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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest
version of relevant information to verify, before placing orders, that the information being relied
on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications
applicable at the time of sale in accordance with Tl’s standard warranty. Testing and other quality
control techniques are utilized to the extent Tl deems necessary to support this warranty.
Specific testing of all parameters of each device is not necessarily performed, except those
mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death,
personal injury, or severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer.
Use of Tl products in such applications requires the written approval of an appropriate Tl officer.
Questions concerning potential risk applications should be directed to Tl through a local SC
sales offices.

In order to minimize risks associated with the customer’s applications, adequate design and
operating safeguards should be provided by the customer to minimize inherent or procedural
hazards.

Tl assumes no liability for applications assistance, customer product design, software
performance, or infringement of patents or services described herein. Nor does Tl warrant or
representthat any license, either express orimplied, is granted under any patent right, copyright,
mask work right, or other intellectual property right of Tl covering or relating to any combination,
machine, or process in which such semiconductor products or services might be or are used.

Copyright © 1994, Texas Instruments Incorporated



INTRODUCTION

Texas Instruments (TI) offers an extensive line of industry-standard and leadership products dedicated to
operational amplifier and comparator functions. The technologies represented in this book include traditional
bipolar through BIDFET, BIFET, IMPACT™, LInCMOS™, Advanced LinCMOS™, and Excalibur processes.
The IMPACT, Advanced LinCMOS, and Excalibur technologies feature a step-function improvement in
impedance, speed, power requirements, and threshold stability.

The Operational Amplifier/Comparator Data Books (volumes A and B) provide information on an extensive
listing of TI operational amplifier and comparator products:

Commercial, Industrial, Automotive, Military, and Extended Temperature Ranges
Noncompensated, Single, Dual

Internally Compensated, Single, Dual, Quad

Precision, Copper Stabilized

Excalibur: High Speed, Low Power, Precision, JFET Input, High Output, Low Noise

EXCALIBUR PROCESS DISCUSSION

Excalibur is a 44-V n-epi bipolar process that includes isolated high-speed PNPs, metal-nitride-poly
capacitors, p-channel JFETs, as well as the common bipolar devices. In other bipolar processes, the
capacitors have one plate made from silicon substrate (bottom) and the other from metal. At low levels of
operating current, the leakage current from the silicon bottom plate can significantly impact the dc
performance of the circuits. The ac performance is also affected by the parasitic substrate capacitance. Use
of the metal-nitride-poly capacitor significantly reduces these effects, yielding higher ac performance and
stable bias currents.

FEATURES IN THIS BOOK

Excalibur-process devices

Selected Macromodels (Level )

Expanded product characterization over supply voltage and temperature

Extensive graphs showing the characterizations

New 3-V devices that are specifically designed, characterized, and tested for operation
at3.3Vorless

The first section of each volume contains an alphanumeric listing, a selection guide, and a cross reference
for each type of device. The alphanumeric listing in the book includes all the devices contained in volumes
A and B of the Operational Amplifier/Comparator Data Book. The sections in each book are numbered
consecutively across volumes (sections 1, 2, and 3 are in volume A and sections 4, 5, 6, 7 are in volume B).
Thus, the reader can easily find the particular volume for a given device.

Because of the great number of devices available from TI, the selection guide for the operational amplifiers
is broken down into eight primary categories with an complete alphanumeric listing at the end. The
comparator selection guide is a complete alphanumeric listing. The cross references in section one help to
identify devices that are comparable to other manufacturers and older Tl parts.

The last section in each volume contains ordering information and mechanical data for the devices in that
particular volume.

IMPACT, LinCMOS, and Advanced LinCMOS are trademarks of Texas Instruments Incorporated.



While these volumes offer information only on the operational amplifier and comparator devices available now
from Tl, complete technical data for upcoming analog or any other Tl semiconductor product is available from
your nearest Tl field sales office, local authorized Tl distributor, or by writing directly to:

Texas Instruments Incorporated
Literature Response Center
P.O. Box 809066

Dallas, Texas 75380-9066

We feel that the Operational Amplifier/ Comparator Data Book (volumes A and B) will be significant additions
to your library of technical literature from Texas Instruments.
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OPERATIONAL AMPLIFIER
SELECTION GUIDE

INTRODUCTION

This selection guide is designed to help you quickly identify which operational amplifiers best suit your needs.
This section includes specification tables for each operational amplifier, sorted by the primary performance
category; this permits a quick comparison of key specifications, enabling a final decision on which amplifier is
best for you. Also included in this section is a complete alphanumerically sorted list of all Texas Instruments
advanced linear amplifiers with key specifications.

DEFINITION OF TERMS
This selection guide is broken into eight primary-selection categories:

e DC precision
Single supply
Noise

Low voltage

High speed

Low power

Rail to rail

High temperature

These categories are then subdivided into secondary and tertiary groups combining performance indices. An
understanding of what is meant by each term is helpful when choosing the right amplifier for your application.

DC Precision

Precision refers to an amplifier's inherent dc errors, the input offset voltage (V|p), its temperature coefficient
(av10), and long-term drift (V). In direct-coupled applications, these errors are amplified by the amplifier and
carried through the system. The magnitude of the input offset voltage limits the minimum signal level that can
be accurately measured. This document defines precision operational amplifiers as those having Vio <1 mV.
In the precision-operational-amplifiers specification table, these operational amplifiers are sorted in ascending
order of Viomax at 25°C; the ayo specification is also provided for comparison.

Single Supply

Single-supply operational amplifiers are those that are designed to operate well with only one power-supply rail,
typically 5 V. They are generally characterized as having a common-mode input voltage range (V,cR) that
includes ground and outputs that can swing to or very near ground (Vo = 0 V). Most single-supply operational
amplifiers are manufactured using CMOS technology, although some bipolar single-supply amplifiers are
available. Single-supply operational amplifiers can be used in systems with split supplies (e.g., +5 V), but care
must be taken not to exceed the maximum supply voltage across the device. For example, Vppmax for CMOS
operational amplifiers is 16 V. No more than £8 V should be applied to these devices in a split-supply system.
Also, some single-supply operational amplifier output stages are not designed to both source and sink current;
when used with split supplies, they may exhibit some crossover distortion as the signal passes through
midsupply.

Rail to Rail
Rail-to-rail operational amplifiers feature outputs that swing close to both the positive and negative supply rails.

To achieve expected results, maintain loading conditions within the specified drive capability of the ampilifier;
output swing decreases as load increases.

*f‘ TEXAS
INSTRUMENTS
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OPERATIONAL AMPLIFIER
SELECTION GUIDE

Noise

Noise in operational amplifiers typically has two components: voltage noise and current noise. Current noise
is primarily a function of input bias currents (lg) and is negligible in JFET-input (BiFET) and CMOS amplifiers.
Voltage noise (Vy,) is noise generated by the amplifier due to the thermal noise of the channel resistance in JFET
and CMOS ampilifiers or the emitter resistance in bipolar amplifiers. Bipolar technology offers the lowest voltage
noise and offers the greatest advantage when interfacing to low-impedance sources. As source impedance
increases to about 10 kQ, system noise is dominated by the thermal noise of the source and feedback
resistances and selection of an amplifier is usually driven by other characteristics. At higher source impedances,
the noise contribution due to the high-input currents of bipolar amplifiers becomes prohibitive and eithera CMOS
or BIFET amplifier should be chosen. Amplifiers in the low-noise operational amplifier sections have Vj, <
15 nVA/Hz. Current noise, though not specified, can be approximated by:

I, = V(2 xqx1g), where q = 1.6 x 10-18

Low Voltage

Low-voltage amplifiers operate with Vo or Vpp <3 V. Some CMOS amplifiers operate with Vpp = 1.4 V. When
using any supply voltage, you must ensure that input signals are within the common-mode input voltage range
(VicR) of the device. To address the emerging 3-V device market, Texas Instruments has introduced a full line
of 3-V operational amplifiers, the TLV series of devices.

High Speed

Speed refers to an operational amplifier’s slew rate (SR) and its bandwidth. Slew rate describes the ability of
the amplifier’s output to follow a large rapidly changing signal at its input, expressed in V/us. Slew rate is a
function of and inversely proportional to supply current (Icc or Ipp); increased power consumption must often
be traded for faster output response. BiFET amplifiers have traditionally offered the best speed performance,
although new complementary bipolar technologies are gaining ground. The high-speed operational amplifiers
in this selection guide have a bandwidth > 6 MHz; the amplifiers’ slew rate is included in the specification tables
for reference.

Low Power

Low power in this document refers to amplifiers whose quiescent currents are less than 500 pA. This category
is further broken down to delineate micropower amplifiers, or those with Igc or Ipp <250 pA. The supply current
is specified under no-load conditions; the outputs neither sink nor source current. To minimize power
consumption, unused amplifiers should be connected as unity-gain followers with their inputs grounded.

High Temperature

High-temperature operational amplifiers are those manufactured using Texas Instruments patent-pending high
temperature and high-reliability process. These operational amplifiers perform reliably at temperatures up to
150°C and are well suited for automotive and geophysical (down-hole) applications where temperatures often
exceed the industrial or military temperature ranges.

4-8
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OPERATIONAL AMPLIFIER
CROSS-REFERENCE GUIDE

Replacements are based on similarity of electrical and mechanical characteristics shown in currently published data.
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the user should
compare the specifications of the substitute device with the specifications of the original.

Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the use
thereof. No liability is assumed for damages resulting from the use of the information contained herein.

Manufacturers are arranged in alphabetical order.

ADVANCED LINEAR DEVICES -
PART NO. DIRECT TI SUGGESTED Tl
REPLACEMENT | REPLACEMENT | PAGENO.
ALD1701, ALD1702,
ALDi701, A TLC271 2-469
ANALOG DEVICES
AD510 or AD517 OPO7 2-95
AD712J TLE2082A 5367
FAIRCHILD
WAT14 OPO7C 2-95
HAT14L OPO7D 2-95
WAT41 WAT7A41 5957
WATT1 TLO71 2335
TLO71B 2335
WATTIA TLOB1B 2-361
TLOT1A 2-335
WATTIB TLOBIA 2-361
PATTIL TLO81 2-361
WATT2 TLO72 2-335
UATT2A TLO72B 2-335
. TLO72A 2-335
nATT2B TLOB2A 2-361
WAT72L TLO82 2-361
UAT74 _ TLO74 2335
UA774B TLO74A or TLO74B 2-335
WAT74L TLO84 2-361
BURR BROWN
OPA11T ‘ TLC2201 2-795
OPA211 TLC2202 2-825
GENERAL ELECTRIC
ICL7611, ICL7612,
PATAIAR TLC271 2-469
ICL7621 TLC272 2-537
Lroa1 TLC274 2573
TLC27L9 2657
ICL7642 TLC27MO 2727
¥ 1
EXAS
INSTRUMENTS
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CROSS-REFERENCE GUIDE
HARRIS
PART NO. DIRECT TI SUGGESTED TI PAGE NO
REPLACEMENT REPLACEMENT :
HA2515 LM318 2-13
HA5127 TLE2027 5-83
HA5135-5 ' OP07C 2-95
HA5137 TLE2037 5-109
INTERSIL
ICL7611, ICL7612,
or ICL7613 TLC271 2-469
ICL7621 TLC272 2-537
TLC274 2-573
ICL7641 TLC27L9 2-657
ICL7642 TLC27M9 2-727
TLC2652 2-993
ICL7652 TLC2654 2-1017
LINEAR TECHNOLOGY
LT1001 OPO07C or OPO7D 2-95
LT1007 TLE2027 . 5-83
LT1037 TLE2037 5-109
LTC1052 TLC2652 2-993
TLC2654 2-1017
MAXIM
ICL7611, ICL7612,
or ICL7613 TLC271 2-465
iCL7621 TLC272 2-537
TLC274 2-573
ICL7641 TLC27L9 2-657
ICL7642 TLC27M9 2-625
TLC2652 2-993
ICL7652
L765 TLC2654 2-1017
MOTOROLA )
MC1458 MC1458 2-75
MC1558 MC1558 2-75
MC1741 HA741 5-957
MC3403 RC4136 2-101
MC4558 RC4558 2-105
MC4741 LM348 2-17
TLO71 2-335
M 1
3400 LF351 2-5
‘b’ TEXAS
INSTRUMENTS
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OPERATIONAL AMPLIFIER

CROSS-REFERENCE GUIDE
MOTOROLA (CONTINUED)
DIRECT TI SUGGESTED TI
PART NO. REPLACEMENT | REPLACEMENT | PAGENO.
TLO72 2-335
MC34002 e —
TLo74 2-335
MC34004 = —
TLO74A 2-335
MC34004B —E —
MC34071 TLE2141 5-435
MC34072 TLE2142 5-463
MC34181 TLE2061 5137
MC34182 TLE2062 5167
MC34184 TLE2064 5197
NATIONAL
LF347 73
LF347 TLo74 2335
TLo8a 2-361
LF347B 2-3
LF3478 TLO74A or TLO74B 2-335
TLOBAA 2-361
LF351 25
LF351 TLO71 2-335
TLOBIA 2361
LFa53 27
LF353 TLO72 or TLO72A 2-335
TLO82A 2-361
e LFa11 2-9
TLOBIA 2-361
TLO71A or TLO71B 2-335
FA11A
L TLOB1A or TLOBTB 2-361
LFa12 211
LF412 TLO72A 2-335
TLOB2A or TLOB2B 2361
LFA12-1A TLE2082 5367
- TLO61 2201
TLE2061 5137
LFa41A TLOG1A or TLOBTB 2291
TLo62 2291
LF442
TLE2062 5167
‘U TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

4-37



OPERATIONAL AMPLIFIER

CROSS-REFERENCE GUIDE
NATIONAL (CONTINUED)

PART NO. REPLACEMENT | REPLACEMENT | PAGENO.
LF442A TL062B 2-291
rana TLOB4 2-291

TLE2064 5197

LF444A TLO64A 2-291
[LHooaa OPO7C 2-95
LH0044B OPO7D 2-95
LM201A LM201A 213
M218 M218 2-13
LM222 LM224 217
LM248 LM248 217
LM258 LM258 2-29
LM318 LM318 2-13
LM324 2-17
Hvsz4 TLE2024 557
LM348 LM348 2-17
LM358 2-29
HMSS8 TLE2022 5-29

LM741 pAT41 5-957

LMgs3 RC4556 2-105
LM1458 MC1458 275
LM2900 LM2900 243
LM2902 LM2902 2-17
LM2904 LM2904 229
LM3900 LM3900 243

LMC660 TLC274 2-573

UMCB62 TLC2202 2-845

NEC

uPC159 LM318 2-13
uPC251 MC1458 2-75
uPC354 P07 2-95

TLO71 2-335

uPC801 TLOBIA 2-361

LF351 25

¥ 1
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OPERATIONAL AMPLIFIER

CROSS-REFERENCE GUIDE
PMI
PART NO. REPLAGEMENT | REPLAGEMENT | PAGENO.

OP-02 PA741 5957
OP-07C OP07C 2-95
OP-07D OPO7D 2-95
OP-07F RC4136 2-101
OP-14C or OP-14E MC1458 2-75
OP-14J MC1558 2-75

TLO71 2-335
OP-15F TLO81A 2-361

LF351 2.5

TLO72 2-335

TLO82A 2-361
OP-215F LF353 2-7

TLE2082 5-367
OP-215G TLE2082A 5-367
OP-21 TLE2021 5-3
oP-27 TLE2027 5-83
OP-37 TLE2037 5-109
OP-221 TLE2022 5-29
OP-421 TLE2024 5-57

RAYTHEON
RC4136 RC4136 2-101
RC4156 LM348 2-17
RC4157 LM348 2-17
RC4558 RC4558 2-105
RCA
CAO81A TLO81 2-361
CAO81A TLO81A 2-361
CA082 TLO82 2-361
CAO082A TLO82A 2-361
CA084 TLO84 2-361
¥ 1
EXAS
INSTRUMENTS
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OPERATIONAL AMPLIFIER

CROSS-REFERENCE GUIDE
SIGNETICS
PART NO. REPLAGEMENT | REPLAGEMENT | PAGENO.
LM358 2-29
NES32 TLO22 2-111
NE5532 NE5532 2-85
NE5532A NE5532A 2-85
NE5534 2-89
NES534 TLE2037 5-109
NE5534A 2-89
NES534A TLE2037A 5-109
SE5534 SE5534 2-89
SE5534A SE5534A 2-89
SGS-THOMSON
TS271 TLC271 2-469
TS271A TLC271A 2-469
TS271B TLC271B 2-469
TS272 TLC272 2-537
TS272A TLC272A 2-537
TS272B TLC272B 2-537
TS274 TLC274 2-573
TS274A TLC274A 2-573
TS274B TLC274B 2-573
TS27L2 TLC27L2 2-625
TS271L2A TLC27L2A 2-625
TS27L.2B TLC27L2B 2-625
TS27L4 TLC27L4 2-657
TS27L4A TLC27L4A 2-657
TS27L4B TLC27L4B 2-657
TS27M2 TLC27M2 2-693
TS27M2A TLC27M2A 2-693
TS27M2B TLC27M2B 2—-693
TS27M4 TLC27M4 2-727
TS27M4A TLC27M4A 2-727
TS27M4B TLC27M4B 2-727
X 1
EXAS
INSTRUMENTS
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OPERATIONAL AMPLIFIER
GLOSSARY

alio

avio

AVee

AVio

Om

Ay

Avp

Bom

Ci

Average Temperature Coefficient of Input Offset Current

The ratio of the change in input offset current to the change in free-air temperature. This is an average value
for the specified temperature range.

(IIO at TA(1)) - ('IO at TA(Z))

Tam) = Ta@)

%o =

where Ta(1) and T ) are the specified temperature extremes.
Average Temperature Coeffiicient of Input Offset Voltage

The ratio of the change in input offset current to the change in free-air temperature. This is an average value
for the specified temperature range. The dc voltage that must be applied between the input terminals to force
the quiescent dc output voltage to zero or other level, if specified.

(VIO at TA(1)) - (VIO at TA(Z))
Ta) ~ Ta@)

%vio <

where Ta(1) and Tp (o) are the specified temperature extremes.
See ksys

See kgys
Phase Margin

The absolute value of the open-loop phase shift between the output and the inverting input at the frequency
at which the modulus of the open-loop amplification is unity.

Gain Margin

[ o T 1 - e
1

i hie reciprocai of the open-ioop voitage ampiification at j
shift is such that the output is in phase with the inverting i put.

L
1

/ at which the open-ioop phase

Large-Signal Voltage Amplification

The ratio of the peak-to-peak output voltage swing to the change in input voltage required to drive the output
Differential Voltage Amplification

Theratio ofthe change in output to the change in differential input voltage producing it with the common-mode
input voltage held constant

Unity-Gain Bandwidth

The range of frequencies within which the maximum output voltage swing is above a specified value.
Maximum-Output-Swing Bandwidth

The range of frequencies within which the maximum output voltage swing is above the specified value.
Input Capacitance

The capacitance between the input terminals with either input grounded

Q’ TeEXAS
INSTRUMENTS
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OPERATIONAL AMPLIFIER
GLOSSARY

CMRR, kcmR

|

Common-Mode Rejection Ratio

The ratio of differential voltage amplification to common-mode voltage amplification.
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting
change in input offset voltage.

Average Noise Figure

The ratio of an ideal current source (having an internal impedance equal to infinity) in parallel with the input
terminals of the device that represents the part of the internally generated noise that can properly be
represented by a current source.

lcc+ lcc-

o

Ny

kcMR

Supply Current

The current into the Vg 4 or Voo - terminal of an integrated circuit

Input Bias Current

The average of the currents into the two input terminals with the output at the specified level

Input Offset Current

The difference between the currents into the two input terminals with the output at the specified level
Equivalent Input Noise Current

The current of an ideal current source (having internal impedance equal to infinity) in parallel with the input
terminals of the device that represents the part of the internally generated noise that can properly be
represented by a current source.

Low-Level Output Current

The current into an output with input conditions applied that according to the product specification will
establish a low level at the output.

Short-Circuit Output Current

The maximum output current availabie from the ampiifier with the output shorted to ground, to either suppiy,
or to a specified point

See CMRR

ksvss AVees AVio

ksvR

Supply Voltage Sensitivity

The absolute value of the ratio of the change in supply voltages to the change in input offset voltage.
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically.
2. This is the reciprocal of supply voltage sensitivity.

Supply Voltage Rejection Ratio
The absolute value of the ratio of the change in supply voltages to the change in input offset voltage.

NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically.
2. This is the reciprocal of supply voltage sensitivity.

4-42
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OPERATIONAL AMPLIFIER
GLOSSARY

fi

fid

To

SR

tr

tot

Vio

Vic

Vicr

Total Power Dissipation

The total dc power supplied to the device less any power delivered from the device to a load.
NOTE: Atnoload: Pp=Vgos e lcc+ +Voo-*lce-

Input Resistance

The resistance between the input terminals and either input grounded
Differential Input Resistance

The small-signal resistance between two ungrounded input terminals
Output Resistance

The resistance between an output terminal and ground

Slew Rate

The average time rate of change of the closed-loop amplifier output voltage for a step-signal input
Rise Time

The time required for an output voltage step to change from 10% to 90% of its final value
Total Response Time

The time between a step-function change of the input signal and the instant at which the magnitude of the
output signal reaches for the last time a specified level range (+€) containing the final output signal level.

Input Voltage Range

The range of voltage that if exceeded at either input terminal may cause the operational amplifier to cease
functioning properly.

Input Offset Voltage

The dc voltage that must be applied between the input terminals to force the quiescent dc output voltage to
zero or other level, if specified.

Common-Mode Input Voltage
The average of the two input voltages
Common-Mode Input Voltage Range

The range of common-mode input voltage that if exceeded may cause the operational amplifier to cease
functioning properly.

Equivalent Input Noise Voltage
The voltage of an ideal voltage source (having internal impedance equal to zero) in series with the input

terminals of the device that represents the part of the internally generated noise that can properly be
represented by a voltage source.

VoiVo2

Crosstalk Attenuation

The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of
another channel

ﬁ‘ TEXAS
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OPERATIONAL AMPLIFIER
GLOSSARY

VoH

VoL

Vip

Vom

Vo(pp)

Zjc

Zo

High-Level Output Voltage

The voltage at an output with input conditions applied that according to the product specification will establish
a high level at the output.

Low-Level Output Voltage

The voltage at an output with input conditions applied that according to the product specification will establish
a low level at the output.

Differential Input Voltage
The voltage at the noninverting input with respect to the inverting input
Maximum Peak Output Voltage Swing

The maximum positive or negative peak output voltage that can be obtained without waveform clipping when
quiescent dc output voltage is zero.

Maximum Peak-to-Peak Output Voltage Swing

The maximum peak-to-peak output voltage that can be obtained without waveform clipping when quiescent
dc output voltage is zero.

Common-Mode Input Impedance

The parallel sum of the small-signal impedance between each input terminal and ground
Output Impedance

The small-signal impedance between the output terminal and ground

Overshoot Factor

The ratio of the largest deviation of the output signal value from its final steady-state value after a
step-function change of the input signal to the absolute value of the difference between the steady-state
output signal values before and after the step-function change of the input signal.

4-44
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SELECTION GUIDE
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COMPARATOR
CROSS-REFERENCE GUIDE

Replacements are based on similarity of electrical and mechanical characteristics shown in currently published data.
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, compare the
specifications of the substitute device with the specifications of the original.

Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the use
thereof. No liability is assumed for damages resulting from the use of the information contained herein.

Manufacturers are arranged in alphabetical order.

LINEAR TECHNOLOGY
DIRECT T SUGGESTED Tl
PART NO. REPLACEMENT | REPLACEMENT | PAGENO.
TLC352 6-89
L
T1017 TLC3702 6-157
TLC352 6-89
LT1018 TLC3702 6-157
NATIONAL
LM311 LM311 6-3
LM339 6-19
LM339 TLC339 6-73
LM393 627
LM
393 TLC393 6141
LM2901 619
LM290
901 TLC339 673
LM3302 LM3302 6-45
LP339 6-53
LP339 TLC339 673
PMI
LM339 519
LM2901 519
CMPO4F LM3302 6-45
TLC339 673
it
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COMPARATOR

. GLOSSARY
ajo  Average Temperature Coefficient of Input Offset Current
The ratio of the change in input offset current to the change in free-air temperature. This is an average value
for the specified temperature range.
(IIO at TA(1)) - (IIO at TA(Z))
o =
"o Tam ~ Ta@
where Ta(q) and Ta) are the specified temperature extremes.
ayio Average Temperature Coefficient of Input Offset Voltage
The ratio of the change in input offset current to the change in free-air temperature. This is an average value
for the specified temperature range.
(VIO at TA(1)) - (VIO at TA(2))
[V} =
vIo Tam ~ Ta@
where Ta(q) and Ta) are the specified temperature extremes.
Ayp Differential Voltage Amplification
Theratio of the change in output to the change in differential input voltage producing it with the common-mode
input voltage held constant
CMRR
See kMR
lccw lcc-
Supply Current »
The current into the Vgg 4 or Voo - terminal of an integrated circuit
i) High-Level Strobe Current
The current flowing into or out of T the strobe at a high-level voltage
s Input Bias Current
The average of the currents into the two input terminals with the output at the specified level
liLgs) Low-Level Strobe Current
The current flowing out oft the strobe at a low-level voltage
o Input Offset Current
The difference between the currents into the two input terminals with the output at the specified level
loy  High-Level Output Current
The current into an output with input conditions applied that according to the product specification will
establish a high level at the output.
loL Low-Level Output Current
The current into an output with input conditions applied that according to the product specification will
establish a low level at the output.
kcmr or CMRR

Common-Mode Rejection Ratio

The ratio of differential voltage amplification to common-mode voltage amplification.
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting
change in input offset voltage.

T Current out of a terminal is given as a negative value.
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COMPARATOR
GLOSSARY

Pp

fo
Vic

Vicr

Vip

Vip

ViH(S)

ViL(s)

Vio

Vou

VoL

Total Power Dissipation

The total dc power supplied to the device less any power delivered from the device to a load.
NOTE: Atnoload: Pp =Vgg+®lcc++Vee-¢ lcc—

Output Resistance

The resistance between an output terminal and ground

Common-Mode Input Voltage

The average of the two input voltages

Common-Mode Input Voltage Range

The range of common-mode input voltage that if exceeded may cause the comparator to cease functioning
properly.

Differential Input Voltage

‘The voltage at the noninverting input with respect to the inverting input

Differential Input Voltage Range

The range of voltage between the two input terminals that if exceeded may cause the comparator to cease
functioning properly.

Input Voltage Range

The range of voltage that if exceeded at either input terminal may cause the comparator to cease functioning
properly.

High-Level Strobe Voltage

For a device having an active-low strobe, a voltage within that range is guaranteed not to interfere with the
operation of the comparator.

Low-Level Strobe Voltage
For a device having an active-low strobe, a voltage within the range that is guaranteed to force the output
high or low, as specified, independently of the differential inputs.

Input Offset Voltage

The dc voltage that must be applied between the input terminals to force the quiescent dc output voltage to
the specified level.

High-Level Output Voltage

The voltage at an output with input conditions applied that according to the product specification will establish
a high level at the output.

Low-Level Output Voltage

The voltage at an output with input conditions applied that according to the product specification will establish
a low level at the output.

Response Time

The interval between the application of an input step function and the instant the output crosses the logic

threshold voltage.

NOTE: The input step drives the comparator from some initial condition sufficient to saturate the output (or
in the case of high-to-low-level response time, to turn the output off) to an input level just barely in
excess of that required to bring the output back to the logic threshold voltage. This excess is referred
to as the voltage overdrive.

Strobe Release Time

The time required for the output to rise to the logic threshold voltage after the strobe terminal has been driven
from its active logic level to its inactive logic level.
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TLE2021, TLE2021A, TLE2021B, TLE2021Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS024C - FEBRUARY 1989 — REVISED AUGUST 1994

® Supply Current. .. 230 pA Max ® High Open-Loop Gain ... 6.5 V/pV

® High Unity-Gain Bandwidth . .. 2 MHz Typ (136 dB) Typ

® High Slew Rate. . . 0.45 V/us Min ® Low Offset Voltage . . . 100 uV Max

e Supply-Current Change Over Military Temp ® Offset Voltage Drift With Time
Range...10 pA TypatVgg + =215V 0.005 uV/mo Typ

e Specified for Both 5-V Single-Supply and ® Low Input Bias Current. .. 50 nA Max
+15-V Operation ® Low Noise Voltage . . . 19 nV/VHz Typ

® Phase-Reversal Protection
LARGE-SCALE DIFFERENTIAL VOLTAGE

description AMPLIFICATION AND PHASE SHIFT
Vs
The TLE2021, TLE2021A, and TLE2021B FREQUENCY
devices are precision, high-speed, low-power 120 . . 60°
operational amplifiers using a new Texas Typ Icc = 200 pA
Instruments Excalibur process. These devices 100 N | 80
combine the best features of the OP21 with highly N\ | Phase Shift (2 MH
improved slew rate and unity-gain bandwidth. £ 80 N T % 100
l °

The complementary bipolar Excalibur process é 5 \ \ &
utilizes isolated vertical pnp transistors that yield 2 § g, N \ 120° 5
dramatic improvement in unity-gain bandwidth § £ \ \ g
and slew rate over similar devices. % E Avp dm —46° .8

$ < 40 140° £
The addition of a bias circuit in conjunction with 5 & \
this process results in extremely stable n g 20 160°

Q

>

<

parameters with both time and temperature. This Veei= £15V \ \
means that a precision device remains a precision o |- RL=10ka

device even with changes in temperature and over CL =30 pF
years of use. TA =25°C

2
This combination of excellent dc performance with 0 100 1k 10k 100k tM 10M
acommon-mode input voltage range thatincludes f —Frequency —Hz
the negative rail makes these devices the ideal choice for low-level signal conditioning applications in either
single-supply or split-supply configurations. In addition, these devices offer phase-reversal protection circuitry
that eliminates an unexpected change in output states when one of the inputs goes below the negative supply

180°

o

-20

rail.
AVAILABLE OPTIONS
PACKAGED DEVICES P
Vioma;
Ta | ACsee | SMALL SSOP CHIP CERAMICDIP | PLASTICDIP |  TSSOP FORM
OUTLINE CARRIER
(DB) (G) (P) (PW) 4]
(D) (FK)
0°Cto | 200pV |TLE2021ACD - _ _ TLE2021ACP — TLE2021Y
70°C | 500wV |TLE20210D |TLE2021CDBLE TLE2021CP | TLE2021CPWLE
40C | 200v | TLE2021AD _ _ _ TLE2021AIP _
500 WV | TLE2021ID TLE2021IP -
85°C
—55°C | 100 pV — TLE2021BMFK | TLE2021BMJG —
to | 200pv |TLE2021AMD - TLE2021AMFK | TLE2021AMJG | TLE2021AMP — -
125°C | 500wV | TLE2021MD TLE2021MFK | TLE2021MJG | TLE2021MP

The D packages are available taped and reeled. Add the suffix R (e.g., TLE2021CDR). The DB and PW packages are only available left-end taped
and reeled. Chips are tested at 25°C.

PRODUCTION DATA information Is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. g does not Include
testing of all parameters.

Copyright © 1994, Texas Instruments Incorporated
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TLE2021, TLE2021A, TLE2021B, TLE2021Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS024C - FEBRUARY 1989 — REVISED AUGUST 1994

description (continued)

A variety of available options includes small-outline and chip-carrier versions for high-density systems
applications.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized
for operation from —40°C to 85°C. The M-suffix devices are characterized for operation over the full military
temperature range of —55°C to 125°C. -

D, DB, JG, P, OR PW PACKAGE FK PACKAGE
(TOP VIEW) (TOP VIEW)
z
orrseTN1 1 7 sfiNC =
IN-[]2 70Vco + 7
IN+[]3 s ouT : QLQoQQ
Vcc-/GND [] 4 5 [] OFFSET N2 ‘
NC 43 212 1918|: NC
IN-[s 170 Voc +
NC [Is 16[] NC
IN+[J7 15[] ouT
NC []8 14[J NC
“9 10 11 12 13
o | o o | o T o |
00y
zZzz2z=
e
.
Q
S 6

NC - No internal connection
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TLE2021, TLE2021A, TLE2021B, TLE2021Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS024C — FEBRUARY 1989 — REVISED AUGUST 1994

TLE2021Y chip information

This chip, when properly assembled, display characteristics similar to the TLE2021. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

Vees

ouT

“4)
Vcc—/GND

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
TJmax= 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

PIN (4) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

—"
I|||||'|||I||||1||||'|l|‘|'|,|||||]|]|]|,|]||||||||||||
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TLE2021, TLE2021A, TLE2021B, TLE2021Y
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equivalent schematic (each amplifier)

vVees
17
v Q13
Q22
‘3?’1’607 a7 I_gr 025711‘231 Qé'
\ 019[‘1 fozs
Q1 [ ]
Y Q24 — as2 Q30
Q20
Q5 Q8 1 Q! Q36
Q38
e | a5 I It
2 |1 B c4 out
IN - % HQ4 1 Q12 Q14 a7
4 —*1Q2
N+ 2 P Lato |2 = TFI- —{ @40
D1 D2| | ) r f cs
Q21 Q27
R6
R1 QBPLKW ats
T | g ne e stj——u Q30 Q33 a———[o:n
OFFSET N1 — Q16
R3 R5
OFFSET N2 -2 T3
Vce-/GND
Pin numbers shown-are for the D, DB, JG, P, and PW packages.
COMPONENT COUNT
Transistors 40
Diodes 4
Resistors 7
Capacitors 4
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vogs (s Note 1) ..o 20V
Supply voltage, Voo (seeNote 1) .............. e e e -20V
Differential input voltage, Vip (see Note 2) ... e e +0.6 V
Input voltage range, V) (any input,see Note 1) ...... ... tVeo
Input current, Ij (€aChiNPUL) ..ot e e +1 mA
OUPUL CUITENE, 10 -ttt e et ittt it i i e i ee s 20 mA
Total CUITENE NI VGG  « v v v v et ettt et e et et i e, 20 mA
Total cUIreNt OUL Of VoG o v vt et it e e 20 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) ....... .o ... unlimited
Continuous total dissipation ...........coiiiiiiiiiiii i e See Dissipation Rating Table
Operating free-air temperature range, Ta: Csuffix ...t 0°C to 70°C

Isuffix ...oooviiiiiii i SN —40°C to 85°C

Msuffix ... .o —-55°C to 125°C
Storage temperature range .. .......cuueieeiiine it iiiiiie e —-65°C to 150°C
Case temperature for 60 seconds: FKpackage ..........coiiiiiiiiiiiiiiiiiiiiiinennn. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, DP, P, or PW package ....... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JGpackage .................... 300°C

NOTES: 1. Allvoltage values, except differential voltages, are with respect to the midpoint between Vg 4, and Voo —.
2. Differential voltages are at IN+ with respect to IN-. Excessive current will flow if a differential input voltage in excess of approximately
+600 mV is applied between the inputs unless some limiting resistance is used.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE TA <25°C DERATING FACTOR Ta =70°C Ta =85°C Ta = 125°C
POWER RATING ABOVETA=25°C POWERRATING POWERRATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 377 mW 145 mW
DB, PW 525 mW 4.2 mW/°C 336 mW — —

FK 1375 mW 11.0 mW/°C 880 mwW 715 mW 275 mW

JG 1050 mW 8.4 mW/°C 672 mW 546 mW 210 mW

L 650 mW 5.2 mW/°C 416 mW 668 mW 130 mW
1000 mW 8.0 mW/°C 640 mW 520 mW 200 mW

recommended operating conditions

C SUFFIX 1 SUFFIX M SUFFIX UNIT
MIN MAX| MIN MAX| MIN MAX
Supply voltage, VCc +2  +20 +2 20 +2  +20 \
Common-mode input voltage, V|G Vec=+ 8V 9 35 0 32 0 32 \
Voc+=%15V -15 135 -15 13.2 -15 135
Operating free-air temperature, Tp 0 70 -40 85 -55 125 °C

‘!Z# TEXAS
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electrical characteristics at specified free-air temperature, Voc = 5 V (unless otherwise noted)

TLE2021C TLE2021AC
PARAMETER TEST CONDITIONS Tat AN TP ARl N TYP  WAX UNIT
25°C 120 600 100 300
Vio Input offset voltage Fallrangs 550 500 v
Temperature coefficient of .
VIO input offset voltage Full range 2 2 uv/eC
Input offset voltage long-term o
drift (see Note 4) Vig=0, Rg=500 25°C 0.005 0.005 V/mo
25°C 0.2 3 0.2 3
o Input offset current Fallrangs 3 3 nA
. 25°C 25 70 25 65
B Input bias current Fullrangs 7o ™ nA
0 -03 0 -03
25°C to to to to
Common-mode input _ 35 4 35 4
VIcR voltage range Rg=500 0 0 v
Full range to to
3.5 3.5
V High-level output voltage 25°C 4 43 4 43 %
-lev
OH 9 g R' 10ka Full range 3.9 3.9
L 25°C 07 08 07 08
‘ VoL Low-level output voltage Fullrange 0EE 55 Vv
A Large-signal differential Vo=1.4Vto4aV, 25°C 0.3 1.5 0.3 1.5 ViV
VD yoltage amplification RL = 10kQ Fullrange [ 0.3 0.3 w
= i 25°C 85 110 85 110
CMRR Common-mode rejection ratio Vic = VicRmin, dB
Rg=50Q Full range 80 80
Supply-voltage rejection ratio 25°C 105 120 105 120
k Voc=5Vto30V dB
SVR  (avge/avio) cc Fullrange | 100 100
[ Supply current 25°C 170 230 ECHEET I
u
cc i Vo=25V, Full range 230 230
Supply-current change over No load
Alcc operating temperature range Full range 5 5 HA

T Full range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapolated

to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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electrical characteristics at specified free-air temperature, Vg + =+ 5 V (unless otherwise noted)

TLE2021C TLE2021AC
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX MIN TYP MAX
Vv Input offset voltage 25°C 120 500 8 200 \"
Vi
10 P g Full range 750 50| "
Temperature coefficient of . .
QIO input offset voltage Full range 2 2 uv/°C
Input offset voltage long-term o
drift (see Note 4) Vic=0, Rg=50Q 25°C 0.006 0.006 pV/mo
| Inout oftset ¢ 25°C 0.2 3 0.2 3 A
nput offset curren n
10 P Full range 3 3
. 25°C 25 70 25 65
is Input bias current nA
Full range 70 65
-156 -15.3 -15 -15.3
25°C to to to to
- i 13.5 14 135 14
VicR Common-mode input Rg =50 Q v
voltage range -15 15
Full range to to
13.5 135
Vom Maximum positive peak 25°C 14 143 14 143 v
OM+ output voltage swing Rl - 10Ka Fullrange | 13.9 13.9
L= "
v Maximum negative peak 25°C -13.7 -14.41 -13.7 =141 v
OM - output voltage swing Full range | -13.7 -13.7
i i i - 25°C 1 6.5 1 6.5
AVD Large-signal 'dllffe(entlal Vo=%10V, ViV
voltage amplification RL=10kQ Full range 1 1
= i 25°C 100 115 100 115
CMRR Common-mode rejection ratio Vic = VicR min, dB
Rg=50Q Full range 96 96
K Supply-voltage rejectionratio  |Vog+=+ 25V 25°C 105 120 105 120 4B
SVR  (avgc/avio) to£15V Fullrange | 100 100
| Supp ‘ 25°C 200 300 200 300 VA
cc upply curren
Vo=0, Noload Full range 300 300
Supply-current change over
Alcc operating temperature range Fullrange 6 6 A

1 Full range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T = 150°C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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electrical characteristics at specified free-air temperature, Vgg = 5 V (unless otherwise noted)

TLE2021] TLE2021Al
PARAMETER TEST CONDITIONS Tat NN TYP MAX| MIN —TYP  NAX UNIT
\ Input offset voltage 25°C 120 600 100 800 \"
10 P 9 Full range 950 600 "
Temperature coefficient of o
VIO input offset voltage Full range 2 2 VG
Input offset voltage long-term o
* drift (see Note 4) Vic=0, Rg=50Q 25°C 0.005 0.005 nVv/mo
| Inout offset t 25°C 0.2 3 0.2 A
rren
10 nputotiset ou Full range 4 : 4 n
. 25°C 25 70 25 65
B Input bias current nA
Full range 70 65
0 -03 0 -03
25°C to to to to
Common-mode input _ 3.5 4 35 4
VicR voltage range Rs =500 -15 15 v
Full range to to
3.2 3.2
V High-level output voltage R 243 243 v
-level output volta
OH  Migh-isva oulpivoteg A - 10ka Fulrange | 39 3.9
V Low-level output voltage a 26°C 07 08 07 08 v
ow-level
oL 9 Full range 0.9 0.9
A Large-signal differential Vo=14Vto4aV, 25°C 0.3 1.5 0.3 1.5 ViV
VD voltage ampilification RL = 10 kQ Fullrange | 0.25 0.25 Lt
L V|G = VICR min, 25°C 8 110 85 110
CMRR Common-mode rejection ratio R = 50 © Full range %0 30 dB
Supply-voltage rejection ratio 25°C 105 120 105 120
k Vog =5V1to30V dB
SVR  (avge/avip) cc Fullrange | 100 100
I Supply current 25°C 170 230 170 230 WA
u
cc PPy Vo=25V, Full range 230 230
Supply-current change over No load
Alcc operating temperature range Full range 6 6 KA

1 Full range is — 40°C to 85°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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electrical characteristics at specified free-air temperature, Vgc + =+ 15V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tat TLE2021) TLE2021A1 UNIT
A MIN TYP MAX| MIN TYP MAX
V Input offset voltage 25°C 120 200 80 - A
10 P 9 Full range 850 50| "
Temperature coefficient of o
IO jnput offset voltage Full range 2 2 wVI°C
Input offset voltage long-term o
drift (see Note 4) Vic=0, Rg=50Q 25°C 0.006 0.006 uV/mo
| Input offset current 26°C 02 3 02 5 nA
10 i . Full range 4 4
| Inout bi rrent 25°C 25 70 25 65 nA
B nputbias cume Full range 70 65
-156 -1563 -15 -153
i 25°C to to to to
Common-mode input 135 14 135 14
VIcR  voltage range Rs=50Q \
-15 15
Full range to. to
3.2 32
Vo Maximum positive peak output 25°C 14 143 14 143 y
*  voltage swing Rl = 10kQ Fullrange | 13.9 13.9
L= o
v Maximum negative peak output 25°C [ -13.7 -14.1 -13.7 -14.1 v
OM- voltage swing Fullrange | ~13.6 -13.6
A Large-signal differential Vo=10V, 25°C 1 6.5 1 6.5 ViaV
VD voltage amplification RL =10kQ Fullrange | 0.75 0.75 "
o ] ViG = VicR min, 25°C 100 115 100 115
tio
CMRR Common-mode rejection rati Rg = 50 Q Fullrange % % dB
K Supply-voltage rejection ratio VoGt =+2.5V 25°C 106 120 1056 120 4B
SVR (AVcc/Avio) to+15V Full range 100 100
| Suppl ¢ 25°C 200 300 200 300 VA
cC upply curren
— — Vo =0V, No load Full range 300 300
upply current change over
alcc operating temperature range Fullrange 7 7 KA

1 Full range is - 40°C to 85°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapolated
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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electrical characteristics at Vg =5V, Ta = 25°C (unless otherwise noted)

: TLE2021Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vio Input offset voltage 150 600 wv
Input offset voltage long-term drift (see Note 4 0.005 V/mo
P g J ¢ ) Vic=0, Rg=50Q AL
o Input offset current 0.5 5 nA
[I1:) Input bias current 35 70 nA
0 -03
VicR Common-mode input voltage range Rg=50Q to to \Y)
35 4
VOH Maximum high-level output voltage Rl = 10kQ 4 4.3 Vv
VoL Maximum low-level output voltage L= 0.7 0.8 Vv
AvDp Large-signal differential voltage amplification Vo=14to4V, RL =10 kQ 0.3 1.5 Vipv
CMRR Common-mode rejection ratio Vic=V|crRmin, Rg=50Q 85 100 dB
ksvR  Supply-voltage rejection ratio (AVGG+ /AV|0) Vce =5Vt 30V 100 115 dB
Icc Supply current Vo=25V, No load 400 500 pA
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated

to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

operating characteristics at Vgg =5V, Tp =25°C

TLE2021Y
PARAMETER TEST CONDITIONS UNIT
' MIN TYP MAX
SR Slew rate at unity gain Vo=1Vto3V 0.5 Vlius
v Ecuivalent inbut noise volt f=10 Hz 21 50 p—
alent input noise voltage
n quiv P vorag f=1KHz 77 a0| Ve
v Pealct ak ivalent inout ol " f=0.1t01Hz 0.16 v
-to- equivalent input noise voltage
N(pP) Feariopeakeq P 9 f=0.1t0 10 Hz 0.47 "
In Equivalent input noise current 0.1 pANHz
B4 Unity-gain bandwidth 1.7 MHz
Om Phase margin at unity gain 47°
‘V TEXAS
INSTRUMENTS
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PARAMETER MEASUREMENT INFORMATION

20 kQ

20 kQ
5V 15V
Vo Vo
Vi— + vi—+
= _[_ -15V _I_
30 pF > 20kQ 30 pF 20 kQ
(see Note A) (see Note A) |
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
NOTE A: Cy_includes fixture capacitance.
Figure 1. Slew-Rate Test Circuit
2kQ
2kQ VWA
VAA 15V
5V
20Q h Vo
25V —{ — Vo
+
%00 af ’ -15V
= 20Q 20 Q
(a) SINGLE SUPPLY
(b) SPLIT SUPPLY
Figure 2. Noise-Voltage Test Circuit
10 kQ 10 kQ
AAA
5V 15V
100 Q
Vi —v——]- V| ——w—¢
Vo 100Q Vo
25V
1] Sev | ]
SOpF $ 10kQ 30 pF s 10kQ
(see Note A) } (see Note A)
(a) SINGLE SUPPLY

NOTE A: Cy_includes fixture capacitance.

(b) SPLIT SUPPLY

Figure 3. Unity-Gain Bandwidth and Phase-Margin Test Circuit
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TLE2021, TLE2021A, TLE2021B, TLE2021Y

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS024C — FEBRUARY 1989 — REVISED AUGUST 1994

PARAMETER MEASUREMENT INFORMATION

5V
Iy 15V
0.1 uF Vo Vo
Vi — vi— +
10 kQ -
15V J_ !
= 30 pF 10 kQ 30 pF $10kQ
(see Note A) (see Note A)
(b) SPLIT SUPPLY

(a) SINGLE SUPPLY
NOTE A: C_includes fixture capacitance.
Figure 4. Small-Signal Pulse-Response Test Circuit

typical values
Typical values presented in this data sheet represent the median (50% point) of device parametric performance

of initial devices from three wafer lots used for characterization.
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TLE2021, TLE2021A, TLE2021B, TLE2021Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS024C - FEBRUARY 1989 — REVISED AUGUST 1994

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 5
™ Input bias current Vs Commen-mode input voltage 6
vs Free-air temperature 7
I Input current vs Differential input voltage 8
. vs Output current 9
It
Vom Maximum peak output voltage vs Free-air temperature 10
" vs High-level output current 11
-level
VoH High-level output voltage vs Free-air temperature 12
vs Low-level output current 13
VoL Low-level output voltage vs Free-air temperature 14
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 15, 16
. . . — vs Frequency 17
AvD Large-signal differential voltage amplification vs Free-air temperature 18
S vs Supply voltage 19,20
los Short-circuit output current vs Free-air temperature 21 22
vs Supply voltage 23
lcc Supply current vs Free-air temperature 24
CMRR  Common-mode rejection ratio vs Frequency 25
SR Slew rate vs Free-air temperature 26
Small signal 27,28
I )
Pulse response Large signal 29,30
. . . 0.1to 1 Hz 31
VN(PP) Peak-to-peak equivalent input noise voltage 0.110 10 Hz a0
Vn Equivalent input noise voltage vs Frequency 33
— . vs Supply voltage 34
B1 Unity-gain bandwidth vs Free-air temperature 35
vs Supply voltage 36
Om Phase margin vs Free-air temperature 37
vs Load capacitance 38
Phase shift vs Frequency 17
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TLE2021, TLE2021A, TLE2021B, TLE2021Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS024C — FEBRUARY 1989 — REVISED AUGUST 1994

TYPICAL CHARACTERISTICSt

INPUT BIAS CURRENT
DISTRIBUTION OF TLE2021 vs
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE
20 T T T T T T -40 v - 215V
231 Units Tested From 1 Wafer Lot cC+ =
Vegs = $15V -35 Ta=25C
16 |- Ta=25°C
P Package < _3p o
a|2 1 T~
2 § 25 ~
e 12 5 TN
2 o
o N _
H g 20 ~=
2 8 2 s
: g-
& !9 -10
4
-5
0 0
-600 —450 -300 -150 O 150 300 450 600 -15 -10 -5 0 5 10 15
V|0 - Input Offset Voltage — uV ] Vic - Common-Mode Input Voltage - V
Figure 5 Figure 6
INPUT BIAS CURRENT : 4 INPUT CURRENT
vs vs
FREE-AIR TEMPERATURE DIFFERENTIAL INPUT VOLTAGE
-35 1
Q vcci = +15V Vcci = 15V
Vo=0 09— Vic=0
~-30 Vic=0 Ta=25°C
< 0.8
L -2 <~ T o7
8 N < 06
3 -20 S g
8 3 o5
o -
= =15 3
3 E& 0.4
£ 1
L 10 = 03
- 0.2
-5 0.1
0 0 /
-75 =50 -25 0 25 50 75 100 125 0 01 02 03 04 05 06 0.7 08 09 1
TA - Free-Air Temperature - °C IVipl ~ Differential Input Voltage — V
Figure 7 Figure 8

1t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLE2021, TLE2021A, TLE2021B, TLE2021Y

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION

OPERATIONAL AMPLIFIERS

SLOS024C - FEBRUARY 1989 — REVISED AUGUST 1994

TYPICAL CHARACTERISTICST

MAXIMUM PEAK OUTPUT VOLTAGE

OUTPUT CURRENT
16 T
Veo+ = 15V
14 b\ \ Tap =25°C

Vom. \

10
VoMm-

| VOMI —Maximum Peak Output Voltage —V
-]

0 2 4 6 8
lp - Output Current - mA

10

Figure 9

HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL OUTPUT CURRENT

5 T T
Vegc=5V
Ta = 25°C

3 N\
A

VoH - High-Level Output Voltage —V

0 -1 -2 -3 -4 -5 -6
loH - High-Level Output Current — mA

-7

Figure 11

| Vowm| —Maximum Peak Output Voltage -V

VoH - High-Level Output Voltage - V

MAXIMUM PEAK OUTPUT VOLTAGE
VS
FREE-AIR TEMPERATURE

15
14.5 v
-0M+
14
VoM~
13.5
13
Vce+ = 215V
125 - R| =10kQ
Ta =25°C
12 [ |
-75 -50 -25 0 25 50 75 100 125
TA —Free-Air Temperature —°C
Figure 10
HIGH-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE
o
Veec=5V
4.75
No Loald//
45 : —
1 RL = 10kQ
]
4.25 —9 —
‘/
4
-75 -50 -25 0 25 50 75 100 125

TA - Free-Air Temperature - °C

Figure 12

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLE2021, TLE2021A, TLE2021B, TLE2021Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS024C - FEBRUARY 1989 — REVISED AUGUST 1994

TYPICAL CHARACTERISTICSt

LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE
5 T 1
Veo=5V ~— l
Ta =25°C \\
> I > T~ ~l loL=1mA
<:> 4 -] \\
g g o715 ~]
s S ™~
2 2
g 3 g loL=0 TN
3 3
9 % 0.5
[
§ 2 3
g g
l_' l_' 0.25
C 2
Veo+=15V
° 1 1
0 0 0.5 1 1.5 2 25 3 -75 -50 -25 0 25 50 75 100 125
loL — Low-Level Output Current — mA TA —Free-Air Temperature — °C
Figure 13 Figure 14
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs
FREQUENCY FREQUENCY
> 5 >I 30
1
S 4 S
: \ :
3 3 20
£ £
g $
a o
S g 15
x &
3 - 3
E \ ' E 10
g g
- \ ] \
= Veg =5V \ = 5[ Veci=t15V 1
s RL =10 kQ N = RL =10 kQ \
o Ta =25°C N e Ta=25°C N
le) Ll [T o AT e
> 0 > 0
100 1k 10k 100 k 1M 100 1k 10k 100 k 1M
f —Frequency — Hz f — Frequency — Hz
Figure 15 Figure 16

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLE2021, TLE2021A, TLE2021B, TLE2021Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION

OPERATIONAL AMPLIFIERS
SLOS024C — FEBRUARY 1989 — REVISED AUGUST 1994
TYPICAL CHARACTERISTICST
LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SCALE DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT AMPLIFICATION
vs vs
FREQUENCY FREE-AIR TEMPERATURE
120 60° 10 T T
l RL =10 kQ
100 Phase Shift 80°
E N g3
= 55 ~
) 1000 &> —— =
g é A r Vect= i15V—\N 2 ": \\VCCi 15V
2 " L \\ €823, ~—
j —t— 120°S ®
g8 ® - Vec=5V e g
(%’ =Y l 2 oo
% E 40 ueg $E AN
2o \\ 504
c > - O
-" g 20 160° LS \
o3 \ g2
‘t> R 10 kQ \ = 2
| HL= o
O ¢l =30 pF 180° .
Ta =25°C Veg=5V
-20 200° 0 ] |
10 100 1k 10k 100k 1M 10M -75 -50 =25 0 25 50 75 100 125
f - Frequency — Hz TaA — Free-Air Temperature —°C
Figure 17 Figure 18
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT
vs vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
10 T T 12
Vo=0 TA =25°C
< 8 Tp=25C < A
: Lo
- 6 = Vip = =100 mV
[ = -
8 ) Vip = =100 mV § Vo=Vee
= 3
o 3 4
g 2 g
3 3
o 0 o 0
5 <
g -2 o
Tt 4 t -4
(% ‘% V|p = 100 mV
_ . Vo=0
('n 6 ‘-\\ Vip =100 mV :,, -8 .\\‘ °
_o -8 _9 \
-10 -12
0 2 4 6 8 10 12 14 16 0 5 10 15 20 25 30
IVcc ! — Supply Voltage - V Vce - Supply Voltage -V
Figure 19 . Figure 20

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLE2021, TLE2021A, TLE2021B, TLE2021Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS024C —- FEBRUARY 1989 — REVISED AUGUST 1994

TYPICAL CHARACTERISTICSt
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT
vs . Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
12 T T 8 T
Veo+=115V Vec=5V
K Vo=0 T 6
L8 .é Vip = -100 mV
4 Vo=
: Vip =-100 mV E 0=5V
=3 3
o 4 o -
™ - 5 2
g g
() 0 o 0
9 g -2
5 5 Vip = 100 mV
£ ~ ‘.3 -4 ~ ID=
* ~_ . oy
8 -8 ‘\ X 8 I~
= ~—— Vip = 100 mV ~ -6 -
-12 - -8
-75 =50 =25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125
TA — Free-Air Temperature - °C Ta - Free-Air Temperature - °C
Figure 21 Figure 22
SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
260 — 5 225 T T
o= V =115V
No Load 200 — e
200 " s 175
4 B B e, < —’;‘\_
= s s " 2 [ ——
= — / = 150
2 150 7 g Voor=+25V
3 Ta = 125°C 3 125
> | | 2
[-3
o~ 100
5 100 Ta=25°C ~ ‘%
i Ta =-55°C 1 '8
8 8
50 50
| Vo=0
25 No Load
0 0
0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75 100 125
IVcc +! - Supply Voltage -V TA - Free-Air Temperature - °C
Figure 23 Figure 24

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLE2021, TLE2021A, TLE2021B, TLE2021Y

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION

OPERATIONAL AMPLIFIERS

SLOS024C — FEBRUARY 1989 — REVISED AUGUST 1994

TYPICAL CHARACTERISTICST

COMMON-MODE REJECTION RATIO

Vs
FREQUENCY
120
m N
° ~
|
o 100 \
T
[
5
= 80
s
[
4
g 60
=
=
g 40
E
o
S
E 20
=
o Ta =25°C
0 1
10 100 1k 10k 100k iM 10M
f — Frequency — Hz
Figure 25
VOLTAGE-FOLLOWER
SMALL-SIGNAL
PULSE RESPONSE
100 Vect= £15V
RL =10 kQ
CL =30 pF
Ta =25°C
E 50 |- See Figure 4
|
[}
(=]
S
o
= 0
=3
g
=3
<
o
> _s0
-100
0 20 40 60 80
t-Time-pus

Figure 27

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

SR - Slew Rate —V/u s

Vo - Output Voltage - V

SLEW RATE
vs
FREE-AIR TEMPERATURE
1
||
Bl T
] Vee+= 15V
0.8 7!
“1 Vec=5V
0.6
0.4
0.2
RL =20 kQ
CL =30 pF
See Figure 1
0 ] |
-75 =50 -25 0 25 50 75 100 125
TA - Free-Air Temperature — °C
Figure 26
VOLTAGE-FOLLOWER
SMALL-SIGNAL
PULSE RESPONSE
26 Vec =5V
RL = 10 kQ
CL=30pF
Tp=25°C
2.55 [~ See Figure 4
25
2.45
24
0 20 40 60 80
t-Time-pus
Figure 28
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TLE2021, TLE2021A, TLE2021B, TLE2021Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS024C ~ FEBRUARY 1989 — REVISED AUGUST 1994

TYPICAL CHARACTERISTICS
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER
LARGE-SIGNAL LARGE-SIGNAL
PULSE RESPONSE PULSE RESPONSE
S [ Vocz= £16V 4 Vecc =5V
RL =10 kQ RL =10kQ
10 |- CL=30pF CL=30pF
Ta=25°C Ta =25°C
>I See Figure 1 > 3 I seeFigure 1 —r
(=] (<]
> >
E° ik
3 3
; / ;
-5
g / \L | f s
1
-10 J
-15 0
0 20 40 60 80 0 20 40 60 80
t-Time —pus t-Time-us
Figure 29 Figure 30
PEAK-TO-PEAK EQUIVALENT PEAK-TO-PEAK EQUIVALENT
INPUT NOISE VOLTAGE INPUT NOISE VOLTAGE
2 0.1 TO1Hz 2 0.1 TO 10 Hz
& 05 T o 05
5: Veet= 15V g Vec+= £15V
S 04 - = ° - .4 = 0
s Ta =25°C s 0 Ta =25°C
8 o3 8 o3
2 2 | N
5 02 5 02 '
o (-8 . I
o =
= 01 = 01
8 8
£ o 2 o
2 2
8 -0.1 0 -0.1 -
o x I
§ -0.2 § -0.2 i
$ g
x -03 x -03
2 &
1 —04 i —0.4
a a
8 -05 o -05
£ 0 1 2 3 4 5 6 7 8 9 10 Z 0 1 2 3 4 5 6 7 8 9 10
t-Time-s t-Time-s
Figure 31 Figure 32
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TLE2021, TLE2021A, TLE2021B, TLE2021Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS024C - FEBRUARY 1989 — REVISED AUGUST 1994

TYPICAL CHARACTERISTICST

EQUIVALENT INPUT NOISE VOLTAGE

vs
FREQUENCY
n 200 rrr——rrrm 4
l; VCCi = 15V
S Rg=20Q
< Ta = 25°C N
4', 160 See Figure 2 s 3
2 1
2 £
(=} =
> b=
3 120 E
(<]
z 8 2
2 £
£ 80 3
P\ :
[ =}
= 1 1
& 40 o
.
>
0 0
1 10 100 1k 10k
f - Frequency — Hz
Figure 33
UNITY-GAIN BANDWIDTH
vs
FREE-AIR TEMPERATURE
4 50°
RL =10 kQ
CL =30 pF
See Figure 3
g g 48°
3 <
£ N
g £
z \\ Veosi= 15V 2 4
s =
@ 2 ™ 3
£ ~ \ bl
3 S N & 4
4 N N L
g SN I~ <
[} 1 —
C) Veg=5V ~— a2
o 4b°
-75 -50 -25 0 25 50 75 100 125

Ta — Free-Air Temperature - °C

Figure 35

UNITY-GAIN BANDWIDTH

S

VS
UPPLY VOLTAGE

RL =10 kQ
CL =30pF
Ta=25°C
See Figure 3

4

6 8 10 12 14 16

IVcc+! — Supply Voltage - V

Figure 34

PHASE MARGIN
Vs

SUPPLY VOLTAGE

RL =10 kQ
CL =30pF
Ta =25°C
— See Figure 3

/

/

4

6 8 10 12 14 16

IVgc +! — Supply Voltage -V

Figure 36

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

5-26

‘E’ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLE2021, TLE2021A, TLE2021B, TLE2021Y
EXCALIBUR HIGH- .SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS
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TYPICAL CHARACTERISTICST

PHASE MARGIN PHASE MARGIN
Vs Vs
FREE-AIR TEMPERATURE LOAD CAPACITANCE
50" MR =10k 60° RL=10kQ
CL =30pF \ Ta =30 pF
48° [~ See Figure 3 500 I < See Figure 3
Vee+= ¥15V | \\VCCj:= +15V
46°
c v \\ £ 40 \ \‘
5 / 2 Vec =5V T~
[ ° [} [ —]
= 44 7 = \
® o o ~—
@ _,—-—N\ a 30
F — K
o 42 ~— o
:E Vee=5V — 1
b~ \ g 20°
40°
age 10°
36° 0
-75 -50 -25 0 25 50 75 100 125 0 20 40 60 80 100
TA —Free-Air Temperature - °C CL - Load Capacitance - pF
Figure 37 Figure 38

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

APPLICATION INFORMATION

voltage-follower applications

The TLE2021 circuitry includes input-protection diodes to limit the voltage across the input transistors; however,
no provision is made in the circuit to limit the current if these diodes are forward biased. This condition can occur
when the device is operated in the voltage-follower configuration and driven with a fast, large-signal pulse. It
is recommended that a feedback resistor be used to limit the current to a maximum of 1 mA to prevent
degradation of the device. This feedback resistor forms a pole with the input capacitance of the device. For
feedback resistor values greater than 10 kQ, this pole degrades the amplifier phase margin. This problem can
be alleviated by adding a capacitor (20 pF to 50 pF) in parallel with the feedback resistor (see Figure 39).

CF = 20 pF to 50 pF

E <4+—— I[p<1mA
RF

Vi

Vee-
Figure 39. Voitage Follower
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EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS
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APPLICATION INFORMATION

Input offset voltage nulling

The TLE2021 series offers external null pins that can be used to further reduce the input offset voltage. The
circuit of Figure 40 can be connected as shown if this feature is desired. If external nulling is not needed, the
null pins may be left disconnected.

IN -

IN +
OFFSET N1 ﬂ
Vg - (split supply)

1kQ GND (single supply)

OFFSET N2

Figure 40. Input Offset Voltage Null Circuit
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TLE2022, TLE2022A, TLE2022B, TL

E2022Y

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
DUAL OPERATIONAL AMPLIFIERS

SLOS027C — MAY 1989 ~ REVISED AUGUST 1994

® Supply Current. .. 500 pA Max ® High Open-Loop Gain

® High Unity-Gain Bandwidth . . . 2.8 MHz Typ 10 V/uV (140 dB) Typ

® High Slew Rate . .. 0.45 V/us Min ® Low Offset Voltage . .. 150 uV Max

® Supply-Current Change Over Military ® Offset Voltage Drift With Time

Temperature Range . .. 37 uA Typ 0.005 uV/mo Typ
o Specified for Both 5-V Single-Supply and ® Low Input Bias Current. . . 50 nA Max
+15-V Operation ® Low Noise Voltage . . . 19 nV/VHz Typ
® Phase-Reversal Protection atf=10Hz
description LARGE-SIGNAL DIFFERNTIAL VOLTAGE
The TLE2022, TLE2022A, and TLE2022B AMPLIFICATION AND PHASE SHIFT
devices are: precision, high-speed, low-power vs
operational amplifiers using Texas Instruments FREQUENCY
Excalibur process. These devices combine the T o AAmpifier 60°
best features of the OP221 with highly improved N pees P )
slew rate and unity-gain bandwidth. = %100 [ Phase shift r—2amz|
The complementary bipolar Excalibur process 5 L 80 N 100°
utilizes isolated vertical pnp transistors that yield E 2 A} | £
dramatic improvement in unity-gain bandwidth 8 60 AN || 120- @
and slew rate over similar devices. 2 7;; \\ ®m=52° — 1 — 8
The addition of a patent-pending bias circuit in §< 0 N | 140 z
conjunction with this process results in extremely _.‘:’ '__.§’ N | !
stable parameters with both time and as 2 N AN W
s ) e . > Vect= £15V |

temperature. This means that a precision device < oL RL=10ka N i
remains a precision device even with changes in CL =30 pF N 18
temperature and over years of use. 2 Ta = 25°C LW 200
This combination of excellent dc performance with 10 100 1k 10k 100k 1M 10M
acommon-mode input voltage range that includes f—Frequency - Hz

the negative rail makes these devices the ideal choice for low-level signal conditioning applications in either
single-supply or split-supply configurations. In addition, these devices offer phase-reversal protection circuitry
that eliminates an unexpected change in output states when one of the inputs goes below the negative supply

rail.
AVAILABLE OPTIONS
PACKAGED DEVICES P
Viomax | SMALL CHIP CERAMIC PLASTIC
TA |AT25°C | OUTLINE (ggfg) CARRIER DIP DIP :Eﬁf; F?YR)M
(D) (FK) (JG) (P)
ot‘;c 300V | TLE2022ACD - _ _ TLE2022ACP — TLE26RY
o | s00mv | TLER20226D " | TLE20220D8BLE TLE2022CP | TLE2022CPWLE
—40°C
) 300V | TLE2022AID _ _ _ TLE2022AIP _ _
0 500 uV | TLE2022ID TLE2022IP
85°C
~65°C | 150 pv — — TLE2022BMJG —
o | 300uv |TLE2022AMD - TLE2022AMFK | TLE2022AMJG | TLE2022AMP — —
125°C | 500wV | TLE2022MD TLE2022MFK | TLE2022MJG | TLE2022MP

The D packages are available taped and reeled. Add the suffix R (e.g., TLE2022CDR). The DB and PW packages are only available left-end taped

and reeled. Chips are tested at 25°C.

PRODUCTION DATA iInformation Is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

22:::1 v;ﬁr;:l::ym rode p g does not rily include % TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 1994, Texas Instruments
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TLE2022, TLE2022A, TLE2022B, TLE2022Y

EXC

ALIBUR HIGH-SPEED LOW-POWER PRECISION

DUAL OPERATIONAL AMPLIFIERS

SLOS027C — MAY 1989 — REVISED AUGUST 1994

description (continued)

Available packaging options include small-outline and chip-carrier versions for high-density systems
applications.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized
for operation from —40°C to 85°C. The M-suffix devices are characterized for operation over the full military
temperature range of —55°C to 125°C.

D, DB, JG, P, OR PW PACKAGE FK PACKAGE
(TOP VIEW) (TOP VIEW)
W) = +
10UT [} 1 8f] Ve« 030 8o
1IN=-[] 2 7[] 20UT Z-2Z2>2
1IN+ ] 3 6f]2IN-
3 2 1 2019
Voe -/GND [] 4 5[} 2IN + NC [] 4 18] NC
1IIN-[5 17[] 20uT
NC [ 16[] NC
1IN+ []7 15[ 2IN -
NC [I8 14[} NC
9 10 11 1213
oM
OO0 +0
2Z2Z2z2
O «
|
Q
&)
>

NC - No internal connection
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TLE2022, TLE2022A, TLE2022B, TLE2022Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
DUAL OPERATIONAL AMPLIFIERS

SLOS027C — MAY 1989 — REVISED AUGUST 1994

TLE2022Y chip information

This chip, when properly assembled, displays characteristics similar to TLE2022. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

Y ¥
Vees
(8)
IN+ ©) + )
2 out
IN— @ |
5
ouT U] i = N+
| L®© IN=
80 )
Vece-

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
Tymax = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

PIN (4) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

Lttt bt e

¢ 86 >
"'

|||I|I|l||||[||||l|||l|III‘IIIIIIIIIIIIIllllllllIllll|||||l|'||||||||||III|I|I|I|
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TLE2022, TLE2022A, TLE2022B, TLE2022Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
DUAL OPERATIONAL AMPLIFIERS

SLOS027C — MAY 1989 — REVISED AUGUST 1994
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COMPONENT COUNT

Transistors 80

Diodes 8

Resistors 14

Capacitors 8

{’? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLE2022, TLE2022A, TLE2022B, TLE2022Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
DUAL OPERATIONAL AMPLIFIERS

SLOS027C — MAY 1989 — REVISED AUGUST 1994

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Voo« (SEE NOtE 1) .o i e it e 20V
Supply voltage, Vog—(seeNote 1) ..o it e -20V
Differential input voltage, Vip (seeNote 2) .......... .. i 0.6V
Input voltage range, V| (any input,see Note 1) .......iiiiiiiii i e Veo+
Input current, [j (€aCh iNpu) ..o e e 1 mA
Output current, Ig (€ach output) ... i e +30 mA
Total CUITENE INtO VoG4 v v v it e i e et 80 mA
Total current OUt Of VoG v v viie i e 80 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) ......... ..., unlimited
Continuous total dissipation ..........cvuiiieiniiii i See Dissipation Rating Table
Operating free-air temperature range, Ta: Csuffix ..., 0°C to 70°C

FSUMfIX e e e —40°C to 85°C

Msuffix ... -55°C to 125°C
Storage temperature range . .........oevuiuietiieiee ettt e —-65°C to 150°C
Case temperature for 60 seconds: FKpackage ............ccooiiiiiiiiiiiiiiiiiiiiiin... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, DB, P, or PW package ........ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES:

1. All voltage values, except differential voltages, are with respect to the midpoint between Vo 4 and Voo —.

2. Differential voltages are at IN+ with respect to IN-. Excessive current will flow if a differential input voltage in excess of approximately
+600 mV is applied between the inputs unless some limiting resistance is used.

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING FACTOR Ta =70°C Ta =85°C Ta =125°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 377 mW 145 mW
DB, PW 525 mW 4.2 mW/°C 336 mW 273 mW —
FK 13756 mW 11.0 mW/°C 880 mW 715 mwW 275 mwW
JG 1050 mW 8.4 mW/°C 672 mW 546 mW 210 mW
P 1000 mW 8.0 mW/°C 640 mW 520 mwW 200 mwW
recommended operating conditions
C SUFFIX I SUFFIX M SUFFIX
MIN MAX| MIN MAX| MIN MAX UNIT
Supply voltage, VG + +2 +20 +2  +20 +2  +20 Vv
Common-mode input voltage, V|g Vec=5V 038 9 o2 0 32 v
Voc+=215V | -15 135| -15 132 -15 132
Operating free-air temperature, Ta 0 70| -40 85| -55 125 °C
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TLE2022, TLE2022A, TLE2022B, TLE2022Y
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
DUAL OPERATIONAL AMPLIFIERS

SLOS027C — MAY 1989 — REVISED AUGUST 1994

electrical characteristics, Vgc = 5 V, Ta = 25°C (unless otherwise noted)

TLE2022Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vio Input offset voltage 150 600 ny
Input offset voltage long-term drift (see Note 4, 0.005 V/mo
P g° o ¢ ) Vi =0, Rg=50Q b
llo Input offset current 0.5 5 nA
B Input bias current 35 70 nA
0 -03
VicR  Common-mode input voltage range Rg =50 Q to to Vv
3.5 4
VoH Maximum high-level output voltage Rl = 10KkQ 4 43 \
VoL Maximum low-level output voltage L= 0.7 0.8 \
AvD Large-signal differential voltage amplification Vo=14t04YV, Ry =10kQ 0.3 1.5 Vipv
CMRR Common-mode rejection ratio Vic =VIcrmin, Rg=50Q 85 100 dB
ksvrR  Supply-voltage rejection ratio (AVcc + /AV|0) Vcc =5Vto30V 100 115 dB
Icc Supply current Vo=25YV, No load 450 600 pA
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at To = 150°C extrapolated

to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

operating characteristics, Vgc =5V, Ta = 25°C

TLE2022Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
SR Slew rate at unity gain Vo=1Vto3V, See Figure1 0.5 Vips
Vn Equivalent input noise voltage (see Figure 2) f-10Hz 21 %0 nV/~Hz
f=1kHz 17 30
VN(PP) Peak-to-peak equivalent input noise voltage fz0fto1Hz 0.1 ny
f=0.1t0 10 Hz 0.47
In Equivalent input noise current 0.1 pANHz
Bq Unity-gain bandwidth See Figure 3 1.7 MHz
Om Phase margin at unity gain See Figure 3 47°
it
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PARAMETER MEASUREMENT INFORMATION

20 kQ 20 kQ
5V 15V

V
Vi ) Vi °

-15V l |
30 pF 20 kQ 30 pF 20 kQ
(see Note A) (see Note A)

(a) SINGLE SUPPLY (b) SPLIT SUPPLY
NOTE A: C_ includes fixture capacitance.
Figure 1. Slew-Rate Test Circuit
2kQ
15V
2kQ Vo
20Q 5V 15V
25V —{ — Vo 2003 20
+
20Q = T
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 2. Noise-Voltage Test Circuit
10 kQ 10 KQ
5V
100 Q 15V
| | e
Vo 100 Q Vo
25V
= -15V
30 pF 10 kQ 30p 10 kQ
(see Note A) (see Note A)
(a) SINGLE SUPPLY

(b) SPLIT SUPPLY
NOTE A: Cy. includes fixture capacitance.

Figure 3. Unity-Gain Bandwidth and Phase-Margin Test Circuit
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PARAMETER MEASUREMENT INFORMATION

5V
15V

10 kQ

Vi — +

10 kQ —

) 30 pFI 10ka 30 pF 10kQ
(see Note A) (see Note A)

-15V

(a) SINGLE SUPPLY (b) SPLIT SUPPLY

NOTE A: C includes fixture capacitance.
Figure 4. Small-Signal Pulse-Response Test Circuit

typical values

Typical values presented in this data sheet represent the median (50% point) of device parametric performance.
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TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 5
B Input bias current Vs Commpn—mode input voltage 6
vs Free-air temperature 7
Iy Input current vs Differential input voltage 8
. vs Output current 9
Vom Maximum peak output voltage vs Free-air temperature 10
L vs High-level output current 1"
VoH High-level output voltage vs Free-air temperature 12
vs Low-level output current 13
VoL Low-level output voltage vs Free-air temperature 14
Vo(pp) Maximum peak-to-peak output voltage swing | vs Frequency 15,16
. . . T vs Frequency 17
AvD Large-signal differential voltage amplification vs Free-air temperature 18
o vs Supply voltage 19, 21
los Short-circuit output current vs Free-air temperature 20,22
vs Supply voltage 23
lcc Supply current , vs Free-air temperature 24
CMRR  Common-mode rejection ratio vs Frequency 25
SR Slew rate vs Free-air temperature 26
Small signal 27,28
Pulse response Large signal 29,30
. . ! 0.1to1Hz 31
VN(PP) Peak-to-peak equivalent input noise voltage 0.1 t0 10 Hz 32
Vn Equivalent input noise voltage vs Frequency 33
I . vs Supply voltage 34
B4 Unity-gain bandwidth vs Free-air temperature 35
vs Supply voltage 36
om Phase margin vs Load capacitance 37
vs Free-air temperature 38
Phase shift vs Frequency 17
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TYPICAL CHARACTERISTICST
INPUT BIAS CURRENT
DISTRIBUTION OF vs
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE
20 T T T T T -50 T T
398 Amplifiers Tested From 1 Wafer Lot Vee: = £15V
Vee+ = 15V Ta =25°C
Ta = 25°C —45
16 [—
P Package <
R [
1 < _40
2 8
£ 12 £ \
2 S \
° g -35 N
® o \
g @ \
s 8 =
g £ _a0 =
[ 1 ~
& @
4 -25
0 _20
-600 -400 -200 0 200 400 600 -15 -10 -5 0 5 10 15
V|0 - Input Offset Voltage — pnV Vic - Common-Mode Input Voltage - V
Figure 5 Figure 6
INPUT BIAS CURRENT INPUT CURRENT
Vs vs
FREE-AIR TEMPERATURE DIFFERENTIAL INPUT VOLTAGE
-50 T T T 1 T T T
Vees = 15V 09 - “;CC_* = $15V
45 Vo=0 . Tlc-_z‘:s"c
- Vic=0 o8- 17
< ~N
T < 0.7
< -40 g -
g - 06
@ _35 S 05
: \\ =
é‘ 0 N g- 0.4
- - N I
[ =~ 03
A N =
_25 0.2
0.1
-20 0
-75 =50 -25 0 25 50 75 100 125 0o 01 02 03 04 05 06 07 08 09 1
Ta —Free-Air Temperature —°C IV|p! - Differential Input Voltage — V
Figure 7 Figure 8

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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16
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IVopm | = Maximum Peak Output Voltage -V
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TYPICAL CHARACTERISTICSt

MAXIMUM PEAK OUTPUT VOLTAGE
Vs
OUTPUT CURRENT

T 1
Vecet = 215V
Ta =25°C

™

\ VoM

\

\
\
\

2 4 6 8 10 12 14
llp! — Output Current — mA
Figure 9

HIGH-LEVEL OUTPUT VOLTAGE
Vs

HIGH-LEVEL OUTPUT CURRENT

]

Vee=5V

N — TA =25°C
—~

\\
-2 -4 -6 -8 -10

IoH — High-Level Output Current — mA

Figure 11

IVopm | —Maximum Peak Output Voltage -V

Von — High-Level Ouptpu Voltage —V

MAXIMUM PEAK OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE

15
14.5 v
_ OM+ —~
14
VoMm-
13.5
13
Vcc_q_. = 15V
125 [ RL=10kQ
Ta =25°C
o I
-75 -50 -25 0 25 50 75 100 125
Ta —Free-Air Temperature - °C
Figure 10
HIGH-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE
ST T
Vecc=5V
4.8
4.6 No Load — 7]
L
44 / ////
LT LT m=1k
42 ]
o P
4
-75 -50 -25 0 25 50 75 100 125

Ta —Free-Air Temperature - °C

Figure 12

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICST

LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT

L
Vec=5V
Tp =25°C
> |
! 4
&
£
S
3 3
5
°
[
>
3 2
g
-
1
-
1
S -
0
0 0.5 1 1.5 2 25 3
loL — Low-Level Output Current - mA
Figure 13
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
FREQUENCY
> 5
1
[]
o
S
S 4
E \
g
=
S
3
g .
8
§
8 2
13
3
E
I
E| Vec=5V \
= RL = 10kQ N
[ Ta =25°C N
>o 0 Lol il 1l n
100 1k 10k 100 k iM

f - Frequency - Hz

Figure 15

VoL — Low-Level Output Voltage -V

Vo(pP)~ Maximum Peak-to-Peak Output Voltage -V

LOW-LEVEL OUTPUT VOLTAGE

vs
FREE-AIR TEMPERATURE
1 =
~ |
'\\
T~ I~ loL=1mA
0.75 \‘\\ \l\
loL=0 NN
0.5
0.25
Vee=5V
o 1 1
-75 -50 -25 O 25 50 75 100 125
TA —Free-Air Temperature — °C
Figure 14
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
FREQUENCY
30
25 \
20
15
10
\
5 - Vcc+= £15V
RL =10 kQ I
T = 25°C \N__
0 ==
100 1k 10k 100 k iM

f - Frequency — Hz

Figure 16

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICST

LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION and PHASE SHIFT AMPLIFICATION
vs Vs
FREQUENCY FREE-AIR TEMPERATURE
RL = 10 kQ
_ 100 NN Phase Shift 80° s
©
= m = I~
§° N ‘ s>
5 .80 N 1000 §2 T~ Vees=+15V
£ o Vee+=115V 5> 4
55 | e W | =2l
g £ 60 S 1200% S8 \
.‘%,_g- \w- Vcc:SV——D\\ § aga L
b < N £ o3 \
D2 o 40 \ 140° ol- b g'
S 5 \ \\ o g < 2 X
as N . 719 3 N
< 20 \ 160 ol \\‘\\
RL = 10 kQ \\\\ g3 —
o cL=30pF ™NNH 1800 1 O
TA = 25°C Vec=5V
-20 I 200° ()} | |
10 100 1k 10k 100k iM i0M -7 =50 -25 O 25 50 75 100 125
f - Frequency ~ Hz Ta - Free-Air Temperature - °C
Figure 17 Figure 18
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
15 T 15 T T
Vo=0 Vecc+=115V
< Tp = 25°C < Vo=0
E 10 E 10
8 Vip = -100 mV §
3 & 3 5
] 5
g. .g' Vip =-100 mV
g o g o
¢ S
% % Vip =100 mV
| \\ V|D =100 mV | \\
o« —10 — o -10 ~—
\\q\
-15 -15
0 2 4 6 8 10 12 14 16 -75 -50 -25 O 25 50 75 100 125
IVcctl — Supply Voltage -V TA - Free-Air Temperature — °C
Figure 19 Figure 20

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICSt

SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT
Vs \'L
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
15 T 6 T T [ I
< Ta = 25°C « Vec=5V Vip = —100 mV
E 3 4 Vee=5V
110 ]
t Vip =-100 mV €
£ Vo=Vce g 2
3 =3
(5] 5 (5]
5 5 0
g =
3 3
S o e -2
5 5
2 e
g g -4
£ - £
2 Vip = 100 mV 2 T~ x“’ =;°° mv
| Vo=0 { o=
8 o \\ I8 \\
= i\ O -8 —
\
-15 -10
0 5 10 15 20 25 30 -75 -50 -25 0 25 50 75 100 125
Vg - Supply Voltage - V TA - Free-Air Temperature — °C
F