Rated Voltage Ve 5 . * vbC
Derated Performance Ve 4.0 6.0 * N * * vbC
Current, Quiescent l, = OmADC 21 23 . * * . mA
TEMPERATURE RANGE
Specification: KP, KU, KG, LG Ambient Temperature 0 +70 * . . * °C
SG -55 +125 °C
Operating: KG, LG, SG Ambient Temperature -55 +126 | -55 +125 °C
\ -25 +85 °C
aJA
KG, LG, SG 125 125 °CW
KP 90 °CW
KU 100 °CW
* Same specifications as for KP/KU.
Burr-Brown IC Data Book Supplement, Vol. 33b 2-43
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SPECIFICATIONS (cont)
ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

AtV =15VDC, R =100Q, and T, = T, to T, unless otherwise noted.

OPA620KP/KU OPA620KG/SG OPA620LG

PARAMETER CONDITIONS MIN TYP MAX | MIN TYP | MAX | MIN TYP | MAX | UNITS
TEMPERATURE RANGE :
Specification: KP, KU, KG, LG Ambient Temperature 0 +70 * * * * °C

SG -55 +125 °C
OFFSET VOLTAGE®™ '
Average Drift Ta= Ton 10 Toaax 8 * . [
Supply Rejection £V, = 4.5V to 5.5V 45 60 . * 50 * dB
BIAS CURRENT
Input Bias Current Ve = OVDC i5 40 - . . 35 HA
OFFSET CURRENT
Input Offset Current Vey = OVDC 0.2 5 * . . . HA
INPUT VOLTAGE RANGE
Common-Mode Input Range 25 | £3.0 ' * * * \
Common-Mode Rejection V,, = $2.5VDC, V,, = 0VDC 60 75 ‘ * 65 * dB
OPEN LOOP GAIN, DC
Open-Loop Voltage Gain R _=100Q 46 60 * * 52 * dB

R_=50Q 44 58 * * 50 * dB
RATED OUTPUT
Voltage Output R = 100Q +26 | $3.0 * M * . \
R_=50Q +25 | £3.0 * M " * v

POWER SUPPLY
Current, Quiescent I, = 0OmADC 21 25 * - . . mA

* Same specifications as for KP/KU.
NOTES: (1) Offset Voltage specifications are also guaranteed with units fully warmed up. (2) Parameter is sample tested. (3) dBc = dB refered to carrier-input signal.

ORDERING INFORMATION ABSOLUTE MAXIMUM RATINGS
. m Supply +7VDC
Basic Mode! Number ‘—I-1 Internal Power Dissipati See Applicati fi
Performance° Grade nge Differential Input Voltage Total V
KL= OOC to +70 9 Input Voltage Range See Appl Information
=-55°C to +125°C Storage Temperature Range: KG, LG, SG ~85°C to +150°C
Package Code !
G = 8-pin Ceramic DIP Lead Temperature (soldering, 10s)....
P= B'p!n Plastic DIP (soldering, SOIC 3s)
U = 8-pin Plastic SOIC Output Short Circuit to (+25°C) c to
ion Temp T,) +175°C
NOTE: (4) Packages must be derated based on specified 8 ,. Maximum
T, must be observed.

PIN CONFIGURATION (8;PIN DIP)

Top View W
No Internal Connection |—1_— ZI No Internal Connection
Inverting Input Iz ZI Positive Supply (+V¢e)
Non-inverting Input IE E Output
Negative Supply (-V¢c) E E] No Internal Connection
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G Package — 8-Pin Ceramic

NOTE: Leads in true

-—A
INCHES __| MILLIMETERS
l DIM | MIN | MAX | MIN | MAX | position within 0.01"
_f A | 375 | 405 | 953 [ 1028 (0-25mm) R at MMC
B B | 245 [ 251 | 622 | 638 at seating plare.
C | 140 | 170 | 356 | 432
__l D | 015 | 021 | 038 | 053
F_| 045 | 060 | 114 | 152
N Pin1 G| .100BASIC | 254 BASIC
H | — [0 | — [249
e Fe J__ | .008 | 012 | 020 [ 030
I K_ | .150 | — | 380 | —
L c L | 290 | 320 | 737 | 8.13
i J M| 0o |12 | 00 | 150
Seating N_ [ 009 | 060 | 023 | 152
Plane f | ' K ! i R_| 125 | 175 | 318 | 445
l‘l’ J —||——
—iH G 4..”._[) \/M L—-—L——]
P Package — 8-Pin Plastic DIP
P l
MM o oy INCHES _| MILUMETERS INCHES | MILLIMETERS
=3 DIM | MIN_| MAX | MIN_|MAX DIM | MIN | MAX | MIN_|MAX
T A_| 155 | 200 | 394 | 508 @ 0 | .030 | 0.00 | 0.76
- E, A | 020 | 050 | 081 | 127 I S A
P B_| 014 | 020 | 036 | 051 P | 015 | .050 | 0.38 | 1.270
l Bi_ | 045 | 065 | 1.14 | 1.65 | Qi | 040 | 075 | 1.02 | 181
R nge wa g vy I cm 008 | 012 | 020 | 0.30 S| 015 | .050 | 0.38 | 127
] D | 370 | 400 | 7840 [ 1046 ] (3) Not JEDEC Std.
Pin 1 E 1300 325|762 | 826 (2) e1 and e, applies in zone L, when
E — Er | 240 | 260 | 610 | 660 | unitinstalled.
[N et | 100BASIC | 254BASIC NOTE: Leads in true position within
ol | er | 300BASIC | 7.62BASIC 0.01" (0.25mm) R at MMC at seating
- 125 | 150 | 348 | 3.81 plane
UL u— ‘
\/ Lu ¢
s
Seating Plane
U Package — 8-Pin SOIC
A . )
A INCHES __|MILUMETERS NOTE: Leads in true
1 DIM | MIN | MAX | MIN | MAX position within 0.01
0 A [ 185 | 201 | 470 | 5.11 (0-25mm) R at MMC
T T Ar_| 178 | 201 | 452 | 5.1 at seating plane.
B | .146 | 162 | 371 | 411
B, B Br_ | 130 | .149 [ 3.30 | 3.78
l C_ | .054 | 145 | 137 | 369
Pin 1 Identifier |t D | .015 | 019 | 038 | 048
G__| .050BASIC | 1.27 BASIC
H_| 018 | 026 | 046 | 0.66
J_ | 008 | 012 [020 [030
L | 220 | 252 | 559 | 6.40
M| oo [10° | 00 | 10°
N_| 000 | .012 | 0.00 | 0.30
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TYPICAL PERFORMANCE CURVES

AtV = £5VDC, R = 1009, and T, = +25°C unless otherwise noted.

£ Ay= +1V/V CLOSED-LOOP
OPEN-LOOP FREQUENCY RESPONSE & SMALL-SIGNAL BANDWIDTH ~
g + A T £
T 1 \ | Ao o
o 80 0 - a
3 ~~ 2 Sain g
= N o
£ N /1 \
8 60 =~ —45 0 0
g N g \
g 40 5 ] -90 = -2 y —45
2 e ‘~\Phas€ § Open-Loop Phase \
ot . (4]
§ 20 Gain| I} \\ ~135 -4 2 ‘\ -90
o] T
& ™ \ ™ Zh
& o Phase ~180 -6 T -135
[e) Margin PM = 60° N
20 = 60° 8 i | Hl \ -180
1k 10k 100k ™ oM 100M 1G ™ 10M 100M 1G
Frequency (Hz) Frequency (Hz)
Ay=+2V/V CLOSED-LOOP A = +10V/V CLOSED-LOOP
SMALL-SIGNAL BANDWIDTH [ SMALL-SIGNAL BANDWIDTH [
+10 \ = +24 1 %
Aot ] \ l I @
[+ 1
22
8 Gain ( .§ * Gain ‘\ ot £
4 Ny d o
8 ~JI 0 +20 Sy 0
—_ . N — ™
g +4 ™ \\ —45 g +18 \ ! —45
< N c K N
= Open-Loop Phase \ w Open-Loop Phase \
8 A N\ o S N o
3 TN T~
qt\ PM = 90° \ N
0 -~135 +14 Y N -135
PM = 70° N\ \r\
-2 LI A -180 +12 A N -180
™ 10M 100M 1G ™ 10M 100M 1G
Frequency (Hz) Frequency (Hz)
Ay = +1V/V CLOSED-LOOP BANDWIDTH Ay=+2V/V CLOSED-LOOP BANDWIDTH
vs OUTPUT VOLTAGE SWING vs OUTPUT VOLTAGE SWING
8 8
T ] il
R, =500 R_ = 50Q
= 6 a 6
3 3
g \ g
g4 g4
2 ) \\
g g
32 82 <)
\ N
0 \\- 0 \\i-...
1k 10k 100k ™ _10M 100M 1G 1k 10k 100k ™ 10M 100M 1G
Frequency (Hz) Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (CONT)

AtV =35VDC, R =100Q, and T,’= +25°C unless otherwise noted.

Ay=+10V/V CLOSED-LOOP BANDWIDTH
vs OUTPUT VOLTAGE SWING

R, =500

N \\
NN N
SIS
1k 10k 100k iM 10M 100M 1G
Frequency (Hz)

INPUT CURRENT NOISE SPECTRAL DENSITY

100 1k 10k 100k ™ 10M 100M
Frequency (Hz)

INPUT OFFSET VOLTAGE WARM-UP DRIFT

[0} 1 2 3 4 5 6
Time from Power Turn-on (min)
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Offset Voltage Change (pV)

TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY

vs SOURCE RESISTANCE
100 =—=r———r e
=
— S Ry =1k
N ~
T NN
= 5000
g w0 e = =
= SR =k
8 . i o S e
o =
Z Rg = 100Q] (]|
_;'?' 1 R = 005
s
0.1
100 1k 10k 100k ™ 10M  100M
Frequency (Hz)
VOLTAGE AND CURRENT NOISE SPECTRAL DENSITY
vs TEMPERATURE
3.1 I 29
fo = 100kHz
= N | -
N 2, ™ -
z 28 \ Current Noise 26‘3'::
: \§ 4
g 25 23 8
i Voltage Noise I ,CZ:
o o
] e
S 22 203
1.9 1.7
~75 -50 25 0 425 450 475 +100 +125
Ambient Temperature (°C)
INPUT OFFSET VOLTAGE CHANGE
DUE TO THERMAL SHOCK
+1000

+500

-500

-1000

Air Environment

-1

+1 +2 +3 +4 +5

Time from Thermal Shock (min)
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TYPICAL PERFORMANCE CURVES (CONT)

AtV . =15VDC, R =100Q, and T, = +25°C unless otherwise noted.

BIAS AND OFFSET CURRENT
25 vs INPUT COMMON-MODE VOLTAGE
20
§ 15 B/iazcu"em T
3
o
2 T —1
= 1
10 =
Offset Current
9
-4 3 -2 -1 0 +1 +2 +3 +4
Common-Mode Voltage (V)
COMMON-MODE REJECTION vs FREQUENCY
& 80
z ™
,5 60 \\
B N
.% Vo =0VDC \\
T 40
@ N
° N
o N
= N
s 20 ~
g M
S0
-20
1k 10k 100k M 10M 100M 1G
Frequency (Hz)
COMMON-MODE REJECTION
vs INPUT COMMON-MODE VOLTAGE
80
§ .
S
8 V, = 0VDC
< 20
°
o
=
(=3
£ 65
E
o
(&)
60
-5 <4 3 2 - 0 +1 +2 43 +4 45
Common-Mode Voltage (V)
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0.8

1 bad
kS o

Offset Current (pA)

et
N

Power Supply Rejection (dB) Bias Current (pA)

Supply Current (mA)

BIAS AND OFFSET CURRENT
vs TEMPERATURE
21 0.8
18 N\ 0.6
N Bias Current <
->\ 2
§
15 P 04 §
. " o
\ 3
12 -1 0.2 8
Offset Current
9 — 0
-75 -50 -25 0 +25 +50. +75 +100 +125
Ambient Temperature (°C)
POWER SUPPLY REJECTION vs FREQUENCY
80
60 D P
| 8 + PS|
40 N LT
AR
N N
NG TN
20 NS
-PSR ™
0
-20
1k 10k 100k ™ 10M 100M 1G
Frequency (Hz)
SUPPLY CURRENT vs TEMPERATURE
25
23
/
21
/ il
19 1
17
-75 -50 -25 0 425 450 +75 4100 +125

Ambient Temperature (°C)
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TYPICAL PERFORMANCE CURVES (CONT)

At V.. =15VDC, R = 1002, and T, = +25°C unless otherwise noted.

+50
s = $TVA
P g
- s getspgere st
t i + { H H

Output Voltage (mV)

Time (ns)

SETTLING TIME vs CLOSED-LOOP GAIN

100 I k /
Vo =2V Step

80 //
g N e /
s 60 0.01% -
2 L~ ]
£ 40 —
a // ] <

20. L] 0.1%

-
0
41 2 3 -4 -5 -6 -7 -8 -9
Closed-Loop Gain (V/V)
AoL» PSR, AND CMR vs TEMPERATURE

80
s 70 CMR
o
o
3 i
o« 60 —= -
& .
'8
é AoL
< 50

40

-75 -50 25 0 +25 450 475
Temperature (°C)
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+3 §
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TYPICAL PERFORMANCE CURVES (CONT)

AtV =25VDC, R _=100Q, and T, = +25°C unless otherwise noted.

NTSC DIFFERENTIAL GAIN vs CLOSED-LOOP GAIN NTSC DIFFERENTIAL PHASE vs CLOSED-LOOP GAIN
0.5 - T 1.0 T T
f = 3.58MHz l l | f=23.58MHz
1 1 I |
04 k- R, = 75Q(Two Back-Terminated Outputs) g 08 F R, = 75Q(Two Back-Terminated Outputs)
= @
g | ] 2 ]
§ 03 Vo=0V1021V = = % 0.6 Vo =0Vto2.1V
. [%]
_— ©
5 Vo =0V 10 1.4V £ Vo = OV t0 1.4V —]
g 02 = 04
o il / e | )(/
@ =
= Vo =0Vto 0.7V >}/ S Vo = OV 10 0.7V L
Y | /‘)(/ 2 02 3 ,;</ D
1 // I B,
0 0
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Closed-Loop Gain (V/V) Closed-Loop Gain (V/V)
SMALL-SIGNAL LARGE-SIGNAL
HARMONIC DISTORTION vs FREQUENCY HARMONIC DISTORTION vs FREQUENCY
-30 T T T =30 e
G =2V / G =+2VV /
= 0 |- Vo =0.5Vp-p - -0 L Vo =2Vp-p A
K R, =500 4 K R_ = 500 4
T z
5 /) g /
£ -50 / £ -5
S e !/
2 k2] A
S 60 2f // S & 2 B3
£ IS £ HiS=cgy?
£ |t T M \ E | »
] __——1 L ] A~
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APPLICATIONS INFORMATION

DISCUSSION OF PERFORMANCE

The OPA620 provides a level of speed and precision not
previously attainable in monolithic form. Unlike current
feedback amplifiers, the OPA620’s design uses a “Classi-
cal” operational amplifier architecture and can therefore be
used in all traditional operational amplifier applications.
While it is true that current feedback amplifiers can provide
wider bandwidth at higher gains, they offer many disadvan-
tages. The asymmetrical input characteristics of current
feedback amplifiers (i.e. one input is a low impedance)
prevents them from being used in a variety of applications.
In addition, unbalanced inputs make input bias current errors
difficult to correct. Bias current cancellation through match-
ing of inverting and non-inverting input resistors is impos-
sible because the input bias currents are uncorrelated. Cur-
rent noise is also asymmetrical and is usually significantly
higher on the inverting input. Perhaps most important, set-
tling time to 0.01% is often extremely poor due to internal
design tradeoffs. Many current feedback designs exhibit set-
tling times to 0.01% in excess of 10 microseconds even
though 0.1% settling times are reasonable. Such amplifiers
are completely inadequate for fast settling 12-bit applica-
tions.

The OPA620’s “Classical” operational amplifier architec-
ture employs true differential and fully symmetrical inputs
to eliminate these troublesome problems. All traditional
circuit configurations and op amp theory apply to the
OPAG620. The use of low-drift thin-film resistors allows
internal operating currents to be laser-trimmed at wafer-
level to optimize AC performance such as bandwidth and
settling time, as well as DC parameters such as input offset
voltage and drift. The result is a wideband, high-frequency
monolithic operational amplifier with a gain-bandwitdth
product of 200MHz, a 0.01% settling time of 25ns, and an
input offset voltage of 100uLV.

WIRING PRECAUTIONS

Maximizing the OPA620’s capability requires some wiring
precautions and high-frequency layout techniques. Oscilla-
tion, ringing, poor bandwidth and settling, gain peaking, and
instability are typical problems plaguing all high-speed
amplifiers when they are improperly used. In general, ail
printed circuit board conductors should be wide to provide
low resistance, low impedance signal paths. They should
also be as short as possible. The entire physical circuit
should be as small as practical. Stray capacitances should be
minimized, especially at high impedance nodes, such as the
amplifier’s input terminals. Stray signal coupling from the
output or power supplies to the inputs should be minimized.
All circuit element leads should be no longer than 1/4 inch
(6mm) to minimize lead inductance, and low values of
resistance should be used. This will minimize time constants
formed with the circuit capacitances and will eliminate
stray, parasitic circuits.

Teflon® E. 1. Du Pont de Nemours & Co.
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Grounding is the most important application consideration
for the OPAG620, as it is with all high-frequency circuits. Os-
cillations at frequencies of 200MHz and above can easily
occur if good grounding techniques are not used. A heavy
ground plane (20z copper recommended) should connect all
unused areas on the component side. Good ground planes
can reduce stray signal pickup, provide a low resistance, low
inductance common return path for signal and power, and
can conduct heat from active circuit package pins into
ambient air by convection.

Supply bypassing is extremely critical and must always be
used, especially when driving high current loads. Both
power supply leads should be bypassed to ground as close as
possible to the amplifier pins. Tantalum capacitors (1iF to
10uF) with very short leads are recommended. Although not
required, a paralle] 0.01pF ceramic may be added if desired.
Surface mount bypass capacitors will produce excellent re-
sults due to their low lead inductance. Additionally, suppres-
sion filters can be used to isolate noisy supply lines. Prop-
erly bypassed and modulation-free power supply lines allow
full amplifier output and optimum settling time perform-
ance.

Points to Remember

1) Don’t use point-to-point wiring as the increase in wiring
inductance will be detrimental to AC performance. How-
ever, if it must be used, very short, direct signal paths are
required. The input signal ground return, the load ground
return, and the power supply common should all be con-
nected to the same physical point to eliminate ground loops,
which can cause unwanted feedback.

2) Good component selection is essential. Capacitors used in
critical locations should be a low inductance type with a high
quality dielectric material. Likewise, diodes used in critical
locations should be Schottky barrier types, such as HP5082-
2835 for fast recovery and minimum charge storage. Ordi-
nary diodes will not be suitable in RF circuits.

3) Whenever possible, solder the OPA620 directly into the
PC board without using a socket. Sockets add parasitic ca-
pacitance and inductance, which can seriously degrade AC
performance or produce oscillations. If sockets must be
used, consider using zero-profile solderless sockets such as
Augat part number 8134-HC-5P2. Alternately, Teflon® stand-
offs located close to the amplifier’s pins can be used to
mount feedback components.

4) Resistors used in feedback networks should have values
of a few hundred ohms for best performance. Shunt capaci-
tance problems limit the acceptable resistance range to about
1k2 on the high end and to a value that is within the
amplifier’s output drive limits on the low end. Metal film
and carbon resistors will be satisfactory, but wirewound
resistors (even “non-inductive” types) are absolutely unac-
ceptable in high-frequency circuits.

5) Surface mount components (chip resistors, capacitors,
etc) have low lead inductance and are therefore strongly rec-
ommended. Circuits using all surface mount components

OPA620
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with the OPA620KU (SOIC package) will offer the best AC
performance. The parasitic package inductance and capaci-
tance for the SOIC is lower than the both the Cerdip and 8-
lead Plastic DIP.

6) Avoid overloading the output. Remember that output
current must be provided by the amplifier to drive its own
feedback network as well as to drive its load. Lowest distor-
tion is achieved with high impedance loads.

7) Don’t forget that these amplifiers use =5V supplies. Al-
though they will operate perfectly well with +5V and -5.2V,
use of =15V supplies will destroy the part.

8) Standard commercial test equipment has not been de-
signed to test devices in the OPA620’s speed range. Bench-
top op amp testers and ATE systems will require a special
test head to successfully test these amplifiers.

9) Terminate transmission line loads. Unterminated lines,
such as coaxial cable, can appear to the amplifier to be a
capacitive or inductive load. By terminating a transmission
line with its characteristic impedance, the amplifier’s load
then appears purely resistive.

10) Plug-in prototype boards and wire-wrap boards will not
be satisfactory. A clean layout using RF techniques is essen-
tial; there are no shortcuts.

OFFSET VOLTAGE ADJUSTMENT

The OPA620’s input offset voltage is laser-trimmed and
will require no further adjustment for most applications.
However, if additional adjustment is needed, the circuit in
Figure 1 can be used without degrading offset drift with
temperature. Avoid external adjustment whenever possible
since extraneous noise, such as power supply noise, can be
inadvertently coupled into the amplifier’s inverting input
terminal. Remember that additional offset errors can be
created by the amplifier’s input bias currents. Whenever
possible, match the impedance seen by both inputs as is
shown with R, This will reduce input bias current errors to
the amplifier’s offset current, which is typically only 0.21A.

+Vee R,

—_—
V,y or Ground

Output Trim Range = +Vee( Ra )to—Vec( Ry )
HYlim H‘ﬁlrn

*R, is optional and can be used to cancel offset errors.due to input bias

currents.

FIGURE 1. Offset Voltage Trim.

2-52

INPUT PROTECTION

Static damage has been well recognized for MOSFET de-
vices, but any semiconductor device deserves protection
from this potentially damaging source. The OPA620 incor-
porates on-chip ESD protection diodes as shown in Figure 2.
This eliminates the need for the user to add external protec-
tion diodes, which can add capacitance and degrade AC
performance.

ESD Protectiondiodesinternally

*+Veo connected to all pins.

E: I o Internal
Circuitry

_VCC

FIGURE 2. Internal ESD Protection.

All pins on the OPA620 are intemnally protected from ESD
by means of a pair of back-to-back reverse-biased diodes to
either power supply as shown. These diodes will begin to
conduct when the input voltage exceeds either power supply
by about 0.7V. This situation can occur with loss of the
amplifier’s power supplies while a signal source is still pres-
ent. The diodes can typically withstand a continuous current
of 30mA without destruction. To insure long term reliabil-
ity, however, diode current should be externally limited to
10mA or so whenever possible.

The internal protection diodes are designed to withstand
2.5kV (using Human Body Model) and will provide ade-
quate ESD protection for most normal handling procedures.
However, static damage can cause subtle changes in ampli-
fier input characteristics without necessarily destroying the
device. In precision operational amplifiers, this may cause a
noticeable degradation of offset voltage and drift. Therefore,
static protection is strongly recommended when handling
the OPA620.

OUTPUT DRIVE CAPABILITY

The OPA620’s design uses large output devices and has
been optimized to drive 50Q and 75%2 resistive loads. The
device can easily drive 6Vp-p into a 50Q load. This high-
output drive capability makes the OPA620 an ideal choice
for a wide range of RF, IF, and video applications. In many
cases, additional buffer amplifiers are unneeded.

Internal current-limiting circuitry limits output current to
about 150mA at 25°C. This prevents destruction from acci-
dental shorts to common and eliminates the need for exter-
nal current-limiting circuitry. Although the device can with-
stand momentary shorts to either power supply, it is not rec-
ommended.

Many demanding high-speed applications such as ADC/
DAC buffers require op amps with low wideband output
impedance. For example, low output impedance is essential
when driving the signal-dependent capacitances at the in-
puts of flash A/D converters. As shown in Figure 3, the
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OPA620 maintains very low closed-loop output impedance
over frequency. Closed-loop output impedance increases
with frequency since loop gain is decreasing with frequency.

10 = ===z =]
=
@ >
§ A
B i4 A
cEx. 1 e S
P G = +10V/\ —~ A
=3
5
8 AW
S 01 ptLll /
5 O E=== =====
@ : 7 1
5 ! ZERmme
G=+
5 G = +2VIV L/ [N
LT b} 1
100 1k 10k 100k ™ 10M 100M

Frequency (Hz)

FIGURE 3. Small-Signal Output Impedance vs Frequency.

THERMAL CONSIDERATIONS

The OPA620 does not require a heat sink for operation in
most environments. The use of a heat sink, however, will
reduce the internal thermal rise and will result in cooler,
more relaible operation. At extreme temperatures and under
full load conditions a heat sink is necessary. See “Maximum
Power Dissipation” curve, Figure 4.

2 | T
= Plastic, SOIC
g 10 Packages
=
L
[ 08 Cerdip
2 Package
8 o0s
H
£ 04
o
€
2 o2

0

0 +25 +50 +75 +100 +125 +150
Ambient Temperature (°C)

FIGURE 4. Maximum Power Dissipation.

The internal power dissipation is given by the equation P, =
P+ Py where Py, is the quiescent power dissipation and
Py, is the power dissipation in the output stage due to the
load. (For £V = 5V, P, = 10V X 23mA = 230mW,
max). For the case where the amplifier is driving a grounded
load (R) with a DC voltage (V) the maximum value of
P, occurs at iVOUT = iVCC/Z, and is equal to PDL, max =
(£V)¥/4R . Note that it is the voltage across the output
transistor, and not the load, that determines the power dissi-
pated in the output stage.
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When the output is shorted to common P, =5V X 150mA
= 750mW. Thus, P, = 230mW + 750mW = 1W. Note that
the short-circuit condition represents the maximum amount
of internal power dissipation that can be generated. Thus, the
“Maximum Power Dissipation” curve starts at 1W and is
derated based on a 175°C maximum junction temperature
and the junction-to-ambient thermal resistance, 0,,, of each
package. The variation of short-circuit current with tempera-
ture is shown in Figure 5.

250
b . +|
£ 200 =
é \\
S 150 [
5} —/ ~ls¢ I~
©
2 100
7]
50
-7 -50 -25 0 +25 +50 +75 +100 +125
Ambient Temperature (°C)

FIGURE &. Short-Circuit Current vs Temperature.

CAPACITIVE LOADS

The OPA620’s output stage has been optimized to drive
resistive loads as low as 50Q. Capacitive loads, however,
will decrease the amplifier’s phase margin which may cause
high frequency peaking or oscillations. Capacitive loads
greater than 20pF should be buffered by connecting a small
resistance, usually 5Q to 25€2, in series with the output as
shown in Figure 6. This is. particularly important when
driving high capacitance loads such as flash A/D converters.

(Rg typically 5Q to 25Q)

FIGURE 6. Driving Capacitive Loads.

In general, capacitive loads should be minimized for opti-
mum high frequency performance. Coax lines can be driven
if the cable is properly terminated. The capacitance of coax
cable (29pF/foot for RG-58) will not load the amplifier
when the coaxial cable or transmission line is terminated in
its characteristic impedance.
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COMPENSATION

The OPA620 is internally compensated and is stable in unity
gain with a phase margin of approximately 60°. However,
the unity gain buffer is the most demanding circuit configu-
ration for loop stability and oscillations are most likely to
occur in this gain. If possible, use the device in a noise gain
of two or greater to improve phase margin and reduce the
susceptibility to oscillation. (Note that, from a stability
standpoint, an inverting gain of ~1V/V is equivalent to a
noise gain of 2.) Gain and phase response for other gains are
shown in the Typical Performance Curves.

The high-frequency response of the OPA620 in a good
layout is very flat with frequency. However, some circuit
configurations such as those where large feedback resis-
tances are used, can produce high-frequency gain peaking.
This peaking can be minimized by connecting a small ca-
pacitor in parallel with the feedback resistor. This capacitor
compensates for the closed-loop, high frequency, transfer
function zero that results from the time constant formed by
the input capacitance of the amplifier (typically 2pF after PC
board mounting), and the input and feedback resistors. The
selected compensation capacitor may be a trimmer, a fixed
capacitor, or a planned PC board capacitance. The capaci-
tance value is strongly dependent on circuit layout and
closed-loop gain. Using small resistor values will preserve
the phase margin and avoid peaking by keeping the break
frequency of this zero sufficiently high. When high closed-
loop gains are required, a three-resistor attenuator (tee net-
work) is recommended to avoid using large value resistors
with large time constants. )

SETTLING TIME

Settling time is defined as the total time required, from the
input signal step, for the output to settle to within the
specified error band around the final value. This error band

is expressed as a percentage of the value of the output
transition, a 2V step. Thus, settling time to 0.01% requires
an error band of +200uV centered around the final value of
2V.

Settling time, specified in an inverting gain of one, occurs in
only 25ns to 0.01% for a 2V step, making the OPA620 one
of the fastest settling monolithic amplifiers commercially
available. Settling time increases with closed-loop gain and
output voltage change as described in the Typical Perform-
ance Curves. Preserving settling time requires critical atten-
tion to the details as mentioned under “Wiring Precautions.”
The amplifier also recovers quickly from input overloads.
Overload recovery time to linear operation from a 50%
overload is typically only 30ns.

In practice, settling time measurements on the OPA620
prove to be very difficult to perform. Accurate measurement
is next to impossible in all but the very best equipped labs.
Among other things, a fast flat-top generator and high speed
oscilloscope are needed. Unfortunately, fast flat-top genera-
tors, which settle to 0.01% in sufficient time, are scarce and
expensive. Fast oscilloscopes, however, are more commonly
available. For best results a sampling oscilloscope is recom-
mended. Sampling scopes typically have bandwidths that
are greater than 1GHz and very low capacitance inputs.
They also exhibit faster settling times in response to signals
that would tend to overload a real-time oscilloscope.

Figure 7 shows the test circuit used to measure settling time
for the OPA620. This approach uses a 16-bit sampling oscil-
loscope to monitor the input and output pulses. These wave-
forms are captured by the sampling scope, averaged, and
then subtracted from each other in software to produce the
error signal. This technique eliminates the need for the
traditional “false-summing junction,” which adds extra para-
sitic capacitance. Note that instead of an additional flat-top
generator, this technique uses the scope’s built-in calibration
source as the input signal.

0to +2V, f = 1.256MHz

I

NOTE: Test fixture built using all surface-mount components. Ground
plane used on component side and entire fixture enclosed in metal case.
Both power supplies bypassed with 10pF Tantalum || 0.01uF ceramic
capacitors. It is directly connected (without cable) to TIME CAL trigger
source on Sampling Scope (Data Precision's Data 6100 with Model 640-
1 plug-in). Input monitored with Active Probe (Channel 1).

) %

2pF to 5pF (Adjust for Optimum Settling)
100Q 100Q
A A
A4
+5VDC
0to-2Vv
2 iy
OPA620 ———%0) Vour
+
. To Active Probe (Channel 2)
V -5vDC on sampling scope.

FIGURE 7. Settling Time Test Circuit.
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DIFFERENTIAL GAIN AND PHASE

Differential Gain (DG) and Differential Phase (DP) are
among the more important specifications for video applica-
tions. DG is defined as the percent change in closed-loop
gain over a specified change in output voltage level. DP is
defined as the change in degrees of the closed-loop phase
over the same output voltage change. Both DG and DP are
specified at the NTSC sub-carrier frequency of 3.58MHz.
DG and DP increase with closed-loop gain and output
voltage transition as shown in the Typical Performance
Curves. All measurements were performed using a Tektronix
model VM700 Video Measurement Set.

DISTORTION

The OPA620’s Harmonic Distortion characteristics into a
50€ load are shown vs frequency and power output in the
Typical Performance Curves. Distortion can be further im-
proved by increasing the load resistance as illustrated in
Figure 8. Remember to include the contribution of the feed-
back resistance when calculating the effective load resis-
tance seen by the amplifier.

10MHz HARMONIC DISTORTION
vs LOAD RESISTANCE
-40
Vo=2Vp-p
o =50
g G=+1VNV
k=2 =+
g 0 \\ N\ G = 42V 2f
g \ \ \
2 =X X
2 \
L2 -70 N \‘\
=3
2 /
£ 80 //
3f
-0
0 100 100 200 400 500
Load Resistance ()

FIGURE 8. 10MHz Harmonic Distortion vs Load Resistance.

Two-tone, third-order intermodulation distortion (IM) is an
important parameter for many RF amplifier applications.
Figure 9 shows the OPA620’s two-tone, third-order IM inter-
cept vs frequency. For these measurements, tones were
spaced 1MHz apart. This curve is particularly useful for
determining the magnitude of the third-order IM products as
a function of frequency, load resistance, and gain. For ex-
ample, assume that the application requires the OPA620 to
operate in a gain of +2V/V and drive 2Vp-p into 50Q at a
frequency of 10MHz. Referring to Figure 9 we find that the
intercept point is +40dBm. The magnitude of the third-order
IM products can now be easily calculated from the expres-
sion:
Third IMD = 2(OPI*P - P,))

where OPI’P = third-order output intercept, dBm
P, = output level/tone, dBm/tone

Third IMD = third-order intermodulation ratio
below each output tone, dB

Burr-Brown IC Data Book Supplement, Vol. 33b

For this case OPI°P = 40dBm, P, = 10dBm, and the third-
order IMD = 2(40 — 10) = 60dB below either 10dBm tone.
The OPA620’s low IMD makes the device an excellent
choice for a variety of RF signal processing applications.

2-TONE, 3% ORDER INTERMODULATION
INTERCEPT vs FREQUENCY
60 T T T T T T 1
55 2500 2500 -]
P,
\Y >—L{>'—°‘°” oy
g 45 3R SR,
2 A\ Vv 4 G=+2VV & _]
40 v
£ 55 I I
@ |
a 30 G=+2VV
8 < R, = 400Q
3 25 =5 4,/ |‘ .= 200
£ G = AV R,= 1002
20 R, = 5007 — R, =500
15 4 R,_= 100
o | 1" ] ‘m=4000
0 10 20 30 40 50 60 70 80 90 100
Frequency (MHz)

FIGURE 9. 2-Tone, 3rd Order Intermodulation Intercept vs
Frequency.

NOISE FIGURE

The OPA620’s voltage and current noise spectral densities
are specified in the Typical Performance Curves. For RF
applications, however, Noise Figure (NF) is often the pre-
ferred noise specification since it allows system noise per-
formance to be more easily calculated. The OPA620’s Noise
Figure vs Source Resistance is shown in Figure 10.

NOISE FIGURE vs SOURCE RESISTANCE
25
FTIIE T e |
20 NF, = 10log | 1 A
w= 10091 1+ R,
£ 0 N //
N
\\ /
5 \\~ /,f’
0
10 100 1k 10k 100k
Source Resistance (Q)

FIGURE 10. Noise Figure vs Source Resistance.

SPICE MODELS

Computer simulation using SPICE is often useful when ana-
lyzing the performance of analog circuits and systems. This
is particularly true for Video and RF amplifier circuits where
parasitic capacitance and inductance can have a major effect
on circuit performance. SPICE models using -MicroSim
Corporation’s PSpice are available for the OPA620. Request
Burr-Brown Application Note AN-167.
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RELIABILITY DATA

Extensive reliability testing has been performed on' the
OPA620. Accelerated life testing (2000 hours) at maximum
operating temperature was used to calculate MTTF at an
ambient temperature of 25°C. These test results yield MTTF
of: Cerdip package = 1.31E+9 Hours, Plastic DIP = 5.02E+7
Hours, and SOIC = 2.94E+7 Hours. Additional tests such as
PCT have also been performed. Reliability reports are avail-
able upon request for each of the package options offered.

APPLICATIONS

DEMONSTRATION BOARDS

Demonstration boards to speed prototyping are available.
Request DEM1135 for 8-Pin DIP, and DEM1136 for SOIC
package.

390Q

390Q

Video
Input

High output current drive capability (6Vp-p into 50Q)
allows three back inated 75Q i lines
to be simultaneously driven.

75QTransmission Line

FIGURE 11. Video Distribution Amplifier.

\
1000pF 158Q
R, -
' Ry 1580 OPA620 —0 Vour
Vin + .
15.8kQ L G
g 1000pF

f, =1MHz
BW = 20kHz at —3dB
Q =50

O +5V
(S S s s—— ——
) 1
1 D D :
#HO— ™ [: e
! s S !
2N5911
[l ittt - 2 N 7
6
3 OPA620, Vour
+
T4
-R‘ - .Hz -
<17
O -5V
I 1pA
e, : 6nV/YHz at 1MHz

* SelectJ,, J,and R, R, to set Gain-Bandwidth : 200MHz
input rentforop Slew Rate : 250 V/us
performance. Settling Time : 15ns to 0.1%

FIGURE 12. High-Q 1MHz Bandpass Filter.
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FIGURE 13. Low Noise, Wideband FET Input Op Amp.

Burr-Brown IC Data Book Supplement, Vol. 33b




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

50Qo0r 75Q
Transmission Line

O + 50Q or 75Q
50Q OPA620 O
or - 500

750 or
Re 75Q
Differential R 2490 Optional back-termination re- Differential
G S 499Q sistors. Output swing and gain
Input 7 Output
Re doubled if removed.
YW
2490 50Qor 75Q
Transmission Line
OPA620 O
O + 509 or 75Q 50Q
50Q or
or 75Q
75Q

Differential Voltage Gain = 2V/V = 1 + 2R/R;
Bandwidth, ~3dB = 125MHz
Slew Rate = 500V/us

FIGURE 14. Differential Line Driver for 50Q2 or 75Q Systems.

oO— +
OPA620

Re 249Q 249Q

2490
Rs < 4900 -

Re 249Q OPA620 —0

W——MW——1—+

2490

OPA620
o . .. ’
* Differential Voltage Gain = 2V/V = 1 + 2RJ/R

FIGURE 15. Wideband, Fast-Settling Instrumentation Amplifier.

2490
9 ADC603
150Q 12-Bit,
249Q 10MHz A/D
[ - Single- Converter
Differential Ended 78Q
—20
Input 2490 ?‘_PAGZO Output TZiSQ =W N 45) signal
L ax 5Q OPA620 N
Input + nput
249Q
10Q 461 Analog
Common
FIGURE 16. Unity Gain Difference Amplifier.

FIGURE 17. Differential Input Buffer Amplifier (G=-2V/V).
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BURR-BROWN®
‘

OPA621

Wideband Precision
OPERATIONAL AMPLIFIER

FEATURES

@ VERY LOW DISTORTION

® FAST SETTLING: 25ns (0.01%)

@ GAIN-BANDWIDTH: 500MHz

@ STABLE IN GAINS: > +2V/V

® LOW OFFSET VOLTAGE: +100pV

@ SLEW RATE: 500V/us

@ LOW DIFFERENTIAL GAIN/PHASE ERROR
@ 8-PIN DIP, SOIC PACKAGES AND DIE

DESCRIPTION

The OPA621 is a precision wideband monolithic opera-

tional amplifier featuring very fast settling time, low .

differential gain and phase error, and high output cur-
rent drive capability.

The OPA621 is stable in gains of +2V/V or higher. This
amplifier has a very low offset, fully symmetrical dif-

ferential input due to its “classical” operational ampli-
fier circuit architecture. Unlike “current-feedback”

APPLICATIONS

® HIGH-SPEED SIGNAL PROCESSING
® ADC/DAC BUFFER

@ ULTRASOUND

@ PULSE/RF AMPLIFIERS

® HIGH-RESOLUTION VIDEO

@ ACTIVE FILTERS

amplifier designs, the OPA621 may be used in all op
amp applications requiring high speed and precision.
Low noise and distortion, wide bandwidth, and high
linearity make this amplifier suitable for RF and video
applications. Short circuit protection is provided by an
internal current-limiting circuit.

The OPA621 is available in plastic, ceramic, SOIC
packages, and die form. Two temperature ranges are
offered: 0°C to +70°C and —-55°C to +125°C.

+Vee
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Yyy
1A\

T YYY

Non-Inverting o3

Input
Ouput | 6 Qutput
i () Stage
Inverting 2
Input C»::z":'
) 4
=
o4
“Vee

International Airport Industrial Park
Tel: (602) 746-1111

Malling Address: PO Box 11400
« Twx:910-952-1111 .+ Cable: BBRCORP

« Tucson, AZ 85734
« Telex: 066-6491

« Street Address: 6730 S. Tucson Bivd.
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SPECIFICATIONS

OPA621

OPERATIONAL AMPLIFIERS

ELECTRICAL
AtV =15VDC, R =100Q, and T, = +25°C unless otherwise noted.
OPA621KP/KU OPA621KG/SG OPA621LG
PARAMETER CONDITIONS MIN [ TYP [ MAX | MIN | TYP | MAX | MIN | TYP | MAX | UNITS
INPUT NOISE
Voltage: fy= 100Hz R, = 0Q 10 . . nv/ VHz
f,= 1kHz 55 . . v/ VHz
f,= 10kHz 33 . . nv/ VHz
f,= 100kHz 25 . . nv/ VHz
f,= 1MHz to 100MHz 23 . . nv/ VHz
fy= 100Hz to 10MHz 8.0 . . nv, rms
Current: f= 10kHz to 100MHz 23 . . pA/ VHz
OFFSET VOLTAGE"
Input Offset Voltage V= OVDC +200 | x1mV * * +100 | +500 pv
Average Drift Ty = T 10 Thnx +12 * . wvrc
Supply Rejection 1V, = 4.5V to 5.5V 50 60 . * 55 . dB
BIAS CURRENT
Input Bias Current Veu = OVDC 18 30 ‘ * * 25 pA
OFFSET CURRENT
Input Offset Current V., = 0VDC 0.2 2 * . * * A
INPUT IMPEDANCE
Differential Open-Loop 15 1 * * kQ || pF
Common-Mode 1)1 * . MQ || pF
INPUT VOLTAGE RANGE
Common-Mode Input Range +3.0 | 35 . . . . \
Common-Mode Rejection V,, =£2.5VDC, V,= 0VDC 65 75 . - 70 . dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R_ = 100Q 50 60 M * 55 . dB
R_=50Q 48 | 58 . . 53 . dB
FREQUENCY RESPONSE
Closed-Loop Bandwidth
(-3dB) Gain = +2V/V 500 . * MHz
Gain = +5V/V 100 * * MHz
Gain = +10V/V 50 * M MHz
Gain-Bandwidth Gain = +10V/V 500 * * MHz
Differential Gain 3.58MHz, G = +2V/V 0.05 * . %
Differential Phase 3.58MHz, G = +2V/V 0.05 . M Degrees
Harmonic Distortion® G = +2V/V, f = 10MHz,V,, = 2Vp-p
f = 10MHz, Second Harmonic -62 | -50 * * * * dBc®
Third Harmonic -80 | 70 * * * * dBc
Full Power Response®? V, = 5Vp-p, Gain = +2V/V 22 32 . . o * MHz
V, = 2Vp-p, Gain = +2V/V 55 80 v * * * MHz
Slew Rate® 2V Step, Gain = -2V/V 350 | 500 * : . * Vips
Overshoot 2V Step, Gain = -2V 15 * * %
Settling Time: 0.1% 2V Step, Gain = -2V/V 15 * * ns
0.01% 25 * * ns
Phase Margin Gain = +2V\V 50 v . Degrees
Rise Time Gain = +2V/V, 10% to 90% *
V, = 100mVp-p; Small Signal 1.8 o * ns
V, = 6Vp-p; Large Signal 8 * * ns
RATED OUTPUT
Voitage Output R_=100Q +2.8 | £3.0 * * * * v
R =50Q +25 | £3.0 v * * * \
Output Resistance 1MHz, Gain = +2V/V 0.015 M * Q
Load Capacitance Stability Gain = +2V/V 15 v . pF
Short Circuit Current Continuous +150 * M mA
POWER SUPPLY
Rated Voltage Ve, 5 * * vDC
Derated Performance Ve 4.0 6.0 * . . * vbC
Current, Quiescent l, = 0(mADC 26 | 28 . ¢ * * mA
TEMPERATURE RANGE
Specification: KP, KU, KG, LG Ambient Temperature 0 +70 * * . M °C
SG -55 +125 °C
Operating: KG, LG, SG Ambient Temperature -55 +125 | -55 +125 °C
KP, KU -25 +85 °C
KG, LG, SG 125 125 °CW
KP 90 °CW
KU 100 °CwW
* Same Specifications as for KP/KU.
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SPECIFICATIONS (cont)

ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)
AtV =15VDC, R_= 100, and T, = T, to T,,, unless otherwise noted.

. OPA621KP/KU OPA621KG/SG OPA621LG
PARAMETER CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | UNITS
TEMPERATURE RANGE
Specification: KP, KU, KG, LG Ambient Temperature 0 +70 . * N * °C
SG -55 +125 °C
OFFSET VOLTAGE"

Average Drift Ta= Ty 10 Tax 12 * * pvrC

Supply Rejection 1V . = 45V to 55V 45 60 N ¢ 50 * dB

BIAS CURRENT

Input Bias Current Ve = 0VDC 18 40 . . . 35 nA

OFFSET CURRENT

Input Offset Current V., = 0VDC 0.2 5 . . . * BA

INPUT VOLTAGE RANGE

Common-Mode Input Range +2.5 | 3.0 ¢ * ¢ * v

Common-Mode Rejection V, = #2.5VDC, V,, = 0VDC 60 75 * ‘ 65 * dB

OPEN LOOP GAIN, DC

Open-Loop Voltage Gain R_=100Q 46 60 * ¢ 52 v dB
R_=50Q 44 58 * * 50 * dB

RATED OUTPUT

Voltage Output R = 100Q +2.6 | 3.0 * * ¢ B v
R_= 500 125 | £3.0 : . . . v

POWER SUPPLY

Current, Quiescent I, = OMADC 26 30 * * * " mA

* Same specifications as for KP/KU.
NOTES: (1) Offset Voltage specifications are also guaranteed with units fully warmed up. (2) Parameter is sample tested. (3) dBc = dB refered to carrier-
input signal.

ABSOLUTE MAXIMUM RATINGS

opae2 L|_1 Supply £7VDC

Internal Power Dissipation See Applications Information

ORDERING INFORMATION

Basic Model Number
Performance Grade Code

~ Differential Input Voltage Total V.

g'_l’ -52:((:: :° +172;°CC Input Voltage Range See Applications Informati
Pack - _C d o+ Storage Temperature Range KG, LG, SG: .—65°C to +150°C
ackage Code KP, KU: .—40°C to +125°C

G = 8-pin Ceramic DIP
P = 8-pin Plastic DIP
U = 8-pin Plastic SOIC

. +300°C
..+260°C
Continuous to Ground

Lead Temperature (soldering, 10s) ...
(soldering, SOIC 3s)
Output Short Circuit to Ground (+25°C) ...

P T,) +175°C
NOTE: (4) Packages must be derated based on specified 6 ,,. Maximum T, must
be observed.
PIN CONFIGURATION (8-PIN DIP)
Top View
\J
No Internal Connection E E No Internal Connection
Inverting Input E 3 Positive Supply (+Vec)
Non-Inverting Input E :6] Output

Negative Supply (Vo) | 4 5 | No Internal Connection
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MECHANICAL

G Package — 8-PIn Ceramic

OPA621

OPERATIONAL AMPLIFIERS

AT INCHES | MILUMETERS | NOTE: Leads in true
DIM_| MIN_| MAX_| MIN_| MAX | Position within 0.01
A_ | .ar5 | 405 | 953 | 1028 | (0.25mm)RatMMC
B | 245 | 251 | 622 | 6.38 | atseating plane.
C_ [ .140 | 170 | 356 | 4.32
D | 015 | .021 | 038 | 053
F_ | 045 | 060 | 1.14 | 152
G_| .100BASIC | 254BASIC
H | — J08 | — [240
J_ ] .008 | 012 | 020 | 030
K 150 | — [380 | —
L | 290 | 320 | 737 | 813
M 0° 15° 0° 15°
Seating N_| 009 | 060 | 023 | 152
Plane R_| 125 | 175 | 318 | 445
P Package — 8-Pin Plastic DIP
o - INCHES __| MILLIMETERS INCHES | MILUMETERS
lﬁ corn o I— DIM_| MIN | MAX_| MIN_[MAX DIM | MIN | MAX_| MIN_|MAX
A_ | 155 | 200 | 394 | 508 27| 0 | 030 | 0.00 | 0.76
_ E Ai_| 020 | 050 | 051 | 127 o | 0 |t | o | 15
P N B_ | 014 | 020 | 0.36 | 051 P | .015 | 050 | 0.38 | 1.270
l B | .045 | 065 | 1.14 | 1.65 Qi | 040 | 075 | 1.02 | 1.91
.| C_ | .008 | 012 | 020 | 030 S| 015 | 050 | 038 | 127
DO | 370 | 400 | 940 1016 | (1) Not JEDEC Std.
E 300 | 325 | 762 | 8.26 | (2) e1 and e, applies in zone L, when
e Er | 240 | 260 | 6.0 | 660 unit installed
en o ~;gg gﬁg:g 3; g:::g NOTE: Leads i true position within
A B i "
’ [ 1| P T oo ats | aoi] gig;e'(O.ZSmm)RatMMCatseaﬁng
__J
‘ | oo c
ol L] - L
B Seating Plane
U Package — 8-Pin SOIC
2 INCHES MILUMETERS NOTE: Leads in true
! DIM | MIN | MAX | MIN | MAX | position within 0.01"
nnmn A | 185 | 201 [470 | 511 | (0.25mm)RatMMC
At 178 | 201 [ 452 | 5.11 at seating plane.
T T B_ | 146 | 162 [ 371 | 411
B, B Br_| 130 | .149. | 3.30 [ 3.78
C | 054 | 145 | 137 | 369
Pin 1 Identifier D 015 | .019 | 0.38 | 048
G| .050BASIC | 1.27BASIC
H_| 018 | 02 | 046 | 066
J__ | .008 | 012 | 020 | 030
L | 220 | .252 | 559 | 6.40
M 0° [10° [0 | 10°
N_| 000 | .012 | 000 | 0.30
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TYPICAL PERFORMANCE CURVES

AtV =15VDC, R = 100Q, and T, = +25°C unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (CONT)

AtV =25VDC, R =100Q, and T, = +25°C unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (conT)

AtV =15VOC, R =100Q, and T, = +25°C unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (ConT)

AtV . =15VDC, R _=100Q, and T, = +25°C unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (ConT)

AtV =15VDC, R_=100Q, and T, = +25°C unless otherwise noted.
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APPLICATIONS INFORMATION

DISCUSSION OF PERFORMANCE

The OPA621 provides a level of speed and precision not
previously attainable in monolithic form. Unlike current
feedback amplifiers, the OPA621’s design uses a “Classi-
cal” operational amplifier architecture and can therefore be
used in all traditional operational amplifier applications.
While it is true that current feedback amplifiers can provide
wider bandwidth at higher gains, they offer many disadvan-
tages. The asymmetrical input characteristics of current
feedback amplifiers (i.e. one input is a low impedance)
prevents them from being used in a variety of applications.
In addition, unbalanced inputs make input bias current errors
difficult to correct. Bias current cancellation through match-
ing of inverting and non-inverting input resistors is impos-
sible because the input bias currents are uncorrelated. Cur-
rent noise is also asymmetrical and is usually significantly
higher on the inverting input. Perhaps most important, set-
tling time to 0.01% is often extremely poor due to internal
design tradeoffs. Many current feedback designs exhibit
settling times to 0.01% in excess of 10 microseconds even
though 0.1% settling times are reasonable. Such amplifiers
are completely inadequate for fast settling 12-bit applica-
tions.

The OPA621°s “Classical” operational amplifier architec-
ture employs true differential and fully symmetrical inputs
to eliminate these troublesome problems. All traditional
circuit configurations and op amp theory apply to the
OPAG21. The use of low-drift thin-film resistors allows
internal operating currents to be laser-trimmed at wafer-
level to optimize AC performance such as bandwidth and
settling time, as well as DC parameters such as input offset
voltage and drift. The result is a wideband, high-frequency
monolithic operational amplifier with a gain-bandwidth
product of 500MHz, a 0.01% settling time of 25ns, and an
input offset voltage of 100uV.

WIRING PRECAUTIONS

Maximizing the OPA621’s capability requires some wiring
precautions and high-frequency layout techniques. Oscilla-
tion, ringing, poor bandwidth and settling, gain peaking, and
instability are typical problems plaguing all high-speed
amplifiers when they are improperly used. In general, all
printed circuit board conductors should be wide to provide
low resistance, low impedance signal paths. They should
also be as short as .possible: The entire physical circuit
should be as small as practical. Stray capacitances should be
minimized, especially at high impedance nodes, such as the
amplifier’s input terminals. Stray signal coupling from the
output or power supplies to the inputs should be minimized.
All circuit element leads should be no longer than 1/4 inch
(6mm) to minimize lead inductance, and low values of
resistance should be used. This will minimize time constants
formed with the circuit capacitances and will eliminate
stray, parasitic circuits.

Grounding is the most important application consideration
for the OPA621, as it is with all high-frequency circuits. Os-

Burr-Brown IC Data Book Supplement, Vol. 33b

cillations at frequencies of 500MHz and above can easily
occur if good grounding techniques are not used. A heavy
ground plane (20z copper recommended) should connect all
unused areas on the component side. Good ground planes
can reduce stray signal pickup, provide a low resistance, low
inductance common return path for signal and power, and
can conduct heat from active circuit package pins into
ambient air by convection.

Supply bypassing is extremely critical and must always be
used, especially when driving high current loads. Both
power supply leads should be bypassed to ground as close as
possible to the amplifier pins. Tantalum capacitors (1UF to
10pF) with very short leads are recommended. Although not
required, a parallel 0.011F ceramic may be added if desired.
Surface mount bypass capacitors will produce excellent
results due to their low lead inductance. Additionally, sup-
pression filters can be used to isolate noisy supply lines.
Properly bypassed and modulation-free power supply lines
allow full amplifier output and optimum settling time per-
formance.

Points to Remember

1) Don’t use point-to-point wiring as the increase in wiring
inductance will be detrimental to AC performance. How-
ever, if it must be used, very short, direct signal paths are
required. The input signal ground retumn, the load ground
return, and the power supply common should all be con-
nected to the same physical point to eliminate ground loops,
which can cause unwanted feedback.

2) Good component selection is essential. Capacitors used in
critical locations should be a low inductance type with a high
quality dielectric material. Likewise, diodes used in critical
locations should be Schottky barrier types, such as HP5082-
2835 for fast recovery and minimum charge storage. Ordi-
nary diodes will not be suitable in RF circuits. ’

3) Whenever possible, solder the OPA621 directly into the
PC board without using a socket. Sockets add parasitic ca-
pacitance and inductance, which can seriously degrade AC
performance or produce oscillations. If sockets must be
used, consider using zero-profile solderless sockets such as
Augat part number 8134-HC-5P2. Alternately, Teflon® stand-
offs located close to the amplifier’s pins can be used to
mount feedback components.

4) Resistors used in feedback networks should have values
of a few hundred ohms for best performance. Shunt capaci-
tance problems limit the acceptable resistance range to about
1kQ on the high end and to a value that is within the
amplifier’s output drive limits on the low end. Metal film
and carbon resistors will be satisfactory, but wirewound
resistors (even “non-inductive” types) are absolutely unac-
ceptable in high-frequency circuits.

5) Surface mount components (chip resistors, capacitors,
etc) have low lead inductance and are therefore strongly rec-
ommended. Circuits using all surface mount components
with the OPA621KU (SOIC package) will offer the best AC
performance. The parasitic package inductance and capaci-

Teflon® E. 1. Du Pont de Nemours & Ca.

OPA621

OPERATIONAL AMPLIFIERS

2-67



For Immediate Assistance, Contact Your Local Salesperson

tance for the SOIC is lower than the both the Cerdip and 8-
lead Plastic DIP.

6) Avoid overloading the output. Remember that output
current must be provided by the amplifier to drive its own
feedback network as well as to drive its load. Lowest distor-
tion is achieved with high impedance loads.

7) Don’t forget that these amplifiers use +5V supplies. Al-
though they will operate perfectly well with +5V and -5.2V,
use of £15V supplies will destroy the part.

8) Standard commercial test equipment has not been de-
signed to test devices in the OPA621’s speed range. Bench-
top op amp testers and ATE systems will require a special
test head to successfully test these amplifiers.

9) Terminate transmission line loads. Unterminated lines,
such as coaxial cable, can appear to the amplifier to be a
capacitive or inductive load. By terminating a transmission
line with its characteristic impedance, the amplifier’s load
then appears purely resistive.

10) Plug-in prototype boards and wire-wrap boards will not
be satisfactory. A clean layout using RF techniques is
essential; there are no shortcuts.

OFFSET VOLTAGE ADJUSTMENT

The OPA621’s input offset voltage is laser-trimmed and will
require no further adjustment for most applications. How-
ever, if additional adjustment is needed, the circuit in Figure
1 can be used without degrading offset drift with tempera-
ture. Avoid external adjustment whenever possible since ex-
traneous noise, such as power supply noise, can be inadver-
tently coupled into the amplifier’s inverting input terminal.
Remember that additional offset errors can be created by the
amplifier’s input bias currents. Whenever possible, match
the impedance seen by both inputs as is shown with R3. This
will reduce input bias current errors to the amplifier’s offset
current, which is typically only 0.2pnA.

+Vee R,

20kQ

—'VCC

Ry =R IR,

———
V,y or Ground

Output Trim Range = +Vec( Ry )to-Vec( Ry)

"Trim F'Tnm

* R, is optional and can be used to canceloffset errors due to input bias
currents.

FIGURE 1. Offset Voltage Trim.
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INPUT PROTECTION

Static damage has been well recognized for MOSFET de-
vices, but any semiconductor device deserves protection
from this potentially damaging source. The OPA621 incor-
porates on-chip ESD protection diodes as shown in Figure 2.
This eliminates the need for the user to add extemal protec-
tion diodes, which can add capacitance and degrade AC per-
formance.

WV, ESD Protection diodesinternally
cc connected to all pins.
o S Internal
Pin ’ i Circuitry
_VCC

FIGURE 2. Internal ESD Protection.

All pins on the OPA621 are internally protected from ESD
by means of a pair of back-to-back reverse-biased diodes to
either power supply as shown. These diodes will begin to
conduct when the input voltage exceeds either power sup-
ply by about 0.7V. This situation can occur with loss of the
amplifier’s power supplies while a signal source is still
present. The diodes can typically withstand a continuous
current of 30mA without destruction. To insure long term
reliability, however, diode current should be externally lim-
ited to 10mA or so whenever possible.

The internal protection diodes are designed to withstand
2.5kV (using Human Body Model) and will provide ade-
quate ESD protection for most normal handling procedures.
However, static damage can cause subtle changes in ampli-
fier input characteristics without necessarily destroying the
device. In precision operational amplifiers, this may cause
a noticeable degradation of offset voltage and drift. There-
fore, static protection is strongly recommended when han-
dling the OPA621.

OUTPUT DRIVE CAPABILITY

The OPA621’s design uses large output devices and has
been optimized to drive 50Q and 75Q resistive loads. The
device can easily drive 6Vp-p into a 50Q load. This high-
output drive capability makes the OPA621 an ideal choice
for a wide range of RF, IF, and video applications. In many
cases, additional buffer amplifiers are unneeded.

Internal current-limiting circuitry limits output current to
about 150mA at 25°C. This prevents destruction from acci-
dental shorts to common and eliminates the need for exter-
nal current-limiting circuitry. Although the device can
withstand momentary shorts to either power supply, it is not
recommended.

Many demanding high-speed applications such as ADC/
DAC buffers require op amps with low wideband output
impedance. For example, low output impedance is essential
when driving the signal-dependent capacitances at the in-
puts of flash A/D converters. As shown in Figure 3, the
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FIGURE 3. Small-Signal Output Impedance vs Frequency.

OPA621 maintains very low closed-loop output impedance
over frequency. Closed-loop output impedance increases
with frequency since loop gain is decreasing with frequency.

THERMAL CONSIDERATIONS

The OPA621 does not require a heat sink for operation in
most environments. The use of a heat sink, however, will

12 T T
- Plastic, SOIC
g 10 > Packages
[ =4
o
= y.4
3 08 Cerdip
I Package
9 o6
[
3
a 04
k]
£
E 0.2

0

0 +25 +50 +75 +100 +125 +150
Ambient Temperature (°C)

FIGURE 4. Maximum Power Dissipation.

reduce the internal thermal rise and will result in cooler,
more reliable operation. At extreme temperatures and under
full load conditions a heat sink is necessary. See “Maximum
Power Dissipation” curve, Figure 4.

The intemal power dissipation is given by the equation P, =
Ppq + Py, where P is the quiescent power dissipation and
Py, is the power dissipation in the output stage due to the
load. (For £V . =15V, PDQ =10V X 28mA = 280mW, max).
For the case where the amplifier is driving a grounded load
(R)) with a DC voltage (£V ;) the maximum value of P
occurs at ivour = :L-VCC/Z, and is equal to PDL, max =
(iVCC)3/4RL. Note that it is the voltage across the output
transistor, and not the load, that determines the power dissi-
pated in the output stage.

When the output is shorted to common P, =5V X 150mA
= 750mW. Thus, P, = 280mW + 750mW = 1W. Note that

Burr-Brown IC Data Book Supplement, Vol. 33b

the short-circuit condition represents the maximum amount
of internal power dissipation that can be generated. Thus, the
“Maximum Power Dissipation” curve starts at 1W and is
derated based on a 175°C maximum junction temperature

250
bl +
£ 200 =
g \&
E T~
S 150 ]
= —
£ / T~
Q =lsc ™~
S 100
]

50

=75 =50 -25 0 +25 450 +75 +100 +125
Ambient Temperature (°C)

FIGURE 5. Short-Circuit Current vs Temperature.

and the junction-to-ambient thermal resistance, 8,,, of each
package. The variation of short-circuit current with tempera-

ture is shown in Figure 5.

CAPACITIVE LOADS

The OPA621’s output stage has been optimized to drive
resistive loads as low as 50Q. Capacitive loads, however,
will decrease the amplifier’s phase margin which may cause
high frequency peaking or oscillations. Capacitive loads
greater than 15pF should be buffered by connecting a small
resistance, usually 5Q to 25Q, in series with the output as
shown in Figure 6. This is particularly important when
driving high capacitance loads such as flash A/D converters.

(Rg typically 50 to 25Q)

FIGURE 6. Driving Capacitive Loads.

In general, capacitive loads should be minimized for opti-
mum high frequency performance. Coax lines can be driven
if the cable is properly terminated. The capacitance of coax
cable (29pF/foot for RG-58) will not load the amplifier
when the coaxial cable or transmission line is terminated in
its characteristic impedance.
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COMPENSATION

The OPA621 is stable in inverting gains of 2-2V/V and in
non-inverting gains 2+2V/V. Phase margin for both con-
figurations is approximately 50°. Inverting and non-invert-
ing gains of unity should be avoided. The minimum stable
gains of +2V/V and —-2V/V are the most demanding circuit
configurations for loop stability and oscillations are most
likely to occur in these gains. If possible, use the device in
a noise gain greater than three to improve phase margin and
reduce the susceptibility to oscillation. (Note that, from a
stability standpoint, an inverting gain of —2V/V is equivalent
to a noise gain of 3.) Gain and phase response for other gains
are shown in the Typical Performance Curves.

The high-frequency response of the OPA621 in a good
layout is flat with frequency for higher-gain circuits. How-
ever, low-gain circuits and configurations where large feed-
back resistances are used, can produce high-frequency gain
peaking. This peaking can be minimized by connecting a
small capacitor in parallel with the feedback resistor. This
capacitor compensates for the closed-loop, high frequency,
transfer function zero that results from the time constant
formed by the input capacitance of the amplifier (typically
2pF after PC board mounting), and the input and feedback
resistors. The selected compensation capacitor may be a
trimmer, a fixed capacitor, or a planned PC board capaci-
tance. The capacitance value is strongly dependent on circuit
layout and closed-loop gain. Using small resistor values will
preserve the phase margin and avoid peaking by keeping the
break frequency of this zero sufficiently high. When high
closed-loop gains are required, a three-resistor attenuator
(tee network) is recommended to avoid using large value
resistors with large time constants.

SETTLING TIME

Settling time is defined as the total time required, from the
input signal step, for the output to settle to within the

specified error band around the final value. This error band
is expressed as a percentage of the value of the output
transition, a 2V step. Thus, settling time to 0.01% requires
an error band of £200V centered around the final value of
2V.

Settling time, specified in an inverting gain of two, occurs in
only 25ns to 0.01% for a 2V step, making the OPA621 one
of the fastest settling monolithic amplifiers commercially
available. Settling time increases with closed-loop gain and
output voltage change as described in the Typical Perform-
ance Curves. Preserving settling time requires critical atten-
tion to the details as mentioned under “Wiring Precautions.”
The amplifier also recovers quickly from input overloads.
Overload recovery time to linear operation from a 50%
overload is typically only 30ns.

In practice, settling time measurements on the OPA621
prove to be very difficult to perform. Accurate measurement
is next to impossible in all but the very best equipped labs.
Among other things, a fast flat-top generator and high speed
oscilloscope are needed. Unfortunately, fast flat-top genera-
tors, which settle to 0.01% in sufficient time, are scarce and
expensive. Fast oscilloscopes, however, are more commonly
available. For best results a sampling oscilloscope is recom-
mended. Sampling scopes typically have bandwidths that
are greater than 1GHz and very low capacitance inputs.
They also exhibit faster settling times in response to signals
that would tend to overload a real-time oscilloscope.

Figure 7 shows the test circuit used to measure settling time
for the OPA621. This approach uses a 16-bit sampling oscil-
loscope to monitor the input and output pulses. These wave-
forms are captured by the sampling scope, averaged, and
then subtracted from each other in software to produce the
error signal. This technique eliminates the need for the
traditional “false-summing junction,” which adds extra para-
sitic capacitance. Note that instead of an additional flat-top
generator, this technique uses the scope’s built-in calibration
source as the input signal.

JL

0to +2V, f = 1.25MHz

100Q

. 1pF to 4pF (Adjust for Optimum Settling)
| I!

2009
A

NOTE: Test fixture built using all surface-mount components. Ground
plane used on component side and entire fixture enclosed in metal case.
Both power supplies bypassed with 10pF Tantalum || 0.01uF ceramic
capacitors. It is directly connected (without cable) to TIME CAL trigger
source on Sampling Scope (Data Precision’s Data 6100 with Model 640-
1 plug-in). Input monitored with Active Probe (Channel 1).

Vin i WA

Al

+5VDC

0to -2V
u

———0) Vour

+

200Q
-5VDC To Active Probe (Channel 2)
on sampling scope.

FIGURE 7. Settling Time Test Circuit.
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DIFFERENTIAL GAIN AND PHASE

Differential Gain (DG) and Differential Phase (DP) are
among the more important specifications for video applica-
tions. DG is defined as the percent change in closed-loop
gain over a specified change in output voltage level. DP is
defined as the change in degrees of the closed-loop phase
over the same output voltage change. Both DG and DP are
specified at the NTSC sub-carrier frequency of 3.58MHz.
DG and DP increase with closed-loop gain and output
voltage transition as shown in the Typical Performance
Curves. All measurements were performed using a Tektronix
model YM700 Video Measurement Set.

DISTORTION

The OPA621’s Harmonic Distortion characteristics into a
50Q load are shown vs frequency and power output in the
Typical Performance Curves. Distortion can be further im-
proved by increasing the load resistance as illustrated in Fig-
ure 8. Remember to include the contribution of the feedback
resistance when calculating the effective load resistance
seen by the amplifier.

10MHz HARMONIC DISTORTION
vs LOAD RESISTANCE
-40
Vo=2Vp-p
T -50
oQ
z
NINS
£ -60
S o ﬂ T ~——
]
2
2 70 G=+2V/V
g \ G =+5V/V =
© L 8
I -80 %, Y
3f
-90
0 100 200 300 400 500
Load Resistance (Q)

FIGURE 8. 10MHz Harmonic Distortion vs Load Resistance.

Two-tone, third-order intermodulation distortion (IM) is an
important parameter for many RF amplifier applications.
Figure 9 shows the OPA621’s two-tone, third-order IM
intercept vs frequency. For these measurements, tones were
spaced IMHz apart. This curve is particularly useful for
determining the magnitude of the third-order IM products as
a function of frequency, load resistance, and gain. For ex-
ample, assume that the application requires the OPA621 to
operate in a gain of +2V/V and drive 2Vp-p into 50Q at a
frequency of 10MHz. Referring to Figure 9 we find that the
intercept point is +47dBm. The magnitude of the third-order
IM products can now be easily calculated from the expres-
sion:
Third IMD = 2(OPP°P - P,)

where OPP’P = third-order output intercept, dBm
P, = output level/tone, dBm/tone
Third IMD = third-order intermodulation ratio
below each output tone, dB

Burr-Brown IC Data Book Supplement, Vol. 33b

For this case OPI’P = 47dBm, P, = 10dBm, and the third-
order IMD = 2(47 - 10) = 74dB below either 10dBm tone.
The OPA621’s low IMD makes the device an excellent
choice for a variety of RF signal processing applications.

60 l |

55 R = 40002

50
£ N
@ 45 AN,
% 40 N R, = 100Q
=
‘s 35 -
Exr RS NEGELD
8 Q 2500 R
2 25 [~ L o P
z out

20 | °___'D_:——o

15 |- 3

G=+2VV ¢
10 L 1 l L
0 10 20 30 40 50 60 70 80 90 100
Frequency (MHz)

FIGURE 9. 2-Tone, 3rd Order Intermodulation Intercept vs
Frequency.

NOISE FIGURE

The OPA621’s voltage and current noise spectral densities
are specified in the Typical Performance Curves. For RF ap-
plications, however, Noise Figure (NF) is often the preferred
noise specification since it allows system noise performance
to be more easily calculated. The OPA621°s Noise Figure vs
Source Resistance is shown in Figure 10.

NOISE FIGURE vs SOURCE RESISTANCE
25
T T T l1
2 ; o+ LAY
NF g = 10log [1 *
—~ 15
g p
% 10 \\ /I/
N
L
5 I o
0
10 100 1k 10k 100k
Source Resistance (Q)

FIGURE 10. Noise Figure vs Source Resistance.

SPICE MODELS

Computer simulation using SPICE is often useful when ana-
lyzing the performance of analog circuits and systems. This
is particularly true for Video and RF amplifier circuits where
parasitic capacitance and inductance can have a major effect
on circuit performance. SPICE models using MicroSim
Corporation’s PSpice are available for the OPA621. Request
Burr-Brown Application Note AN-167.
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RELIABILITY DATA

Extensive reliability testing has been performed on' the
OPAG621. Accelerated life testing (2000 hours) at maximum
operating temperature was used to calculate MTTF at an
ambient temperature of 25°C. These test results yield MTTF
of: Cerdip package = 1.31E+9 Hours, Plastic DIP = 5.02E+7
Hours, and SOIC = 2.94E+7 Hours. Additional tests such as
PCT have also been performed. Reliability reports are avail-
able upon request for each of the package options offered.

APPLICATIONS

DEMONSTRATION BOARDS

Demonstration boards to speed prototyping are available.
Request DEM1135 for 8-Pin DIP, and DEM1136 for SOIC
package:

390Q 390Q
75QTransmission Line
75Q
Vour
Video
Input 75Q
75Q
3 Vour
75Q
Bandwidth, —3dB = 500MHz 75Q
B VOUT
High output current drive capability (6Vp-p into 50Q)
allows three back: i d75Q ission lines
to be simultaneously driven. 750
FIGURE 11. Video Distribution Amplifier.
-0 +5V
(O }S e ppsp— p—
I )
. | D D :
#Ho— ™ [ G
: s S "
2N5911
L S0 b N7
6
- 4 [oPas21 Vour
+
14
1000pF
R, < <
158Q ‘R, ‘R, =
v 2kQ 2kQ
IN
- -0 -5V
f, = MHz Minimum Stable Ga:ln ? :AZVN
- g g *
B - 2Hzat-odB e, : 6nV/VFiz at 1MHz
- *SelectJ,, J,andR,R,toset  Gain-Bandwidth : 500MHz
inputstage currentfor optimum Slew Rate : 500 V/ips
. . rformance. Settling Time : 18ns to 0.1%
FIGURE 12. High-Q 1MHz Bandpass Filter pe 9
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FIGURE 13. Low Noise, Wideband FET Input Op Amp.
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50Qo0r 75Q
Transmission Line
O~ + 50Q or 75Q f\-————\
500 OPAG21 YW 0
or / 50Q
750 or
Re 750
A
YW
249Q Optional back-termination
< Dif ial
D“::r:&“al Rsé 499Q resistors. Output swing and geur‘::tta
Re gain doubled if removed.
A
W
2490 50Qo0r 75Q
\ Transmission Line
OPA621 WW 5
S / 502 or 750 soa
500 or
or 750
750
Difterential Voltage Gain = 2V/V = 1 + 2R /R,
Bandwidth, ~3dB = 400MHz
Slew Rate = 1000V/us
FIGURE 14. Differential Line Driver for 50Q or 75 Systems.
o——dl+
OPA621
\
Re 249Q 249Q
A
W
249Q
Re%wso -
Re 2490 OPAB21 -0
WW WA +
2490
249Q
OPA621
o—+
Differential Voltage Gain = 2V/V = 1 + 2RJ/R;
FIGURE 15. Wideband, Fast-Settling Instrumentation Amplifier.
ADC603
49Q 9
z 150Q 12-Bit,
10MHz A/D
(o zﬁ Q'\ Converter
- Single- 75Q
Diffe ial 75Q -
itferential OPAG21 o) Ended Triax =W 45] signal
Input 2490 Output 5Q OPA621
% + Input N Input
249Q
10Q 46| Analog
Common

FIGURE 16. Unity Gain Difference Amplifier.
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FIGURE 17. Differential Input Buffer Amplifier (G=-2V/V).
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BURR-BROWN®

OPA627
OPAG637

Precision High-Speed
Difet® OPERATIONAL AMPLIFIERS

FEATURES APPLICATIONS

@ VERY LOW NOISE: 4.5nVAHz at 10kHz @ PRECISION INSTRUMENTATION

@ FAST SETTLING TIME: @ FAST DATA ACQUISITION
OPA627—550ns to 0.01% @ DAC OUTPUT AMPLIFIER
OPA637—450ns to 0.01% © OPTOELECTRONICS

@ LOW V2 1001V max @ SONAR, ULTRASOUND

@ LOW DRIFT: 0.8uV/°C max @ HIGH-IMPEDANCE SENSOR AMPS

® LOW I;: 5pA max @ HIGH-PERFORMANCE AUDIO CIRCUITRY

® OPAG627: Unity-Gain Stable
® OPAG637: STABLE IN GAIN =5

DESCRIPTION High frequency complementary transistors allow

 increased circuit bandwidth, attaining dynamic per-
The OPA627 and OPA637 Difet operational amplifi- formance not possible with previous precision FET op
ers provide a new level of performance in a precision amps. The OPA627 is unity-gain stable. The OPA637
FET op amp. When compared to the popular OPA111 is stable in gains equal to or greater than five.
op amp, the OPA627/637 has lower noise, lower offset
voltage, and much higher speed. It is useful in a broad
range of precision and high speed analog circuitry.

® ACTIVE FILTERS

Difet fabrication achieves extremely low input bias
currents without compromising input voltage noise
performance. Low input bias current is maintained
The OPA627/637 is fabricated on a high-speed, die- over a wide input common-mode voltage range with
lectrically-isolated complementary NPN/PNP proc- unique cascode circuitry.

ess. It operates over a wide range of power supply . P . .
voltage—+4.5V to +18V. Laser-trimmed Difet input E‘g 25{:162;(/)6_;; ';’a:]‘::‘;:?el;;‘u’::;sa‘;cagprﬁgs

circuitry provides high accuracy and low-noise per- .
formance comparable with the best bipolar-input op temperature range models are available.

amps. .
T"“1‘ % ® % Trim 6]

2

+—0 7
+Vg

t
@)
A4

Output

+In

o 4

International Alrport Industrial Park  « Malling 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

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

OPA627/637

OPERATIONAL AMPLIFIERS

OPA627BM/BP/SM OPAG27AM/AP/AU
OPA637BM/BP/SM OPA637AM/AP/AU
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
OFFSET VOLTAGE
Input Offset Voltage 40 100 130 250 pv

AP, BP, AU Grades 100 250 280 500 nv
Average Drift . 04 0.8 1.2 2 nvrCc

AP, BP, AU Grades 0.8 2 25 RrVIPC
Power Supply Rejection Vg = 14.5 to £18V 106 120 100 116 dB
INPUT BIAS CURRENT @

Input Bias Current Ve =0V 1 5 2 10 pA

Over Specified Temperature Ve = 0V 1 2 nA

SM Grade Ve =0V 50 nA

Over Common-Mode Voltage Veu = 10V 1 2 PA
Input Offset Current Ve =0V 0.5 5 1 10 PA

Over Specified Temperature Ve =0V 1 2 nA

SM Grade 50 nA
NOISE
Input Voltage Noise .
Noise Density: f = 10Hz 15 40 20 nV/NHz
f = 100Hz 8 20 10 nVAHz
f = 1kHz 5.2 8 5.6 nVANHz
f = 10kHz 45 6 48 nVAHz

Voltage Noise, BW = 0.1 to 10Hz 0.6 1.6 0.8 np-p
Input Bias Current Noise

Noise Density, f = 1kHz 16 25 25 tAnNAzZ

Current Noise, BW = 0.1 to 10Hz 30 60 48 fAp-p
INPUT IMPEDANCE
Differential . 107}/ 8 * Q|| pF
Common-Mode . 1077 * Q|| pF
INPUT VOLTAGE RANGE
Common-Mode Input Range +11 +11.5 * * v

Over Specified Temperature . +10.5 +11 v * v
Common-Mode Rejection Ve = £10.5V 106 116 100 110 dB
OPEN-LOOP GAIN
Open-Loop Voltage Gain V, = 10V, R_= 1kQ 112 120 106 116 dB

Over Specified Temperature Vo =310V, B = 1kQ 106 117 100 110 dB

SM Grade V, = £10V, R_ - 1kQ 100 114 dB
FREQUENCY RESPONSE ’
Slew Rate: OPA627 G = -1, 10V Step 40 55 * * Vips
OPA637 G = -4, 10V Step 100 135 * . Vius
Settling Time: OPA627 0.01% G = -1, 10V Step 550 * ns
0.1% =-1, 10V Step 450 . ns
OPA637 0.01% G = -4, 10V Step 450 " ns
0.1% G =-4, 10V Step 300 . ns
Gain-Bandwidth Product: OPA627 G=1 16 . MHz
OPAB37 G=10 80 * MHz
Total Harmonic Distortion + Noise G=+1,1=1kHz 0.00003 * %
POWER SUPPLY .
Specified Operating Voltage +15 * A
Operating Voltage Range 4.5 +18 ¢ * v
Current . +7 7.5 . . mA
OUTPUT i
Voltage Output . R =1kQ *11.5 +12.3 * *

Over Specified Temperature +11 +11.5 * * v
Current Output Vo = £10V +45 * mA
Short Circuit Current 135 +70/-65 +100 * * * mA
Qutput Impedance, Open-Loop 1MHz 55 * Q
TEMPERATURE RANGE ,

Specification: AP, BP, AM, BM, AU 25 +85 * * °C
SM -55 +125 °C
Storage: AM, BM, SM —60 +150 * * °C
AP, BP, AU —40 +125 * ‘ °C
8,,: AM, BM, SM 200 * °CW
AP, BP, AU 100 * °CW

* Specifications same as OPA627B grade.
NOTES: (1) Offset voltage measured fully warmed-up. (2) High-speed test at T, = 25°C. See Typical Performance Curves for warmed-up performance.
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MECHANICAL
M Package — Metal TO-99
A .
. INCHES __|MILLIMETERS NOTE: Leads in true
-— B _’l l DIM | MIN | MAX | MIN | MAX position within 0.01"
A_| .335 | .370 | 851 | 9.40 (0.25mm) R at MMC
B | .305 | 335 | 7.75 | 851 at seating plane. Pin
L [o] C | 165 | 185 | 419 | 470 numbers shown for
I D | .016 | .021 | 041 | 053 reference only.
L T E | .010 | .040 [025 | 1.02 Numbers may not be
E FJ F _J.om0 ] .040 o025 ] 1.02 marked on package.
G_ | .200BASIC | 5.08 BASIC
H | .028 | .03 |071 | 086
K J | 029 | .045 [074 | 1.14
K |50 | — [127 | —
L | 110 | 160 | 279 | 4.06 |
M_| 45°BASIC_ | 45°BASIC
N_[.005 [ 105 [241 | 267 ]
U
Seating Plane ”
—ll-—p
P Package — 8-Pin Plastic DIP
f ™ ,n.IDrn, N | INCHES | MILLIMETERS INCHES | MILLIMETERS
N1 DIM | MIN [ MAX | MIN [MAX DIM | MIN_| MAX | MIN_|MAX
f A_ | 155 | 200 | 3.94 | 5.8 % | 0 | 030 | 0.00 | 0.76
_ E Ar_[ .020 | .050 | 051 [ 1.27 I I S A
P N B_| .04 | 020 | 0.36 | 051 P_| 015 | 050 | 038 | 1.270
Br | .045 | .065 | 1.14 | 1.65 Qi | 040 | 075 | 1.02 | 191
C [ .008 [ .012 {020 | 030 S| 015 | 050 | 0.38 | 1.27
%]
! R R D0 | 370 | 400 | 940 [10.06 ] (3 Nor JEDEC S0,
Pin 1 E 1| .30 | 325 | 7.62 | 826 | (2)et ande, applies in zone L, when unit
g — Er | .240 | 260 | 6.10 | 6.60 installed.
-~ g, —— [er [ .100BASIC | 254 BASIC ) .
L ‘ A on 300 BASIC | 7.62 BASIC NOTE: Leads in true position within
Q, T : 0.01" (0.25mm) R at MMC at
L | 125 | 150 [ 318 | 381
r ( \’ 613 ' seating plane.
~ L X’
s
Seating Plane
U Package — 8-Pin SOIC
—A
A INCHES | MILLIMETERS NOTE: Leads In true
1 DIM | MIN | MAX | MIN | MAX position within 0.01"
' A_| a8 | 201 470 [ 541 | (0-25mm) RatMMC
1 Ar_| 178 | 201 | 452 | 5.1 at seating plane.
f B_ | 146 | 162 | 3.1 | 411
B, B Br_| 130 | .149 | 3.30 | 3.78
C | .054 | 145 | 1.37 | 3.69 |
Pin 1 Identifier | D | .015 | 019 | 038 | 048
G| .050BASIC_| 1.27 BASIC
H | .018 | .026 | 046 | 066
' - J_ ] .008 |.012 |020 |030
Pint H L | .220 | .25 | 559 | 640
M| 00 J10° |0 [10°
) N_[.000 ].012 To00 |0.30
M J
| <t
r e 7
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PIN CONFIGURATIONS

Top View DIP Top View TO-99
solc Case
s
Offset Trim II zl No Internal Connection V.
Offset Trim s
- [2] 7] v (D)
+In E El Cutput
Vs E —i_' Offset Trim -In Output
a Offset Trim
_Vs
ORDERING INFORMATION ABSOLUTE MAXIMUM RATINGS
Supply Voltage +18V
TEMPERATURE Input Voltage RaNGe ........ccovueeerserensisssssnsesssersnsnns +Vg+2Vito -V, -2V
MODEL PACKAGE RANGE Differential Input Range Total V, + 4V
OPAG27AP Plastic DIP -25°C to +85°C Power Dissipation 1000mwW
OPA627BP Plastic DIP —25°C to +85°C Operating Temperature
OPA627AU soIc -25°C to +85°C M Package ~65°C to +150°C
OPAB27AM TO-99 Metal ~25°C to +85°C P, U Package ~40°C to +125°C
OPA627BM TO-99 Metal —25°C to +85°C Storage Temperature
OPAB27SM TO-99 Metal -55°C to +125°C M Package —65°C to +150°C
o o
OPAG37AP Plastic DIP ~25°C to +85°C Ju':'c;:,: a.f:;%z B, ~40°C to +125°C
OPA637BP Plastic DIP -25°C to +85°C o
M Package +175°C
OPA637AU soic —25°C to +85°C P, U Package 1250
OPA637AM TO-99 Metal ~25°C to +85°C y ; o
OPAB37BM TO-99 Metal _25°C 10 +85°C Lead Temperature (soldering, 10S) ......c.cceeveereeesrsrnnncressensensennssees +300°C
OPA637SM TO-99 Metal -55°C to +125°C
T, = +25°C, V; = £15V unless otherwise noted.
INPUT VOLTAGE NOISE SPECTRAL DENSITY TOTAL INPUT VOLTAGE NOISE vs BANDWIDTH
Tk 100 =T =
T T T 1
|| Noise Bandwidth: P )
@ S 4o k0.1Hz oindicated 1 4
a —
= [ frequency.
< 100 a
S K £ ] i &t
2 N @ 1 ] a
N g = =
(] o
g 10 N s >
s H =
s 0 0.1
£ RMS
1
1 001 I
1 10 100 ik 10k 100k 1M 10M 1 10 100 1k 10k 100k 1M 1OM

Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (conT)

T, = +26°C, Vg = £15V unless otherwise noted.

100

VOLTAGE NOISE vs SOURCE RESISTANCE
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TYPICAL PERFORMANCE CURVES (conT)

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

COMMON-MODE REJECTION vs FREQUENCY

-
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ke et
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T 40
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1k 10k 100k ™M 10M
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POWER-SUPPLY REJECTION vs FREQUENCY
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g 120 N ]
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SUPPLY CURRENT vs TEMPERATURE
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Common-Mode Rejection {dB)

CMR and PSR (dB)

Output Current (mA)

COMMON-MODE REJECTION vs
INPUT COMMON MODE VOLTAGE

130
120
110
100
90
80
-15 -10 ~5 0 5 10 15
Common-Mode Voltage (V)
POWER-SUPPLY REJECTION AND COMMON-MODE
REJECTION vs TEMPERATURE
125
PSR
120
115 f—= CMR — \\
\ N
110
105
-75 -50 -25 0 25 50 75 100 126
Temperature (°C)
OUTPUT CURRENT LIMIT vs TEMPERATURE
100 l 1
o + atVgy =0V
— 8tV = +10V—]
u T — -, 1°
60
- . T T~
T \;\ / T ——
1
=l atVo =0V
20 latVg =-10V
il ]
0 [ |

-75 50 -25 0 25 50 75 100 125
Temperature (°C)
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TYPICAL PERFORMANCE CURVES (conT)

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

OPA627 GAIN-BANDWIDTH AND SLEW RATE

vs TEMPERATURE
24 60
g 20
< Slew Rate |
§; . \ :\_—_/
55
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S 12
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OPA637 GAIN-BANDWIDTH AND SLEW RATE
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TYPICAL PERFORMANCE CURVES (conT)

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

Settling Time (ns)

Input Bias Current Multiplier

INPUT BIAS CURRENT vs COMMON-MODE VOLTAGE
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APPLICATIONS INFORMATION

The OPA627 is unity-gain stable. The OPA637 may be used
to achieve higher speed and bandwidth in circuits with noise

gain greater than five. Noise gain refers to the closed-loop -

gain of a circuit as if the non-inverting op amp input were
being driven. For example, the OPA637 may be used in a
non-inverting amplifier with gain greater than five, or an
inverting amplifier of gain greater than four.

When choosing between the OPA627 or OPA637, it is
important to consider the high frequency noise gain of your
circuit configuration. Circuits with a feedback capacitor
(Figure 1) place the op amp in unity noise-gain at high
frequency. These applications must use the OPA627 for
proper stability. An exception is the circuit in Figure 2,
where a small feedback capacitance is used to compensate
for the input capacitance at the op amp’s inverting input. In
this case, the closed-loop noise gain remains constant with
frequency, so if the closed-loop gain is equal to five or
greater, the OPA637 may be used.

OPA627
—0
Buffer

R <4R,

OPAB27 )
b—0O
o—_
Non-Inverting Amp

$x

G<5

—o
Inverting Amp
— G<|-4|
OPA627 OPA627
b——o0 b—0

Integrator Filter

FIGURE 1. Circuits with Noise Gain Less than Five Require
the OPA627 for Proper Stability.

C.

OPA637

R, C,=Ciy +Cstray
C, = Ri Cs

R2

HHhe

FIGURE 2. Circuits with Noise Gain Equal to or Greater than
Five May Use the OPA637.
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OFFSET VOLTAGE ADJUSTMENT :

The OPA627/637 is laser-trimmed for low offset voltage
and drift, so many circuits will not require external adjust-
ment. Figure 3 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 (such as in later amplification stages or in an A/D
converter) because this could introduce excessive tempera-
ture drift.

+Vg

100kQ -

10kQ to IMQ
Potentiometer
(100kQ preferred)

OPA627/637

+10mV Typical

Vs Trim Range

FIGURE 3. Optional Offset Voltage Trim Circuit.

NOISE PERFORMANCE

Some bipolar op amps may provide lower voltage noise
performance, but both voltage noise and bias current noise
contribute to the total noise of a system. The OPA627/637
is unique in providing very low voltage noise and very low
current noise. This provides optimum noise performance
over a wide range of sources, including reactive source
impedances. This can be seen in the performance curve
showing the noise of .a source resistor combined with the
noise of an OPA627. Above a 2k source resistance, the op
amp contributes little additional noise. Below 1kQ, op amp
noise dominates over the resistor noise, but compares
favorably with precision bipolar op amps.

CIRCUIT LAYOUT

As with any high speed, wide bandwidth circuit, careful
layout will ensure best performance. Make short, direct
interconnections and avoid stray wiring capacitance —
especially at the input pins and feedback circuitry.

The case connection (pin 8 of TO-99 metal package only)
should be connected to an AC ground for lowest possible
pickup of external fields. While DC ground would be the
most likely choice, pin 8 could also be connected to either
power supply. (The case is not internally connected to the
negative power supply as it is with most common op amps.)
For lowest possible input bias current, the case may be
driven as a guard—see Input Bias Current section. Pin 8 of
the plastic DIP and SOIC versions has no internal connec-
tion.

Power supply connections should be bypassed with good
high frequency capacitors positioned close to the op amp
pins. In most cases 0.1pF ceramic capacitors are adequate.
The OPA627/637 is capable of high output current (in

Burr-Brown IC Data Book Supplement, Vol. 33b
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excess of 45mA). Applications with low impedance loads or
capacitive loads with fast transient signals demand large
currents from the power supplies. Larger bypass capacitors
such as 1uF solid tantalum capacitors may improve dynamic
performance in these applications.

INPUT BIAS CURRENT

Difet fabrication of the OPA627/637 provides very low
input bias current. Since the gate current of a FET doubles
approximately every 10°C, to achieve lowest input bias
current, the die temperature should be kept as low as pos-
sible. The high speed and therefore higher quiescent current
of the OPA627/637 can lead to higher chip temperature. A
simple press-on heat sink such as the Burr-Brown model
807HS (TO-99 metal package) can reduce chip temperature
by approximately 15°C, lowering the I to one-third its
warmed-up value. The 807HS heat sink can also reduce low-
frequency voltage noise caused by air currents and thermo-
electric effects. See the data sheet on the 807HS for details.

Temperature rise in the plastic DIP and SOIC packages can
be minimized by soldering the device to the circuit board.
Wide copper traces will also help dissipate heat.

The OPA627/637 may also be operated at reduced power
supply voltage to minimize power dissipation and tempera-
ture rise. Using +5V power supplies reduces power dissipa-
tion to one-third of that at £15V. This reduces the I of TO-
99 metal package devices to approximately one-fourth the
value at £15V.

Leakage currents between printed circuit board traces can
easily exceed the input bias current of the OPA627/637. A
circuit board “guard” pattern (Figure 4) reduces leakage
effects. By surrounding critical high impedance input cir-
cuitry with a low impedance circuit connection at the same
potential, leakage current will flow harmlessly to the low-
impedance node. The case connection (TO-99 metal pack-

age only) may also be driven at guard potential to minimize
any leakage which might occur from the input pins to the
case. The case is not internally connected to —V..

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

Many FET-input op amps exhibit large changes in input bias
current with changes in input voltage. Input stage cascode
circuitry makes the input bias current of the OPA627/637
virtually constant with wide common-mode voltage changes.
This is ideal for accurate high input-impedance buffer appli-
cations.

PHASE-REVERSAL PROTECTION

The OPA627/637 has internal phase-reversal protection.
Many FET-input op amps exhibit a phase reversal when the
input is driven beyond its linear common-mode range. This
is most often encountered in non-inverting circuits when the
input is driven below —12V, causing the output to reverse
into the positive rail. The input circuitry of the OPA627/637
does not induce phase reversal with excessive common-
mode voltage, so the output limits into the appropriate rail.

OUTPUT OVERLOAD

When the inputs to the OPA627/637 are overdriven, the
output ‘voltage of the OPA627/637 smoothly limits at ap-
proximately 2.5V from the positive and negative power
supplies. If driven to the negative swing limit, recovery
takes approximately 500ns. When the output is driven into
the positive limit, recovery takes approximately 6pis. Output
recovery of the OPA627 can be improved using the output
clamp circuit shown in Figure 5. Diodes at the inverting
input prevent degradation of input bias current.

Noninverting

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

Teflon® E.I. du Pont de Nemours & Co.

Alternate—use Teflon® standoff for sensitive input pins.

NOTE: (1) Case connected to pin 8 on TO-99 package only—see text.

OPA627

TO-99 Bottom View

To Guard Drive

FIGURE 4. Connection of Input Guard for Lowest I,.

Burr-Brown IC Data Book Supplement, Vol. 33b
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+Vg

(2)
HP 5082-2811
»l

bt
i¢ Diode Bridge
BB: PWS740-3
1kQ§
= 2D, : 10V IN961
—ANA——
R
Vio—WA\—
R O Vo
OPA627 Clamps output
- atVo =115V

FIGURE 5. Clamp Circuit for Improved Overload Recovery.

CAPACITIVE LOADS

As with any high-speed op amp, best dynamic performance
can be achieved by minimizing the capacitive load. Since a
load capacitance presents a decreasing impedance at higher
frequency, a load capacitance which is easily driven by a
slow op amp can cause a high-speed op amp to perform
poorly. See the typical curves showing settling times as a
function of capacitive load. The lower bandwidth of the
OPA627 makes it the better choice for driving large capaci-
tive loads. Figure 6 shows a circuit for driving very large
load capacitance. This circuit’s two-pole response can also
be used to sharply limit system bandwidth. This is often
useful in reducing the noise of systems which do not require
the full bandwidth of the OPA627.

INPUT PROTECTION

The inputs of the OPA627/637 are protected for voltages
between +Vg + 2V and -V — 2V. If the input voltage can
exceed these limits, the amplifier should be protected. The
diode clamps shown in Figure 7a will prevent the input
voltage from exceeding one forward diode voltage drop
beyond the power supplies—well within the safe limits. If

Re
— AN
1kQ

= 1
Optional Gain ~ | For Approximate Butterworth Response:
; 1
\Ganx1__ ] Ce= 2RoCL RessRg
Re

1
e R R GG

FIGURE 6. Driving Large Capacitive Loads.
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the input source can deliver current in excess of the maxi-
mum forward current of the protection diodes, use a series
resistor, Ry, to limit the current. Be aware that adding resis-
tance to the input will increase noise. The 4nV/NHz theo-
retical thermal noise of a 1kQ resistor will add to the 4.5nV/
VHz noise of the OPA627/637 (by the square-root of the sum
of the squares), producing a total noise of 6nV/Hz. Resis-
tors below 100Q add negligible noise.

Leakage current in the protection diodes can increase the
total input bias current of the circuit. The specified maxi-
mum leakage current for commonly used diodes such as the
1N4148 is approximately 25nA—more than a thousand
times larger than the input bias current of the OPA627/637.
Leakage current of these diodes is typically much lower and
may be adequate in many applications. Light falling on the
junction of the protection diodes can dramatically increase
leakage current, so common glass-packaged diodes should
be shielded from ambient light. Very low leakage can be
achieved by using a diode-connected FET as shown. The
2N4117A is specified at 1pA and its metal case shields the
junction from light..

Sometimes input protection is required on I/V converters of
inverting amplifiers (Figure 7b). Although in normal opera-
tion, the voltage at the summing junction will be near zero
(equal to the offset voltage of the amplifier), large input
transients may cause this node to exceed 2V beyond the
power supplies. In this case, the summing junction should be
protected with diode clamps connected to ground. Even with
the the low voltage present at the summing junction, com-
mon signal diodes may have excessive leakage current.
Since the reverse voltage on these diodes is clamped, a
diode-connected signal transistor can be used as an inexpen-
sive low leakage diode (Figure 7b).

. +Vg ——VW\—

—O Vo -

S D: IN4148 — 25nA Leakage
2N4117A — 1pA Leakage

D: 2N3904

=T e -
(b) .
NC

FIGURE 7. Input Protection Circuits.
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LARGE-SIGNAL RESPONSE SMALL-SIGNAL RESPONSE

When used as a unity-gain buffer, large common-mode input voltage steps
produce transient variations in input-stage currents. This causes the rising G=1
edge to be slower and falling edges to be faster than nominal slew rates ——O
observed in higher-gain circuits.

OPA627

FIGURE 8. OPA627 Dynamic Performance, G = +1.

LARGE-SIGNAL RESPONSE

When driven with a very fast input step (left), common-mode transients
cause a slight variation in input stage currents which will reduce output
slew rate. If the input step slew rate is reduced (right), output slew rate will
increase slightly.

OPA627

*NOTE: Optimim value will depend on circuit board
layout and stray capacitance at the inverting input.

FIGURE 9. OPA627 Dynamic Performance, G = -1.
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OPAB37 .
LARGE-SIGNAL RESPONSE

O
isoon

OPAB37
SMALL-SIGNAL RESPONSE

4pF*

2kQ

OPA637

*NOTE: Optimum value will depend on circuit
board layout and capacitance at inverting input.

FIGURE 10. OPA637 Dynamic Response, G = 5.

————————o0 Error Out

R 2%
WA
Ce
HP-
5082- —- 2Q
2835

High Quality
Pulse Generator
-15V
OPA627 OPA637
R, R/ 2kQ 5000
- . 6pF 4pF
Error Band +0.5mV +0.2mV
(0.01%)

NOTE: C. is selected for best settling time performance depending on test
fixture layout. Once optimim value is determined, a fixed capacitor may be
used.

FIGURE 11. Settling Time and Slew Rate Test Circuit.
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OPA627/637

Gain = 100
| OPAB37 CMRR = 116dB
-n Bandwidth = 1MHz
Re [ttt it
5k 2! 25k
Input Common-Mode I
Range = 5V l—l : INA105
101Q § Rg 3pF : D::::Iai:;gill Output
1
oh o —o
WV T VWY
Re ! 25kQ
5kQ :
+n OPA637 L
Differential Voltage Gain = 1 + 2Rg /Rg
FIGURE 12. High Speed Instrumentation Amplifier, Gain = 100.
Gain = 1000
| OPA837 CMRR = 116dB
-n Bandwidth = 400kHz
Re |mTm e s s m s
5kQ 2 : 10kQ 100kQ I5
Input Common-Mode 'Vl\i\j | |
Range = £10V T—q I INAtos 1
101Q < Rg 3pF ! Differential 1 Output
\ Ampliier - '8 -
31 1
T WV + H
| 10kQ 1
H 100kQ !

Differential Voltage Gain = (1 + 2R¢ /Rg) « 10

OPERATIONAL AMPLIFIERS

FIGURE 13. High Speed Instrumentation Amplifier, Gain = 1000.

Vo

R, 2 1500
for £10V Out

This composite amplifier uses the OPA803 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 pre-
cision input characteristics of the OPA627/637. Use separate power
supply bypass capacitors for each op amp.

*Minimize capacitance at this node.

GAIN A, , R, R, R, ~3dB  SLEW RATE
(VNV)  OP AMP () (kQ) @ (k) (MHz) )
100 OPA627 5050  4.99 20 1 15 700
1000  OPAB37 499 4.99 12 1 11 500

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

FIGURE 14. Composite Amplifier for Wide Bandwidth.
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BURR-BROWN® OP A660
[=1=1 |
ADVANCE INFORMATION
SUBJECT TO CHANGE

sconductance of the OTA can be adjusted
 an external resistor, allowing bandwidth, quies-
rrent and gain tradeoffs to be optimized.

The buffer stage provides 700MHz bandwidth and
2000V/us slew rate. When combined with the OTA
section, the OPA660 can be interconnected as a cur-
rent-feedback amplifier. Used as basic building blocks, -
the OPA660 can simplify the design of complex signal
processing stages in video systems, communications
equipment and high-speed data acquisition circuitry.
: ! . The OPA660 is packaged in SO-8 surface-mount, and
o for zero differential 8-pin plastic DIP packages and is specified for the

inputs centered about zero produce industrial temperature range.
ich is bipolar and centered about

The voltage-controlled cx
Transconductance Amyg
an “ideal transistor

. . j lo Transfer
Gm Adjust | 1 | log=Gm (Vg = Vg)-
) =——]8]| lo (Ve —Ve) +loma | Characteristics
“ ] o -t
| | | | | |
| | 1 L I
Ve E 6 | Out -120 -80 —40_5 +40 +80 +120mV
Vg - Ve
-5V |4 5| In . -0

International Airport Industrial Park +  Malling 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

Typical at I, = 20mA, Vg = £5VDC, T, = +25°C, R, = 5000 unless otherwise specitied.

QPAG60AP, AU

OPAG660

OPERATIONAL AMPLIFIERS

PARAMETER CONDITIONS MIN TYP MAX UNITS
OTA TRANSCONDUCTANCE
Transconductance Vo =0V 75 200 mANV
OPEN LOOP GAIN
Open Loop Gain 60 dB
OTA INPUT OFFSET VOLTAGE
Initial *10 +20 mv
vs Temperature 50 pv/°eC
vs Supply (tracking) Vg = 4.5V to 5.5V dB
vs Supply (non-tracking) V+ = 4.5V to 5.5V dB
vs Supply (non-tracking) V-=-45Vto-55 dB
OTA NONINVERTING INPUT BIAS CURRENT
Initial BA
vs Temperature nArC
vs Supply (tracking) nAN
vs Supply (non-tracking) nANv
vs Supply (non-tracking) nAN
OTA OUTPUT BIAS CURRENT
Qutput Bias Current HA
vs Temperature nArC
vs Supply (tracking) pANV
vs Supply (non-tracking) pAV
vs Supply (non-tracking) HANV
OTA OUTPUT
Current Output mA
\%
Qutput Impedance
BUFFER OFFSET V¢
Initial +10 +20 mv
vs Temper: 50 nvrec
vs Supply 60 dB
vs Supply (ni 45 dB
vs Supply (non-trac 48 dB
BUFFER INPUT BIAS
Initial ’ £3 15 nA
vs Temperature 10 nArC
vs Supply (tracking) +750 nANV
vs Supply (non-tracking) +1500 nANV
vs Supply (non-tracking) 500 nANV
BUFFER INPUT IMPEDANCE
Input Impedance 101 MQ || pF
BUFFER INPUT NOISE .
Voltage Noise 5 nVAHz
BUFFER DYNAM|
Small Signal Bari 700 MHz
Full Power Vo = £2.5V 550 MHz
Differential Gain 3.58MHz, at 0.7V 0.1 %
Ditferential Phase 3.58MHz, at 0.7V 0.1 Degrees
Harmonic Distortion 2nd Harmonic 65 dB
3rd Harmonic -90 dB
Slew Rate 5V Step 2000 Vips
Settling Time 0.1% 2V Step 25 ns
Rise Time (10% to 90%) V, = 100mVp-p 1 ns
5V Step 2 ns
BUFFER RATED OUTPUT
Voltage Qutput +4.00 14.15 \
Current Output 8 15 mA
Gain 0.96 0.975 Vv
R, = 5kQ 0.99 Vv
Qutput impedance 8ijl2 Q|| pF
POWER SUPPLY
Rated Voltage 5 Vv
Derated Performance 4.5 5.5 v
Burr-Brown IC Data Book Supplement, Vol. 33b 2-89
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BURR - BROWN®

OPA675
OPA676

- input selection speed: ECL = 4ns, TTL = 6ns.

- Wideband Switched-Input
OPERATIONAL AMPLIFIER

FEATURES

® FAST SETTLING: 9ns (1%)

@ WIDE BANDWIDTH: 185MHz (A, = 10)

® LOW OFFSET VOLTAGE: +250uV
@® TWO LOGIC SELECTABLE INPUTS
@ FAST INPUT SWITCHING: 6ns (TTL)
® 16-PIN DIP PACKAGE

DESCRIPTION

The OPA675 and OPAG76 are wideband monolithic
operational amplifiers with two independent differen-
tial inputs. Either input can be selected by an external
logic signal. The OPA675 is compatible with ECL
logic while the OPA676 is TTL compatible. Both am-
plifiers are externally compensated and feature very fast
This

APPLICATIONS

® PROGRAMMABLE-GAIN AMPLIFIER
® FAST 2-INPUT MULTIPLEXER

@ SYNCHRONOUS DEMODULATOR

@ PULSE/RF AMPLIFIERS

©® VIDEO AMPLIFIERS

® ACTIVE FILTERS

due to its “classical” operational amplifier circuit archi-
tecture. Unlike “current-feedback” amplifier designs,
the OPA675/676 may be usedin all op amp applications
requiring high speed and precision.

Low distortion and crosstalk make these amplifiers

~ suitable for RF and video applications.

The OPA675 and OPA676 are available in KG (0°C to
+70°C) and SG (-55°C to +125°C) grades. All grades

amplifier features fully symmetrical differential inputs are packaged in a 16-pin DIP.
- 00—
Input A A
+O—
QOutput
-0—
Input B B (e} Compensation
+ O——
TTL: OPA676
ECL: OPA675
International Alrport Industrial Park’ «  Malling 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: 66-6491 FAX: (602) 889-1510

PDS-864A
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SPECIFICATIONS

OPA675/676

OPERATIONAL AMPLIFIERS

ELECTRICAL
AtV . =25VDC, R = 150Q, and T, = +25°C unless otherwise noted.
JG/ISG KG
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INPUT NOISE™
Voltage: f,= 10Hz Ry=0Q 27 * nv/VHz
f, = 100 Hz 10 . oviVHz
f, = tkHz 3.8 * nV/VHz,
f, = 10kHz 26 . nVv/VHz.
f, = 100kHz 24 * nViVHz
f; = 10Hz to 10MHz 79 * wVrms
Current: ;= 10Hz to 1MHz 27 . pANHz
OFFSET VOLTAGE™
Input Offset Voltage V= 0VDC 1500 | 2mV £250 | £imV nv
Average Drift Ta=Tun 10 Tax +3 +10 +1 5 pv/IPC
Supply Rejection 1V, = 4.5V 10 55V 65 86 70 * dB
BIAS CURRENT"
Input Bias Current Ve =0VDC 23 35 * 30 RA
OFFSET CURRENT™ .
Input Offset Current V., = 0VDC 0.8 5 * * RA
INPUT IMPEDANCE™
Ditferential 4K|[2 . QllpF
Common-Mode 10%115 . allpF
INPUT VOLTAGE RANGE™
Common-Mode Input Range 125 * . v
Common-Mode Rejection V,=10.5VDC, V, = £1.25V 75 100 85 " dB
OPEN LOOP GAIN, DC"
Open-Loop Voltage Gain 65 70 * * dB
FREQUENCY RESPONSE
Closed-Loop Bandwidth Gain = +2V/V 100 M MHz
Gain = +5V/V 145 * MHz
Gain = +10V/V 185 N MHz
Gain = +50V/V 60 * MHz
Crosstalk Gain = +10V/V, f = 100kHz -100 * dBc@
f=1MHz -80 N dBC
f= 10MHz -68 * dBC
f = 100MHz -35 * dBC
Harmonic Distortion: 10MHz G = +10V/V, R = 509, V,= 0.5Vp-p
Second Harmonic 61 * dBC
Third Harmonic -73 * dBC
Full Power Response V, = 2.5Vp-p, Gain = +10V/V 25 44 30 * MHz
Slew Rate Gain = +10V/V 200 350 240 * Vius
Settling Time: 1% 9 * ns
0.1% Gain = +10V/V 15 ’ ns
0.01% 0.625V Output Step 25 . ns
INPUT SELECTION®
Transition Time ECL: OPA675 4 * ns
50% in to 50% Out TTL: OPA676 6 * ns
DIGITAL INPUT
TTL Logic Levels: V, Logic “LO" 0 +0.8 * * v
Vi Logic “HI” +2.0 +5 * * v
I Logic “LO", V, =0V -005 | -0.2 * * mA
by Logic “HI", V,, = +2.7V 1 20 v * pA
ECL Logic Levels: V, Logic “LO" -1.81 -1.475 * M v
v, Logic “HI" -1.15 -0.88 . . v
I, Logic *LO", V, =-1.6V -50 -100 * WA
by Logic “HI", V,, = -1.0V -50 | -100 . HA
RATED OUTPUT
Voltage Output R _=150Q 121 | 126 4 . \Y
R _=50Q +1.25 | +1.8 . . \'
-095 | -1.1 -1.0 M v
Current Output £30 . mA
Output Resistance 1MHz, Open Loop, C, = 5pF 5 * Q
Load Capacitance Stability Gain = +2V/V 50 - pF
Short Circuit Current Continuous to Gnd +45 * * * mA
-25 * v N mA
* Same specifications as for JG.
Burr-Brown IC Data Book Supplement, Vol. 33b 291
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SPECIFICATIONS (cont)

ELECTRICAL
AtV =15VDC, R = 150Q, and T, = +25°C unless otherwise noted.
JG/SG KG
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
POWER SUPPLY
Rated Voltage Ve 5 * vDC
Derated Performance oc 45 6.5 * * vDbC
Current, Quiescent l, = OMADC 22 30 ¥ i mA
TEMPERATURE RANGE
Specification Ambient Temp JG, KG [ +70 * * °C
SG -55 +125 °C
Operating: Ambient Temp JG, KG, SG -55 +125 v . °C
0, 125 . °cwW
* Same specifications as for JG.
ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)
AtV =35VDC, R =150Q, and T, = T,,, to T,,,, unless otherwise noted.
JG/SG KG
PARAMETER CONDITIONS MIN | TYP MAX MIN TYP MAX UNITS
TEMPERATURE RANGE
Specification Ambient Temp JG, KG [} +70 . . °C
SG -55 +125 °C
OFFSET VOLTAGE
Average Drift Ty = Tun 10 Tyax 13 10 +1 15 uvrce
Supply Rejection V.. =4.5Vto 5.5V 60 85 65 * dB
BIAS CURRENT
Input Bias Current Veu =0VDC 29 50 " * A
OFFSET CURRENT
Input Offset Current Veu = 0VDC 0.8 10 * * HA
INPUT VOLTAGE RANGE
Common-Mode Input Range 2.0 | 23 . * v
Common-Mode Rejection V,, =10.5VDC, V,, = +1.25V 60 80 65 * daB
OPEN LOOP GAIN, DC
Open-Loop Voltage Gain 60 68 63 69 dB
DIGITAL INPUT
TTL Logic Levels: V, Logic “LO" 0 +0.8 * M \"
Vi Logic “HI” +2.0 +5 * * v
I Logic “LO", V, =0V -0.08 | -04 * * mA
le Logic “HI", V,, = +2.7V 5 50 . . pA
ECL Logic Levels: V, Logic “LO" -1.81 ~1.475 * . v
Vi Logic “HI" -1.15 -0.88 * M v
Iy Logic “LO", V, =-1.6V -50 * pA
L Logic *HI", V,, =~1.0V -50 * A
RATED OUTPUT
Voltage Output R_=150Q 120 | 25 M v \'
R =50Q +1.25 | +1.6 v * \'2
-08 | 1.0 -0.9 * \'2
POWER SUPPLY
Current, Quiescent l, = 0OMADC 25 35 * * mA

* Same specifications as for JG.

NOTES: (1) Specifications are for both inputs (A and B). (2) dBC = Level referred to carrier-input signal. (3) Switching time from application of digital logic signal

to input signal selection.

2-92

Burr-Brown IC Data Book Supplement, Vol. 33b




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

OPA675/676

MECHANICAL
G Package — 16-Pin Hermetic DIP
A INCHES | MILLIMETERS NOTE: Leads in true
l' E—— ] DIM | MIN | MAX | MIN | MAX position within 0.01"
6 9 A_ | 790 | 810 | 20.07 | 2057 (0.25mm) R at MMC
C | 105 | 170 | 267 | 4.32 at seating plane. Pin
[ 015 | 021 | 038 | 053 numbers shown for
°1 8 F_| 048 | 060 | 1.22 | 152 reference only.
G | 100BASIC | 254BASIC Numbers may not be
F_.| L_ H | 030 | .070 [ 076 | 1.78 marked on package.
J | .008 | 012 [ 020 | 030
K | 120 | 240 | 3.05 | 6.10
N L | 300BASIC_|_7.62BASIC
tc M| — [ | — [
= | N | 025 | 050 [ 064 | 152
f ;K —ml—y !
L P N T S Il
Plane
OPA675 OPA676

+In A E
-inA |Z

Offset Trim IZ

@ +inB
(15] -8
[14] one

oftset Trim [4] 113] cHa (ECL)

Compensation E ﬂ ChA (ECL)

Capacitor
NC {6 El Common
Ve [ﬂ Ve
Output | 8 E NC

+inA |1

-InA —-I

Offset Trim L‘L

E] +nB
-nB

14| DNC

Offset Trim [ 4] one*

E| CHA (TTL)

E Common
] ve
9] ne

*Capacitance on this node slows channel select.

Compensation E
Capacitor

OPERATIONAL AMPLIFIERS

PIN ASSIGNMENTS: OPA675

PIN ASSIGNMENTS: OPA676

1  +inA 16 +InB

2 -InA 15 -InB

3  Offset Trim 14 DNC

4  Offset Trim 13 CHA(ECL)
5 Compensation Capacitor 12 CHA (ECL)
6 NC 11 Common

7 4V 10 =V,

8  Output 9 NC

1 +nA 16 +InB

2 -InA 15 -~InB

3 Offset Trim 14 DNC

4 Offset Trim 13 DNC

5 Compensation Capacitor 12 CHA (TTL)
6 NC 11 Common
7 Vg 10 -V,

8  Output 9 NC

DNC = Do Not Connect NC = No Internal Connection

ABSOLUTE MAXIMUM RATINGS

DNC = Do Not Connect NC = No Internal Connection

ORDERING INFORMATION -

+7VDC
Total V

Supply
Differential Input Voltage
Input Voltage Range (Analog and Digital) ..
Storage Temperature Range

Lead Temperature (soldering, 10s) +300°C
Qutput Short Circuit to Ground (+25°C) ......eceeeceenees Continuous to ground
Junction Temyg +175°C

Burr-Brown IC Data Book Supplement, Vol. 33b

OPA675 ()

()
OPA676 | T
OPASTE

Basic Model Number
Performance Grade Code
J, K:0°C to +70°C

S:-55°C to +125°C
Package Code
G: 16-pin Ceramic DIP
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TYPICAL PERFORMANCE CURVES

SMALL SIGNAL LARGE SIGNAL
HARMONIC DISTORTION vs FREQUENCY HARMONIC DISTORTION vs FREQUENCY
= T p e 1T
L l . L
o Gain = +10V/V G 40 Gain = +10V/V
% 0 R=50Q 2y a R =1kQ at/
= Vo= 0.5Vp-p / g Vo= 2.5Vp-p o
2 50 £ 50
s /sty g /
2 @0
a / [~} "4
£ -60 2 -60
=3
g E /
] ]
£ -70 4/ I -70 — e v/
80 | [ 80
0.1 1 10 100 0.1 1 10 100
Frequency (MHz) Frequency (MHz)
A, = +50V/V CLOSED-LOOP A, = +10V/V CLOSED-LOOP
SMALL SIGNAL BANDWIDTH SMALL SIGNAL BANDWIDTH
50 7 30 rrer
45 |_Ce =none BW = 60.6 MHz Ce= 6.50F BW = 186.6 MHz 1l
l 6=-60.5° - 27 I [ = -139.5° N pe
40 Sain [} g"‘r 2 Gai §
35 \ il 21 - L) \ ©
Y| = 3
@ 30 Ni @ 18 ST
i ) ™ = 3
25 < 0 = 15 s 0
5 [~ § ~—~ LTI
G 20 v —~45 8 12 8T 45
15 N \ -90 9 N _J -0
10 N\ -135 6 _J -135
o 0
03 1 10 100 1000 0.3 1 10 100 1000
Frequency (MHz) Frequency (MHz)
A, = +5V/V CLOSED-LOOP A, = +2V/V CLOSED-LOOP
SMALL SIGNAL BAND WIDTH SMALL SIGNAL BAND WIDTH
20 e . +— T 10 - —T T
18 |-Ce,=160F BW = 145.5MHz —Ht o |-Ge,=3%0F W = 100.3MHz __| 1 -
0= —99.6° 3 =—62.5° 3
16 l - m 8 8 I 3 il &
aall 2
1a ain ¢ : 7 Gain o i
N < <
@ 12 . .‘ %; 6 . o
T =1 0
E 10 oy \ 0 g 5 Y |
8 s N ~45 8 4 U s
6 L -90 3 JJJ -90
4 -135 2 H1 —-135
2 \ l ~180 1 \ 1 180
0 0
0.3 1 10 100 1000 0.3 1 10 100 1000
Frequency (MHz) Frequency (MHz)
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TYPICAL PERFORMANCE CURVES (cont)

1MHz HARMONIC DISTORTION vs POWER OUTPUT

-20
T T TT
_a0 j—L Av =+10V/V (20dB)
| | Cc =65pF
R, =50Q
0 T fe = IMHZ
8 -50
z
S 60
s
B 2f ]
a -70
3t
-80
%0 0,!2:5Vy;: o.zs\(w 0.§Vpp |Vp—r 2V_p-p
-20 -15 -10 -5 0 +5 +10 +15
Power Output (dBm)
10MHz HARMONIC DISTORTION vs POWER OUTPUT
-20
I -
_30 |—L Ay =+10V/V (20dB) 1
| | Cc =65pF I
R =500 ]
=40 =T f. = 10MHZ T
o 50 j
g b
2f
S 60 P
g I'Si
& 20 .
|
-80
20 OJ‘ 25Vp;p 0. ZSYp-p o.?Vrrp 1V5>P ZVpn
-20 -5 -10 -5 0 +5 +10 +15
Power Output (dBm)
CHANNEL-TO-CHANNEL
CROSSTALK vs FREQUENCY
0
I
15 g__m.ow—«z i
-68.3dB v
-30 ’
~ '
8 s !
= Py
f—é -60
3 -
2 5 a
S
-90
-105
-120
0.3 1 10 100 1000
Frequency (MHz)
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Distortion (dBC)

Distortion (dBC)

Output Power (dBm)

5MHz HARMONIC DISTORTION vs POWER OUTPUT

-20
I
Ay =+10V/V (20dB)
-30 v
|| cc -65pF
[ | R =500 1
40 T o =5MHz 1
-50 l’
-60 4’
——_ /
70 T
-80
—s0 0125Vp-p  [0.25Vpp | 0. Yp-p 1Vpp 2V=p-p
-20 -~-15 -10 -5 0 +5 +10 +15
Power Output (dBm)
20MHz HARMONIC DISTORTION vs POWER OUTPUT
-20
1] I
_30 |—1 Av =+10V/V (20dB) -
| | Cc =6.5pF
40 R, =50Q )
fo =20MHZ s
2t
-50 T
-60 ol ot
> /
-
=70
-80 F
20 0.|.25vp;p o.zsyr.»p o.§Vpp 1V;>F 2Vpp
-20 -15 -10 -5 0 +5 +10 +15
Power Output (dBm)
2.5MHz SMALL-SIGNAL
HARMONIC DISTORTION SPECTRUM
; L
-10 + T T
Gain = +10V/V
-20 Vour = 500mVp-p
R, =500
-30
—40
=50
-60
=70 -
-80 l
-%0 '
2 4 6 8 10 12
Frequency (MHz)
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TYPICAL PERFORMANCE CURVES (cont)

NOMINAL FREQUENCY COMPENSATION vs NOISE GAIN
35

30 \\

25

20

15

Compensation Gapacitor (pF)

N

N

1 2 3 456 810 20 30

Noise Gain (V/V)

THEORY OF OPERATION

An OPAG675 simplified circuit is shown in Figure 1. Itis a
“classical” high-speed op-amp architecture with one impor-
tant exception — the amplifier has two ECL logic selectable
differential input stages. An appropriate differential ECL
logic signal on A and A (labeled B Select) will tum on either
QS or Q6, steering operating (tail) current to either differen-
tial input pair Q1 and Q2 or Q3 and Q4. The input pair
receiving the tail current operates as a conventional op-amp
input stage while the de-selected input pair receiving no tail
current appears as an open circuit. The de-selected inputs
have only a few pF parasitic capacitance and in the off
condition exhibit only a very low leakage (bias) current of
about 100pA. Two feedback networks can be connected to
each input separately allowing a wide range of circuit
applications. The feedback network connected to the se-

50 70 100

OPEN -LOOP GAIN, CMR AND PSR vs TEMPERATURE

110
@ -
E 100 —— CMR
=
O 90
=
&
o« 80 PSR ]
4
]
L 7 Aol T
60
50

-50 -25 0 +25 +50 +75  +100  +125
Temperature (°C)

lected input operates in a normal op amp fashion while the
feedback network connected to the de-selected input is
totally inactive, appearing only as an additional load to the
amplifier’s output stage.

The switched-input op amp (SWOP AMP) circuit of the
OPAG676 is basically the same as the OPA675 but a TTL
compatible level shifter (Figure 2) has been added to its input
selection logic circuit.

Standard TTL (OPA676) and ECL (OPA675) logic levels
may be applied to each input selection circuit but only
350mV is typically required to switch between inputs. This
logic input sensitivity allows simpler high-speed logic driver
circuitry and it minimizes digital noise coupling into adja-
cent wideband analog circuitry and allows single ended ECL
inputs to be used with V, applied to the other input.

Q+Vee

® ©

Comp
B oo

o

O ~V¢e

FIGURE 1. OPA675 Simplified Circuit Diagram.
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The OPA675 and OPA676 are designed to be frequency
compensated by a single capacitor connected from pin 5 to
ground. Recommended compensation is shown in Typical
Performance Curves. A small variable capacitor may be
trimmed for best bandwidth, settling time, and gain peaking.
This amplifier is designed for optimum performance in gains
of 5V/V to 20 V/V but it can also be used over a far wider
range of gains with excellent results. Closed-loop gain/phase
(Bode) plots are shown in the Typical Performance Curves.

OFFSET TRIM

Input offset voltage is low enough for many video applica-
tions. If desired, offset voltage can be trimmed with a 1kQ
potentiometer connected to +V .. Trimming offset voltage in
this manner will effect both input A and input B; independent
control of input offset will require that trim adjust current be
summed into one or both inputs. This technique is shown in
a few applications circuits on the pages to follow.

FIGURE 5. OPAG676 Input Selection Time.
Input A to B.

Burr-Brown IC Data Book Supplement, Vol. 33b

+Vee

e | 1

Out

T ECL

In ——OThreshold

4
b 4
h 4

FIGURE 2. Internal OPA676 TTL Logic Level Shifter.

—— To Scope

l:l +0.5V
—0.5V

1MHz
Square &
Wave

p
7503

=

~ 20my|  2pomy

FIGURE 6. OPAG676 Input Selection Time.

Input B to A.
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APPLICATION TIPS

Wideband amplifier circuits require good layout techniques

Tektront 1kQ to be successful. The use of short, direct signal paths and
SG503 i heavy (20z copper recommended) ground planes are abso-
10MHz lutely necessary to achieve the performance level inherent in

50mVp-p the OPA675/676. Oscillation, ringing, poor bandwith and

settling, gain peaking, and instability are typical problems

that plague all high-speed amplifiers when they are used in
poor layouts. The OPA675 and OPA676 are no different in
this respect — any amplifier with a gain bandwith product of
a few GHz requires some care be taken in its application.

Points 10 remember:

1. Use aheavy copper ground plane on the component side

'of your PC board. This provides a low inductance
Jka ground and it also conducts heat from active circuit
o package pins into ambient air by convection.

2. Bypass power supply pins directly at the active device.

The use of tantalum capacitors (1 to 10uF/10V) with

FIGURE 7. OPA676 Input Selection Transition Time very short leads is highly recommended. Supply pins
Test Circuit. should not be left unbypassed.

208y, . SmY . 9 ‘ ‘ r
FIGURE 8. OPAG675 Input Selection Time. FIGURE 9. OPA675 Input Selection Time.
Input A to B. : Input B to A.
vy
10MHz (R 1008 2
50mVp-p ]
= 1 To Scope
Mo >
= 16
100Q
Mciotos - WV 5
< A‘ AAN—
$a00n S3000 W
-5.2V

FIGURE 10. OPA675 Input Selection Transition Time Test Circuit.
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12. Terminate transmission line loads. Unterminated lines,

Offset Trim 4880 To 500 such as'c.oaxial f:able,.can appear to the .am]-)liﬁer to be o
-5V —WM— +5V YW Oscilloscope a capacitive or inductive load. By terminating a trans- I~
10k or mission line with its characteristic impedance, the Q
Spectrum amplifier’s load then appears as a purely resistive im- 10
k0 <E Analyzer pedance. ~
”—'ﬁ)? 13. For clean, fast input selection the logic input pins should 2
1 be terminated with appropriate resistors. Resistors should o
- be connected from input selection pins to ground plane o

1003 with short leads. Failure to terminate long lines will

T__ result in ringing and poor high frequency switching.

14. Plug-in prototype boards and wire-wrap boards will not
Input: +2.8V be satisfactory. A clean layout using RF techniques isu
+0.4V required; there is no shortcut.

TTL rise and fall time = 10ns
Frequency = 1MHz

FIGURE 11. OPA676 Carrier Feedthrough and Switching
Transient Test Circuit.

3. Signal paths should be short and direct. Feedback resis-
tors, compensation capacitors, termination resistors, etc
should have lead lengths no longer than 1/4 inch (6¢cm).

4. Surface mount components (chip resistors, capacitors,
etc) have low inductance and are therefore recom-
mended. Parasitic inductance and capacitance should be
avoided if best performance is to be achieved.

5. Resistors used in feedback networks should have values
of a few hundred ohms for best performance. Shunt ca-
pacitance problems limit the acceptable range to about
1kQ2 or on the high resistance end and to a value that is

within the amplifier’s output drive limits on the low end. = o - y
Metal film and carbon compensation resistors will be FIGURE 12. OPA676 Switching Transient. Top Trace: TTL

satisfactory. Input (2V/cm). Bottom Trace: Amplifier Out-
put (2mV/cm). Input B Offset Voltage has been
Trimmed to Match Input A Offset Voltage.

2y

OPERATIONAL AMPLIFIERS

6. Wirewound resistors (even “non-inductive” types) are
absolutely unacceptable in high frequency circuits.

7. Avoid overloading the output. Remember that output
current must be provided by the amplifier to drive its 1MHZ TTL CARRIER FEEDTHROUGH vs FREQUENCY
own feedback network as well as to drive its “load.” +10
Lowest distortion is achieved with high impedance o
loads.
8. PC board traces for signal and power lines should be ,E 10
wide to reduce impedance or inductance. :‘; -2
9. Don’t forget that these amplifiers use £5V supplies. Al- g =30
though they will operate perfectly well with +5V and 3 -0
5.2V, the use of £15V supplies will result in destruc- 'g 50
tion. .:%
. . O 60
10. Standard commercial test equipment has not been de-
signed to test devices in the OPA675/676 speed range. -70
Benchtop op-amp testers and ATE systems will require _80
a special test head to successfully test these amplifiers. 0 2 4 6 8 10
11. High-speed amplifiers can drive only a limited amount Frequency (MHz)

of capacitance. If the load exceeds 10 to 20pF consider FIGURE 13. Carrier Feedthrough from 1MHz TTL Logic.
using a fast buffer or a small resistor to isolate the ca- 'Offs et Trimmed for Maximum Carrier

pacitance from the amplifier’s output. Capacitive loads Rejection
will cause loop instability if not compensated for.
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* Tantalum

316Q
50Q
nput 49.9Q 500 Input
L Qutput o
49.9Q
=

301
Bandwidth = ~200MHz

FIGURE 14. OPA676 Used As A Conventional Op-Amp: A
10dB Gain Wideband Video Amplifier with
50%2 Input/Output Impedance.

FIGURE 15. Very Fast Programmable Gain Amplifier with
Voltage Gains of +1V/V and +16V/V (0dB and
24dB).

OPA621

200Q
VWV

Differential
Input
1

b3
$ 2000

200Q

YWV

/

OPAg21

100:

+

o

VW

1kQ

VW

1kQ

VW

"

100Q

OPAg21

\

Differentiat <
Input 3 200Q
> <

2009

V

200Q

AA

/

V-

AA

—O Out

OPA621

o

\

100Q

FIGURE 16. High Input Impedance Differential Input Multiplexer with Gain of 30V/V (30dB).
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AAA
VW

40Q 200Q
VW

40Q

L
[ ol

95.30
Gain
Trim 4
102 10 g +5v
10kQ
T8 Offset Trim
= -5v

FIGURE 17. Synchronous Modulator/Demodulator with
Carrier Balance Trim (Gain = £5V/V).

ADC603

Signal
Input

Analog
Common

* Tantalum

- Gain Select (TTL)

FIGURE 18. Programmable-Gain +2V/V (6dB) or +8V/V
(18dB) Buffer Amplifier for Floating-Point
Conversion.

-5V 5kQ 45V

FIGURE 20. Receiver Noise Blanker: A Wideband Gated
Video Amplifier.

5110 LW /Q

ADC603
Input
A
45 | Signal
Input
Input
8 46 | Analog

l_\ Common

O -
- Input Select (TTL) Tantalum

In1

AAA
WV

1kQ

+ O—— v
100Q

-0 WA ANV
100Q 1kQ

In2

FIGURE 19. Differential Input Multiplexer with Gain of
10V/V (20dB).
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FIGURE 21. Multiplexed Input +16V/V Gain (24dB) Buffer
Amplifier.
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(Carrier Suppression)
Offset Trim
+5V  5kQ -5V
455kHz
b4 Carrier
$4.9%Q Input
90.2Q 11(9 1kQ
300Hz by i WA
to 3kHz 31 =
Audio 1
Input . : ==
+ +
4090 _ 502
OPA620 OPA620 RF
1.5kq| 455kHz = Out
W] BP
Fllter*
‘%m 1kQ 100Q
= *Murata Erie =
9092 CFS455C
FIGURE 22. Single Sideband Supressed Carrier Generator.
Ry R2
l VWY VWW—
n Voitage Gain R, R, C.
o——9 (viv) «Q Q) (pF)
+2 200 200 35
+5 49.9 200 16
+10 22.1 200 6.5
Voltage Gain R, R, C.
(VIV) Q) Q) (pF)
+2 200 200 35
+4 75 226 . 22
+8 28 196 10
+16 20 301 3
+32 10 309 0

FIGURE 24. Two-Input Multiplexer (with gain).
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OPA675/676

Ry Rz
wy AW
Out Voltage Gain R, R, R, R, C.
n —O (VIV) Q@ | (@ Q (@) (pF)
o 12 100 [ 200 200 200 35
5 40 | 200 50 200 16
+10 20 | 200 25 225 65
R3
——AW
FIGURE 25. Synchronous Modulator/Demodulator (with gain).
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OPA1013

Precision, Single-Supply
DUAL OPERATIONAL AMPLIFIER

FEATURES

® SINGLE POWER SUPPLY OPERATION
® INPUT VOLTAGE RANGE TO GROUND
©® OUTPUT SWINGS NEAR GROUND

® LOW QUIESCENT CURRENT: 500uA max
® LOW V, : 150uV max

@® LOW DRIFT: 2uV/°C max

® LOW | ;: 0.8nA max

@ LOW NOISE: 0.551Vp-p, 0.1Hz to 10Hz

DESCRIPTION

The OPA1013 dual operational amplifier provides
precision performance in single power supply and low
power applications. It is laser trimmed for low offset
voltage and drift, greatly reducing the large errors
common with LM324-type op amps. Input offset cur-
rent is also trimmed to reduce errors in high impedance
applications.

The OPA1013 is characterized for operation at both
+5V (single supply) and +15V power supplies. When

APPLICATIONS

@ PRECISION INSTRUMENTATION

® BATTERY-POWERED EQUIPMENT
@ BRIDGE AMPLIFIERS

@ 4-20mA CURRENT TRANSMITTERS
® VOLTAGE COMPARATOR

operated from a single supply, the input common-
mode range includes ground and the output can swing
to within 15mV of ground. Completely independent
biasing networks eliminate interaction between the
two amplifiers—even when one is used as a compara-
tor.

The OPA1013 is available in 8-pin plastic DIP and
metal TO-99 packages, specified for the 0°C to 70°C
and —55°C to 125°C temperature ranges.

—o V+
o 3.3uA 8
Simplified Circult L' 33 7.
(Half of Dual) Qo Qram @ r
ol LN
o | m
1
4000 dosv 40003 ::g"e 220
= Out
In- In+ .7
26 3,5
220
V-
%4

International Alrport industrial Park  «  Malling 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: 0666491 « FAX:(602)889-1510 - Immediate Product info: (800) 548-6132
PDS-1059A
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SPECIFICATIONS

OPA1013

OPERATIONAL AMPLIFIERS

ELECTRICAL
Vg = 218V, V, = OV, T, = +25°C unless otherwise noted.
OPA1013AWAC OPA1013M/C/DN8
PARAMETER CONDITION MIN TYP MAX MIN TP MAX UNITS
Input Offset Voltage 15 £150 150 £300 nv
OPA1013DN8 1200 1800 rv
Time Stability 04 05 prV/Mo
Input Offset Current 10.045 10.8 10.08 .5 nA
Input Bias Curment [} 20 7 30 nA
Voltage Noise, BW = 0.1 to 10Hz 0.55 0.55 “Vp-p
Noise Density, f = 10Hz 28 28 nVHz
f = 1kHz 25 25 nViNHZ
Current Noise Density, f = 10Hz 0.12 0.12 pANHZ
Input Resistance: Differential 100 400 70 300 MQ
Input Resistance: Common-Mode 5 4 GQ
Open-Loop Volitage Gain Vo =210V, R = 2kQ2 1.5 3.1 12 29 Vipv
V, = 10V, R_= 60002 0.8 21 05 19 vipv
Common-Mode Input Range +13.5 +13.8 +13.5 +13.8 v
-15 -153 -15 -15.3 v
Common-Mode Rejection Veu = +135 to -15V 100 17 97 114 dB
Power Supply Rejection V; =12 to 18V 103 120 100 17 dB
Channel Separation Vo =10V, B = 2kQ 123 140 120 137 dB
Voltage Output R =2kQ 3 +14 125 114 v
Slew Rate 02 0.35 0.2 0.35 Vips
Quiescent Current (per amplifier) $0.35 0.5 $0.35 +0.55 mA
V, = +5V/0V, V,, = OV, V,, = +1.4V, T, = +25°C unless otherwise noted.
OPA1013AM/AC OPA1013WC/DN8
PARAMETER CONDITION MIN TP MAX MIN TYP MAX UNITS
Input Offset Voltage ' 160 1250 190 1450 v
OPA1013DN8 1250 1950 nv
Input Offset Current 10.2 +1.3 10.3 2.0 nA
Input Bias Current . 9 35 10 50 nA
Open-Loop Voltage Gain Vo = 5mV to 4V 0.1 0.1 vipv
R_= 5000 ]
Common-Mode Input Range +3.5 +3.8 +35 +3.8 v
0 -03 0 -03 v
Voltage Output Low No Load 15 25 15 25 mV
Low R,_= 60022 to Ground 5 10 5 10 mv
Low I = 1MA 200 350 200 350 mv
High No Load 4 44 4 44 v
High R_=600Q to Ground 34 4 34 4 v
Quiescent Current (per amplifier) 0.31 0.45 0.33 0.5 mA
T, = -55°C t0 +125°C, V, = +15V, V,, = OV unless otherwise noted.
OPA1013AM OPA1013M
PARAMETER CONDITION MIN TP MAX MIN TYP MAX UNITS
Input Offset Voltage 180 1300 +110 1550 rv
Vg =450V, V, = +1.4V
T, = 100°C 170 1450 175 750 nv
Ve =01V, T, = 125°C +100 1450 +150 +750 nv
Veu =0V, T, = 125°C 1200 1900 +300 +1500 rv
Input Offsat Voltage Drift 04 20 05 25 (/o3
Input Offset Current 0.3 125 0.4 5.0 nA
Vg = +5/0V, V, = +1.4V 0.6 6 0.9 +10 nA
Input Bias Current 7 30 9 45 nA
Vg = +5/0V, V, = +1.4V 1 80 15 120 nA
Open-Loop Voltage Gain Vo =110V, R = 2kQ 05 20 0.25 20 Vipv
Common-Mode Rejection Ve = +13 to ~14.9V 97 114 94 13 dB
Power Supply Rejection Vg = £2 to £18V 100 117 97 116 dB
Voltage Output R, =2kQ *12 *13.8 115 +13.8 v
v, Low V, = +5/0V, R_= 600Q 6 15 6 18 mv
v, High V, = +5/0V, R_ = 6000 32 3.8 31 38 v
Quiescent Current (per amplifier) 10.38 0.6 10.38 10.7 mA
Vg = 450V, V, = +1.4V 0.34 0.55 0.34 0.65 mA
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SPECIFICATIONS

T, = 0°C to +70°C, V, = £15V, V,,, = OV unless otherwise noted.

OPA1013AC OPA1013C/DN8
PARAMETER CONDITION MIN TYP MAX MIN hadd MAX UNITS
Input Offset Voltage ' 155 1240 180 1400 rv
OPA1013DN8 1230 +1000 nv
Vg = 450V, V,, = +1.4V 175 1350 110 1570 '
OPA1013DN8 +280 11200 rv
Input Offset Voltage Drift 03 2 04 25 pvrCc
OPA1013DN8 0.7 5 uvrc
Input Offset Current 10.2 1.5 0.3 2.8 nA
Vg = +5/0V, V, = +1.4V 10.4 3.5 0.5 16 nA
Input Bias Current 7 25 9 38 nA
Vg = 45/0V, V, = +1.4V 10 55 13 80 nA
Open-Loop Voltage Gain V, = £10V, R_= 2kQ 1 25 0.7 22 VipV
Common-Mode Rejection Ve = +13 to -15V 98 118 94 113 dB
Power Supply Rejection V, = £2 to £18V 101 119 97 116 ds
Voltage Output R =2kQ 1125 +13.9 +12.0 +13.9 v
V, Low V, = +5/0V, R_= 600Q 6 13 6 13 mv
V, High V, = +5/0V, R_= 600Q 33 3.9 32 39 v
Quiescent Current (per amplifier) 10.36 10.55 1037 10.6 mA
Vg = +5/0V, V, = +1.4V 0.32 0.50 0.34 0.55 mA

MECHANICAL

H Package — Metal TO-99

A INCHES | MILLIMETERS NOTE: Leads in true
8 l J DIM_| MIN | MAX | MIN | MAX_|  posttion within 0.01
A | .33 | 370 [851 | 9.40 (0.25mm) R at MMC
' B | 305 | 335 | 7.75 | 85 at seating plane. Pin
& c C | 165 | 165 | 4.19 | 4.7C numbers shown for
—_ D_| 016 | 021 o041 | 053 reference only.
L il r 010 | 040 | 025 | 1.02 Numbers may not be
E F— 010 | 040 [025 | 1.0 marked on package.
G_|_200BASIC_| 5.8 BASIC
H_|.028 | 034 |01 | 086
K J_ | .02 | 045 [o74 | 1.4
K_| 50 | — [127 | —
L_| 110 | 960 |27 | 406
M_| 45°BASIC | 45°BASIC
N |06 105 241 [ 267 |
Seating Plane ”
—elle—p
N8 Package — 8-Pin Plastic DIP
P 5 T MVETERS] NCHES—]
P i INCHES __| MILLIMETERS INCHES
3 DIM_| NIN | MAX | MIN_|MAX DIM | MIN | MAX
' A | .15 | 200 | 384 | 5.8 @ 0 | .00
— E, A | 020 | .050 51 27 [3 0° 15°
P B_| 014 | 020 | 0.3 | 051 P_| 05 | 050
_l Br | 045 | 065 | 1.14 | 165 O [ 00 [ 075 |
Pt [c [ oos [ 012 [ 020 [ 030 | [ 50 05 | 050
0" | 570 | 400 | 940 1036 | (1ynet JEDEC St
Pin E |0 .5251762 182 1 (c1ande, applesin zone L, when unk
E Er | 240 | 260 | 610 | 660 | jogiateq.
J
I [ b \ l ) %g iﬁ;—wg NOTE: Leads in true position within
2 - 0.01* (0.25mm) R at MMC at
L 125 | .1 3.1 .81
(125 | 150 [ 318 [ 381 | soating plane,
I 2 c
Seating Plane
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N8 — Plastic Package — Top View

OutA Ij 8| ve
A
-InA E__I T 7 | outs
/5 )
+n A E n__zl -InB
v- IZ El +nB

H — TO-99 Metal — Top View

ORDERING INFORMATION

MODEL PACKAGE TEMPERATURE RANGE
OPA1013CN8 Plastic DIP 0°C to +70°C
OPA1013DN8 Plastic DIP 0°C to +70°C
OPA1013ACH TO-99 Metal 0°C to +70°C
OPA1013CH TO-99 Metal .0°C to +70°C
OPA1013AMH TO-99 Metal -55°C to +125°C
OPA1013MH TO-99 Metal ~55°C to +125°C

ABSOLUTE MAXIMUM RATINGS

Power Supply Voitage 22V
Differential Input Voltage 30V
Input Voltage

V+ to (V=) -5V
Output Short Circuit (T, = 25°C) Conti
Operating Temperature:
OPA1013AM, OPA1013M....

55 to +125°C

OPA1013AC, OPA1013C, Ol ....0 to +70°C
Storage Temp —65 to +150°C
Lead Temperature (soldering, 10S) .....ccceecricnierrcsencesenenscsnisencenes +300°C

Burr-Brown IC Data Book Supplement, Vol. 33b
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TYPICAL PERFORMANCE CURVES

°C unless otherwise noted.

OFFSET VOLTAGE vs TEMPERATURE

-50 -25 0 25 50
Temperature (°C)

75 100 125

OFFSET VOLTAGE vs TIME

T
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=
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i
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§ 0.1 =|
a =V = £15V, 25°C3
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TYPICAL PERFORMANCE CURVES (conT)

T, = +25°C unless otherwise noted.

1000

w
(=3
o

Voltage Noise Density (nV/VHz)
Current Noise Density (A/YHz)
@ 3
o o

10

NOISE DENSITY vs FREQUENCY
E Vg =2V to 18V
N~ Current
T Noise
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L [
1 10 100 1k
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SUPPLY CURRENT vs TEMPERATURE
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Number of Units

Common-Mode Input Voltage, Vs = +15V (V)

Input Bias Current (nA)

10Hz VOLTAGE NOISE DISTRIBUTION

200 Vg = 15V
180 340 units tested|
160 from three runs.
140
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o
10 20 30 40 50 60

Voltage Noise Density (nVAHz)

vs COMMON-MODE VOLTAGE

INPUT BIAS CURRENT
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TYPICAL PERFORMANCE CURVES (CONT)

T, = +25°C unless otherwise noted.

OUTPUT SATURATION AND SINK CURRENT

vs TEMPERATURE OUTPUT SHORT CIRCUIT CURRENT vs TIME
10 ey 50 T T
= V=5V 1030V ; ‘_g’ - -55°C Vg = 15V
— V=0V ] - 3 25°C
s | o = 10mA g » %
g I T 3 20 - 125°C
g 5 10
2 Ising = SmA 3
> I 8] 0
g 5
1 Ising = 1MA & -10
5 01 2 0 125°C
3 ki = 100pA 2 —
K toA 3 g ==
ki = 10p, £ 4 5eC
=0 7]
0.01 e -50 |
50 -25 0O 25 50 75 100 125 0 1 2 3
Temperature (°C) Time (Minutes)
VOLTAGE GAIN vs LOAD RESISTANCE VOLTAGE GAIN vs FREQUENCY
10M - - 140 T T
Vo = £10V with Vg = £15V ‘ G, = 100pF
L=
Vo =20mV to 3.5V I 120 1 —
el - —— =
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£ y 2 80
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Load Resistance to Ground (Q) Frequency (Hz)
NOTES: (1) T, = —55°C, V; = #15V. (2) T, = +25°C, V, =
+15V.(3) T, = 125°C, V, = £15V. (4) T, = +25°C, V = 5V/OV.
() T, = =55°C, V, = 5V/OV. (6) T, = 125°C, V, = 5V/OV.
GAIN AND PHASE vs FREQUENCY CHANNEL SEPARATION vs FREQUENCY
80
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N 240 0 capacitance
0.1 1 10 10 100 1k 10k 100k ™
Frequency (MHz) . Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (conT)

SMALL SIGNAL TRANSIENT RESPONSE LARGE SIGNAL TRANSIENT RESPONSE
Vs =215V, G = +1 Vg = 215V, G = +1

SMALL SIGNAL TRANSIENT RESPONSE LARGE SIGNAL TRANSIENT RESPONSE
Vg =5V/0V, G = +1, R = 4.7kVto 5V

" o ;

Input = OV to 100mV Pulse Input = OV to 4V Pulse

LARGE SIGNAL TRANSIENT RESPONSE COMPARATOR RISE RESPONSE TIME

Vs = 5V/0V, G = +1, No Load 10mV, 5mV, 2mV Overdrives

Input (mV)

15K §

Input = OV to 4V Pulse

Burr-Brown IC Data Book Supplement, Vol. 33b

OPA1013

2-111

OPERATIONAL AMPLIFIERS



For Immediate Assistance, Confact Your Local Salesperson

TYPICAL PERFORMANCE CURVES (CONT)

COMPARATOR FALL RESPONSE TIME
10mV, 5mV, 2mV Overdrives

¥

Output (V) N .

Input (mV)

APPLICATIONS INFORMATION

The OPA1013 is unity-gain stablé, making it easy to use and
free from oscillations in the widest range of circuitry. Follow
good design practice by bypassing the power supplies close
to the op amp pins. In most cases 0.1pF ceramic capacitors
are adequate.

SINGLE POWER SUPPLY OPERATION

The OPA 1013 is specified for operation from a single power’
supply. This means that linear operation continues with the
input terminals at (or even somewhat below) ground poten-
tial. When used in a non-inverting amplifier, OV input must
produce OV output. In practice, the output swing is limited
to approximately 15mV above ground with no load. Output
swing near ground can be optimized when the output load is
connected to ground. If the output must sink current, the
ability to swing near ground will be diminished. The output
swings to within approximately 200mV of ground when
sinking 1mA.

INPUT PROTECTION

The circuitry of the OPA1013 is protected against overload
for input voltages ranging from the positive supply voltage
to 5V below the negative supply voltage (below ground in
single supply operation). No external protection circuitry is
required, as it is with other common single-supply op amps.
Furthermore, the OPA 1013 is free from phase-reversal prob-
lems common with other single-supply op amps. When the
inputs are driven below ground (or below the negative
power supply), the output polarity remains correct.

COMPARATOR OPERATION

The OPA1013 functions well as a comparator, where high
speed is not required. Sometimes, in fact, the low offset and
docile characteristics of the OPA1013 may simplify the
design of comparator circuitry. The two op amps in the
OPA1013 use completely independent bias circuitry to avoid
interaction when the inputs are over-driven. Driving one op
amp into saturation will not affect the characteristics of the
other amplifier. The outputs of the OPA1013 can drive one
TTL load. Quiescent current remains stable when the inputs
are overdriven.

0-4mA In ‘

AAA

J ‘ 0-4mA Out
N channel enhancement MOSFET
Supertex, Siliconix, Motorola, etc.

or
2x 2N2222

\J ;V
‘4
R, 500Q
5000

To Ground or -Vg l

FIGURE 1. Precision Current Mirror.
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OPA1013 2
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'W‘—K/ Vo=V; =¥

]
A

172
OPA1013

v
AAA 1
L EERAAS Input common-mode range
INA105 extends to approximately
150mV above V- supply — limited
— by OPA1013 output swing.

7
.

OPA1013

FIGURE 2. Instrumentation Amplifier.

1
Input

v 0_—*—{ u:lr':)a —l

Vi

=l I~
-/
30
€5
/

A'A'Av* 5
|« A
OPA1013 2] an \
VVV - 6

L

\ a1
\AAL

Input

v
+ INA105 _l_
OPA1013 -

modi e "

to approximately 200mV below V- supply.

OPERATIONAL AMPLIFIERS

FIGURE 3. Instrumentation Amplifier.

OO

V+

\AAm

ke <

v,o

NOTE: V, must sink 100pA.

v,
2 (+100mV)

P W (~100mV)

Output

FIGURE 4. Window Comparator.
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BURR-BROWNG® 0PA21 07
——
Precision Dual Difet ®
_
FEATURES APPLICATIONS
® VERY LOW NOISE: 8nV/YHz at 10kHz ©® DATA ACQUISITION
@ LOW V.: 500uV max ® DAC OUTPUT AMPLIFIER
@® LOW DRIFT: 5uV/°C max ©® OPTOELECTRONICS
@ LOW I;: 5pA max @ HIGH-IMPEDANCE SENSOR AMPS
©® FAST SETTLING TIME: 2us to 0.01% @ HIGH-PERFORMANCE AUDIO CIRCUITRY
©® UNITY-GAIN STABLE © MEDICAL EQUIPMENT, CT SCANNERS
DESCRIPTION .
#

The OPA2107 dual operational amplifier provides G) ° (s)s
precision Difet performance with the cost and space
savings of a dual op amp. It is useful in a wide range
of precision and low-noise analog circuitry and can be —n
used to upgrade the performance of designs currently (2, 6)
using BIFET® type amplifiers.
The OPA2107 is fabricated on a proprietary :,"n I—l—J—l
dielectrically isolated (Difet ) process. This holds in- 3,5) Cascode
put bias currents to very low levels without sacrificing N
other important parameters, such as input offset voltage, '
drift and noise. Laser-trimmed input circuitry yields >4J %"‘;’)
excellent DC performance. Superior dynamic per- |
formance is achieved, yet quiescent current is held to
under 2.5mA per amplifier. The OPA2107 is unity- () () v
gain stable. ’ o } 4)5
The OPA2107 is available in plastic DIP, metal TO-
99, and SOIC packages. Industrial and Military tem-
perature range versions are available.
Difet® Burr-Brown Corp.
BIFET* National Semiconductor
International Alrport Industrial Park  «  Malling Address: POBox 11400 - Tucson, AZ85734  Street Address: 6730 S. Tucson Bivd. - Tucson, AZ 85706

Tel: (602) 7461111+ Twx:910-9521111 « Cable:BBRCORP - Telex:066-6491 « FAX:(602)833-1510 « Immediste Product info: (800) 5486132 -

PDS-863A
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SPECIFICATIONS

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

OPA2107AM, SM, AP, AU OPA2107BM ~
PARAMETER CONDITION MIN TYP MAX MIN TVYP MAX UNITS °
OFFSET VOLTAGE™ py
Input Offset Voltage Ve =0V 100 imv 50 500 rv N
Over Specified Temperature 0.5 2 0.2 1 mv <
SM Grade 0.8 25 mv .
Average Drift Over Specified Temperature 3 10 2 5 pvreC o
Power Supply Rejection Vg =10 to 18V 80 96 84 100 dB
INPUT BIAS CURRENT™"
Input Bias Current Veyu=0V 4 10 2 5 PA
Over Specified Temperature 0.25 1.5 0.15 1 nA
SM Grade 4 35 nA
Input Offset Current Veu =0V 1 8 0.5 3 pPA
Over Specified Temperature 1 05 nA
SM Grade 1 28 nA
INPUT NOISE
Voltage: f = 10Hz Ry=0 30 . nv/VHz 7))
f=100Hz 12 . nv/VHz
f= 1kHz 9 . nv/VHz [+
f= 10kHz 8 . nv/VHz [TT]
BW = 0.1 to 10Hz 1.2 . uvp-p —
BW = 10 to 10kHz 0.85 . nVrms E
Current: f = 0.1Hz thru 20kHz 12 0.9 1A/ VHz -
BW = 0.1Hz to 10Hz 23 17 tAp-p ‘
INPUT IMPEDANCE E
Ditferential 109 2 . Q|| pF
Common-Mode 10| 4 * Q| pF <
INPUT VOLTAGE RANGE - |
Common-Mode Input Range +10.5 £11 . . v <
Over Specified Temperature £10.2 +10.5 M . v z
SM Grade 10 +103 v
Common-Mode Rejection Ve =110V 80 94 84 100 dB 2
OPEN-LOOP GAIN =
Open-Loop Voltage Gain V, =10V, R, = 2kQ 82 9 84 100 dB E
Over Specified Temperature 80 94 82 96 dB
SM Grade 80 92 dB m
DYNAMIC RESPONSE o
Slew Rate G=+1 13 18 * * Vius °
Settling Time: 0.1% G =-1, 10V Step 15 . Hs
0.01% 2 M us
Gain-Bandwidth Product G=100 45 ¢ MHz
THD + Noise G=+1,f=1kHz 0.001 . % -
Channel Separation f=100Hz, R =2kQ 120 . dB
POWER SUPPLY
Specified Operating Voltage 15 . v
Operating Voltage Range 14.5 +18 . M v
Current 4.5 5 M . mA
OUTPUT
Voltage Output R, =2kQ 11 +12 . . \
Over Specified Temperature +10.5 +11.5 . . v
SM Grade 110.2 iM13 v
Short Circuit Current +10 140 . * mA
Output Resistance, Open-Loop 1MHz 70 * Q
Capacitive Load Stability G=+1 1000 . pF. .
TEMPERATURE RANGE
Specification
AP, AU, AM, BM -25 +85 * . °C
SM 55 +125 °C
Operating
AP, AU -25 +85 °C
AM, BM, SM 55 +125 * N °C
Storage
AP, AU -40 +125 °C
AM, BM, SM 65 +150 . * °C
Thermal Resistance (6,,)
AP 90 °CW
AU 175 °CW
AM, BM, SM 200 ¢ °CW
* Specifications same as OPA2107AM.
NOTE: (1) Specified with devices fully warmed up.
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ORDERING INFORMATION ABSOLUTE MAXIMUM RATINGS
SPECIFICATION
MODELS PACKAGE TEMPERATURE RANGE m;’gﬁ;m - e
OPA2107AP Plastic DIP -251t0 +85°C Differential Input Voltage Total V::MV
OPA2107AM Metal TO-99 -25 to +85°C Operating Temperature
OPA21078M Metal TO-99 25 to +85°C M Package -55°C to +125°C
OPA2107SM Metal TO-99 55 to +125°C P and U Packag ~25°C to + 85°C
OPA2107AU S0O-8 SOIC —25 to +85°C Storage Temperature :
M Package ~65°C to +150°C
P and U Packag -40°C to +125°C
Output Short Circuit to Ground (T, = +25°C) .cc.ceerurreesersessssrenss Continuous
Temp :4175°C
Lead Temperature
M and P Pack (¢ g, 10s) +300°C
UF SOIC (3s) +260°C
PIN CONFIGURATIONS
Top View - M Package Top View - P & U Packages

8] +v,
-nal2] A 7] outB
+nA[3] A [6]-inB
Vs [a] 5]+inB

outa[1]

MECHANICAL

M Package — Metal TO-89

|

INCHES | MILUMETERS NOTE: Leads in true

DIM | MN | MAX | MIN | MAX | Pposition within 0.01°
A | 335 | 370 | 851 | 940 (0.25mm) R at MMC
B | 305 | 3% | 775 | 851 at seating plane. Pin
l ' ¢ C [ 965 | 185 | 419 | 470 |  numbers shown for
o D_ | 016 | 021 | 041 | 05 reference only.
[l E .00 | 040 [025 [ 162 | Numbers may notbe
E r=J F_|.010 | 040 | 025 | 102 marked on package.
G| 200BASIC | 5.08BASIC o
H_ 028 | 04 [071 [ o086
K J_| 029 [ 045 [074 [ 114
K |50 | — 127 | —
L_| 110 | 160 | 279 | 406
M_| 45°BASIC | 45°BASIC
N 1095 I 105 | 241 ‘ 267 |
uJ U

Seating Plane

~—D
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MECHANICAL (CONT)
P Package — 8-Pin Plastic DIP
[ | INCHES _| MILLIMETERS NCHES | MILLIMETERS
i R ks ke B e K S DIM_| MIN | MAX_| MIN_| MAX DIM | MIN_| MAX | MIN_|MAX ~
1 A_| 155 | 200 [ 394 | 508 | 7| 0 [ .00 | 000 | 075 | o
_ e A | 020 | 050 | 051 | 127 o [0 [ 15 [ o |15
P 1 B_| 014 | 020 | 036 | 051 P | 015 | 050 | 038 | 1270 -
B o5 [ 065 [ iaa [ 15| [or [oa0 [ 0% | e [ 191 N
C_|.008 | 012 | 020 | 030 SO 015 | 050 | 0.8 | 127 | P-4
DO 570 | 400 | 940 [ 1096 ] (1) Not JEDEC Sta. o
E | 300 | 325 ) 762 | 826 2) e1 and e, apply In zone L, when
Er | 240 | 260 | 6.10 | 6.60 f,,,),,~ < o 80Pl L o
81 ;gg :g:g 5; m:g NOTE: Leads in true position within
A A 0.01" (0.25mm) R at MMC at seatl
L | 125 | 150 [ a8 [ 381 p,ane_( ) "9
s s Pl
eating Plane w
!
U Package — 8-Pin SOIC [T
L]
A NCHES __ [MILLMETERS |  NOTE: Leads in true al
1 DIM_| MIN | MAX | MIN | MAX | position within 0.01°
nnnn A [ 185 | 201 [470 | 501 ] (0-25mm) R at MMC =
A | 178 | 201 | 452 | 5.1 at seating plane. <
1 T B_ | 146 | 162 | 371 | 411
B, B Br_| 130 | 149 | 330 | 378 -l
J C_ | 054 | 145 | 137 | 369 <
Pin 1 Identifier lo=rs D_| 015 ] 019 [038 | 048 =
IR G_| 050BASIC | 1.27BASIC
L H_| 018 | 026 [046 [ 066 (o]
Pin1 H J_ 008 | 012 | 020 | 030 ':
L | 220 | 252 | 559 | 640
1 M| o [0 | o [ 10° E
| N_| 000 | 012 | 0.00 | 030
i ° i
JLE T %L_ 7 o.
° v (]

TYPICAL PERFORMANCE CURVES

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

INPUT VOLTAGE AND CURRENT NOISE TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY
® SPECTRAL DENSITY vs FREQUENCY at 1kHz vs SOURCE RESISTANCE
100 1k
— Eo
— — Pz
g T g £
% 100 E_Voltage Noise Current Noise 10 %. E
= §
2 < AL ] ]
3 1 £ 2
8 10 1 [ ©
S e s e SN 3 g
> T PULAIUSILELE o s
| Current Noise Voltage Noise S
| O 11l [
, L [ I
1 10 100 1k 10k 100k ™ 100 1k 10k 100k ™M 10M 100M
Frequency (Hz) Source Resistance ()
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TYPICAL PERFORMANCE CURVES (CONT)

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

BIAS AND OFFSET CURRENT BIAS AND OFFSET CURRENT
vs TEMPERATURE vs INPUT COMMON-MODE VOLTAGE
10 10
T e
Bias Current
—_ — 1
g w00 : g, OfsatCurrent] 1 &
c v 4 T €
£ 0w § oz : g
g 5 g = ==y 5
3 : 9 o
§ £ § 0.1 0.1 g
1 == 1
set Current
0.1 0.1 0.01 0.01
-50 -25 0 +25 +50 +75 +100 +125 -15 -10 -5 0 +5 +10 +15
Ambient Temperature (°C) . Common-Mode Voltage (V)
POWER SUPPLY AND COMMON-MODE COMMON-MODE REJECTION
REJECTION vs FREQUENCY vs INPUT COMMON-MODE VOLTAGE
120 120 110
+PSR
— 10 - =
g 100 H R 100 g g .
g e NN = g
80 1 80
§ -PS| N NN i g
@ q @
(i smEi [+ ['4
= ® NNCJewr 11 ¢ ¢ %0
[ N = =
@ 40 ¥ 40 é P
N
H 20 NN £ § &
o N N 20 8 8
~ ™~
0 =3 o 70
10 100 1k 10k 100k ™ 10M -15 -10 -5 0 +5 +10 +15
Frequency (Hz) Common-Mode Voltage (V)
MAXIMUM OUTPUT VOLTAGE SWING
OPEN-LOOP FREQUENCY RESPONSE vs FREQUENCY
120 0 30
=N T
N -
R, =2KQ
100 L
™ =
_ c N C_ = 100pF 45 7 & \
g s . 8 & g
2 N N g 3 R, =2kQ
3 N ¢ e & e TN
® 60 N N -0 % %
>
g 40 3 3\ g g 10 N
s el T N os & 3
N -135 & N
20
N k ~
. N LT
oLl -180 0 s
1 10 100 1k - 10k 100k M 10M 10k 100k ™ 10M

Frequency (Hz) Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (CoNT)

T, = +25°C, Vg = 215V unless otherwise noted.

M~
GAIN-BANDWIDTH AND SLEW RATE GAIN-BANDWIDTH AND SLEW RATE (=)
vs TEMPERATURE vs SUPPLY VOLTAGE -
8 25 6 2 N
1]
L1 A, =+100 <
RL = 2kQ 20 [«
N “q g O
-3 StewRate | T z s
] ~ - _ s
. GainB ‘\—.J ~—] \\ 15 2 5 — Stew Rate[ ] 18 §
5 ~—] § g |t 3
a — 3 @ — B
= 2 10 7] 5 Lt 16 7]
] ] ;—r_
I Gain-Bandwidth
0 5 4 I N | 14
50 25 0 425 450 475 +100 +125 5 10 15 20 »
Ambient Temperature (°C) . Supply Voltage (+Vs) [+ o
w
[
—
a
SETTLING TIME vs CLOSED-LOOP GAIN SUPPLY CURRENT vs TEMPERATURE E
5
4
/ <
4 / - |
- / 1/ F g
) 4 4 £
2, 001%| ||l 4 = 2
o . 5 t
E U / Vo = 10V Step | § s Total of Both Op Amps 2
g
£, /’ VAN R =2k || S ImT/——1_ =
3 - 0.1% C, = 100pF §
1 @4
0 3 o
-1 -10 -100 -1000 50 25 0 425 450 475 4100 +125
Closed-Loop Gain (V/V) Ambient Temperature (°C)
5 CHANNEL SEPARATION vs FREQUENCY OPEN-LOOP GAIN vs SUPPLY VOLTAGE
1 120
g 140 ~ 110
g v g 100
B i 5
2 130 I 3 e
7] N o
b N 20
g R, =2kQ N %
8 120 o L] mat >
o m 80
[[I S
110 70
10 100 1k 10k 100k 5 10 15 20
Frequency (Hz) Supply Voltage (£Vs)

Burr-Brown IC Data Book Supplement, Vol. 33b 2-119



For Immediate Assistance, Contact Your Local Salesperson

TYPICAL PERFORMANCE CURVES (CONT)

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

TOTAL HARMONIC DISTORTION vs FREQUENCY

T P
1 1
A
E 0.1
B3 2
g TiAy=+101VV [
/
+ Y
a 0.01
E =5 H - 7
Ay=+11VV Y -
Ay=+1VV LA
0.001
1 10 100 1k 10k 100k
Frequency (Hz)

OPA2107 LARGE-SIGNAL RESPONSE

Output Voltage (5V/div)

APPLICATIONS INFORMATION
AND CIRCUITS

The OPA2107 is unity-gain stable and has excellent phase
margin. This makes it easy to use -in a wide variety of
applications.

Power supply connections should be bypassed with capaci-
tors positioned close to the amplifier pins. In most cases,
0.1pF ceramic capacitors are adequate. Applications with
larger load currents and fast transient signals may need up to
1YF tantalum bypass capacitors.

INPUT BIAS CURRENT

The OPA2107’s Difet input stages have very low input bias
current—an order of magnitude lower than BIFET op amps.

2-120

THD + NOISE vs FREQUENCY AND OUTPUT VOLTAGE

3 rM,_[ h 1t
- (O Ay=+11VNV
P - =:Rs 2kQ
S_ 01 E 1-
—EEHE=E L Noise Uimited = 2Vpp:
g : i i
s nil WA t
L 10V|
3 0.01 Nolse L B
= S===g H
Iuonseluln;l 20Vp-p
0.001 ]Hﬂ
1 10 100 1k 10k 100k
Frequency (Hz)

OPA2107 SMALL-SIGNAL RESPONSE

|
i

Output Voltage (20mV/div)

Time (200ns/div)

Circuit board leakage paths can significantly degrade per-
formance. This is especially evident with the SO-8 surface-
mount package where pin-to-pin dimensions are particularly
small. Residual soldering flux, dirt, and oils, which conduct
leakage current, can be removed by proper cleaning. In most
instances a two-step cleaning process is adequate using a
clean organic solvent rinse followed by de-ionized water.
Each rinse should be followed by a 30-minute bake at 85°C.

A circuit board guard pattern effectively reduces errors due
to circuit board leakage (Figure 1). By encircling critical
high impedance nodes with a low impedance connection at
the same circuit potential, any leakage currents will flow
harmlessly to the low impedance node. Guard traces should
be placed on all levels of a multiple-layer circuit board.
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Inverting Buffer

fe S

I Out
I 3 =

3
1
no— 2
E, =[10 (1 + 2R./Ry) (E, — E,)] = 1000 (E, - E,)
BOARD LAYOUT (/]
FOR INPUT GUARDING Using the INA106 for an output difference amplifier extends the input :
Guard top and bottom of board. common-mode range of an instrumentation amplifier to +10V. A conven- w
Alternate: use Teflon® standoff tional IA with a unity-gain difference amplifier has an input common-mode —
for sensitive input pins. range limited to £5V for an output swing of +10V. This is because a unity- [TH
gain difference amp needs 5V at the input for 10V at the output, allowing -_—
Teflon® E. |. Du Pont de Nemours & Co. only 5V additional for common mode range. d
FIGURE 1. Connection of Input Guard. FIGURE 3. Precision Instrumentation Amplifier. 5
<
E
ouput o
—° (]
OPA2107 s = 5pA Max
Gain =100
CMRR ~ 95d8
Differential Voltage Gain = 1 + 2R/R; = 100 R, =10"Q

FIGURE 2. FET Input Instrumentation Amplifier.
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BURR-BROWNG®

OPA2604

ADVANCE INFORMATION
SUBJECT TO CHANGE

FEATURES

® LOW DISTORTION: 0.0003%
@ LOW NOISE: 10nV/\Hz
@ HIGH SLEW RATE: 25

distortion, low noise “and
superior performance in

New circuit techni
dynamic circuit
distortion. The

2
[¢3
(2]
g
@
o
=
5
a
g
3
[}
=
2
o
)

T‘_L:/W
A

Distortion l\
b Reduction Output s’n
Circuitry Iﬁge o

dynamic“range, even with
age is laser-trimmed

Yy
OPA2604 providi
high source imped:
to provide excellen

The OPA2604 is availablé”in 8-pin plastic mini-DIP
and SO-8 surface-mount packages, specified for the
—25°C to +85°C temperature range.

it

-V

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) 5486132

PDS-1069
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SPECIFICATIONS

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

OPA2604AP, AU

PARAMETER CONDITION MIN TYP MAX UNITS
OFFSET VOLTAGE

input Offset Voltage +0.1 2 mv
Average Drift 5 uvree
Power Supply Rejection s = 5 to £18V 80 92 dB
INPUT BIAS CURRENT'

Input Bias Current Vew = 0V 25 100 pPA
Input Offset Current o = OV +10 pA

OPA2604

NOISE
Input Voltage Noise
Noise Density: f = 10Hz

v/ VHz
nv/VHz

OPERATIONAL AMPLIFIERS

f = 100Hz
f= 1KkHz v/ VHz
f = 10kHz nv/ VHz
Voltage Noise, BW = 20Hz to 20kHz nVp-p
Input Bias Current Noise
Current Noise Density, f = 0.1Hz to 20kHz tA/ VHz
INPUT VOLTAGE RANGE
Common-mode Input Range v
Common-mode Rejection dB
Differential Q| pF
Common-Mode Q| pF
OPEN-LOOP GAIN
Open-loop Voltage Gain dB
FREQUENCY RESPONSE
Gain-Bandwidth Product MHz
Slew Rate Vius
Settling Time 0.01% ns
0.1% us
Total Harmonic Distortiof %
OUTPUT
Voltage Output v
Current Qutput mA
Short Circuit Curren 50 mA
Output Resistance, 100 Q
POWER SUPPLY
Specified Operating Voltage +15 Vv
Operating Voltage Range 4.5 +24 \
Current, Total Both Amplifi 9.5 +11 mA
TEMPERATURE RANGE
Specification -25 +85 °C
Storage —40 +125 °C
Thermal Resistance, 6, 90 °CwW
NOTES: (1) High- speed st
T, = +25°C, V; = 115V
TOTAL HARMONIC N: OPEN-LOOP GAIN/PHASE vs FREQUENCY
0.1 TR = 120 ]
T T 1t 1T T —- ™~ \L
100 —45
™ @
— Q
e G=41 g N P (3 %
p Vo =20Vpp ) g 90 4
T R, = 1kQ (o} N N =
g . g 4 Y g
0.001 | 3 ' ™ ul 4
20 3 -135 &
! = 0
0.0001 ’ , -20 -180
20 100 1k 10k 20k 10 100 1k 10k 100k 1M 10M
Frequency (Hz) Frequency (Hz)
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INSTRUMENTATION AMPLIFIERS

WHAT IS AN INSTRUMENTATION AMPLIFIER?

An instrumentation amplifier is a closed-loop, differential input, gain block.
It is a committed circuit with the primary function of accurately amplifying
the voltage applied to its inputs.

Ideally, the instrumentation amplifier responds only to the difference
between the two input signals and exhibits extremely high impedance
between the two input terminals, and from each terminal to ground. The
output voltage is developed single-ended with respect to ground and is equal
to the product of amplifier gain and the difference of the two input voltages.
See Figure 1.

Figure 1. Idealized Model of an Instrumentation Amplifier.

Amplifier gain (G) is normally set by the user with a single external resistor.
The properties of this model may be summarized as infinite input imped-
ance, zero output impedance, the output voltage proportional to only the
difference voltage (e,— ¢,), a precisely known gain constant (G) (implying
no nonlinearity), and unlimited bandwidth. This amplifier would completely
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reject signal components common to both inputs (common-mode rejection)
and would exhibit no DC offset voltage or drift.

CHARACTERISTICS OF
INSTRUMENTATION AMPLIFIERS

It is desirable to achieve, as close as possible, the characteristics of the ideal
instrumentation amplifier. The following paragraphs are a discussion of the
other-than-ideal characteristics of instrumentation amplifiers.

INPUT IMPEDANCE

A simple model of a realistic instrumentation amplifier is shown in Figure
2. The impedance Z  represents the differential input impedance. The com-
mon-mode input impedance Z,,, is represented as two equal components,
27, from each input to ground. These finite resistances contribute an
effective gain error due to loading of the source resistance. The instrumen-
tation amplifier provides a load on the source of Z = Z Il Z,,, If source

impedance isR;=R, + R,,, the gain error caused by this loading is:

z R R

. —1_ 1 - S . _S .
Gain Error = 1 ZI+RS ZI+RS = ZI if Zl> > Rs
If R is 10kQ and Z is 10MQ,
; . ,
Gain Error 5-1—0-5—12-6-=0.1%
10x 10

...........

Figure 2. Simple Model of an Instrumentation Amplifier Shown in a Typical
Application Configuration.
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The DC common-mode input impedance Z ., will be independent of gain.
The DC differential input impedance Z  may vary as a function of gain.
Specifications give the worst-case value. The nonzero output impedance of
the amplifier will also create a gain error, the value of which depends on the

load resistance.

NONLINEARITY

The linearity of gain is possibly of more importance than the gain accuracy,
since the value of the gain can be adjusted to compensate for simple gain
errors. The nonlinearity is specified to be the peak deviation from a “best fit”
straight line, expressed as a percent of peak-to-peak full scale output.

COMMON-MODE REJECTION

As illustrated in Figure 2, the output voltage has two components. One
component is proportional to the differential input voltage e = (e,—¢,). The
second component is proportional to the common-mode input voltage. The
common-mode voltage which appears at the amplifier’s input terminals is
defined as e, = e,+ ¢,/2. This may consist of some common-mode voltage
in the source itself, e, (such as bridge excitation) plus any noise voltage,
e,» between the source common and the amplifier common. As shown in
Figure 2, the constant G represents the differential amplifier gain factor
(fixed by the external gain-setting resistor). The constant (G/CMRR) repre-
sents the common-mode signal gain of the amplifier. The CMRR (common-
mode rejection ratio) is the ratio of differential gain to common-mode gain.
Thus CMRR is proportional to the differential gain and CMRR increases as
the differential gain (G) increases. Hence, CMRR is usually specified for the
maximum and the minimum values of gain of the amplifier. The common-
mode rejection may be expressed in dB as CMRR (dB) = 20log,, CMRR.

For an ideal instrumentation amplifier, the output voltage component due to
common-mode voltage should be zero. For a realistic instrumentation
amplifier, the CMRR — though very high — is still not infinite and so will
cause an error voltage of e, /CMRR X G to appear at the output.

INSTRUMENTATION AMPLIFIERS

SOURCE IMPEDANCE UNBALANCE

If the source impedances are unbalanced, the source voltages (e, + €,) are
divided unequally upon the common-mode impedance, and a differential
signal is developed at the amplifier’s input. This error signal cannot be
separated from the desired signal. In the circuit in Figure 2, if R;,= 0, R,
= 1kQ, et = 10V, and ZCM = 100MQ, then the effect of unbalance is
to generate a voltage:

10° 10° 10V
z 3 =10V 5 T = =0.1mV
10" +10 10

e,—¢e,= 10V - 10V

+10°0  10°
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If € full scale is 10mV, then this error is

0.1mV

TomV = 1% of full scale

Error =

OFFSET VOLTAGE AND DRIFT

Most instrumentation amplifiers are two-stage devices—they have a vari-
able gain input stage and a fixed gain output stage. If V,and V  are the offset
voltages of the input and output stages respectively, then the amplifier’s total
offset voltage referred to the input (RTI) = V,+ V /G, where G is the
amplifier’s gain. (Note that total E (RTI) X G appears at the output.)

The initial offset voltage is usually adjustable to zero. Therefore voltage drift
is the more significant term because it cannot be nulled. The offset voltage
drift also has two components—one due to the input stage of the amplifier
and the other due to the output stage. When the amplifier is operated at high
gain, the drift of the input stage dominates. At low values of gain, the drift
of the output stage will be the major component of drift. When the total
output drift is referred to the input, the effective input voltage drift is largest
for low values of gain. Output voltage drift will always be lowest at low
gains. If AV /AT = 2uV/°C and AV /AT = 5001V/°C and the amplifier in a
gain of 1000V/V is nulled at 25°C, then at 65°C the offset voltage will be

E,(RTI) 65° = 40°C[21V/°C + (5001V/°C/1000V/V)]
‘ = 40°C(2.54V/°C) = 100pV = 0.1mV

If the full scale input is 10mV, then the error due to voltage drift is

0.1mV

TomV = 1% of full scale

Error =

INPUT BIAS AND OFFSET CURRENTS

The input bias currents are the currents that flow out of (or into) either of the
two inputs of the amplifier. They are the base currents for bipolar input
stages and the leakage currents for JFET input stages. Offset current is the
difference of the two bias currents.

The bias currents flowing into the source resistances will generate offset
voltages of E;,= I, X R, and E = I XR,,. If R =R, =R/2, the offset
voltage at the input is E i,— E i, = I X Ry/2. This input-referred offset error
may be compared directly with the input voltage to compute percent error.
(Note that the source must be returned to power supply common, or R will

be infinite and the amplifier will saturate.)
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APPLICATIONS OF

INSTRUMENTATION AMPLIFIERS

Instrumentation amplifiers are generally used in applications where extract-
ing and accurately amplifying low level differential signals riding on high
common-mode voltages (£10V) is very important. Such applications require
high input impedance, high CMRR, low input noise, and excellent DC level
stability (low offset voltage drift).

Instrumentation amplifiers are used as transducer amplifiers for various
types of transducers such as strain gauge bridges, load cells, thermistor
networks, thermocouples, current shunts, biological probes, weather
gauges, and so forth. Other applications include recorder preamplifiers,
multiplexer buffers, servo error amplifiers, current sensors, signal condi-
tioners in process control and data acquisition systems, and in general
measurements of small differential signals riding on common-mode volt-
ages.

The small size, low cost, and high performance of these amplifiers offer an
attractive approach for data acquisition applications: assigning a fixed-gain
amplifier to each transducer and locating the amplifier physically near the
transducer. This approach largely eliminates common-mode noise pickup
problems since a high level signal (rather than a low level transducer signal)
is then transmitted to the data gathering station. The result is a higher signal/
noise ratio at the output. Using one amplifier per point may well be more
economical, as well as offering better performance and flexibility, than the
approach of using low level multiplexers.

INSTRUMENTATION AMPLIFIERS
SELECTION GUIDES

The following Selection Guides show parameters for the high grade. Refer
to the Product Data Sheet for a full selection of grades. Models shown in
boldface are new products introduced since publication of the previous
Burr-Brown IC Data Book.

INSTRUMENTATION AMPLIFIERS
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INSTRUMENTATION AMPLIFIERS Boldface = NEW
Gain Input Parameters Dynamic
Accuracy, Gain Non- Offset Response,
G=100 Drift, Linearity . Voltage G=100 )
Gain 25°C, G=100 G=100 CMR® vsTemp 13dBBW Temp Page
Description Model Range max(%) (ppm/°C) max(%) min(dB) max(uV/°C) (kHz) Range!” Pkg No.
Very High  INA120 1, 10, 100, 0.5 30 +0.01 96  +(0.25+10/G) 20 Ind DIP S3-50
Accuracy 1000
INA104M 1-1000@ 0.15 220 +0.003 96 $(0.25+10/G) 25 Ind DIP 3-34
INA101G, M, L  1-1000@ 0.03 22 +0.003 96  #(0.25+10/G) 25 Ind, Ml DIP  3-11
: ) ) TO-100, 3-11
. Lcc 3-11
INA101P, U 1-1000 0.3 22 +0.007 90 1(24+20/G) typ 25 Com DIP 3-11
' SOIC  3-11
Low Quies- INA102G®, L® 1,10,100, 0.15 15 +0.02 20 +(215/G) 3 ind DIP S3-10
cent Power 1000 LCC Ss3-10
INA102P, U 1,10,100, 0.4 20 +0.05 80 +(5+10/G) 3 Com,ind DIP S3-10
1000 SOIC S3-10
Low Noise, INA103G 1-1000@ 0.1 25 40.004 100 +(0.5+10/G)typ 800 ind DIP S3-22
Low INA103P 1-1000@ 0.25 25 +0.010 90 (0.5+20/G) typ 800 Com DIP S3-22
Distortion i
Fast Settling INA110G®, L® ‘1,10,100, 0.1 20 +0.01 96 +(2+50/G) 470 Ind DIP, 3-65
FET Input : 200,500 LCC 3-65
INA110P, U  1,10,100, 0.2 6typ  0.02 87 (2£20/G)typ 470  Com DIP, 3-65
200, 500 SOIC 3-65
Buffer, 3627M 1V/V fixed 0.01® 5 10.001® 100 20 800© Ind TO-99 3-158
Unity-Gain  INA105M®, L® 1V/V.fixed 0.01® 5 +0.001®  86® 10 1000® Ind TO-99 3-45
Difference  INA105P, U 1V/V fixed 0.025® 5 10.001® 726 - S5typ 1000® Com DIP, 3-45
SOIC 3-45
Gainof 10 INA106M 10V/V fixed 0.01¢% 10 10.001¢ 100 2 500 Ind TO-99 3-57
Difference  INA106P 10V/V fixed 0.025% 4typ 10.001%  86® 0.2typ 5004 Com DIP 3-57
High Com. INA117G 1V/Vfixed 0.02®  10®@  +0.001® 86® 20 200 Ind DIP S3-36
Mode Volt. INA117P 1V/Vfixed 0.057 10® . 10.001® 74® 40 200® Com DIP S3-36
Difference
(200VDC CMV)
4-20mA Loop RCV420BG 0.3125V/mA  0.05 25 10002 86 25M 150 Ind DIP S3-71
Receiver RCVA420KP 0.3125V/mA 0.1 50 +0.002 72 50 150 Com DIP S3-71

NOTES: (1) Com = 0°C to +70°C, Ind = —25°C to +85°C, Mil = —55°C to +125°C. (2) Set with external resistor. (3) Unity-gain. (4)
Gain = 10. (5) No source imbalance. (6) DC to 60Hz, Gain = 10, 1kQ unbalanced. (7) RTO. (8) BS 9000 Screening is available.
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PROGRAMMABLE GAIN AMPLIFIERS

Gain Input Parameters  Dynamic
Accuracy, Gain Non- Offset Response,
G=100 Drift, Linearity Voltage =100

Gain 25°C, G=100 G=100 CMR® vsTemp 13dBBW Temp Page

Description Model Range max(%) (ppm/°C) max(%) min (dB) max (uV/°C) (kHz) Range!" Pkg No.

Noninverting PGA100G  Gainset  0.02 10 +0.005 NA 6 typ 5MHz Ind DIP 3-85
Input word 1, 2,
4,8..128

PGA102G  Gainset  0.01 20 10.01 3,G=100 250 Ind DIP 3-93

PGA102P with 2-bit 100 0.02 50 10.01 3,G=100 250 Com DIP 3-93

Instr. PGA200G  Gainset 0.02 10 10.003 96 0.4,G=100 30 ind DIP 3-103
Amplifier word 1, 10,
Input 100, 1000

Fast PGA202 Gainset 0.15 5 10.012 86 +(3+25/G) 1000 Ind, Com DIP S3-60
Settling word 1, 10,
2us 0 0.01% 100, 1000

Differential PGA203 Gainset 0.15 5 10.012 86 +(3+25/G) 1000 Ind, Com DIP S3-60

word1,2,4,8

Differential 3606M Gain set 0.02 10 +0.004 90,G=1 1(1+20/G) 40 Ind DIP 3-150
word 1, 2,
4,8...1024

NOTES: (1) Com = 0°C to +70°C, Ind = —25°C to +85°C. (2) Set with extemnal resistor. (3) Unity-gain. (4) Gain = 10 (5) No
source imbalance. (6) DC to 60Hz, Gain = 10, 1kQ unbalanced.

PRECISION TRANSMITTERS
Input Parameters
Offset Voltage Output Parameters
Span vs CMR, Offset FS Output
Untrimmed Non-lin- Temp Offset Temp DC, Current Current Current
Error, earity, Drift" Voltage max min Range Error, Error, Temp Page
Description Model  max (%) max (%) (ppm/°C) max (uV/°C) (dB) (mA) max (nA) max (uA) Range® Pkg No.
Two-Wire XTR101G®), L®-5 0.01 +100 +30puV 075 90 4-20 6 +30 Ind DIP 3-126
XTR101P,U -5 0.01 +100 +100pV +1.5 90 4-20 +19 160 Ind® DIP, 3-126
. SOIC 3-126
Two-Wire XTR103P -1 0.01 125 50 1 100 4-20 +10 25 Ind® DIP S3-83
RTD XTR103U -1 0.01 50 1100 2 90 4-20 120 150 Ind® SOICS3-83
Linearity
Compensation
Two-Wire XTR104P -1 0.01 +25 50 1 100 4-20 +10 125 Ind® DIP S3-85
Hi-Z Strain XTR104U -1 0.01 +50 +100 2 90 4-20 +20 150 Ind® SOICS3-83
Gage
Linearity
Compensation
Three- XTR110G 0.2 0.005 30 — — —1]4-20, +16 +32 Ind DIP 3-139
Wireand XTR110P,U 0.6 0.025 50 — — — 4 0-20, 164 196 Com DIP 3-139
Current 5-254 SOIC 3-139
Source

NOTES: (1) With zero TC span resistor. (2) Com = 0°C to +70°C, Ind = —25°C to +85°C. (3) ~40°C to +85°C. (4) Many more
ranges with appropriate circuit. (5) BS 9000 screening is available.
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INSTRUMENTATION AMPLIFIERS GLOSSARY

COMMON-MODE INPUT IMPEDANCE

Effective impedance (resistance in parallel with capacitance) between either
input of an amplifier and its common, or ground, terminal.

COMMON-MODE REJECTION (CMR)

When both inputs of a differential amplifier experience the same common-
mode voltage (CMYV), the output should, ideally, be unaffected. CMR is the
ratio of the common-mode input voltage change to the differential input
voltage (error voltage) producing the same output change:

CMR (in dB) = 20log,, CMV/Error Voltage

Thus a CMR of 80dB means that 1V of common-mode voltage will cause
an error of 100pV (referred to input).

COMMON-MODE REJECTION RATIO (CMRR)

Ratio of the differential voltage gain of an amplifier to its common-mode
voltage gain.

COMMON-MODE VOLTAGE (CMYV)

That portion of an input signal common to both inputs of a differential
amplifier. Mathematically it is defined as the average of the signals at the
two inputs:

CMV = (e, +e,)/2
FEEDBACK '

Return of a portion of the output signal from a device to the input of the
device. ’ '

FULL POWER FREQUENCY RESPONSE

Maximum sinewave frequency at which a device can supply its peak-to-
peak rated output voltage and current, without introducing significant
distortion.

GAIN
Ratio of the output signal to the associated input signal of a device.

GAIN ERROR

Difference between the actual gain of an amplifier and the one predicted by
the ideal gain expression.

INPUT BIAS CURRENT

DC input current required at each input of an amplifier to provide zero
output voltage when the input signal and input offset voltage are zero. The
specified maximum is for each input. ‘

Burr-Brown IC Data Book Supplement, Vol. 33b
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INPUT BIAS CURRENT DRIFT
Rate of change of input bias current with temperature or time.

INPUT GUARDING

Use of an input shield that is sometimes driven to follow the voltage level
of the input signal and, thereby, remove leakage and loss-inducing voltage
differences between the input signal path and surrounding stray conduction
paths.

INPUT OFFSET CURRENT
Difference of the two input bias currents in a differential amplifier.

INPUT OFFSET VOLTAGE

DC input voltage required to provide zero voltage at the output of an
amplifier when the input signal and input bias currents are zero.

INPUT PROTECTION

Means of protecting an input of a device from damage due to the application
of excessive input voltage.

INSTRUMENTATION AMPLIFIER

Closed-loop, differential input, gain block exhibiting high input impedance
and high common-mode rejection. Its primary function is to accurately
amplify the voltage applied to its inputs.

NONLINEARITY

Peak deviation from a best-fit straight line (curve fitting on input/output
graph) expressed as a percent of peak-to-peak full scale output.

OVERLOAD RECOVERY TIME

Time required for the output of an amplifier to return from saturation to
linear operation, following the removal of an input overdrive signal.

SETTLING TIME

Time required, after application of a step input signal, for the output voltage
to settle and remain within a specified error band around the final value.

SLEW RATE

Maximum rate of change of an output voltage when supplying the rated
output.

Burr-Brown IC Data Book Supplement, Vol. 33b
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BURR-BROWN®

INA102

Low Power
INSTRUMENTATION AMPLIFIER
FEATURES APPLICATIONS
@ LOW QUIESCENT CURRENT: 750)1A max @ AMPLIFICATION OF SIGNALS FROM
@ INTERNAL GAINS: 1, 10, 100, 1000 SOURCES SUCH As:
® LOW GAIN DRIFT: 5ppm/°C max ?;’::;f:f:;é:”?‘gh Scale Applications)

©® HIGH CMR: 90dB min

® LOW OFFSET VOLTAGE DRIFT:
2uV/°C max

® LOW OFFSET VOLTAGE: 100uV max
@ LOW NONLINEARITY: 0.01% max
@ HIGH INPUT IMPEDANCE: 10'°Q

DESCRIPTION

The INA102 is a high-accuracy monolithic instrumen-
tation amplifier designed for signal conditioning
applications where low quiescent power is desired.
On-chip thin-film resistors provide excellent tempera-
ture and stability performance. State-of-the-art laser-
trimming technology insures high gain accuracy and
common-mode rejection while avoiding expensive
external components. These features make the INA102
ideally suited for battery-powered and high-volume
applications.

The INA102 is also convenient to use. A gain of 1, 10,
100, or 1000 may be selected by simply strapping the
appropriate pins together. A gain drift of Sppm/°C in
low gains can then be achieved without extemal
adjustment. When higher-than-specified CMR is
required, CMR can be trimmed using the pins pro-
vided. In addition, balanced filtering can be accom-
plished in the output stage.

International Alrport Industriai Park  «  Malling Address: PO Box 11400

+ Tucson,AZ85734 -« Street Address:6730S. TucsonBivd. + 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

Bridge Transducers
©® REMOTE TRANSDUCER AMPLIFIER
® LOW-LEVEL SIGNAL AMPLIFIER
® MEDICAL INSTRUMENTATION
©® MULTICHANNEL SYSTEMS
@ BATTERY POWERED EQUIPMENT

ITIF?IIL—leTI

— V-
Bl ryyrs A | 1 50F E
i —— VW~ 1R
404Q 20kQ 20kQ 20kQ
[s —W\——W— - —— W —
— 40.04Q
4 A
K e >
5 5pF +,
S | |2
20kQ 20kQ 20kQ
(7] A [10]
6 |
— Ay +— |;—
| : o
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SPECIFICATIONS

INA102

INSTRUMENTATION AMPLIFIERS

ELECTRICAL
At T, = +25°C with £15VDC power supply and in circuit of Figure 2 unless otherwise noted.
INA102AG INA102CG INA102KP/INA102AU
PARAMETER CONDITIONS MIN | TYP MAX MIN | TYP | MAX | MIN [ TYP | MAX UNITS
GAIN
Range of Gain 1 1000 * * o . \"\%
Gain Equation, External, +20% G =1+ (40KR )M * * A"
Error, DC: G =1 T, = +25°C 0.1 0.05 0.15 %
G=10 T, = +25°C 0.1 0.05 0.35 %
G =100 T, = +25°C 0.25 0.15 04 %
G = 1000 T, = +25°C 0.75 0.5 0.9 %
G=1 T, = Tyw 10 Tyax 0.16 0.08 0.21 %
G=10 Ty = Tyw 10 Tynx 0.19 0.11 0.44 %
G =100 Ta = T 10 Tone 0.37 0.21 0.52 %
G = 1000 Ta = Ton 10 Tone 0.93 0.62 1.08 %
Gain Temp. Coefficient
G=1 10 5 * ppm/°C
G=10 15 10 . ppmrC
G = 100 20 15 * ppm/°C
G = 1000 30 20 * ppm/°C
Nonlinearity, DC
G=1 T, = +25°C 0.03 0.01 M % of FS
G=10 T, = +25°C 0.03 0.01 * "% of FS
G =100 T, = +25°C 0.05 0.02 . % of FS
G = 1000 T, = +25°C 0.1 0.05 N % of FS
G=1 Ty = Ty 10 Tyay 0.045 0.015 . % of FS
G=10 Tp = Ton 10 Ty 0.045 0.015 . % of FS
G = 100 Ty = Tow 10 Ty 0.075 0.03 . % of FS
G = 1000 Ty = Ty 10 Thuag 0.15 0.1 ¢ % of FS
RATED OUTPUT
Voltage R_= 10kQ (V.| - 2.5) . . v
Current +1 * * mA
Short-Circuit Current® 2 * ‘ mA
Output Impedance, G = 1000 0.1 - . Q
INPUT
OFFSET VOLTAGE I I I I | I
Initial Offset® T, = +25°C 4300 £300/G +100 +200/G ‘ nv
INA102AU I | I I 1500 £300/G pV
vs Temperature 15 +£10/G 2 5/G * nvIreC
vs Supply 440 150/G +10 £20/G M wvv
1
vs Time +(20 + 30/G) * * pvVimo
BIAS CURRENT
Initial Bias Current
(Each Input) T = T 10 Thax 25 50 6 30 * * nA
vs Temperature 0.1 . . nA/°C
vs Supply 10.1 . * nAV
Initial Offset Current Ty = T 10 Tyax 25 | 15 125 | 10 . . nA
vs Temperature 0.1 . . nArC
IMPEDANCE
Differential 100 2 . . Q| pF
Common-Mode 1002 * . Q| pF
VOLTAGE RANGE
Range, Linear Response To=Tuw 0Ty Vel —45) . . v
CMR With 1kQ Source Imbalance
G=1 DC to 60Hz 80 94 90 * 75 * dB
G=10 DC to 60Hz 80 100 90 . * * dB
G =10 to 1000 DC to 60Hz 80 100 90 * * * dB
NOISE
Input Voltage Noise
f, = 0.01Hz to 10Hz 1 . . uVp-p
Density, G = 1000: f, = 10Hz 30 . . nVAHz
fo = 100Hz 25 . . nVAHz
f, = kHz 25 . . nVAHzZ
Input Current Noise
f, = 0.01Hz to 10Hz 25 . . pAp-p
Density: f, = 10Hz 0.3 . . pANHZ
f, = 100Hz 0.2 ‘ ‘ pANHzZ
f, = 1kHz 0.15 . . pANHZ
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ELECTRICAL (CONT)
INA102AG INA102CG INA102KP/INA102AU
PARAMETER CONDITIONS MN [ Tvp [ max [ min [ 1ve [ max | min [ Tvp | max | unirs
DYNAMIC RESPONSE o .
Small Signal . B
+3dB Flatness - Vgyr = 0.1Vrms . :
G=1 ) 300 . . KkHz
G=10 30 * * kHz
G =100 ! 3 . . KkHz
G = 1000 i | o3 . . kHz
Small Signal,
+1% Flatness Vour = 0.1Vrms
G=1 ) . 30 * * kHz
G=10 3 * * kHz
G =100 . 0.3 * * kHz
G = 1000 - 0.03 * . kHz
Full Power, G = 1 to 100 Vour = 10V, R = 10kQ 1.7 25 * * * * kHz
Slew Rate, G = 1 to 100 Vour = 10V, R = 10kQ 0.1 0.15 * * * M Vius
Settling Time R = 10kQ, C_= 100pF
01%: G=1 10V Step 50 * * HS
G =100 360 * * us
G = 1000 : . 3300 - . ps
0.01%: G =1 10V Step 60 . . us
G =100 : 500 . . us
G=1000 - 4500 . * us
POWER SUPPLY
Rated Voltage +15 * v \'
Voltage Range 13.5 . +18 . * * * v
Quiescent Current - V=0V,
: Ty = Tin 10 Tyax 4500 | %750 . . . . pA
TEMPERATURE RANGE
Specification —25 +85 * . 0 +70 °C
INA102AU -25 +85 °C
Operation R_> 50kQ@ -25 +85 * * -25 +85 °C
Storage —65 +150 . * -55 +125 °C

*Specification same as for INA102AG.
NOTES: (1) The internal gain set resi: have an absol of £20%; h , their tracking is 50ppm/°C. R, will add to the gain error if gains other than
1, 10, 100 or 1000 are set externally. (2) At high temperature, output drive current is limited. An external buffer can be used if required. (3) Adjustable to zero.

PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS
Supply +18V
—T T\ X Input Voltage Range Ve
Offset Adjust | 1 16 | Offset Adjust Operating Temp Range ~25°C to +85°C
T M Storage Temp Range: Ceramic -65°C to +150°C
x10 Gain | 2 | 15 +In : Plastic, SOIC ...............—55°C to +125°C
_ Lead Temperature (soldering, 10s)
|
X100 Gain ; —1; " Output Short-Circuit Duration
X 1000 Gain | 4 13| Filter
%1000 Gain Sense E 12 +Vec
— ;
Gain Sense | 6 | _11_ Output
GainSet | 7 10 | Common
CMR Trim | 8 9 | —Vec
ORDERING INFORMATION
MODEL PACKAGE TEMPERATURE RANGE
INAMO2AG Ceramic DIP -25°C to +85°C
INA102CG Ceramic DIP —25°C to +85°C
INA102KP Plastic DIP 0°C to +70°C
INA102AU Plastic SOIC © =25°C to +85°C
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MECHANICAL
G Package — 16-Pin Ceramic DIP
A | NCHES | MILLIMETERS NOTE: Leads in
DIM | MIN | MAX | MIN | MAX true p::sitlon within
A_| 790 | .810_| 20.07 | 2057 0.010" (0.25mm)
C | 105 | 170 | 267 | 432 Rat MMC at
D_| .015 | .021 | 038 | 053 seating plane.
o F_| 048 | .00 | 1.22 | 152 N
— G | J100BASIC [ 254BASIC (=)
Pin 1 _,| |__ H | .03 | .070 | 076 | 1.78 -
F J_|.008 |.012 | 0.20 | 0.30 g
N K | 120 | .240 | 3.05 | .10 >
o L | .300BASIC | 7.62BASIC -
1 M| — [10° [ — [0°
= \ N _[.025 | .080 [ 064 | 1.52
VMol == |
H— [4——»”4—— D ——, G L— Seating — | — \o/M
Plane
P Package — 16-Pin Plastic DIP 2
N INCHES | miLLIMETERS ] ~ NOTE: Leadsin w
| 1 | DIM | MIN | MAX | MIN | MAX true position within I
S e By A_| 740 | 800 | 1880] 2032  0.010"(0.25mm) R (™
H A | 725 | 785 | 1842] 19.94]  at MMC atseating pur |
A B, B B | 230 | .290 | 5.85 | 7.38 plane. a
P _t Br | 200 | 250 | 509 | 6.36
\V VoM R A C | 120 | .200 | 305 | 5.09 E
Pin 1 D | .015 | .023 | 0.38 | 0.59 <
L F | .030 |.070 | 076 | 1.78
L | ~=F N . G | .100BASIC | 254 BASIC =2
CHE H | 020 | 050 | 051 ] 1.27
| i _rL(; J | 068 | 05 | 020 0.38 2
, % ~_»{ " K | 070 | 150 | 178 | 3.8 =
L | 300 BASIC | 7.63 BASIC
H—— | ———— | G | —-— —h”‘-—-D )\IJ M 0° ’50 '——10° -—15° <
N_| 010 | 030 | 0.25 | 0.76 =
P 025 | 050 | 064 [ 127 -4
U Package — 16-Pin SOIC E
A INCRES | MILUMETERS] ~ NOTE: Leads in 5
A | DIM_| MIN_| MAX | MIN | MAX true position within
HAEBEAARABARA ﬂ| A_| 400 | 416|106 [1057 |  0.010" (0.25mm) R E
=1 Ar_| 388 | 412 | 9.86 | 1046 at MMC at seating
B | 286 | .302 | 7.26 | 7.67 plane.
B | 268 | 286 | 6.81 | 7.26
8. B C | .093 | 109 | 23 |27
1
D | .05 | 020 | 038 | 051
G| .050BASIC | 1.27BASIC
_— Pin 1 Identifier H | .02 | .038 |05 | 097
=1 J | .008 |.012 |02 |0.30
HEHHEHHEH L | 391 | 421 | 993 |1069
M 5°TYP 5° TYP
N_| 000 | 012 | 000 [ 030
~—H
] | o M J
NIRRT 1
|
——TGL D—l=— “—N ' L ;7
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TYPICAL PERFORMANCE CURVES

At +25°C and in circuit of Figure 2 unless otherwise noted.

COMMON-MODE REJECTION vs SOURCE IMBALANCE

- [
g G = 10 to 1000
c 100
5 M J
2 G=1
E 80 [ I l -
3
= >
2 ®
£
e
Q
o
0 =
100 1k 10k 100k 1M
Source Resistance Imbalance (Q)
COMMON-MODE REJECTION vs FREQUENCY
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TYPICAL PERFORMANCE CURVES (conm)

At +25°C and in circuit of Figure 2 unless otherwise noted.

SETTLING TIME vs GAIN

10
R_ = 10kQ
C_ = 1000pF|
[N i
& 9%l
g 1
4] Z 2
E -~
E 7
o LA
= 0.01% AU
o 0.1
(%] 1
~i T
0.1% ll
0.01
1 10 100 1000
Gain (V)
INPUT NOISE VOLTAGE vs FREQUENCY
1000 m
=
X
>
£
[
g N
g 100 SNy
= ! N —r |
5 LT G=10
P-4
b 11
2 G = 100, G = 1000
. T
1 10 100 1k - 10k
Frequency (Hz)

DISCUSSION OF PERFORMANCE

INSTRUMENTATION AMPLIFIERS

Instrumentation amplifiers are differential-input closed-loop
gain blocks whose committed circuit accurately amplifies the
voltage applied to their inputs. They respond mainly to the
difference between the two input signals and exhibit ex-
tremely high input impedance, both differentially and com-
mon-mode. The feedback network of this instrumentation
amplifier is included on the monolithic chip. No external
resistors are required for gains of 1, 10, 100, and 1000 in the
INA102.

An operational amplifier, on the other hand, is an open-loop,
uncommitted device that requires external networks to close
the loop. While op amps can be used to achieve the same
basic function as instrumentation amplifiers, it is very diffi-
cult to reach the same level of performance. Using op amps
often leads to design tradeoffs when it is necessary to amplify
low-level signals in the presence of common-mode voltages
while maintaining high-input impedances. Figure 1 shows a
simplified model of an instrumentation amplifier that elimi-
nates most of the problems associated with op amps.

Burr-Brown IC Data Book Supplement, Vol. 33b

PEAK-PEAK VOLTAGE NOISE vs GAIN
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Gain set is pin-programmable for x1, x10, x100, x1000 in the INA102.

FIGURE 1. Model of an Instrumentation Amplifier.
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THE INA102

A simplified schematic of the INA102 is shown on
the first page. A three-amplifier configuration is used to
provide the desirable characteristics of a premium perform-
ance instrumentation amplifier. In addition, INA102 has
features not normally found in integrated circuit instrumen-
tation amplifiers.

The input buffers (A, and A,) incorporate high performance,
low-drift amplifier circuitry. The amplifiers are connected in
the noninverting configuration to provide the high input im-
pedance (10'°Q) desirable in instrumentation amplifier ap-
plications. The offset voltage, and offset voltage versus
temperature, are low due to the monolithic design, and im-
proved even further by state-of-the-art laser-trimming tech-
niques.

The output stage (A,) is connected in a unity-gain differen-
tial amplifier configuration. A critical part of this stage is the
matching of the four 20kQ resistors which provide the
difference function. These resistors must be initially well
matched and the matching must be maintained over tempera-
ture and time in order to retain good common-mode rejec-
tion.

All of the intemal resistors are made of thin-film nichrome
on the integrated circuit. The critical resistors are laser-
trimmed to provide the desired high gain accuracy and
common-mode rejection. Nichrome ensures long-term sta-
bility and provides excellent TCR and TCR tracking. This
provides gain accuracy and common-mode rejection when
the INA102 is operated over wide temperature ranges.

USING THE INA102

Figure 2 shows the simplest configuration of the INA102.
The output voltage is a function of the differential input
voltage times the gain.

A gainof 1, 10, 100, or 1000 is selected by programming pins
2 through 7 (see Table I). Notice that for the gain of 1000, a
special gain sense is provided to preserve accuracy. Al-
though this is not always required, gain errors caused by
external resistance in series with the low value 40.04Q
internal gain set resistor are thus eliminated.

Other gains between 1 and 10, 10 and 100, and 100 and 1000
can also be obtained by connecting an external resistor
between pin 6 and either pin 2, 3, or 4, respectively (see
Figure 6 for application).

G =1+ (40/R;;) where Ry, is the total resistance between the
two inverting inputs of the input op amps. At high gains,
where the value of R becomes small, additional resistance
(i.e., relays or sockets) in the R circuit will contribute to a
gain error. Care should be taken to minimize this effect.

OPTIONAL OFFSET ADJUSTMENT PROCEDURE

It is sometimes desirable to null the input and/or output offset
to achieve higher accuracy. The quality of the potentiometer
will affect the results; therefore, choose one with good tem-
perature and mechanical-resistance stability.

The optional offset null capabilities are shown in Figure 3. R,
adjustment affects only the input stage component of the
offset voltage. Note that the null condition will be disturbed
when the gain is changed. Also, the input drift will be
affected by approximately 0.31uV/°C per 100V of input
offset voltage that is trimmed. Therefore, care should be
taken when considering use of the control for removal of
other sources of offset. Output offset correction can be ac-
complished with A, R,, R, and R,, by applying a voltage to
Common (pin 10) through a buffer amplifier. This buffer
limits the resistance in series with pin 10 to minimize CMR
error. Resistance above 0.1Q2 will cause the common-mode
rejection to fall below 100dB. Be certain to keep this resist-
ance low.

It is important to not exceed the input amplifiers’ dynamic
range. The amplified differential input signal and its associ-
ated common-mode voltage should not cause the output of
A, or A, to exceed approximately £12V with £15V supplies,

GAIN CONNECT PINS

1 . 6to7
10 2to6and 7
100 3to6and7
1000 4 to 7 and separately 5 to 6

TABLE 1. Pin-Programmable Gain Connections.

‘Vcc
O Input Offset Adjust

+15mV adjustment at the output.

Output Offset
Adjust

FIGURE 2. Basic Circuit Connection for the INA102.
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FIGURE 3. Optional Offset Nulling.
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or nonlinear operation will result. To protect against mois-
ture, especially in high gain, sealing compound may be used.
Current injected into the offset pins should be minimized.

Common 20Q
CMR
Adjust

Procedure:
1. Connect'CMV to both inputs.
2. Adjust potentiometer for near zero at the output.

FIGURE 4. Optional Circuit for Externally Trimming CMR.

OPTIONAL FILTERING

The INA102 has provisions for accomplishing filtering with
one external capacitor between pins 11 and 13. This single-
pole filter can be used to reduce noise outside the signal
bandwidth, but with some degradation to AC CMR.

When it is important to preserve CMR versus frequency
(especially at 60Hz), two capacitors should be used. The
additional capacitor is connected between pins 8 and 10. This
will maintain a balance of impedances in the output stage.
Either of these capacitors could also be trimmed slightly, to
maximize CMR, if desired. Note that their ratio tracking will
affect CMR over temperature.

OPTIONAL COMMON-MODE REJECTION TRIM

The INA102 is laser-adjusted during manufacturing to assure
high CMR. However, if desired, a small resistance can be
added in series with pin 10 to trim the CMR to an improved
level. Depending upon the nature of the internal imbalances,
either positive or negative resistance value could be required.
The circuit shown in Figure 4 acts as a bipolar potentiometer
and allows easy adjustment of CMR.

x1000

15
4

Shield
Py 5

~ ——— -

e
b
¥

+15V

+15V

Optional
Offset Adjust
100kQ

INA102

eoyr = 1000 (e, ~e,)

INA102 replaces classical three-op-amp
instrumentation amplifier.

+

FIGURE 5. Amplification of a Differential Voltage from a Resistance Bridge.

INA102

INSTRUMENTATION AMPLIFIERS

+15V
18 +In
Noise 3
{60Hz Hum) Shield &— x100
FANRVAY s Re 5 1"
Transd vy INATO2
ransducer 1o eour
or R 1 6
Analog [
i = vy
Signal n A
’ Ay ) 14
Transformer 1 R B
Noise =
(60Hz Hum) -15V
e = G (4ey) R, = 4.4k, 404Q, or 40Q in gains Note: Gain drift will be higher than that
G =1+ (40k/[R; + R,]) of 10, 100, or 1000 respectively. specified with intemal resistors only.
Rg = (40k = R [G = 1])/(G ~ 1)

FIGURE 6. Amplification of a Transformer-Coupled Analog Signal Using External Gain Set.
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TYPICAL APPLICATIONS

Many applications of instrumentation amplifiers involve the
amplification of low-level differential signals from. bridges
and transducers such as strain gages, thermocouples, and
RTDs. Some of the important parameters include common-
mode rejection (differential cancellation of common-mode
offset and noise, see Figure 1), input impedance, offset

voltage and drift, gain accuracy, linearity, and noise. The
INA102 accomplishes all of these with high precision at
surprisingly low quiescent current. However, in higher gains
(>100), the bias current can cause a large offset error at the
output. This can saturate the output unless the source imped-
ance is separated, e.g., two 500k2 paths instead of one 1IMQ
unbalanced input. Figures 5 through 16 show some typical
applications circuits.

K
Thermocouple

el 15
47 3
100Q

IN914 F
6

+15VDC

INA102

Cold
Junction
Compensation

Up-Scale
Burn-Out

-15VDC Indication

+18VDC O\ 710 +15vDC
-15vVDC O—
Supply
+15VDC 5 — ]
1 -
]
VFC32/ HCPL- °
320/62 2731
10kQ $6 Opto- Digital
Coupler
-15vDC 47— T __L
+15VDC
100kQ
Zero Adjust

O
-15VDC

FIGURE 7. Isolated Thermocouple Amplifier with Cold Junction Compensation.

Ra

Aey =1mVp-p

+15VDC

INA102

eour = 1Vp-p
to isolation amplifier.

FIGURE 8. ECG Amplifier or Recorder Preamp for Biological Signals.
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+9V

G =100

8oy contains a midscale
DC voltage of +4.5V.

INA102

FIGURE 9. Single Supply Low Power Instrumentation Amplifier.

Isolation
Barrier
+n ! Isolation 7,
|
x10 li
€ 100 150100 i Amp\nfler ‘
Aey 4x1000  INA102 3650 |) il
or i eout —
/ 3es6* |l * Does not require [TH
-In | external Isolation -
/ 10 1 wld
power supply.
Bias Current | T2 ! 0.
Return Resistor : _L E
1 =
1] - 4
I
o o : O £ O j+—0 -15VDC z
a a 722 aga (o]
S > 15 E S
] ] Isolation I E —
o ! Power j*rot =
Note that x1000 gain sense has not El swply 1 B g
been used to facilitate simple switching. = 8 = =
|
. =
! u
FIGURE 10. Precision Isolated Instrumentation Amplifier. g
=
Channel
Select
Control
N7 Select L0
-64— lflA102 NG|
_\ :i
©a | INA102 N3] PGA100
by . N2 o
Vrer INT] out
e, | INA102 o] i
e = =
* As shown channels 0 and 1 may be used for auto offset zeroing, and gain calibration respectively.

FIGURE 11. Multiple Channel Precision Instrumentation Amplifier with Programmable Gain.
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? +24V 20
+10V; <
REF 5 16
2N3055 15 16 o
12 4
12 1
02\" 41 xTRiio G s 0 ° “0
+2Vto +10V 3 14 Vin (mV)
f
5 2
40kQ ﬂ 9
P 4mA to 20mA

G=100 ) L

INA102

-15V

x10 O
Input Protection: D = FDH300 (Low Leakage) Gain Select

FIGURE 13. Programmable-Gain Instrumentation Amplifier Using the INA102 and PGA102.

e

INA102
€our

Ground Resistance

FIGURE 14. Ground Resistance Loop Eliminator (INA102 senses and amplifies V, accurately).
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Aey

x100
INA102

ilmlulu o

Overall Gain = Ae,, ,/Ae, = 200

x100
INA102

Aegyr

INA102

FIGURE 15. Differential Input/Differential Output Amplifier (twice the gain of one INA).

+15V
111
S, 15 &
¢} A1 EDS A L ™3
12 —]*100 “ . S, .
Aoy DG5043CJ 5 INA102 "o 0
Sy 0.1pF 12
<1 I 14 DG5043CY
S
15_113 14 1kQ 5 0/4'6 6| eour
= Reference v
10
OPA111 +—¢ 0
-15v
or OPA121 _L +1?5V
— 1
DGS040CJ
Ss
l I I 16 "% 1
200ps |1s _l:a (Lu
Ceontrol = -15V
CONTROL ) S. S, S, S MODE
All switches shown in . 2 d 2 :
Logic “0” switch state. 1 Closed  Closed Open Open Closed  Signal Amplification
0 Open Open Closed Closed Open Auto-Zeroing

INSTRUMENTATION AMPLIFIERS

FIGURE 16. Auto-Zeroing Instrumentation Amplifier Circuit.
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BURR-BROWNG®

INA103

Low Noise, Low Distortion
INSTRUMENTATION AMPLIFIER

FEATURES

@ LOW NOISE : 1nVAHz

©® LOW THD : <0.002% typ 20Hz-20kHz,
G =1to 100

® HIGH GBW: 100MHz at G = 1000
® WIDE SUPPLY RANGE: +9V to +25V
@ HIGH CMRR: >110dB

® BUILT-IN GAIN SETTING RESISTORS:
G=1,100

® UPGRADES AD625

DESCRIPTION

The INA103 is an extremely low noise, low distor-
tion monolithic instrumentation amplifier which is
especially suitable for amplification of low level
signals in audio systems. Input circuitry provides
near-theoretical limit noise performance for 200Q
source impedances. A unique distortion-cancellation
network in the input stage reduces THD to extremely
low levels.

The INA103 is equally well-suited to preamplifica-
tion and signal conditioning applications where low
noise is required. In many cases, transformer cou-
pling can be replaced by the INA103 to reduce cost
and improve performance in signal conditioning
systems.

The wide supply range (9V to +25V) of the INA103
increases its versatility. A copper lead frame in the
plastic DIP package assures excellent thermal per-
formance.

APPLICATIONS

® HIGH QUALITY MICROPHONE PREAMPS
(REPLACES TRANSFORMERS)

® MOVING-COIL PREAMPLIFIERS

@ DIFFERENTIAL RECEIVERS

@ AMPLIFICATION OF SIGNALS FROM
SOURCES SUCH AS:
Strain Gages (Weigh Scale Applications)
Thermocoupies
Bridge Transducers

The INA103 pin configuration is compatible with the
AD625. In many applications, the INA103 can replace
the AD625 for improved performance. The INA103 is
available in 16-pin DIP packages specified for the
commercial (plastic DIP) and industrial (ceramic DIP)
temperature ranges.

Offset Offset
—Gain Drive  Nuft ~ Null

~Input
11] Sense
~Gain Sense E
Ao [13
E Output
G=100
+R [¢]

[7] Ret

+Gain Sense {2
+input |1

sl ] Lo

+Gain Drive V4 V-

+ Mailing Address: PO Box 11400
Twx: 910-952-1111  « Cable: BBRCORP - Telex: 066-6491 -

International Airport Industrial Park
Tel: (602) 746-1111  »

« Tucson,AZ 85734 . Street Address: 6730 S. Tucson Bivd. - Tucson, AZ 85706
FAX: (602) 883-1510 - Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL
All specifications at T, = +25°C, V, = £15V and R_= 2kQ, unless otherwise noted.
INA103AG INA103BG INA103KP
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
GAIN
Range of Gain 1 1000 . * . * v
Galn Equation " G =1+ 6kUR, M . VA%
Gain Error, DCG = 1 +10V Output 0.005 0.05 0.003 0.01 . N %
G = 100 0.05 0.25 0.04 0.1 0.07 v %
Eq. 05 0.1 . %
Gain Temp. Co. G = 1 +10V Output 10 * . ppm/°C
G =100 25 . . ppm/°C
Eq. 25 ¢ * ppm/°C
Nonlinearity, DC G = 1 £10V Output 0.0003 | 0.01 0.0002 | 0.002 * ‘ % of FS @
G =100 0.0006 0.01 0.0006 | 0.004 * M % of FS
OUTPUT
Voltage, R_= 600Q x11.5 £12 M * - * A
R, = 600Q 120 | 21 . . . . v
Current Tp = Ty 10 Ty 40 . * mA
Short Circuit Current *70 * * mA
Capacitive Load Stability 10 . . nF
INPUT
OFFSET VOLTAGE
Initial Offset RTI & (20 + | (100 + (20 + | (50 + (30 + .
700/G) | 5000/G) 320/G) | 2000/G) 1200/G) uv
vs Temp G = 1 to 1000 To = Ty 10 Thax 0.5 + 20/C 0.5 + 10/C .5 + 20/C uvree
G = 1000 T, = Tuw 10 Ty 05 0.2 . uv/ec
vs Supply +9V to £25V 0.2 + 8/G 4 + 60/G * 2 + 30/G * M pVvNV
BIAS CURRENT
Initial Bias Current 25 12 * 8 M . pA
vs Temp To= Ton 10 Tyax 15 * 40 * nAPC
Initial Offset Current 0.04 1 0.03 0.5 M * HA
vs Temp Ta = T 10 Tox 0.5 * 25% " nArC
IMPEDANCE
Differential Mode 60| 2 v * MQ || pF
Common-Mode 605 * * MQ || pF
VOLTAGE RANGE
Range, Linear Response Common Mode © +11 *12 * - . * \2
CMR
G=1 DC to 60Hz 72 86 80 91 * * dB
G =100 DC to 60Hz 100 125 110 129 M * dB
NOISE
INPUT
Voltage © Rs = 0Q
10Hz 2 . . nVAHz
100Hz 1.2 . . nVAHzZ
1kHz 1 . 149 . nVAHz
Current 1kHz 2 . . pANHZ
OUTPUT o
Voltage 1kHz 65 . . nVAHz
A Weighted, 20Hz-20kHz 20Hz-20kHz ~-100 * * dBu
DYNAMIC RESPONSE
~3dB Bandwidth: G = 1 Small Signal 6 * * MHz
G =100 Small Signal 800 * * kHz
Full Power Bandwidth G=1
Vour = £10V, R_= 600Q 240 * * kHz
Slew Rate G =1 to 500 15 . M Vips
THD + Noise G =100, f = 1kHz 0.0009 * * %
Settling Time 0.1%
G=1 V, = 20V Step 1.7 N N us
G =100 1.5 . . us
Settling Time 0.01%
G=1 V, = 20V Step 2 * * Hs
G = 100 35 . . us
Overload Recovery @ 50% Overdrive 1 * * us

*Same specification as INA103AG.

NOTES: (1) Gains other than 1 and 100 can be set by adding an external resistor, R; between pins 2 and 15. Gain accuracy is a function of R,. (2) FS = Full Scale.
(3) Adjustable to zero. (4) Guaranteed but not tested. (5) V,, = 0V, see Typical Curves for V,, vS Vo (6) Vioserm = YWameur + (Vwoureur/GaIN) + 4KTR,. See Typical
Curves. (7) Time required for output to return from saturation to linear operation following the removal of an input overdrive voltage.
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SPECIFICATIONS (conT)

ELECTRICAL
All specifications at T, = +25°C, V = £15V and R_= 2kQ, unless otherwise noted.

INA103AG INA103BG INA103KP
PARAMETER CONDITIONS MN | Tvp | Max | miN [ TP [ max | MmN [ TYP | MAX | UNITS
POWER SUPPLY
Rated Voltage +15 * * v
Voltage Range +9 +25 . . . . v
Quiescent Current 9 125 . . M * mA
TEMPERATURE RANGE
Specification -25 +85 * . ] +70 °C
Operation -55 +125 . . —40 +85 °C
Storage —65 +150 ‘ * -40 +100 °C
Thermal Resistance, 6,, | 100 * * °CW
MECHANICAL
G Package — 16-Pin Hermetic DIP
| A INCHES | MILLIMETERS | ~ NOTE: Leads in true
DM | MIN [ MAX | MIN | MAX position within 0.01"

790 | 810 | 20.07 | 2057 (0.25mm) R at MMC
105 [ 470 [ 267 | 432 at seating plane.

015 | 021 | 038 | 053
048 | 060 | 122 | 152

-100 BASIC 2.54 BASIC
030 | .070 | 076 | 1.78
008 | .012 | 020 | 0.30
120 | 240 | 3.05 | 6.10

.300 BASIC 7.62 BASIC

iR
K J \

3
4
H—l L——»IL— D ——I G L- Seating — L——l \‘/M

Z|Z|r|x|—|Z|@ o]0 >

Plane
P Package — 16-Pin Plastic DIP
A INCHES | MILUMETERS |  NOTE: Leads in true
I 1 | DIM | MIN | MAX | MIN | MAX position within 0.010"
e e s A | 740 | 800 | 18.80] 2032 | (0.25mm)Rat MMC
fB L Ar_| 725 | 785 | 1842] 19.94| atseating plane.
— 1 B | 230 | 290 | 585 | 738
P N, B | 200 | 250 | 509 | 6.36
VoM c | 120 [ .200 | 305 [ 5090
Pin 1 D | 015 | 023 | 038 | 059
L F | 030 | 070 | 076 | 178
__TH=—F N G | 100BASIC | 254BASIC
£ LY H | 020 | 050 | 051 127
| TLé J | 008 | 015 | 020 [ 038
i K " K_| 070 | 150 | 1.78 | 382
¥ - L | _300BASIC | 7.63BASIC
H—=ll== == G == "”“D A M | ® [ | ¢ [ 5
N_| 010 | 030 [ 025 | 0.76
P_| 025 | 050 | 064 | 127
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PIN CONFIGURATION

— T\
+lnput | 1| 116 |

+ Gain Sense Z E
+ Offset Null z E
—Offset Null | 4 | ﬁ
+ Gain Drive E E
e o] 1]

Ref Z E

w [5] O

— Input

— Galn Sense
G =100

_HG

— Gain Drive
Sense
Output

V+

ABSOLUTE MAXIMUM RATINGS

Supply

125V

Input Voitage Range, C:

1V,

Operating Temperature Range:

s

P Package —40°C to +85°C

G Package ~55°C to +125°C
Storage Temperature Range:

P Package —40°C to £100°C

G Package ~65°C to £150°C
Junction Temperature:

P Package +125°C

G Package +150°C

Lead Temperature (soldering, 10s)
Qutput Short Circuit to Common ...

at 1-800-548-6132 (USA Only)

TYPICAL
PERFORMANCE CURVES

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

INPUT VOLTAGE RANGE vs SUPPLY

ORDERING INFORMATION

MODEL PACKAGE TEMP RANGE
INA103AG Ceramic DIP —25°C to +85°C
INA103BG Ceramic DIP —25°C to +85°C
INA103KP Plastic DIP 0°C to +70°C

Burr-Brown IC Data Book Supplement, Vol. 33b
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5
5 +10 +15 +20 325
Power Supply Voltage (V)
OUTPUT SWING vs SUPPLY
+25
20 /
B
)
]
S #15 Ve
>
ES /
2
O 110 / pd
7]
5
5 +10 115 *20 +25
Power Supply Voltage (V)
MAX COMMON-MODE VOLTAGE
vs OUTPUT VOLTAGE
22
B
o 165
4 Vg = 225V
S
>
R N
= Vg = 15V
g \
N~
E 55
(5]
0 55 1 16.5 22
Output Voltage (V)
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TYPICAL PERFORMANCE CURVES (conT)

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

OFFSET VOLTAGE vs TIME FROM POWER UP

OUTPUT SWING vs LOAD RESISTANCE (G = 100)
+16 20
+12 = i~
s° =
S / %
s ]
S wl— A =
g &
S 8
+4 o
*0 -20
0 200 400 600 800 1k 0 1 2 3 4 5
Load Resistance (Q) Time (min)
INPUT BIAS CURRENT vs SUPPLY INPUT BIAS CURRENT vs TEMPERATURE
2,60 [ 6
2.55 I L
< 2 ° I
2 250 2 \
=3 [=4
I L 4
5 245 £
3 N 5]
8 240 ™ 3
@ “ @ 3
s 5
g- 2.35 N _%
2
2.30
2.25 1
8 10 15 20 25 -55 0 50 100 125
Power Supply Voltage (+V) Temperature (°C)
SMALL SIGNAL TRANSIENT RESPONSE SMALL SIGNAL TRANSIENT RESPONSE
(G =100)
s s
- Q
g g
s s
3| 3
Time (ps) Time (ps)
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TYPICAL PERFORMANCE CURVES (conT)

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

LARGE SIGNAL TRANSIENT RESPONSE LARGE SIGNAL TRANSIENT RESPONSE
G=1) (G =100)
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Time (ps) Time (ps)
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TYPICAL PERFORMANCE CURVES (CONT)

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

CMR vs FREQUENCY THD + N vs FREQUENCY
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TYPICAL PERFORMANCE CURVES (CONT)

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

CCIF IMD vs AMPLITUDE CCIF IMD vs FREQUENCY
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DISCUSSION
OF PERFORMANCE

A simplified diagram of the INA103 is shown on the first
page. The design uses a current feedback architecture which
can be thought of as a classical three-op-amp instrumentation
amplifier. The input stage (A and A,) incorporates wide-
bandwidth, low noise, low drift amplifier circuitry. The
unity-gain difference amp removes the common-mode signal
from this input stage output signal, giving a single-ended
output referred to the potential at the reference pin.

The Gain vs Frequency performance (shown in the Typical
Performance Curves) illustrates the advantage of the circuit
topology used in the INA103: bandwidth remains nearly
constant over gain ranges from 1 to 100. This yields a gain-
bandwidth product (GBW) of >100MHz at G = 1000. Gain-
related errors are greatly reduced due to this high GBW. A
distortion cancellation input stage and improved output stage
reduce THD + N to less than 0.002% from 20Hz to 20kHz.
The output can drive 200Q2 loads with no crossover distortion
(at 1kHz).

These performance advantages make the INA103 ideal for
instrumentation amplifier applications which require low
noise, excellent dynamic and spectral response, and wide
bandwidth.

BASIC POWER SUPPLY
AND SIGNAL CONNECTIONS

Figure 1 shows the proper connections for power supply and
signal. Supplies should be decoupled with IuF tantalum
capacitors as close to the amplifier as possible. To avoid gain
and CMR errors introdiiced by the external circuit, connect
grounds as indicated, being sure to minimize ground resis-
tance. Resistance in series with the reference (pin 7) or the
sense (pin 11) will degrade CMR. Also, to maintain stability,
avoid capacitance from the output to the gain set, offset
adjust, and input pins. A suggested PC board layout is shown
in Figure 2.

16
15
13 |
INA103 Vour = Vi @
AViy ReSA 14 —O0
74
6
2
Ry
1
Ge1+ 6kQ
Re

v =

INA103
BURR-BROKN

® SOLDER SIDE
GENERAL PURPOSE

FIGURE 2. Suggested PC Board Layout for INA103. (Not
Available from Burr-Brown).

OFFSET ADJUSTMENT

As with all instrumentation amplifiers, voltage offsets occur
in both the input and output stages of the INA103. Input-
referred voltage offsets are multiplied by the overall gain of
the IA. Output-referred offsets are multiplied by the gain of
the output stage (usually gain = 1). Input and output voltage
offsets are actively laser-trimmed to near zero at the factory.
Applications which require user voltage offset adjustment
can employ one of the methods discussed below.

Output voltage offset can be adjusted using the null pins on
the INA103, as shown in Figure 3. Although the null pins
primarily adjust the output offset, they also have a small
effect on the input offset. For ImV of output offset change,
the input offset will change approximately 1pV. Also, offset
adjustment using the null pins will change the offset voltage
drift of the INA103. For ImV of offset change, the output
offset drift changes by 3uV/°C. The change in input offset
drift is negligible.

AV ReS INA103
£

Offset Adjust
Range = 250mV.

FIGURE 1. Basic Circuit Configuration.
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FIGURE 3. Offset Adjustment Circuit.
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For output voltage offset adjustment with no effect on volt-
age offset drift or input voltage offset, use the circuit shown
in Figure 4.

The INA103 has no trim pins for input offset adjustment.
However, in AC coupled applications, input offset adjust-
ment can be accomplished using the circuit shown in Figure
5.

The circuit shown in Figure 6 will provide automatic DC
restoration for the Figure 5 circuit. The low frequency roll-
off of this circuit is a function of the IA gain.

fp=gain/(12+m« R+ C).

The circuit shown in Figure 7 can also be used for V
adjustment in floating source applications as long as the
source impedance is greater than 102. If the source imped-
ance is less than 10€2, the offset range may not be adequate
to trim out the maximum input-referred V  of the INA103.

o184 Gain = VIV
15 (0dB)
I 13
14, Vour
AV 1 INA103 >0 4+ 5
7 .
6 100pA*
] i
o—u
10kQ
Oftset Adjustment
Range = +15mV
*1/2 REF200 100pA*

Gain = 100V/V
o - % (40dB)
i 15
13
14 INA103
6
2
+In } 1
)
‘°°"Q”§ %ookﬂ “oxa
L MW\

2kQ

NOTE: (1) 100kQ is max recommended
value. Use smaller value if possible.

—A—

FIGURE 6. Automatic DC Restoration.

Gain = 100VNV

16 (40d8)
15

Floating I1__3

Source

Rs>100 g 14 Vo

(eg., 6
Microphone)
2
1
>

NOTE: (1) 50kQ R, 100k pot

1)
5ol 50k M 4o max recommended value.
Use smaller values in this
100kQ (M ratio it possible.

FIGURE 4. Output Offsetting.

Gain = 100V/V
(40dB)

I 13
14 INA103 —0
6 VOUT
2

| ) 1
I

v +In
50k "

50k2 ™ NOTE: (1) 50kQ R, 100kQ potis
max recommended value. Use
100kQ (N smaller values in this ratio if possible.

FIGURE 5. Input Offset Adjustment for AC-Coupled Inputs.
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FIGURE 7. Input Offset Adjustment for Floating Source.

GAIN SELECTION

Gain selection is accomplished by strapping together the
appropriate pins on the INA103. Table I shows possible
gains from the internal resistors. To use the internal feedback
resistors, connect pin 13 to pin 15, and pin 2 to pin 6. Keep
the connections as short as possible to maintain accuracy.

Gains other than 1 and 100 can be set by adding an external
resistor, R, as shown in Figure 8. Gain accuracy is a furction
of resistor matching. For internal gains, accuracy is as shown
in Table L. For external R, accuracy is a function of the
external resistor accuracy, internal feedback resistor accu-
racy (typically 0.1%) and interconnection resistance (typi-
cally 0.1€2). The equation for choosing R; is shown below:

Rg = 6kQ
G-1
where G is the gain value in V/V.
GAIN CONNECT PIN 14 TO GAIN ACCURACY (%)
1 None 0.01
100 Pin 2 0.1

TABLE 1. Internal Gain Connections.
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16
15
13
AV Rg <A INA103 b—0Vour
7
6 Vour = AViy G
2 = G=1+ 6; 2
s Y
GAIN (dB) R (@)
3.16 10 2774
NOTE: R for G = 100 10 20 667
is available internally, 31.6 30 196
see text. 100 40 60.6"
316 50 19
1000 60 6

INA103 Vour

o—4
OUTPUT STAGE| R,andR,| R
O Gain = ol | 2
utput Stage Gain GAIN (k) @
(R, Il 12k) + R, + R, 2 1k 2.4k
(R, 11 12k) 5 1.2k 6320
10 1.2k 2730

FIGURE 8. Gain Setting Usiné External Resistor.

FIGURE 9. Gﬁin Adjustment of Output Stage.

(a) AD625 G = 1, V,, = 15V, R_= 600Q

(b) INA103 G = 1, V, = £15V, R_ = 6000

A common problem with many IC op amps and instrumentation amplifiers is shown in (a). Here, the amplifier's input is driven beyond its linear common mode
range, forcing the output of the amplifier into the supply rails. The output then “folds back”, i.e., a more positive input voltage now causes the output of the amplifier
to go negative. The INA103 has protection circuitry to prevent fold-back, and as shown in (b), iimits cleanly.

FIGURE 10. INA103 Overload Condition Performance.

COMMON-MODE INPUT RANGE

For low distortion, the differential input signal and its com-
mon-mode voltage must not cause the input amplifiers” out-
puts to exceed their linear output range (See Max Common-
Mode Voltage vs Output Voltage curve). This can be avoided
by reducing the input stage gain and increasing the output
stage gain as shown in Figure 9. This is also useful for
increasing total gain.

Unlike some instrumentation amplifiers, the INA103 will
limit cleanly under overload conditions. See Figure 10.

OPTIONAL COMMON-MODE REJECTION TRIM
The INA103 is laser-adjusted during manufacturing to assure
high CMR. However, if desired, the circuit shown in Figure
11 may be used to trim the CMR. Note that an approximate
+0.2% gain error is induced. C -
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Gain = 1VV
(0dB)

INA103

FIGURE 11. Optional Circuit for Externally Trimming CMR.
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OUTPUT SENSE

An output-sense terminal allows greater accuracy in connect-
ing the load. By attaching this feedback point at the load, IR
drops due to load currents are eliminated since they are inside
the feedback loop. Proper connection is shown in Figure 1.
When more output current is needed, a power booster can be
placed within the feedback loop as shown in Figure 12.
Buffer errors are.reduced by the loop gain of the output
amplifier.

15 MJ15011

AV Rg g 14 *—O Vour
(To headphone

or speaker)

V-

FIGURE 12. Current Boosting the Output.

INPUT IMPEDANCE AND
PROTECTION CONSIDERATIONS

As with any low noise circuit, careful layout and power
supply bypassing is necessary to prevent the coupling of
noise sources into the INA103 through the power supply or
from EMI radiation.

A return path for the input bias currents must always be
provided. A resistor from the input to common will properly
bias floating sources such as transformers, thermocouples,
and AC-coupled inputs. This resistor should be high enough
in value to prevent loading the source. The input bias currents
flowing through these resistors will introduce a common-
mode voltage to the amplifier, and caution should be exer-
cised to assure that this common-mode voltage, in addition to
the input signal, does not cause the input amplifiers to
saturate. (See Common-Mode Input Range, above).

It is often necessary to decouple the input of the INA103
from the source (for example, in audio mixing systems where
the INA103 may be placed on a buss). In this case, series
resistors may be used to decouple the input. The source
impedance presented to the INA103 should be as low as
possible, to minimize DC errors and noise which may result
due to the input bias current of the INA103. In addition,
resistor values should be chosen to limit the input current to
the INA103 to 10mA. While it is unlikely such currents
would result from a signal input, should one power supply
rail be lost due to a power supply failure or other system
fault, it is possible for large currents to flow from the other
power supply to ground through the input stage. Setting
RpecoupLe 2 250€2 should be adequate to provide this protec-
tion. Figure 13 shows a circuit with a decoupled and pro-
tected input. A graph is included to assist in choosing the best
resistor values.

Burr-Brown IC Data Book Supplement, Vol. 33b

Inductive source impedances may cause the INA103 to
oscillate. Placing a 470pF capacitor from each input to
ground will prevent oscillation in such rare instances. Typi-
cal audio applications using twisted pair or coax generally do
not require these capacitors.

APPLICATIONS

Many applications of instrumentation amplifiers involve the
amplification of low-level differential signals from bridges
and transducers such as strain gages, thermocouples, and
RTDs. Some of the important parameters include common-
mode rejection (differential cancellation of common-mode
offset and noise), input impedance, offset voltage and drift,
gain accuracy, linearity and noise. The INA103 accom-
plishes all of these with high precision.

In addition, the INA103 has been designed to provide ex-
tremely low noise and distorii=z for dynamic applications
such as microphone preamplifiers in professional-quality
mixing consoles.

Although the INA103 contains internal 3k<2 feedback resis-
tors to set input stage gain, external feedback resistors can be
used, as shown in Figure 14. For gains other than 1 or 100,
it is possible to improve gain accuracy and gain temperature

TOTAL INPUT NOISE vs DECOUPLING RESISTANCE
100 e e e
D TTHYE J IR S RN | M ENN 7

[ NOTE: If Rocoupye > 24 use INAT1O. >
N 4
I
< 1
: P
= 10
= Z
[
< g
2
o
= >

5|
LT
1
10 100 1 10k 100k
Roecourte [l Rans (@)
100pF
A K Gain = 1000V
BIAS. -
RDECO‘UPLE

INA103

—OVour

R,

aias >> Poecourte.

FIGURE 13. Input Decoupling and Protection.
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coefficient by using matched external feedback and gain set present in the existing circuit may be used (see Figure 14), or
resistors (the internal feedback resistors can have 50ppm/°C the circuit may be modified to take advantage of the INA103’s
TCR). Other amplifiers, such as the AD625, have no internal internal resistors.
feedback resistors. When using the INA103 to replace the The INA103 input amplifiers are current feedback type. The
AD625 in existing circuits, the external feedback resistors value of the feedback resistors affects the dynamic perform-
ance and stability. Feedback resistors less than 2.5kQ may
Re result in instability. Feedback resistors larger than 3kQ will
M result in reduced gain bandwidth and increased noise. For
example, feedback resistors of 20kQ will increase the gain-
° 16 of-1000 input referred-noise of the INA103 from InVANHz to
s 1.5nVAHz.
151
13 12 Figure 15 is one way to make a microphone preamplifier
L] 1 40 with the INA103. This circuit is designed to allow the
AV Rﬁz’ 14 INA103 —0 microphone to be phantom powered, and also allows for a
1 sl 4 Vour 20dB pad on the input. The DC restoration circuit using the
2 5= OPA627 has a low frequency cutoff of 1.59Hz, and auto-
2R, matically removes DC offsets from the amplified output
1 : G- R signal.
J\;;\ Figures 16 through 19 show other applications circuits.

NOTE: AD625 equivalent pinout.
FIGURE 14. Use of External Resistors for Gain Set.

47pF/B3V
+
o 2.2kQ
20d8 3.01Q
o Phantom Pad
1kQ
Power 2400 Reverse Log Vour
47KQ Taper Trim .
- 3.01Q .
- 2
47uFI63V )

| 1
+1
2.2kQ 2048
Pad
240Q

FIGURE 15.Microphone Preamplifier with Provision for Phantom Power Microphones.

16
- 15
/ST
YR 10kQ 12 10kQ
o N . 13
T 10
. 14 INA103 O Vour
7

% = 10kQ

100Q -

OPA602 Shield driver minimizes degradation of CMR due
to distributed capacitance on the input lines.

FIGURE 16. Instrumentation Amplifier with Shield Driver.
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16
N
OPA627 15
13
14 INA103 L o Vour=100AVyy
AV 6
2
1
Gain = 100V/V
(40dB)
OPA627
FIGURE 17. Gain-of-100 INA103 with FET Buffers.
Vrer
16
15
13
.
14 INA103 >7__ovouT
6
2
1 Gain = 100V/V
(40dB)
»

FIGURE 18. Bridge Amplifier.

(2) Use metal film resistors and plastic film capacitors. (3) Bypass +Vs adequately.

[
I o.SuFium

Gain = 100V/V
(40dB)
Moving 150pF
Magnet e (Ngf; 3 INA103
Cartridge
Gain = 10VV
. 7.32kQ (20dB)
BHQS 23.7kQ
. . NOPA627
~OVour
1 10pF
1T
) 3.74kQ
NOTES: (1) Load R and C per ik 'S rec

FIGURE 19. RIAA Phono Preamplifier.
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INA117

BURR-BROWNG®

High Common-Mode Voltage
DIFFERENCE AMPLIFIER

FEATURES APPLICATIONS
© COMMON-MODE INPUT RANGE: @ CURRENT MONITOR

$200V (Vg = +15V) @ BATTERY CELL-VOLTAGE MONITOR
® PROTECTED INPUTS: ® GROUND BREAKER

+500V Common-Mode
+500V Differential

@® UNITY GAIN: 0.02% Gain Error max
@ NONLINEARITY: 0.001% max
©® CMRR: 86dB min

@ INPUT PROTECTION

@ SIGNAL ACQUISITION IN NOISY
ENVIRONMENTS

©® FACTORY AUTOMATION

DESCRIPTION

The INA117 is a precision unity-gain difference
amplifier with very high common-mode input voltage
range. It is a single monolithic IC consisting of a_
precision op amp and integrated thin-film resistor
network. It can accurately measure small differential

voltages in the presence of common-mode signals up o111k ~ “

to #200V. The INA117 inputs are protected from Ret [1 W= _a—_| Comp
momentary common-mode or differential overloads

up to £500V.

380k0 380kQ
- o -n [2 W 7] v
In many applications, where galvanic isolation is not

essential, the INA117 can replace isolation amplifiers.

380k0
This can eliminate costly isolated input-side power +in E—\N\/\— 6| Vo
supplies and their associated ripple, noise and quies- 1
cent current. The INA117’s 0.001% nonlinearity and ve E 2010 5] roy,
200kHz bandwidth are superior to those of conven- vy

tional isolation amplifiers.

The INA117 is available in 8-pin plastic mini-DIP and
SO-8 surface-mount packages, specified for the 0°C to
+70°C temperature range. The metal TO-99 models
are available specified for the -25°C to +85°C and
—55°C to +125°C temperature range.

International Alrport Industrial Park < Malling 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

PDS-748D
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SPECIFICATIONS

ELECTRICAL

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

INAT17AM, SM INA117BM INA117P, KU
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
GAIN
Initial 1 * N Vv
Emor 0.01 0.05 M 0.02 M * %
vs Temperature 2 10 * * ppv°C
Nonlinearity @ 0.0002 | 0.001 M * * * %
OUTPUT
Rated Voltage 1, = +20mA, -5mA 10 12 ¢ . * * v
Rated Current Vo = 10V +20, -5 * * mA
Impedance 0.01 . . Q
Current Limit To Common +49, -13 . * mA
Capacitive Load Stable Operation 1000 . . pF
INPUT
Impedance Differential 800 M ¢ kQ
Common-Mode 400 M * kQ
Voltage Range Differential +10 M . v
Common-Mode, Continuous +200 * . v
Common-Mode Rejection @
DC 70 80 86 94 . . dB
AC, 60Hz Veu = 400Vp-p 66 80 66 94 * * dB
vs Temperature, DC To= T 10 Thoae
AM, BM, P, KU 66 75 80 90 . dB
SM 60 75 dB
OFFSET VOLTAGE RTO®
Initial 120 1000 * 1000 ¢ M ny
KU Grade (SO-8 Package! 600 2000 nv
vs Temperature To=Tan 10 T 8.5 40 N 20 ‘ rVrPC
vs Supply V, = 15V to +18V 74 90 80 * * * dB
vs Time 200 * i uV/imo
OUTPUT NOISE VOLTAGE RTO®
f; = 0.01Hz to 10Hz 25 ¢ * RVp
fy = 10kHz 550 M M nVAHz
DYNAMIC RESPONSE
Gain Bandwidth, -3dB 200 ¢ ¢ kHz
Full Power Bandwidth V, = 20Vp-p 30 * * kHz
Slew Rate 2 2.6 . . ¢ . Vius
Settling Time: 0.1% V, = 10V Step 6.5 * * us
0.01% V, = 10V Step 10 * ‘ us
0.01% V,, = 10V Step, V,,., = OV 45 N * us
POWER SUPPLY
Rated 315 * ¢ \'
Voltage Range Derated Performance 5 +18 . . * * v
Quiescent Current Vo= OV 1.5 2 N * * * mA
TEMPERATURE RANGE
Specification: AM, BM, P, KU -25 +85 * . 0 +70 °C
SM ~55 +125 °C
Operation -55 +125 * . -25 +85 °C
Storage 65 +150 * * -40 +85 °C
“Specification same as for INA117AM.
NOTES: (1) Connected as difference amphﬂer (see Figure 1) (2) ity Is the peak deviati from the best fit stralght line as a percent of full-scale
peak-to-peak output. (3) With zero source imped: (see of mode rejection in Application i (4) {udes effects of amplifier's

input bias and offset currents. (5) Includes eﬂects of amplifier's input current noise and thermal noise ibution of resistor
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MECHANICAL

M Package — Metal TO-99

A st M
8 INCHES __|MILLIMETERS NOTE: Leads in true
| ‘ - | l DIM_| MIN_ | MAX | MIN | MAX position within 0.01*
A_| 335 | 370 | 851 | 940 (0.25mm) R at MMC
B | 305 | 335 | 7.75 | 851 at seating piane. Tab
| c C |65 [ 185 | 419 | 470 is pin 8.
— = .016 | .021 | 041 [ 053
L 010 | .040 | 025 | 1.02
E F- 010 | 040 [025 | 1.02
200 BASIC__| 5.08BASIC
028 T 034 | 071 T 086
K J_ | .02 [.045 | 074 [ 144
K |50 | — 127 [ —
L_|.110 | 160 | 279 | 4.06
M| 45°BASIC | 45°BASIC |
it . N_| 035 | 105 | 241 | 267
Seating Plane “
~-—D
P Package — 8-Pin Plastic DIP
|<——- D —=
T A L INCHES__| MILLIMETERS INCHES
3 DIM_| MIN | MAX | MIN_|MAX DIM | MIN | MAX | MIN |
f A_| 155 | 200 | 3.94 | 5.08 G| 0 | 030
_ E, A1_| 020 | 050 | 051 | 127 « | ® | 15
P B[ 014 | 020 | 036 | 051 P [ 015 | 050 | 038 |
J . By 045 | 085 | 1.14 | 1.65 | Qi | 040 | 075 |
Loy oy C | .008 | 012|020 | 030 S0 | 015 | .050
o 1 DO {7370 | 400 [ 940 | 1016 ] (1) Not JEDEC Std.
n E | 300 325 | 762 | 826 | (2)esand e, applies in zone L, when
E Er | 240 | 260 | 610 [ 680 | it
i I 8a I oL __—_;g % 5; mg NOTE: Leads in true position within
0.01" (0.25mm) R at MMC at seating
\ A all [ \ L | 125 | 150 | 318 | 381 p,ana( )
il
L,
L
_H A L« c
s
. Seating Plane
U Package — 8-Pin SOIC
‘! : MILLIMETERS NOTE: Leads in true
! DM [ MAX | MIN | MAX |  position within 0.01"
ﬂ ﬂ ” ﬂ A 4.70 1 (0.25m.m) RatMMC
T f i At 452 | 5. at seating plane.
B 371 | 41
BB B 330 | 3.8
__{ c 137 | 369
Pin 1 Identifier D 0.38 | 048
i G 1.27 BASIC
L H 046 | 066
Pin 1 H J 020 | 030
i L 559 | 6.40
M | 10°
= N 0.00_| 030

%ﬂ:@uu? Y
G D-—”-_-*_-f rL—L————l\{
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Metal TO-99
INA117AM, BM, SM

Tab Top View

Case intemally connected to V-, Make no connection.

Plastic DIP and SOIC
INA117P, KU Top View

Refg E 8 | Comp

—in E 71 V+
+n EJ 6 | Output

v- E ——’\N\;——El Refy

ABSOLUTE MAXIMUM RATINGS

Supply Voltage 22V
Input Voltage Range, C 1200V

C Mode and Diff ial, 10s 1500V
Operating Temperature

M Metal TO-99 Package ~55 to +125°C

P Plastic DIP and U SO-8 —40 to +85°C
Storage Temperature

M Package 65 to +125°C

P Plastic DIP and U SO-8 —40 to +85°C
Lead Temp (soldering, 10s) +300°C
Output Short Circuit to C : Conti

ORDERING INFORMATION

MODEL PACKAGE TEMPERATURE RANGE
INA117P Plastic DIP 0°C to +70°C
INA117KU S0-8 Surface-Mount 0°C to +70°C
INA117AM TO-99 Metal -25°C to +85°C
INA117BM TO-99 Metal —-25°C to +85°C
INA117SM T0-99 Metal -55°C to +125°C

TYPICAL PERFORMANCE CURVES

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

COMMON-MODE REJECTION vs FREQUENCY

100
NAT7BM] T 1]]
—_— ™
g % N
c
K]
80
g N
k) |INA1TaM, SM, B KUTTY]
g
3 N, N
o
E N
E
o
o <
|
20 100 1k 10k 100k 2M

Frequency (Hz)

POWER SUPPLY REJECTION vs FREQUENCY

100
g% }
5 A NIn Hl
E V+
& N
i 70 AN \
S N
[}
8
H N
o N
1 10 100 1k
Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (CONT)

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

-
o
o

-

Positive Common-Mode Range (V)
8

340

B8 g8 &

g

POSITIVE COMMON-MODE VOLTAGE RANGE
vs POSITIVE POWER SUPPLY VOLTAGE

LI
Ta =-55°C

\

Ta =+25°C

‘\ N

A

=
8
P
2
3
"
3
(=}
2
b
NN

1
LS
e

¢ i !

\

,__
A)
b\
XX
LN
X
\

=+125°CT

Z4 —Vg = -5V to 20V

(4]

10 15
Positive Power Supply Voltage (V)

SMALL SIGNAL STEP RESPONSE
C.=0

LARGE SIGNAL STEP RESPONSE

20

NEGATIVE COMMON-MODE VOLTAGE RANGE
vs NEGATIVE POWER SUPPLY VOLTAGE

~400
E -
@ -350 /_F
5 Ta =425°C | J-2p”
-300 %2
g
2 250 |-Max Rating = ~200v el
5 287 Ta=65°Cto +125°C
E _200 i
£ »
8 A
o -150 o
3 L +Vs = 45V 10 +20V
g 100 [— -
= 1
50
-5 -10 -15 -20
Negative Power Supply Voltage (V)
SMALL SIGNAL STEP RESPONSE

Cy= 1000pF
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APPLICATION INFORMATION

Figure 1 shows the basic connections required for operation.

Applications with noisy or high impedance power supply
lines may require decoupling capacitors close to the device
pins.

The output voltage is equal to the differential input voltage
between pins 2 and 3. The common mode input voltage is
rejected.

Intermnal circuitry connected to the compensation pin 8 can-
cels the parasitic distributed capacitance between the feed-
back resistor, R,, and the IC substrate. For specified dy-
namic performance, pin 8 should be grounded or connected
through a 0.1uF capacitor to an AC ground such as V+.

-15V +15V
o )
Tantalum Ty Tantalum
4 7
= R, R, =
2 380kQ 380kQ
o—21 W
-n=V,
Ry 5
3 380kQ —O
OoO— Vo=V =V,
+in=V,
Ry =2 Ry
21.1kQ é 20kQ
18 1|5

FIGURE 1. Basic Power and Signal Connections.

COMMON-MODE REJECTION

Common-mode rejection (CMR) of the INA117 is depend-
ent on the input resistor network, which is laser-trimmed for
accurate ratio matching. To maintain high CMR, it is impor-
tant to have low source impedances driving the two inputs.
A 75Q resistance in series with pin 2 or 3 will decrease CMR
from 86dB to 72dB.

Resistance in series with the reference pins will also degrade
CMR. A 4Q resistance in series with pin 1 or 5 will decrease
CMRR from 86dB to 72dB.

Most applications do not require trimming. Figures 2 and 3
show optional circuits that may be used for trimming offset
voltage and common-mode rejection.

TRANSFER FUNCTION

Most applications use the INA117 as a simple unity-gain
difference amplifier. The transfer function is:

Vo=V,-V,

V, and V, are the voltages at pins 3 and 2.

Burr-Brown IC Data Book Supplement, Vol. 33b

V- V+
L. 8
2 380kQ 380kQ
v2 C
6
380kQ —O
v,034 Vo=V -V,
<
S =20k
_E 1 ]s +15V
- 100kQ2
(a) 1o Range
~15V
V- V+
L. T,
2 380kQ 380kQ
o=
vz
6
3 380kQ
O— Vo=V -V,
VJ
< V+
21.1kQ 20kQ
_LB 172 REF200
(b)
Offset adjustment is regulated—
insensitive to power supply variations.
100pA
1/2 REF200
V-

FIGURE 2. Offset Voltage Trim Circuits.

Some applications, however, apply voltages to the reference
terminals (pins 1 and 5). A more complete transfer function
is:

Vo=V, =V, + 19V, - 18V,
V, and V, are the voltages at pins 5 and 1.
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MEASURING CURRENT

The INA117 can be used to measure a current by sensing the
voltage drop across a series resistor, R. Figure 4 shows the
INA117 used to measure the supply currents of a device
under test. The circuit in Figure 5 measures the output
current of a power supply. If the power supply has a sense
connection, it can be connected to the output side of R; to
eliminate the voltage-drop error. Another common applica-
tion is current-to-voltage conversion as shown in Figure 6.

\ = Vi
T4 T7
2 3?‘01:? AA
V. O VW YWV
- s
o] 0@ _i\ LY
V, 0 YW / Vo=Y% -V,
-<
21 Mx% = 20

10Q

< If offset adjust is also required,
connect to offset circuit, Figure 2.

O
Vo = Rs lour,

V- V+
(+200V max) T
+Vs ?4 7
°
380kQ 380kQ
2] AAA AAA
VVY VWV
<
RS _l\
A3L _AAA
A YVV l/
J'mm
- -
2 =20
r
IO 1 |5
Device =
Under
Test v- Vs
1. I,
Iour-
380k 380kQ
AAZE_AAA AA
\A YVY VvV
<
Ry _I\
3 AAA
VY I/
SS
21.1kQ :; ::m
]
8 115
~ l
(~200V max) .
*Not needed if Rg is less than 20Q —see text.

o
Vo = Rs Ipur-

FIGURE 3. CMR Trim Circuit.

FIGURE 4. Measuring Supply Currents of Device Under

Test.
V- V+
I, I,
Power Supply
200V max 2 380kQ 380kQ
A
Out W W
Sense |-
T LR - ls
= { i 'y 3 0
AS AAA -
Optional Load "~~~ W VW l/ Vo = ILRs
Sense Connection l W
(see toxt) <,
2110 S S 20k
[toad] - T
= 8 1[5

“Not needed If Ry is less than 200 —see text. =

FIGURE 5. Measuring Power Supply Output Current.
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Vs
(+200V max)

2500

4 to 20mA

(a)

4t0 20mA

Rs
2500

Vs
(+200V max)

(©

Vo =1V 10 -5V

(b)

LY
Vo =—1Vto -5V

380kQ 380kQ
- s
380kQ 0
+ Vo = V105V
>
2110 S S 20k
-3 >
8 1|5
e Vs
- (£200V max)
*Not needed if Rg is less than 200 —see text. (o]
2| 0@ 380kQ
AA A
W YWW—
2500
Rs > R¢
2500 <F -
380k
3L AAA o— +
VWV
at020ma ()
a1 S S0k
! B [ |
380kQ 380kQ
A2 AN AA
v VvV VW L
2500 =
Rt
¢ - s *Not needed if Rs is less than 20Q —ses text.
380kQ o]
3L MW— + Vo =1Vio 5V
>
2.1 S 20kQ
-2
8 1 5
“Not needed if Rg is less than 202 —see text. :
410 20mA
380kQ 380kQ
2] AAA AA
VWV LAA
Rs
250Q -
AAS] aic'k?
Vv WV ' l/
250Q
R¢ <4
2110 S 20k
- -
Vs
8 1 5
(£200V max) ]

*Not needed if R is less than 20Q —see text.

FIGURE 6. Current to Voltage Converter.
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In all cases, the sense resistor imbalances the input resistor

“matching of the INA117, degrading its CMR. Also, the input
impedance of the INA117 loads Ry, causing gain error in the
voltage-to-current conversion. Both of these errors can be
easily corrected.

The CMR error can be corrected with the addition of a
compensation resistor, R, equal in value to R as shown in
Figures 4, 5, and 6. If R is less than 20Q, the degradation
in CMR is negligible and R, can be omitted. If Ry is larger
than approximately 2k<Q, trimming R, may be required to
achieve greater than 86dB CMR. This is because the actual
INA117 input impedances have 1% typical mismatch.

If R is more than approximately 100, the gain error will
be greater than the 0.02% specification of the INA117. This
gain error can be corrected by slightly increasing the value
of Ry, The corrected value, R/, can be calculated by—

Example: For a 1V/mA transfer function, the nominal,
uncorrected value for Rg would be 1kQ. A slightly larger
value, Ry’ = 1002.6€2, compensates for the gain error due to
loading. )

The 380kQ term in the equation for Ry’ has a tolerance of
+25%, so sense resistors above approximately 400Q may
require trimming to achieve gain accuracy better than 0.02%.

Of course, if a buffer amplifier is added as shown in Figure
7, both inputs see a low source impedance, and the sense

* resistor is not loaded. As a result, there is no gain error or
CMR degradation. The buffer amplifier can operate as a
unity gain buffer or as an amplifier with noninverting gain.
Gain added ahead of the INA117 improves both CMR and
signal-to-noise. Added gain also allows a lower voltage drop
across the sense resistor. The OPA1013 is a good choice for
the buffer amplifier since both its input and output can swing
close to its negative power supply.

R; « 380kQ
S 380kQ - R
! v, ~15V +15V
\ 7 T I
l 380kQ 380kQ
2 Yy AA
A v, v BRAAL
-21V10 +10V | 415V < M
-5V10-36V | Ground Rs< R,* - 6
-20Vto 51V | 15V > N 3| 380kn O R,
YW + Vo=1"Rs-(1+7)
+ Az '
J OPA1013 -
R,* :; 21.1kQ }» T 20kQ
- 8 1|5
O * Or connect as buffer (R, = 0, omit R,).

-VX

Op amp power can be derived with voltage-

dropping zener diode if -V, power is relatively =
constant.

IV, = (510 36V) + V,

e.g. If V, = 50V then V,= -55V to -86V

Regulated power for op amp allows -V,
power to vary over wide range.

180k y - 30V 10 -200V

0.01uF

TV+
7

o
Vg

380k
AA
\AAJ
o
l/ Vo =1+Rg
20k
|a

FIGURE 7. Current Sensing with Input Buffer.
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Figure 8 shows very high input impedance buffer used to
measure low leakage currents. Here, the buffer op amp is
powered with an isolated, split-voltage power supply. Using
an isolated power supply allows full 200V common-mode
input range.

NOISE PERFORMANCE

The noise performance of the INA117 is dominated by the
internal resistor network. The thermal or Johnson noise of

these resistors produces approximately 550nVAHz noise.
The internal op amp contributes virtually no excess noise at
frequencies above 100Hz.

Many applications may be satisfied with less than the full
200kHz bandwidth of the INA117. In these cases, the noise
can be reduced with a low-pass filter on the output. The two-
pole filter shown in Figure 9 limits bandwidth to 1kHz and
reduces noise by more than 15:1. Since the INA117 has a
1/f noise corner frequency of approximately 100Hz, a cutoff
frequency below 100Hz will not further reduce noise.

INA117

INSTRUMENTATION AMPLIFIERS

T +200V max
Isolated DC/DC Converter ~ +15V
+15V | bws72s
Com
~15V
Test ,| 380k 380k
A e AA
__L N\I yvy
380kQ ) 6 O
°D, and D, are each a 2N3904 transistor 3 n + en =1, x10°
base-collector junction (emitter open). 144 o=
(1ViA)
-
2110 S 20k
> >~
INA117
| 8 1|5
FIGURE 8. Leakage Current Measurement Circuit.
V- V+
L L .
0.02pF
2 380kQ 380kQ
V,0— vAVAVA . Y
R,
s 11.0@ o Vo=V -V
3 380kQ
o c 2Pt
0.01yF T
= =
21.1kQ 20kQ
~ BUTTERWORTH
LOW-PASS OUTPUT NOISE
B 1 5 LI . (mVp-p) R, R, C, C,
1 200kHz 1.8 No Fitter
= 100kHz . 1.1 11kQ 11.3kQ 100pF 200pF
10kHz 0.35 11kQ 11.3kQ 1nF 2nF
1kHz 0.1 11kQ 11.3kQ 10nF 20nF
S100HzZ" 0.05 11kQ 11.3kQ 0.1pF 0.2uF
NOTE: (1) Since the INA117 has a 1/f noise comer frequency of approximately 100Hz,
See Application Bulletin AB-017 for other filters. bandwidth reduction below this frequency will not significantly reduce noise.

FIGURE 9. Output Filter for Noise Reduction.
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o| 380k 380KkQ
A
V20— WV v- Vs
> v v T4 T7
3 6 o Vo= 3
v 3 AL PN o| ®0@ 380k
Rq V2 0=+ \AAJ
==
a1 S 3 2
3| 380ka *o
Is T Vso=r—MWA l/ Vo = V5 —Vj + Vi
= 4
210 S = 0@
Refer to Application INA117
Bulletin AB-001 for
e T[T
GAIN R, R,
(VIV) (kQ) (kQ) O Vx
172 1.05 20
14 3.16 20
15 422 20
FIGURE 10. Reducing Differential Gain. FIGURE 11. Summing V, in Output.
R, R,
2 380ka 380kQ @
Ve A4 v W —
Reter to Application Bulletin AB-010 for details.
. Ry - 6
3| 380kQ
vy MA l/ , Vour = Vs =V,
» < < R, ‘
< ‘
Ry R, 211k < < 200
2| 380 380kQ INA117
Va oW YWWA— 8 1|5
= 11.100pF
R, l—'\ . Ry '' R,
. 5k2  10kQ
3| 380ka A AAA
Vs oo A l/ Vour = Vs -V, YWW—AY
Ry <. < R, “a,
-V, /20
211k = = 20k R‘m oP Vs
INA117
8 1| |s =
—L— | 100pF -
Re ' R Re
5ka  10kQ 10k
AAA— A AAA
—VVW—VYV \AAJ
—0
® _ Von/20
A,
OP.
v

FIGURE 12. Common-Mode Voltage Monitoring.
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——0 49V
[z
| 380ka 380k
Va2 M ,
V.. Range =
+50V 1o +200V 2
(Vg = $9V) 6 o | 25k 25|ﬂ 5
3 380k e JW'— A4
v 03 AMA— +
@ < h 6 Vo=V, =V,
21‘11«15> ::;20)«‘2 O Vo=V; -V,
) INA117 *
8 1 5 4 INA105 =3V > V,> -6V swap A, pins 2
l 5| 25K 25kQ ; and 3 for +4V > V, > 3V.
I_ [4 1‘
0 -9V
O +9V
[z
| 380ka 380kQ
Voo 2 W .
V., Range =
-12V to +200V h
(v, = £9Y) s 2| 22 2k 5
| 380ka W
V,0 MA ) l/
®) p: - 6
21.1m§ 20kQ O Vo=V, -V,
+
INA117 <
5 —Tz s 10k INA105 0V > V,, > —6V swap A, pins
J_ 3 25kQ 25kQ 1 2 and 3 for +4V >V, > OV.
A —_AAA
1 W W 1
1N4684 4 =
(V) +3.3V 33V
O -9V
o| 3ska 380kQ
V,0 v
Va - 25k 25k
(Vg = 18V) 280kQ s 2| 354 NA 2 5
31 MA ; VYV WAL
Vs O YW +
< <. - 6
2110 S ::20!(0 O Vo=V, -V,
+
() INA117 _
_E L 25k 25 105
= 31 AAA AAA 1
= VYY VWV ..I.
Ry =
1M
W
Rs Refer to Application Bulletin AB-015 for detalls.
M

FIGURE 13. Offsetting or Boosting Common-Mode Voltage Range for Reduced Power Supply Voltage Operation.
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+200V max
[o}
V- V+
Qs 7
| 380k 380k
A .
. W W
— - 6
= 5| 380k
AA—]
‘AL +
J
21.1kQ 20kQ
e INA117
18 1 15
V- V+
a Ned
380kQ 380kQ
2] AA
vV
Pt I
p— - s
= 3 3&0«0
YW— *
] 21.1kQ % 20kQ
| r INA117 . |———0 ap=Cell Voltage
Repeat 18 1 {5
for each 1
cell = MUX
| V- V+
| ?4 ?7
380k 380kQ l
2 A . AMA— —
'AA VWV =
i
— - 3
= 3| 380k
V‘VV\__ +
>
21.1kQ >? > 20kQ
INA117
(8 1[5 Cell Select
V- V+
T4 i
2 3iom 380kQ
. \AJ V
p— - 5
= 3| 380k —*
M——+
>
21.1kQ S S 20k
e INA117
I8 1 s
o) -
~200V max

FIGURE 14, Battery Cell Voltage Monitor.
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+15V  ~15V
Vs (200V max)
e 1 g
7_|a
2| 380k 380kQ
AAA
VW Y
R, =
010 $> - s
380kQ -+ -0.1 (1)
3
v +
I, ‘
=
210> 20k
INA117
|s 1 5
A, Load
—
Ve * loro= h =12 =
+15V  ~15V +15V  ~15V
T7 T4 L TA
'2
‘ o| 38k 380kQ 100k
\J
J 2 1gm
R, YV - 6
0.1Q $> - s 3| 1oK@ o Vo
A
380kQ - W + Vo=lh-1,
3 A ) 0.1
VIV\’ l/ b = lono
<. 100kQ
FARTT S 20kQ INA106
> > 1
INA117 J__
[a 1 5 N
O Vs (-200V max) =

INA117

FIGURE 15. Measuring Amplifier Load Current.
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BURR-BROWNG®

INA120

Precision
INSTRUMENTATION AMPLIFIER

FEATURES DESCRIPTION

©® LOW OFFSET VOLTAGE: 251V max The INA120 is a precision instrumentation amplifier

@ LOW OFFSET VOLTAGE DRIFT: ideal for accurate signal acquisition. It combines pre-
0.25uV/°C max cision, protected-input operational amplifiers, laser-

trimmed gain-setting resistors, and a high common-

® PIN-STRAPPED GAINS: 1, 10, 100, 1000 mode rejection difference amplifier on a single chip.

©® LOW GAIN DRIFT: 30ppm/°C max ) . . L
at G = 100 ) Simple pin-strapped connections set precise gains of 1,

. 10, 100 or 1000. External resistors can be used to set

® HIGH COMMON-MODE REJECTION: any gain from one to 5000. Gains can be digitally
106dB at 60Hz, G = 100 selected with an external multiplexer. Gain-sense
connections on the INA120 maintain accuracy when
APPLICATIONS using multiplexer or gain-switching circuitry. Low
power dissipation and careful on-chip thermal man-

® BRIDGE AMPLIFIER agement reduce wanﬁ-up drift and assure excellent

® THERMOCOUPLE AMPLIFIER Jong-term stability.

® RTD SENSOR AMPLIFIER The INA120 is available in both plastic and ceramic
@ MEDICAL INSTRUMENTATION "18-pin DIP packages, specified for the industrial tem-
® DATA ACQUISITION SYSTEM perature range.

® SWITCHED-GAIN AMPLIFIER

Offset Adjust Ay Out V+ V-
Gain Sense 1 |—4—“T| -In ,6_"—7—| II_Z—L r2—|[17—l

Gain Set1 { 5 1kQ
=] I-M‘

+
A 10kQ
RC E 1kQ /
44Q 20kQ 10kQ
X1000 E VVY p

400Q

Vo

2kQ

X10 E 1k . A 10k
Gain Set 2 Iﬂ_”_ﬁ_”}i’ +In ‘EJ

Gain Az Out
Sense 2

X100 {10 | 1kQ 20kQ 10kQ
- E Com

International Alrport Industrial Park  +  Malling 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) 5486132

PDS-1071
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SPECIFICATIONS

ELECTRICAL
At T, = +25°C and V, = 15V unless otherwise specified.
INA120CG INA120BG/BP INA120AP
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
GAIN
Range of Gain 1 1000 1 1000 1 1000 viv
Gain Equation 1+ (2RJ/Ry) 1+ (2R/R,) 1+ (2R/R) vV
Gain Error G=1 0.01 0.05 0.01 0.05 0.02 0.1 %o
G=10 0.05 0.1 0.05 0.2 0.1 0.2 %
G =100 0.1 0.2 0.1 0.3 0.2 0.5 %
G = 1000 03 0.5 0.3 1 0.5 1 %
Gain Temp Coefficient G= 4 10 4 20 6 20 ppm/°C
G=10 4 10 4 20 8 40 ppmv°C
G =100 6 30 6 40 10 60 ppnv°C
G = 1000 22 50 22 50 40 100 ppm/°C
Nonlinearity G= 0.001 | 0.005 0.001 0.01 0.001 0.01 % of FS
G=10 0.002 | 0.005 0.002 0.01 0.002 0.01 % of FS
G =100 0.004 0.01 0.004 0.02 0.004 0.02 % of FS
G = 1000 0.008 0.05 0.008 0.1 0.008 0.1 % of FS
OFFSET VOLTAGE
Initial Offset (10+ (25+ (50+ (100+ {50+ (200+ nv
300/G) | 600/G) 300/G) | 1000/G) 600/G) | 2000/G)
vs Temperature . (.25 + 10/G) (1 +20/G) (2 + 20/G) pveC
vs Power Supply V; =16V to 218V (1 + 20/G)(10 + 150/G) (1 + 20/G)(20 + 250/G) (1 + 20/G)(40 + 300/G) pV/V
INPUT BIAS CURRENT
Initial Bias Current +7 120 +7 +20 +20 150 nA
vs Temperature 10.2 $0.2 10.2 nArC
Initial Offset Current +5 10 5 +20 +10 +50 nA
vs Temperature 0.2 0.2 10.2 nArC
Impedance: Differential 100} 3 10" {|.3 10" || 3 Q|| pF
Common-Mode 1073 10713 10°{[ 3 Q|| pF
INPUT VOLTAGE RANGE
Range, Linear Response +10 +125 *10 +12.5 +10 +125 v
CMRR (DC, 1kQ Source Imbalance) G= 80 20 74 90 70 85 dB
G =10 96 106 90 106 86 95 dB
G =100 106 110 106 110 100 105 dB
G = 1000 106 110 106 110 100 105 dB
NOISE
Input Voltage Noise
f3 = 0.1Hz to 10Hz G = 1000 0.7 0.7 0.7 rVpp
Density; f = 10Hz G = 1000 14 14 14 nVVHz
f = 100Hz 11 11 1 nVANHz
f = 1000Hz 10 10 10 nVAHz
Input Current Noise
f, = 0.1Hz to 10Hz 50 50 50 PApP-]
Density; f = 10Hz 1.8 1.8 1.8 pANHz
t= 1kHz 0.4 0.4 0.4 pANHz
Output Voltage Noise
fy = 0.1Hz to 10Hz 8 8 8 nVp-p
DYNAMIC RESPONSE
Small Signal Bandwidth (-3dB) G=1 2 2 2 MHz
G=10 200 200 200 kHz
G =100 20 20 20 kHz
G = 1000 2 2 2 kHz
Slew Rate 0.4 0.6 0.4 0.6 04 0.6 Vips
Settling Time to 0.01% G=1 24 24 24 Hs
G=10 30 30 30 us
G =100 50 50 50 Hs
G = 1000 200 200 200 Hs
Full Power Bandwidth, G < 200 | V, =10V, R =2kQ 9 9 9 kHz
Overload Recovery 50% Overdrive 2 2 2 Hs
OUTPUT
Voltage, R_ = 2kQ Over Temperature 1105 | +12.8 +105 | £12.8 +10.5 | +12.8 \%
Current Over Temperature 5 15 5 15 5 15 mA
Shont-Circuit Current 24 24 24 mA
Capacitive Load, Stable Operation 4000 4000 4000 pF
POWER SUPPLY
Rated Voltage +15 +15 +15 )
Voltage Range 6 +18 16 +18 16 +18 v
Supply Current Vo=0V 2.7 +4 2.7 +4 2.7 +4 mA
TEMPERATURE RANGE
Specification -25 +85 25 +85 25 +85 °C
Operation BP,AP —40 +85 -40 +85 °C
Operation CG,BG -55 +125 -55 +125 °C
Storage See Absolute A Table.
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PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS
Supply Voltage +18V
Top View Input Voltage Range (V4) +2 10 (V=) -2V
Differential Input Voltage Total Vg +4V
Operatin,
A g Temperature
Vo E 1___8.‘ Com Ceramic G Package -65°C to +150°C
5 Plastic P Package —40°C to +125°C
V- 17 -
* E :I v Storage Temperature .
Vi E 1__;' iy Ceramic G Package ~65°C to +150°C
Plastic P Package ~40°C to +125°C
Gain Sense 1 E _1___—5| Gain Sense 2 Junction Temperature
5 Ceramic G Package +175°C
Gain Set 1 E 1__4] Gain Set2 Plastic P Package +125°C
e A
Offset Adjust E E‘ A,Out Lead Temp g, 10s) +300°C
- Oftset Adjust [ 7 2] A, out
re [&] [11] x10
x1000 [ g 7] xt00 -
ORDERING INFORMATION
MODEL PACKAGE TEMPERATURE RANGE
INA120AP Plastic DIP —25°C to +85°C
INA120BP Plastic DIP —25°C to +85°C
INA120BG Ceramic DIP -25°C to +85°C
INA120CG Ceramic DIP -25°C to +85°C
MECHANICAL
P Package — 18-Pin Plastic DIP
I A I INCHES MILLIMETERS NOTE: Leads in true
DIM | MIN | MAX | MIN | MAX position within 0.01"
Oocaamanan A | 840 | 940 [21.34 [2388 | (0.25mm)Rat MMG
B | 240 | 280 | 6.10 | 7.11 at seating plane.
B C - 210 —_ 533
l D | 014 | 022 | 036 | 059
—_— G .100 BASIC 2.54 BASIC
%E g # v ‘?' # v v H 040 | .060 | 1.02 | 152
Pin 1 J .008 | 015 | 020 | 0.38
K 415 | 150 [ 2.92 | 3.81
—= =—H L | 280 | 300 | 7.11 | 762
1 M [V 10° [V 10°
¥ N[ 000 | 012 | 000 | 030
3 N ¢
[ ¢
bk
M (.
—l G —’“'— D Seating Plane |-— L
G Package — 18-Pin Ceramic DIP
A INCHES | MILUMETERS] NOTE: Leads in true
— DIM_| MIN [ MAX | MIN [ MAX | Position within 0.01"
T A — 060 | — | 24.38 (0.25mm) R at MMC
5 B B | 220 | .310 | 559 | 787 | atseating plane.
C - 200 — 5.08
q _l D | o014 | 023 | 36 | 58
| F .030 | .070 .76 1.78
Pin 1 Ref G | 100BASIC | 254BASIC
el ——F H | — [0 [ — [o249
| | J_ | 008 | 015 [ 20 [ 38
t K 125 | 200 | 3.18 | 5.08
11c - [t 290 [ 320 |77 [813
— N .015 | .060 38 1.52
N IK .
—=IH— = G - —-lI*D Seating Plane -— | —
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TYPICAL PERFORMANCE CURVES

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

GAIN vs FREQUENCY

S |
S G = 100
= 100 ==
£ Sce=as = H
] =R N
8 FH
T~ G-10
10
= .
R
s G=1 |
10 100 1k 10k 100k ™ 10M
Frequency (Hz)
COMMON-MODE REJECTION
vs FREQUENCY
I
@ G = 1000
g 120 S
= NN
] T~ TN
S 80 ~ PSS G =100
T sl N N =
2 G =107 [P \\::‘~<f~..
8 o L LTINS
= LI N N N
? N 1
s Rs=0 >\'~..‘ \N:
13 G=1 N h
£ 0
o ™
o
—-40
1 10 100 1k 10k 100k ™
Frequency (Hz)
POWER SUPPLY REJECTION
vs FREQUENCY
I
= 120 G = 1000 Tt
$ 100 N, | Vs
s N N
& NN N I
2 g0 F\\ N G =100
Lr N
T St NN
| 60 G = 10— s
4 ™ NU TN
(3 v \L N NU™
5 40 G= h <
) N
ng. 20 i \\\\\\7
~
\\. \\T
0 -8
1 10 100 1k 10k 100k ™
Frequency (Hz)
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Common-Mode Rejection (dB) Settling Time (ps)

Input Bias and Offset Current (nA)

SETTLING TIME vs GAIN (0.1%)

400
300
200
A
/1
V]
100
_\T-/
0
1 10 100 1000
Gain (VIV)
COMMON-MODE REJECTION
vs SOURCE RESISTANCE IMBALANCE
CCTITm T
G = 1000, G = 100 f = 60Hz
120 = H
G=10 i Y
| T
80 = g g
G = 1 \\~~~
40
0
100 1k 10k 100k
Source Resistance Imbalance (Q)
INPUT BIAS AND OFFSET CURRENT
vs TEMPERATURE
20
15
10
\\ IB ey
5 = |
los
0

-75 -50 -25 0 425 +50 +75 +100 +125
Ambient Temperature (°C)

3-53

INA120

INSTRUMENTATION AMPLIFIERS



For Immediate Assistance, Contact Your Local Salesperson

TYPICAL PERFORMANCE CURVES (conT)

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

QUIESCENT CURRENT vs TEMPERATURE SLEW RATE vs TEMPERATURE
3 1
/
/
~ 2.8 0.8
< —
E L—1 —_ /
£ —| 2
5 26 S os
5 Y
3 ]
€ el /
§ 24 s 04 =
2 ® 4 Output
3
O 22 - 0.2 Op Amp
2.0 0
-75 =50 -25 0 +25 450 +75 +100° +125 -75 =50 -25 0 +25 +50 475 +100 +125
Ambient Temperature (°C) Ambient Temperature (°C)
INPUT-REFERRED NOISE
CURRENT LIMIT vs TEMPERATURE G = 1000
35 g % 2
30 - °
2 \\ Output £s
= N Op Amp Sz
E
£ \\ g %
g 35S (R
3 \ g
© 20 \\ -
15 ;
-75 50 -25 0 +25 +50 +75 +100 +125 Time (2s/ Division)
Ambient Temperature (°C)
SMALL-SIGNAL TRANSIENT RESPONSE LARGE-SIGNAL TRANSIENT -
- G=1 RESPONSE G = 1

AL 004 U

Output Voltage (500mV/Division)
Output Voltage (2V/Division)

)

Time (20ps/ Division) Time (20us/ Division)
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TYPICAL PERFORMANCE CURVES (CONT)

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

SMALL-SIGNAL TRANSIENT RESPONSE
G = 100

Output-Voltage (50mV/Division)

APPLICATION INFORMATION

Figure 1 shows the basic connections required for operation
of the INA120. Applications with noisy or high impedance
power supply lines may require decoupling capacitors close
to the device pins as shown. The differential input voltage
is applied to pins 16 and 3.

The output is referred to the output common reference
terminal, pin 18. This terminal must have a low-impedance
connection to ground. A resistance of 12 or greater in series
with the common terminal could degrade common-mode re-
jection beyond the specified value.

SETTING THE GAIN

Gains of 1, 10, 100 or 1000 can be configured by intercon-
necting the gain-set pins as shown in the table of Figure 1.
These pin-strapped gains provide best gain accuracy and
drift because they are determined by the ratios of accurately
trimmed and matched on-chip resistors.

Digital gain control can be achieved using an analog multi-
plexer as shown in Figure 2. Since the switches are in series
with the high impedance gain-sense connections, pins 4 and
15, their series resistance does not significantly affect gain
error or drift. Gain error at G = 1 is slightly higher than with
direct pin connections shown in Figure 1. The gain is
selected with a two-bit address, A; and A,. The Multiplexer
Enable control is directly connected to V+ since a logic
“low” on this line would cause the input amplifiers to run
open-loop.

‘Other gains may be set by connecting an external resistor,
R, as shown in Figure 3a. Gain accuracy using an external
gain-setting resistor is a function of R and the internal
20kQ resistors. The internal resistors are typically within
+0.2% of nominal value and their drift under #80ppm/°C.
Inaccuracy and drift of R, will contribute additional gain
error and drift.

Figure 3b shows an extemnal gain-setting resistor connected
in parallel with internal resistors. By forming a portion of the

Burr-Brown IC Data Book Supplement, Vol. 33b

LARGE-SIGNAL TRANSIENT
RESPONSE G = 100

e

Output Voltage (2V/Division)

effective R, with intemnal resistors, gain accuracy and drift
can be somewhat improved.

Connections available on the INA120 allow all input stage
gain-setting resistors to be provided externally. A custom
precision resistor network could be connected to provide the
highest accuracy and lowest gain drift for non-standard
gains. Impedance of this external network should be made
close to that of the internal network for best performance.

OFFSET TRIMMING

Many applications require no extemal offset voltage
trimming. Figure 4 shows optional circuits for trimming
offset voltage. Since the INA120 has two amplification
stages, the offset voltage is comprised of two components—
the input stage offset and output stage offset.

The input stage offset is equal to the combined offset of op
amps A, and A,. This input stage offset dominates at high
gain. When used in gains of 100 to 1000, it is often
sufficient to adjust the input stage offset with a potentiome-
ter connected to pins 6 and 7 as shown. Connect both inputs
to ground and adjust for OV at the output, pin 1. Do not use
pins 6 and 7 to trim offset voltage at G = 1 or to correct for
offset in devices following the INA120 since this can cause
excessive offset voltage drift.

At G = 1, offset is dominated by the output stage. Output
stage offset can be trimmed by applying a correction voltage
at the output reference terminal, pin 18. Low impedance
must be maintained at this node to preserve the high CMR
of the INA120. This is achieved by buffering the trim
voltage with an op amp as shown.

At intermediate gains it may be necessary to provide both
input stage and output stage offset adjustments. Again,
ground both inputs. Connect a jumper between pins 9 and 11
(temporarily connects the INA120 in high gain) and adjust
R, for OV at the output, pin 1. Then disconnect the jumper
and adjust the output offset control for OV output.
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+15V

1uF Q@
_EHL

413 6 7 12 - 2
. 5
8 — W

GAIN CONNECT -0 . L AMA——M x , Vom100xV,
1 45 1415 Vin s o
10 45 _11-14-15 +0 YW M +
100° |48 11-14___10-15 ©
1000 | 48 __11-14___9-15

‘N A 18 Output Ground
% v J_Referenoe

*G = 100, shown at right.

14115]16 13 17
1uF
L
= sy
FIGURE 1. Basic Connection.
HI-509A ~Viy
o
Multiplexer
13 +15V
1pF
11 h
V.
f 2o~ __|s _EI
14 3 . 413 8 7 12 B 2
12 5
2
8 YW
. 11
%o o— W W
7 9 Ay L __ov,
A o—18 %————\w——qm .
6 10 M,A 18
15 5 11 % =
= 4
N 14|15 16 13 17
8
3 Ve +1pF
3 5 T
114
f = sy
V- o : A, | A, | GAIN
+Vin 1
L L 1
L H 10
H L 100
H H | 1000

FIGURE 2. Digital Gain Control.
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-Vin V4
413 6 7 12 2
5
Rg =.40kQ 8 YW
G-1
2060 R \
Rg = 816Q 9 W A 1 oy
for G = 50 A A °
7 YW WA +
10 20kQ "
A
YW 1
11 =
14|15 16 13 17
(a) +Vin V=
-Vin V+
413 6 7 12 2
5
8 %
20kQ
b AAA =
R, 9 Ay L ov,
44kQ
G=1+—"""— ‘VVL JVV‘ +
R, [| 4440 gom !
10
18
R | G YW __L
4400 | 200 =
1100 | 500 11
14]15[ 16 13 17
(b) +V V-

FIGURE 3. External Gain-Setting Resistors.

INPUT BIAS CURRENT RETURN PATH

The input impedance of the INA120 is extremely high—
approximately 10'°Q. This does not mean, however, that no
current flows in the input terminals. The input bias current
of the INA120 is typically £10nA (it can be either polarity).
High input impedance means that this input bias current
changes very little with varying input voltage.

Input circuitry must provide a path for this input bias current
if the INA120 is to function. Figure 5 shows various provi-
sions for an input bias current path. Without an appropriate
current path, the inputs will float to a potential which

Burr-Brown IC Data Book Supplement, Vol. 33b

exceeds the common-mode range of the INA120 and the
input amplifiers will saturate.

INPUT PROTECTION

The inputs of the INA120 are protected for input voltages up
to 2V beyond the power supply voltages. If the input can
exceed these conditions, input clamp diodes should be pro-
vided as shown in Figure 6. Ry may not be required if the
input cannot supply more than 100mA. If the input can
supply larger currents, choose R according to the maximum
source voltage, limiting current to under 100mA.
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Input Stage Offset Adjustment for High Gains (see text).

V+
V+

Ri
100k

o | Fh—aww

VIN

+0 YW\ AV +

100pA
1/2 REF200

V-

100pA
Qutput Offset Adjustment 12 ;EFZOO

for low gains (see text).

FIGURE 4. Offset Adjustment Circuits.

—__ Vi

Microphone,
Hydrophone l: INA120
+

etc.
47KQ = 47%Q Bs {
As
o—MY

[ Jmarzo

+

Di :1N4148
R, used to limit input iodes

- current to 100mA.

Thermocouple 3D
+ V-

10kQ
FIGURE 6. Input Protection Circuit.

[ {marzo

+

== Center-tap provides
-bias current return.

FIGURE 5. Providing an Input Bias Current Path.
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REF102
©]

1
[}

- 1N4148
m

'
'

INA120

SEEBECK
ISA COEFFICIENT R, R,
TYPE | MATERIAL (WV/F°C) (R, = 100Q) | (R, + R, =100Q)
E | Chromel 58.5 3.48k §6.2k
Constantan
J Iron 50.2 4.12k 64.9k
Constantan NOTES: (1) ~2.1mV/°C at 200pA.
K Chromel 39.4 5.23k 80.6k (2) R, provides down-scale b t L
Alumel indication. -
T Copper 38.0 5.49k 84.5k
Constantan
FIGURE 7. Thermocouple Amplifier With Cold Junction Compensation.
%/_;
413 6 7 12 2
5
8 : —VYW—
Shielded Cable G =1000
A A -
. W——w—- ] |,
Ay oVo
‘ M W— 2"
10
A 18
YWY
11
14[ 15} 16 13 lﬂ
V-
2l AL
MWW
220Q
6
N
3
INA105 A

INSTRUMENTATION AMPLIFIERS

FIGURE 8. Guard Drive Circuit.
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BURR-BROWN®

Digitally-Controlled Programmable-Gain
INSTRUMENTATION AMPLIFIER

FEATURES APPLICATIONS

@ DIGITALLY PROGRAMMABLE GAINS: ® DATA ACQUISITION SYSTEMS
DECADE MODEL—PGA202 @ AUTO-RANGING CIRCUITS

GAINS OF 1, 10, 100, 1000
BINARY MODEL—PG A,203 @ DYNAMIC RANGE EXPANSION

GAINSOF 1,2, 4,8 @® REMOTE INSTRUMENTATION
® LOW BIAS CURRENT: 50pA max ©® TEST EQUIPMENT
@ FAST SETTLING: 2ps to 0.01%
©® LOW NON-LINEARITY: 0.012% max
® HIGH CMRR: 80dB min
©® NEW TRANSCONDUCTANCE CIRCUITRY
® LOW COST

DESCRIPTION

The PGA202 is a monolithic instrumentation ampli- Vos Adjust
fier with digitally controlled gains of 1, 10, 100 and
1000. The PGA203 provides gains of 1, 2, 4, and 8.
Both have TTL or CMOS-compatible inputs for easy 5.3pF"
microprocessor interface. Both have FET inputs and a 1
new transconductance circuitry that keeps the band- V[5] — 30kQ* mE
width nearly constant with gain. Gain and offsets are ™ Front L ense
laser trimmed to allow use without any external com- E:g E Vour
ponents. Both amplifiers are available in ceramic or Logic
plastic packages. The ceramic package is specified +V|~E—— Circuits | = A Zl v
over the full industrial temperature range while the A 30kQ* e
plastic package covers the commercial range. ——'l

[10] Fitter B

5] Fiter A

Lill2]lra

A, A, Digital Common

Covered by U.S. PATENT #4,883,422

International Alrport 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

PDS-1006A
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SPECIFICATIONS

ELECTRICAL
At +25°C, V. = £15V unless otherwise noted.
PGA202/203AG " PGA202/203BG " PGA202/203KP
PARAMETER CONDITION MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
GAIN
Error @ G <1000 0.05 0.25 0.05 0.15 v * %
G = 1000 0.1 1 0.08 0.5 N * %
Nonlinearity G < 1000 0.005 | 0.015 0.005 | 0.012 - N %
G = 1000 0.01 0.05 0.01 0.025 N M %o
Drift vs Temperature G <100 3 10 M 5 N ppm/°C
G =100 10 100 * 50 * ppm/°C
Stability vs Time G = 1000 25 200 M 100 * %/Month
RATED OUTPUT
Voltage Ilw, | < 5mA £10 +12 * * N * \
Over Specified Temperature See Typical Perf. Curve +9 * %10 v
Current Mo [S 10V 15 10 . * . . mA
Impedance 0.5 * ¢ Q
ANALOG INPUTS
Common-Mode Range +10 113 * . . . v
Abolute Max Voltage © No Damage Vo * . \
Impedance, Differential 10|13 * * GQ || pF
Common-Mode 10 || 1 * M GQ || pF
OFFSET VOLTAGE (RTI)
Initial Offset at 25°C « 03 + | (1 + * +0.5 + * 1+ mv
3/G) | 10/G) 5/G) 20/G)
vs Temperature H2+ | (10 + * (5 + * pvre
10/G) | 80/G) 40/G)
Offset vs Time 25 - * HV/Month
Offset vs Supply 10V, <15 10+ | 100+ * 50 + . * nvv
250/G | 900/G 450/G
INPUT BIAS CURRENT
Initial Bias Current: at 25°C 10 50 . * . * pA
at 85°C 640 3200 * N * * PA
Initial Offset Current:at 25°C 5 25 * * * * PA
at 85°C 320 | 1600 . . . . PA
COMMON MODE REJECTION RATIO
G=1 80 100 . * M * ds
G=10 86 110 * * o * dB
G =100 92 120 * * * * dB
G = 1000 94 120 * * v . dB
INPUT NOISE
Noise Voltage 0.1 to 10Hz 1.7 * M ”Vﬁi
Noise Density at 10kHz © 12 * . nV/VHz
OUTPUT NOISE
Noise Voltage 0.1 to 10Hz 32 * N uVEFE'
Density at 1kHz & 400 " * nV/v Hz
DYNAMIC RESPONSE
Frequency Response G < 1000 1000 * * kHz
G = 1000 250 * * kHz
Full Power Bandwidth G <1000 400 * * kHz
G = 1000 100 * * kHz
Slew Rate 10 20 15 * * * Vius
Settling Time (0.01%™ G < 1000 2 * * HS
G = 1000 10 . . us
Overload Recovery Time @ G < 1000 5 * * Hs
G = 1000 10 . . us
DIGITAL INPUTS
Digital Common Range “Vee Ve — 8 * * N N v
Input Low Threshold © 0.8 M * \
Input Low Current 10 * . HA
Input High Voltage 24 . * \
Input High Current 10 * M HA
POWER SUPPLY
Rated Voltage +15 M M \'
Voltage Range 16 18 . * M * v
Quiescent Current 6.5 i M mA
TEMPERATURE RANGE
Specification -25 85 * * 0 70 °C
Operating -55 125 * * -25 85 °C
Storage -65 150 - * -40 100 °C
6, 100 . . °CW
* Same as the PGA202/203AG

NOTES: (1) All specifications apply to both the PGA202 and the PGA203. Values given for again of 10 are the same for again of 8 and other values may be interpolated.
(2) Measured with a 10k load. (3) The analog inputs are internally diode clamped. (4) Adjustable to zero. (5) V,,

(6) Threshold voltages are referenced to Digital Common. (7) From input change or gain change.

Burr-Brown IC Data Book Supplement, Vol. 33b

ISE (RT) =

(Vy wour)® + (Vioureur/Gain).
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MECHANICAL
G Package — 14-PIn Plastic Package
1 b | INCHES | MLUMETERS]  NOTE: Leads in true
Nty ey oy ey oy DIM_| MIN | MAX [ MIN | MAX position within 0.01"
: A | 120 | .160 | 3.048 | 4.064 (0.25mm) R at MMC
. E A 015 | 065 | 381 [ 1651 at seating plane.

r7] ! B [ 014 | 020 | 355 | 508 (1) e, and e, apply In
__{ Br | .050 | .065 | 1.270 | 1651 zone L,when unitis

P AL T 008 | 012 | .203 | .304 installed.

Pin 1 D | .745 | .770 |18.923[19.558 (2) Not per JEDEC.
: E_ | .300 | 325 | 7.620 | 8255

Ei | .240 | 260 | 6.096 | 6.604

&1 | 100BASIC_ | 2540 BASIC

on_| 300 BASIC | 7.620 BASIC
L[ 125 ] .150 | 3.175 [ 3810
L7 | o |00 0 | 782
! n I* o | ® [ ® | |15
P | — | 050 — [1270
sl ol s L Lseating Q| 050 | 085 [ 1270 | 2159
[S® | 065 | 090 | 1.651 | 2.286
G Package — 14-Pin Hermetic DIP
14 ) INCHES | MILUMETERS|  NOTE: Leads in true
DIM | MIN | MAX | MIN_| MAX position within 0.01"
A_| 670 | 710 [17.02 [ 18.03 (0.25mm) R at MMC
C 065 | 170 | 1.65 | 432 at seating plane. Pin
4 z D | 075 | 021 [ 038 | 053 | numbers shown for
_,l L_ F 045 | 060 | 1.14 | 1.52 reference only.
F G 100 BASIC | 2.54 BASIC Numbers may not
A H_| 025 | 070 | 064 | 178 be marked on
J_| 008 | 012 | 020 | 030 package.
N '"I K| .120 | 240 305 | 610
L
M
N

300BASIC | 7.62BASIC
h — [ [ - T
009 | 060 [023 | 152

= m

I G L— Seating Plane L—D

ORDERING INFORMATION
TEMPERATURE OFFSET VOLTAGE
MODEL GAINS PACKAGE RANGE MAX (mV)
PGA202KP 1, 10, 100, 1000 Plastic DIP 0°C to +70°C (1 + 20/G)
PGA202AG 1, 10, 100, 1000 Ceramic DIP —25°C to +85°C (1 + 10/G)
PGA202BG 1, 10, 100, 1000 Ceramic DIP —25°C to +85°C (0.5 + 5/G)
PGA203KP 1,2,4,8 Plastic DIP 0°C to +70°C 1 +20/G)
PGA203AG 1,2,4,8 Ceramic DIP —25°C to +85°C +(1 + 10/G)
PGA203BG 1,2,4,8 Ceramic DIP ~25°C to +85°C +0.5 + 5/G)
PIN CONFIGURATION i ABSOLUTE MAXIMUM RATINGS
TOP VIEW Supply Voltage £18V
U : Internal Power Dissipation . 750mwW
Ao [1] 14] Digtal Common Analog and Digital Inputs V. +0.5V)
A 2] 13] -v, Operating Temperature Range:
» L] ] Ve : G Package ~55°C to +125°C
W (3] [12] Vour P Package ~40°C 10 +100°C
Lead Temperature (soldering, 10s) 300°C
Vaer E E Vour Sense Output Short Circuit Duration Continuous
ion Ti 175°C
Fiter A [ 5] 10] Filter B P
Vos Adiust [ 6] - [9] Vos Adjust
“Vin IZ [3] +Vin

3-62 Burr-Brown IC Data Book Supplement, Vol. 33b




TYPICAL PERFORMANCE CURVES

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

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

T, = +25°C, Vg = 16V unless otherwise noted.
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T, = +25°C, V; = +15V unless otherwise noted.
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TYPICAL PERFORMANCE
CURVES (conr)

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

SMALL SIGNAL RESPONSE

“mV/Div

1ps/Div

DISCUSSION OF
PERFORMANCE

A simplified diagram of the PGA202/203 is shown on the
first page. The design consists of a digitally-controlled,
differential transconductance front end stage using precision
FET buffers and the classical transimpedance output stage.
Gain switching is accomplished with a novel current steer-
ing technique that allows for fast settling when changing
gains. The result is a high performance, programmable
instrumentation amplifier with excellent speed and gain
accuracy.

The input stage uses a new circuit topology that includes
FET buffers to give extremely low input bias currents. The
differential input voltage is converted into a differential
output current with the transconductance gain selected by
steering the input stage bias current between four identical
input stages differing only in the value of the gain setting
resistor. Each input stage is individually laser-trimmed for
input offset, offset drift and gain.

The output stage is a differential transimpedance amplifier.
Unlike the classical difference amplifier output stage, the
common mode rejection is not limited by the resister match-
ing. However, the output resistors are laser-trimmed to help
minimize the output offset and drift.

BASIC CONNECTIONS

Figure 1 shows the proper connections for power supply and
signal. The power supplies should be decoupled with 1uF
tantalum capacitors placed as close to the amplifier as
possible for maximum performance. To avoid gain and
CMR errors introduced by the external components, you
should connect the grounds as indicated. Any resistance in
the sense line (pin 11) or the V.. line (pin 4) will lead to a
gain error, so these lines should be kept as short as possible.
Also to maintain stability, avoid capacitance from the output
to the input or the offset adjust pins.

3-66

+Veo

“Vee

v

FIGURE 1. Basic Circuit Connections.

OFFSET ADJUSTMENT

Figure 2 shows the offset adjustment circuits for the PGA202/
203. The input offset and the output offset are both sepa-
rately adjustable. Notice that because the PGA202/203 change
between four different input stages to change gain, the input
offset voltage will change slightly with gain. For systems
using computer autozeroing techniques, neither offset nor
drift is a major concern, but it should be noted that since the
input offset does change with gain, these systems should
perform an autozero cycle after each gain change for opti-
mum performance.

In the output offset adjustment circuit, the choice of the
buffering op-amp is very important. The op-amp needs to
have low output impedance and a wide bandwidth to main-
tain full accuracy over the entire frequency range of the
PGA202/203. For these reasons we recommend the OPA602
as an excellent choice for this application.

+Vee

10kQ

FIGURE 2. Offset Adjustment Circuits.
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GAIN SELECTION

Gain selection is accomplished by the application of a 2-bit
digital word to the gain select inputs. Table I shows the gains
for the different possible values of the digital input word.
The logic inputs are referred to their own separate digital
common pin, which can be connected to any voltage be-
tween the minus supply and 8V below the positive supply.
The gains are all internally trimmed to an initial accuracy of
better than 0.1%, so no external gain adjustment is required.
However, if necessary the gains can be increased by the use
of an external attenuator around the output stage as shown in
Figure 3. Recommended resistor values for certain selected
output gains are given in Table II.

OUTPUT SENSE

An output sense has been provided to allow greater accuracy
in connecting the load. By attaching this feedback point to
the load at the load site, IR drops due to the load currents are
eliminated since they are inside the feedback loop. Proper
connection is shown in Figure 1. When more current is
required, a power booster can be placed in the feedback loop
as shown in Figure 4. Buffer errors are minimized by the
loop gain of the output amplifier.

TABLE II. Output Stage Gain Control.

OPA602

FIGURE 3. Gain Increase with Buffered Attenuator.

COMMON-MODE INPUT RANGE

Unlike the classical three op-amp type of circuit, the input
common-mode range of the PGA202/203 does not depend
on the differential input and the gain. In the standard three
op-amp circuit, the input common-mode signal must be kept
below the maximum output voltage of the input amplifier
minus 1/2 the final output voltage. If, for example, these
amplifiers can swing +12V, then to get 12V at the output you
must restrict the input common-mode voltage to only 6V.
The circuitry of the PGA202/203 is such that the common-
mode input range applies to either input pin regardless of the
output voltage.

Burr-Brown IC Data Book Supplement, Vol. 33b

PGA202 PGA203
A, | A, GAIN ERROR GAIN ERROR
o |o 1 0.05% 1 0.05%
o |1 10 0.05% 2 0.05%
1 0 100 0.05% 4 0.05%
1 1 1000 0.10% 8 0.05%
TABLE I. Software Gain Selection.
OUTPUT GAIN R R .
- - FIGURE 4. Current Boosting the Output.

2 5kQ 5kQ

5 2kQ 8kQ

10 1kQ 9kQ OUTPUT FILTERING

The summing nodes of the output amplifier have also been
made available to allow for output filtering. By placing
matched capacitors in parallel with the existing internal
capacitors as shown in Figure 5, you can lower the fre-
quency response of the output amplifier. This will reduce the
noise of the amplifier, at the cost of a slower response. The
nominal frequency responses for some selected values of
capacitor are shown in Table 3.

—O Vour

FIGURE 5. Output Filtering.

CUTOFF FREQUENCY C,AND C,
1MHz None
100kHz 47pF
10kHz 525pF

TABLE 3. Output Frequency vs Filter Capacitors.
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INPUT CHARACTERISTICS

Because the PGA202/203 have FET inputs, the bids currents
drawn through input source resistors have a negligible effect
on DC accuracy. The picoamp currents produce no more
than microvolts through megohm sources. The inputs are
also internally diode clamped to the supplies. Thus, input fil-
tering and input series protection are easily achievable.

A return path for the input bias currents must always be
provided to prevent the charging of any stray capacitance.
Otherwise the amplifier could wander and saturate. A IMQ
to 10MQ resistor from the input to common will return
floating sources such as thermocouples and AC-coupled
inputs (see Applications Section, Figures 8 and 9.)

CY L
. 3 Digital o
d Opto- Dy
DYNAMIC PERFORMANCE Coupler [0

programmable gain instrumentation amplifiers. Careful at-
tention to minimize stray capacitance is necessary to achieve
specified performance. High source resistance will interact
with the input capacitance to reduce speed and overall
bandwidth. Also to maintain stability, avoid capacitance
from the output to the input or the offset adjust pins.

The PGA202 and the PGA203 are fast-settling FET input _|_ |
= |
]

FIGURE 6. Isolated Programmable Gain Instrumentation
Amplifier.

Applications with balanced source impedance will provide
the best performance. In some applications, mismatched
source impedances may be required. If the impedance in the
negative input exceeds that in the positive input, stray
capacitance from the output will create a net negative feed-
back and improve the stability of the circuit. If, however, the
impedance in the positive input is greater, then the feedback
due to stray capacitance will be positive and instability may
result. The degree of positive feedback will, of course, %
depend on the source impedance imbalance as well as the  Down
board layout and the operating gain. The addition of a small
bypass capacitor of about 5 to 50pF directly across the input Upzll.DB;{vn Dual R,
terminals of the PGIA will generally eliminate any instabil- Counter Comparator 10kQ
ity arising from these stray capacitances. CMR errors due to osc /
the source imbalance will also be reduced by the addition of o— Yo R
this capacitor. T \

1L

Vour

S O Vper
ov

The PGA202 and the PGA203 are designed for fast settling =
in response to changes in either the input voltage or the gain.
The bandwidth and the settling times are mostly determined
by the output stage and are therefore independent of gain, FIGURE 7. Auto Gain Rangin
except at the highest gain of the PGA202 where other factors ’ Bing:
in the input stage begin to dominate.

1kQ

APPLICATIONS

In addition to general purpose applications, the PGA202/203 o 17
are designed to handle two important and demanding classes Vin 1uF
of applications: inputs with high source impedances, and [on H
rapid scanning data acquisition systems requiring fast set-
tling time. Because the user has access to output sense and MO S 1MQ

- output common pins, current sources can also be constructed
with a minimum- of external components. Some basic appli-
cation circuits are shown in Figures 6 through 14.

Gain Control

FIGURE 8. AC-Coupled Differential Amplifier for Fre-
quencies above 0.16Hz.
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e 8l 1
Viy PGAZ02 D2
8 7| 4 8
Vour o {
S 1 N
o R o
Vour
———OA °
MQ ] ' N
8 2 .
e S
Gain Control % .
7). 4
FIGURE 9. Floating Source Programmable Gain Vour = 2G Vyy
Instrumentation Amplifier.
FIGURE 11. Programable Differential In/Differential Out n

Amplifier.

Gain Control

lour = (AV,)(G)(1/30k + 1/R)

INSTRUMENTATION AMPLIFIERS

Gain Control
FIGURE 10. Programmable Current Source. FIGURE 12. Low Noise Differential Amplifier with Gains of
100, 200, 400, 800.
A, A, A, A, GAIN
0 0 0 0 1
0 0 0 1 2
0 0 1 0 4
0 0 1 1 8
Vour 0 1 0 0 10
0 1 0 1 20
0 1 1 0 40
0 1 1 1 80
1 0 0 0 100
1 0 0 1 200
1 0 1 0 400
1 0 1 1 800
1 1 0 0 1000
1 1 0 1 2000
1 1 1 [} 4000
1 1 1 1 8000

FIGURE 13. Cascaded Amplifiers.
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Differential
Multiptexer Sampling
AD

. . Converter

O——{ Burr-Brown

o— HI-507A PGA203 ADS808 DATA Bus
° .

L]

O—r

Micro-
Processor

Control Bus l

FIGURE 14. 8-Channel Differential Data Acquisition System.
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BURR-BROWN®

RCV420

Precision 4mA to 20mA
CURRENT LOOP RECEIVER

RCV420

FEATURES

® COMPLETE 4-20mA TO 0-5V CONVERSION
@ INTERNAL SENSE RESISTORS

® PRECISION 10V REFERENCE

@ BUILT-IN LEVEL-SHIFTING

@ +40V COMMON-MODE INPUT RANGE

® 0.1% OVERALL CONVERSION ACCURACY
@ HIGH NOISE IMMUNITY: 86dB CMR

DESCRIPTION

The RCV420 is a precision current-loop receiver de-
signed to convert a 4-20mA input signal into a 0-
SV output signal. As a monolithic circuit, it offers high
reliability at low cost. The circuit consists of a premium
grade operational amplifier, an on-chip precision resistor
network, and a precision 10V reference. The RCV420

features 0.1% overall conversion accuracy, 86dB CMR, _

APPLICATIONS

@ PROCESS CONTROL

©® INDUSTRIAL CONTROL
® FACTORY AUTOMATION
® DATA ACQUISITION

@ SCADA

® RTUs

® ESD

® MACHINE MONITORING

transmitter compliance voltage is at a premium. The
10V reference provides a precise 10V output with a
typical drift of 5ppm/°C.

The RCV420 is completely self-contained and offers
a highly versatile function. No adjustments are needed
for gain, offset, or CMR. This provides three important
advantages over discrete, board-level designs: 1) lower

and +40V common-mode input range. initial design cost, 2) lower manufacturing cost, and

The circuit introduces only a 1.5V drop at full scale, 3) easy, cost-effective field repair of a precision cir-
which is useful in loops containing extra instrument cuit.
burdens or in intrinsically safe applications where

+Vee  “Vec  Refh

[e] [¢] [e]

é 92kQ
300kQ o9kQ < 11.5kQ |
_in E 15| Roviy
Rs I 14| Revout
]
C E —111| RefOut
T J8 i
Ae 1ot wov [119] Rett
+In E Reference |1 g | RetTrim
300kQ  100kQ ==
—1 7 | Ref Noise Reduction

LT ]

Rcv Com  Ref Com

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)741-4395 - Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL
T = +25°C and V. = 15V unless otherwise noted.

RCV420AG RCV420BG RCV420KP
CHARACTERISTICS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
GAIN
Initial 0.3125 . . VIimA
Error 0.025 0.1 . 0.05 0.05 0.15 % of span
vs Temp 15 50 * 25 * ppm/°C
Nonlinearity" 0.0002 0.002 * N . * % of span
OUTPUT
Rated Voltage (I, = +10mA, ~5mA) 10 12 * * * ¢ v
Rated Current (E, = 10V) +10, -5 * * mA
Impedance (Differential) 0.01 * ¢ Q
Current Limit (To Common) +49,-13 . . mA
Capacitive Load 1000 * * pF
(Stable Operation)
INPUT
Sense Resistance 7425 75 75.75 * M ¢ . * * Q
Input Impedance (Common Mode) 200 v M kQ
Common Mode Voltage +40 * * v
CMR® 72 80 86 94 ) 70 . dB
vs Temp (DC) (T, = Ty 10 Ty 66 76 80 90 . dB
AC 60Hz 80 94 * dB
OFFSET VOLTAGE (RTO) @
Initial 1 ¢ * mv
vs Temp 10 50 . 25 M pvre
vs Supply (£11.4V to +18V) 74 90 80 * * * dB
vs Time 200 v * pnV/mo
ZERO ERROR®
Initial 0.01 0.05 * 0.025 0.025 0.075 % of span
vs Temp 10 50 * 25 . ppmof
spanC
OUTPUT NOISE VOLTAGE
fy = 0.1Hz to 10Hz 50 * * UVp-p
fo = 10kHz 800 * * nV/¥Hz
DYNAMIC RESPONSE
Gain Bandwidth 150 * * kHz
Full Power Bandwidth 30 * * kHz
Slew Rate 1.5 M . Vips
Settling Time (0.01%) 10 * * us
VOLTAGE REFERENCE
Initial 9.995 10.005 N . 9.99 10.01 \
Trim Range® 14 * * %
vs Temp® 5 20 . * . ppmrC
vs Supply (+11.4V to £18V) 0.0002 M * %N
vs Output Current (I, = 0 to +10mA) 0.0002 * * %/mA
vs Time 15 N * ppm/kHr
Noise (0.1Hz to 10Hz) 5 * * wp-p
Output Current +10, -2 * M mA
POWER SUPPLY
Rated 15 * . v
Voltage Range! +11.4 18 * * v * v
Quiescent Current (V,, = OV) 3 4 . * . M mA
TEMPERATURE RANGE .
Specification -25 +85 * * 0 +70 °C
Operation -55 +125 * * -25 +85 °C
Storage -65 +150 * N -40 +85 °C

*Specification same as RCV420AG.

NOTES: (1) Nonlinearity is the max peak deviation from best fit straight fine. (2) With 0 source impedance on Rev Com pin. (3) Referred to output with all inputs grounded
including Ref In. (4) With 4mA input signal and Voltage Reference connected (includes V,, Gain Error, and Voltage R Errors). (5) E | trim slightly affects
drift. (6) The “box method" is used to specify output voltage drift vs temperature. (7) |, Ref = 5mA, |, Rov = 2mA.
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G Package — 16-Pin Hermetic DIP

| A | INCHES [ MILUMETERS |  NOTE: Leads in true
DIM | MIN | MAX | MIN | MAX position within 0.01"
A__| 790 | 810 | 20.07 | 20.57 (0.25mm) R at MMC
C 105 | 170 | 267 | 432 at seating plane. Pin
D 015 | 021 | 038 | 053 numbers shown for
o, F .048 | 060 | 1.22 | 152 reference only.
NG G_| 100BASIC | 254BASIC Numbers may not be
Pin 1 e _J L_ H_| 030 | 070 | 076 | 178 | marked on package.
J [ .008 | .012 | 020 | 030
N K [ 120 | 240 | 305 | 6.10
i L | .300BASIC | 7.62BASIC
1c M| — 1 [ — ] 10°
= L\ N [ 025 .00 | 064 [ 152
f i K i
L)
H—| [<———”—— D ———I G 14— Seating |——— L~’J \‘/M
Plane
P Package — 16-Pin Plastic DIP
A INCHES [ MILUMETERS | ~ NOTE: Leads in tru
| 1 | DIM | MIN_| max | MIN | MAXx | position within 0.010"
A e By A | 740 | .800 | 1880 ] 2032 | (0.25mm) R at MMC
! f A | 725 | 785 | 1842 19.84| atseating plane.
s B B B | .230 |.200 | 585 | 7.38
= _t | Br | 200 | 250 | 500 | 636
YO T C | 120 | .200 | 305 | 5.09
- Pin 1 D | 015 |.023 | 038 ] 059
L F | 030 [.070] 076 | 178
j_! G| _.100BASIC_| 254BASIC
H [ 020 | 050 | 051 ] 127
1 .{_L: 7| 008 | 015 | 020 | 038
l}[ K " K | 070 | 150 | 1.78 | 382
T~ e g L 300BASIC_| 7.63BASIC
H—~ll=—— — G "”"‘D - M | 0° | | 0° [ 15°
N_| 010 | 030 | 025 | 0.76
P_| 025 | 050 | 064 | 127
PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS
Supply 22V
] ~/ —— Input Current, Ci 40mA
=n |1 16| +Vee Input Current M v, 0.1s 250mA, 1% Duty Cycle
1 | Common Mode Input Voltage, Ci 40V
Cr|2] 15| Rovfy Lead T Idering, 105) +300°C
+n [3 (14 ] Rev Out Output Short Circuit to Common (Rev and Ref) .....cueeuneenees Continuous
Ve | 4 13| Rev Com
RefCom | 5 12| Refin
— f—
NC | 6 11| RefOut
Ref Noise Reduction | 7 10| Reffy
Ref Trim | 8 9 | NC
Burr-Brown IC Data Book Supplement, Vol. 33b 3-73
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ORDERING INFORMATION

PERFORMANCE
MODEL GRADE PACKAGE
RCV420AG —25°C to +85°C 16-Pin Hermetic DIP
RCV420BG ~25°C to +85°C 16-Pin Hermetic DIP
RCV420KP 0°C to +70°C 16-Pin Plastic DIP

TYPICAL PERFORMANCE CURVES

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

STEP RESPONSE SMALL SIGNAL RESPONSE
NO LOAD NO LOAD

SMALL SIGNAL RESPONSE
R, =, C_ = 1000pF

POWER-SUPPLY REJECTION

COMMON-MODE REJECTION
vs FREQUENCY vs FREQUENCY
-100 -100
-94
RCV420BG \\ -90 y
LI h . b
—80 it ~80 N
@ RCVA420AG, P o A
s i NN
£ N z VeNIMN—vee
S N 2 N
—60 -60 \\\
NN
N N
N ~
-40 40 D\
1 10 100 1k 10k 100k 1 10 100 1k 10k 100k
Frequency (Hz) Frequency (Hz)
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THEORY OF OPERATION

Refer to the figure on the first page. For 0-5V output with 4—
20mA input, the required transimpedance of the circuit is:

Vool = SV/16mA = 0.3125V/mA.

To achieve the desired output levels, OV for 4mA and 5V for
20mA, the output of the amplifier must be offset by an
amount:

Vo5 = ~(4mA)(0.3125V/mA) = -1.25V.

The input current signal is connected to either +In or -In,
depending on the polarity of the signal, and returned to
ground through the center tap, C.. The balanced input—two
matched 75Q sense resistors, R—provides maximum re-
jection of common-mode voltage signals on C. and true
differential current-to-voltage conversion. The sense resis-
tors convert the input current signal into a proportional
voltage, which is amplified by the differential amplifier. The
voltage gain of the amplifier is:

A, = 5V/(16mA)(75Q) = 4.1667V/V.

The tee network in the feedback path of the amplifier pro-
vides a summing junction used to generate the required -1.25V
offset voltage. The input resistor network provides high-
input impedance and attenuates common-mode input volt-
ages to levels suitable for the operational amplifier’s common-
mode signal capabilities.

BASIC POWER SUPPLY
AND SIGNAL CONNECTIONS

Figure 1 shows the proper connections for power supply and
signal. Both supplies should be decoupled with 1pF tantalum
capacitors as close to the amplifier as possible. To avoid gain
and CMR errors introduced by the external circuit, connect
grounds as indicated, being sure to minimize ground resis-
tance. The input signal should be connected to either +In or
—In, depending on its polarity, and returned to ground through
the center tap, C.. The output of the voltage reference, Ref
Out, should be connected to Ref In for the necessary level

shifting. If the Ref In pin is not used for level shifting, then
it must be grounded to maintain high CMR.

GAIN AND OFFSET ADJUSTMENT

Figure 2 shows the circuit for adjusting the RCV420 gain.
Increasing the gain of the RCV420 is accomplished by
inserting a small resistor in the feedback path of the ampli-
fier. Increasing the gain using this technique results in CMR
degradation, and therefore, gain adjustments should be kept
as small as possible. For example, a 1% increase in gain is
typically realized with a 125Q resistor, which degrades CMR
by about 6dB.

A decrease in gain can be achieved by placing matched
resistors in parallel with the sense resistors, also shown in

Figure 2. The adjusted gain is given by the following expres- jgags

sion

Vour/Iw = 0.3125 X Ry (R, + R).
A 1% decrease in gain can be achieved with a 7.5k resistor.
It is important to match the parallel resistance on each sense
resistor to maintain high CMR. The TCR mismatch between
the two external resistors will effect gain error drift and CMR
drift.

There are two methods for nulling the RCV420 output offset
voltage. The first method applies to applications using the
internal 10V reference for level shifting. For these applica-

R, 0.5% Gain

Adjustment

RCV420 Q
Rev Out

* Typical values. See text.

FIGURE 2. Optional Gain Adjustment.

12 Refln

Iy n 3
o +

15 Roviy

4-20mA Rg

cr 2 75Q

Rs 275Q
~n 1 -

VWAV SAAM S

\
RCVA20 >

l 0
14 Rev Out

11 RefOut Vour

(0-5V)

+10V T10 Reffg fe)
Reference |— 8 Ref Trim
—1 7 Ref Noise Reduction

+Ve

o

2 NVoo
ha el —_—

o
l+a;

1uF

Rev Com

5
Ref Com

.||._

FIGURE 1. Basic Power Supply and Signal Connections.
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tions, the voltage reference output trim procedure can be used
to null offset errors at the output of the RCV420. The voltage
reference trim circuit is discussed under “Voltage Refer-
ence.”

‘When the voltage reference is not used for level shifting or
when large offset adjustments are required, the circuit in
Figure 3 can be used for offset adjustment. A low impedance
on the Rcv Com pin is required to maintain high CMR.

ZERO ADJUSTMENT

Level shifting the RCV420 output voltage can be achieved
using either the Ref In pin or the Rcv Com pin. The disadvan-
tage of using the Ref In pin is that there is an 8:1 voltage
attenuation from this pin to the output of the RCV420. Thus,
use the Rcv Com pin for large offsets, because the voltage on
this pin is seen directly at the output. Figure 4 shows the
circuit used to level-shift the output of the RCV420 using the

+15VDC

+150mV adjustment at output. 1000

- -15VDC

FIGURE 3. Optional Output Offset Nulling Using External
Amplifier.

Rcv Com pin. It is important to use a low-output impedance
amplifier to maintain high CMR. With this method of zero
adjustment, the Ref In pin must be connected to the Rcv Com
pin.

MAINTAINING COMMON-MODE REJECTION

Two factors are important in maintaining high CMR: (1)
resistor matching and tracking (the internal resistor network
does this) and (2) source impedance. CMR depends on the
accurate matching of several resistor ratios. The high accu-
racies needed to maintain the specified CMR and CMR
temperature coefficient are difficult and expensive to reliably
achieve with discrete components. Any resistance imbalance
introduced by external circuitry directly affects CMR. These
imbalances can occur by: mismatching sense resistors when
gain is decreased, adding resistance in the feedback path
when gain is increased, and adding series resistance on the
Rcv Com pin.

The two sense resistors are laser-trimmed to typically match
within 0.01%; therefore, when adding parallel resistance to
decrease gain, take care to match the parallel resistance on
each sense resistor. To maintain high CMR when increasing
the gain of the RCV420, keep the series resistance added to
the feedback network as small as possible. Whether the Rcv
Com pin is grounded or connected to a voltage reference for
level shifting, keep the series resistance on this pin as low as
possible. For example, a resistance of 20Q on this pin
degrades CMR from 86dB to approximately 80dB. For
applications requiring better than 86dB CMR, the circuit
shown in Figure 5 can be used to adjust CMR.

PROTECTING THE SENSE RESISTOR

The 75Q sense resistors are designed for a maximum con-
tinuous current of 40mA, but can withstand as much as
250mA for up to 0.1s (see absolute maximum ratings). There
are several ways to protect the sense resistor from overcur-

Use 10V Ret for +
and 10V Ref with INA105 for —.

Vo = (0.3125)(1) + Vzero

5V adjustment
at output.

Procedure:

1. Connect CMV to Cy.

2. Adjust potentiometer for near zero
at the output.

200Q
CMR
Adjust

FIGURE 4. Optional Zero Adjust Circuit.
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FIGURE 5. Optional Circuit for Externally Trimming CMR.
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rent conditions exceeding these specifications. Refer to Fig-
ure 6. The simplest and least expensive method is a resistor
as shown in Figure 6a. The value of the resistor is determined
from the expression

R, = V../40mA - 75Q
and the full scale voltage drop is
Vix = 20mA X R,

for a system operating off of a 32V supply R, = 725Q and
Vix = 14.5V. In applications that cannot tolerate such a large
voltage drop, use circuits 6b or 6¢. In circuit 6b a power JFET
and source resistor are used as a current limit. The 200Q
potentiometer, R,, is adjusted to provide a current limit of
approximately 30mA. This circuit introduces a 1-4V drop at
full scale. If only a very small series voltage drop at full scale
can be tolerated, then a 0.032A series 217 fast-acting fuse
should be used, as shown in Figure 6c.

RESISTOR NOISE IN THE RCV420

The output voltage noise of the RCV420 is dominated by the
thermal noise generated in the resistor network. Figure 7
shows the model for calculating resistor noise in the RCV420.
The expression for resistor noise is:

e (rms) = \2rnKTRB
where: K = Boltzman’s constant (J/°K)
T = Absolute temperature (°K)
R = Resistance ()
B = Bandwidth (Hz)
At room temperature, this noise becomes:
e,=13x10°vR (VANHz)
The four noise sources in Figure 7 are:
€y = 13X 10 R,
€y, = 13X 100 R,
€y = 13X 10° VR,
ey, = 13X 10° VR,
Referred to output,
Enor = Syt (Ap)
€noz = 2 (Ap)
€xos = & (R/R;)
€nos = &y [(Rg + RIR (Ap)

where A, is the differential voltage gain of amplifier. Adding
as the root of the sums squared:

€no = V(CNOI: + Cyor” + Eys” + eNoaz)
€yo at @ 150kHz bandwidth
0.35mVrms

2.1mVp-p with a crest factor of 6 (statistically
includes 99.7% of all noise peak occurrences).

Burr-Brown IC Data Book Supplement, Vol. 33b

+Vee
N
Vax 2 Px 4 ooma

+
2
RCV420 V,
E——1 ” out

e S

8) Ry = Vec/40mA-750Q

2N3970

+
J:——a RCV420 Vour
p 14

- o—H-

b) Ry set for 30mA current limit at 25°C.

+Vee

4-20mA
+ 15
_,_——2- RCV420 ” —0O Vour

= o___l.-

c)f; is 0.032A, Lifflefuse Series 217 fast-acting fuse.

See Application Bulletin AB-014 for other protection circults.

FIGURE 6. Protecting the Sense Resistors with a) Resistor, b)

JFET, c) Fuse.
R, Ry
MV —A
99kQ 11.5kQ
R, R, 1kQ
A -
1
300kQ ena
en RCV420 Ono
- Rs
+
300kQ
enz
= Rs < 100kQ
i
=

FIGURE 7. Resistor Noise Model.
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VOLTAGE REFERENCE .
The RCV420 contains a precision 10V reference. Figure 8
shows the circuit for output voltage adjustment. Trimming the
output will change the voltage drift by approximately

+400mV adjustment at output of reference, and £+50mV
adjustment at output of receiver if reference is used for
level shifting.

FIGURE 8. Optional Voltage Reference External Trim Circuit.

0.007ppm/°C per mV of trimmed voltage. Any mismatch in
TCR between the two sides of the potentiometer will also
affect drift, but the effect is divided by approximately 5. The
trim range of the voltage reference using this method is
typically +400mV. The voltage reference trim can be used to
trim offset errors at the output of the RCV420. There is an 8:1
voltage attenuation from Ref In to RCV Out, and thus the trim
range atthe output of the receiveris typically+50mYV. The high-
frequency noise (to IMHz) of the voltage reference is typically
1mVp-p. Whenthe voltage reference is used for level shifting,
its noise contribution at the output of the receiver is typically
1251 Vp-p due to the 8:1 attenuation from Ref In to RCV Out.
The reference noise can be reduced by connecting an external
capacitor between the Noise Reduction pin and ground. For
example, a 0.14F capacitor reduces the high-frequency noise
to about 200 Vp-p at the output of the reference and about
251 Vp-p at the output of the receiver.

APPLICATIONS

The RCV420 is ideally suited for applications requiring
precise current-to-voltage conversion and high CMR. The
* following figures show several typical application circuits.

Zero
Adjust

15 l Vour

(0-5V)

FIGURE 9. RCV420 Used in Conjunction with XTR101 to Form a Complete Solution for 4-20mA Loop.

3-78

Burr-Brown IC Data Book Supplement, Vol. 33b



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

+Vee
w5y WF
16 = £
1WF ==
i 10 q u v
o— |
3 OPA111 © 0 sv)
4-20mA ¢, 15 14 15.9kQ L
2 RCV420 v 15.9kQ
~In - Z 13 { ) 1pF
o___—_
! 1pF 1:
4 | 15.9kQ
£
~Vee - -
-15V
FIGURE 10. 4-20mA to 0-10V Conversion With Second-Order Active Low-Pass Filtering (f_,,, = 10Hz).
‘1mA ‘mA +Vg =15V
on PWS740
R, é 100Q &
9 4
RTD
(PT100) R,
—AAN VOUT
2.5kQ oV-5V
O Gnd on PWS740
-\ =-15V
on PWS740

FIGURE 11. Isolated 4—20mA Instrument Loop (RTD shown).
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Il
4-20mA I
=2 &5
O———0—
Cr o,
o RCV420 —O Vour
, =
D h 1
H o/
1
I
|
| =
H Vour = 0.3125 (I,— 1)
H Max Gain Error = 0.1% (RCV420BG)
FIGURE 13. Differential Current-to-Voltage Converter.
Rew

*Rey @nd R, are used to provide a first order correction of CMR and Gain
Error, respectively. Table 1 gives typical resistor values for R, and Ry
when as many as three RCV420s are stacked. Table 2 gives typical CMR
and Gain Error with no ion. Further imp in CMR and Gain
Error can be achieved using a 500kQ potentiometer for R,, and a 100Q
potentiometer for R

RCVA20 R, (kQ) R, (Q)
1 oo 0
2 200 7
3 67 23

Vour = 625V — (0.3125) (1)

TABLE 1. Typical Values for R, and R,
FIGURE 14. 4-20mA to 5-0V Conversion.

RCV420 CMR (dB) GAIN ERROR %

1 94 0.025
2 68 0.075
3 62 0.200

TABLE 2. Typical CMR and Gain Error
Without Correction.

FIGURE 12. Series 4-20mA Receivers.
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+Vee
2N6551
RCV420 Vour
Reference oV °
v,
RCV42 our .

0 (0-5v) 5 Optional 20k g

_J_. Trim* * I not used, substitute >

= = fixed 20kQ resistor. o

—40V (max) = FIGURE 17. 10V with Output Current Boosted to 100mA
max.,
+40V (max)
Power 1
1"
Vour RCV420 10V
RCV420 —0 (05v) Reference 1 +100mA
8 < 20kQ
_|_5 i Optional Trim
Load - * Use carbon resistor. -
gl -
’ *Ry= Rs/(:'ém’\‘ -1 FIGURE 18. 10V with Output to Source/Sink 100mA.

FIGURE 15. Power Supply Current Monitor Circuit.

* Use carbon resistor.

INSTRUMENTATION AMPLIFIERS

FIGURE 16. 4-20mA Receiver with Output Current Boosted
to £100mA.
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+15V -15V
T!G 4

RCV420
1 300kQ 99kQ 92kQ 12
AA—— AN —— v
15 . vV,
75Q —— AN *—O Ofg:l
2 - 11.5kQ 14
10.0v
l + < 10
= 75Q 1.01kQS> 10.0V
3 AAA L | Reference 1
300kQ 100kQ 1.27kQ
13 15
+5V =y -
T ) . T +15V 10kQ

a N

oo
A7

[s [e 5 '
iMQ 10kQ < 10kQ o
7 h é 10kQ < 10kQ
AT&T 555 9
LH1191 81 Timer \
Solid-State ! l

Relay LM193

wF (3 |1 0.01yF / 057V | 6.95V
- +
20 1) A —d o \
6040 < 22.9kQ

Input

470Q 14
I 10F 2N3904 .
- Overrange Underrange —_L
o - Output ° Output © -

See Application Bulletin 14 for more details.

FIGURE 19. 4-20mA Current Loop Receiver with Open Line and Overrange Detection Logic Outputs.
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BURR-BROWNG®

XTR103

ADVANCE INFORMATION
SUBJECT TO CHANGE

Precision 4mA to 20mA
TWO-WIRE RTD

FEATURES

® INTEGRAL SENSOR EXCITATION'A
LINEARIZATION

® LOW ZERO ERROR: 104A

@ LOW SPAN NONLINEARY

amplifier (IA), a voltage-